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Dragi citaoci,

Predstavljamo vam novo izdanje Casopisa *’Sport-
ske nauke i zdravije”, gdje mozete pronaci 15 radova,
autora iz Bosne i Hercegovine, Srbije, Hrvatske, Sjever-
ne Makedonije, Indonezije Rusije i Turske. U jako iza-
zovnom vremenu po nasu struku, sa sigurnos$céu mozemo
reci da iza sebe imamo veoma uspjesnu godinu.

U ovom broju mozete procitati o aerobnom fizickom
vjezbanju i vrijednosti BMI kod ucenika sa viskom kilo-
grama, kardiorespiratirnim indikatorima kondicije kod
mladih sportista, strukturiranom treningu motorickih vje-
Stina i nestrukturiranom treningu motorickih vjestina u
poboljsanju djecjih motorickih sposobnosti, razvoju mo-
dela treninga sa spoljasnjim opterecenjem za povecanje
snage u Sotokan karateu, razlikama u interkorelacijama
psiholoskih karakteristika kod karate takmicara i repre-
zentativaca, faktorska struktura motorickih sposobnosti
kod dzudista, poboljsanju brzine plivanja na 50 metara
slobodnim stilom, nakom 6 sedmica pliometrijskog tre-
ninga kod djece uzrasta 12 — 13 godina, komparativnoj
analizi imunuloSkog statusa fudbalera razlicitog nivoa
takmicenja, prevelaciji gojaznosti ucenika mladeg skol-
skog uzrasta, razlikama u morfoloskim karakteristikama
i motorickim sposobnostima djecaka i djevojcika od 2. do
7. razreda, razlikama zastupljenosti posturalnih poreme-
¢aja kucmenog stuba kod ucenika nizih razreda osnovne
Skole, relacija svjetskog rekorda u tréanju na 100 metara
sa nadmorskom visinom i brzinom vjetra, uticajima pan-
demije COVID 19 na fizicku aktivnost i ishranu stude-
nata, koristenju Al tehnologije za obuku o parametrima
motorickih sposobnosti i analizi kvantitativnih promjena
morfoloskih karakteristika mladih odbojkasa pod utica-
jem eksperimentalnog programa.

Iskreno se nadamo da smo ovim brojem zadovoljili
interesovanja i onih najzahtjevnijih citalaca. Ono Sto nas
raduje u ovom broju jeste veliki broj domacih autora. Za-
hvaljujemo se svim autorima i recenzentima koji su dali
svoj doprinos u poboljsanju kvaliteta Casopisa.

UREDNISTVO CASOPISA

Dear readers,

We present to you the new ISSUE of the Journal
Sports Science and Health, where you can find 15 ar-
ticles by authors from Bosnia and Herzegovina, Serbia,
Croatia, North Macedonia, Indonesia, Russia and Tur-
key. In a very challenging time for our profession, we can
say with certainty that we have a very successful year
behind us..

In this issue you can read about aerobic physical
exercise and BMI value in overweight students, cardiore-
spiratory fitness indicators in young athletes, structured
motor skills training and unstructured motor skills train-
ing in improving children's motor skills, development of
a training model with external load to increase strength
in Shotokan karate, differences in the intercorrelations of
psychological characteristics in karate competitors and
national team members, factor structure of motor skills in
Judokas, improving 50-meter swimming speed freestyle,
after 6 weeks of plyometric training in children aged 12-
13 years, comparative analysis of the immunological sta-
tus of football players of different levels of competition,
prevalence of obesity in students of younger school age,
differences in morphological characteristics and motor
skills of boys and girls from 2nd to 7th grade, differences
in the prevalence of postural disorders of the spine in
students of lower grades of elementary school, relation of
the world record in running at 100 meters from altitude
and wind speed, the effects of the COVID 19 pandemic
on the physical activity and nutrition of students, the use
of Al technology for training on the parameters of mo-
tor skills and the analysis of quantitative changes in the
morphological characteristics of young volleyball play-
ers under the influence of the experimental program.

We sincerely hope that this issue has satisfied the in-
terests of even the most demanding readers. What makes
us happy in this issue is the large number of domestic
authors. Thanks to all the authors and reviewers who
contributed to improving the quality of the Journal.

EDITORIAL BOARD OF THE JOURNAL

www.Siz-au.com
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COMPARATIVE ANALYSIS OF THE | KOMPARATIVNA ANALIZA
IMMUNOLOGICAL STATUS OF  IMUNOLOSKOG STATUSA FUDBALERA

SOCCER PLAYERS AT DIFFERENT
LEVELS OF COMPETITION

RAZLICITIH NIVOA TAKMICENJA

ZELJKO SEKULIC!, SLAVKO DRAGOSAVLIEVIC?, JASMIN BUDIMLIG?, NIKOLA ILIG*S

!University of Banja Luka, Faculty of Physical Education and
Sports, Banja Luka, Bosnia and Herzegovina

2University of East Sarajevo, Faculty of Physical Education and
Sports, East Sarajevo, Bosnia and Herzegovina

3University of Biha¢, Faculty of Education, Department of Physical
Education and Sports, Biha¢, Bosnia and Herzegovina
‘Pan-European University Apeiron, Faculty of Sports Sciences,
Banja Luka, Bosnia and Herzegovina

Institute of Occupational and Sports Medicine of the Republic of
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Correspondence:

Zeljko Sekuli¢

University of Banja Luka, Faculty of Physical Education and Sports,
Banja Luka, Bosnia and Herzegovina, zeljko.sekulic@ffvs.unibl.org

Abstract: The aim of this study was to examine the im-
mune status of football players at different competition
levels in Bosnia and Herzegovina through the analysis
of key hematological biomarkers. The sample included
59 football players from the first, third, and fifth leagues,
whose immune parameters were analyzed based on
medical records and laboratory findings. The measured
parameters included absolute counts of leukocytes, lym-
phocytes, monocytes, neutrophils, eosinophils, and ba-
sophils. The results did not show statistically significant
differences between players from different leagues, al-
though certain variations in individual biomarkers were
observed. These findings suggest that the competition
level itself is not a key factor in determining the immune
responses of athletes under stable physiological condi-
tions. It is concluded that further research is needed,
covering different phases of the training cycle, to better
understand the impact of training load and periodization
on the immune status of football players.

Keywords: immune status, football, leukocytes, hema-
tological biomarkers, competition level

INTRODUCTION

Variations in the immune profiles of football players
of different competitive levels can be partly explained by
differences in the intensity and volume of training, which
affects the differential distribution of leukocyte subpopu-
lations, including lymphocytes, monocytes, neutrophils,
eosinophils and basophils. Understanding the impact of

!Univerzitet u Banjoj Luci, Fakultet fizickog vaspitanja i sporta,
Banja Luka, Bosna i Hercegovina

2Univerzitet u Istocnom Sarajevu, Fakultet fizickog vaspitanja i
sporta, Istocno Sarajevo, Bosna i Hercegovina

$Univerzitet u Bihaéu, Pedagoski fakultet, Odsjek za tjelesni odgoj i
sport, Biha¢, Bosna i Hercegovina

‘Panevropski univerzitet Apeiron, Fakultet sportskih nauka, Banja
Luka, Bosna i Hercegovina

SZavod za medicinu rada i sporta Republike Srpske, Banja Luka,
Bosna i Hercegovina

Korespondencija:

Zeljko Sekuli¢

Univerzitet u Banjoj Luci, Fakultet fizickog vaspitanja i sporta,
Banja Luka, Bosna i Hercegovina, zeljko.sekulic@ffvs.unibl.org

SazZetak: Cilj ovog istrazivanja bio je da se ispita imu-
noloski status fudbalera razlicitih takmicarskih nivoa u
Bosni i Hercegovini putem analize kljucnih hematoloskih
biomarkera. Uzorak je obuhvatio 59 fudbalera iz prve,
trece i pete lige, Ciji su imunoloski parametri analizirani
na osnovu medicinskih kartona i laboratorijskih nalaza.
Mjereni su apsolutni brojevi leukocita, limfocita, mono-
cita, neutrofila, eozinofila i bazofila. Rezultati nisu poka-
zali statisticki znacajne razlike izmedu fudbalera razlici-
tih liga, iako su uocene odredene varijacije u pojedinim
biomarkerima. Ovi nalazi sugerisu da nivo takmicenja
sam po sebi ne predstavija kljucni faktor u odredivanju
imunoloskih odgovora sportista u stabilnim fizioloskim
uslovima. Zakljucuje se da je potrebno sprovesti dodatna
istrazivanja koja bi obuhvatila razlicite faze trenaznog
ciklusa kako bi se bolje razumio uticaj trenaznog optere-
Cenja i periodizacije treninga na imunoloski status fud-
balera.

Kljucéne rijeci: imunoloski status, fudbal, leukociti, he-
matoloski biomarkeri, nivo takmicenja

Uvobp

Varijacije u imunoloskim profilima fudbalera razli-
¢itih takmicarskih nivoa mogu se dijelom objasniti razli-
kama u intenzitetu i obimu treninga, Sto utice na diferen-
cijalnu raspodjelu leukocitnih subpopulacija, ukljucujuci
limfocite, monocite, neutrofile, eozinofile i bazofile.
Razumijevanje uticaja treninga na imunoloske biomar-

Jun/Jdune, 2025
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training on immune biomarkers is crucial for understand-
ing potential risks to the immune function of athletes at
different levels of competition. Hematological parameters,
including the number of leukocytes, are important indi-
cators of immune status and response to physical stress.
Research shows that elite soccer players often experience
acute changes in leukocyte populations after intense train-
ing or matches. In particular, an increase in the number of
neutrophils after exertion is noted, which suggests an in-
flammatory response to physical stress (Fernandez-Lazaro
etal., 2022). Studies on hematological biomarkers indicate
that training volume in elite athletes affects variations in
leukocyte profiles, whereby increased neutrophilia is often
associated with transient immune suppression known as
the “open window” effect (Fernandez-Lazaro et al., 2022).
In contrast, athletes of lower competitive ranks usually
show a more stable leukocyte profile with smaller fluctua-
tions (Diaz et al., 2022). For example, studies suggest that
amateur soccer players have higher values of lymphocytes
and lower values of neutrophils compared to elite play-
ers, which may indicate a more preserved immune func-
tion despite increased physical effort (Diaz et al., 2022).
These findings are consistent with data indicating that elite
athletes have a higher prevalence of negative immune
responses, including relative lymphopenia, which may
increase the risk of post-competition infections (Fernan-
dez-Lazaro et al., 2022; Diaz et al., 2022). In addition to
neutrophils and lymphocytes, monocytes and eosinophils
also play an important role in the immune response of
athletes. Monocytes reflect the inflammatory status after
exertion, and in elite soccer players they can vary depend-
ing on the level of recovery and load, whereby increased
values can indicate a state of chronic inflammation due
to overtraining (Fernandez-Lazaro et al., 2022). Eosino-
phils, although less investigated in the context of sports
performance, are associated with inflammatory processes
and may be relevant in athletes exposed to allergic reac-
tions or specific environmental factors (Diaz et al., 2022).
The role of basophils in the immune responses of athletes
remains insufficiently investigated, but their increase may
indicate hypersensitive reactions associated with intense
physical exertion (Fernandez-Lazaro et al., 2022). In elite
soccer players, increased training load can induce stress-
ful conditions that potentially worsen allergic reactions
and affect training adaptation. Continuous hematological
monitoring, including the analysis of leukocyte subpopu-
lations, is a key strategy for monitoring the immune status
and preventing the negative effects of overtraining in ath-
letes. Regular monitoring of changes in biomarkers allows
coaches and sports doctors to optimize workload and ad-

kere klju¢no je za sagledavanje potencijalnih rizika po
imunolosku funkciju sportista na razli¢itim nivoima
takmi¢enja. Hematoloski parametri, ukljuc¢ujuéi broj
leukocita, predstavljaju vazne indikatore imunoloskog
statusa i odgovora na fizicko opterecenje. Istrazivanja
pokazuju da elitni fudbaleri Cesto dozivljavaju akutne
promjene u leukocitnim populacijama nakon intenziv-
nih treninga ili utakmica. Posebno se biljezi povecanje
broja neutrofila nakon napora, $to sugeriSe upalni od-
govor na fizi¢ki stres (Fernandez-Lazaro 1 sar., 2022).
Studije o hematoloskim biomarkerima ukazuju da vo-
lumen treninga kod elitnih sportista utice na varijacije u
leukocitnim profilima, pri ¢emu je povecana neutrofilija
cesto povezana sa prolaznom imunoloskom supresijom
poznatom kao “open window” efekat (Fernandez-Laza-
ro i sar., 2022). Nasuprot tome, sportisti nizih takmicar-
skih rangova obicno pokazuju stabilniji leukocitni profil
s manjim fluktuacijama (Diaz i sar., 2022). Na primjer,
studije sugeriSu da amaterski fudbaleri imaju vise vri-
jednosti limfocita i nize vrijednosti neutrofila u porede-
nju sa elitnim igra¢ima, $to moze ukazivati na ocuvaniju
imunolosku funkciju uprkos povec¢anom fizickom napo-
ru (Diaz i sar., 2022). Ovi nalazi su u skladu s podacima
koji ukazuju da elitni sportisti imaju vecu prevalenciju
negativnih imunoloskih odgovora, ukljuc¢ujuéi relativnu
limfopeniju, $to moze povecati rizik od infekcija nakon
takmicenja (Fernandez-Lazaro i sar., 2022; Diaz i sar.,
2022). Pored neutrofila i limfocita, monociti i eozinofi-
li takode igraju vaznu ulogu u imunoloskom odgovoru
sportista. Monociti odrazavaju inflamatorni status nakon
napora, a kod elitnih fudbalera mogu varirati u zavisno-
sti od nivoa oporavka i opterecenja, pri ¢emu poveca-
ne vrijednosti mogu ukazivati na stanje hroni¢ne upale
usljed pretreniranosti (Fernandez-Lazaro i sar., 2022).
Eozinofili, iako manje istrazeni u kontekstu sportskog
ucinka, povezani su sa inflamatornim procesima i mogu
biti relevantni kod sportista izlozenih alergijskim reak-
cijama ili specificnim ekoloskim faktorima (Diaz i sar.,
2022). Uloga bazofila u imunoloskim odgovorima spor-
tista ostaje nedovoljno istrazena, ali njihovo povecanje
moze ukazivati na hipersenzitivne reakcije povezane sa
intenzivnim fizickim opterec¢enjem (Fernandez-Lazaro
i sar., 2022). Kod elitnih fudbalera, povecano trenazno
opterecenje moze indukovati stresna stanja koja potenci-
jalno pogorsavaju alergijske reakcije i uti¢u na trenaznu
adaptaciju. Kontinuirani hematolos$ki monitoring, uk-
ljucujuéi analizu leukocitnih subpopulacija, predstavlja
kljucnu strategiju za pracenje imunoloskog statusa i pre-
venciju negativnih efekata pretreniranosti kod sportista.
Redovno prac¢enje promjena u biomarkerima omoguca-
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just recovery strategies, thereby reducing the risk of im-
mune dysfunctions and overtraining (Soriano et al., 2021).
The differences in the immune profiles of football players
of different competitive levels emphasize the complexity
of immune responses induced by training and competition.
Increased intensity of training in elite athletes is associ-
ated with more pronounced changes in leukocyte status,
which may indicate stress-induced immune suppression,
while lower league soccer players show more stable im-
mune profiles.

The goal of this research is to determine the differ-
ences in immunological biomarkers of football players
from the first, third and fifth leagues in Bosnia and Her-
zegovina, which will enable a better understanding of the
influence of the level of competition on the immune status
of athletes.

METHODS

Study design

This study used a transference design to examine the
immune status of soccer players competing at three dif-
ferent levels in Bosnia and Herzegovina. The data was
collected from the medical records of athletes who had a
blood analysis performed at the Institute of Sports Medi-
cine of the Republic of Srpska during the competition
break in 2024. The study included football players from
the first, third and fifth leagues, which enabled a compara-
tive assessment of immune parameters between different
levels of competition. The choice of immune biomarkers
is based on routine blood tests that were carried out as part
of mandatory health examinations of athletes. By using
the existing medical records, an objective and standard-
ized assessment of the immune status was ensured without
additional testing. Given the transferal nature of the study,
the findings allow insight into the immune function of soc-
cer players at one point in time, providing a comparison
between levels of competition, but not tracking longitudi-
nal changes or determining causality. The study was con-
ducted in accordance with ethical standards for medical
research on humans and in the spirit of the principles of
the Declaration of Helsinki. Prior to data collection, insti-
tutional consent was obtained, which ensured compliance
with the principles of confidentiality and data protection.
The measurement of immune parameters was carried out
during the winter break, immediately before the start of
preparations for the spring season of 2024, in order to en-
sure stable physiological conditions without acute training
stress. Sampling was carried out in January, which cor-
responds to the period between the two half-seasons (au-

va trenerima i sportskim ljekarima optimizaciju optere-
¢enja i prilagodavanje strategija oporavka, ¢ime se sma-
njuje rizik od imunoloskih disfunkcija i pretreniranosti
(Soriano 1 sar., 2021). Razlike u imunoloskim profili-
ma fudbalera razli¢itih takmicarskih nivoa naglasavaju
kompleksnost imunoloskih odgovora izazvanih trenin-
gom i takmiCenjem. Povecani intenzitet treninga kod
elitnih sportista povezan je s izrazenijim promjenama u
leukocitnom statusu, $to moze ukazivati na stresom in-
dukovanu imunolosku supresiju, dok fudbaleri nizih liga
pokazuju stabilnije imunoloske profile.

Cilj ovog istrazivanja je da se utvrde razlike u imu-
noloskim biomarkerima fudbalera iz prve, trece 1 pete
lige u Bosni i Hercegovini, ¢ime ¢e se omoguciti bolje
razumijevanje uticaja nivoa takmicenja na imunoloski
status sportista.

METODE

Dizajn studije

Ova studija koristila je transferzalni dizajn kako
bi ispitala imunoloski status fudbalera koji se takmice
na tri razli¢ita nivoa u Bosni i Hercegovini. Podaci su
prikupljeni iz medicinskih kartona sportista koji su to-
kom takmicarske pauze 2024. godine obavili analizu
krvi u Zavodu za medicinu sporta Republike Srpske.
Studijom su obuhvacdeni fudbaleri iz prve, tre¢e i pete
lige, $to je omogucilo komparativnu procjenu imuno-
loskih parametara izmedu razli¢itih nivoa takmicCenja.
Izbor imunoloskih biomarkera zasnovan je na rutinskim
analizama krvi koje su sprovedene u sklopu obaveznih
zdravstvenih pregleda sportista. Koristenjem postojecih
medicinskih kartona osigurana je objektivna i standar-
dizovana procjena imunoloskog statusa bez dodatnih
testiranja. S obzirom na transferzalni karakter studije,
nalazi omogucavaju uvid u imunolosku funkciju fud-
balera u jednoj vremenskoj tacki, pruzajuci poredenje
izmedu nivoa takmicenja, ali ne i pra¢enje longitudi-
nalnih promjena ili utvrdivanje uzro¢nosti. Studija je
sprovedena u skladu s etickim standardima za medicin-
ska istrazivanja na ljudima i u duhu principa Helsinske
deklaracije. Prije prikupljanja podataka pribavljena je
institucionalna saglasnost, ¢ime je osigurano postova-
nje principa povjerljivosti i zastite podataka. Mjerenje
imunoloskih parametara sprovedeno je tokom zimske
pauze, neposredno prije pocetka priprema za proljetni
dio sezone 2024. godine, u cilju osiguravanja stabilnih
fizioloskih uslova bez akutnog trenaznog stresa. Uzor-
kovanje je realizovano u januaru, $to vremenski odgo-
vara periodu izmedu dvije polusezone (jesenje i proljet-
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tumn and spring). In this way, the potential impact of the
acute load characteristic of the competition period or the
carly stages of preparation was avoided.

Respondents

A total of 59 male soccer players who compete at dif-
ferent levels in Bosnia and Herzegovina participated in the
research. The sample is approximately evenly distributed
between the three competitive leagues, with 20 players
each from the first and third leagues, and 19 players from
the fifth leagues. The respondents came from three differ-
ent football clubs and competition ranks: FK Borac Banja
Luka (Premier League of BiH), FK Naprijed Banja Luka
(Second League of Republika Srpska), and FK Krupa
from Krupa na Vrbas (Fourth League of Republika Srp-
ska). All subjects were active competitors during the 2024
season and underwent routine medical examinations, in-
cluding blood analysis, at the Institute of Sports Medicine
of the Republic of Srpska. The criteria for inclusion in the
research were active playing in one of the three selected
leagues, possession of complete medical documentation
with relevant immunological parameters and the absence
of acute infections or chronic diseases at the time of test-
ing. Players who had a recent illness, injury or used im-
munomodulatory drugs were excluded from the study in
order to reduce the influence of possible factors that could
impair the reliability of the results. Prior to data collec-
tion, institutional consent was obtained, and the study was
conducted in accordance with the ethical guidelines and
principles of the Declaration of Helsinki.

Variables

The immune status of the subjects was assessed using
blood biomarkers obtained from a routine hematological
analysis. The measured variables included absolute values
of key immune cell populations: leukocytes (WBC), lym-
phocytes (LYM), monocytes (MON), neutrophils (NEU),
eosinophils (EOS) and basophils (BAS). These biomark-
ers were chosen because they provide insight into the func-
tion of the immune system and possible variations in the
immune response between different levels of competition.
Blood samples were collected by standardized venipunc-
ture, performed by an accredited laboratory technician. All
samples were taken in the morning, on an empty stom-
ach, in order to reduce variations caused by the circadian
rhythm and external factors that can affect the number of
immune cells. The analysis was carried out using a Sys-
mex XN-330 automatic hematology analyzer, a validated
and widely used system for precise measurement of the
differential blood count. Throughout the process, estab-

ne). Na taj nacin je izbjegnut potencijalni uticaj akutnog
optere¢enja karakteristicnog za takmicarski period ili
rane faze priprema.

Ispitanici

U istrazivanju je ucestvovalo ukupno 59 fudbale-
ra muskog pola koji se takmiée na razli¢itim nivoima u
Bosni i Hercegovini. Uzorak je priblizno ravnomjerno
rasporeden izmedu tri takmicarske lige, sa po 20 igraca
iz prve i trece lige, i sa 19 igraca iz pete lige. Ispitanici su
dolazili iz tri razlicita fudbalska kluba i takmicarska ran-
ga: FK Borac Banja Luka (Premijer liga BiH), FK Na-
prijed Banja Luka (Druga liga Republike Srpske), i FK
Krupa iz Krupe na Vrbasu (Cetvrta liga Republike Srp-
ske). Svi ispitanici su bili aktivni takmicari tokom sezone
2024. godine i prosli su rutinske medicinske preglede,
ukljucujuéi analizu krvi, u Zavodu za medicinu sporta
Republike Srpske. Kriterijumi za ukljucivanje u istrazi-
vanje bili su aktivno igranje u jednoj od tri odabrane lige,
posjedovanje kompletne medicinske dokumentacije sa
relevantnim imunoloskim parametrima i odsustvo akut-
nih infekcija ili hroni¢nih oboljenja u trenutku testiranja.
Igraci koji su u nedavnom periodu imali bolest, povredu
ili koristili imunomodulatorne lijekove bili su iskljuceni
iz studije kako bi se smanjio uticaj mogucéih faktora koji
bi mogli narusiti pouzdanost rezultata. Prije prikupljanja
podataka, pribavljena je institucionalna saglasnost, a stu-
dija je sprovedena u skladu s etickim smjernicama i prin-
cipima Helsinske deklaracije.

Varijable

Imunoloski status ispitanika procijenjen je putem
biomarkera iz krvi dobijenih iz rutinske hematoloske
analize. Mjerene varijable obuhvatale su apsolutne vri-
jednosti kljuénih imunoloskih ¢elijskih populacija: leu-
kocita (WBC), limfocita (LYM), monocita (MON), ne-
utrofila (NEU), eozinofila (EOS) i bazofila (BAS). Ovi
biomarkeri su odabrani jer pruzaju uvid u funkciju imu-
noloskog sistema i moguce varijacije imunoloskog od-
govora izmedu razli¢itih nivoa takmicenja. Uzorci krvi
prikupljeni su standardizovanom venepunkcijom, koju je
izvodio akreditovani laboratorijski tehnicar. Svi uzorci
uzeti su u jutarnjim satima, nataste, kako bi se smanjile
varijacije uzrokovane cirkadijalnim ritmom i spoljnim
faktorima koji mogu uticati na broj imunoloskih ¢elija.
Analiza je sprovedena pomocu Sysmex XN-330 auto-
matskog hematoloskog analizatora, validiranog i Siroko
koriStenog sistema za precizno mjerenje diferencijalne
krvne slike. Tokom cijelog procesa postovani su uspo-
stavljeni protokoli kontrole kvaliteta kako bi se osigurala
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lished quality control protocols were followed to ensure
the reliability and accuracy of the results. All blood analy-
ses were performed in an accredited laboratory, strictly ad-
hering to standardized sampling, processing, and storage
procedures. The analysis methodology was aligned with
international hematology guidelines, ensuring that the
measured immunological parameters accurately reflected
the physiological status of the subjects.

Statistical analyses

All statistical analyzes were performed using the
IBM SPSS Statistics 20 for Windows software (IBM
Corp., Armonk, NY, USA). Descriptive statistical indica-
tors, including mean value, standard deviation, minimum
and maximum values, were calculated for all investigated
variables, in order to summarize the immune status of foot-
ball players of different competitive levels. The normality
of data distribution was tested using the Shapiro-Wilk test.
Homogeneity of variances was assessed using Levene’s
test. One-way analysis of variance (ANOVA) was used
to determine differences in immune parameters between
the three competitive leagues. The threshold of statistical
significance was set at p < 0.05. All analysis were con-
ducted in accordance with standard statistical guidelines
for biomedical research, which ensured the reliability and
reproducibility of the findings.

THE RESULTS

The analysis of immune biomarkers of soccer players
of different competitive levels showed certain variations in
leukocyte subpopulations, but without statistically signifi-
cant differences between groups. Descriptive data (Table 1)
indicate that football players from the third and fifth leagues
had slightly higher average values of total leukocytes com-
pared to players from the first league (6,243 £ 1,269 and
6,233 £ 1,243 compared to 5,999 + 1,221, respectively).

However, the analysis of variance (ANOVA) did
not show a statistically significant difference between the
groups (F =0.243, p = 0.785). A similar trend was recorded
in lymphocytes, where football players of the third league
had the highest average values (2.476 £ 0.638), while play-
ers of the first league had the lowest (2.166 & 0.443). Despite
these differences, statistical analysis did not confirm a sig-
nificant effect of the level of competition on the number of
lymphocytes (F = 1.734, p = 0.186). In terms of monocytes,
football players of the first league had slightly higher values
(0.640 £+ 0.201) compared to the third (0.535 + 0.130) and
fifth league (0.526 + 0.162).

Although the differences were more pronounced com-
pared to other biomarkers, the analysis of variance did not

pouzdanost i tacnost rezultata. Sve analize krvi obavlje-
ne su u akreditovanoj laboratoriji, uz strogo pridrzava-
nje standardizovanih procedura za uzorkovanje, obradu i
skladiStenje. Metodologija analize uskladena je s medu-
narodnim hematolo$kim smjernicama, ¢ime je osigurano
da izmjereni imunoloski parametri precizno odrazavaju
fizioloski status ispitanika.

Statisticke analize

Sve statisticke analize sprovedene su koristenjem
softvera IBM SPSS Statistics 20 for Windows (IBM
Corp., Armonk, NY, USA). Za sve ispitivane varijable
izraCunati su deskriptivni statisticki pokazatelji, ukljucu-
juci srednju vrijednost, standardnu devijaciju, minimalne
i maksimalne vrijednosti, kako bi se sazeto prikazao imu-
noloski status fudbalera razlicitih takmicarskih nivoa.
Normalnost distribucije podataka testirana je pomocu
Shapiro-Wilk testa. Homogenost varijansi procijenjena
je koristenjem Leveneovog testa. Za utvrdivanje razlika
u imunoloskim parametrima izmedu tri takmicarske lige
koriStena je jednosmjerna analiza varijanse (ANOVA).
Prag statisti¢ke znacajnosti postavljen je na p <0.05. Sve
analize sprovedene su u skladu sa standardnim statistic-
kim smjernicama za biomedicinska istrazivanja, ¢ime je
osigurana pouzdanost i ponovljivost nalaza.

REZULTATI

Analiza imunoloskih biomarkera fudbalera razlici-
tih takmicarskih nivoa pokazala je odredene varijacije u
leukocitnim subpopulacijama, ali bez statisti¢ki znacaj-
nih razlika izmedu grupa. Deskriptivni podaci (Tabela 1)
ukazuju na to da su fudbaleri iz trece i pete lige imali
nesto vece prosjecne vrijednosti ukupnih leukocita u od-
nosu na igrace prve lige (6.243 £ 1.26916.233 £ 1.243 u
odnosu na 5.999 + 1.221, respektivno).

Medutim, analiza varijanse (ANOVA) nije pokazala
statisticki znacajnu razliku medu grupama (F = 0.243, p
= 0.785). Slican trend zabiljezen je i kod limfocita, gdje
su fudbaleri tre¢e lige imali najviSe prosjecne vrijedno-
sti (2.476 + 0.638), dok su igraci prve lige imali najni-
ze (2.166 + 0.443). Uprkos ovim razlikama, statisticka
analiza nije potvrdila znacajan efekat nivoa takmicenja
na broj limfocita (F = 1.734, p = 0.186). Kod monocita,
fudbaleri prve lige su imali nesto vise vrijednosti (0.640
+0.201) u poredenju sa tre¢om (0.535 + 0.130) i petom
ligom (0.526 + 0.162).

lako su razlike bile izrazenije u odnosu na druge
biomarkere, analiza varijanse nije pokazala statisticki
znacajan efekat (F = 2.841, p = 0.067). Vrijednosti ne-
utrofila bile su relativno ujednacene izmedu grupa, sa
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Table 1. Descriptive statistics of immune parameters in
football players of different competitive levels

Tabela 1. Deskriptivna statistika imunoloskih parametara kod
fudbalera razlicitih takmicarskih nivoa

Parameter / Parametar Competitive rank / Takmiéarski rang N M (SD) Min Max
Leukociti (10%/L) First league / Prva liga 20 5.999(1.221) 4.2 8.8
Third league / Treca liga 20 6.243(1.269) 4.39 8.84
Fifth league / Peta liga 19 6.233(1.242) 4.15 9.27
Limfociti (10%/L) First league / Prva liga 20 2.166 (0.444) 1.50 3.10
Third league / Treca liga 20 2.476(0.638) 1.55 3.79
Fifth league / Peta liga 19 2.405 (0.552) 1.41 3.61
Monociti (10°%/L) First league / Prva liga 20 0.640(0.201) 0.36 1.00
Third league / Treca liga 20 0.535(0.130) 0.32 0.84
Fifth league / Peta liga 19 0.526(0.163) 0.35 0.86
Neutrofili (10°/L) First league / Prva liga 20 3.036(1.145) 1.03 6.00
Third league / Treca liga 20 3.006 (0.790) 1.99 4.78
Fifth league / Peta liga 19 3.091(0.962) 1.84 5.81
Eozinofili (10°/L) First league / Prva liga 20 0.439(0.720) 0.08 2.05
Third league / Treca liga 20 0.206(0.186) 0.05 0.89
Fifth league / Peta liga 19 0.183(0.075) 0.06 0.33
Bazofili (10%/L) First league / Prva liga 20 0.009 (0.007) 0.00 0.02
Third league / Treca liga 20 0.018(0.011) 0.00 0.05
Fifth league / Peta liga 19 0.045 (0.089) 0.01 0.41

N-number of respondents, M-arithmetic mean, SD-standard
deviation, Min- the lowest score, Max-the highest score

Table 2. Results of ANOVA analysis of immune parameters in
football players of different competitive levels

N-broj ispitanika, M-aritmeticka sredina, SD-standardna
devijacija, Min- najmanji rezultat, Max-najveci rezultat

Tabela 2. Rezultati ANOVA analize imunoloskih parametara
kod fudbalera razlicitih takmicarskih nivoa

Parameter / Parametar F p

Leukociti (10%/L) 0.243 0.785
Limfociti (10%/L) 1.734 0.186
Monociti (10%/L) 2.841 0.067
Neutrofili (10%/L) 0.038 0.962
Eozinofili (10°/L) 1.995 0.148
Bazofili (10°/L) 1.527 0.229

F-F statistic, p-significance level

show a significant effect (F = 2.841, p = 0.067). Neutro-
phil values were relatively uniform between groups, with
the lowest value in the third league (3.006 + 0.790) and
slightly higher averages in the first (3.036 & 1.144) and fifth
league (3.091 = 0.961). However, ANOVA did not indicate
significant differences (F = 0.038, p = 0.962). In the case
of eosinophils, a slightly higher value was observed in the
first division (0.438 + 0.719) compared to the third (0.206 +
0.185) and fifth division (0.182 £ 0.074). However, statisti-
cal analysis did not confirm a significant difference between
the groups (F = 1.995, p = 0.148). Basophils showed certain
variations between the groups, with the fifth league soccer
players having the highest values (0.045 £ 0.089), while
the first league players had the lowest (0.0086 + 0.0069).

F-F statistik, p-nivo znacajnosti

najmanjom vrijednos$¢u u trecoj ligi (3.006 = 0.790) i
nesto vis§im prosjecima u prvoj (3.036 £+ 1.144) i petoj
ligi (3.091 £ 0.961). Medutim, ANOVA nije ukazala na
znacajne razlike (F = 0.038, p = 0.962). Kod eozinofila
je primije¢ena nesto visa vrijednost u prvoj ligi (0.438
+0.719) u poredenju sa trecom (0.206 = 0.185) i petom
ligom (0.182 £ 0.074). Ipak, statisticka analiza nije po-
tvrdila znacajnu razliku izmedu grupa (F = 1.995, p =
0.148). Bazofili su pokazali odredene varijacije medu
grupama, pri ¢emu su fudbaleri pete lige imali najvise
vrijednosti (0.045 £ 0.089), dok su igraci prve lige ima-
li najnize (0.0086 + 0.0069). Uprkos ovim razlikama,
ANOVA nije pokazala statisticki znacajan efekat (F =
1.527, p = 0.229). Ukupno gledano, analiza leukocit-
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Despite these differences, ANOVA did not show a statisti-
cally significant effect (F = 1.527, p = 0.229). Overall, the
analysis of leukocyte subpopulations did not reveal signifi-
cant differences between first, third and fifth league football
players. Although certain variations in certain biomarkers
were observed, they did not reach the threshold of statistical
significance. These findings suggest that the level of com-
petition does not significantly affect immune biomarkers in
stable conditions, but additional research is needed to exam-
ine the longer-term effects of different training regimens and
loads on the immune system of soccer players.

DiscussioN

The results of this study did not show statistically sig-
nificant differences in immune biomarkers between football
players of the first, third and fifth leagues, although certain
variations were observed between the groups. To some ex-
tent, these findings contradict previous research that indicat-
ed more pronounced changes in leukocyte subpopulations
in athletes of a higher competitive level due to greater train-
ing stress and load (Fernandez-Léazaro et al., 2022; Diaz et
al., 2022). In the context of the total number of leukocytes,
football players of the third and fifth league had slightly
higher values compared to the players of the first league,
but these differences were not significant. Previous research
suggests that training intensity can cause acute changes in
leukocyte counts, especially after strenuous matches and
training, but that values usually return to reference limits
after adequate recovery (Diaz et al., 2022). The absence of
significant differences in this study can be attributed to the
fact that the blood samples were taken during the period
between seasons, when football players are in a phase of
reduced load, which could explain the relatively stable im-
mune parameters between the groups. Comparing lympho-
cytes, football players of the third league had slightly higher
average values compared to football players of the first and
fifth leagues, but without a statistically significant effect.
Previous research has shown that elite athletes often have
reduced lymphocyte values after intense efforts, which may
indicate transient immune suppression (‘“open window” ef-
fect) and increased susceptibility to infections (Fernandez-
Lazaro et al., 2022). In this study, the absence of a signifi-
cant difference can be explained by the stable physiological
conditions during the data collection period. The values of
monocytes were slightly higher in football players of the
first league compared to other groups, which could indi-
cate a slight increase in the inflammatory response in play-
ers who are exposed to a higher intensity of training during
the season. Previous studies suggest that monocytes may
reflect a state of chronic inflammation in athletes exposed

nih subpopulacija nije otkrila znacajne razlike izmedu
fudbalera prve, tre¢e i pete lige. lako su primijec¢ene
odredene varijacije u pojedinim biomarkerima, one nisu
dostigle prag statisticke znacajnosti. Ovi nalazi sugeri-
Su da nivo takmicenja ne utice zna¢ajno na imunoloske
biomarkere u stabilnim uslovima, ali je potrebno do-
datno istrazivanje kako bi se ispitali dugorocniji efekti
razliCitih trenaznih rezima i opterecenja na imunoloski
sistem fudbalera.

DISKUSIJA

Rezultati ovog istrazivanja nisu pokazali statisti¢ki
znacajne razlike u imunoloskim biomarkerima izmedu
fudbalera prve, trece i pete lige, iako su primijeé¢ene odre-
dene varijacije medu grupama. Ovi nalazi su u odredenoj
mjeri u suprotnosti s prethodnim istrazivanjima koja su
ukazivala na izrazenije promjene u leukocitnim subpo-
pulacijama kod sportista viSeg takmicarskog nivoa usljed
veceg trenaznog stresa i optere¢enja (Fernandez-Lazaro i
sar., 2022; Diaz i sar., 2022). U kontekstu ukupnog broja
leukocita, fudbaleri trece i pete lige imali su nesto vise
vrijednosti u odnosu na igrace prve lige, ali ove razlike
nisu bile znacajne. Prethodna istrazivanja sugerisu da in-
tenzitet treninga moze izazvati akutne promjene u broju
leukocita, posebno nakon napornih utakmica i treninga,
ali da se vrijednosti obi¢no vracaju u referentne granice
nakon adekvatnog oporavka (Diaz i sar., 2022). Odsustvo
znacajnih razlika u ovom istrazivanju moze se pripisati
¢injenici da su uzorci krvi uzeti tokom perioda izmedu
sezona, kada su fudbaleri u fazi smanjenog opterece-
nja, Sto bi moglo objasniti relativno stabilne imunoloske
parametre medu grupama. Poredec¢i limfocite, fudbale-
ri tre¢e lige imali su neSto vise prosjecne vrijednosti u
odnosu na fudbalere prve i pete lige, ali bez statisticki
znacajnog efekta. Prethodna istrazivanja su pokazala da
elitni sportisti ¢esto imaju smanjene limfocitne vrijed-
nosti nakon intenzivnih napora, §to moze ukazivati na
prolaznu imunolosku supresiju (“open window” efekat)
i povecanu podloznost infekcijama (Fernandez-Lazaro i
sar., 2022). U ovom istrazivanju, odsustvo znacajne ra-
zlike moze se objasniti stabilnim fizioloSkim uslovima
tokom perioda prikupljanja podataka. Vrijednosti mono-
cita bile su nesto vise kod fudbalera prve lige u poredenju
sa ostalim grupama, Sto bi moglo ukazivati na blag porast
inflamatornog odgovora kod igraca koji su izloZeni ve-
¢em intenzitetu treninga tokom sezone. Prethodne studi-
je sugeriSu da monociti mogu odrazavati stanje hronicne
upale kod sportista izlozenih dugotrajnim naporima i ne-
adekvatnom oporavku (Fernandez-Lazaro i sar., 2022).
Ipak, razlike nisu bile statisticki znacajne, Sto ukazuje
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to prolonged exertion and inadequate recovery (Fernandez-
Lazaro et al., 2022). Nevertheless, the differences were not
statistically significant, which indicates the need for further
research of this biomarker in different phases of the training
cycle. Neutrophils, which are often associated with an acute
inflammatory response to physical stress, did not show sig-
nificant differences between football players of different
leagues. This contrasts with some previous studies that have
shown an increase in neutrophils after intense training in
elite athletes (Diaz et al., 2022). Again, the period of data
collection in this study, which took place between seasons,
may have played a role in the relatively stable values of this
biomarker. Eosinophils showed some differences between
groups, with the highest values in the first league, but these
differences were not statistically significant either. Eosino-
phils are associated with allergic reactions and can be influ-
enced by environmental factors and stress conditions, which
may be more pronounced in athletes exposed to long-term
training and different living conditions (Diaz et al., 2022).
Basophils had the highest values in fifth-league footballers,
while the lowest values were recorded in first-league foot-
ballers. Although their function in the sporting context is
less well studied, basophils are involved in hypersensitivity
reactions and may potentially be indicators of immunologi-
cal changes induced by physical stress. Overall, the results
of this research do not confirm significant differences in the
immune status of football players of different levels of com-
petition, which may indicate that the level of competition in
itself is not a key factor that determines immune responses
in stable physiological conditions. One of the possible rea-
sons for the absence of statistically significant differences
is the fact that the sampling was done during the competi-
tion break, in a period when there was no training process
or matches. In such a period of rest, the athlete’s immune
system is in a more stable homeostatic state, without pro-
nounced acute physiological stresses, which can lead to the
normalization of hematological biomarkers. Given that im-
mune parameters show high variability depending on train-
ing load and cycle phase, future research should be conduct-
ed in periods of active training and competition, in order to
more precisely see the dynamics of the immune response of
athletes of different competitive levels. These findings fur-
ther emphasize the importance of contextual factors such as
training period, load and recovery strategies in understand-
ing immune responses in athletes. Although the results do
not indicate significant differences between the groups, it
is necessary to conduct further research in different phases
of the season, in order to better understand the impact of
training and competition on immune biomarkers in football
players of different competitive levels.

na potrebu za daljim istrazivanjem ovog biomarkera u
razli¢itim fazama trenaznog ciklusa. Neutrofili, koji su
cesto povezani s akutnim inflamatornim odgovorom na
fizicko opterecenje, nisu pokazali znacajne razlike iz-
medu fudbalera razlicitih liga. Ovo je u kontrastu s ne-
kim ranijim istrazivanjima koja su pokazala povecanje
broja neutrofila nakon intenzivnog treninga kod elitnih
sportista (Diaz i sar., 2022). Ponovo, period prikupljanja
podataka u ovoj studiji, koji se odvijao izmedu sezona,
mogao je igrati ulogu u relativno stabilnim vrijednosti-
ma ovog biomarkera. Eozinofili su pokazali odredene
razlike medu grupama, s najvisim vrijednostima u prvoj
ligi, ali ni ove razlike nisu bile statisti¢ki znacajne. Eo-
zinofili su povezani s alergijskim reakcijama i mogu biti
pod uticajem ekoloskih faktora i stanja stresa, §to moze
biti izrazenije kod sportista koji su izloZzeni dugotrajnim
treninzima i razli¢itim zivotnim uslovima (Diaz i sar.,
2022). Bazofili su imali najvise vrijednosti kod fudba-
lera pete lige, dok su najnize vrijednosti zabiljezene kod
fudbalera prve lige. lako je njihova funkcija u sportskom
kontekstu manje istrazena, bazofili su ukljuceni u reak-
cije preosjetljivosti i potencijalno mogu biti indikatori
imunoloskih promjena izazvanih fizickim stresom. Sveu-
kupno, rezultati ovog istrazivanja ne potvrduju znacajne
razlike u imunoloskom statusu fudbalera razlicitih nivoa
takmicenja, Sto moze ukazivati na to da nivo takmicenja
sam po sebi ne predstavlja klju¢ni faktor koji odreduje
imunoloske odgovore u stabilnim fizioloskim uslovima.
Jedan od mogucih razloga za odsustvo statisticki znacaj-
nih razlika jeste Cinjenica da su uzorkovanja obavljena
tokom takmicarske pauze, u fazi kada nije bilo trenaz-
nog procesa niti utakmica. U takvom periodu mirova-
nja, imunoloski sistem sportista se nalazi u stabilnijem
homeostatskom stanju, bez izrazenih akutnih fizioloskih
stresova, Sto moze dovesti do normalizacije hematolos-
kih biomarkera. S obzirom na to da imunoloski parametri
pokazuju visoku varijabilnost u zavisnosti od trenaznog
opterecenja i faze ciklusa, buduca istrazivanja bi treba-
lo sprovesti u periodima aktivnog treninga i takmicenja,
kako bi se preciznije sagledala dinamika imunoloskog
odgovora sportista razli¢itih takmicarskih nivoa.Ovi
nalazi dodatno naglasavaju vaznost kontekstualnih fak-
tora kao Sto su trenazni period, opterecenje i strategije
oporavka u razumijevanju imunoloskih odgovora kod
sportista. lako rezultati ne ukazuju na znacajne razlike
izmedu grupa, neophodno je sprovesti dalja istrazivanja
u razli¢itim fazama sezone, kako bi se bolje razumio uti-
caj treninga i takmic¢enja na imunoloske biomarkere kod
fudbalera razlicitih takmicarskih nivoa.
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CONCLUSION

This research examined the immune status of football
players of different competitive levels in Bosnia and Herze-
govina through the analysis of key hematological biomark-
ers. Although certain variations were observed in the values
of leukocytes, lymphocytes, monocytes, neutrophils, eo-
sinophils and basophils between first, third and fifth league
football players, statistically significant differences were not
identified. These findings suggest that the level of compe-
tition is not a decisive factor in determining the immune
response of athletes in stable physiological conditions. The
results are to a certain extent contrary to previous research
that indicated significant differences in immune biomarkers
between elite and amateur athletes, which indicates the need
for further research in different phases of the training cycle.
It is especially important to consider the impact of acute and
chronic training load, periodization of training and recovery
strategies on the immune status of soccer players. The prac-
tical implications of this research emphasize the importance
of regular hematological monitoring of football players of
all competition levels, in order to timely identify potential
changes in immune function and reduce the risk of infec-
tions and overtraining. Future studies should include a lon-
gitudinal design that would allow a more precise analysis of
immune responses during different phases of the season and
under different training conditions.
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Abstract: This study investigates the cardiorespiratory indicators of junior athletes (16—18 years old) with a focus on
aerobic (AT) and anaerobic (AnT) thresholds, maximal oxygen uptake (VO:max), power output, and their relationship with
anthropometric parameters. Testing was conducted on 26 triathletes who are candidates for Master of Sport (13 males and
13 females) using a Wattbike ergometer, a Cosmed gas analyzer, and a Polar heart rate monitor. Significant individual and
gender differences in functional capabilities were observed. The mean VO:max values were 68.7+7.2 ml/min/kg for males
and 55.1+8.4 ml/min/kg for females (p <0.001), indicating differences in oxygen potential and aerobic power between the
groups. The anaerobic threshold was reached at 84.3+6.1% of VO:max on average, demonstrating high lactate tolerance
and efficient use of aerobic and anaerobic energy systems. The power-to-weight ratio (W/kg) was higher in athletes with
lower BMI, with values such as 6.0 W/kg at a BMI of 20.8 and 4.9 W/kg at a BMI of 15.9.

The results highlight the necessity of personalized training programs based on threshold values and anthropometric char-
acteristics. Athletes with low AT/MAX% (<70%) should focus on aerobic endurance development, while those with critical-
ly low BMI (<18.5) require adjustments in nutrition and workload to prevent metabolic disorders. This study also proposes
a methodology for integrating objective testing data into training programs to optimize young triathletes’ preparation. The
findings have practical implications for coaches and sports physiologists working in endurance sports.

Keywords: cardiorespiratory testing, aerobic threshold, anaerobic threshold, VO:max, personalized training.

INTRODUCTION

Modern sports science places significant emphasis on studying cardiorespiratory indicators as key markers of
athletes’ physical fitness, particularly in endurance sports like triathlon (Joyner & Coyle, 2008). The individualization
of training programs based on objective physiological data has become a primary trend in junior athlete preparation,
supported by an increasing number of studies focused on optimizing aerobic and anaerobic thresholds (Buchheit &
Laursen, 2013). Maximal oxygen uptake (VO.max) remains the “gold standard” for assessing aerobic capacity, yet
its interpretation requires consideration of age, sex, and anthropometric factors (Bassett & Howley, 2000).

In young athletes, the development of cardiorespiratory endurance involves unique physiological and metabolic
adaptations driven by pubertal changes (Armstrong & McManus, 2011). Recent research indicates that the anaerobic
threshold (AnT) in juniors occurs at higher VO2max levels compared to adults, underscoring the need for age-specific
training adaptations (Wernhart et al., 2021). However, the relationship between body mass, BMI, and relative power
output (W/kg) remains insufficiently studied, especially concerning gender differences (Stoggl & Sperlich, 2015).
For instance, female triathletes exhibit lower VO2max compared to males, partly due to differences in body composi-
tion and hormonal profile (Heiestad et al., 2022).

Advanced technologies, such as gas analysis and cycle ergometry, allow precise determination of threshold
values, yet their integration into training programs requires methodological standardization (Burnley & Jones, 2022).
The use of the respiratory exchange ratio (RER) to identify AnT demonstrates high correlation with lactate measure-
ments but has limited applicability in field settings (Meyer & Timmons, 2021). Additionally, the impact of low BMI
on aerobic performance remains debated: some researchers highlight its advantages for relative power output (Singh
et al., 2023), while others emphasize the risk of reduced absolute VO2max (Zhou et al., 2022). For example, female
athletes with BMI <18.5 are at increased risk of overtraining and metabolic imbalances (Mountjoy et al., 2023).

Despite progress in sports physiology, there is a lack of studies comprehensively analyzing the relationship
between cardiorespiratory indicators, anthropometric data, and training adaptations in juniors (Lucia et al., 2023).
Most research focuses on adult athletes, neglecting the characteristics of developing bodies (Biddle & Asare, 2011).
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Moreover, standardized protocols for personalizing training loads based on threshold values are missing, limiting
their practical application (Laursen & Buchheit, 2013). For example, recommendations on training intensity for
improving AnT are often derived from adult data, which may be irrelevant for juniors (Esteve-Lanao et al., 2022).

Another challenge is the integration of recovery and nutrition data into training programs. Nutritional strate-
gies, such as carbohydrate periodization, can influence energy efficiency (Burke et al., 2023), yet their role in junior
triathlon remains understudied (Baker & Francis, 2004). Additionally, psychological factors, including motivation
and stress resilience, play a crucial role in training adaptation but are rarely incorporated into physiological models
(Saw et al., 2022).

The aim of this study is to analyze the cardiorespiratory thresholds (AT, AnT), VO.max, power output, and their
relationship with BMI in junior triathletes aged 16—18. Testing was conducted on 26 athletes using a Wattbike ergom-
eter and Cosmed gas analyzer. Special attention is given to developing recommendations for individualized training
programs based on physiological and anthropometric findings. The study aims to fill gaps in existing knowledge and
provide practical tools for coaches and sports physiologists working with juniors in endurance sports.

MATERIALS AND METHODS

This study involved 26 junior triathletes (13 males and 13 females) aged 16-18, all candidates for Master of
Sport and actively competing. Inclusion criteria included the absence of injuries or chronic diseases and signed in-
formed consent from athletes and legal representatives. The study was approved by the Ethics Committee of Moscow
City University (Protocol No. 01/2025) and conducted following the Helsinki Declaration.

Cardiorespiratory indicators were assessed using a Wattbike Pro ergometer (Wattbike Ltd, UK), with stepwise
load increments of 30 W for males and 25 W for females. Each stage lasted 2 minutes until reaching test termination
criteria: voluntary exhaustion, a 10% drop in power for 30 seconds, or heart rate >95% of age-predicted maximum
(calculated as 208 — 0.7 x age). Gas exchange parameters, including oxygen uptake (VO:), carbon dioxide output
(VCOy), and respiratory exchange ratio (RER), were recorded using a Cosmed K5 gas analyzer (Cosmed, Italy) at a
sampling rate of 1 Hz. Equipment calibration was performed before each test using standard gas mixtures (16% O,
5% CO2) and ambient air. Heart rate was monitored with a Polar H10 sensor (Polar Electro Oy, Finland) synchronized
with Wattbike and Cosmed software.

Aerobic threshold (AT) was identified by the onset of a sustained increase in ventilation (VE/VO2) without a
concurrent rise in VE/VCOyz, blood lactate concentration >2 mmol/L, and an RER of ~0.85, measured with a Lactate
Scout+ analyzer (EKF Diagnostics, Germany). Anaerobic threshold (AnT) was determined by an RER >1.0 and a
sharp lactate rise (>4 mmol/L). VO-max was calculated as the average VO- over the last 30 seconds of the test, while
relative power output (W/kg) was defined as the ratio of peak power to body mass.

Data analysis was conducted in SPSS 29.0 (IBM, USA). Group comparisons were performed using Student’s
t-test, and correlation analysis was carried out using Pearson’s method with a significance level of p <0.05. All tests
were conducted under standardized conditions: temperature 21+1°C, humidity 50+5%. A medical professional su-
pervised all testing sessions.

RESULTS

Analysis of Cardiorespiratory Indicators. The study analyzed the cardiorespiratory parameters of young triath-
letes, including maximal oxygen uptake (VO2max), aerobic threshold (AT), anaerobic threshold (AnT), and power
output expressed in watts per kilogram of body mass (W/kg).

Sample Characteristics. The study included 26 athletes (13 males and 13 females) aged 16—18 years. The mean
anthropometric characteristics differed between the groups: males exhibited significantly greater body mass and
height (p<0.001), while BMI differences were not statistically significant (p=0.12).
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Table 1. Anthropometric Characteristics of Participants (M+SD)

Parameter Males (n=13) Females (n=13) p-value
Age (years) 17.1+0.7 16.9+0.6 0.58
Body mass (kg) 64.8+5.9 55.4+4.8 <0.001
Height (cm) 175.2+6.1 165.5+ 5.7 <0.001
BMI (kg/m2) 21.1+1.4 202+1.6 0.12

Cardiorespiratory Parameters. Maximal oxygen uptake (VO.max) was significantly higher in males (68.7 = 7.2
ml/min/kg) compared to females (55.1 + 8.4 ml/min/kg, p<0.001). This difference reflects higher aerobic endurance
in males, likely due to a combination of factors, including greater skeletal muscle mass, higher hemoglobin levels,
and other physiological characteristics.

Aerobic threshold (AT), expressed as a percentage of VO2max, was similar between the groups (62.5 = 5.3% in
males vs. 65.2 +£4.7% in females, p=0.15), indicating comparable initial metabolic transition mechanisms. However,
the anaerobic threshold (AnT) was significantly higher in males (84.3 £ 6.1% of VO.max) than in females (79.5 +
5.8% of VO:max, p=0.03), suggesting greater lactate tolerance in males.

Table 2. Cardiorespiratory Parameters (M+SD)

Parameter Males (n=13) Females (n=13) p-value
VO,max (ml/min/kg) 68.7+7.2 55.1+8.4 <0.001
Aerobic threshold (AT) %VO,max 62.5+5.3 65.2+4.7 0.15
Anaerobic threshold (AnT) %VO,;max 84.3+6.1 79.5+5.8 0.03

Power Output. The average relative power output (W/kg) recorded in the cycle ergometer test showed signifi-
cant individual differences associated with BMI. For example, an athlete with a BMI of 20.8 kg/m? achieved 6.0 W/
kg, whereas a triathlete with a BMI of 15.9 kg/m? recorded a power output of 4.9 W/kg. The analysis indicates a trend
where lower BMI correlates with higher relative power output; however, critically low BMI values (<18.5) may pose
risks of impaired aerobic performance.

DIScUSsSION

The obtained results demonstrate significant gender differences in the cardiorespiratory characteristics of young
triathletes, aligning with previous research in sports physiology (Bassett & Howley, 2000; Lucia et al., 2023). Specifi-
cally, it was confirmed that VO2.max is significantly higher in males compared to females, which can be explained by
greater skeletal muscle mass, higher hemoglobin concentration, and improved oxygen transport capacity (Heiestad
et al., 2022).

Aerobic threshold (AT) as a percentage of VO2max did not show significant differences between groups, indicat-
ing similar aerobic energy supply mechanisms. However, the anaerobic threshold (AnT) was significantly higher in
males (84.3 £ 6.1% vs. 79.5 £ 5.8%, p=0.03), which is consistent with studies by Hawley & Leckey (2015), confirm-
ing greater lactate tolerance and the ability to process lactate more efficiently in males.

Athletes with lower BMI demonstrated relatively high power output (W/kg); however, critically low BMI values
(<18.5) associated with insufficient muscle mass may lead to reduced absolute aerobic performance and an increased
risk of catabolic states. This is supported by studies (Mountjoy et al., 2014) indicating a high risk of metabolic dis-
orders in female athletes with low BMI. This aspect requires particular attention in training and nutritional planning.

Gender differences in physiological adaptations should also be considered when designing training programs.
Males exhibit greater mitochondrial density, a more developed capillary network, and higher levels of aerobic en-
zymes, whereas females rely more on lipid oxidation for energy metabolism. For example, studies (Seiler & Teonnes-
sen, 2022) indicate that males demonstrate greater resilience to high-intensity training, whereas in females, endocrine
regulation of metabolism, including estrogen levels, plays a crucial role in substrate utilization and lactate clearance
capacity.

Furthermore, differentiation in training approaches in triathlon remains an essential aspect, given the specificity
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of each discipline. For instance, aerobic mechanisms dominate in swimming for both groups, whereas in cycling and
running, males show greater resistance to lactate accumulation (Morrison & Newell, 2023).

Thus, the results of this study confirm the necessity of individualizing training programs based on sex, cardio-
respiratory thresholds, and anthropometric characteristics. Future research should focus on longitudinal studies of
adaptations, including the assessment of physiological parameter dynamics throughout long-term athletic training.

CONCLUSION
This study identified significant gender differences in the cardiorespiratory parameters of young triathletes.
Males demonstrated significantly higher VO.max and anaerobic threshold (AnT), whereas the aerobic threshold (AT)
was similar between groups. Analysis of the relationship between BMI and power output showed that athletes with
lower BMI exhibited higher relative power, yet critically low values (<18.5) may lead to reduced absolute aerobic
performance and an increased risk of metabolic disorders.
The findings emphasize the necessity of individualizing training programs based on sex, cardiorespiratory
thresholds, and anthropometric characteristics. Specifically:
- Males with low AnT (<80% VOamax) are recommended to increase moderate-intensity training to enhance
lactate tolerance.
- Females with low BMI (<18.5) require nutritional adjustments and recovery strategies to prevent declines in
aerobic performance.
- Optimization of training loads based on objective physiological data enhances the effectiveness of young
triathlete preparation.

The main limitations of this study include the relatively small sample size and the lack of longitudinal monitor-
ing. Future research should focus on tracking physiological adaptations over time, including changes in aerobic and
anaerobic thresholds, mitochondrial biogenesis, and the impact of training periodization on young athletes’ cardio-
respiratory parameters.
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Abstract: This study aims to compare the effectiveness of structured motor skill training and unstructured motor skill
training in improving movement skills in children. The movement skills in question include coordination, balance, strength,
and agility. This study used an experimental design with a control group and a treatment group. The group of children was
divided into two groups: one group did structured motor skill training and the other group did unstructured motor skill
training. The population of this study was children aged 6-8 years. The sample was randomly drawn and consisted of 40
children divided into two groups, each group consisting of 20 children. The exercises were conducted for 6 weeks with a fre-
quency of 2 times per week. Each training session lasted for 40 minutes. Based on the results of data analysis, there is a sig-
nificant difference between structured motor skill training and unstructured motor skill training in improving motor skills.
The group that followed structured motor skill training had an average improvement of 19.75, while the group that followed
unstructured motor skill training had an average improvement of 12.85. The mean difference between the two groups was
6.90, indicating that structured motor skill training provided better results. A t-value of 7.71 and a significance value of
0.00 indicated that this difference was highly statistically significant. In addition, the percentage difference between the two
types of exercises was approximately 53.7%, indicating that structured motor skill trainingprovided greater improvement
compared to unstructured motor skill training. A planned and structured exercise program can result in more significant
improvements in children's coordination, balance, strength and agility. These findings support the use of structured motor
skill training programs in the development of childrens movement skills in schools or physical education environments.
Keywords: Physical Activity, Motor Skill Training, Movement Ability, Children.

INTRODUCTION

Motor training plays an important role in the development of children’s movement abilities, which include gross
and fine motor skills. Gross motor skills involve the use of large muscles, such as running, jumping and climbing
(Farida, 2016), while fine motor skills focus on more detailed movements, such as grasping small objects or tying
shoelaces (Khadijah & Amelia, 2020). Various forms of motor exercises can help children develop these two aspects
optimally, which in turn supports their physical, social and cognitive development. Good motor practice involves a
variety of activities that challenge children’s bodies to move in different ways. By stimulating varied movements,
motor exercises help strengthen muscles, improve flexibility, and develop balance and coordination (Sudirjo & Alif,
2018). Activities such as jumping, kicking or catching a ball train a child’s sensorimotor skills, integrating informa-
tion from the nervous system and muscles to produce efficient and controlled movements. It also helps improve a
child’s awareness of his or her own body, known as proprioception, or the ability to sense body position and move-
ment.

Children’s motor development falls into two main types of approaches: structured motor skill training and un-
structured motor skill training. These two methods have different characteristics and impacts on children’s movement
abilities. Comparative studies examining the effectiveness of these two approaches provide an important foundation
for educators, coaches and parents in selecting optimal motor development strategies. Structured motor skill training
is an approach in which children are engaged in systematically designed activities, with clear goals and rules (Jafar
et al., 2023). These activities are usually guided by an instructor or teacher, and are designed to develop specific mo-
tor skills such as balance, coordination, strength and flexibility. Examples of structured motor skill traininginclude
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gymnastics classes, formal sports training, or organized physical activities at school. The advantage of structured mo-
tor skill training is that it allows for close control and supervision of the child’s progress, ensuring that they develop
basic motor skills according to the expected stages of development (Gallahue & Donnelly, 2007). Studies show that
children who engage in structured motor skill trainingtend to experience more significant improvements in specific
motor skills (Tortella et al., 2016), as the exercises are designed to target specific abilities. In addition, this approach
also helps build discipline, focus and perseverance in children.

In contrast, free motor practice gives children the freedom to explore and move without strict rules or instructions.
These activities often occur spontaneously in unstructured play environments, such as running in the park, climbing
trees, playing ball without rules, or simply running around with friends. Unstructured motor skill training emphasizes
freedom of movement exploration, creativity and improvisation (Hanson, 1992). Research shows that free motor prac-
tice plays an important role in developing children’s creativity and ability to find more diverse movement solutions. By
participating in free motor activities, children learn to organize their movements naturally and independently, which can
improve their body understanding and foster confidence in their physical abilities. Free motor activities also contribute
to children’s mental health as they are more relaxed and fun (Darmadi & MM, 2018). This study was conducted because
of the debate about which is more effective in improving children’s movement skills. Experts suspect that structured
exercises may provide more targeted and rapid results in the development of specific skills, while free exercises may
be more beneficial in providing a more holistic and flexible experience in motor development. Through this study, the
researchers sought to answer the question of which approach is more optimal in developing children’s motor abilities,
especially in the context of education and child health. Another factor underlying this study is the increasing awareness
of the importance of physical activity amidst the global trend of sedentary lifestyles that reduce children’s opportunities
to be active (Hills et al., 2007). By understanding the different benefits of these two types of exercises, the results of this
study are expected to provide recommendations for parents, teachers and coaches to integrate appropriate methods in
children’s physical exercise programs, so as to support optimal motor development.

MATERIALS AND METHODS

Study Participants.

This study used a quasi-experimental design with a pre-test and post-test approach in two independent groups.
The first group was given structured motor skill trainings, while the second group underwent unstructured motor skill
training. The duration of the study was 6 weeks, with a frequency of training 2 times per week.

The sample of this study was 40 children aged 7-10 years who were purposively selected from several elemen-
tary schools in Makassar city. With the criteria of not having significant motor or health disorders. The sample was
randomly divided into two groups:

1. Group A (Structured Motor Skill Training): 20 children.

2. Group B (Unstructured Motor Skill): 20 children.

Study organization.

In this study, the instruments used to measure children’s motor skills were the Test of Gross Motor Development
(TGMD-2) as well as qualitative observations. The TGMD-2 is a standardized test designed to assess gross motor
skills of children aged 3 to 10 years (Logan et al., 2014). The test consists of two main subtests, i.e:

1. Locomotor Skills: Measures a child’s ability in movements that involve body displacement, such as running,

jumping, stepping, and sprinting.

2. Object Manipulative Skills: Measures a child’s ability to interact with objects, such as throwing, catching,

and kicking a ball.

The use of the TGMD-2 is because this test has been validated to measure gross motor skills in the pediatric
population (Valentini, 2012), especially in the context of sports or physical activity. In addition, the TGMD-2 pro-
vides quantitative scores that can be used to analyze differences in pre- and post-intervention outcomes, making it
easier to see the effects of structured and unstructured motor skill training. Meanwhile, qualitative observations are
important because they provide a more in-depth perspective on how children respond to unstructured motor skill
trainingenvironments, which tend to be more spontaneous and varied compared to structured exercises.

20 www.Siz-au.com



IRVAN, ET AL.
COMPARATIVE STUDY : STRUCTURED MOTOR SKILL TRAINING AND UNSTRUCTURED MOTOR SKILL TRAINING IN IMPROVING CHILDREN'S MOVEMENT ABILITY SPORTS SCIENCE AND HEALTH 15(1):19-25

Test Procedures.

* Preparation Stage:

1. Identify and recruit 40 child participants aged 7-10 years old.

2. Informed parents or guardians about the purpose and methods of the study.

3. Randomized division of children into two groups: Group A (Structured motor skill training) and Group B
(Unstructured motor skill training).

4. Pre-Test: Prior to the implementation of the exercise program, a pre-test was conducted on all participants
using the TGMD-2 instrument. This measurement served as a baseline to compare the changes that occurred
after the intervention.

5. Intervention:

e Group A (Structured Motor Skill Training): The children follow exercise sessions designed with strict
instructions and supervision. Each session involves specific activities such as zig-zag running, rope jumping,
ball throwing and catching, and muscle strengthening activities with predetermined repetitions and duration.

e Group B (Unstructured Motor Skill): Children are given the freedom to play in an environment filled with
various physical play tools such as balls, jump ropes, cones and climbing structures. No specific instructions
are given, and the children are allowed to move as they wish.

6. Both groups trained for 6 weeks, with a frequency of 2 times a week, and each session lasting 45 minutes.

7. Post-Test: After 6 weeks of intervention, a post-test was conducted using the same TGMD-2 instrument as the
pre-test. The results of the post-test will be used to measure changes in motor skills in both groups.

The study was approved by the ethics committee by ensuring that all participants and their guardians gave in-
formed consent. The safety and comfort of the children were prioritized during the study.

Statistical analysis.

In this study, the statistical test used to analyze the difference in effectiveness between structured motor skill
training and unstructured motor skill training in improving children’s movement skills is the ANOVA (Analysis of
Variance) test. The ANOVA test was chosen because this method can identify whether there are significant differenc-
es between more than two or more groups on the variable being measured, in this case, children’s movement ability
as influenced by the type of exercise. The ANOVA test process begins by formulating the null hypothesis (Ho) which
states that there is no significant difference in movement ability between the groups of children who participated in
structured motor skill training, unstructured motor skill training, and the control group if any. Conversely, the alter-
native hypothesis (H:) states that there is at least one group that is significantly different in terms of improvement in
movement ability.

In this analysis, data from each exercise group (structured and unstructured) was measured before and after the
exercise period. Next, the variance in the movement ability results is measured to determine whether the between-
group variability is greater than the within-group variability. The ANOVA test will produce an f-statistic value com-
paring the ratio of between-group and within-group variances. The p-value resulting from this test will indicate
whether the observed differences are significant enough to reject the null hypothesis. If the ANOVA test results show
a p value that is smaller than the set significance level (e.g., p < 0.05), then it can be concluded that there is a signifi-
cant difference in movement ability between the different groups.

REsuLTS
Descriptive Data
Table 1. Descriptive Statistics
Std. . - .
Group Data Mean ... Variance Minimum Maximum
Deviation
. . Pre-test 57.70 1.92 3.69 54 61
Structured Motor Skill Training
Post-test 77.45 3.60 12.99 71 84
) . Pre-test 55.45 2.50 6.26 52 60
Unstructured Motor Skill Training
Post-test 68.30 4.23 17.90 62 75
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This table presents a summary of descriptive statistics for pre-test and post-test results for the two research
group data. in the structured motor skill training group, the Pre-test mean value was 57.70 with a standard deviation
of 1.92 and a variance of 3.69, with a minimum score of 54 and a maximum of 61. And the Post-test mean was 77.45
with a standard deviation of 3.60 and a variance of 12.99, with scores ranging from 71 to 84. Then in the unstructured
motor skill training group, the Pre-test mean value was 55.45 with a standard deviation of 2.50 and a variance of 6.26,
with a minimum score of 52 and a maximum of 60. And the Post-test mean value was 68.30 with a standard deviation
of 4.23 and a variance of 17.90, with a minimum score of 62 and a maximum of 75.

Normality Test
The Kolmogorov-Smirnov statistical test results in the structured motor skill training and unstructured motor

skill training groups showed that the data were normally distributed.

Table 2. Kolmogorov-smirnov Normality Test

Group Data Statistic df Sig. Ket.
) o Pre-test 0.11 20 .200" Normal
Structured Motor Skill Training "
Post-test  0.10 20 .200 Normal
) o Pre-test 0.12 20 .200" Normal
Unstructured Motor Skill Training "
Post-test  0.11 20 .200 Normal

In the structured motor skill training group, the statistical value for the Pre-test was 0.11 with a df (degree of
freedom) of 20 and a significance value of 0.200, indicating normal distribution. For the Post-test, the statistical value
was 0.10 with a df of 20 and a significance of 0.200, also indicating a normal distribution. Similarly, in the unstruc-
tured motor skill training group, the Pre-test statistical value was 0.12 with df 20 and a significance of 0.200, indicat-
ing a normal distribution. The post-test had a statistical value of 0.11 with a df of 20 and a significance value of 0.200,
which also indicated that the data was normally distributed. All significance values are above the 0.05 threshold, so
both groups of data can be said to have a normal distribution.

Homogeneity Test
The results of the levene test analysis showed the homogeneity value of structured motor skill training and

unstructured motor skill training.

Table 3. Test Of Homogeneity of Variances

Group Data Levene Statistic Sig. Ket.
Structured Motor Skill Training 5.33 0.26 Homogen
Unstructured Motor Skill Training 7.67 0.38 Homogen

In the structured motor skill training group, the levene statistic value was 5.33 with a significance value (sig.) of
0.26, indicating that the variance between groups was homogeneous. Likewise, in the unstructured motor skill train-
ing group, the levene statistic value was recorded as 7.67 with a sig. value of 0.38, which also indicated homogeneity.
0.38, which also indicated homogeneity of variance. All significance values were > 0.05, thus, both groups of data
met the assumption of homogeneity.

Hypothesis Test

1. First Hypothesis test

Based on the results of statistical tests, it shows that there is a significant difference between the Pretest and
Posttest scores after the implementation of structured motor skill training.
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Table 4. Summary of The First Hypothesis Test Data (Paired Samples Test)

Paired Differences

. . . Sig.
Structured Motor Skill Trainin . t . Ket.
5 Mean Std. Deviation S 2t (2-tailed)
Mean
PreTest - PostTest 19.75 2.86 0.64 30.84 0.00 Sig.

The mean difference between the Pretest and Posttest was 19.75, indicating a considerable improvement. The
t-value of 30.84 confirms a significant difference between the two scores, and the significance value (Sig. 2-tailed) of
0.00 confirms that this difference is statistically significant. Since the significance value is smaller than 0.05, we can
conclude that the structured motor skill training had a positive and significant impact on improving the participants’
motor performance.

2. Second Hypothesis Test
The statistical test results for unstructured motor skill training showed an improvement between the Pretest and
Posttest scores.
Table 5. Summary of The Second Hypothesis Test Data (Paired Samples Test)

Paired Differences

. . . Sig.
Unstructured Motor Skill Trainin . t . Ket.
: Mean Std. Deviation iz, (2-tailed)
Mean
PreTest - PostTest 12.85 2.79 0.62 20.55 0.00 Sig.

The mean difference between the Pretest and Posttest scores was 12.85, indicating an improvement in motor
performance after the implementation of unstructured motor skill training. The t-value of 20.55 shows that the differ-
ence between the Pretest and Posttest scores, with a significance value (Sig. 2-tailed) of 0.00. Since this significance
value is smaller than 0.05, it can be concluded that the difference between the Pretest and Posttest is significant.

3. Third Hypothesis Test
The results of the Independent T-test showed a significant difference between structured motor skill training and

unstructured motor skill training in improving motor skills.

Table 6. Summary of The Second Hypothesis Test Data (Independent T-Test)

Std. Mean Sig.
Group Data N Mean Deviation t Difference (2-tailed) Ket.
Structured Motor Skill Training 20 19.75 2.86 .
7.71 6.90 0.00 Sig.

Unstructured Motor Skill Training 20 12.85 2.79

The group that followed structured motor skill training had an average improvement of 19.75 with a standard
deviation of 2.86, while the group that followed unstructured motor skill training had an average improvement of
12.85 with a standard deviation of 2.79. The mean difference between the two groups was 6.90, indicating that struc-
tured motor skill training provided better results.

The t-value of 7.71 and the significance value of 0.00 indicate that this difference is highly statistically signifi-
cant. In addition, the percentage difference between the two types of training was approximately 53.7%, indicating
that structured motor skill training provided greater improvement compared to unstructured motor skill training.
Thus, it can be concluded that the structured motor skill training method is significantly more effective in improving
motor performance than unstructured motor skill training.

DISCUSSION
The results of studies on Structured motor skill training and Unstructured motor skill training show significant
differences in their impact on children’s movement abilities, with each approach offering unique benefits.
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Structured motor skill training offers a number of advantages, especially when it comes to developing specific
motor skills. This approach involves a well-planned program, where children follow a set of predetermined and di-
rected movements to achieve specific goals. Past research studies have shown that children who participated in struc-
tured exercises experienced improvements in gross and fine motor skills, such as coordination and balance (Dapp et
al., 2021). This is because structured exercises usually involve repetition of movements that focus on specific tech-
niques, allowing children to build a strong foundation of motor skills. Furthermore, research by (Wilson et al., 2020)
showed that children with developmental coordination disorder (DCD) showed significant improvements in motor
skills through structured exercises. This suggests that structured approaches are not only beneficial for children with
normal motor development but also for those who require specialized interventions. These exercises usually include
clear instructions, continuous feedback, and regular assessment of progress, which helps children to understand and
master specific motor skills more effectively.

This is supported by field observations showing that children who participated in structured motor skill training
programs mastered specific motor skills such as jumping rope, running with correct technique, and hand-eye coordi-
nation faster (Sepriadi, 2023). For example, in structured gymnastic exercise programs, observations show improve-
ments in children’s ability to follow instructions with precision and perform movements with better control. These
exercises often include clear instructions, ongoing feedback and regular progress assessments, which help children
understand and master specific motor skills more effectively.

Unstructured motor skill training, on the other hand, provides benefits in terms of creativity and movement
adaptability. In free practice, children are given the freedom to explore their own movements, which can encourage
the development of creativity and innovation in physical activity. Free play supports the development of adaptation
and problem-solving skills, which are important for cognitive and social development (Pellegrini, 2009). Other re-
search suggests that free play also supports emotional and social development by providing opportunities for children
to interact with their environment and practice social skills in a more natural context (Ginsburg et al., 2007).

However, while free motor practice has many benefits, this approach can have limitations in terms of focus and
structure. Children may not always explore movements that are specifically required for the development of certain
motor skills without clear direction. Without clear direction, these children may not develop specific motor skills in a
systematic way (Goodway et al., 2013). In some cases, observations suggest that without adequate guidance, children
may get stuck in ineffective or less varied movement patterns. Therefore, unstructured motor skill training are often
more effective when used as a complement to structured exercise programs. Unstructured motor skill training can
provide opportunities for children to apply the skills they have learned in a freer and more creative context, as well
as assist them in developing adaptation and exploration skills that are not always covered in structured exercise. this
research emphasizes the importance of integrating these two approaches. This research emphasizes the importance
of integrating these two approaches. This is supported by other research showing that a combination of structured
and free practice allows children to benefit from both: the development of specific motor skills through structured
practice, and the development of creativity and flexibility through free practice (Dapp et al., 2021). This integration
supports a more holistic approach to children’s motor development, where children not only learn the necessary tech-
niques but are also given the space to innovate and explore movements independently. In addition, the play approach
is very supportive in children’s motor development and thinking (Susanto et al., 2022), (Susanto et al., 2024).

Overall, although structured and unstructured motor skill training each have their advantages and disadvan-
tages, a combination of both approaches can provide optimal benefits in children’s motor development. Structured
approaches ensure that basic motor skills are well developed, while free practice allows children to apply and explore
those skills in more creative and adaptive contexts. In this way, a balanced exercise program can maximize children’s
motor development and support their cognitive, social and emotional aspects.

CoNcCLUSION

Comparative studies between structured motor skill trainingand unstructured motor skill training show that
while both approaches have their benefits, structured motor skill training often yield more significant results in the
development of children’s motor skills. Structured exercises, with an organized plan and clear instructions, allow
children to focus on mastering specific motor skills such as coordination, balance and strength. Research by (Hollis et
al., 2016) and (Van Dyck et al., 2022) shows that this approach effectively improves gross and fine motor skills, and
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provides a beneficial intervention for children with developmental coordination disorders. The advantage of struc-
tured motor skill training lies in its ability to provide a solid foundation in motor skills through planned repetition
and consistent feedback. These programs are designed to achieve specific goals by providing clear directions, which
facilitates the learning of motor skills more efficiently. This makes structured exercise a highly effective approach to
developing basic motor skills required for daily activities and sports.

However, a combination of both approaches, structured and free practice can provide comprehensive benefits.
However, a heavy emphasis on structured practice is essential to ensure that children acquire solid basic motor skills.
A well-designed exercise program should integrate structured exercises to build a strong foundation of skills and free
exercises to support creativity and exploration. In this way, we can maximize children’s overall motor development,
balancing between mastery of specific skills and the ability to adapt and innovate in movement.
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Abstract: This research aims to determine the effect of the developed external load physical training model on efforts
to increase strength in the sport of shotokan karate. The participants in this study were 20 shotokan karate athletes and
students at Universitas Negeri Makassar. This research was conducted on the Universitas Negeri Makassar campus for
three months. The research design used was research and development (R & D) with a purposive sampling technique. We
also conducted experiments to measure the effectiveness of the external weight training model we developed. Participants
were given treatment in ten meetings. To measure the level of improvement in the treatment given, we conducted a pre-test
and post-test in the experimental group. The results showed that the external load physical training model proved effective
in increasing strength in shotokan karate athletes. Of course, after going through the revision stages to perfect the train-
ing model. Therefore, we recommend that future researchers re-test the effectiveness of the external load physical training
model that we developed with other research methods to test the validity and reliability of this training model.

Key Words: External weights, Karate shotokan, Model training.

INTRODUCTION

One of the sports that improves and maintains balanced physical and spiritual growth and then develops rapidly
in Indonesia is the sport of karate. This is because the sport of karate not only focuses on the physical but also the
spiritual to form a balanced mental and psychological state. In general, people understand that martial arts, apart from
sport, is also a way that can be used to respond and anticipate enemy attacks. Understanding self-defense is very
important in avoiding and preventing the risk of harm from physical attacks that attack suddenly and can occur at any
time. The sport of karate is a martial art that is used by a person to defend themselves without using sharp and deadly
tools or objects. Chaabéne et al. (2012) revealed that karate athletes need an optimal combination of muscle strength,
speed and endurance to be able to compete in high-level championships. This is in line with a study conducted by
Wahyudi et al (2019) which explains that karate martial arts is indeed a type of sport that does not use weapons. The
word karate martial arts uses all parts of the body as natural weapons that are effective and powerful, and practical,
such as hands, knees. , feet and so on.

Historically, the sport of karate as a martial art is known to have been born in the 19th century, with Matsumara
Shukon (1797-1896), a samurai warrior and protector of King Sokookinawa. In the sport of karate there are very
systematic and well-patterned regularities relating to the rules of ethical-aesthetic values in social life. Susanto (2021)
suggests that there are three regularities that must be distinguished in people’s lives, the first is the natural order, the
order of social life in society, and the order of technological engineering. Likewise, in the sport of karate, order and
discipline are absolute. The sport of karate is a cultural heritage from Far East Asia that is very close to Indonesian
society. So that in the sport of karate we are empirically confronted with two facts, namely the first is the reality about
form, whether it is an object or creature, and the second is the reality about the soul or spirit. These two facts unite
the character of the sport of karate, namely the combination of body and soul in martial arts.

These basic karate movements require consistent and well-planned practice to form a physique that supports
training activities for several things such as mental formation, sporting values, and the value of martial arts itself. One
thing that is no less important than the sport of karate which has become a culture is the implementation of evalua-
tions in all dimensions, both physical, mental and technical. This evaluation activity is exactly the same as expressed
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by (Nusufi Maimun, Rinaldy Alfian, 2019) who said that physical condition for karateka is something that is absolute
and must be possessed by a katareka, even including in other sports, physical condition is the basic foundation in
efforts to perfect karate movement techniques to achieve sustainable peak performance, so that every athlete has an
obligation to improve their prime physical condition. Soriano, Jiménez-Reyes, Rhea, and Marin (2015) showed that
the use of external loads with appropriate intensity can maximize power production in lower body movements, which
is very relevant in the discipline of karate.

One component of physical condition that is very important for a karate athlete is strength. Strength is a very
meaningful word, especially in the world of sports. Where strength has very important uses, including helping to
strengthen the stability of joints, the driving force of every physical activity and strength plays a role in protecting
against the possibility of injury (Harsono, 2016). Physical aspects function as a driver or director of athlete perfor-
mance, such as strength when performing punches or kicks. Every basic karate technique requires strength to support
the movement. Apart from strength, no less important is endurance, this endurance can be obtained through regular
training and modifying various kinds of physical activities (Susanto et al., 2021), (Susanto et al., 2024). Variation of
exercise with various forms of physical games can also help in physical fitness (Susanto et al., 2022).

The training method to increase strength is with an external load physical training model. This training medium
with added weights is considered very effective. Weight training can be done on muscles that have special function-
ality or are specific to movement needs. Behm et al. (2017) explained that strength training with a progressive and
biomechanics-based approach can improve athlete performance without increasing the risk of overtraining. If we talk
about weight training given to athletes, of course there will be positive and negative impacts. If the load and training
program are given effectively and efficiently, it will be very beneficial for the athlete’s muscle strength, however, if
the load given is inappropriate and not based on a clear theory, it will cause a very fatal impact on the athlete, namely
overuse injuries. As stated (Sidik, 2019. pp: 49-51) that if the training is too light, the level of fatigue is low, the re-
covery time is short and the effect of the training is small and too early, but if the training is too heavy then the level
of fatigue is high requiring a long recovery so the effect exercise is low and new stimulus becomes late. If training is
given adequately (appropriately) according to needs and portions, there will be a good training effect. Therefore, the
author wants to elaborate on a training model that uses external loads to increase strength in the sport of Shotokan
karate.

LITERATURE REVIEW

The essence of the basic movements of Shotokan Karate

Karate is an empty-handed martial art that is rich in basic movements or basic techniques and makes all body com-
ponents into deadly weapons. The basic techniques of karate are kihon, kata, and committee kihon. Kumashiro (2004)
explains in his book, Karate-Do: My Way of Life, that basic techniques in karate such as kihon, kata, and waza are not
only to increase physical strength, but also to form deep mental control and concentration. Kihon dachi waza or basic
stance techniques include haiko dachi, musubi dachi, hachinoci dachi, uchi hacinochi dachi, haiko dachi, teiji dachi,
renoji dachi, zenkutsu dachi, kokutsu dachi, kiba dachi, sanchin dachi, shocin dachi, hangetsu dachi, shiko dachi, sagi
ashi dachi, neko ashi dachi, tsuru ashi dachi, fudo dachi, and kosa dachi. The things that are mandatory and dominant
in practice are haiku dachi, musubi dachi, hachinoci dachi, haiko dachi, zenkutsu dachi, kokutsu dachi. Then kihon uke
or parrying techniques include gedan barai, ude uke, uchi uke, age uke, and shuto uke. Next are the tsuki techniques,
namely cudan tsuki, yodan tsuki, geaku tsuki, kisame tsuki, uraken tsuki, ura tsuki, and mawashi tsuki.

Types of Basic Movements required in Shotokan Karate

1. Parry movements include: gedan barai, age uke, uchi uke, ude uke, shuto uke.

2. Tzuki punching movements include: chudan tzuki, jodan tzuki, geaku tzuki, ghisami tzuki.

3. Kick movements include: maegeri cudang, maegeri jodan, mawashi geri, kekomi geri, keange geri, ushiro geri.

External Load Physical Training Model in Shotokan Karate
In various literature, physical condition in each sport is a primary aspect that is mandatory to support training
activities in sports. according to (Wibisana et al., 2016) that for every athlete who is coached in a sport, physical

Jun/June, 2025 27



DAHLAN, ET AL.
DEVELOPMENT OF AN EXTERNAL LOAD PHYSICAL TRAINING MODEL TO INCREASE STRENGTH IN SHOTOKAN KARATE SPORTS SCIENCE AND HEALTH 15(1):26-32

condition is absolute, because to achieve maximum performance for every athlete the physical condition must be
good. Maifitri (2012) emphasized that four components are considered to support the achievements of karate athletes,
including physical elements, technical elements, tactical elements and mental elements. Nakayama (1978) explains
that karate training not only focuses on improving physical skills, but also involves character building and discipline.
However, the first thing that coaches must pay attention to is the physical element, because physicality is the basic
foundation in order to achieve maximum breakthrough.

Therefore, physical and technical are a complete unity of all basic components and cannot be separated in an
effort to achieve sustainable achievements for every athlete in a sport. The physical training model in question is the
model or form of physical training that will be applied in the research, namely the external weight training model.
External load is a physical training method that utilizes additional load outside of body weight, such as machine
weight training which is used with certain movement patterns to develop and improve the physical elements in sports.

Strength Aspects of Basic Shotokan Karate Movements

Karate is also known as part of the sports achievements that are recognized and competed in Indonesia. There-
fore, karate can be said to be a self-defense martial art with its own method of utilizing body parts as weapons which
are trained naturally in accordance with eastern cultural values. To achieve achievements as indoctrinated in the tra-
ditional karate rituals at the opening and closing ceremonies of training, namely being able to increase performance,
the physical components must continue to be studied. The aim is to accelerate physical and technical aspects as very
basic factors in order to produce good quality movement techniques and character.

The physical elements in the sport of karate martial arts (Asnaldi, 2015) are: “strength, speed, agility, power,
coordination, reaction time, and flexibility, as well as endurance. This research will focus on the physical elements
of strength, because the physical elements of strength play a very important role for elite karate athletes to perform
optimally.

METHOD

This study uses research methods to develop a shotokan training model. This research emphasizes efforts to
produce something, test it in the field, revise it until the results obtained are certain to be satisfactory. Development
research always begins with a needs analysis, a problem that requires solving using a particular product. The develop-
ment model used by researchers is the Borg and Gall (2017) research and development model.

Development Procedure

The steps are: a). Information gathering, b) planning, c). Product draft development, d). Initial field trials, )
revision of trial results, f). Field trials, g). Product refinement and revision, h). Field implementation test, i). Product
refinement and final revision, j). Dissemination. The research design developed in the research is the development
of an external load physical training model to increase strength in the Shotokan karate sport. The steps taken in this
trial include; (1) determine the research subject group; (2) carry out the pre-test (O1); (3) try the model that has been
developed; (4) carry out post-test (02); (5) look for the average score of the pre-test and post-test and compare the
two; (6) look for the difference between the two averages using statistical methods (t-test) to determine whether there
is a significant effect from using the training model. The research subjects in this study were karate athletes who were
divided into 20 people.

Data Collection

The data collection method for needs analysis uses interviews with shotokan karate athletes to distribute surveys
to research participants. Data collection techniques for efficacy testing use quantitative experimental methods. The
instrument used is a Likert Scale: (1) very unsuitable, (2) not suitable, (3) quite suitable, (4) suitable, (5) very suitable,
while the instrument for the ability to perform basic Shotokan karate techniques points is calculated from the total
valid value. Including to measure the level of strength when performing basic Shotokan techniques.

Data Analysis
The effectiveness test used was an experiment with a one group pretest-posttest research design. Hypothesis
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testing using the nonparametric Wilcoxon test compares the pretest and posttest results of paired groups. Then the
collected data was analyzed using the SPSS version 21 application.

RESuULT

The research was conducted for three months and found empirical data in the form of the influence of external
load physical training models to increase strength in Shotokan karate athletes. The following is a summary of the
analysis of the influence of the external load physical training model that has been developed.

Descriptive Statistics

Table 1. Data on physical training with external loads to increase strength in Shotokan karate

N Range Minimum Maximum Sum Mean f)tg;iation
Pre Test Arm Muscle Strength 20 17.50 29.50 47.00 778.50 38.9250 4.12079
Pre Test Leg Muscle Strength 20 77.00 154.00 231.00 3668.50 1.83422 28.18747
Post Tes Arm Muscle Strength 20 7.50 41.00 48.50 876.00 43.8000 2.30788
Post Test Leg Muscle Strength 20 49.00 181.00 230.00 4049.50 2.02482 18.01715
Pre Test Control Group Arm Muscle Strength 20 9.50 19.00 28.50 470.50 23.5250 3.25445
Pre Test Control Group Leg Muscle Strength 20 50.00 104.00 154.00 2764.00 1.38202 14.31084
Post Test Control Group Arm Muscle Strength 20 14.00 21.50 35.50 522.50 26.1250 5.16026
Post Test Control Group Leg Muscle Strength 20 42.50 113.00 155.50 2856.00 1.42802 12.53248

From table 1, the data obtained on the influence of external load physical training to increase strength in the
sport of shotokan karate are as follows:

1.

For the Pre Test data on Arm Muscle Strength, the N value was 20, range 17.50, minimum 29.50, maximum
47.00, Sum 778.50, mean 38.9250, Standard Deviation 4.224.

. For the Pre Test data on leg muscle strength, the N value was 20, range 77.00, minimum 154.00, maximum

231.00, Sum 3668.50, mean 1.83422, Standard Deviation 28.18747.

. For Post Test data on Arm Muscle Strength, the N value was 20, range 7.50, minimum 41.00, maximum

48.50, Sum 876.00, mean 43.8000, Standard Deviation 2.30788.

. For Post Test data on leg muscle strength, the N value was 20, range 49.00, minimum 181.00, maximum

230.00, Sum 4049.50, mean 2.02482, Standard Deviation 18.01715

. For the Control Group Arm Muscle Strength Pre Test data, the N value was 20, range 9.50, minimum 19.00,

maximum 28.50, Sum 470.50, mean 23.5250, Standard Deviation 3.25445.

. For the Pre Test data on leg muscle strength for the control group, the N value was 20, range 50.00, minimum

104.00, maximum 154.00, Sum 2764.00, mean 1.18202, Standard Deviation 14.31084.

. For the control group Arm Muscle Strength Post Test data, the N value was 20, range 14.00, minimum 21.50,

maximum 35.50, Sum 522.50, mean 26.1250, Standard Deviation 5.16026.

. For post test data on leg muscle strength for the control group, the N value was 20, range 42.50, minimum

113.00, maximum 155.50, Sum 2856.00, mean 1.42802, standard deviation 12.53248.

Table 2. T test data External load physical training to increase strength in the Shotokan karate sport

Variabel Mean N Std. Deviation  Std. Error Mean
Pair 1 Pre Test Arm Muscle Strength 38.9250 20 4.12079 92144
Post Tes Arm Muscle Strength 43.8000 20 2.30788 .51606
Pair 2 Pre Test Leg Muscle Strength 1.83422 20 28.18747 6.30291
Post Test Leg Muscle Strength 2.02482 20 18.01715 4.02876
Pair 3 Pre Test Control Group Arm Muscle Strength 23.5250 20 3.25445 72772
:frztnTget;t Control Group Arm Muscle 26.1250 20 5.16026 1.15387
Pair 4 Pre Test Control Group Leg Muscle Strength  1.38202 20 14.31084 3.20000
Post Test Control Group Leg Muscle Strength 1.42802 20 12.53248 2.80235
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Based on table 2 above, it can be seen that the T test results of the external load physical training data variables
to increase strength in the Shotokan karate sport are as follows:

1. Pre test data on arm muscle strength obtained an N value (sample) of 20 people, the mean pre test value
for arm muscle strength was 38.9250 and the post test value for arm muscle strength was 43.8000, with a
sig value of 0.000. and obtained a difference of 48,750. So this difference is an influence or improvement
in the external load physical training program to increase strength in the sport of shotokan karate.

2. Pre-test data on leg muscle strength obtained an N value (sample) from 20 people, the mean pre-test value
for leg muscle strength was 1.83422 and the post-test value for leg muscle strength was 2.02482, with a
sig value of 0.000. and obtained a difference of 19,060. So this difference is an influence or improvement
in the external load physical training program to increase strength in the sport of shotokan karate.

3. Pre test data on control arm muscle strength obtained an N value (sample) of 20 people, the mean pre test
arm muscle strength value was 23.5250 and the post control arm muscle strength test value was 26.1250,
with a sig value of 0.000. and obtained a difference of 26,000. So this difference becomes an influence
or increased control in the external load physical training program to increase strength in the sport of
shotokan karate.

4. Pre test data on muscle strength of the control leg obtained an N value (sample) of 20 people, the mean
pre test value of leg muscle strength was 1.38202 and the post test value of muscle strength of the control
leg was 1.42802, with a sig value of 0.000. and obtained a difference of 4,600. So this difference becomes
an influence or increased control in the external load physical training program to increase strength in the
sport of shotokan karate.

DIScuUsSION

This research began by taking pretest data, this was done to describe the initial condition of the sample before
being given treatment in the form of an external load physical training program to increase strength in the sport of
shotokan karate. For the data collection process, the author measured arm and leg muscle strength tests, this was done
to place greater emphasis on the objectivity of the research results. In this study, the sample consisted of 20 shotokan
karate athletes from South Sulawesi Province.

Based on data from previous research, it shows that there has been an escalation. This study also uses the inter-
view method to validate research results in the form of quantitative data. The purpose of holding interviews is to find
out in depth each process carried out during the treatment provided. At the first and second meetings, several athletes
still seemed unfamiliar with following the external load physical training program to increase strength in the sport of
shotokan karate. This is in accordance with what the sample said.

This special strength training program is something new that I discovered, but it is very good for increasing
strength in karate because it is very detailed. Sample #1, in-depth interview, January 17, 2023).

The findings are in line with the theory explained by Haff and Triplett (2016), which states that strength training
that focuses on developing large muscles through external loads can increase athlete strength and power. From our
observations, it was found that at the fourth meeting the athletes had started to get used to it and the author provided
knowledge on how to quickly adapt to the strength training program in the karate training session. The author also
observed athletes who followed this training program to check whether it was correct or not. This is done because
there are three aims of experimental research, namely changing conditions, changing thought patterns and changing
behavior. However, in this study the author only took data on the aspect of changing conditions, which in the context
of this research is strength. For the other two aspects, the author still focuses on providing knowledge of the biome-
chanics of strength and informing you that when you want to improve your karate performance skills you can use
this type of training program. This is in line with the training principle put forward by Bompa and Buzzichelli (2019)
that training is a systematic sports activity over a long period of time, increased progressively and individually which
leads to the characteristics of human psychological and physiological functions to achieve specified targets.

At the fifth meeting, progress began to be seen, therefore the author took the initiative to carry out the posttest
again and it turned out that the results had improved. This can be seen from the movement patterns displayed by
athletes, the strength when performing basic karate techniques when playing. In this case, the posttest is to measure
the escalation caused by the treatment given. The author synthesizes that there has been an increase, although it is
still in the not significant category. Therefore, the author continued the treatment given until the improvement was
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considered statistically significant.

At the sixth meeting, the athletes were very used to and felt comfortable doing a special training program that
emphasized the strength of each movement. This is illustrated from the results of interviews with the following
samples:

I have become accustomed to doing this exercise, and I also feel the positive impact directly. When playing I
feel my movements increase or have power (Sample #3, in-depth interview, January 23 2023).

From the narrative of this sample, the effectiveness of this training program is clearly illustrated. This effective-
ness is because this training program specifically focuses on strength in basic karate techniques, so the sample only
focuses on that aspect. This emphasizes the explanation that in principle, training is a process of change for the better,
namely to improve the physical quality, functional abilities of the body’s equipment and the psychological quality of
the training child. When the sample’s attention is not divided between other exercises, concentration and focus can
be used optimally. This was also validated through interviews with the following samples:

This training program is very simple, as it focuses only on strength. I enjoyed doing this exercise because it was
new to me (Sample #6, in-depth interview, January 26, 2023).

This effectiveness is not only due to the fact that the training program is very detailed and specific, the program
being carried out repeatedly is also a factor in the effectiveness and efficiency of the training program. This is ex-
plained by Harsono (2016) that training can also be said to be a systematic training process that is carried out repeat-
edly and the amount of training load increases day by day.

The treatment in this research was carried out in eight meetings. At the eighth meeting the author found that
physical training with external loads to increase strength in the sample sport of shotokan karate had developed
and experienced a very significant escalation. Therefore, the treatment was stopped. Another factor that causes the
training program to be able to develop basic karate skills is that the sample is motivated to do this training program
because it is different from the training they usually do. Of the fifteen samples, the strength when performing basic
karate movements has increased. In line with these findings, Bishop et al. (2006) explained that systematic and mea-
sured strength training, as applied in this study, can lead to significant strength increases in a relatively short period
of time. It is therefore certain that a physical training program with external loads increases strength in the sport of
shotokan karate.

CONCLUSIONS AND SUGGESTIONS

From the conclusions of this research, recommendations will be put forward in the form of suggestions for the
application and development of research results. With the title of the research, namely Development of an external
load physical training program to increase strength in the sport of shotokan karate for male athletes in South Sulawesi.

CONCLUSION

Based on the results of the data and discussion from this research, it can be concluded that the development of
an external load physical training program to increase strength in the sport of Shotokan Karate for South Sulawesi
athletes obtained variable values for the influence of external load physical training to increase strength in the sport of
Shotokan Karate. The pre-test for arm muscle strength obtained an N value (sample) of 20 people, the mean pre-test
value for arm muscle strength was 38.9250 and the post-test value for arm muscle strength was 43.8000, with a sig
value of 0.000. and obtained a difference of 48,750. So this difference is an influence or improvement in the external
load physical training program to increase strength in the sport of shotokan karate and the pre-test data on leg muscle
strength obtained an N value (sample) of 20 people, the mean pre-test value of leg muscle strength was 1.83422 and
the post-test value for leg muscle strength was 2.02482, with a sig value of 0.000. and obtained a difference of 19,060.
So this difference is an influence or improvement in the external load physical training program to increase strength
in the sport of shotokan karate.

Suggestions

The recommended suggestions are as follows:

1. It is recommended that coaches and sports coaches pay attention to the training program and body structure
of each prospective athlete

Jun/June, 2025 31



DAHLAN, ET AL.
DEVELOPMENT OF AN EXTERNAL LOAD PHYSICAL TRAINING MODEL TO INCREASE STRENGTH IN SHOTOKAN KARATE SPORTS SCIENCE AND HEALTH 15(1):26-32

2. It is recommended that athletes do more individual training so that stamina and basic karate techniques are
maintained so that performance can be maximized.

3. Researchers who are interested in researching strength variables are advised to look for other variables that
can improve basic techniques in karate sports.
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Abstract: This research was conducted on a purposive sample of 32 respondents, 16 karate competitors and 16 karate
national team members, men, seniors (according to WKF) from the Republic of North Macedonia. The main objective of
this research was to determine the differences in the interrelations between the psychological characteristics of karate
competitors and members of the karate national team. A total of 13 variables of psychological characteristics were used
in the research: one variable for assessing general intellectual abilities, three variables for assessing specific intellectual
abilities, six variables for assessing emotional characteristics, and three variables for assessing motivational dispositions.
1o determine the differences in the mutual relationships, first the intercorrelation matrices of the competitors and the na-
tional team members were calculated, then the Fisher transformed matrices were calculated, i.e. r1 and r2 - the correlation
coefficients for each group, Z-statistics that measure the difference between the two correlation values and p-value - which
determines whether the difference in the correlation is statistically significant. The results of the Z-test obtained in the study
show statistically significant differences only in 5 pairs of variables from the two intercorrelation matrices.

Keywords: psychological characteristics, karate competitors, karate national team members, descriptive statistics, Z-test.

INTRODUCTION

The value of research on psychological differences between karate competitors (karate athletes who practice
and compete at different levels), and karate representatives (elite athletes who represent their country), lies in find-
ing and determining the differences that can reveal what separates elite karate athletes from regular competitors.
Studies suggest that elite athletes in combat sports tend to have higher levels of self-discipline, self-confidence, and
lower levels of cognitive and somatic anxiety (D., Mojtahedi, et all. 2023). Research on these traits can help identify
potential future representatives and improve talent selection. Precisely because of this, in their research, Soklevska,
LE., Kostovski, Z., Mikic. B. (2018), determined the factor structure of the psychological characteristics of karate
representatives (members of the national selection) and karate competitors from the Republic of North Macedonia, in
order to achieve the desired goal, since as much information as possible is needed that will be properly incorporated
and used in the process of building the personality of the karate athlete. Therefore, determining the differences be-
tween the examined groups and relating to the intercorrelations of the psychological characteristics of karate athletes
is of great importance in karate sport.

METHODS OF WORK
The research was conducted on a purposive sample of a total of 32 respondents divided into two subsamples,
of which 16 karate competitors and 16 karate representatives, male, seniors (according to WKF) from the Republic
of North Macedonia. The respondents were subjected to tests to determine psychological characteristics that were
conducted in the clubs in which the competitors conduct their daily training).
A total of 13 variables of psychological characteristics were applied in the research (according to the doctoral
dissertation of Aleksovska, V., L. 2002), divided into 4 areas, of which:
 one variable for assessing general intellectual ability - 1Q Test
« three variables for assessing specific intellectual abilities (sports intelligence) - F1, F2, S1, i.e. the ability for
perceptual reasoning, the ability for speed of observation of perceptual structures, and the specific intellectual
ability for deriving spatial relations.
* six variables for assessing emotional traits - anxiety (TAI), aggressiveness (T-15), extraversion/introversion,
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neuroticism, psychoticism, social desirability (EPQ)

* three variables for assessing motivational dispositions - P2, F+, F-, i.e. the sports motive of achievement thro-
ugh the desire to stand out, for success in basic life activities, the degree of positive emotional engagement
and emotional self-control in situations of sports achievement and the degree of negative emotional reaction
in situations of sports achievement which is manifested through fear of uncertainty of the outcome.

The data obtained from this research according to the characteristics and size of the selected sample were
processed with adequate statistical programs. For the purposes of this research, the following were calculated: the
intercorrelation relationship of the variables, Fisher’s test which is used to examine the relationship between two
categorical variables, usually when the sample size is small or when the expected frequencies in any cell are less than
5,1l and r2 - the correlation coefficients for each group, Z-statistic - measures the difference between the two correla-
tion values and p-value - tests whether the difference in the correlation is statistically significant (p <0.05 indicates a
significant difference).

RESULTS AND DISCUSSION

From the analysis of the intercorrelation matrix in Table 1, it can be concluded that the correlation coefficient between
the applied variables results in different values. The variable PM or general intelligence has a medium positive
correlation with the variable from the space of sports intelligence, which represents a specific intellectual ability to
perform spatial relations (S1 =.55). The positive correlation of these two variables actually indicates that they belong
to a single system in the space of specific intellectual abilities. (Aleksovska, L., 2002). A significant correlation with
medium values can also be observed in the variable (F2), which represents a specific intellectual ability for the speed
of observation of perceptual structures, with the variable neuroticism/stability (N =.51) which is characterized by
high levels of negative effects, such as depression and anxiety. A statistically significant positive correlation exists
between the variables TAI and P (= .64), i.e. between anxiety and psychoticism.

Table 1. Correlation of psychological characteristics among the contestant respondents

PM F1 F2 S1 TAI P N E L P2 F+ F- T-15
PM 1.00
F1 0.42 1.00
F2 0.45 0.31 1.00
S1 0.55 0.24 0.36 1.00
TAI -0.28 0.33 0.14 -0.05 1.00
P -0.17 0.32 0.00 0.36 0.64 1.00
N 0.11 0.03 0.51 -0.12 0.04 -0.37 1.00
0.27 0.03 0.29 0.21 0.16 0.15 0.22 1.00
-0.05 -0.06 0.07 -0.23  0.14 -0.05 0.25 0.51 1.00
P2 0.41 -0.02 0.16 0.20 0.00 0.31 -0.29 0.23 -0.10 1.00
F+ 0.28 0.41 0.03 0.41 -0.02 0.29 -0.38 -0.17 -030 -0.05 1.00
F- 0.44 0.23 0.43 0.03 -0.07 -0.16 0.21 0.03 0.26 0.36 -0.21  1.00
T-15 -0.04 -0.40 -0.20 0.33 -0.19 -0.20 0.01 0.16 -0.18 -0.04 -036 -0.20 1.00

Also between the variables E (extraversion/introversion) and L (social desire), a correlation with mean values
(= .51) is observed. The positive interrelationships obtained based on the intercorrelation matrix are logical and
expected. The variables TAI (anxiety) and P (psychotism) belong to the emotional characteristics of the personality
according to which the individual is inclined to react to different situations with anxious reactions. The variables E
(extraversion/introversion) and L (social desire) also belong to this space. Based on the intercorrelation matrix where
the mutual relationship of the applied variables is presented, a small number of mutual relations are observed. Statis-
tical significance at the p<0.05 level exists between the variables PM (general intelligence) and S1 (spatial relations =
.55), F2 (perceptual structures) and N (neuroticism/stability =.51), and E (extraversion/introversion) and (L social de-
sirability =.51), while at the p<0.01 level it exists only among the variables TAI (anxiety) and P (psychotism) (= .64).
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Table 2. Correlation of psychological characteristics among representative respondents

PM F1 F2 S1 TAI P N E L P2 F+ F- T-15
PM 1.00
F1 0.66 1.00
F2 0.62 0.74 1.00
S1 0.77 0.57 0.37 1.00
TAI -0.26 -0.08 -031 -0.20 1.00
P -0.18 -0.17 -0.27 -0.21 042 1.00

-041 -036 -045 -0.37 0.60 0.47 1.00
0.15 0.17 -0.15 0.35 0.11 -0.09 0.09 1.00
-043 -0.14 -0.25 -0.41 0.60 -0.02 0.73 0.17 1.00

P2 0.02 0.09 0.17 0.29 0.41 -0.04 0.01 0.15 0.10 1.00

F+ -0.10 -0.04 -0.25 0.17 0.25 0.42 0.38 0.48 0.27 0.04 1.00

F- 0.52 0.44 0.25 0.57 -0.34 -0.47 -0.61 0.44 -045 -0.05 -0.32 1.00

T-15 -0.03 -0.16 -0.27 -0.05 0.80 0.36 0.42 0.05 0.37 0.39 0.11 -0.25 1.00

In a sample of 16 respondents, coefficients greater than 0.49 are considered statistically significant at the p<0.05
level, and coefficients greater than 0.62 are considered statistically significant at the p<0.01 level.

By inspecting Table 2, where the obtained results are presented, it can be observed that the variable PM or
general intelligence has a statistically significant positive correlation with the variables from the space of sports intel-
ligence, i.e. perceptual reasoning (F1=.66), the ability to speed up the observation of perceptual structures (F2=.62)
and the ability to perform spatial relations (S1=.77). A medium positive connection is observed with the variable
(F-=.52) that examines the degree of negative emotional reaction. The three variables that define the space of sports
intelligence are interconnected with medium to moderately high positive correlations. Correlation with medium and
high values exists with the TAI - anxiety variable: with the neuroticism variable (N=.60), social desire (L= .60), and
with the aggressiveness variable (T-15 =.80) with which it is in a statistically significant high positive relationship.
The degree of connection of the applied neuroticism/stability variable (N) with the variable L (social desire) from
the space of emotional characteristics is .73, which indicates a statistically significant correlation. With the variable
F- (which examines the degree of negative emotional reaction in situations of sports achievement) it is in a moderate
inverse relationship, which is represented by a coefficient of -.61.

Table 3. Fisher's Z-test for independent correlations for pairs of variables: F1, PM, F2, S1, TAI, P, and N

Variable 1 Variable 2 rl (Group 1) r2 (Group 2) Z-Statistic p-Value
F1 PM 0.42 0.66 -0.88 0.38
F2 PM 0.45 0.62 -0.61 0.54
F2 F1 0.31 0.74 -1.61 0.11
S1 PM 0.55 0.77 -1.02 0.31
S1 F1 0.24 0.57 -1.03 0.30
S1 F2 0.36 0.37 -0.03 0.98
TAI PM -0.28 -0.26 -0.06 0.96
TAI F1 0.33 -0.08 1.08 0.28
TAI F2 0.14 -0.31 1.18 0.24
TAI S1 -0.05 -0.20 0.39 0.70

P PM -0.17 -0.18 0.03 0.98
P F1 0.32 -0.17 1.28 0.20
P F2 0.00 -0.27 0.71 0.48
P S1 0.36 -0.21 1.50 0.13
P TAI 0.64 0.42 0.79 0.43
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N PM 0.11 -0.41 1.39 0.16
N F1 0.03 -0.36 1.04 0.30
N F2 0.51 -0.45 2.67 0.01*
N S1 -0.12 -0.37 0.68 0.49
N TAI 0.04 0.60 -1.67 0.10
N P -0.37 0.47 -2.29 0.02*

Table No.3 presents the analysis of Fisher’s Z-test for two independent correlations for each pair of variables,
the Z-statistic that measures the difference between the two correlation coefficients, and the p-value that indicates
whether the difference is statistically significant. Statistically significant differences at the level of (p < 0.05) are ob-
served only in two pairs of variables: N and F2 (p = 0.01) i.e. neuroticism and perceptual structures where in group
1 there is a moderate positive correlation (0.51) which means that as the value of one variable increases, the value
of the other variable also increases, while in group 2 we have a moderate negative correlation (-0.45), where the
relationship turns negative (as one increases, the other decreases). The other statistically significant relationship is
between the pair of variables N and P (p = 0.02), neuroticism and psychoticism. In group 1, N and P have a negative
relationship (higher N means lower P) and are accompanied by a moderate negative correlation (-0.37). In group
2, the relationship is reversed (higher N means higher P). This relationship is accompanied by a moderate positive
correlation (0.47). The statistically significant p-value (0.02) suggests that this change is not due to chance. In their
research, Friesen, A., et al. (2018) indicate that there are correlations between performance and perceived congruence
in desired and actual emotions. Kostovski, Z., et al. (2019), also examined psychological characteristics as a factor
for success in karate athletes and concluded that there are statistically significant differences in the entire examined
space except for the variables L and P (L - social desire and P - psychoticism).

Table 4, which is a continuation of Table 3, shows that none of the differences are statistically significant, but
some correlations change direction or strength between groups. The most notable trend is between variables L and
N, i.e. social desirability and neuroticism, which has a much stronger positive relationship in group 2, and p = 0.09,
or close to significant. The stronger relationship among national team members, i.e. national team players who show
a higher positive correlation between social desirability and neuroticism compared to competitors, may suggest that
in the national team, individuals who tend to present themselves in a socially desirable manner may also experience
higher levels of neuroticism (e.g., anxiety, emotional instability). Karate competitors who are still developing and
are considered younger and less experienced than national team members may not feel the same pressure that allows
them to focus more on self-improvement than on social expectations. According to research by Shkelzen S., et al.
(2022), younger respondents focused more on developing and improving their competence and putting effort into
activities, trying to find a strategy to successfully solve the tasks at hand, and less on achieving results and relying
on their abilities.

Table 4. (continued from Table 3), Fishers Z-test for independent correlations for pairs of variables: E, L, P2, PM, F1, F2, S1,

TAI P N
Variable 1 Variable 2 rl (Group 1) r2 (Group 2) Z-Statistic p-Value
E PM 0.27 0.15 0.32 0.75
E F1 0.03 0.17 -0.36 0.72
E F2 0.29 -0.15 1.15 0.25
E S1 0.21 0.35 -0.39 0.70
E TAI 0.16 0.11 0.13 0.90
E P 0.15 -0.09 0.62 0.54
E N 0.22 0.09 0.34 0.73
L PM -0.05 -0.43 1.04 0.30
L F1 -0.06 -0.14 0.21 0.84
L F2 0.07 -0.25 0.83 0.41
L S1 -0.23 -0.41 0.51 0.61
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L TAI 0.14 0.60 -1.41 0.16
L P -0.05 -0.02 -0.08 0.94
L N 0.25 0.73 -1.72 0.09
L E 0.51 0.17 1.00 0.32
P2 PM 0.41 0.02 1.06 0.29
P2 F1 -0.02 0.09 -0.28 0.78
P2 F2 0.16 0.17 -0.03 0.98
P2 S1 0.20 0.29 -0.24 0.81
P2 TAI 0.00 0.41 -1.11 0.27
P2 P 0.31 -0.04 0.92 0.36
P2 N -0.29 0.01 -0.79 0.43
P2 E 0.23 0.15 0.21 0.83
P2 L -0.10 0.10 -0.51 0.61

From the inspection of table no. 5 (continued from table no. 3), it is noticed that the largest statistically signifi-
cant difference (0.00) occurs in the pair of variables aggression and anxiety T-15 and TAI. In competitors, aggression
is slightly related to anxiety (r1=—0.19 - weak negative correlation), which may mean that they use aggression as a
mechanism for coping with stress. In national team players, 12=0.80 (strong positive correlation), where aggression
is highly correlated with anxiety, which suggests that as their anxiety increases, so does their aggressive behavior.
Anxiety is associated with impaired cognitive-motor performance and increased release of cortisol, a stress hormone
that is associated with poorer physical performance and recovery (Lo, L.C., et al. 2019). Aggression can help control
anxiety, which is essential for performance and a key area of focus for psychological support and training, emphasize

Valentin et al. (2022).

Table 5. (continued from Table No. 3) Fisher's Z-test for independent correlations for pairs of variables: F+, F-, T15, PM, F1,

F2, 81, TAL PN, E L, P2

Variable 1 Variable 2 rl (Group 1) r2 (Group 2) Z-Statistic p-Value
F+ PM 0.28 -0.10 0.99 0.32
F+ F1 0.41 -0.04 1.21 0.23
F+ F2 0.03 -0.25 0.73 0.47
F+ S1 0.41 0.17 0.67 0.50
F+ TAI -0.02 0.25 -0.70 0.48
F+ P 0.29 0.42 -0.38 0.70
F+ N -0.38 0.38 -2.04 0.04*
F+ E -0.17 0.48 -1.77 0.08
F+ L -0.30 0.27 -1.49 0.13
F+ P2 -0.05 0.04 -0.23 0.82
F- PM 0.44 0.52 -0.27 0.79
F- F1 0.23 0.44 -0.61 0.54
F- F2 0.43 0.25 0.52 0.60
F- S1 0.03 0.57 -1.57 0.12
F- TAI -0.07 -0.34 0.72 0.47
F- P -0.16 -0.47 0.89 0.37
F- N 0.21 -0.61 2.35 0.02*
F- E 0.03 0.44 -1.13 0.26
F- L 0.26 -0.45 1.91 0.06
F- P2 0.36 -0.05 1.09 0.28
F- F+ -0.21 -0.32 0.30 0.76
T-15 PM -0.04 -0.03 -0.03 0.98
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T-15 F1 -0.40 -0.16 -0.67 0.50
T-15 F2 -0.20 -0.27 0.19 0.85
T-15 S1 0.33 -0.05 1.00 0.32
T-15 TAI -0.19 0.80 -3.29 0.00*
T-15 P -0.20 0.36 -1.48 0.14
T-15 N 0.01 0.42 -1.12 0.26
T-15 E 0.16 0.05 0.28 0.78
T-15 L -0.18 0.37 -1.45 0.15
T-15 P2 -0.04 0.39 -1.15 0.25
T-15 F+ -0.36 0.11 -1.24 0.21
T-15 F- -0.20 -0.25 0.13 0.89

The second statistically significant relationship is between the pair of variables F+ and N (0.04), where there is a
moderately low correlation for competitors and a moderately positive correlation for national team players. It can be
assumed that for competitors, higher positive feelings are associated with lower neuroticism, meaning that they may
experience emotional stability when they feel good. In contrast, national team players show the opposite pattern -
those with higher positive feelings also tend to have higher neuroticism. This may indicate that national team players
experience greater emotional highs and lows, possibly due to the stress and expectations of performing at the level
of elite karate athletes. Negative feelings and neuroticism are the third pair of variables where there is significance
(p = 0.02). For competitors, negative feelings are slightly related to neuroticism (0.21), which is expected. However,
among national team players, negative feelings are inversely related to neuroticism, suggesting that those who report
fewer negative feelings actually show higher neuroticism (0.80). C., Ku$nierz et al. (2023), recommend introducing
emotional intelligence training into martial arts programs to improve mental and emotional resilience, which leads
to improved performance results and reduced aggression. According to Faro, H.K., et al. (2020), negative emotions
can be more effectively controlled by individuals with higher levels of self-esteem who also show lower levels of so-
matic and cognitive anxiety. Statistically significant differences appear in the examined psychological characteristics
between competitors and national team members, which represent a very good indicator of the existence of a specific
psychological structure, relevant to achieving sporting success, and according to which competitors are separated
from national team members (Soklevska, I.E., Kostovski, Z., Alaj.,I. 2018).

CONCLUSION

Using Fisher’s exact method for transformation of the intercorrelation matrices and a calculated Z-test, results
were obtained indicating that a statistically significant difference exists only in 5 pairs of the examined variables.
These significant results suggest that the relationships between certain variables are dramatically different between
the two groups. For example, in the pair of variables L and N, the p-value (0.09) suggests that this difference is not
very significant, but indicates a significant psychological trend. Athletes who feel externally controlled or pressured
(social desirability, national team expectations) experience higher physiological stress (Self-Determination Theory
- SDT), which in this case, matches the findings in national team candidates. It would be interesting to conduct re-
search with this sample of respondents that would measure the level of stress in the blood, how it would affect some
psychological characteristics that we consider decisive for success or failure and how is link between psychological
traits to physiological reactions.The statistically significant differences in heart rate and blood lactate levels between
training and competition (Zaborski, B., et al. 2015), indicate that elite athletes maybe experience substantially higher
physiological stress in real competition scenarios. According to the results obtained in the pair T-15 and TAIL, it could
be said that elite athletes experience stress differently, perhaps feeling greater pressure to perform, which causes both
anxiety and aggression. Competitors show more conventional relationships (e.g., negative feelings are related to neu-
roticism as expected). National team members show more complex and sometimes opposite patterns, possibly due
to greater psychological pressure, emotional regulation strategies, or environmental expectations. Key differences in
neuroticism and emotional regulation suggest that elite athletes may experience stress and emotional highs and lows
differently than competitors.
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Abstract: Regular judo practice over a long period of time affects the optimal development of athletes, improves the
structure of their psychosomatic status, and affects their morphological characteristics and motor skills. This research
was conducted on a purposive sample of respondents with the primary aim of determining the factor structure of the mo-
tor abilities of judokas, using a cross-sectional model. The sample consisted of members of the wider male judo national
team of Serbia, specifically 25 cadet and junior competitors between the ages of 15 and 21, who were in final preparations
for the European Championships in Lithuania and EYOF in Hungary. The weight categories included in the study ranged
from 50 to 100 kilograms. A total of 9 variables were used to assess the motor abilities of judokas, namely: three variables
for assessing repetitive strength (push-ups, bench press and trunk hyperextension), three variables for evaluating explo-
sive strength (vertical jump with arm swing, vertical jump after a drop in depth and bench press) and three variables for
evaluating isometric strength (arm dynamometry, isometric back strength and isometric leg strength). By applying factor
analysis, orthogonal and Varimax solutions and the Guttman-Kaiser criterion, the structure of the examined motor abilities
space was determined, which resulted in the extraction of two dominant factors: a mechanism for regulating the intensity
of excitation and a mechanism for regulating the duration of excitation.

Keywords: judo national team, cadet and junior competitors, factor structure, motor abilities.

INTRODUCTION

Movements during sports activities, as well as in everyday life, require a high degree of efficiency. These pro-
cesses aim for greater synchronization, automation, and optimization. Typically, such movements are learned to a
certain extent in order to perform the appropriate motor task and represent an appropriate way to achieve the required
level of motor ability.

Judo falls into the category of polystructural acyclic activities, which are characterized by alternating periods
of high load, such as rapid changes of direction, sudden pauses, and fast reaction times in response to changes in the
opponent’s movements. This requires not only a strong dynamic stereotype of throws and holds, but also the capacity
to efficiently reorganize dynamic stereotypes and constantly create new programs. Due to the complex nature of this
sport, young judokas must acquire a high degree of motor skills (Nurki¢, M., Brati¢, M., Miti¢, D., & Kafentarakis,
D. 2017). Modern judo requires that the fight progresses in a relatively short period of time, at a very fast pace, and
includes a multitude of tactical and technical elements. Judo is characterized by a very large number of techniques
and their complexity. Judo is excellent for the development and improvement of almost all physiological systems. It
is recommended for all age categories, and even individuals with disabilities successfully practice it (Milosevi¢ N,
et al. 2012). Judo practice has been linked to several health advantages, including as higher-than-average VO2max,
better body composition, higher bone mineral density, and higher bone mineral content (Drid, P., et al 2021). The
agonistic nature of judo as a sport contributes, in addition to the development of physical abilities, to the development
of psychological abilities such as perseverance, concentration, communication, and control of aggression (Bratic,
M. 2003). Regarding the societal importance of judo, it should be emphasized that the sports aspect of judo holds a
special significance. Many attractive judo competitions attract significant attention from sports audiences and help
recruit new members. In competitive judo, all performances (as well as shortcomings) of an athlete can be highlighted
during training and even more so during the actual fight. By becoming familiar with them, athletes can learn to further
develop them or, if necessary, correct them. Therefore, in many clubs, the fight is considered the ultimate goal of
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training, and all the efforts of coaches and athletes are focused on creating good fighters and achieving sports results.
This approach is certainly useful, but it is not sufficient because the significance of judo is much broader and much
greater. Judo training is about understanding the true meaning of life through mental and physical attack and defense
training (Kostovski, 2017).

Regular practice of judo over a long period of time influences the optimal development of athletes, improves
the structure of their psychosomatic status, affects their morphological characteristics and motor abilities, allows for
the guidance and control of innate reflex movements, and has a significant impact on all anthropological domains
(cognitive, conative, motor, functional, sociological, and health). According to Proti¢-Gava, B., Drid, P., & Krkeljas,
7. (2019) study, young judo athletes outperformed their classmates who did not practice judo in terms of shoulder
alignment, chest development, and abdominal wall alignment, as well as improved strength, flexibility, explosive
power, and motor coordination.

MATERIALS AND METHODS OF WORK

This research was conducted on a deliberate sample of respondents with the primary goal of determining the
factor structure of the motor abilities of judokas, using a cross-sectional model. The sample consisted of members of
the broader male judo national team of Serbia, specifically 25 cadet and junior competitors who were in their final
preparations for the European Championship in Lithuania and the EYOF in Hungary. The respondents were between
15 and 21 years old. The weight categories included in the study ranged from 50 to 100 kilograms. The main criteria
for participation in the study were that each respondent had undergone a medical examination, had no health issues
in the 10 days preceding the testing, and had no injuries that could affect the test results. The following variables
were used to assess the motor abilities of the judokas: For evaluating repetitive strength: Push-ups (PUSH-UPS),
Trunk lifts on a bench (ABDOMINAL STRENGTH), and Trunk hyperextension (HYPEREXTENSION). For evalu-
ating explosive strength: Vertical jump with arm swing (CMJ), Vertical jump after depth drop (DJ), and Bench press
(BPRES). For evaluating isometric strength: Hand dynamometry (HAND), Isometric back strength (BACK), and
Isometric leg strength (LEGS).

The data obtained in this research were processed using several programs based on the characteristics and size
of the selected sample. The statistical package SPSS v.20 was used for data processing and analysis. The following
measures were calculated for the study: Basic parameters of descriptive statistics for each variable. Verification of re-
sult distribution using the following parameters: Mean — arithmetic mean, Std.Dev. — standard deviation, Min. — mini-
mum result, Max. — maximum result, Skew. — symmetry of result distribution, Kurt. — kurtosis of result distribution,
K-S — Kolmogorov-Smirnov test, determining the normal distribution of results, Factor analysis, using orthogonal
and Varimax rotation with the Guttman-Kaiser criterion to determine structure. H — the first principal component,
explaining most of the total variance. A — eigenvalue explaining the common variance of each isolated principal com-
ponent. x> — usefulness, indicating the proportion of explained total variance for each variable.

RESULTS AND DISCUSSION

For this purpose, the basic descriptive statistical parameters were calculated for all applied variables in the
study. These include: Arithmetic mean (X), Standard deviation (SD), Lower and upper range limits (min—-max), Coef-
ficient of variability (CV%), Coefficient of skewness (Skew), Kurtosis (Kurt) — measuring the peak or flatness of the
distribution, Kolmogorov—Smirnov test (KS) — used to test the normality of distribution.

From Table 1, it can be observed that the skewness values for most motor tests in the initial measurement fall
within the recommended range of -1 to +1, indicating that the distribution of results is approximately symmetrical. Posi-
tive skewness, or leptokurtosis (a higher concentration of results in the range of better values), was found in the motor
test “trunk lifts on a bench” (Sk = 1.63). The kurtosis values (Table 1) show that most motor tests exhibit a flattened dis-
tribution (platykurtic distribution). Only the “trunk lifts on a bench” test shows a mesokurtic distribution (Kurt = 3.03).

The calculated coefficients of variability indicate that, in most motor tests, variability remains within normal
limits, as the coefficient of variability is below 30%. However, a coefficient of variability above 30% was observed
in the following motor tests: Bench press (CV = 31.60), Trunk lifts on a bench (CV = 31.20), Push-ups (CV = 59.19),
Trunk hyperextension (CV =35.07). The highest homogeneity (lowest coefficient of variability) was observed in the
isometric leg strength test (CV = 14.13).

Jun/June, 2025 41



|IGOR PASKOSKI, ET AL.
FACTOR STRUCTURE OF MOTOR ABILITIES IN JUDO ATHLETES SPORTS SCIENCE AND HEALTH 15(1):40-46

Table 1. Descriptive statistics and normality of distribution of motor tests

Mean Min Max SD KV% S.E. Skew Kurt max D K-S
BPRES 1170.62 578.50 1991.40 369.92 31.60 77.13 0.53 -0.36 0.130 p>.20
cM) 34.05 24.60 48.50 4.92 14.45 1.03 0.83 2.33 0.111 p>.20
DJ 39.76 23.90 48.70 6.30 15.84 1.31 -0.51 0.16 0.087 p>.20
X 34.64 23.49 46.19 4.99 14.40 1.04 0.20 0.56 0.111 p>.20
BACK 1586.52 1224.00 2182.00 236.11 14.88 49.23 0.61 0.47 0.095 p>.20
LEGS 1418.70 1091.00 1834.00 200.46 14.13 41.80 0.09 -0.51 0.086 p>.20
HAND 420.22 326.00 575.00 67.36 16.03 14.05 0.69 -0.11 0.198 p>.20
PUSH-UPS  45.30 25.00 73.00 14.14 31.20 2.95 0.32 -0.73 0.105 p>.20
ABDOM. 105.74 40.00 300.00 62.58 59.19 13.05 1.63 3.03 0.181 p>.20
HYPER. 73.74 32.00 140.00 25.86 35.07 5.39 0.93 0.61 0.183 p>.20

Based on the values of the standard deviation (SD) and its relationship to the arithmetic mean (Mean), it can be
concluded that in most motor tests do not exhibit statistically significant deviation of the results from the arithmetic
mean.

Table 2. Intercorrelation matrix of motor tests

BPRES (@\71] DJ BACK LEGS :.II_ PUSH-UPS ABDOM HYPEREX.
BPRES 1.00
cMmJ 72 1.00
DJ .53 .63 1.00
BACK A8 .36 .53 1.00
LEGS .34 .32 .65 .79 1.00
HAND .63 .58 .64 .78 .69 1.00
PUSH-UPS -.08 =11 .04 -.02 .27 .06 1.00
ABDOM. -.28 -.22 .02 .05 .18 A1 44 1.00
HYPEREXT. -.35 -.13 .23 .06 .27 .09 .52 .62 1.00

The value of the basic central and dispersion parameters of the applied motor tests, in the intervals of the mini-
mum (Min) and maximum (Max) results, contains about four or more standard deviations (SD), based on which a
satisfactory sensitivity of most variables can be determined. The results of the Kolmogorov—Smirnov test (Table 1)
confirm that all motor tests exhibit a normal distribution.

The intercorrelation matrix (Table 2) illustrates the relationships between various motor tests. This matrix is
symmetric, with ones on the diagonal, and is derived from the correlation coefficients between motor test results.
The correlation coefficients indicate the degree of association between tests but do not imply causation. In this study,
correlation significance was determined at the p = 0.05 level.

Key Observations from the Intercorrelation Matrix: A significant number of motor test pairs exhibit strong cor-
relations, while some show weak relationships, and a few have negligible connections. A positive correlation was
found between explosive strength tests (vertical jump with arm swing, bench press, vertical jump after depth drop)
and isometric strength tests (isometric back strength, isometric leg strength, and hand dynamometry). A positive
statistical correlation was also established among repetitive strength tests (trunk lifts on a bench, push-ups, and trunk
hyperextension). A low negative correlation was observed between explosive strength tests (bench press and vertical
jump) and repetitive strength tests (trunk lifts on a bench and trunk hyperextension). The results of the research con-
ducted by Kostrzewa, M., et al. (2020), on correlation analyses between variables of explosive strength and endur-
ance of the lower and upper extremities in elite male judokas also show positive statistically significant correlations
at the p < 0.05 level.

By factorizing the intercorrelation matrix in a hyperdimensional space, latent dimensions (principal compo-
nents) were extracted, explaining the underlying factor structure.
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The Guttman—Kaiser criterion was applied to evaluate the significance of these latent dimensions. According to
this criterion, only latent dimensions with eigenvalues equal to or greater than one are considered significant.

Results of Factor Analysis: Two principal components were identified, explaining 69.74% of the total variance
in the system (Table 4). The first principal component accounts for 43.41% of the total variance and is strongly cor-
related with explosive and isometric strength tests. The motor tests with the highest projection on the first principal
component include: Bench press, Vertical jump with arm swing, Vertical jump after depth drop, Isometric back
strength, Isometric leg strength, Hand dynamometry. The second principal component explains 26.33% of the total
variance and is primarily associated with repetitive strength tests. The tests with the highest projection on the second
principal component include: Push-ups, Trunk lifts on a bench, Trunk hyperextension. These findings suggest that the
motor tests used in this study can be grouped into two primary dimensions—explosive/isometric strength and repeti-
tive strength, each contributing significantly to the assessment of judokas’ motor abilities.

Table 3. Characteristic roots and explained parts of the common variance of motor tests

A % Cumulative %
3.91 43.41 43.41
2.37 26.33 69.74
Serae Plat
.
.
3
.
&
o
[
.
.
1 T J 1 1 L] 1 1 L.
5 3 ] i 5 § 7 B H
Component Mumbar
Chart 1.
Table 4. Hotaling's method of testing main components
Variables H1 H2 Va
BPRES 74 -43 74
CcMlJ 73 -.34 .64
DJ .83 .07 .69
BACK .83 .08 .69
LEGS .80 .34 .76
HAND .90 .06 .82
PUSH-UPS .06 72 .52
ABDOM. .00 .82 .67
HYPEREX. .07 .87 .76
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To achieve the simplest possible structure, the initial coordinate system was rotated using the Varimax method.
This technique enhances the interpretability of factor loadings by maximizing the variance of squared loadings within
each factor.

The first latent dimension shows high saturation in motor tests evaluating explosive and isometric strength, with
the following loadings: Bench press: (.76), Vertical jump with arm swing: (.74), Vertical jump after depth drop: (.82),
Isometric back strength: (.82), Isometric leg strength: (.79), Hand dynamometry: (.90). Among these, the tests with
the highest projection (and thus the strongest diagnostic validity for this latent dimension) are: Hand dynamometry:
(.90), Vertical jump after depth drop: (.82), Isometric back strength: (.82), [sometric leg strength: (.80).

According to the functional approach in defining motor abilities, the first factor can be interpreted as a mecha-
nism for regulating excitation intensity. This suggests that it represents the ability to generate and sustain high levels
of force and power, crucial for athletic performance in judo.

Table 5. Varimax rotation of motor tests

Variables Vi V2
BPRES .76 -41
cMml) .74 -31
DJ .82 .10
BACK .82 .10
LEGS .79 .36
HAND .90 .09
PUSH-UPS .04 72
ABDOM. -.02 .82
HIPEREXT. .05 .87

The second latent dimension exhibits high projections in motor tests that assess repetitive strength, with the fol-
lowing loadings: Push-ups: (.72), Trunk lifts on a bench: (.82), Trunk hyperextension: (.87). Among these, the trunk
hyperextension test has the highest projection (.87), making it the most diagnostically valid test for this latent dimension.
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Chart 2.

According to the functional approach in defining motor abilities, the second factor can be described as a mecha-
nism for regulating the duration of excitation. This suggests that it represents the ability to sustain prolonged muscle
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contractions, which is essential for endurance-based strength performance in judo. In the context of the obtained
results, the research of Zekrin, A., et al. (2024) is also connected, which determined the factor structure of the physi-
cal and functional readiness of judokas determined by correlation analysis (Spearman’s rank correlation method),
according to which the greatest contribution to sports results is made by the factors of speed and strength abilities,
endurance, coordination, cardiovascular and respiratory capacities.

Judo is classified as a polystructural acyclic activity, where the final outcome is a binary variable: win or lose. The
main goal of training in judo is to perfect the techniques that will be performed in competition against an opponent.

Judo is a sport where the dominant motor abilities include: Balance, Coordination, Strength, Speed, Endurance
(Brati¢, M. 2003). The complex structure of judo is further influenced by its weight category system, as different
categories require specific technical and tactical adaptations, as well as distinct physiological and morphological
characteristics (Drid et al., 2012). Additionally, the vast number of techniques and their effective, timely application
in combat—which varies depending on the opponent—creates a significant challenge for coaches in defining the key
abilities needed for success.

A higher diversity of techniques in a given sport increases the importance of coordination (Lech et al., 2014).
This is especially evident in higher weight categories, where, alongside maximum strength, which enables domi-
nance over the opponent, a high level of coordination facilitates the execution of techniques in all directions.

The technical preparation of a judoka involves developing motor habits, including: Throws, Holding tech-
niques, Locks, Chokes, their combinations which are all applied in competitive matches.

During beginner training, judokas learn basic technical elements, while advanced training focuses on refining
techniques for real combat scenarios. In this stage, the range of techniques expands significantly, along with the de-
velopment of motor skills and specific coordination abilities.

The process of refining motor habits follows a structured approach, where technical mastery can be divided into:
Basic technical preparation — Forming fundamental motor habits through various technical solutions in controlled
conditions. Specialized technical preparation — Developing motor habits under realistic combat conditions, directly
linked to tactical execution and focused on achieving optimal performance (Miki¢ & Redzi¢, 1995).

A complex set of specific motor exercises has a positive transfer effect on the development of sport-specific
motor abilities and judo technique quality. Therefore, coaches are encouraged to integrate these exercises into their
training process to enhance performance.

CONCLUSION

This study follows a transversal model and was conducted on a deliberate sample of elite judo athletes. The re-
search employed appropriate methodological procedures, aligned with the subject, goals, and tasks of the study, with
the primary objective of determining the structure of motor abilities (strength) in judokas.

By analyzing previous research on this topic, it is evident that gathering as much relevant information as pos-
sible is crucial for providing reliable support to coaching practice. Achieving elite-level performance in judo is pos-
sible when the key abilities for success reach their optimal level and are in balanced relationships with one another.
Thus, a key research question arises: Which motor abilities are dominant in judokas, and what is their optimal level
across different weight categories (Sterkowicz et al., 2011).

Through factor analysis, using orthogonal Varimax rotation with the Guttman—Kaiser criterion, the structure
of the examined motor ability space was determined, resulting in two dominant factors: Mechanism for regulating
excitation intensity, Mechanism for regulating excitation duration

These factors align with the functional approach to defining motor abilities, emphasizing how strength and en-
durance manifest in judo performance.

Objective measurement data not only aid in monitoring, directing, and adjusting the training process but also
serve as a tool for self-assessment of subjective coaching observations. Additionally, the results of this study allow
for comparative analysis of motor ability dimensions: Between different sports, between elite athletes and the general
population (Loli¢ & Nurki¢, 2012). Also, in the study conducted by Kuvaci¢, G. et al. (2017), where the motor abili-
ties of Croatian judokas in the cadet age category were tested, it was identified which physical and anthropometric
factors contribute most to success in judo: explosive strength, agility and grip strength were the most important dis-
criminators of competitive success.
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In judo training, great emphasis is placed on the development of motor abilities, including: strength, speed,
coordination, balance, endurance and flexibility.

Although these abilities are likely the most crucial for success in judo combat, determining which one is the
most important and should be prioritized in training remains a challenge (Lulzim, 2012).

The study assessed the importance of throwing techniques in relation to key characteristics of judo combat and
the applicability of motor abilities. The findings can assist: Coaches in selecting the most effective technical and
tactical preparation strategies, Trainers in developing new methodological approaches, and sport scientists in making
evidence-based recommendations for optimizing training programs.

Furthermore, the results of this research can aid in rational planning, programming, and organization of judo
training, providing direct practical contributions to enhancing performance and training efficiency.
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Abstract: Swimming is a fantastic sport to enjoy at all ages, but increasing swimming speed requires proper training. This
research aims to determine the effect of 6 weeks of plyometrics exercise on 50-meter freestyle swimming in the 12-13 age
group. This study follows a pre-experimental research design, specifically utilizing a One Group pretest-posttest design. The
participants in this research were drawn from the Arwana Swimming Club in Bangkalan, East Java, Indonesia male swimmers
aged 12-13 with 20 participants. The Plyometric Training Program was implemented for 6 weeks, scheduled for three days
each week. The results obtained from this study indicate a significant value of 0.00, which is less than 0.05. The mean values
of the pretest (50.1545) and the posttest (49.264). This conclusion shows that there was an improvement in swimming speed,
as evidenced by the lower time recorded in the posttest. Therefore, from this research, 6 weeks of plyometric exercises have a
significant effect on the performance of 50-meter freestyle swimming in the 12-13 age group. Consequently, it is recommended
that training programs be tailored to address the unique needs of male and female swimmers.

Keywords: freestyle swimming, speed, plyometric, 12-13 years old.

INTRODUCTION

Swimming is a fantastic sport that people of all age groups can enjoy (Fadhlillah Aufar et al., 2020; Kattoof,
Soni & Vedawala, 2022), popular recreational exercises and sports (Abel et al., 2022), so swimming is a widely
embraced mode of physical exercise (Jakubczyk et al., 2019). Inadequate physical activity stands as a distinct risk
factor for a range of illnesses (Purwoto et al., 2024). Hence, examining the efficacy of a particular training approach,
such as low volume, high intensity training, holds practical importance in enhancing well-being and averting dis-
eases (Nurmukhanbetova et al., 2023). The psychological advantages of swimming are widely recognized, leading
to reduced levels of anger, confusion, depression, and increased vitality following a swim. Mood changes indicate
a decrease in swimmers’ tension and confusion (Abel et al., 2022). Swimming is an athletic discipline demanding a
combination of muscular strength and sustained endurance (Cafias-Jamett et al., 2020a; Fadhlillah Aufar et al., 2020;
Vasickova et al., 2017). Therefore, when incorporating plyometric exercises into your training regimen, the primary
focus should be on enhancing muscle strength while concurrently improving endurance capacities (Krzysztofik et
al., 2024; Kumar, 2014; Patel, 2014; Saez De Villarreal et al., 2021). Other research also explains that enhancing
swimming performance can be achieved not solely through in-water, sport-specific training, but also through dry land
training, particularly in the form of plyometric jump training (Sammoud et al., 2019).

Plyometric jump training stands as a potent technique for enhancing physical fitness indicators, such as muscle
strength and power, while also augmenting sport-specific performance, such as time-trial speed, among athletes in
water sports (Ramirez-Campillo et al., 2021; Soni & Vedawala, 2022). Plyometric exercises are specifically crafted to
optimize the rapid generation of muscular force within the briefest time frame achievable (Kumar, 2014). Plyometric
workouts, being a form of exercise that engages every muscle in an athlete’s body, are employed as an efficient approach
to boost the power and speed capabilities of athletes (Gencer et al., 2018; Ramirez-Campillo et al., 2020, 2021).

Plyometric training proves to be a highly effective method for enhancing force, which is crucial in swimming for
the purpose of augmenting speed (Chen et al., 2023). Plyometric training offers numerous benefits compared to other
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dry-land training techniques (Ghosh & Biswas, 2020; Pereira et al., 2023). These advantages encompass the conve-
nience of seamlessly integrating such training into regular training sessions and the cost-effectiveness, as it doesn’t
necessitate specialized equipment (Hermosilla et al., 2021). Plyometric training enhances vertical jump height, flex-
ibility, and the performance in the 200m swim for adult swimmers who engage in recreational training (Canas-Jamett
et al., 2020b). Plyometrics leads to enhancements in physical fitness, encompassing areas such as vertical jumping
ability, sprint speed, muscular strength, and endurance (Sole et al., 2021). In the realm of plyometric training, the
experimental group has shown notable enhancements in the performance of the 50-meter backstroke (Kumar, 2014).
An 8-week plyometric training program has been observed to significantly improve vertical leap performance. How-
ever, it did not exhibit the same impact on parameters such as anaerobic power, 30-meter sprint times, and hand grip
strength for both right and left hands, as well as 25 and 50-meter freestyle swimming parameters of male swimmers
aged 10-11 years (Gencer et al., 2018). Plyometric training for 6 weeks is effective for improving speed and agility
abilities in young beginner swimmers (Soni & Vedawala, 2022). Speed plays a pivotal role in sports, particularly in
swimming, as it is imperative during competitions to attain peak performance (Shava et al., 2017). The combination
of equal-volume plyometric jump training with regular swimming training has proven to be more effective than sole-
ly relying on regular swimming training for improving both jump and swim performances (Sammoud et al., 2021a).
The performance of young swimmers is a complex, multifaceted, and continually evolving phenomenon that depends
on various factors. So, it is very interesting to study (Morais et al., 2021). Observations at the Arwana Swimming
Club in Bangkalan, East Java, Indonesia, indicated that swimming speed has not improved with the current training
methods. Additionally, the trainer observed that the athletes were unable to follow the training optimally. Therefore,
a new training method is needed at the Arwana Swimming Club in Bangkalan.

The study mentioned above has sparked an ongoing debate. While some argue that plyometric training may
influence speed, others contend that its impact is not substantial. Plyometric training for freestyle swimming is still
limited. Furthermore, the applicability of plyometric training for swimmers in the 12-13 age group remains uncer-
tain. Hence, the objective of this research is to investigate the impact of a 6-week plyometric training regimen on the
performance of 50-Meter Freestyle Swimming in individuals aged 12-13.

MATERIALS AND METHODS

Participants

The participants in this research were drawn from the Arwana Swimming Club in Bangkalan, East Java, In-
donesia. Inclusion criteria for this study encompassed male swimmers aged 12-13, with a minimum of one year of
consistent swimming practice. Sample selection was conducted using purposive sampling techniques (Syahza, 2021),
adhering to the specified criteria, which yielded a total of 20 participants.

Table 1. Participants characteristic

Variables Test N Mean Std.Deviation
Pretest 20 12.45 0.51
Age
Posttest 20 12.45 0.51
. Pretest 20 35.69 0.85
Weight
Posttest 20 35.15 2.34
. Pretest 20 1.40 0.082
Height
Posttest 20 1.40 0.082
Experimental approach

This study employs a pre-experimental research design, specifically a one-group pretest-posttest design. This method
assesses the impact of an intervention on a single group by measuring outcomes before and after the treatment. Within the
scope of this study, a Plyometric Training Program was implemented during 6 weeks (Plyometric Exercise on Table 2)
which modifies previous research (Cafias-Jamett et al., 2020b), scheduled for three days each week (specifically on Mon-
day, Wednesday, and Friday) (Gencer et al., 2018), with careful consideration given to rest intervals. This research has been
declared ethically acceptable by the STKIP PGRI Bangkalan Ethics Committee with the number 016/C8/6/1/2024.
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Table 2. Plyometric Exercise for 6 Weeks

Weeks (Sets and Repetition) Recovery Time
20 cm drop jump (2x9) 5 x 60 seconds
1-2 30 cm drop jump (2x9) 5 x 60 seconds
Long Jump (2x9) 10x20 seconds
30 cm drop jump (2x9) 5 x 60 seconds
3-4 40 cm drop jump (2x9) 5 x 60 seconds
Long Jump (2x9) 10x20 seconds
50 cm drop jump (2x10) 5 x 60 seconds
5-6 60 cm drop jump (2x10) 5 x 60 seconds
Long Jump (2x10) 10x20 seconds
Statistical Analysis

The primary statistical test used to analyze data from a one-group pretest-posttest design is the paired sample
t-test. This test compares the means of the pretest and posttest scores to determine if there is a statistically significant
difference. Data analysis for this study included descriptive statistics, normality testing using the Shapiro-Wilk test,
and Hypothesis testing was performed using the paired sample t-test, with statistical significance set at p < 0.05. All
data analyses were conducted using SPSS version 25 (Krzysztofik et al., 2019; Purwoto et al., 2024).

RESuULTS

The descriptive sample above explains the age, weight and height of the sample. Mean age on pretest 12,45
years and post test 12,45. Mean weight on pretest 35,69 kg and post test 35,15 kg. Mean height on pretest 1,40 m and

posttest 1,4 m. (Table 1)

Table 3. Descriptive Results

No Pre Test Post Test Difference
1 45.2 45.1 0.1

2 51.78 51.69 0.09
3 54.33 53.47 0.86
4 48.83 48.31 0.52
5 55.45 54.76 0.69
6 44.33 43.71 0.62
7 47.68 47.58 0.1

8 56.87 55.02 1.85
9 52.03 51.49 0.54
10 48.96 47.96 1

11 48.6 48.48 0.12
12 55.45 54.76 0.69
13 44.4 43.75 0.65
14 47.6 47.51 0.09
15 51.72 50.89 0.83
16 53.78 52.76 1.02
17 48.9 47.23 1.67
18 47.58 459 1.68
19 55.4 53.87 1.53
20 44.2 41.04 3.16
Sum 1003.09 985.28 17.81
Mean 50.1545 49.264 0.890
Std.Dev. 4.112 4.161 0.772

Jun/Jdune, 2025

49



SETIYO HARTOTO, ET AL.
IMPROVEMENT IN 50-METER FREESTYLE SWIMMING SPEED FOLLOWING 6 WEEKS OF PLYOMETRIC TRAINING IN 12-13 YEARS OLD SPORTS SCIENCE AND HEALTH 15(1):47-52

The table above presents the results of the pretest and posttest, including the sum, mean, and standard deviation.
The mean results are illustrated in the image below:

Comiparison of Pre-test and Post-test Means
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Figure 1. Pre test and Post test of 50 Meter Freestyle Swimming

Based on Table 3 and Figure 1, it shows that the post test score is lower than the pretest, this shows that the
swimming speed after plyometric training is better than the pretest. Next, the results of the normality test will be
presented.

Tabel 4. Normality Test

Shapiro-Wilk
Statistic df Statistic
Pretest 0.929 20 0.149
Posttest 0.948 20 0.334

The results of the Shapiro Wilk normality test showed that the data distribution was normal (Sig > 0,05) so that
the parametric paired sample test could be continued.

Table 5. Paired Samples Test

Pair 1 Pretest- Mean Std.Deviation Std. Error Mean  Sig. (2-tailed)
Posttest o ggs5 0.767 0.176 0.000

The results of the paired sample test show that the significance value is 0.000, this shows that sig 0.000 < 0.05
so there is a significant influence.

DiscussION

The findings from this research demonstrate that plyometric training has the potential to enhance the 50-meter
freestyle swimming speed in novice swimmers aged 12-13 years. In line with previous research that plyometric train-
ing for 6 weeks is effective for improving speed and agility abilities in young beginner swimmers (Soni & Vedawala,
2022). The improvement in swimming speed is likely attributable to the efficacy of the plyometric exercises under-
taken. Enhancements in swimming performance may result from an increase in muscle activation in the targeted
muscle groups (Rodriguez Gonzalez et al., 2023). Plyometric exercises induce modifications in muscle power, which
are conducive to extending the distance that a swimmer’s body can reach before entering the water (Jastrzebski et
al., 2014; Pereira et al., 2023). Plyometric training consists of rapid lower body muscle contractions over a short
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time frame, involving high velocity eccentric contractions followed by swift concentric contractions. Over a span of
several weeks, this training prompts neural adaptations in swimmers, resulting in substantial enhancements in their
capacity for greater force production, ultimately contributing to improved speed (Yu Kwok et al., 2021).

The rise in speed for the 50-meter freestyle swim could also be attributed to the appropriateness of plyometric
training for the 12-13-year-old participants. This is corroborated by the rationale that plyometric training resulted
in a substantial rise in quadriceps muscle thickness, leg muscle volume, and the average cross-sectional area of the
thigh in young athletes (Canas-Jamett et al., 2020b). Enhancements in swimming speed can be attributed to plyomet-
ric training, which has the capacity to augment the explosive power of leg muscles, subsequently influencing speed
(Wicaksono & Putri, 2020). Between the ages of 10-12, significant distinctions exist among muscle groups, and it is
advisable to incorporate the lessons that facilitate skill development. One of these attributes is motor skills, which,
in turn, enhances technique and promotes the perception and execution of movements in each lesson (Alin Adrian et
al., 2021). This deserves attention, because the sample in this study was 12-13 years old.

Physiologically, six weeks of plyometric training can enhance freestyle swimming speed due to the specific effects
of plyometric exercises. Plyometric training stimulates the stretch-shortening cycle (SSC) of the musculotendinous sys-
tem, which involves an eccentric muscle action followed immediately by a concentric muscle shortening (Sammoud et
al., 2021b). The goal of plyometrics is to generate maximal forces in the shortest possible time (Abi et al., 2022). Con-
sequently, plyometrics effectively bridges the gap between strength and speed adaptations (Canas-Jamett et al., 2020a),
leading to improved freestyle swimming speed in the 12-13 age group after six weeks of training.

The training program used in this exercise is effective because it has been shown to increase speed. For the 12-
13 age group, training three times a week has led to significant improvements (Demirkan et al., 2023; Gencer et al.,
2018). This indicates that the 6-week plyometric training program for this age group is implemented successfully.

CONCLUSIONS

Based on the results of the paired sample t-test and the difference between the mean pretest and posttest scores,
it can be concluded that six weeks of plyometric training improves the speed of 50-meter freestyle swimming in the
12-13 age group. This study recommends continuing to develop plyometric training to accommodate all swimming
styles.
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Abstract: The research was conducted on a sample of
N=1850 students from the 2nd to the 5th grade of ele-
mentary school, of which there were N=989 (53%,) male
respondents and N=861 (47%,) female respondents. The
research aimed to determine the differences in morpho-
logical characteristics and motor abilities between boys
and girls from the 2nd to the 5th grade of elementary
school. The descriptive statistical method and the t-test
for independent samples were applied from the statistical
methods. The statistical program for personal comput-
ers, SPSS for Windows version 22, was used for data pro-
cessing. Analyzing the results of morphological charac-
teristics, it was determined that boys have a higher body
mass index (BMI) and skin fold on the back (subscapu-
lar) than girls. No differences were found in the skin fold
of the upper arm (triceps) and the skin folds on the abdo-
men (suprailiac). Analyzing the results of motor skills,
it was determined that boys are better at reaching in a
squat (flexibility), lying/squatting (trunk strength), and
resisting in a push-up (functional strength). At the same
time, girls are better at the standing long jump (explosive
leg strength) and hand strength (static strength). All the
mentioned tests were statistically significant at the level
of less than 1% (p<0.01), only the flexion endurance test
(functional strength) was statistically significant at the
level of p<0.05. In the flamingo tests (balance) and run-
ning 10x5 m back and forth (running speed and agility),
the results were in favor of girls, and in the hand tapping
test (movement speed), the results were in favor of boys,
but these differences were not statistically significant. It
is necessary to act preventively and carry out more fre-
quent tests and measurements of elementary school-aged
students to monitor changes in growth and development.
Keywords: morphology, motor skills, Eurofit, younger
school age, differences.
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Sazetak: Istrazivanje je sprovedeno na uzorku od
ukupno N=1850 ucenika od Il do V razreda osnovne
skole, a od toga je bilo N=989 (53%) muskih ispitani-
ka i N=861 (47%) zenskih ispitanika. Cilj istrazivanja
bio je utvrditi razlike u morfoloskim karakteristikama
i motorickim sposobnostima izmedu djecaka i djevoj-
¢ica od Il do V razreda osnovne Skole. Od statistickih
metoda primijenjeni su deskriptivno statisticki metod i
t-test za nezavisne uzorke. Za obradu podataka koristen
Je statisticki program za personalne racunare SPSS za
Windows verzija 22. Analizirajuci rezultate morfoloskih
karakteristika utvrdeno je da djecaci u odnosu na dje-
vojcice imaju veci indeks tjelesne mase (BMI) i kozni
nabor na ledima (subscapular). Nisu utvrdene razlike u
koznom naboru nadlaktice (triceps) i koznom naboru na
stomaku (suprailiac). Analizirajuci rezultate motorickih
sposobnosti utvrdeno je da su djecaci bolji u: dohvatu u
sijedu (gipkost), lezanje/sijedu (snaga trupa) i izdrzaju
u zgibu (funkcionalna snaga), dok su djevojcice bolje u
skoku u dalj iz mjesta (eksplozivna snaga nogu) i snazi
Saka (staticka snaga). Svi navedeni testovi su bili sta-
tisticki znacajni na nivou manjem od 1% (p<0,01), samo
Je test izdrzaj u zgibu (funkcionalna snaga) bio statistic-
ki znacajan na nivou od (p<0,05). U testovima flamingo
(ravnoteza) i tréanje 10x5m tamo-ovamo (brzina trc¢anja
i agilnost) rezultati su bili u korist djevojcica, a kod testa
taping rukom (brzina pokreta) rezultati su bili u korist
djecaka ali ove razlike nisu bile statisticki znacajne. Po-
trebno je preventivno djelovati na vrijeme i vrsiti ¢es¢a
testiranja i mjerenja ucenika osnovnoskolskog uzrasta u
cilju pracenja promjena rasta i razvoja.

Kljucne rijeci: morfologija, motorika, eurofit, mladi
Skolski uzrast, razlike.
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INTRODUCTION

According to Malina, Bouchard, and Bar-Or
(2004), the acquisition of motor skills during child-
hood is an important developmental task of every child
because, through the development of motor skills, the
child acquires movement skills, and through movement,
the child discovers the world and gains first-hand expe-
riences. How important is the time a child spends do-
ing physical activity, and how does it affect their motor
skills? Aaltonen et al. (2015) explain the research results
that children with the best coordination are also the most
active and that children with motor problems participate
less in regular physical activities. The term “motor de-
velopment” is the association of movement development
with age (Aaltonen et al., 2015). Motor (movement)
abilities are abilities that participate in solving motor
(movement) tasks and are responsible for movement ef-
ficiency. Primary motor skills are coordination, balance,
precision, speed, strength, and flexibility. Some motor
abilities are more and some less innate, that is, geneti-
cally conditioned. It is possible to influence certain motor
abilities to a greater or lesser extent than others, which
depends on the coefficient of innateness of the individual
ability, gender, and age. Strength development can be ef-
fectively influenced throughout life, while abilities such
as speed, coordination, and agility can only be influenced
in early childhood. Strength is a motor ability that is 50%
genetically determined, and 50% of this significant mo-
tor ability is subject to development throughout life. Un-
like strength, speed is 80-95% innate, so the influence
on speed development is much less possible compared to
strength and ranges from 5-20% (Pistotnik, 2003). Motor
skills are important for development. Age norms for the
assessment of basic motor skills provide useful diagnos-
tics for “typical” development, but cultural differences in
child-rearing practices affect the age at which skills are
acquired (Adolph and Hoch, 2020). Rodi¢ (2002) inves-
tigated the influence of morphological characteristics on
the motor skills of students in lower grades of elemen-
tary school. The sample of respondents consisted of 430
students (203 boys and 227 girls) in the lower grades of
elementary school. Five motor and two morphological
variables were used in the research. Regression analysis
determined that there are statistically significant relation-
ships between the system of morphological 41 character-
istics and motor skills according to the age and gender of
students in the lower grades of elementary school. The
positive influence of both morphological properties on
explosive power type motor ability indicates that the lon-
gitudinal dimensionality of the skeleton represents a bio-

Uvobp

Prema Malina, Bouchard i Bar-Or (2004) sticanje
motori¢kih sposobnosti tokom djetinjstva vazan je ra-
zvojni zadatak svakog djeteta jer kroz razvoj motorike
dijete stice vjestine kretanja, a kretanjem dijete otkriva
svijet i stiCe prva iskustva. Koliko je vazno vrijeme koje
dijete provede bavedi se tjelesnom aktivnoséu i kako
uti¢e na motoriku djeteta Aaltonen, i sar. (2015) objas-
njavaju rezultatima istrazivanja da su djeca s najboljom
koordinacijom ujedno i najaktivnija, a da djeca koja
imaju problema u motorici manje ucestvuju u regular-
nim tjelesnim aktivnostima. Termin ,,razvoj motorike*
definisan je kao povezanost razvoja pokreta s godinama
(Aaltonen i sar., 2015). Motoricke (kretne) sposobnosti
su sposobnosti koje ucestvuju u rjesavanju motorickih
(kretnih) zadataka i odgovorne su za efikasnost kretanja.
Primarne motoricke sposobnosti su (koordinacija, rav-
noteza, preciznost, brzina, snaga, fleksibilnost). Neke
motoricke sposobnosti su vise, a neke manje urodene,
odnosno genetski uslovljene. Na pojedine motoricke
sposobnosti je moguce utjecati u vecoj ili manjoj mje-
ri nego na druge, Sto zavisi od koeficijenta urodenosti
pojedine sposobnosti, spolu i Zivotnoj dobi. Na razvoj
snage moze se efikasno djelovati tokom cijelog Zivota,
dok se na sposobnosti kao $to su brzina, koordinacija
i gibljivost moZe utjecati samo u ranom djetinjstvu.
Snaga je motoricka sposobnost koja je 50% genetski
odredena, a 50% ove znacCajne motoriCke sposobnosti
je podlozno razvoju tokom cijelog Zivota. Za razliku od
snage, brzina je 80-95% urodena, te je utjecaj na razvoj
brzine znatno manje mogu¢ u odnosu na snagu i krece
se u rasponu 5-20% (Pistotnik, 2003). Motoricke spo-
sobnosti vazne su za razvoj. Dobne norme za ocjenu
bazic¢nih motorickih sposobnosti pruzaju korisnu dija-
gnostiku za “tipican” razvoj, ali kulturoloske razlike u
praksama odgoja djece utjecu na dob sticanja vjestina
(Adolph i Hoch, 2020). Rodi¢ (2002) je istrazivao uticaj
morfoloskih karakteristika na motoricke sposobnosti
ucenika nizih razreda osnovne Skole. Uzorak ispitani-
ka c¢inilo je 430 ucenika (203 djecaka i 227 djevojcica)
nizih razreda osnovne Skole. U istrazivanju je koriSte-
no 5 motorickih i 2 morfoloske varijable. Regresionom
analizom utvrdeno je da izmedu sistema morfoloskih
41 karakteristika i motorickih sposobnosti prema dobu
i spolu ucenika nizih razreda osnovne skole postoje
statisticki znacajne relacije. Pozitivan utjecaj oba mor-
foloska svojstva na motori¢ku sposobnost tipa eksplo-
zivne snage ukazuje da longitudinalna dimenzionalnost
skeleta predstavlja biomehani¢ku osnovu za efikasnu
realizaciju nekih motorickih zadataka, a da se masa ti-

54

www.Siz-au.com



ELVIRA NIKSIC, ET AL.

RAZLIKE U MORFOLOSKIM KARAKTERISTIKAMA | MOTORICKIM SPOSOBNOSTIMA 1ZMEDU DJECAKA | DIEVOICICA OD Il DO V/ RAZREDA

SPORTS SCIENCE AND HEALTH 15(1):53-63

mechanical basis for the efficient realization of some mo-
tor tasks. That body mass is determined by active muscle
mass. The negative influence of both morphological
properties on motor ability, such as static strength, shows
the gap in physical development, morphological proper-
ties, and motor abilities of children in that period. Pejci¢
and Malacko (2005). A standard set of four morphologi-
cal and seven motor variables was applied to a sample of
4,420 students (2,202 boys and 2,227 girls), 7-11 years
old. To determine the differences within and outside the
groups, the statistical method MANOVA/ANOVA was
applied. The results of the research showed that anthro-
pometric and motor variables develop equally and sta-
bly in the observed age groups. Motor variables in boys
and girls increase equally through defined ages (grades
1-4). Boys achieved better results in the following vari-
ables: hand tapping, standing long jump, back squats,
squats in 60 seconds, squat height, and aerobic endur-
ance test F3-running for 3 minutes. Girls achieved better
results only in the variable of flexibility, deep bending.
Physical activity plays a key role in a child’s physical
development (C., Dapp et al., 2021). The World Health
Organization, as an umbrella organization that controls
various segments of health status based on certain indi-
cators, recommends daily movement for 60 minutes at
a moderate to intense pace to suppress the effects of a
sedentary lifestyle successfully, but also to influence the
development of basic motor skills. Thanks to the posi-
tive health effects of physical exercise, physical educa-
tion is an integral part of the educational system, with
two lessons a week, which is insufficient to achieve the
optimal effect in transforming the anthropological status
of children (Niksi¢ et al., 2019a). Success in any sport
depends on anthropological characteristics and abilities,
as well as their mutual connection (Niksi¢ et al., 2019b).
The need for physical exercise is one of the general bio-
logical needs of the organism and plays an important role
in its life. The connection of physical activity with the
state of human health is indisputable; it is the basic fac-
tor in determining the level of changes in the organism
and the state of its bones, muscles, cardiovascular, and
nervous systems. The process of physical exercise leads
to certain transformations and improvements in func-
tional abilities and individual organ systems (Niksi¢ et
al., 2019¢c). Morphology/anthropometry is important in
every sport, based on which athletes are selected for a
particular sport. In any sport, success is determined by
analyzing various interconnected anthropological dimen-
sions (Niksi¢ et al., 2020b).

jela determiniSe aktivnom miSi¢nom masom. Negativan
utjecaj oba morfoloSka svojstva na motoricku sposob-
nost, tipa staticke snage, pokazuje raskorak u tjelesnom
razvoju, morfoloskim svojstvima i motorickim sposob-
nostima djece u tom razdoblju. Pejci¢ i Malacko (2005).
Standardna garnitura od cetiri morfoloske i sedam mo-
torickih varijabli bila je primijenjena na uzorku 4.420
ucenika (2.202 djecaka i 2.227 djevojcica), 7-11 godina
starosti. Da bi se utvrdile razlike unutar i izvan grupa,
primijenjena je statisticka metoda MANOVA/ANOVA.
Rezultati istrazivanja pokazali su da se antropometrij-
ske i motoricke varijable razvijaju jednako i stabilno u
posmatranim starosnim grupama. Motoricke varijable
kod djecaka i djevojc¢ica podjednako se povecavaju kroz
definisane uzraste (1-4 razred). Djecaci su postigli bolje
rezulate u slijede¢im varijablama: taping rukom, skok
u dalj iz mjesta, poligon natraske, cu¢njevi u 60 sekun-
di), vis u zgibu, i test aerobne izdrzljivosti F3-tr¢anje 3
minute. DjevojCice su postigle bolje rezultate samo u
varijabli fleksibilnosti — duboki pretklon. Fizicka aktiv-
nost igra kljucnu ulogu u fizickom razvoju djeteta (C.,
Dapp. et al., 2021). Svjetska zdravstvena organizacija,
kao krovna organizacija koja kontrolise razliCite se-
gmente zdravstvenog statusa, na osnovu odredenih po-
kazatelja preporucila je svakodnevno kretanje u trajanju
od 60 minuta, umjerenim do intenzivnim tempom, kako
bi potiskivanje efekata sedentarnog nacina zivota bilo
uspjesno, ali da se ujedno utjece i na razvijanje bazi¢nih
motorickih sposbnosti. Zahvaljujuci pozitivnim zdrav-
stvenim efektima fizickog vezbanja, fizicko vaspitanje je
sastavni dio obrazovnog sistema, sa dva casa sedmic-
no, Sto je nedovoljno za postizanje optimalnog efekta
u transformaciji antropoloskog statusa djece (Niksic et
al., 2019a). Uspjeh u bilo kojem sportu, zavisi od an-
tropoloskih karakteristika i sposobnosti, kao i njihove
medusobne povezanosti (Niks$i¢ i sar., 2019b). Potreba
za fizickim vjezbanjem jedna je od op¢ih bioloskih po-
treba organizma i igra vaznu ulogu u njegovom zivotu.
Veza fizicke aktivnosti sa stanjem ljudskog zdravlja je
neosporna, ona je osnovni faktor u odredivanju nivoa
promjena u organizmu i stanju njegovih kostiju, misica,
kardiovaskularnog i nervnog sistema. Proces fizickog
vjezbanja dovodi do odredenih transformacija i pobolj-
Sanja funkcionalnih sposobnosti i pojedinih organskih
sistema (Niksi¢ i sar., 2019¢). Morfologija/antropome-
trija je vazna u svakom sportu, na osnovu ¢ega se biraju
i sportisti za odredeni sport. U bilo kojem sportu uspjeh
se odreduje analizom razli¢itih medusobno povezanih
antropoloskih dimenzija (Niksi¢ i sar., 2020b).
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MATERIAL AND METHODS

Participants

The research included a sample of N=1850 students
from II to V grades of elementary school, of which 989
(53%) were male respondents and 861 (47%) were fe-
male respondents. The research included students from a
total of 8 elementary schools, i.e., one school from each
municipality at the level of Sarajevo Canton. In each
school, two classes of the same generation were included
using a random sample of respondents.

The sample of variables

The anthropometric variables used for this research
are Body Height (BH), Body Weight (BW), Body Mass
Index (BMI), upper arm skin fold - triceps, back skin fold
- subscapular, and abdominal skin fold - suprailiac. Body
composition was measured with the InBody120 Body
Mass Analyzer (Aandstad, Holtberget, Hageberg, Holme,
& Anderssen, 2014). The variables that were used to as-
sess basic motor skills are the variables that were taken
from the Eurofit battery of tests, namely: Flamingo (bal-
ance), Taping with the hand (speed of movement), Reach
in gray (flexibility), Long jump from a standing position
(explosive leg strength), Hand strength (static strength),
Lying down (trunk strength), Push-up endurance (func-
tional strength), Running 10x5 meters back and forth
(running speed and agility).

Research Desing

Anthropometric variables were measured according
to standard procedures of the International Society for
the Advancement of Kinanthropometry (ISAK) (Marfell-
Jones et al. 2006). Based on the variables BH and BW,
BMI [BMI = BH (kg) / BW (cm? 2] was calculated. BMI
values for both subsamples were classified into four nu-
tritional levels, according to the recommendations of the
Centers for Disease Control and Prevention 2000 (Kucz-
marski et al., 2000).

Statistical Analaysis

Of the statistical methods, descriptive statistics was
applied. Statistical processing of the data in this research
was done using the computer software SPSS Statistics
20.0 in the Windows 10 operating system. The statistical
program for personal computers, SPSS for Windows ver-
sion 22, was used for data processing.

MATERIJAL 1 METOD

Uzorak ispitanika

Istrazivanjem je obuhvacen uzorak od N=1850 uce-
nika od II do V razreda osnovne Skole, od ¢ega je bilo
989 (53%) ispitanika muskog spola i 861 (47%) ispita-
nika zenskog spola. Istrazivanjem su obuhvaceni ucenici
iz ukupno 8 osnovnih skola, odnosno po jedna skola iz
svake opstine na nivou Kantona Sarajevo. U svakoj Skoli
metodom slucajnog uzorka ispitanika su obuhvaéena po
dva razreda iste generacije.

Uzorak varijabli

Antropometrijske varijable koje su koriStene za ovo
istrazivanje su: tjelesna visina, tjelesna masa, indeks tje-
lesna mase (BMI), kozni nabor nadlaktice — triceps, koz-
ni nabor leda — subscapular, kozni nabor stomaka — su-
prailiac. Tjelesna kompozicija mjerena je Analizatorom
tjielesne mase InBody120 (Aandstad i sar., 2014). Vari-
jable koje su koriStene za procjenu bazi¢nih motorickih
sposobnosti su varijable koje su uzete iz kartona eurofit
baterije testova, a to su: Flamingo (ravnoteza), Taping ru-
kom (brzina pokreta), Dohvat u sijedu (gipkost), Skok u
dalj iz mjesta (eksplozivna snaga nogu), Snaga Saka (sta-
ticka snaga), Lezanje sijed (snaga trupa), lzdrzaj u zgibu
(funkcionalna snaga), Tr¢anje 10x5 metara tamo-ovamo
(brzina tr¢anja i agilnost).

Dizajn istraZivanja

Antropometrijske varijable su mjerene prema stan-
dardnim procedurama Medunarodnog drustva za unap-
redenje kinantropometrije (ISAK) (Marfell-Jones i sar.
2006). Na osnovu varijabli tjelesne visine i tjelesne mase,
izracunat je indeks tjelesne mase - BMI [BMI =BH (kg) /
BW (cm)?]. Vrijednosti BMI za oba poduzorka su klasifi-
kovane u 4 nutritivna nivoa, prema preporukama Centra
za kontrolu i prevenciju bolesti, 2000. (Kuczmarski i sar.,
2000.)

Statistical Analaysis

Od statistickih metoda primijenjena je deskriptivna
statistika 1 i t-test za nezavisne uzorke. Statisticka obrada
podataka u ovom istrazivanju radena je pomocu kom-
pjuterskog softvera SPSS statistics 20.0 u operativnom
sistemu Windows 10. Za obradu podataka koriSten je
statisticki program za personalne racunare SPSS za Win-
dows verzija 22.
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RESsuLTS

Table 1. Differences in Body Mass Index (BMI) between
boys and girls from 2nd to 5th grade of primary school —
Descriptive statistics, t-test

REzZULTATI

Tabela 1. Razlike u indeksu tjelesne mase (BMI) i koznim
naborima izmedu djecaka i djevojcica od Il do V razreda
osnovne Skole — Descriptive statistic

t-test
Varijables / Varijable e Mean # Std.Dev. es
Spol t-value p
/M 18.68 +4.01 16.07
Body Mass Index (kg/m?) d > 0.00 **
Q/z 18.09 + 3.68 13.52
. 3/M 12.87 £6.36 39.27
Triceps (mm) » 0.09
Q/Z 13.96 £5.90 34.83
3/M 11.00 + 7.54 53.40
Subscapular (mm) < 0.04 *
Q/z 11.49+7.24 52.39
. ALY 14.36 +8.91 79.37
Suprailiac (mm) < 0,97
Q/z 14.38 +8.18 66.89

Legend: male — 3, female — Q ; mean — arithmetic mean; std.
Dev. (standard deviation p-level of significance; * t-test is
statistically significant at the level of less than 5%, ** t-test is
statistically significant at the less than 1% level.

Analyzing the results shown in Table 1, we can no-
tice that there are statistically significant differences be-
tween boys and girls from II to V grades of elementary
school in Body Mass Index (BMI) and skinfold on the
back (subscapular). No differences were identified in the
triceps and suprailiac folds.

Table 2. Frequencies and percentage values of BMI by
category by gender for students from Il to V grades of

elementary school

Legenda: M - musko; Z - Zensko; Mean — aritmeticka sredina;
Std. Dev. — standardna devijacija p-razina znacajnosti; * t-test
Jje statisticki znacajan na nivou manjem od 5%, ** t-test je
statisticki znacajan na nivou manjem od 1%

Analiziraju¢i rezultate prikazane u tabeli 1, mozemo
primjetiti da postoje statistiCi znacajne razlike izmedu dje-
cakaidjevojcica od Il do V razreda osnovne Skole u indeksu
tjelesne mase (BMI) i koznom naboru na ledima (subscapu-
lar). Nisu identificirane razlike u koznom naboru nadlaktice
(triceps) 1 koznom naboru na stomaku (suprailiac).

Tabela 2. Ucestalosti i procentualne vrijednosti BMI po
kategorijama prema spolu za ucenike od Il do V razreda
osnovne Skole

Nutritional status / Status uhranjenosti B?y ,s / . Percentiles % G{'rls/m Percentiles %
Djecaci Djevojcice

Obesity / Gojaznost 19 >95 1.92 6 >95 0.70

Overweight / Prekomjerna uhranjenost 67 85-95 6.77 48 85-95 5.57

Normal weight / Normalna uhranjenost 338 5-85 34.18 269 5-85 31.24

Malnutrition / Neuhranjenost 565 <5 57.13 538 <5 62.49

Total / Ukupno 989 100.0 861 100,0

Table 2 shows the values for the BMI variable,
based on which it is possible to see the state of nutrition
of students from the 2nd to the 5th grade of elementary
school according to gender and level of nutrition. Look-
ing at boys and girls separately, it can be noted that obe-
sity and overnutrition are more prevalent in boys than
in girls. Out of a total of 989 (53.46%) boys, 19 of them
belong to the category of obese, 67 boys to the category
of excessive nutrition, 338 boys are normally nourished,
and 565 boys are malnourished. Out of a total of 861
(46.54%) girls, 6 of them belong to the category of obese,
48 girls to the category of excessive nutrition, 269 girls

U tabeli 2., prikazane su vrijednosti za varijablu
BMI, na osnovu kojih je moguce sagledati stanje uhran-
jenosti ucenika od II do V razreda osnovne Skole prema
spolu i nivou uhranjenosti. Posmatrajuci odvojeno djecake
i djevojcice, moZe se primijetiti da su gojaznost i prekom-
jerna uhranjenost zastupljeniji kod djec¢aka, nego kod
djevojcica. Od ukupno 989 (53.46%) djecaka, njih 19 spa-
da u kategoriju gojaznih, 67 djecaka u kategoriju prekom-
jerne uhranjenostti, 338 djeCaka je normalno uhran-
jeno, dok je 565 djecaka neuhranjeno. Od ukupno 861
(46.54%) djevojcica, njih 6 spada u kategoriju gojaznih,
48 djevojcica u kategoriju prekomjerne uhranjenosti, 269
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are normally nourished, and 538 girls are malnourished.
Today’s big problem is not only obesity in children but
also the most prevalent malnutrition.

Table 3. Differences in motor abilities between boys and girls
from Il to V grades of primary school — Descriptive statistics,

djevojcica je normalno uhranjeno, dok je 538 djevojcica
neuhranjeno. Veliki problem danasnjice nije samo go-
jaznost kod djece, ve¢ i pothranjenost koja je bila najvise
zastupljena kod ucenika od II do V razreda osnovne $kole.

Tabela 3. Razlike u motorickim sposobnostima izmedu
djecaka i djevojcica od II do V razreda osnovne Skole —

t-test Descriptive statistic, t-test
t-test
Variables / Varijable e Mean % Std.Dev.
Spol t-value p

Balance / Ravnoteza 3/M 00:11:40 +0.01 0.000182 0.3
Flamingo / Flamingo Q/7 00:12:45 + 0.01 0.000180 '
Movement speed / Brzina pokreta d/m 00:18.23 +£0.02 0.000405

. . < 0,60
Typing by hand / Taping rukom Q/Z 00:17:51 +0.01 0.000075
Flexibility / Gipkost 3I/M 5.89+9.19 84.49

. . = 0.00 **

Reach in gray / Dohvat u sijedu Q/Z 10.92 +10.99 120.70
Explosive leg power / Eksplozivna snaga nogu d/Mm 130.25 £ 27.72 768.32 0.00 **
Standing long jump / Skok u dalj iz mjesta Q/7 122.01 +24.91 620.68 )
Static power / Stati¢ka snaga 3IM 15.21+5.24 27.46 0.00 **
Fist strength / Snaga $aka Q/7 14.18 + 6.41 41.05 )
Troop strength / Snaga trupa 3/M 17.89 £5.18 26.81 0.00 **
Lying gray / Lezanje sijed Q/7 16.59 +5.30 28.05 )
Functional strength / Funkcionalna snaga d/m 00:18:51 +0.01 0.000170 0.03 *
Push-up endurance / |zdrzaj u zgibu Q17 00:17:01 £ 0.01 0.000138 )
Running speed and agility / Brzina tr¢anja i 3/M 00:34:24 + 0.08 0.00670
agilnost 070
Running 10x5 m back and forth / Tréanje 10x5m Q/7 00:32:25 + 0.07 0.00547 ’

tamo-ovamo

Legend: male — 3 female — Q; mean — arithmetic mean; std.
Dev. — standard deviation; p — significance level; * t — the test
is statistically significant at the less than 5% level; ** t - the
test is statistically significant at the less than 1% level.

Analyzing the results shown in Table 3, it is notice-
able that there are certain differences in motor abilities
between boys and girls from II to V grades of elementary
school. Analyzing the results of the t-test, it was deter-
mined that there are statistically significant differences
in the following tests: reaching in a squat (flexibility),
lying in a squat (trunk strength), and standing in a squat
(functional strength) in favor of boys, and long jump
from a standing position (explosive strength legs) and
hand strength (static strength) in favor of girls. All the
mentioned tests were statistically significant at the level
of less than 1% (p<0.01), only the flexion endurance test
(functional strength) was statistically significant at the
level of less than (p<0.05). In the flamingo tests (bal-
ance) and running 10x5 m back and forth (running speed
and agility), the results were in favor of girls, and in the
hand tapping test (movement speed), the results were in

Legenda: Mean — aritmeticka sredina; Std. Dev. — standardna
devijacija; p-razina znacajnosti; * t-test je statisticki
znacajan na nivou manjem od 5%, ** t-test je statisticki
znacajan na nivou manjem od 1%

Analiziraju¢i rezultate prikazane u tabeli 3, uoclji-
vo je da postoje izvjesne razlike u motorickim sposob-
nostima izmedu djecaka i djevojcica od II do V razreda
osnovne Skole. Analizom rezultata t-testa utvrdeno je da
postoje statisticki znacajne razlike u sljede¢im testovima:
dohvat u sijedu (gipkost), lezanje sijed (snaga trupa) i
izdrzaj u zgibu (funkcionalna snaga) u korist djecaka, a
skok u dalj iz mjesta (eksplozivna snaga nogu) i snaga
Saka (staticka snaga) u korist djevojcica. Svi navedeni
testovi su bili statisticki znacajni na nivou manjem od
1% (p<0,01), samo je test izdrzaj u zgibu (funkcional-
na snaga) bio statisticki znacajan na nivou manjem od
(p<0,05). U testovima flamingo (ravnoteza) i trcanje
10x5m tamo-ovamo (brzina tr¢anja i agilnost) rezultati
su bili u korist djevocica, a kod testa taping rukom (brzi-
na pokreta) rezultati su bili u korist djecaka i ove razlike
nisu bile statisticki znacajne. Rezultati testa dohvat u si-
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favor of boys, and these differences were not statistically
significant. The results of the gray reach test (flexibility)
were in favor of boys, although girls were expected to
do better because they are considered to be more flex-
ible than boys, which is confirmed by numerous studies.
The differences were relatively small, but it should not be
ignored that the total number of boys was higher by 128
respondents compared of girls.

DiscussioN

There are differences between children depending on
their capabilities and abilities, as well as their gender. Any
additional sports activity leads to a certain transformation of
the morphological and motor status. The most important
thing is to adapt a certain sports activity to the age at which
it is practiced so that this activity affects the transformation
of students (Rasidagi¢ et al., 2000). Balance and precision
are the least monitored of motor skills in classroom teach-
ing due to a lack of time. There is a whole series of research
on the anthropological characteristics of students, both in
BiH, Croatia, and abroad. Research is of various types and
for various purposes. Investigating gender differences in the
condition of motility by hereditary factors, it was concluded
that genetic factors are more pronounced in females (Mikic,
2000). Pejci¢ (2001) researched 655 students from the 1st to
4th grade. The students were examined in 4 morphological
variables and six motor variables (long jump, 20 m sprint,
stand-up with a pull-up, lifting the trunk, and the backstroke
polygon). The conclusion is that girls have better results
only in mobility, and that physical activity, i.e., sports, can
affect changes in morphological characteristics and motor
skills. The development of motor skills should be the key to
development in childhood, which will continue later and in
adolescence (Barnett et al., 2008). In the physical develop-
ment of children of younger school age between the ages of
9 and 11, the ratio of body mass and body height is favor-
able (Ni¢in and Stjepic, 2008), so probably because of this
fact, there are no statistically significant differences between
boys and girls in basic morphological variables. Fewer
changes occur in the body, and the amount of muscle mass
lags significantly less about body weight, children are not
durable and strong enough, so it is likely that the differences
that occurred between boys and girls in the strength of the
arms and shoulder girdle are the result of a greater number
individuals who are at a higher level in this motor ability.
Krsmanovi¢ and Radosav (2008) state that boys are more
dominant in tests of strength and running speed, and girls in
tests of flexibility. Transversal research (Prskalo et al., 2009)
on a sample of 128 male and 117 female students from the
Ist to 3rd grade of primary school, divided into subsamples

jedu (gipkost) su bili u korist djecaka, iako se oCekivalo
da djevojc¢ice budu bolje, jer se smatra da su fleksibilnije
od djecaka, Sto potvrduju i brojna istrazivanja. Razlike
su bile relativno male, ali ne treba zanemariti da je uku-
pan broj djecaka bio veéi za 128 ispitanika u odnosu na
djevojcice.

DISKUSIJA

Postoje razlike izmedu djece u zavisnosti od njiho-
vih individualnih moguénosti i sposobnosti, kao i samog
spola. Bilo koja dodatna sportska aktivnost dovodi do
odredene transformacije morfoloskog i motorickog sta-
tusa. Najbitnije je odredenu sportsku aktivnost prilagodi-
ti uzrastu sa kojim se radi, kako bi ta aktivnost utjecala na
transformaciju uc¢enika (Rasidagic¢ et al., 2000). U razred-
noj nastavi od motorickih sposobnosti se najmanje prate
ravnoteza i preciznost, zbog nedostatka vremena. Posto-
ji Citav niz istrazivanja antropoloskih obiljezja ucenika,
kako u BiH, Hrvatskoj, tako i u inozemstvu. Istrazivanja
su razne vrste i raznih ciljeva. Istrazujuéi spolne razlike u
uslovljenosti motorike nasljednim faktorima, zaklju¢eno
je da su genetski faktori vise izrazeni kod Zenskog pola
(Miki¢, 2000). Pejci¢ (2001) istrazuje 655 ucenika od 1.
do 4. razreda. Ucenici su ispitani u 4 morfoloske varija-
ble i 6 motorickih (skok u dalj, 20 m sprint, izdrzaj u visu
zgibom, podizanje trupa i poligon natraske). Zaklju¢ak
je da djevojCice imaju bolje rezultate samo u gibljivo-
sti i da tjelesna aktivnost, odnosno sport mogu uticati na
promjene morfoloskih karakteristika i motorickih spo-
sobnosti. Razvoj motorickih sposobnosti treba da bude
kljuc razvoja u detinjstvu, koji ¢e se nastaviti kasnije i u
adolesenciji (Barnett i sar., 2008). U tjelesnom razvoju
djece mladeg Skolskog uzrasta izmedu 9. i 11. godine,
povoljan je odnos tjelesne mase i tjelesne visine (Nicin i
Stjepi¢, 2008), pa vjerovatno zbog te ¢injenice i ne posto-
je statisticki znacajne razlike izmedu decaka i djevojcica
u osnovnim morfoloskim varijablama. U organizmu se
desavaju nesto manje promjene, a koli¢ina mi$i¢éne mase
znatno manje zaostaje u odnosu na tezinu tijela, te djeca
nisu dovoljno izdrzljiva i snazna, pa su vjerovatno razli-
ke koje su se javile izmedu djecaka i djevojCica u snazi
ruku i ramenog pojasa rezultat veceg broja pojedinaca
koja su na visem nivou u ovoj motorickoj sposobnosti.
Krsmanovi¢ i Radosav (2008), navode da su djecaci do-
minantniji u testovima snage i brzine tr¢anja, a dejvojcice
u testovima gipkosti. Transverzalno istrazivanje (Prskalo
et al., 2009) na uzorku od 128 ucenika i 117 ucenica od
1. do 3. razreda osnovne Skole podijeljenih na subuzorke
po dobi i spolu istrazeno je u 19 antropometrijskih vari-
jabli i 12 motorickih varijabli (koraci u stranu, poligon
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by age and gender, was investigated in 19 anthropometric
variables and 12 motor variables (steps to the side, polygon
backbends, various bends, bends on the bench, hand tap-
ping, hand tapping 10", foot tapping on the wall, long jump
from a standing position, standing high with a pull-up, rais-
ing the trunk and high jump). The conclusion is that the re-
sults of motor skills do not show statistically significant dif-
ferences, justifying the joint organization of work for boys
and girls from the 1st to the 3rd grade of elementary school.
The research was conducted on a sample of 400 students of
early school age. In most motor skills, boys are better than
girls. A higher level of motor skills in boys is due to a faster
flow of impulses from the cerebral cortex to the effectors in
the muscles. Each newly learned activity enriches the motor
skills of a child at a younger school age, which is particu-
larly reflected in their general motor ability (Loncar, 2011).
On a sample of 324 respondents aged 6 to 11, the authors
investigated the difference in motor skills between boys and
girls. To assess motor skills, 14 field tests were applied that
tested aerobic and anaerobic endurance, flexibility, repeti-
tive strength, explosive strength, speed, agility, balance, and
maximal isometric strength. Boys proved to be dominant
and statistically significantly better than girls in aerobic and
anaerobic endurance, speed, agility, explosive strength, and
maximal isometric strength. Girls are statistically signifi-
cantly better in flexibility and balance (Marta et al. 2012).
On a total sample of 568 subjects, of which 273 were boys
and 295 were girls, the authors investigated the differences
in motor abilities between boys and girls in the fourth and
fifth grades of elementary school. Tests were applied that
measured speed, where boys in both classes showed statisti-
cally significantly better results. In the fourth grade, girls
showed better results in bending forward and sitting, and,
with that, better flexibility. The boys had the repetitive
strength of the abdominal muscles and showed better re-
sults in both classes. Boys in both classes showed better
results in long jump tests to assess explosive strength and
hand grip to assess maximal isometric strength (Flanagan et
al., 2012). The results showing that boys achieve better re-
sults in most motor tests can be explained by the different
habits of boys and girls of the same age. Boys are still play-
ing outdoors, running and eager for outdoor games, practic-
ing various ball games (soccer and many other games), and
climbing trees, imitating their cartoon heroes, where static
and explosive arm strength and speed dominate running,
longer physical activities. The different life habits of chil-
dren of different sexes can affect the existence of differences
in the manifestation of motor skills. Such results may have
been influenced by the environment (physical activity of
children), the genetic potential of boys to achieve success in

natraske, pretklon raznozno, pretklon na klupi, taping ru-
kom, taping rukom 107, taping nogom o zid, skok u dalj
s mjesta, izdrzaj u visu zgibom, podizanje trupa i skok
u vis). Zakljucak je da rezultati motorickih sposobnosti
ne pokazuju statisticki znacajne razlike opravdavajuci
zajednicku organizaciju rada za djecake i djevojcice od
1. do 3. razreda osnovne $kole. Istrazivanje provedeno je
na uzorku od 400 ucenika rane skolske dobi.

U veéini motorickih sposobnosti djecaci su bolji od
djevojcica. Visi nivo motori¢kih sposobnosti kod djeca-
ka uslovljen je brzim protokom impulsa od kore velikog
mozga ka efektorima u misSi¢ima. Svaka nova naucena
aktivnost bogati motoriku djeteta u mladem Skolskom
uzrastu, Sto se posebno odrazava na njegovu generalnu
motoricku sposobnost (Loncar, 2011). Na uzorku ispita-
nika od 324 ispitanika u dobi od 6 do 11 godina autori
su istrazili razliku u motorickim sposobnostima izmedu
djeCaka i djevojcica. Za procjenu motoriCkih sposobnosti
primijenjeno je 14 terenskih testova koji testiraju acrobnu
1 anaerobnu izdrzljivost, fleksibilnost, repetitivnu snagu,
eksplozivnu snagu, brzinu, agilnost, ravnotezu i maksi-
malnu izometricku snagu. Djecaci su se pokazali domi-
nantni i u rezultatima statisti¢ki znacajno bolji od djevoj-
¢ica u aerobnoj i anaerobnoj izdrzljivosti, brzini, agilno-
sti, eksplozivnoj snazi i maksimalnoj izometrijskoj snazi.
Djevojcice su statisticki znacajno bolje u fleksibilnosti i
ravnotezi (Marta i sar. 2012). Na ukupnom uzorku od 568
ispitanika, od kojih su 273 djecaka i 295 djevojcica, autori
su istrazivali razlike u motorickim sposobnostima izmedu
djeCaka i djevojcica u Cetvrtom i petom razredu osnovne
Skole. Primijenjeni su testovi koji su mjerili brzinu gdje su
djecaci u oba razreda pokazali statisticki znacajno bolje
rezultate. U ¢etvrtom razredu su djevojcice pokazale bolje
rezultate u pretklonu i sjedu, te s tim bolju fleksibilnost.
Repetitivnu snagu trbusne muskulature imali su djecaci
1 pokazali su u oba razreda bolje rezultate. U testovima
skok udalj za procjenu eksplozivne snage i stisak Sake za
procjenu maksimalne izometricke snage su djecaci u oba
razreda pokazali bolje rezultate (Flanagana i sar., 2012).
Rezultati koji pokaju da djecaci postizu bolje rezultate u
vec¢ini motorickih testova mogu se objasniti drugacijim
navikama djecaka i djevojcica istog uzrasta. Djecaci se i
dalje igraju na otvorenom prostoru, trce i zZeljni su igara
na otvorenom, upraznjavaju razne igre sa loptom (fudbal
1 mnoge druge igre) i penju se po drvecéu, imitirajuéi svoje
crtane junake, prilikom ¢ega dominira staticka i eksplo-
zivna snaga ruku i brzina tréanja, dugotrajnije fizicke
aktivnosti. Razli¢ite zivotne navike djece razli¢itog pola,
mogu uticati na postojanje razlika u ispoljavanju moto-
rickih sposobnosti. Na ovakve rezultate je mozda mogla
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motor tasks and competitions, struggle, and a greater desire
to succeed in tasks dominated by strength and speed (Carlos
et al., 2014). Halasi (2016), in his research on a sample of a
total of 214 respondents, of whom 101 girls and 113 boys
aged 8 years from Subotica, under the title “Body structure
and motor status as predictors of the quality of life of young-
er school-aged children,” tested motor skills, anthropomet-
ric measures, assessment of body composition, tests to as-
sess the development of gross motor skills and measures
related to health-related quality of life. According to his
conclusion, there is a statistically significant difference be-
tween boys and girls in running 20 meters and the long
jump from a standing position in favor of boys, while squat-
ting showed better results in favor of girls. The results of
research into the motor abilities of younger school-aged stu-
dents show a trend of decreasing motor abilities among stu-
dents (Kraljevi¢, Gadzi¢, and Vuckovi¢, 2013). The re-
search was conducted on a sample of 70 subjects (36 boys
and 34 girls) of younger school age, that is, 9 - 11 years old,
students of Elementary School “Mic¢a Stojkovi¢” in Umcari.
The research aimed to determine the differences in morpho-
logical characteristics and motor abilities between girls and
boys of a younger school age. Two anthropological mea-
sures and eight motor tests were applied. There were no
statistically significant differences in body height and mass
between girls and boys. Using a multivariate analysis of
variance, the existence of a statistically significant differ-
ence in the motor area of girls and boys was determined. At
the level of individual variables, significant differences
were found in the variables: Running 30 m from a high
start, Endurance in a push-up, Throwing a medicine bag
(1kg) from a lying position on the back, and Running for 6
minutes in favor of boys, that is, in the variables Bouncing
the ball off the wall and Leaning on the bench in favor of the
girls. Boys exhibited significantly higher levels of strength,
speed, and aerobic endurance, while girls were more suc-
cessful in tests of coordination and flexibility. The obtained
results can be interpreted by differences in the level of phys-
ical activity of girls and boys and differences in body com-
position and structure (Smajic¢ et al., 2017). Modern society
is characterized by markedly reduced motor activity, im-
proper nutrition, and an increasing number of people whose
lifestyles can be described as sedentary. It is necessary to act
preventively by more frequent monitoring and analyzing
the correctness of growth and development, and by moti-
vating young people to actively or recreationally engage in
sports (Niksi¢ et al., 2020a). It is necessary to monitor, mea-
sure, and analyze all segments of the students’ anthropo-
logical status daily to influence the development of basic
motor skills and act preventively in the fight against obesity,

da uti¢e i1 okolina (fizicka aktivnost djece), genetski po-
tencijali djecaka za ostvarivanjem uspjeha u motorickim
zadacima i nadmetanjima, borba i vec¢a zelja za uspjehom
u zadacima u kojima dominira snaga i brzina (Carlos i
sar., 2014). Halasi (2016) je u svom istrazivanju na uzor-
ku od ukupno 214 ispitanika, od kojih su 101 djevojci-
cai 113 djeCaka uzrasta 8 godina iz Subotice, pod nazi-
vom ,,Tjelesna struktura i motoricki status kao prediktori
kvalitete zivota djece mladeg Skolskog uzrasta™, testirao
motori¢ke sposobnosti, antropometrijske mjere, procjenu
tielesne strukture, testove za procjenu razvoja vjestina
krupne motorike i mjere koje se odnose na kvalitetu zi-
vota povezanu sa zdravljem. Prema njegovom zakljucku,
postoji statisticki znacajna razlika izmedu djecaka i dje-
voj€ica u tré¢anju na 20 metara, skoku u dalj iz mjesta u
korist djecaka, dok je pretklon u sjedu raznozno pokazao
bolje rezultate u korist djevojCica. Rezultati istrazivanja
motoriCkih sposobnosti u¢enika mladeg skolskog uzrasta,
pokazuju trend opadanja motorickih sposobnosti kod uce-
nika (Kraljevi¢, Gadzi¢ i Vuckovi¢, 2013). Istrazivanje je
sprovedeno na uzorku od 70 ispitanika (36 djecaka i 34
djevojcice) mladeg Skolskog uzrasta, odnosno uzrasta od
9 - 11 godina, ucenika 0S , Mica Stojkovi¢™ u Umcarima.
Cilj istrazivanja bio je utvrdivanje razlika u morfoloskim
karakteristikama i motorickim sposobnostima izmedu
djevojcica i djecaka mladeg skolskog uzrasta. Primijenje-
ne su dvije antropoloske mjere i osam motorickih testova.
Izmedu djevojcica i djecaka nisu konstatovane statistic-
ki znacajne razlike u tjelesnoj visini i masi. Primjenom
multivarijantne analize varijanse utvrdeno je postojanje
statisticki znacajne razlike u motorickom prostoru djevoj-
¢ica i djeCaka. Na nivou pojedinac¢nih varijabli, znacajne
razlike su utvrdene u varijablama: Tr¢anje 30 m iz viso-
kog starta, Izdrzaj u zgibu, Bacanje medicinke (1kg) iz
leZze¢eg polozaja na ledima i Tréanje 6 minuta u korist
djeCaka, odnosno, u varijablama Odbijanje lopte od zid i
Pretklon na klupici u korist djevojcica. Djecaci su ispoljili
znacajno Visi nivo snage, brzine i aerobne izdrzljivosti,
dok su djevojcice bile uspjesnije u testovima koordinacije
i gipkosti. Dobijeni rezultati se mogu tumaciti razlikama
u nivou fizicke aktivnosti djevojcica i djeCaka, i razlikama
u tjelesnoj gradi i strukturi (Smaji¢ i sar., 2017). Moderno
drustvo karakteriSe izrazito smanjena motoricka aktiv-
nost, nepravilna ishrana i sve veci broj ljudi ¢iji se Zivotni
stil moze opisati kao sedentarni. Potrebno je preventivno
djelovati ¢eS¢im prac¢enjem i analizom ispravnosti rasta i
razvoja i motivisanjem omladine da se aktivno ili rekrea-
tivno bave sportom (Niksi¢ i sar., 2020a). Potrebno je sva-
kodnevno vrsiti pracenja, mjerenja i analizu svih segme-
nata antropoloskog statusa ucenika, kako bi se utjecalo na
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which is the leading epidemiological health problem of to-
day. It is obvious that physical activity based on physical
and health education classes is not enough or is not repre-
sented enough to respond to the challenges of the modern
sedentary lifestyle, which was even more exacerbated by
the COVID-19 pandemic and online teaching (Niksi¢ et al.,
2021).

CONCLUSION

This research was conducted to determine the dif-
ferences in morphological characteristics and motor abil-
ities between boys and girls from the 2nd to the 5th grade
of elementary school. The research was conducted on a
sample of N=989 (53%) male respondents and N=861
(47%) female respondents. The results of the research
showed that in terms of morphological characteristics,
there are statistically significant differences between
boys and girls from the 2nd to the 5th grade of elemen-
tary school in Body Mass Index (BMI) and skinfold on
the back (subscapular), while no differences were identi-
fied in the skinfold of the upper arm (triceps). And a skin
fold on the stomach (suprailiac). Obesity and overnutri-
tion are more prevalent in boys than in girls. Today’s big
problem is not only obesity in children but also malnutri-
tion, which is most prevalent among students from the
2nd to the 5th grade of elementary school. It was found
that there are statistically significant differences in flex-
ibility, trunk strength, and functional strength in favor
of boys and explosive leg strength and static strength in
favor of girls. The results for balance running speed and
agility were in favor of girls, and movement speed was
in favor of boys, these differences were not statistically
significant. Today’s fast-paced lifestyle has led to a de-
crease in physical activity and an increase in a seden-
tary lifestyle, which has further influenced the irregular
growth and development of students. Reduced physical
activity in children leads to major changes in their overall
development, especially in motor skills and nutritional
status. To enable maximum growth and development in
children, it is necessary to perform tests and measure-
ments of data on anthropological status. Indicators are
important to indicate to parents the current state of de-
velopment of the anthropological status of the student
population. Any sporting activity leads to a certain trans-
formation. The most important thing is to adapt a certain
sports activity to the age at which it is being worked so
that the activity affects the transformation of the student.

Conflicts of Interest
The authors would like to thank all participants for the effort and
time spent on the tattooing and measurement processes.

razvijanje bazi¢nih motorickih sposobnosti i preventivno
djelovalo u borbi protiv gojaznosti, kao vodeceg epide-
mioloSkog zdravstvenog problema danasnjice. OcCito je
da tjelesna aktivnost zasnovana na ¢asovima tjelesnog i
zdravstvenog odgoja nije dovoljna ili nije dovoljno za-
stupljena da odgovori na izazove savremenog sedentar-
nog nacina zivota, $to je jos vise prouzrokovala pandemi-
ja COVID — 19 i online nastava (Niksi¢ i sar., 2021).

ZAKLIUCAK

Ovo istraZivanje je provedeno s ciliem utvrdivanja razlika
u morfoloskim karakteristikama i motori¢kim sposob-
nostima izmedu djecaka i djevojcica od II do V razreda
osnovne Skole. Istrazivanje je provedeno na uzorku od
N=989 (53%) muskih ispitanika i N=861 (47%) Zenskih
ispitanika. Rezultati istrazivanja su pokazali da kod mor-
foloskih karakteristika postoje statisti¢i znacajne razlike
izmedu djecCaka i djevojcica od II do V razreda osnovne
Skole u Body Mass Indexu (BMI) i koznom naboru na
ledima (subscapular), dok nisu identificirane razlike u
koznom naboru nadlaktice (triceps) i koznom naboru na
stomaku (suprailiac). Gojaznost i prekomjerna uhranje-
nost zastupljeniji su kod djec¢aka, nego kod djevojcica.
Veliki problem danasnjice nije samo gojaznost kod djece,
ve¢ 1 pothranjenost koja je bila najviSe zastupljena kod
ucenika od II do V razreda osnovne $kole. Utvrdeno je
da postoje i statisticki znacajne razlike u gipkosti, snazi
trupa i funkcionalnoj snazi u korist djecaka, a eksploziv-
na snaga nogu 1 staticka snaga u korist djevojcica. Re-
zultati kod ravnoteze i brzine tr¢anja i agilnosti su bili u
korist djevocica, a brzina pokreta u korist djec¢aka i ove
razlike nisu bile statisticki znacajne. Danas$nji ubrzani
nacin zivota doveo je do smanjenja tjelesne aktivnosti,
a povecanja sedentarnog nacina zivota, $to je dodatno
utjecalo na nepravilan rast i razvoj ucenika. Smanjena
tjelesna aktivnost kod djece dovodi do velikih promjena
u njihovom cjelokupnom razvoju, a posebno u motoric-
kim sposobnostima i stanju uhranjenosti. Da bi se omo-
gucio maksimalni rast i razvoj kod djece, neophodno je
uraditi testiranja i mjerenja, podataka o antropoloskom
statusu. Pokazatelji su vazni kako bi se roditeljima uka-
zalo na trenutno stanje razvijenosti antropoloskog statusa
kod ucenicke populacije. Bilo koja sportska aktivnost do-
vodi do odredene transformacije. Najbitnije je odredenu
sportsku aktivnost prilagoditi uzrastu sa kojim se radi,
kako bi ta aktivnost utiecala na transformaciju ucenika

Priznanja
Autori se zahvaljuju svim ucesnicima na trudu i
vremenu provedenom u procesima testiranja i mjerenja.
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Abstract: The study was conducted on a sample of 146
respondents - lower grade elementary school students,
chronological age 7 - 11 years old, in the urban area of the
city of Banja Luka. The total sample of respondents was
divided into five subsamples according to chronological
age. The main objective of the study was to determine the
frequency and structure of postural disorders of the spinal
column in the studied sample of subjects, as well as the dif-
ferences in the prevalence of postural disorders with respect
to the chronological age of the subjects, using a transver-
sal cross-section. To assess the prevalence and differences
in postural disorders of the spinal column, disorders in the
sagittal plane (kyphosis and lordosis) and disorders in the
frontal plane (scoliosis) were analyzed. The degree of pos-
tural disorders of the spinal column was determined using
Contingency Tables - calculating frequencies (F) and per-
centages (%). The statistical significance of the differences
in the prevalence of postural disorders of the spinal column
in the sagittal (kyphosis and lordosis) and frontal planes
(scoliosis) in lower elementary school students was deter-
mined using Univariate Analysis of Variance (ANOVA), and
the differences in relation to their chronological age for
each type of disorder were determined using the analysis
of the results of the Post Hock comparison test. The degree
of postural disorders of the spinal column determined by
Contingency Tables - by calculating the frequency (F) and
percentage (%) indicates a significant percentage of spinal
column disorders (kyphosis 21.2%, scoliosis 19.9%, lordo-
sis 19.2%), mainly in the first degree of deformation (minor
deviation from the normal status), which allows for correc-
tion of the condition with the application of adequate cor-
rective exercises in working with students of this age. The
results of the univariate analysis of variance (ANOVA) show
that the prevalence of kyphosis is statistically significant at
the level of statistical significance p<.007 and scoliosis
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SaZetak: Istrazivanje je provedeno na uzorku od 146
ispitanika-ucenika nizih razreda osnovne Skole, hrono-
loske dobi 7 — 11 godina urbanog podrucja grada Ba-
nja Luka. Ukupan uzorak ispitanika podijeljen je na pet
subuzoraka u odnosu na hronolosku dob. Osnovni cilj
istrazivanja bio je da se transverzalnim presjekom utvrdi
frekvencija i struktura posturalnih poremecaja kicmenog
stuba kod ispitivanog uzorka ispitanika kao i razlike u
zastupljenosti posturalnih poremecaja s obzirom na
hronolosku dob ispitanika. Za procjenu zastupljenosti i
razlika posturalnih poremecaja kicmenog stuba analizi-
rani su poremecaji u sagitalnoj ravni (kifoza i lordoza),
te poremecaj u frontalnoj ravni (skolioza). Stepen postu-
ralnih poremecaja kicmenog stuba utvrden je Kontigen-
cijskim tablicama — izracunom frekvencija (F) i postotka
(%). Statisticka znacajnost razlika zastupljenosti postu-
ralnih poremecaja kicmenog stuba u sagitalnoj (kifoza
i lordoza) i frontalnoj ravni (skolioza) kod ucenika nizih
razreda osnovne skole utvrdena je primjenom Univari-
Jjantne analize varijanse (ANOVA), a razlike u odnosu
na njihovu hronolosku dob za svaku vrstu poremecaja
ponaosob utvrdena je primjenom analize rezultata Post
Hock testa uporedivanja. Stepen posturalnih poremecaja
kicmenog stuba utvrdivan Kontigencijskim tablicama —
izracunavanjem frekvencije (F) i postotka (%) ukazuje
na znacajan postotak zastupljenosti poremecaja kicme-
nog stuba (kifoza 21,2%, skolioza 19,9%, lordozal9,2%)
i to uglavnom u prvom stepenu deformacija (manje od-
stupanje od normalnog statusa), Sto omogucava korek-
ciju stanja uz primjenu adekvatnih korektivnih vjezbi u
radu sa ucenicima ovog uzrasta. Rezultati univarijantne
analize Varijanse (ANOVA) pokazuju da je zastupljenost
kifoze statisticki znacajna na nivou statisticke znacaj-
nosti p<.007 i skolioze p<.001 kod ispitivanog uzorka
ucenika. Statisticka znacajnost zastupljenosti lordoze
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p<.001 in the studied sample of students. The statistical sig-
nificance of the prevalence of lordosis in the studied sample
of students was not determined (p=.255). The results of the
LSD Post Hock comparison test show that there is a statisti-
cally significant difference in the prevalence of kyphosis and
scoliosis between groups of students with regard to their
chronological age.

Keywords: spinal column, postural disorders, differenc-
es, students, Post Hock test.

INTRODUCTION

One of the priority tasks in working with children is
undoubtedly taking care of their health, and proper growth
and development. Proper posture is a basic prerequisite
for good health, proper growth and development of chil-
dren, which is why it is very important that posture edu-
cation begins as early as possible. A particularly sensitive
period of children’s development is the primary school
age because it is during this period that critical periods
in children’s development occur. Therefore, it is very im-
portant to continuously monitor the process of children’s
growth and development in which to insist on educat-
ing them about proper posture. It is especially important
that it begins as early as possible. According to Kosinac
(2008), proper posture creates favorable conditions for
the activity of the locomotor apparatus. The muscles that
maintain the body’s balance are in normal tone (tension).
Their tone is even, and this ensures the readiness of the
muscles for movement. However, uneven tone and weak-
ness of certain muscle regions, primarily the muscles of
the back, chest and abdomen, are the primary causes of
disorders in proper posture in children. Likewise, weak-
ness of the pelvic girdle muscles and lower extremities
can lead to secondary disorders in the upper body.

Karaikovi¢, (1984) also points out that proper pos-
ture is influenced by the correct structure of the skeleton,
the correct distribution of muscles, mass and strength,
as well as the symmetry of paired body parts. Weakness
or shortening of muscles can lead to poor body posture.
This can be caused by everyday bad habits such as inad-
equate sitting and lack of motor activity that can cause
poor posture or body deformities (Peterson-Kendall et
al., 2005; Skender, N. 2001).

In this process, it is necessary to engage all par-
ticipants in educational work (parents, teachers, medical
staff) in order to achieve the integral development of all
anthropological characteristics and abilities of children.

Previous experiences show that environmental
characteristics influence lifestyle, including body pos-
ture, which is later reflected in the life cycle of each
individual. The fact is that in the physical education of

kod ispitivanog uzorka ucenika nije utvrdena (p=.255).
Rezultati LSD Post Hock testa uporedivanja pokazuju da
postoji statisticki znacajna razlika zastupljenosti kifoze
i skolioze izmedu grupa ucenika s obzirom na njihovu
hronolosku dob.

Kljucne rijeci: kicmeni stub, posturalni poremecaji, ra-
zlike, ucenici, Post Hock test.

Uvobp

Jedan od prioritetnih zadataka u radu sa djecom ne-
osporno se odnosi na brigu o njihovom zdravlju, te pra-
vilnom rastu i razvoju. Pravilno drzanje tijela je osnovni
preduslov dobrog zdravlja, pravilnog rasta i razvoja dje-
ce, zbog Cega je vrlo vazno da vaspitanje drzanja tijela
pocne u Sto ranijem uzrasnom dobu. Posebno osjetljiv
period razvoja djece je vrijeme osnovnoskolskog uzrasta
jer se u njemu i javljaju kriti¢ni periodi u razvoju djece.
Zbog toga je vrlo vazno neprekidno pratiti proces rasta i
razvoja djece u kome insistirati na vaspitanju pravilnog
drzanja tijela. Posebno je znacajno da ono pocne u Sto
ranijem uzrasnom dobu. Prema Kosincu, (2008), pra-
vilno drzanje tijela stvara povoljne uslove za aktivnost
lokomotornog aparata. MiSi¢i koji odrzavaju ravnotezu
tijela nalaze se u normalnom tonusu (napetosti). Nji-
hov tonus je ravnomjeran, a to obezbjeduje spremnost
misi¢a za kretanje. Medutim, neravnomjernost tonusa i
slabost pojedinih miSi¢nih regija, u prvom redu misica
leda, grudnog kosa i trbuha primarni su uzroci nastan-
ka poremecaja u pravilnom drzanju tijela kod djece. Isto
tako, slabost miSica karli¢nog pojasa i donjih ekstremi-
teta moze dovesti do sekundarnih poremecaja u gornjim
dijelovima tijela.

Karaikovi¢, (1984) takode istice da na pravilno dr-
zanje uti¢e pravilnoa grade skeleta, pravilan rasporeda
muskulature, mase i snage, kao i simetrija parnih dije-
lova tijala. Slabost ili skrac¢enje miSi¢a mogu dovesti do
loseg polozaja tijela. Ovo moze biti izazvano svakodnev-
nim loSim navikama kao §to su neadekvatno sjedenje i
nedostatak motoricke aktivnosti koji mogu izazvati losa
tjelesna drzanja ili deformitete tijela (Peterson-Kendall i
sar., 2005.; Skender, N. 2001).

U tom procesu neophodno je angazovanje svih uce-
snika u vaspitno-obrazovnom radu (roditelji, ucitelji/
nastavnici, medicinsko osoblje) kako bi se postigao inte-
gralni razvoj svih antropoloskih karakteristika i sposob-
nosti djece.

Dosadasnja iskustva govore da karakteristike sredi-
ne uti¢u na nacin zivota, pa tako i na drzanje tijela, koje
se kasnije odrazava na zivotni ciklus svakog pojedinca.
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children there are a number of shortcomings that need to
be eliminated. Incorrect posture is increasingly present in
the young population.

The causes of incorrect posture are numerous. If we
were to look for the causes of incorrect posture in chil-
dren of primary school age, then they should certainly be
sought first in the family, and then in school institutions,
because the correct approach and understanding of the
importance of physical activity in general by parents and
educators represents prevention for school children.

Problems with postural disorders are very com-
mon. Many previous studies by various authors in the
area of postural disorders and physical deformities in the
school population in primary schools (Bogdanovi¢, Z.,
Konicanin, A., 2009), indicate that the number of children
with impaired postural status of the locomotor system is
constantly increasing every year. In addition, physical ed-
ucation teachers and administrators play a significant role
in the timely detection of postural disorders, the imple-
mentation of corrective treatments, as well as the process
of educating children about proper posture (Koturovi¢, Lj.,
Jaricevi¢, D., 1984; Bogdanovic¢, 2007; Bajri¢, S., 2021),

This leads to the conclusion that physical and health
education of children in this period is a very delicate pro-
cess and that, due to possible complications (especially
health complications), it should be approached very care-
fully and seriously. The practice is that, regardless of the
sphere of human activity, the most complex and most
responsible tasks are entrusted to the best experts: spe-
cialists, subspecialists, experts, etc. Is this also the case
in physical and health education teaching? Except for
individual cases, physical and health education teaching
is not given nearly the importance it deserves. There are
many objective and subjective reasons. The expertise of
those who conduct the teaching is certainly one of them.

Today, it is still not sufficiently determined what
teaching content and workload are needed in order to
achieve optimal effects of desired transformations with a
limited (insufficient) number of hours.

Due to all the above, the issue of this research is
precisely related to determining the presence and pos-
sible group differences in the postural status of the spinal
column among students of lower grades of elementary
school in the city of Banja Luka.

METHOD OF WORK
A sample of respondents

The research was conducted on a sample of 146 re-
spondents-students of lower grades of elementary school,

Cinjenica je da u tjelesnom odgoju djece postoji ¢itav niz
nedostataka koje je potrebno otkloniti. Nepravilno drza-
nje tijela je sve vise prisutno kod mlade populacije.

Uzroci nepravilnog drzanja tijela su brojni. Ako bi
trazili uzroke nepravilnog drZanja tijela kod djece osnov-
noskolskog uzrasta onda ih zasigurno treba traziti prvo
u porodici, a zatim u Skolskim ustanovama, jer pravilan
pristup i shvatanje znacaja tjelesne aktivnosti uopste od
strane roditelja i vaspitaca, predstavlja preventivu za
Skolsku djecu.

Problemi sa posturalnim poremecajima su vrlo Ce-
sti. Mnoga dosadasnja istrazivanja razli¢itih autora u pro-
storu posturalnih poremecaja i tjelesnih deformiteta kod
Skolske populacije u osnovnim $kolama (Bogdanovi¢, Z.,
Konicanin, A., 2009), ukazuju da se broj djece sa naruse-
nim posturalnim statusom lokomotornog sistema svake
godine stalno povecava. Pored rofitelj i prpfesori fizickog
vaspitanja imaju znacajnu ulogu u pravovremenoj detek-
ciji posturalnih poremecaja, sprovodenju korektivnih tre-
tmana, kao i1 procesu vaspitanja pravilnog drzanja tijela
(Koturovi¢, Lj., Jari¢evi¢, D., 1984; Bogdanovi¢, 2007;
Bajri¢, S., 2021),

To navodi na zakljucak da je fizi¢ko i zdravstveno
vaspitanje djece u ovom periodu vrlo delikatan proces i
da mu, zbog mogucih komplikacija (posebno zdravstve-
nih), treba pristupiti vrlo oprezno i ozbiljno. Praksa je da
se, bez obzira na sferu ljudskog djelovanja, najslozeniji
i najodgovorniji poslovi povjeravaju najboljim strucnja-
cima: specijalistima, subspecijalistimam ekspertima i sl.
Da li je tako i u nastavi fizickog 1 zdravstvenog vaspi-
tanja? Izuzev pojedina¢nih slucajeva nastavi fizickog i
zdravstvenog vaspitanja se ni priblizno ne pridaje zna-
¢aj koji zasluzuje. Objektivnih i subjektivnih razloga je
mnogo. Stru¢nost onih koji izvode nastavu je, svakako,
jedan od njih.

Danas jo$ uvijek nije u dovoljnoj mjeri utvrdeno,
kakvi su nastavni sadrzaji i optere¢enja potrebni da bi se,
s jedne strane, pomoc¢u ogranicenog (nedovoljnog) broja
sati postigli optimalni efekti zeljenih transformacija.

Zbog svega nevedenog, problematika ovog istra-
zivanja upravo se odnosi na utvrdivanje zastupljenosti i
eventualnih grupnih razlika u posturalnom statusu kic-
menog stuba kod ucenika nizih razreda osnove skole gra-
da Banja Luka.

METOD RADA
Uzorak ispitanika

Istrazivanje je provedeno na uzorku od 146 ispi-
tanika-ucenika nizih razreda osnovne $kole, hronolos-
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chronological age 7-11 years, from the urban area of the
city of Banja Luka.

The total sample of respondents was divided into
five subsamples: the first subsample (19) consisted of
1st grade students, chronological age 7 years, the second
subsample (45) consisted of 2nd grade students, chrono-
logical age 8 years, the third subsample (49) consisted of
3rd grade students, chronological age 9 years, the fourth
subsample (23) consisted of 4th grade students, chrono-
logical age 10 years and the fifth subsample (7) consisted
of 5th grade students, chronological age 11 years.

Sample variables

The data were obtained by assessing postural dis-
orders of the spinal column in the frontal and sagittal
planes.

Variables for assessing the degree of postural
disorders of the spinal column in the sagittal plane:
* Kyphosis (kipyphosis)

- normal status KIFONO
- kyphosis (kipyphosis) I degree KYPHOS 1
- kyphosis (kipyphosis) II degree KYPHOS 2
* Lordosis

-normal status of the spinal column LORDNO
- lordosis and degree LORDO 1
- lordosis (lordosis) II degree LORDO 2

Variables for assessing the degree of postural
disorders of the spinal column in the frontal plane:
* Scoliosis

- normal status of the vertebral column SKOLNO
- scoliosis (scoliosis) I degree SCOLI 1
- scoliosis (scoliosis) II degree SCOLI 2

Data processing

Degree of postural disorders of the spinal column
was determined by Contingency Tables - by calculating
frequencies (F) and percentage (%).

The statistical significance of differences in the
presence of postural disorders of the spinal column in the
sagittal (kyphosis and lordosis) and frontal (scoliosis)
planes in lower grade elementary school students was de-
termined using Univariate Analysis of Variance (ANO-
VA), and the differences in relation to their chronological
age for each type of disorder was determined using the
analysis of the results of the Post Hock comparison test.

REsuLTS WITH DI1SCUSSION
Analysis of the frequency and structure of spinal
column disorders in the total sample of respondents

ke dobi 7 — 11 godina urbanog podrucja grada Banja
Luka.

Ukupan uzorak ispitanika podijeljen je na pet
subuzoraka i to: prvi subuzorak (19) cCinili su ucenici
1. razreda, hronoloske dobi 7 godina, drugi subuzorak
(45) ¢inili su ucenici 2. razreda, hronoloske dobi 8 go-
dina, re¢i subuzorak (49) ¢inili su ucenici 3. razreda,
hronoloske dobi 9 godina, cetvrti subuzorak (23) ¢inili
su ucenici 4. razreda, hronoloske dobi 10 godina i peti
subuzorak (7) ¢inili su ucenici 5. razreda, hronoloske
dobi 11 godina.

Uzorak varijabli
Podaci su dobijeni procjenom posturalnih poreme-
¢aja kicmenog stuba u frontalnoj i sagitalnoj ravni.

Varijable za procjenu stepena posturalnih pore-
mecaja kicmenog stuba u sagitalnoj ravni:
» Kifoza (kipyphosis)

- normalni status KIFONO
- kifoza (kipyphosis) I stepen KIFOZ 1
- kifoza (kipyphosis) II stepen KIFOZ 2
* Lordoza (lordosis)

- normalni status ki¢menog stuba LORDNO
- lordoza (lordosis) i stepen LORDO 1
- lordoza (lordosis) II stepen LORDO 2

Varijable za procjenu stepena posturalnih pore-
mecaja kicmenog stuba u frontalnoj ravni:
* Skolioza (skoliosis)

- normalni status ki¢menog stuba SKOLNO
- skolioza (skoliosis) I stepan SKOLI 1
- skolioza (skoliosis) II stepen SKOLI 2

Obrada podataka

Stepen posturalnih poremecaja ki¢menog stuba
utvrden je Kontigencijskim tablicama — izracunom fre-
kvencija (F) i postotka (%).

Statisticka znacajnost razlika prisutnosti postural-
nih poremecaja kicmenog stuba u sagitalnoj (kifoza i
lordoza) i frontalnoj (skolioza) ravni kod ucenika nizih
razreda osnovne skole utvrdena je primjenom Univari-
jantne analize varijanse (ANOVA), a razlike u odnosu na
njihovu hronolosku dob za svaku vrstu poremecaja pona-
osob utvrdena je primjenom analize rezultata Post Hock
testa uporedivanja.

REZULTATI SA DISKUSIJOM
Analiza frekvencija i strukture poremecaja kic-
menog stuba ispitanika u totalu (u¢enika I-V razreda)
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(students in grades I-V)

Table 1 shows the frequency and structure of postural
disorders of the spinal column by type of disorder for the
total sample of respondents (students in grades I-V). The
analysis of the frequency and percentage of kyphotic dis-
orders shows that out of the entire sample (146) of respon-
dents, 115 or 78.8% have a normal status (KIFONO) of the
spinal column. In terms of the frequency and percentage of
kyphotic disorders in the studied sample of respondents, it
can be seen that the first degree of disorder (KIFOZ1) is
present in 31 or 21.2% of the respondents-students. The
second degree of kyphotic disorders of the spinal column
(KIFOZ2) has not been determined.

In terms of the frequency and percentage of lordotic
disorder in the studied sample, the attached table shows
that 118 or 80.8% of the examinees have a normal status
(LORDNO). The first degree of lordotic disorder (LOR-
DO1) was determined in 27 or 18.5% of the examinees-
students. The second degree of spinal column disorder
(LORDO2) was determined in 1 or 0.7% of the examinees.

The analysis of the postural disorder of the spinal
column in the frontal plane (scoliosis) shows that out of
the entire sample (146) of examinees, 117 or 80.1% have
a normal spinal column status (SKOLNO) in the frontal
plane. In terms of the frequency and percentage of scoliot-
ic disorder in the studied sample, the attached table shows
that the first degree of disorder (SKOLI1) was determined
in 29 or 19.9% of the examinees-students. The second
degree of spinal column disorder in the frontal plane
(SKOLI2) was not determined in the examined students.

Generally speaking, the obtained results of the fre-
quency and structure of postural disorders in the sagittal
(kyphosis and lordosis) and frontal plane (scoliosis) were
approximately equally represented in students from grades
Ito V of primary school.

In the further procedure, using univariate analysis of
variance (ANOVA) and Post hoc comparison test, possible
differences in the presence of spinal column disorders in stu-
dents based on their chronological age (from 7 to 11 years).

The statistical significance of differences in the
presence of postural disorders of the spinal column in the
sagittal (kyphosis and lordosis) and frontal plane (scolio-
sis) among students of lower grades of primary school
was determined using Univariate Analysis of Variance
(ANOVA) (table 2), and the differences in relation to
their chronological age for each type of disorder was
determined using the analysis of the results of the Post
Hock comparison test (tables 3 - 5).

The value of the F-test (3.708) and its significance
(p< .007) show that there is a statistically significant dif-

U tabeli 1 prikazana je frekvencija i struktura po-
sturalnih poremecaja ki¢menog stuba prema vrsti pore-
mecaja za uzorak ispitanika u totalu (ucenika I — V razre-
da). Analizom frekvencije 1 procentualne zastupljenosti
kifoti¢nog poremecaja moze se vidjeti da od cjelokupnog
uzorka (146) ispitanika, njih 115 ili 78,8% ima normalan
status (KIFONO) ki¢émenog stuba. U pogledu frekvenci-
je iprocentualne zastupljenosti kifoticnog poremecaja na
ispitivanom uzorku ispitanika moze se uociti da je prvi
stepen poremecaja (KIFOZ1) prisutan kod 31 ili 21,2%
ispitanika-ucenika. Drugi stepen kifoticnog poremecaja
ki¢menog stuba (KIFOZ2) nije utvrden.

U pogledu frekvencije i procentualne zastupljenosti
lordoti¢nog poremecaja na ispitivanom uzorku iz prilo-
zene tabele vidljivo je normalni status (LORDNO) ima
118 ili 80,8% ispitanika. Prvi stepen lordoti¢nog pore-
mecaja (LORDO1) utvrden je kod 27 ili 18,5% ispita-
nika-u¢enika. Drugi stepen poremecaja ki¢cmenog stuba
(LORDQ?2) utvrden je kod 1 ili 0,7% ucenika.

Analizom posturalnog poremecaja kicmenog stuba
u frontalnoj ravni (skolioza) moze se vidjeti da od cjelo-
kupnog uzorka (146) ispitanika, njih 117 ili 80,1% ima
normalan status ki¢menog stuba (SKOLNO) u frontalnoj
ravni. U pogledu frekvencije i procentualne zastuplje-
nosti skoliotiénog poremecaja na ispitivanom uzorku iz
prilozene tabele se moze vidjeti da je prvi stepen poreme-
¢aja (SKOLI1) utvrden kod 29 ili 19,9% ispitanika-uce-
nika. Drugi stepen poremecaja ki¢menog stuba u frontal-
noj ravni (SKOLI2) kod ispitivanih uc¢enika nije utvrden.

Generalno posmatrano, dobiveni rezultati frekven-
cije 1 strukture posturalnih poremecaja u sagitalnoj (ki-
foza i lordoza) i frontalnoj ravni (skolioza) priblizno jed-
nako zastupljen kod ucenika od I do V razreda osnovne
skole.

U daljem postupku primjenom univarijantne ana-
lize Varijanse (ANOVA) i Post hock testa uporedivanja
utvrdivane su eventualne razlike prisutnosti poremecaja
ki¢menog stuba kod ucenika na osnovu njihove hrono-
loske dobi (od 7 do 11 godina).

Statisticka znacajnost razlika prisutnosti posturalnih
poremecaja kicmenog stuba u sagitalnoj (kifoza i lordo-
za) 1 frontalnoj ravni (skolioza) kod u¢enika nizih razreda
osnovne Skole utvrdena je primjenom Univarijantne ana-
lize varijanse (ANOVA) (tabela 2), a razlike u odnosu na
njihovu hronolosku dob za svaku vrstu poremecaja pona-
osob utvrdena je primjenom analize rezultata Post Hock
testa uporedivanja (tabele 3 — 5).

Vrijednost F-testa (3,708) 1 njegova znacajnost (p<
.007) pokazuju da postoji statisticki znacajna razlika iz-
medu grupa ispitanika s obzirom na hronolosku dob u
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Table 1. Presentation of the frequency distribution and
structure of the presence of spinal column deformities for the
sample of examinees in total (students from grades I-V)

Tabela 1. Prikaz raspodjele frekvencija i strukture prisutnosti
deformiteta kicmenog stuba za uzorak ispitanika u totalu
(ucenika I-V razreda)

Type of disorder / Vrsta poremeéaja  Status / Status Frequency / Frekvencija Percentage / Procenat (%)
KYPHOSIS / KIFOZA KYPOHNO 115 78.8
KYPHOS1 31 21.2
KYPHOS2 - -
Total / Ukupno 146 100
LORDOSIS / LORDOZA LORDNO 118 80.8
LORDO1 27 18.5
LORDO2 1 0.7
Total / Ukupno 146 100
SCOLIOSIS / SKOLIOZA SKOLNO 117 80.1
SKOLI1 29 19.9
SKOLI2 - -
Total / Ukupno 146 100

ference between the groups of subjects with regard to
chronological age in the presence of a postural disorder in
the sagittal plane - kyphosis. Also, the value of the F-test
(5.236) and its significance (p< .001) show that there is
a statistically significant difference between the groups of
subjects with regard to chronological age and in the pres-
ence of postural disorder in the frontal plane - scoliosis.

The value of the F test (1.435) and its significance
(p= .225) show that there is no statistically significant
difference between the examinees-students with regard
to their chronological age in the prevalence of disorders
in the sagittal plane — lordosis.

Table 2. Univariate Analysis of Variance (ANOVA)

prisutnosti posturalnog poremecaja u sagitalnoj ravni —
kifoza. Takode, vrijednost F-testa (5,236) i njegova zna-
cajnost (p<.001) pokazuju da postoji statisticki znacajna
razlika izmedu grupa ispitanika s obzirom na hronolosku
dob i u zastupljenosti posturalnog poremecaja u frontal-
noj ravni — skolioza.

Vrijenost F testa (1.435) i njegova znacCajnost (p=
.225) pokazuju da ne postoji statisticki znacajna razlika
izmedu ispitanika-ucenika s obzirom na njihovu hrono-
losku dob u zastupljenosti poremecaja u sagitalnoj ravni
— lordoza.

Tabela 2. Univarijantna analiza Varijanse (ANOVA)

ANOVA
Sum of Squares df Mean Square F p
KIFOSIS Between Groups 2.324 4 .581 3.708 .007
Within Groups 22.094 141 157
Total 24.418 145
LORDOSIS Between Groups .988 4 .247 1.435 .225
Within Groups 24.252 141 172
Total 25.240 145
SKOLIOSIS Between Groups 3.006 4 .751 5.236 .001
Within Groups 20.234 141 144
Total 23.240 145

Table 3 shows the results of the LSD Post Hoc test
of the prevalence of kyphosis with respect to the age of
the examinees-students from 7 to 11 years. The analysis
of Table 3 shows that there is a statistically significant
difference in the prevalence of kyphosis between stu-
dents of different chronological ages. Differences were
found between students aged 11 and all other age groups.
Differences between other age groups are not statistically
significant.

U tabeli 3 prikazani su rezultati LSD Post Hoc testa
zastupljenosti kifoze s obzirom na starosnu dob ispitani-
ka-ucenika od 7 do 11 godina. Analizom tabele 3 vidlji-
vo je da postoji statisticki znacajna razlika zastupljenosti
kifoze izmedu ucenika razlicite hronoloske dobi. Razlike
su utvrdene izmedu ucenika starosne dobi 11 godina sa
svim ostalim dobnim grupama. Izmedu ostalih dobnih
grupa razlike nisu statisticki znacajne.
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Table 3. KYPHOS - comparison of differences with respect to
the chronological age of students (LSD Post Hoc test)

Tabela 3. KIFOZA - uporedivanje razlika s obzirom na
hronolosku dob ucenika (LSD Post Hoc test)

——

3:5,3’;;th f\',),:g:,-le / (J) Male / Muski Mean Difference (I-J) Std. Error p Loifef gsgfgenlj;:;eézzln d

KIFOSIS Students 8 years / godina -.08224 .10729 445 -.2943 .1299
7 years / 9 years / godina -.05800 .10698 .589 -.2695 .1535
Ucenici 710 years / godina -.19908 12272 107 -4417 0435
godina 11 years / godina ~.60902" 17502 .001 ~.9550 -2630
Students 7 years / godina .08224 .10729 .445 -.1299 .2943
8years/ 9 years/godina 02423 08039  .764 -1347 1832
Ucenici8 19 ears /godina -.11685 10039 .246 -3153 0816
godina 11 years / godina ~52679" 16015 .001 _8434 ~2102
Students 7 years / godina .05800 .10698 .589 -.1535 .2695
9years/  gyears/godina -.02423 08039 764 -1832 1347
UceniciS 15 ears /godina -.14108 10005 .161 -.3389 0567
godina 11 years / godina -55102" 15995 001 ~8672 -2348
Students 7 years / godina .19908 12272 .107 -.0435 4417
10years/  8years /godina .11685 10039 .246 -.0816 3153
Ucenici 10 g oqrs /godina 14108 10005 .161 -.0567 3389
godina 11 years / godina -.40994° 17087  .018 -7477 ~0721
Students 11 7 years / godina .60902" .17502 .001 .2630 .9550
years / 8 years / godina 52679" 16015 .001 2102 8434
Ucenicill gy eqrs /godina 55102" 15995  .001 2348 8672
godina 10 years / godina 40994' 17087  .018 0721 7477

*Statistical significance at the p =0.05 level

Table 4 shows the results of the LSD Post Hoc test
of the prevalence of lordosis with respect to the age of
the students from 7 to 11 years. The analysis of Table 4
shows a statistically significant difference in the preva-
lence of lordosis between students aged 8 and 9 years,
but at the global level it does not show a static signifi-
cance of the prevalence of lordosis in students with re-
spect to their chronological age.

Table 5 shows the results of the LSD Post Hoc test
comparing the prevalence of scoliosis with respect to the
chronological age of the students from 7 to 11 years. The
analysis of Table 5 shows that there is a statistically sig-
nificant difference in the prevalence of scoliosis between
students of different chronological ages. Differences
were found between students aged 7 and 9 and 7 and 10
years. Also, differences were found between students
aged 8 and 9 and 8 and 10 years. Students aged 10 differ
from students aged 7 and 8 years. The results show that
the differences between students aged 11 and all other
age groups are not statistically significant.

The results obtained do not deviate from the results of
previous research, which also show a significant prevalence
of postural disorders in lower grades of primary school

*Statisticka znacajnost na nivou p =0.05

U tabeli 4 prikazani su rezultati LSD Post Hoc te-
sta zastupljenosti lordoze s obzirom na starosnu dob
ispitanika-ucenika od 7 do 11 godina. Analizom tabele
4 uocava se statisticki znacajna razlika u zastupljenosti
lordoze izmedu ucenika starosne dobi 8 i 9 godina ali
na globalnom nivou ona ne pokazuje staticku znacajnost
zastupljenosti lordoze kod ucenika s obzirom na njihovu
hronolosku dob.

U tabeli 5 prikazani su rezultati LSD Post Hoc testa
uporedivanja zastupljenosti skolioze s obzirom na hro-
nolosku dob ispitanika-uc¢enika od 7 do 11 godina. Ana-
lizom tabele 5 vidljivo je da postoji statisticki znacajna
razlika zastupljenosti skolioze izmedu ucenika razlicite
hronoloske dobi. Razlike su utvrdene izmedu ucenika
starosne dobi 719 te 7 1 10 godina. Takode, razlike su
utvrdene izmedu ucenika starosne dobi 8 i 9 te 8 i 10
godina. Ucenici starosne dobi 10 godina se razlikuju od
ucenika starosne dobi 7 i 8 godina. Rezultati pokazuju da
razlike izmedu ucenika uzrasne dobi 11 godina sa svim
ostalim uzrasnim grupama nisu statisti¢ki znacajne.

Dobijeni rezultati ne odstupaju od rezultata dosa-
dasnjih istrazivanja koja takode pokazuju znacajnu za-
stupljenost posturalnih poremecéaja kod ucenika nizih
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Table 4. LORDOSIS - comparison of differences with respect

to the chronological age of students (LSD Post Hoc test)

hronolosku dob ucenika (LSD Post Hoc test)

Tabela 4. LORDOZA - uporedivanje razlika s obzirom na

e » » Mean 95% Confidence Interval
Variable (1) Male / Muski (J) Male / Muski lelﬂ)’erence Std. Error p Lower Bound Upper Bound
LORDOSIS Students 7 years/  8years /godina  -.02851 11241 .800 -.2507 .1937
Ucenici 7 godina 9years/godina  .16112 .11208 .153 -.0605 .3827
10 years /godina .08924 .12857 .489 -.1649 .3434
11 years /godina .12030 .18337 .513 -.2422 .4828
Students 8 years/ 7 years /godina .02851 11241 .800 -.1937 .2507
Ucenici 8 godina 9years/godina  .18963" .08422 .026 .0231 .3561
10 years / godina .11775 .10517 .265 -.0902 .3257
11 years /godina .14881 .16779 377 -.1829 4805
Students 9 years/ 7 years /godina  -.16112 .11208 .153 -.3827 .0605
Ucenici 9 godina 8 years /godina  -.18963" .08422 .026 -.3561 -.0231
10 years /godina -.07187 .10483 494 -.2791 .1354
11 years /godina  -.04082 .16758 .808 -.3721 .2905
Students 10 years/ 7 years / godina -.08924 .12857 .489 -.3434 .1649
UCenici 10 godina 8 years /godina  -.11775 .10517 .265 -.3257 .0902
9 years / godina .07187 .10483 494 -.1354 .2791
11 years /godina .03106 .17902 .863 -.3229 .3850
Students 11 years/ 7 years /godina  -.12030 .18337 .513 -.4828 2422
Ucenici 11 godina  8years /godina  -.14881 16779 .377 -.4805 .1829
9 years / godina .04082 .16758 .808 -.2905 3721
10 years /godina -.03106 .17902 .863 -.3850 .3229

* Statistical significance at the p =0.05 level

Table 5. SCOLIOSIS - comparison of differences with respect
to the chronological age of students (LSD Post Hoc test)

*Statisticka znacajnost na nivou p =0.05

hronolosku dob ucenika (LSD Post Hoc test)

Tabela 5. SKOLIOZA - uporedivanje razlika s obzirom na

e T Mean 95% Confidence Interval
Variable ()b E)arita ij;erence std. Error p Lower Bound Upper Bound
SKOLIOSIS Students 7 years/ 8 years /godina  -.06250 .10268 .544 -.2655 .1405
UCenici 7 godina 9years /godina  -.32653" .10238 .002 -.5289 -.1241
10 years /godina  -.34783" 11744 .004 -.5800 -.1157
11 years /godina -.28571 .16749 .090 -.6168 .0454
Students 8 years/ 7 years / godina .06250 .10268 .544 -.1405 .2655
Ucenici 7 godina 9years/godina  -.26403" .07693 .001 -4161 -.1119
10 years / godina  -.28533" .09607 .004 -.4752 -.0954
11 years /godina  -.22321 .15326 .148 -.5262 .0798
Students 9 years/ 7 years / godina .32653" .10238 .002 1241 .5289
UCenici 7 godina 8 years /godina  .26403" .07693 .001 1119 4161
10 years /godina  -.02130 .09575 .824 -.2106 .1680
11 years /godina .04082 .15307 .790 -.2618 .3434
Students 10 years / 7 years / godina .34783" 11744 .004 .1157 .5800
UCenici 7 godina 8years /godina  .28533" .09607 .004 .0954 4752
9 years / godina .02130 .09575 .824 -.1680 .2106
11 years /godina  .06211 .16352 .705 -.2612 .3854
Students 11 years/ 7 years /godina .28571 .16749 .090 -.0454 .6168
Ucenici 7 godina 8years/godina  .22321 .15326 .148 -.0798 .5262
9 years / godina -.04082 .15307 .790 -.3434 .2618
10years /godina -.06211 .16352 .705 -.3854 2612

* Statistical significance at the p =0.05 level

*Statisticka znacajnost na nivou p =0.05
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students (Sukova, 1986; Zivkovi¢, 1987; Mihajlovi¢ et al.,
2003; Bjekovi¢ et al., 2006; Kosinac et al., 2007; Pausi¢
et al., 2008, Hodzi¢ et al., 2010; Proti¢-Gava et al., 2010;
Zivkovié et al., 2011; Bajri¢ et al., 2012, Bajri¢, S. 2021;
Bozoljac et al., 2023).

Many previous studies (Kosinac et al., 2007;
Bogdanovi¢ et al., 2008; Hodzi¢ et al., 2010; Proti¢-Gava
etal., 2010; Zivkovié et al., 2011; Bajri¢ et al., 2012, Bajri¢,
S. 2021; Bozoljac et al., 2023) indicate that the most com-
mon causes of disorders are of the spine, long-term static
sitting positions at home when writing homework, studying,
a large number of classes at school, short breaks between
classes, unsuitable school furniture, the way the school bag
is carried and the weight. The manner of carrying and the
weight of the school bag disrupts the static dynamics of the
entire locomotor apparatus and leads to insufficiency of pos-
tural muscles, which promotes the occurrence of improper
posture and the occurrence of pain in the neck, shoulder and
back area.

This conclusion is supported by research (Pausi¢ et al.,
2008) which determined that the average weight of a school
bag in relation to the weight of a student is 12.5% to 13.8%
in some Dalmatian primary schools.

For years, many authors have emphasized the impor-
tance of proper posture, postural attitude, as an important
element in the prevention of spinal deformities. The char-
acteristic of postural disorders, or poor posture, is that they
arise as a result of uneven growth of the skeletal system and
the muscular system. Muscles develop more slowly, becom-
ing shorter in relation to the bone. Due to this disproportion,
the spinal column becomes curved (Kosinac et al., 2011;
Niksi¢ et al., 2015).

The question arises whether the education system and
the 2 hours of physical and health education, which are cur-
rently provided in primary and secondary schools in Bosnia
and Herzegovina, can respond to all the problems caused by
physical inactivity and a sedentary lifestyle. We confidently
assert that it cannot and that in the prevention of locomotor
apparatus deformities in children, the Ministry of Educa-
tion and schools should take a leading role through chang-
ing curricula, increasing the number of hours of physical
education and health education, education and changing the
menus of children who eat in schools and kindergartens.

The normal and healthy growth and development of
children of preschool and primary school age is of crucial
importance for the overall development and health of a per-
son during his lifetime (Loli¢ et al., 2012). Children should
be allowed natural and free development with plenty of
physical activities and play, because the basis for the cor-
rect status of the locomotor apparatus should be created

razreda osnovnoskolskog uzrasta (Sukova, 1986; Zivko-
vi¢, 1987; Mihajlovi¢ i sar., 2003; Bjekovi¢ i sar., 2006;
Kosinac 1 sar., 2007; Pausi¢ 1 sar., 2008, Hodzi¢ 1 sar.,
2010; Proti¢-Gava i sar., 2010; Zivkovié i sar., 2011; Baj-
ri¢ i sar, 2012, Bajri¢, S. 2021; Bozoljac i sar., 2023).

Mnoga dosadasnja istrazivanja (Kosinac i sar.,
2007; Bogdanovi¢ i sar., 2008; Hodzi¢ i sar., 2010; Pro-
tiéc-Gava i sar.,, 2010; Zivkovi¢ i sar., 2011; Bajri¢ i sar,
2012, Bajri¢, S. 2021; Bozoljac i sar., 2023) ukazuju da
dugotrajni staticki polozaji sjedenja kod kuce prilikom
pisanja domacih zadaca, ucenje, veliki broj nastavnih ca-
sova u Skoli, kratki odmori izmedu Casova, neprilagoden
Skolski namjestaj, nacin noSenja i tezina Skolske torbe.
Nacin noSenja i tezina Skolske torbe narusavaju stato-di-
namiku cjelokupnog lokomotornog aparata te dolazi do
nastanka insuficijencije posturalnih misi¢a $to pospjesu-
je nastanak nepravilnog drzanja tijela te nastanak pojave
boli u podrucju vrata, ramena i leda.

U prilog ovoj konstataciji idu i istrazivanja (Pausi¢ i
sar., 2008) koji su utvrdili svojim istrazivanjem da je pro-
sjecna tezina Skolske torbe u odnosu na tezinu ucenika
od 12,5% do 13,8% u nekim Dalamatinskim osnovnim
Skolama.

Godinama su mnogi autori isticali znacaj pravil-
nog drzanja tijela, posturalni stav, kao bitan elemenat u
prevenciji deformacija kicmenog stuba. Karakteristika
posturalnih poremecaja, odnosno loseg drzanja jeste da
nastaju kao posljedica nejednakog rasta koStanog sistema
i miSi¢nog sistema. MiSici se sporije razvijaju, postaju
krac¢i u odnosu na kost. Usljed ove disproporcije dolazi
do krivljenja kicmenog stuba (Kosinac i sar., 2011; Nik-
§i¢ i sar., 2015.).

Postavlja se pitanje da li obrazovni sistem i 2 sata
tjelesnog 1 zdravstvenog odgoja, koliko ga je trenutno
u osnovnim i srednjim Skolama u Bosni i Hercegovini,
mogu da odgovore na sve probleme koje nosi tjelesna
neaktivnost i sedentarni nacin Zivota. Sa sigurnosc¢u tvr-
dimo da ne moze i da u prevenciji deformiteta lokomo-
tornog aparata kod djece vodecu ulogu treba da zauzmu
Ministarstvo obrazovanja i skole kroz izmjenu nastavnih
planova i programa, povecanje broja ¢asova nastave tje-
lesnog i zdravstvenog odgoja, edukaciju i izmjenu jelov-
nika kod djece koja se hrane u skolama i vrti¢ima.

Normalan i zdrav rast i razvoj djece predskolske i
osnovnoskolske dobi od presudnog je znacaja za cjelo-
kupni razvoj i zdravlje ¢ovjeka tokom zivotnog vijeka
(Loli¢ i sar., 2012.). Djeci treba omoguciti prirodan i slo-
bodan razvoj sa dosta tjelesnih aktivnosti i igre, jer osno-
vu za pravilan status lokomotornog aparata treba stvarati
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from the earliest age. Also, the need for continuous coop-
eration between teachers, parents and medical staff should
be emphasized, which should contribute to more effective
intervention. to reduce the prevalence of postural disorders,
the timely identification of disorders in the earliest stages of
their occurrence, as well as the development of a program
of corrective exercises and methodical procedures, is of par-
ticular importance (Lovri¢, 2015).

Activities and content related to the prevention of
postural disorders in school-age children can be organized
indoors and outdoors. The entire program should consist
of exercises for the prevention of postural disorders in the
spinal column (prevention of kyphotic, lordotic, scoliotic
posture). The program should include: exercises for estab-
lishing the balance of the pelvic-thigh muscles, exercises
for stretching the spinal column and strengthening the trunk
muscles, breathing exercises, balance exercises in the cor-
rection of postural disorders, as well as elementary games.

CONCLUSION

The main goal of the research was to determine the fre-
quency and structure of postural disorders of the spinal col-
umn, as well as any differences and significance of differences
in relation to the chronological age of the subjects, in a sample
of 146 subjects - students of lower grades of primary school,
chronologically aged 7 to 11 years. The degree of postural
disorders of the spinal column was determined by Contin-
gency Tables - by calculating frequencies (F) and percentages
(%). Analyzing the obtained results of postural disorders of
the spinal column of students from 7 to 11 years old (grades
I-V of primary school), it is observed that the highest percent-
age is represented by kyphosis (21.2%), followed by scoliosis
(19.9%) and lordosis (19.2%). In general, it can be stated that
the percentage of postural disorders of the spinal column in
the studied sample of subjects - students from grades [ to V of
primary school is present in a significant number. Changes in
the spinal column are mostly in the first degree of deforma-
tion, which allows for successful correction of the condition
with the application of adequate corrective programs (exer-
cises) in working with the student population of this age.

The statistical significance of the presence of postural
disorders of the spinal column in the studied sample of re-
spondents was determined using Univariate Analysis of
Variance (ANOVA). The results of the Univariate Analysis
of Variance (ANOVA) show that there is a statistical signifi-
cance of the presence of kyphosis disorders (p < .007) and
scoliosis (p <.001) in the studied sample of students. The sta-
tistical significance of the presence of lordosis in the studied
sample of students was not determined (p = .255).

The results of the LSD Post Hock comparison test show

od najranijeg uzrasta. Takode, treba istaci potrebu nepre-
kidne saradnje ucitelja, roditelja i medicinskog osoblja
koja treba da doprinese efikasnijem uticaju na smanjenje
zastupljenosti posturalnih poremecaja, jer od posebne je
vaznosti pravovremena identifikacija poremecaja u naj-
ranijoj fazi nastanka kao i izrada programa korektivnih
vjezbi i metodskih postupaka (Lovri¢, 2015.).

Aktivnosti i1 sadrzaji koji se odnose na prevenciju
posturalnih poremecaja, u Skolskom uzrastu mogu se
organizovati u zatvorenom i otvorenom prostoru. Cjelo-
kupan program treba da bude saCinjen od vjezbi za pre-
venciju posturalnih poremecaja na ki¢menom stubu (pre-
vencija kifoti¢nog, lordotickog, skoliotiénog drzanja).
Program treba da se odnosi na: vjezbe za uspostavljanje
balansa karli¢no-butne muskulature, vjezbe za istezanje
ki¢menog stuba i jacanje muskulature trupa, vjezbe disa-
nja, vjezbe ravnoteze u korekciji posturalnih poremecaja
kao i na elemetarne igre.

ZAKLIUCAK

Osnovni cilj istrazivanja bio je da se na uzorku od
146 ispitanika — ucenika nizih razreda osnovne skole hro-
noloske dobi od 7 do 11 godina utvrdi frekvencija i struk-
tura posturalnih poremecaja kicmenog stuba, te eventu-
alne razlike i znacajnost razlika u odnosu na hronolosku
dob ispitanika. Stepen posturalnih poremecaja kicmenog
stuba utvrden je Kontigencijskim tablicama — izraCunom
frekvencija (F) i postotka (%). Analiziraju¢i dobivene re-
zultate posturalnih poremecaja kicmenog stuba ucenika
od 7 do 11 godina (I - V razred osnovne skole) uocava
se da je u najve¢em procentu zastupljena kifoza (21,2%),
zatim skolioza (19,9%) i lordoza (19,2%). Generalno,
moze se konstatovati da je procenat zastupljenosti postu-
ralnih poremecaja ki¢menog stuba kod ispitivanog uzor-
ka ispitanika — ucenika od I do V razreda osnovne Skole
prisutan u zna¢ajnom broju. Promjene na ki¢menom stu-
bu su uglavnom u prvom stepenu deformacije, Sto omo-
gucava uspjesnu korekciju stanja uz primjenu adekvatni
korektivnih programa (vjezbi) u radu sa ucenickom po-
pulacijom ovog uzrasta.

Statisticka znacajnost prisutnosti posturalnih pore-
mecaja kicmenog stuba kod ispitivanog uzorka ispitanika
utvrdivana je primjenom Univarijantne analize varijan-
se (ANOVA). Rezultati univarijantne analize Varijanse
(ANOVA) pokazuju da postoji statisticka znacajnost za-
stupljenosti poremecaja kifoze (p< .007) i skolioze (p<
.001) kod ispitivanog uzorka ucenika. Statisticka znacaj-
nost prisutnosti lordoze kod ispitivanog uzorka ucenika
nije utvrdena (p=.255).

Rezultati LSD Post Hock testa uporedivanja poka-
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that there is a statistically significant difference in the pres-
ence of kyphosis and scoliosis between different age groups
of students.

The results of the research impose as a primary task of
teachers in school and the obligation of parents to constantly
instruct children in proper body posture when sitting, stand-
ing, walking and doing physical activities. Therefore, in order
to preserve and improve the health of students in school, it is
necessary to ensure continuous monitoring of students’ pos-
tural status with the aim of timely identification of disorders
and, in this regard, undertaking the necessary activities for
preventive and corrective work, as well as systematic imple-

zuju da postoji statisticki znacajna razlika prisutnosti ki-
foze i skolioze izmedu razli¢itih uzrasnih grupa uc¢enika.

Rezultati istrazivanja namecu kao primaran zadatak
ucitelja u Skoli 1 obavezu roditelja da djecu neprekidno
upucuju u pravilno drzanje tijela pri sjedenju, stajanju,
hodanju i tjelesnim aktivnostima. Zbog toga je za ocu-
vanje i1 unapredenje zdravlja uc¢enika u skoli potrebno je
obezbijediti kontinuirano pracenje posturalnog statusa
ucenika s ciljem pravovremene identifikacije poremecaja
i stim u vezi preduzimanje potrebnih aktivnosti na pre-
ventivnom i korektivnom radu, kao i sistematsko provo-
denje tjelesnog vjezbanja i sistematskih pregleda.

mentation of physical exercise and systematic examinations.
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Abstract: A sprint is a dynamic and explosive cyclic
movement determined by an ability to accelerate, a size
of maximum speed and an ability to maintain the speed in
relation to an onset of fatigue, so many factors can affect
a sprint result, whether they are of an internal nature -
motivation, technique, readiness and fatigue, or external -
wind direction and strength, altitude, temperature, texture
and hardness of substrate. The goal of the research was to
determine the connection between altitude and wind speed
with the achieved results in the 100m running for men,
which are categorized as world records (manually and
electronically measured results) and to predict the results
depending on altitude and wind speed, and to determine
the best achieved times in years in which no world records
were recorded and their connection with altitude and wind
speed, and to determine the periods of stagnation of the
results, in order to determine, after specifying those pe-
riods, whether the altitude of the cities where the records
were achieved and the wind speed were possible causes
of the stagnation measured during the achievement of the
results, which would all help to create more optimal condi-
tions for achieving a better result and setting a new record
in the 100m running discipline. After all the analyses, that
is, by observing the results of recognized world records
measured manually and electronically, it can be concluded
that the wind speed had a connection and prediction in the
achievement of the world record in the period from 1912
to 1968 when the results were measured manually (if the
wind increased by 1 ms™ the result improved by 0.08 sec),
while the altitude value had a connection and prediction
in the achievement of world records in the period from
1968 to 2009 when the results were recorded by electronic
measurement (if the altitude increased by 1m the result im-
proved by 0.00008 sec).

Keywords: altitude, sprint, wind speed, world record

gorana.tesanovic@unibl.ffvs.org

SazZetak: Sprint je dinamicno i eksplozivno ciklicno
kretanje odredeno sposobnoscu akceleracije, velicinom
maksimalne brzine i sposobnosti da se odrzi brzina u
odnosu na pocetak zamora, pa mnogi faktor mogu uticati
na rezultat u sprintu bilo da su unutrasnjeg karaktera
— motivacija, tehnika, spremnost i umor, ili spoljasnjeg
— smjer i jacina vjetra, nadmorska visina, temperatura,
tekstura i tvrdoca podloge. Cilj istraZivanja bio je ut-
vrditi povezanost nadmorske visine i brzine vjetra sa
ostvarenim rezultatima u tréanju na 100m za muskarce
koji su kategorisani kao svjetski rekordi (rucno i elek-
tronski mjereni rezultati) i izvrsiti predikciju rezultata
u zavisnosti od nadmorske visine i brzine vjetra, te ut-
vrditi najbolje ostvarena vremena u godinama u kojima
nisu zabiljezeni svjetski rekordi i njihovu povezanost sa
nadmorskom visinom i brzinom vjetra, i utvrditi periode
stagnacije rezultata, kako bi se nakon odredivanja tih
perioda utvrdilo da li su moguci uzroci stagnacije nad-
morska visina gradova u kojima su rekordi postignuti i
brzina vjetra izmjerena prilikom ostvarivanja rezultata,
Sto bi sve pomoglo kreiranju optimalnijih uslova za os-
tvarivanje boljeg rezultata i postavljanje novog rekorda
u disciplini tré¢anje na 100m. Nakon svih analiza, odnos-
no posmatranjem rezultata priznatih svjetskih rekorda
mjerenih rucno i elektronski, moze se zakljuciti da je brzi-
na vjetra imala povezanost i predikciju kod ostvarivanja
svjetskog rekorda u periodu od 1912. do 1968. godine
kada su rezultati mjereni rucno (ako se vjetar poveca za 1
ms! rezultat ée se poboljsati za 0.08 s), dok je vrijednost
nadmorske visine imala povezanost i predikciju u ost-
varivanju svjetskih rekorda u period od 1968. do 2009.
godine kada su rezultati biljezeni elektronskim mjeren-
jem (ukoliko se nadmorska visina poveca Im rezultat ée
se poboljsati za 0.00008 s).

Kljucne reci: sprint, svjetski rekord, nadmorska vi-
sina, brzina vjetra
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INTRODUCTION

Athletics is the main part of the program at the
Olympic Games (Jotov, Perisic, Milosavljevic and Mi-
letic, 2022), but also an important part of physical edu-
cation programs at all levels of education (Stefanovic,
1992a). At the first Olympic Games, held in 776 BC, the
only sprint discipline on the program was a race over one
stage with a length of 192.27m (Ciric, 1996). Time mea-
surement in athletics was made possible by the inven-
tion of George Graham, who in 1721 added a third hand
to clocks which marked seconds, so at the beginning of
the 19™ century, time measurement began and a certain
Berkeley’s victory in 1803 on the 440-yard track was re-
corded in a time of 56.0 seconds (Stefanovic, 1992a). A
parallel development of sports and technology enables a
new asset of modern society, such as measuring time in
different sports, as well as recording human capabilities
that elite athletes strive for the most (a result that fasci-
nates both competitors and the audience and represents
a limit - a world record). In order for a performance to
be recognized as a record, it must comply with specific
regulations regarding a conduct of a discipline, a meth-
od of measuring results, dimensions and properties of a
track, equipment used by an athlete and doping controls
(IAAF, 2015). Measuring results and “breaking through”
the limits of human capabilities are of great importance
for the development of athletics (Perisic, Milosavljevic,
Jotov and Rajkovic, 2022).

The 100m sprint is often an indicator of movement
speed, and the world record holder is marked as the fast-
est man in the world (Stefanovic, 1992b). In 1968, Jim
Haynes became the first man to run under ten seconds:
his time of 9.9 was the last world record to be timed man-
ually, and his 9.95, achieved during the Mexico Games,
was the first world record timed electronically.! French
biomechanics and sports researchers who studied human
psychophysical abilities, believe that athletes in most
athletic disciplines have “used up” as much as 99% of
human potential, and in some as much as 99.7% (Perisic,
2011). In the period of 110 years (1912-2022), 67 world
records were achieved, and Donald Lippincott’s record
from 1912 (10.6s) was improved by “only” one second
and now stands at 9.58s (Usain Bolt). Improvement of
results in the period 1968-2009 was 0.37 s which is an
increase of 3.72%, and in the same period the world re-
cord for 200 m was revised six times from 19.83 s to
19.19 s which is 3.33 % (Krzysztof and Mero, 2013). In
the sprint race for men, at the World Championships in
Berlin in 2009, Usain Bolt, breaking two world records,

100 meter race — Wikipedia (wikipedia.org)

Uvop

Atletika je glavni dio programa na Olimpijskim
igrama (Jotov, PeriSi¢, Milosavljevi¢ i Mileti¢ 2022),
ali i vazan dio programa fizickog vaspitanja na svim
nivoima obrazovanja (Stefanovi¢,1992a). Na prvim
Olimpijskim igrama, odrzanim 776. godine prije nove
ere, jedina sprinterska disciplina na programu bila je
trka na jedan stadijum duzine 192.27m (Ciri¢, 1996).
Mjerenje vremena u atletici omogucio je pronalazak
Dzordz Grejema koji je 1721. godine dodao trecu iglu
na satove koja je oznacavala sekunde, pa se pocetkom
19. vijeka pocinje sa mjerenjem vremena gde se biljezi
pobjeda izvjesnog Berklija 1803. godine na stazi od 440
jardi vremenom od 56.0 sekundi (Stefanovic¢, 1992a).
Paralelni razvoj sporta i tehnologije omogucéava jednu
novu tekovinu savremenog drustva kao $to je mjerenje
vremena u razli¢itim sportovima, kao i biljezenje ljud-
skih moguénosti kojoj najvise teze elitni sportisti (re-
zultat koji fascinira i takmicare i publiku i predstavlja
granicu - svjetski rekord). Da bi nastup bio priznat kao
rekord, mora biti u skladu sa specifi¢nim propisima koji
se ticu odvijanja discipline, metode mjerenja rezultata,
dimenzija i svojstava staze, opreme koju sportista kori-
sti 1 doping kontrole (IAAF, 2015). Mjerenje rezultata
i,,probijanje* granica ljudskih moguénosti imaju veliki
znacaj za razvoj atletike (Perisi¢, Milosavljevié, Jotov i
Rajkovi¢ 2022).

Sprint na 100 m cCesto je pokazatelj za brzine kre-
tanja, a svjetski rekorder je oznacavan kao najbrzi ¢o-
vek na svijetu (Stefanovi¢, 1992b). Godine 1968. Dzim
Hejns je postao prvi ¢ovjek koji je tr€ao ispod deset se-
kundi: njegovo vrijeme od 9.9s je posljednji svjetski re-
kord koji je ostvaren pomoc¢u ru¢nog mjerenja vremena,
a njegov rezultat od 9.95s, postignut tokom Meksickih
igara, predstavlja prvi svjetski rekord mjeren elektron-
skim putem. Francuski biomehanicari i istrzivaci spor-
ta koji su proucavali ljudske psihofizicke sposobnosti,
smatraju da su atleticari u vecini atletskih disciplina
Hutrosili” ¢ak 99% ljudskih moguénosti, a u nekima i
99.7% (Perisi¢, 2011). U periodu od 110 godina (1912-
2022) postignuto 67 svjetskih rekorda, a rekord Donal-
da Lipinkota iz 1912. (10.6s) poboljsan je za ,,samo*
jednu sekundu i sada iznosi 9.58s (Jusein Bolt). Pobolj-
Sanje rezultata u periodu 1968-2009. godine iznosi 0.37
s §to je povecanje od 3.72%, u istom razdoblju svjetski
rekord na 200 m revidiran je Sest puta sa 19.83 s na
19.19 s §to iznosi 3.33 % (Krzysztof i Mero, 2013). U
sprinterskom tré¢anju za muskarce, na Svjetskom prven-
stvu u Berlinu 2009. godine, Jusein Bolt je, oborivsi dva
svjetska rekorda, na 100 i 200m pomjerio ,,granicu sno-
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moved the “dream border” at 100m and 200m, which
has not been broken to this day. Based on the analysis of
thousands of sprint races between 1920 and 2007, biolo-
gist Mark Denn, from Stanford University in California,
determined that the result of 9.48s is the ultimate limit
in men’s 100m sprint (Perisic, 2011). After the race in
Beijing, Glenn Mills, Bolt’s coach, stated that Bolt could
have achieved a time of 9.52s if he had not started to
rejoice before crossing the finish line and thus slowed
down the speed of movement he achieved by the 60™ me-
ter of the race, and Bolt stated to the Belgian media that
his goal was to lower the world record for 100m from
the current 9.58 to 9.40 seconds and he believed that this
was the ultimate limit, which could no longer be broken
(Perisic, 2011).

A sprint is a dynamic and explosive cyclic move-
ment determined by an ability to accelerate, a size of
maximum speed and an ability to maintain the speed in
relation to an onset of fatigue, so many factors can af-
fect a sprint result, whether they are of an internal nature
- motivation, technique, readiness and fatigue, or exter-
nal - wind direction and strength, altitude, temperature,
texture and hardness of substrate (Nigg and Yeadon,
1987; Stafilidis and Arampatzis, 2007). At constant air
pressure and temperature, air humidity shows little influ-
ence on the 100-meter race time, providing corrections
below 0.01 s for the considered range, which is negli-
gible, while corrections increase if the temperature var-
ies at constant air humidity, but relatively little - 0.023
s (Mureika, 2006). Wind is one of the many forms of
climatic conditions that can affect sports, and in athlet-
ics, wind aid is a benefit that an athlete receives during a
race, which is recorded by a wind gauge (Zanca, 2019).
Performance in the 100m sprint can be significantly aid-
ed by a strong tailwind, so the International Association
of Athletics Federations (World athletics) has a limit of
2ms™" for allowable tailwind when recognizing the 100m
record, and experimental and statistical works on wind
aid in sprinting suggest that a tailwind of +2.0 ms™' re-
duces the result in a 10 s 100 m sprint by about 0.10 s
(Mureika, 2001). At sea level, the corrections differ by
about 0.02s, but increase for stronger winds and higher
altitudes, while the difference between the maximum and
minimum considered corrections is greater than 0.5s,
implying that times running with “equal” winds can, in
fact, significantly differentiate (Mureika, 2003). A high
altitude competition venue is believed to improve sprint
performance by reducing air density, which reduces the
aerodynamic drag force acting on the athlete and thus
allows the athlete to achieve a higher top speed (Ward-

va‘“, koja do danas nije pomjerena. Na osnovu analize
hiljada sprinterskih trka izmedu 1920. i 2007. godine,
biolog Mark Den, sa Univerziteta Stenford u Kalifor-
niji, utvrdio je da je rezultat 9.48s, krajnja granica u
sprintu za muskarce na 100m (Perisi¢, 2011). Poslije
trke u Pekingu, Glen Mils, Boltov trener, je izjavio da
je Bolt mogao da ostvari vreme od 9.52s da nije poceo
da se raduje prije polaska kroz cilj i tako usporio brzinu
kretanja koju je ostvario do 60-tog metra trke, a Bolt je
izjavio za belgijske medije da mu je cilj da svetski re-
kord na 100m spusti sa sadasnjih 9.58 na 9.40 sekundi i
verovao je da je to krajnja granica, koja viSe ne¢e moci
da bude oborena (Perisi¢, 2011).

Sprint je dinamic¢no i eksplozivno cikli¢no kreta-
nje odredeno sposobnoscu akceleracije, veli¢inom mak-
simalne brzine i sposobnosti da se odrzi brzina u od-
nosu na pocetak zamora, pa mnogi faktor mogu uticati
na rezultat u sprintu bilo da su unutrasnjeg karaktera
— motivacija, tehnika, spremnost i umor, ili spoljasnjeg
— smyjer i jacina vjetra, nadmorska visina, temperatura,
tekstura i tvrdoc¢a podloge (Nigg i Yeadon, 1987; Stafi-
lidis 1 Arampatzis, 2007). Pri konstantnom vazdusnom
pritisku i temperaturi, vlaznost vazduha pokazuje mali
uticaj na vrijeme trke na 100 metara, dajuci korekcije is-
pod 0.01 s za razmatrani raspon §to je zanemarivo, dok
korekcije rastu ako temperatura varira pri konstantnoj
vlaznosti vazduha ali relativno malo — 0.023 s (Murei-
ka, 2006). Vjetar je jedan od mnogih oblika klimatskih
uslova koji mogu uticati na sport, a u atletici, pomo¢
vjetra je dobrobit koju sportista dobija tokom trke, Sto
biljezi mjera¢ vjetra (Zanca, 2019). Izvedba u sprintu
na 100 metara moze biti znacajno potpomognuta jakim
prate¢im vjetrom, tako da Medunarodna asocijacija
atletskih federacija (World athletics) ima ogranicenje
od 2 ms™! za dozvoljeni pomo¢ni vjetar pri priznavanju
rekorda na 100 metara a eksperimentalni i statistic¢ki ra-
dovi o pomoci vjetra u sprintu sugerisu da zadnji vjetar
od +2.0 ms™! smanjuje rezultat u sprintu od 10 s na 100
m za oko 0.10 s (Mureika, 2001). Na nivou mora, ko-
rekcije se razlikuju za oko 0.02s, ali se povecavaju za
jaci vjetar i ve¢e nadmorske visine, dok je razlika izme-
du maksimalne i minimalne razmatrane korekcije veca
od 0.5 s §to implicira da se vremena koja se odvijaju sa
»jednakim* vjetrom mogu, u stvari, znacajno razlikovati
(Mureika, 2003). Vjeruje se da mjesto za takmicenje na
velikim nadmorskim visinama poboljsava performanse
sprinta kroz smanjenje gustine zraka, Sto smanjuje ae-
rodinamicku silu otpora koja deluje na sportistu i time
omogucava sportisti da postigne ve¢u maksimalnu brzi-
nu (Ward-Smith, 1984). World athletics smatra ,,tr¢anje
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Smith, 1984). World athletics considers “minimum alti-
tude-assisted running” to be 1000 m above sea level and
there is no limit to the altitude of the competition venue,
although there is empirical evidence that sprint perfor-
mance is significantly aided by higher altitude (Hollings,
Hopkins & Hume, 2012; Matthews, 2015). Advantages
that competitors achieve at high altitudes are diverse,
which was confirmed by research conducted in Mexico
City that showed that reduced wind resistance and the
resistance of competitors’ bodies in thin air enabled ath-
letes to move more efficiently (Zanca, 2019). A wind of
+1.8 ms™! in Mexico City (2250 m) would give an advan-
tage of about 0.29 s (Mureika, 2003). Ward-Smith (1984)
found that men’s 100m sprint performances at the 1968
Mexico City Olympics improved by 0.17s compared to
performances at other Olympic Games, and Behncke
(1997) calculated that performance improved by 0.17s.
for men and 0.18s for women, but the accuracy of the
results is questionable because the research did not cor-
rect race times for wind effects, used a mix of manual and
electronic times, and Behncke did not take into account
historical performance trends (Linthorne, 2016).

The goal of the research was to determine the
connection between altitude and wind speed with the
achieved results in the 100m running for men, which are
categorized as world records (manually and electroni-
cally measured results) and to predict the results depend-
ing on altitude and wind speed, and to determine the best
achieved times in years in which no world records were
recorded and their connection with altitude and wind
speed, and to determine the periods of stagnation of the
results, in order to determine, after specifying those pe-
riods, whether the altitude of the cities where the records
were achieved and the wind speed were possible causes
of the stagnation measured during the achievement of
the results, which would all help to create more optimal
conditions for achieving a better result and setting a new
record in the 100m running discipline.

MATERIALS AND METHODS

In the research, methods of theoretical analysis were
used, which was aimed at explaining the results achieved
within the framework of achieving world record results
in the men’s 100m and the best running results in periods
of stagnation in the achievement of world records on the
same leg. Then, a descriptive method was used, which
aimed to collect results from databases (https://worlda-
thletics.org/records/all-time-toplists/sprints/100-metres/
outdoor/men/senior) and to describe and explain con-
nections between obtained results, as well as their rela-

uz pomo¢ minimalne visine* na nadmorskoj visini od
1000 m i ne postoji ogranicenje za nadmorsku visinu
mjesta takmicenja, iako postoje empirijski dokazi da
su sprinterske performanse znacajno potpomognute ve-
¢om nadmorskom visinom (Hollings, Hopkins i Hume,
2012; Matthews, 2015). Prednosti koje takmicari ostva-
ruju na velikim nadmorskim visinama raznoliki su, $to
je potvrdeno istrazivanjem provedenim u Mexico Ci-
tyju koje je pokazalo da su smanjeni otpor vjetra i otpor
tijela takmicara u razredenom vazduhu omogucili efi-
kasnije kretanje sportista (Zanca, 2019). Vjetar od +1.8
ms ™' u Meksiko Sitiju (2250 m) bi dao prednost od oko
0.29 s (Mureika, 2003). Ward-Smith (1984) je otkrio da
su muski sprinterski nastupi na 100 metara na Olimpij-
skim igrama u Meksiko Sitiju 1968. poboljsani za 0.17s
u odnosu na nastupe na drugim Olimpijskim igrama, a
Behncke (1997) je izracunao da su performanse pobolj-
Sane za 0.17s za muskarce i 0.18s za Zene, ali je tacnost
rezultata upitna jer istrazivanja nisu korigovale vrijeme
trke zbog uticaja vjetra, koristile su mjesavinu ruc¢nih i
elektronskih vremena, a Behncke nije uzeo u obzir isto-
rijski trend u performansama (Linthorne, 2016).

Cilj istrazivanja bio je utvrditi povezanost nad-
morske visine i brzine vjetra sa ostvarenim rezultatima
u tréanju na 100m za muskarce koji su kategorisani kao
svjetski rekordi (rucno i elektronski mjereni rezultati)
1 izvrsiti predikciju rezultata u zavisnosti od nadmor-
ske visine i brzine vjetra, te utvrditi najbolje ostvarena
vremena u godinama u kojima nisu zabiljezeni svjetski
rekordi 1 njihovu povezanost sa nadmorskom visinom
i brzinom vjetra, 1 utvrditi periode stagnacije rezultata,
kako bi se nakon odredivanja tih perioda utvrdilo da li
su moguci uzroci stagnacije nadmorska visina gradova
u kojima su rekordi postignuti i brzina vjetra izmjere-
na prilikom ostvarivanja rezultata, §to bi sve pomoglo
kreiranju optimalnijih uslova za ostvarivanje boljeg re-
zultata i postavljanje novog rekorda u disciplini tr€anje
nal00m.

METODOLOGIJA

U istrazivanju su koriStene metode teorijske analize
koja je bila usmerena na objasnjavanje rezultata posti-
gnutih u okviru ostvarivanja rezultata svjetskih rekorda
na 100m muskarci i najboljih istréanih rezultata u peri-
odima stagnacije ostvarivanja svjetskih rekorda na istoj
dionici. Zatim, je koriStena deskriptivna metoda, koja
je imala je za cilj prikupljanje rezulata iz baza podata-
ka  (https://worldathletics.org/records/all-time-toplists/
sprints/100-metres/outdoor/men/senior) i da opise i obja-
sni veze izmedu dobijenih rezultata, kao i njihove odno-
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tionships. In this research, the results of the 100m world
records measured by hand (43 results), the results of the
100m world records measured by electronic measure-
ment (15 results) and the best results obtained during the
stagnation period of achieving world records (the period
from 1969 to 1982 - 15 results; the period from 1984 to
1987 - 4 results; the period from 2000 to 2004 - 5 results
and the period from 2010 to 2023 - 14 results) were ana-
lyzed. The criterion variables in this research were the
values of altitude (NV) and wind speed (VV) in the 100m
races, while the predictor variable in this research was
the results achieved in the 100m races. Statistical data
processing was performed with the statistical program
SPSS (version 20.0), and descriptive statistics, correla-
tion analysis (linear relationship between two variables)
and regression analysis (prediction of a variable (predic-
tor) variable based on several independent (criterion)
variables were performed.

RESuULTS

Table 1. Descriptive statistics of manual measurement of
world records at 100m

se. U ovom istrazivanju su analizirani rezultati svjetskih
rekorda na 100m mjerenih rucno (43 rezultata), rezultati
svjetskih rekorda na 100m mjerenih elektronskim mere-
njem (15 rezultata) i najbolji rezultati istrCani u period
stagnacije postizanja svjetskih rekorda (period od 1969.
do 1982. - 15 rezultata; period od 1984. do 1987. - 4 re-
zultata; period od 2000. do 2004. - 5 rezultata i period
od 2010. do 2023. - 14 rezultata). Kriterijske varijable
u ovom istrazivanju su bile vrednosti nadmorske visine
(NV) i brzine vjetra (VV) na istréanim trkama na 100m,
dok je prediktorska varijabla u ovom istrazivanju bila
ostvareni rezultati u trkama na 100m. Statisticka obrada
podataka izvrSena je statistickim programom SPSS (ver-
zija 20.0), a provedene su deskriptivna statistika, korela-
ciona analiza (linearna veza izmedu dvije promenljive)
i regresiona analiza (predvidanje promenljive varijable
(prediktorske) na osnovu vise nezavisnih (kriterijskih)
promenljivih).

REZULTATI I DISKUSIJA

Tabela 1. Deskriptivna statistika rucno merenje svjetski
rekordi na 100m

N M S.d
ALTITUDE / NV 43 257.81 51.45
WIND / VWV 43 0.61 0.58
RES / REZ 43 10.16 0.17

Observing the average results of the achieved world
records measured manually (table 1), it can be seen that
the average world record was 10.16s, that the results
were achieved at an average altitude of 257.81 m, and
that the average wind speed was 0.61 ms'.
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Graph 1. Values of altitude, wind speed and world record
at 100m in the period from 1912 to 1968 and their mutual
relationship

Posmatraju¢i prosecne rezultate ostvarenih svjet-
skih rekorda ru¢no mjerenih (tabela 1) uocava se da je
prosjecan svjetski rekord iznosio 10.16s, da su rezultati
postignuti na prosje¢noj nadmorskoj visini od 257.81 m,
te da je prosje¢na brzina vjetra bila 0.61 ms™.
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Grafikon 1. Vrednosti nadmorske visine, brzine vjetra i
svjetskog rekorda na 100m u periodu od 1912. do 1968.
godine i njihov medusobni odnos
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By analyzing the correlation, i.e. the connection be-
tween the achieved results of the world records for the
altitude where the values of the wind speed were run, the
results shown in Graph 1 show that there is a statistically
significant connection between the achieved results of
the world records at 100m and the wind speed (r=-0.39.
p=0.00%*). It can be noticed that the negative sign cor-
relation is shown, which means that if the wind speed is
higher, the result is better and vice versa. The values of
the results of the world records at 100m measured manu-
ally did not show a statistically significant relationship
with the altitude. Graph 1 also shows the results of the
prediction of world records at 100m based on altitude
and wind speed. It is possible to predict the results based
on the wind speed (p=0.00*), as shown by the correlation
analysis. This means that the wind speed value is directly
related to the 100m result values and is a significant fac-
tor that must be considered.

Table 2. Descriptive statistics of electronical measurement of
world records at 100m

Analizom korelacije, odnosno povezanosti ostva-
renih rezultata svjetskih rekorda nadmorske visine gdje
su istr¢ani i vrednosti brzine vjetra rezultati prikazani u
grafiku 1. govore da postoji statisticki znacajna poveza-
nost ostvarenih rezultat svjetskih rekorda na 100m sa br-
zinom vijetra (r=-0.39. p=0.00*). MozZe se primjetiti da je
pokazana korelacija negativnog predznaka $to znaci da
ukoliko je brzina vjetra vec¢a rezultat je bolji i obrnuto.
Vrijednosti rezultata svjetskih rekorda na 100m mjere-
nih ru¢no nisu pokazali statisticki znacajnu povezanost
sa nadmorskom visinom. Na grafiku 1. su, takode, pri-
kazani rezultati predikcije odnosno predvidanja rezultata
svjetskih rekorda na 100m na osnovu nadmorske visine
i brzine vjetra. Predvidanje rezultata moguce je ostvariti
na osnovu brzine vjetra (p=0.00%) Sto je i pokazala kore-
laciona analiza. Ovo govori da je vrijednost brzina vjetra
direktno povezana sa vrijednostima rezultata na 100m i
znacajan faktor koji se mora uzeti u obzir.

Tabela 2. Deskriptivna statistika elektronsko merenje svjetski
rekordi na 100m

N M S.d
ALTITUDE / NV 15 407.60 68.92
WIND / VWV 15 1.08 0.59
RES / REZ 15 9.80 0.10

Observing the average results of achieved world re-
cords measured by electronic measurement in the period
from 1968 to 2009 (table 2), it can be seen that in that pe-
riod the average world record was 9.80s, that the results
were achieved at an average altitude of 407.60 m, and
that the average wind speed was 1.08 ms-'.
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Graph 2. Values of altitude, wind speed and world record
at 100m in the period from 1968 to 2009 and their mutual
relationship

Posmatrajuci prosjene rezultate ostvarenih svjet-
skih rekorda mjerenih elektronskim mjerenjem u periodu
od 1968. do 2009. godine (tabela 2) uocava se da je u tom
razdoblju prosjecan svjetski rekord iznosio 9.80s, da su
rezultati postignuti na prosje¢noj nadmorskoj visini od
407.60 m, te da je prosjeCna brzina vjetra bila 1.08 ms™.
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Grafikon 2. Vrijednosti nadmorske visine, brzine vjetra i
svjetskog rekorda na 100m u periodu od 1968. do 2009.
godine i njihov medusobni odnos
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Analyzing the correlation, i.e. the connection be-
tween the achieved results of world records and the alti-
tude where they were run and the wind speed values, the
results shown in Graph 2 show that there is a statistically
significant correlation between the achieved results of
world records at 100m and the altitude where they were
run (r=0.55. p =0.04%*). It can be noticed that the posi-
tive sign correlation is shown, which means that if the
altitude is higher, the result is worse and vice versa. The
values of the results of the world records at 100m mea-
sured by electronic measurement did not show a statisti-
cally significant connection with the wind speed that was
used in those races.

The graph also shows the results of the prediction of
world records at 100m based on altitude and wind speed.
It is possible to predict the results based on the altitude
(p=0.03) as shown by the correlation analysis, which
means that the value of the altitude is directly related to
the values of the results at 100m and is a significant fac-
tor that must be taken into account.

Table 3. Descriptive statistics of electronic measurement of
stagnation period from 1969 to 1982, from 1984 to 198, from
2000 to 2004 and from 2010 to 2023

Analizom korelacije. odnosno povezanosti ostvare-
nih rezultata svetskih rekorda i nadmorske visine gdje su
istréani i vrijednosti brzine vjetra, rezultati prikazani u
grafu 2. govore da postoji statisticki znacajna povezanost
ostvarenih rezultat svjetskih rekorda na 100m sa nadmor-
skom visinom gdje su istrcani (r=0.55. p=0.04*). Moze
se primjetiti da je pokazana korelacija pozitivnog pred-
znaka §to govori da, ukoliko je nadmorska visina veca
rezultat je loSiji i obrnuto. Vrednosti rezultata svjetskih
rekorda na 100m mjerenih elektronskim mjerenje nisu
pokazali statisti¢ki znacajnu povezanost sa brzinom vje-
tra koja je izjerena na tim trkama. Na grafiku su, takode,
prikazani i rezultati predikcije odnosno predvidanja re-
zultata svjetskih rekorda na 100m na osnovu nadmorske
visine i brzine vjetra. Predvidanje rezultata moguce je
ostvariti na osnovu nadmorske visine (p=0.03) Sto je i
pokazala korelaciona analiza, a to govori da je vrijednost
nadmorske visine direktno povezana sa vrijednostima re-
zultata na 100m i znacajan faktor koji se mora uzeti u
obzir.

Tabela 3. Deskriptivna statistika elektronsko mjerenje period
stagnacije od 1969. do 1982, od 1984. do 1987, od 2000. do
2004. i od 2010. do 2023. godine

Period ALTITUDE / NV WIND / VV RES / REZ

N M S.d N M S.d N M S.d
1969-2023* 45 336,41 54,77 45 0,66 0,21 45 9,91 0,13
1969-1982 15 613.92 73.58 15 0.21 0.08 15 10.06 0.07
1984-1987 4 56.00 6.67 4 1.10 0.34 9.95 0.02
2000-2004 5 145.60 27.93 5 0.58 0.37 5 9.87 0.04
2010-2023 14 181.64 40.83 14 0.87 0.72 14 9.77 0.05

*In the period from 1969 to 2023, there were also periods of
stagnation lasting one or two years (1989-1990, 1992-1993,
1995, 1998-1999), a total of 7 results, which were not taken
into consideration in individual analyzes because statistical
analyzes do not recognize such a small sample, but are taken
into consideration in the overall analysis.

Looking at all the results (table 3) in the years when
no world records were achieved at 100m (1969-2023), it
can be seen that the average result is 9.91s, the average
altitude is 336.41m, and the average wind speed is 0.66
ms™'. Observing the average results of achieved world re-
cords by periods of stagnation (table 3), it can be seen
that the best average result was in the period 2010-2023
and the worst in the period 1969-1982, that the highest
average altitude was in the period 1969-1982, and the
lowest in the period 1984-1987, and that the highest av-
erage wind speed was in the period 1984-1987 and the
lowest in the period 1969-1982.

*U periodu od 1969 do 2023 bilo je i perioda stagnacije
u trajanju od jednu ili dvije godine (1989-1990, 1992-
1993, 1995, 1998-1999), ukupno 7 rezultata, koji nisu uzeti
u razmatranje u pojedinacnim analizama jer statisticke
analize ne prepoznaju tako malobrojan uzorak, ali su uzeti u
razmatranje u ukupnoj analizi.

Posmatraju¢i sve rezultate (tabela 3) u godinama
kada nisu postignuti svjetski rekordi na 100m (1969-
2023) uocava se da je prosjeCan rezultat 9.91s, prosjec-
na nadmorska visina 336.41 m, a prosjecna brzina vetra
0.66 ms’'. Posmatrajuci prosjeéne rezultate ostvarenih
svjetskih rekorda po periodima stagnacije (tabela 3) uo-
Cava se da je najbolji prosjeCan rezultat bio u periodu
2010-2023 a najlosiji u periodu 1969-1982, da je najveca
prosjecna nadmorska visina bila u periodu od 1969-1982,
a najmanja u periodu 1984-1987, te da je najveca pro-
sjeCna brzina vjetra bila u periodu 1984-1987 a najmanja
u periodu 1969-1982.
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Graph 3. Values of altitude, wind speed and the best result at
100m in the period since stagnation in total and their mutual
relationship

Analyzing the correlation, that is, the prediction of
all results based on the values of altitude and wind speed
in the period 1969-2023, no statistically significant cor-
relations and predictions of results with the values of al-
titude and wind speed were observed (Graph 3).
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Graph 4. Values of altitude, wind speed and best result at
100m in the period of stagnation from 1969 to 1982 and their
mutual relationship

Observing the connection between the best results
achieved at 100m in the period of stagnation (1969 to
1982) and the altitude where they were run and the wind
speed values, the results shown in Graph 4 show that
there is no statistically significant connection between
the best results achieved in the period 1969-1982 with
altitude where they were run (r=0.32, p=0.28) and wind
speed (r=0.15, p=0.61). The graph also shows the results
of the prediction of the best results at 100m in the period
1969-1982 based on altitude and wind speed. It is not
possible to predict the results based on altitude (p=0.20),
nor on the basis of wind speed (p=0.37).
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Grafikon 3. Vrijednosti nadmorske visine, brzine vjetra i
najboljeg rezultata na 100m u periodu od stagnacije ukupno i
njihov medusobni odnos

Analiziranjem povezanosti, odnosno predikcije svih
rezultata na osnovu vrednosti nadmorske visine i brzine
vjetra u period 1969-2023., nije primecena statisticki
znacajna povezanosti i predikcije rezultata sa vrednosti-
ma nadmorske visine i brzine vjetra (graf 3).
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Grafikon 4. Vrednosti nadmorske visine, brzine vjetra i
najboljeg rezultata na 100m u periodu od stagnacije 1969. do
1982. godine i njihov medusobni odnos

Posmatraju¢i povezanosti ostvarenih najboljih
rezultata na 100m u period stagnacije (1969 do 1982
godine) 1 nadmorske visine gdje su istrcani i vrednosti
brzine vjetra, rezultati prikazani u grafikonu 4. govore
da ne postoji statisticki znacajna povezanost ostvarenih
najboljih rezultata u period 1969-1982. sa nadmorskom
visinom gdje su istr¢ani (r=0.32. p=0.28) i brzinom vjetra
(r=0.15. p=0.61). Na grafu su, takode, prikazani i rezul-
tati predikcije odnosno predvidanja najboljih rezultata na
100m u period 1969-1982. na osnovu nadmorske visine
i brzine vjetra. Predvidanje rezultata nije moguce ostva-
riti na osnovu nadmorske visine (p=0.20), ni na osnovu
vrednosti brzine vjetra (p=0.37).
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Graph 5. Values of altitude, wind speed and best result at
100m in the period of stagnation from 1984 to 1987 and their
mutual relationship

Observing the second period of stagnation of the
world record at 100m (from 1984 to 1987), which is
shown in Graph 5, no statistically significant correlation
and prediction of the best results at 100m and altitude
and wind speed were observed.
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Graph 6. Values of altitude, wind speed and best result at
100m in the period of stagnation from 2000 to 2004 and their
mutual relationship

Also, the third period of stagnation of the world re-
cord at 100m (from 2000 to 2004), which is shown in
Graph 6, did not show a statistically significant correla-
tion and prediction of the best results at 100m with alti-
tude and wind speed.

In the fourth period of stagnation of the world re-
cord at 100m (from 2010 to 2023), no statistically signifi-
cant correlation and prediction of the best results at 100m
and the results of altitude and wind speed were observed
(Graph 7).

DiscussioN

After all the analyses, that is, by observing the results
of recognized world records measured manually and elec-
tronically, it can be concluded that the wind speed had a
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Grafikon 5. Vrijednosti nadmorske visine, brzine vjetra i
najboljeg rezultata na 100m u periodu od stagnacije 1984. do
yboljeg p gnacij
1987. godine i njihov medusobni odnos

Posmatrajudi drugi period stagnacije svjetskog re-
korda na 100m (od 1984. do 1987. godine) koji su prika-
zani u grafu 5. nije primecena statisticki znacajna korela-
cija i predikcija najboljih rezultata na 100m i nadmorske
visine i brzine vjetra.
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Grafikon 6. Vrijednosti nadmorske visine, brzine vjetra i
najboljeg rezultata na 100m u periodu od stagnacije 2000. do
2004. godine i njihov medusobni odnos

Takode, i tre¢i period stagnacije svetskog rekorda
na 100m (od 2000. do 2004. godine) koji je prikazan u
grafu 6. nije pokazao statisticki znacajnu korelaciju i pre-
dikciju najboljih rezultata na 100m i nadmorske visine i
brzine vjetra.

U cetvrtom periodu stagnacije svjetskog rekorda
na 100m (od 2010. do 2023. godine) nije primecena sta-
tisticki znacajna korelacija i predikcija najboljih rezulta-
ta na 100m i rezultata nadmorske visine i brzine vjetra
(grafikon 7).

DISKUSIJA

Nakon svih analiza, odnosno posmatranjem rezulta-
ta priznatih svjetskih rekorda mjerenih ru¢no i elektron-
ski, moze se zakljuciti da je brzina vjetra imala pove-
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Graph 7. Values of altitude, wind speed and best result at
100m in the period of stagnation from 2010 to 2023 and their
mutual relationship

connection and prediction in the achievement of the world
record in the period from 1912 to 1968 when the results
were measured manually (if the wind increased by 1 ms!
the result would improve by 0.08 s), while the altitude value
had a connection and prediction in the achievement of world
records in the period from 1968 to 2009 when the results
were recorded by electronic measurement (if the altitude in-
creased by 1m the result would be improved by 0.00008 s).
During the period of stagnation, the values of altitude and
wind speed did not show a statistically significant connec-
tion or prediction, which might have been one of the reasons
for this stagnation of the world record at 100m.

The development of the world record in athletics,
and sports in general, has been influenced by several fac-
tors: enthusiasm of athletic (sports) experts (Bakov, 1961),
evolution of technique (Stefanovic 1992b), development
of athletic arenas (Skembler, 2007), improvement of sports
equipment (Stefanovic, 2006), better training (Dik, 1980),
pharmacological means of recovery (Dikic, 2007), financ-
ing (Mitrovic, Kantar, Rajkovic and Miletic, 2019), etc. The
speed achieved in the sprint is determined by the processes
of neuro-muscular regulation of movement, morphological
characteristics, motor abilities and energy substrates (Mero,
Komi and Gregor, 1992; Harland and Steele, 1997; Nova-
check, 1998; Coh, Milanovic, Kampmiller, 2001; di Pramp-
ero , Fusi, Sepulcri, Morin, Belli and Antonutto, 2005), and
is defined by step frequency and length (Delecluse, Pon-
net and Diels, 1998; Briiggemann, Koszewski and Miiller,
1999; Gajer, Thepaut-Mathieu & Lehenaff, 1999; Ferro, Ri-
vera and Pagola, 2001), so the increase in step length is di-
rectly proportional to the decrease in step frequency (Mack-
ala, 2007). Analyzing the progression of the world record
at 100m, it can be concluded that in the period of 110 years
(1912-2022) 67 world records were achieved, and Donald
Lippincott’s record from 1912 (10.6 s) was improved by
“only” one second and now stands at 9.58 s (Ussain Bolt).

e i W & el e o Tl

Grafikon 7. Vrijednosti nadmorske visine, brzine vjetra i
najboljeg rezultata na 100m u periodu od stagnacije 2010. do
2023. godine i njihov medusobni odnos

zanost 1 predikciju kod ostvarivanja svjetskog rekorda u
periodu od 1912. do 1968. godine kada su rezultati mje-
reni ruéno (ako se vjetar poveca za 1 ms™ rezultat ¢e se
poboljsati za 0.08 sek), dok je vrednost nadmorske visine
imala povezanost i predikciju u ostvarivanja svjetskih re-
korda u period od 1968. do 2009. godine kada su rezultati
biljezeni elektronskim mjerenjem (ukoliko se nadmorska
visina poveca lm rezultat ¢e se poboljsati za 0.00008
sek). U period stagnacije vrijednosti nadmorske visine i
brzine vjetra nisu pokazale statisticki znacajnu poveza-
nost niti predikciju, $to je mozda jedan od razloga ove
stagnacije svetskog rekorda na 100m.

Na razvoj svjetskog rekorda u atletici, i uopSte
sportu, uticalo je viSe faktora: entuzijazam atletskih
(sportskih) stru¢njaka (Bakov, 1961) evolucija tehnike
(Stefanovic, 1992b), razvoj atletskih borilista (Skembler,
2007), unapredenje sportske opreme (Stefanovi¢, 2000),
kvalitetniji trening (Dik, 1980), farmakoloska sredstva
oporavka (Diki¢, 2007), finansiranje (Mitrovi¢, Kan-
tar, Rajkovi¢ i Mileti¢, 2019), itd. Brzina postignuta u
sprintu uslovljena je procesima neuro-misi¢ne regulaci-
je kretanja, morfoloskim karakteristikama, motorickim
sposobnostima i energetskim supstratima (Mero, Komi |
Gregor, 1992; Harland i Steele, 1997; Novacheck, 1998;
Coh, Milanovié¢, Kampmiller, 2001; di Prampero, Fusi,
Sepulcri, Morin, Belli i Antonutto, 2005), a definisana je
ucestalo$cu 1 duzinom koraka (Delecluse, Ponnet i Diels,
1998; Briiggemann, Koszewski i Miiller, 1999; Gajer,
Thepaut-Mathieu i Lehenaff, 1999; Ferro, Rivera i Pago-
la, 2001), pa je povecanje duzine koraka izravno propor-
cionalno smanjenju frekvencije koraka (Mackala, 2007).
Analiziraju¢i progresiju svjetskog rekorda na 100m,
moze se zakljuéiti da je u periodu od 110 godina (1912-
2022) postignuto 67 svjetskih rekorda, a rekord Donalda
Lipinkota iz 1912. (10.6s) poboljsan je za ,,samo* jednu
sekundu i sada iznosi 9.58s (Jusein Bolt). Trideset jedan
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Thirty-one sprinters achieved one world record each, six
achieved two world records each, four achieved three world
records each, and three achieved four world records each.

About 75% of the Earth’s land surface is at an alti-
tude of less than 1000 m above sea level (Stacey and Davis,
2008), as is the vast majority of athletic competitions (Mat-
thews, 2015). Sprint and jumping records were achieved in
places above 1000 m - “aided by altitude” (Matthews, 2015).
An altitude of 1000 m provides an advantage equivalent to
a tailwind of 2 ms™' (0.10 s), so the altitude of a competition
venue should be taken into account when recognizing re-
cord-breaking performances in the 100 m sprint (Linthorne,
2016) . In the period 2000-2009, based on the performance
of 56 elite male sprinters at major competitions, it was de-
termined that the results achieved at an altitude above 1000
m above sea level were 0.05 s faster than those achieved in
places below 1000 m above sea level and that the effect of
the tailwind of 2 ms™ in back improves the result by 0.08 s
(Hollings, Hopkins and Hume, 2012), which indicates that
the result in Mexico City (2250 m) should be given a time
advantage of about 0.10 s (Linthorne, 2016). The analyzes
of this research are not in accordance with those claims, be-
cause it was established that the world records were set at
an average altitude of 407.60m, which is lower than 1000m,
which would be worth investigating from the physiological
basis of the body’s functioning during sprint running, be-
cause, obviously, there are many factors that can be related
to the result.

Explanation of the stagnation of the progress of world
record results in the periods 1969-1982, 1984-1987, 2000-
2004 and 2010-2023 should also be sought in the values of
other climatic and other parameters. Also, potential factors
that could affect the result and were not considered are: a
time of year when a competition was held, differences in the
time in which a sound of a starting gun travels to athletes
from a starting gun, differences in sports shoes and the stiff-
ness of a track, differences between athletes in the frontal
area, effects of differences in air temperature, barometric
pressure and humidity on aerodynamic resistance experi-
enced by an athlete (Mureika, 2006) and an effect of tem-
perature on generation of muscle power (Linthorne, 2016),
because a fair system for recognizing record performances
requires precise quantitative information about the effects of
environmental conditions so that limits could be placed on
the permissible range of conditions (Linthorne, 2016).

One of the problems with wind measurement in sprint
running was observed at 200m, where there is a lack of wind
data for the first half of the 200m race, because an anemom-
eter measures wind speed of the last 85m of the race, but the
question also arises as to whether wind speeds are constant

sprinter postigao je po jedan svjetski rekord, Sestorica po
dva svjetski rekord, Cetvorica po tri svjetski rekord, a tro-
jica po Cetiri svjetska rekorda.

Oko 75% Zemljine kopnene povrsine nalazi se na
nadmorskoj visini manjoj od 1000 m (Stacey i Davis,
2008), kao i velika ve¢ina atletskih takmicenja (Matt-
hews, 2015). Rekordni u sprintu i skakanju postignuti su
u mjestima iznad 1000 m- ,,potpomognute nadmorskom
visinom® (Matthews, 2015). Nadmorska visina od 1000
m pruza prednost koja je ekvivalentna pomoénom vjetru
od 2 ms™! (0,10 s), pa nadmorsku visinu mjesta takmi-
cenja treba uzeti u obzir pri prepoznavanju rekordnih
performansi u sprintu na 100 metara (Linthorne, 2016).
U periodu 2000-2009. godina na osnovu nastupa 56 elit-
nih muskih sprintera na velikim takmic¢enjima utvrdeno
je da su rezultati postignuti na nadmorskoj visini iznad
1000 m bili 0.05s brzi od onih postignutih u mjestima
ispod 1000 m nadmorske visine i da efekat vjetra u leda
od 2 ms™' u leda poboljsava rezultat za 0.08 s (Hollings,
Hopkins i Hume, 2012), $to ukazuje da bi rezultat u u
Mexico Cityju (2250 m) trebalo dati vremensku prednost
od oko 0,10 s (Linthorne, 2016). Analize ovog istraziva-
nja nisu u skladu sa tim tvrdnjama, jer je ustanovljeno
da su svjetski rekordi postavljeni na prosjecnoj nadmor-
skoj visini od 407.60m §to je niza nadmorska visina od
1000m, $to bi bilo vrijedno istraziti i sa fizioloske osnove
funkcionisanja tijela prilikom sprinterskog tr¢anja, jer je
ocigledno da je mnogo faktora koji mogu biti povezani
sa rezultatom.

Objasnjenje stagnacije napretka rezultata svjetskih
rekorda u periodima 1969-1982, 1984-1987, 2000-2004.
i 2010-2023. godine, takode, treba traziti u vrijednosti-
ma drugih klimatskih i ostalih parametara. Takode, po-
tencijalni faktori koji bi mogli uticati na rezultat a nisu
razamatrani su: doba godine kada je takmi¢enje odrzano,
razlike u vremenu u kojem zvuk startnog pistolja putuje
do sportista iz startnog pistolja, razlike u sportskoj obuci
i krutosti staze, razlike medu sportistima u frontalnom
podrucju, efekte razlika u temperaturi zraka, barometar-
skom pritisku i vlaznosti na aerodinamicki otpor koji do-
zivljava sportista (Mureika, 2006) 1 uticaj temperature na
stvaranje misi¢ne snage (Linthorne, 2016), jer pravedan
sistem priznavanja rekordnih performansi zahtjeva preci-
zne kvantitativne informacije o efektima uslova sredine
kako bi se mogla postaviti ograni¢enja na dozvoljeni op-
seg uslova (Linthorne, 2016).

Jedan od problema kod mjerenja vjetra kod sprinter-
skog tréanja uocen je na 200m gdje nedostatak podataka o
vjetru za prvu polovinu trke na 200 m, jer vetromjer mjeri
brzinu vjetra zadnjih 85 m trke, ali se postavlja pitanje
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in the stadium, which questions the data on wind speed and
its connection with the achieved result in the 100 m race
(Mureika, 2003). The 100-meter sprint is the only discipline
in which there is a reliable wind correction curve (Linthorne,
1994). Linthorne (2000) believes that the anemometer read-
ing can only be accurate within +0.9ms™. For the 100m rac-
es at the Olympics between 1964 and 2012, about 94% had
wind readings between -2 and +2ms-!, and only 4% were
not eligible for the record because the wind was greater than
+2ms! (Linthorne, 2016). In the 100m sprint, a tailwind of
2ms! produces a time advantage of about 0.10-0.12s over
no-wind performance (Linthorne, 1994).

Applying mathematical models to calculate the time
advantage of performing a 100m sprint in Mexico City gives
an improvement in results of 0.05s (Dapena and Feltner,
1987), 0.08s (Mureika, 2001) and 0.10s (Behncke, 1997),
but in Ward-Smith (1999) it is suggested that the predic-
tions of mathematical models for sprinting should take into
account a change in aerodynamic drag at a forward angle
of a sprinter’s body, as this is expected to affect sprinter’s
ability to generate forward propulsive force (which is only
known with an accuracy of approx. 20%). The analyzes of
this research are not in accordance with those claims, be-
cause it was established that the electronically measured
world records were set at an average wind speed of 1.08,
where no connection was established, so it is not possible
to predict the results, while the connection of the wind with
the manually measured results of the world records was
shown, whereby a prediction can be made that with a wind
speed of 1 ms™! an improvement of the results of 0.08s can
be expected. This, however, refers to a manually measured
world records, while it cannot be claimed for electronically
measured results. All of this points to the need for more de-
tailed analyzes of as many factors as possible that can be
related to the result in the 100m sprint, and that, in addition
to mathematical models, it is necessary to analyze as many
real factors and systems in which an athlete achieves the
result with his/her performance.

CONCLUSION

Recent events related to the breaking of world re-
cords in athletics (broken world record in 400m, shot
put, and pole vault) indicate that the limit of human ca-
pabilities has not yet been reached. The assumption is
that the limits of records in athletics will still be moved,
but much more slowly than before. The results of the re-
search showed that until now the longest time distance
between breaking two world records was 8 years, and the
valid world record was achieved in 2009, thirteen and a
half years ago, which indicates the fact that the world re-

i da li su brzine vjetra konstantne na stadionu §to dovo-
di u pitanje i1 podatke o brzini vjetra i njenoj povezano-
sti sa postignutim rezultatom i u trci na 100 m (Mureika,
2003). Sprint na 100 metara je jedina disciplina u kojoj
postoji pouzdana kriva korekcije vjetra (Linthorne,1994).
Linthorne (2000) smatra da o¢itanje mjeraca vjetra moze
biti tatno samo unutar £0.9ms™'. Za trke na 100 meta-
ra na Olimpijskim igrama izmedu 1964. 1 2012. godine,
oko 94% je imalo ocitavanje vjetra izmedu 2 i +2 ms™,
a samo 4% nije bilo kvalifikovano za rekord jer je vjetar
bio ve¢i od +2 ms' (Linthorne, 2016). U sprintu na 100
m pomo¢ni vjetar od 2 ms™ proizvodi vremensku pred-
nost od oko 0,10-0,12 s u odnosu na ucinak bez vjetra
(Linthorne, 1994). Primjena matematickih modela za
izraCunavanje vremenske prednosti izvodenja sprinta na
100 metara u Mexico Cityju daje poboljSanje rezultata od
0.05 s (Dapena i Feltner,1987), 0.08s (Mureika, 2001) i
0.10s (Behncke, 1997), ali Ward-Smith (1999) sugeriSe
se da predvidanja matematickih modela za sprint teba da
uzmu u obzir promjenu aerodinamickog otpora na ugao
nagiba tijela sprintera prema naprijed, jer se oCekuje da
to uti¢e na sposobnost sprintera da generise propulzivnu
silu prema naprijed (Sto je poznato samo s preciznosc¢u od
oko 20%). Analize ovog istrazivanja nisu u skladu sa tim
tvrdnjama, jer je ustanovljeno da su elektronski mjereni
svjetski rekordi postavljeni pri prosje¢noj brzini vjetra od
1.08 pri ¢emu nije utvrdena povezanost pa se ne moze iz-
vrsiti ni predikcija rezultata, dok se pokazala povezanost
vjetra sa rucno mjerenim rezultatima svjetskih rekorda pri
¢emu se moze izvrSiti predikcija da se sa brzinom vjetra
od 1 ms' moze ocekivati poboljsanje rezultata od 0.08s.
To se, ipak odnosi na ru¢no mjeren svjetski rekord dok
se ne moze tvrditi za elektronski mjerene rezultate. Sve
to ukazuje na potrebu detaljnijih analiza Sto veceg broja
faktora koji mogu biti povezani sa rezultatom u sprintu
na 100m, te da, i pored matematickih modela, treba anali-
zirati §to viSe realnih faktora i sistema u kojima sportista
svojom performansom ostvaruje rezultat.

ZAKLIUCAK

poslednji dogadaji koji se odnose na obaranje svjet-
skih rekorda u atletici (oboreni svetski rekord na 400m,
bacanju kugle, i skoku motkom) ukazuju da se joS nije
doslo do granice ljudskih moguc¢nosti. Pretpostavka je da
¢e se granice rekorda u atletici jo§ pomjerati, ali mnogo
sporije nego do sada. Rezultati istrazivanja su pokazali
da je do sada najveca vremenska distanca izmedu obara-
nja dva svjetska rekorda bila 8 godina, a vazeci svjetski
rekord postignut je 2009, prije trinaest i po godina, §to
ukazuje na Cinjenicu da ¢e se svjetski rekord sve rede
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cords will be achieved less and less often. The conclusion
reached by the analysis of the exhaustion of the men’s
100m sprint record, when processed at a more profound
level, leads to the opposite interpretation, which is re-
flected in the change of sports rules or a greater tolerance
for mechanical aids, aggressive interventions on the hu-
man body, and all possible other options that will help to
continue breaking the record ie. a projection of a false
image of man’s dominance over God, because “the show
must go on”. As health represents a kind of dynamic
homeostasis, the assumption is that the future superior
system of exercise and health will neither consider nor
seriously encourage the phenomenon of records at any
level, except in the sphere of interest.

In order to improve the results in the 100m sprint,
it is necessary to include as many experts of all profiles
as possible, whose actions would provide answers to the
functioning of the human body in different environments
and more complex systems in which it should deliver its
performance to the maximum extent possible, because
the observation of parts of the system through the data
known to the wider scientific public, cannot give precise
answers or instructions for achieving better results, and
therefore not for improving world records.
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according to the instructions of the International Bio-
logical Program (IBP). To determine partial quantitative
changes (differences) of the applied morphological char-
acteristics, the results of the T test analysis were applied,
and to determine quantitative changes (differences) of
morphological characteristics at the global level, canoni-
cal discriminant analysis was applied. The results of the T
test and canonical discriminant analysis show that under
the influence of the programmed volleyball work for six
months, statistically significant partial and global chang-
es (differences) occurred in the space of morphological
characteristics that can be attributed to the influence of
the applied volleyball program, but changes in the bio-
logical growth and development of the subjects that are
characteristic of the age group 10-12 years should not be
ignored. The obtained results may be useful for coaches of
younger volleyball selections in volleyball clubs and vol-
leyball schools, and physical education teachers in qual-
ity programming of the training and teaching process with
younger age categories of girls.
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SaZetak: Istrazivanje je provedeno na uzorku 50 is-
pitanica - djevojéica JU OS ,, Sveti Sava“ i JU OS
,Sutjeska* iz Modrice, starosne dobi od 10 do 12 godina
koje treniraju odbojku u OK ,,Modrica — Novoprom *
iz Modrice s ciljem utvrdivanja parcijalnih i globalnih
kvantitativnih promjena primijenjenih morfoloskih ka-
rakteristika nastalih pod uticajem posebno definisanog
programa odbojke u trajanju Sest mjeseci. U istraziva-
nju je primijenjen set od 12 varijabli za procjenu mor-
foloskih karakteristika mjerenih prema uputama Inter-
nacionalnog Bioloskog programa (IBP). Za utvrdivanje
parcijalnih kvantitativnih promjena (razlika) primijenje-
nih morfoloskih karakteristika primijenjeni su rezultati
analize T testa a za utvrdivanje kvantitativnih promjena
(razlika) morfoloskih karakteristika na globalnom nivou
primijenjena je kanonicka diskriminativna analiza. Re-
zultati T testa i kanonicke diskriminativne analize po-
kazuju da je pod uticajem programiranog rada odboj-
ke u trajanju Sest mjeseci doslo do statisticki znacajnih
parcijalnih i globalnih promjena (razlika) u prostoru
morfoloskih karakteristika koji se mogu pripisati uticaju
primijenjenog programa odbojke ali se ne smiju zanema-
riti promjene bioloskog rasta i razvoja ispitanica koje su
karakteristicne za uzrasnu dob 10— 12 godina. Dobiveni
rezultati mogu biti od koristi trenerima mladih selekcija
odbojkasica u odbojkaskim lubovima i Skolama odbojke,
te profesorima tjielesnog odgoja u kvalitetnom programi-
ranju trenaznog i nastavnog procesa sa mladim uzrasnim
kategorijama djevojcica.

Kljucne rijeci: globalne i parcijalne promjene, pro-
gram rada, kanonicka diskriminativna analiza,T test,
ucenici.
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INTRODUCTION

Morphological characteristics describe the body struc-
ture of a person based on a large number of anthropometric
data. Morphological characteristics (anthropometric char-
acteristics) are part of anthropological characteristics, and
are defined as traits that are responsible for the dynamics of
growth and development and the characteristics of the body
structure to which they belong: bone growth in length, bone
growth in width, muscle mass and subcutaneous fat tissue
(Neljak et al., 2011). Taking into account the morphological
characteristics of an individual child, it is possible to more
easily assess the reason for success or failure in certain ki-
nesiological activities.

Volleyball as a sport, according to its structural char-
acteristics, belongs to the group of polystructural acyclic
sports. The dynamics with which volleyball actions are per-
formed, especially in today’s modern top sport, is extremely
emphasized, with almost incredible moves of individuals
that sometimes take place literally in a split second. The
characteristics of volleyball are multiple and multidimen-
sional, with some properties that simply must be above av-
erage if one wants to achieve top sports results (Jankovié
and Sabljak, 2004).

Bonacin et al., (2008) point out that for the realiza-
tion of volleyball demands of top sport in senior age, three
preconditions are needed that must be achieved in order to
reach that goal, and they are articulated as sports models.
The first precondition is knowledge of the volleyball model,
i.e. the characteristics of the game that is realized and the
characteristics of the players who are part of such realiza-
tion. The second precondition is knowledge of the transfor-
mation process that leads beginners of e.g. 7, 8 years old to
top results. And the third precondition is the identification
of potentially especially gifted children for volleyball, in ac-
cordance with their characteristics (Bonacin and Smajlovi¢,
2005).

The main problem addressed in this paper relates to
the determination of quantitative changes (differences) in
morphological characteristics of volleyball players aged 10-
12 years under the influence of a six-month volleyball pro-
gram. Transformational processes that produce changes in
the anthropological characteristics and abilities of athletes
that strive for their greatest values include planning, pro-
gramming, implementation and control of those processes
in order to achieve a predetermined goal, which is reflected
in the achievement of the highest levels of anthropological
characteristics.

All anthropological characteristics and abilities at the
beginning of the implementation of an experimental pro-
gram are at a certain level of development, which is treated

Uvobp

Odbojka kao sport po svojim strukturalnim karak-
teristikama pripada grupi polistrukturalnih acikli¢nih
sportova. Dinamika kojim se odbojkaske akcije izvode,
a posebno u danasnjem modernom vrhunskom sportu,
iznimno je naglasena, uz gotovo nevjerovatne poteze
pojedinaca koji se ponekad odvijaju doslovno u djeli¢u
sekunde. Karakteristike odbojke su visestruke i multi-
dimenzionalne, uz neka svojstva koja naprosto moraju
biti iznad prosjecna ukoliko se zeli postizati vrhunski
sportski rezultat (Jankovi¢ i Sabljak, 2004).

Bonacin i sar., (2008) isti¢u da su za realizaciju
odbojkaskih zahtjeva vrhunskog sporta u seniorskom
uzrastu, potrebna tri preduslova koji se moraju ostva-
riti kako bi se taj domet i dostigao, a artikuliSu se kao
sportski modeli. Prvi preduslov je poznavanje modela
odbojke, odnosno svojstva igre koja se realizuje i odli-
ka igraca koji su dio takve realizacije. Drugi preduslov
je poznavanje transformacionog procesa koji pocetnike
uzrasta npr. 7, 8 godina dovodi do vrhunskih rezultata.
I tre¢i preduslov je identifikacija potencijalno posebno
nadarene djece za odbojku, u skladu s njihovim odlika-
ma (Bonacin i Smajlovi¢, 2005).

Osnovni problem kojim se bavi ovaj rad odnosi se
na utvrdivanje kvantitativnih promjena (razlika) mor-
foloskih karakteristika odbojkasica uzrasne dobi 10-12
godina pod uticajem Sestomjesecnog programa odboj-
ke. Transformacioni procesi koji proizvode promjene
antropoloskih karakteristika i sposobnosti sportista koje
teze njihovim najvecim vrijednostima obuhvataju plani-
ranje, programiranje, provodenje i kontrolu tih procesa
da bi se postigao unaprijed definisani cilj, koji se ogleda
u postizanju najvisih nivoa antropoloskih obiljezja.

Sve antropoloske karakteristike i sposobnosti na
pocetku realizacije nekog eksperimentalnog programa
nalaze se na nekom nivou razvoja koji se tretira kao po-
¢etni (inicijalni) nivo $to predstavlja polaznu osnovu ili
inicijalno stanje sportiste. Kada se utvrdi pocetni nivo
osobina i sposobnosti na pocetku realizacije eksperi-
mentalnog programa sa sportistom se ulazi u realizaciju
programa u kojem su ta¢no definisani sljedeci elemen-
ti: opterecenje sa obimom i intenzitetom rada, trenazna
sredstva, trenazne metode, oblici rada itd. Zbog toga
u procesu trenaznog rada sa djecom i omladinom za
razvoj pojedinih antropoloskih obiljezja (Srdi¢ i sar.,
2023) treba primjenjivati efikasne postupke u izboru sa-
drzaja metoda rada, organizacionih oblika, intenziteta
opterecenja i oporavka. Pozitivni efekti transformaci-
onih procesa mogu se o¢ekivati samo pod uslovom da
je metodicko oblikovanje trenaznog rada prilagodeno
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as the initial (initial) level, which represents the starting
point or initial state of the athlete. When the initial level of
characteristics and abilities is determined at the beginning
of the implementation of the experimental program, the
athlete enters the implementation of the program in which
the following elements are precisely defined: workload with
volume and intensity of work, training equipment, training
methods, forms of work, etc. Therefore, in the process of
training work with children and youth for the development
of certain anthropological characteristics (Bala et al., 2018;
Srdi¢ et al., 2023), effective procedures should be applied in
the selection of the content of work methods, organizational
forms, intensity of load and recovery. Positive effects of
transformation processes can be expected only on condition
that the methodological design of training work is adapted
to the individual abilities and characteristics of each indi-
vidual (Sekuli¢ and Metikos, 2007).

By realizing the programmed contents conceived on
the aforementioned basis and their realization over a certain
period of time, it is realistic to expect changes in the level of
initial abilities, characteristics and knowledge, which pro-
duce a new and better state (final state) compared to the ini-
tial state (initial state), provided that the programmed work
was carried out according to plan.

With younger selections, changes occur during growth
and maturation, especially during the development of physi-
cal abilities, sports technique and tactics, which plays a very
important role in formation of habits and positive person-
ality characteristics. According to Milanovi¢ (2010), body
binding can influence the development of muscle mass and
the reduction of subcutaneous fat tissue, while it is not pos-
sible to influence the longitudinal and transverse measure-
ments of the skeleton.

When working with younger age categories of chil-
dren, one should not be burdened with achieving premature
sports results, but focus the training process more on im-
proving specific abilities required for a specific branch of
sport, adopting and mastering technique and game.

What should be the “guiding star” in working with
younger age categories is that raising the necessary abilities,
learning and perfecting the elements of the volleyball game
are of primary importance, and the competition is what
should come through the game (of secondary importance).

METHODS

Sample of respondents

The study was conducted on a sample of 50 respon-
dents - girls from the Primary School “Sveti Sava” and
the Primary School “Sutjeska” from Modrica, aged 10 to

individualnim sposobnostima i osobinama svakog po-
jedinca (Sekuli¢ i Metikos, 2007).

Realizacijom programiranih sadrzaja koncipiranih
na navedenim osnovama i njihovom realizacijom kroz
odredeni vremenski period realno je ocekivati promje-
ne nivoa pocetnih sposobnosti, karakteristika i znanja,
koje proizvode novo i kvalitetnije stanje (finalo stanje)
u odnosu na pocetno (inicijalno stanje) pod uslovom da
se programirani rad realizovao po planu.

Kod mladih selekcija desavaju se promjene tokom
rasta 1 sazrijevanja, naroCito tokom razvoja fizickih
sposobnosti, sportske tehinike i taktike, $to ima veoma
vaznu ulogu u formiranju navika i pozitivnih karakteri-
stika licnosti. U radu sa mladim uzrasnim kategorija-
ma djece ne treba biti opterecen postizanjem preranih
sportskih rezultata, ve¢ trenazni proces viSe usmjeriti na
poboljsanje specifi¢nih sposobnosti potrebnih za kon-
kretnu granu sporta, usvajanje i ovladavanje tehnikom
1igrom.

Ono S§to treba biti ,,zvijezda vodilja“ u radu sa
mladim uzrasnim kategorijama je da podizanje po-
trebnih sposobnosti, ucenje i usavrSavanje elemenata
odbojkaske igre predstavljaju ono §to je od primarnog
znacaja, a takmicenje je ono S$to Sto kroz igru treba da
dode (sekundarnog znacaja).

METODE RADA

Uzorak ispitanika

Istrazivanje je provedeno na uzorku od 50 ispitani-
ca - djevojéice JUOS ,,Sveti Sava“ i JUOS ,,Sutjeska“ iz
Modrice, starosne dobi od 10 do 12 godina koje treni-
raju odbojku u OK ,,Modric¢a — Novoprom® iz Modrice.
Po pitanju validnosti uzorka nije bilo nikakvih posebnih
ograni¢enja izuzev osim $to su djevojcice ukljucene u
ovaj uzorak u trenutku testiranja i mjerenja, kao i pro-
vedbe programa rada morale biti zdrave i u cjelosti proci
planirani trenazni program.

Uzorak varijabli

Za procjenu morfoloskih karakteristika primije-
njen je set od 12 morfoloskih mjera koje relativno dobro
pokrivaju istrazivani prostor (Kureli¢ i sar. 1975; Mikic,
1999). Kod izbora varijabli vodilo se ra¢una da budu pri-
lagodene uzrasnoj dobi ispitanica.
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12 years old, who train volleyball at the OK “Modrica -
Novoprom” from Modri¢a. There were no special restric-
tions regarding the validity of the sample, except that the
girls included in this sample had to be healthy at the time
of testing and measurement, as well as the implementa-
tion of the work program, and had to fully complete the
planned training program.

Sample variables

A set of 12 morphological measures was used to
assess morphological characteristics, which relatively
well covered the studied area (Kurelic et al. 1975). When
choosing variables, care was taken to ensure that they
were adapted to the age of the subjects.

RESULTS

Analysis of partial quantitative changes in

morphological characteristics

Table 1 shows the results of the analysis of the T test
results of 12 morphological characteristics, in which the
arithmetic mean values and T test values for all applied
variables for the assessment of morphological characteris-
tics are presented. Based on the presented arithmetic mean
values (Mean) of the applied morphological characteristics
at the initial and final measurement, i.e. Before and after
the implementation of a six-month volleyball program and
based on the significance of transformation changes (p) test-
ed by the T test for dependent variables, changes can be seen
in measures for assessing the longitudinal dimensionality of
the body (body height ATJVIS .058; arm length .000; leg
length .007) and in measures for assessing the transverse
dimensionality of the body (hand diameter ADIJIZS .000;
ankle diameter joint ADIJSZ .004 and knee joint diameter
ADIJKO .005).

Further analysis of the significance of the changes
(p) tested (T-test) shows that all measures of morphologi-
cal characteristics that achieved a certain increase in the fi-
nal measurement in the values of arithmetic means (Mean)
achieved the corresponding coefficient of statistical signifi-
cance (p). Variables of morphological characteristics tested
by T-test that achieved their corresponding coefficient of
statistical significance (p), thus show that there were statisti-
cally significant differences in those variables change.

The results of the T test show that out of the 12 applied
morphological variables, there were significant changes in
6 variables, namely the variables for assessing the longitu-
dinal and transverse dimensionality of the body, which are
strongly influenced by the genetic code and are a product
of the growth and development of the girls’ organism. No

REzZULTATI

Analiza parcijanih kvantitativnih promjena

morfolockih karakteristika

U tabeli 1 prikazani su rezultati analize rezultata T
testa morfoloskih karakteristika u kojoj su przentirane
vrijednosti aritmetickih sredina i vrijednosti T testa za sve
primijenjene varijable za procjenu morfoloskih karak-
teristika. Na osnovu prezentiranih vrijednosti aritmetic-
kih sredina (Mean) na inicijalnom i finalnom mjerenju tj.
prije i poslije realizacije Sestomjese¢nog programiranog
rada odbojke i na osnovu znacajnosti transformacionih
promjena (p) testiranih T testom moze se vidjeti da je pri-
mijenjeni program odbojke proizveo statisticki znacajne
parcijalne promjene u svim testovima za procjenu lon-
gitudinalne dimenzionalnosti tijela (tjelesna visina ATJ-
VIS .058; duzina ruku .000; duzina nogu .007). Takode,
statisticki znacajne promjene utvrdene su kod mjera za
procjenu transverzalne dimenzionalnosti tijela (dijametar
Sake ADIJZS .000; dijametar sko¢nog zgloba ADIJISZ
.004 i dijametar zgloba koljena ADIJKO .005). Na ivici
statisticke znacajnosti nalazi se i varijabla tjelesne tezine
ATIJTEZ .061.

Daljom analizom znacajnosti promjena (p) testi-
ranih (T-testom) moZze se vidjeti da su svi testovi mor-
foloskih karakteristika koji su postigli odredeni porast u
finalnom mjerenju tj. na kraju realizacije programa u vri-
jednostima aritmetickih sredina (Mean) postigli su pri-
padajuci im koeficijent statisticke znacajnosti (p). Vari-
jable morfoloskih karakteristika testirane T-testom koje
su postigle pripadajuci im koeficijent statisticke znacaj-
nosti (p), time pokazuju da je u tim varijablama doslo do
statisticki znacajnih parcijalnih promjena.

Na osnovu dobijenih rezultata T testa moze se kon-
statovati da program rada odbojke proizveo parcijalne
kvantitativne promjene u ve¢em broju varijabli za pro-
cjenu morfoloskih karakteristika.

Kod antropometrijskih mjera za procjenu cirkular-
ne dimenzionalnosti tijela i kod koznih nabora nisu utvr-
dene statisticki znacajne parcijalne promjene (razlike)
Sto predstavlja iznenadenje.
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Table 1. Analysis of partial quantitative changes in
morphological characteristics tested by the T test

Tabela 1. Analiza parcijalnih kvantitativaih promjena
morfoloskih karakteristika testiranih T testom

Wilks’ Lambda F df1 df2 Sig
Anthropometry body height / ATIVIS .965 .3672 1 102 .058
Anthropometry arm length / ADUZRU .860 16.560 1 102 .000
Anthropometry leg length / ADUZNO .932 7.453 1 102 .007
Anthropometry ankle joint diameter / ADIJSZ .981 1.966 1 102 .004
Anthropometry knee diameter / ADIJKO .975 2.663 1 102 .005
Anthropometry wrist joint diameter / ADIJZS .800 25.456 1 102 .000
Anthropometry body weight / ATITEZ .970 3.112 1 102 .061
Anthropometry chest circumference / ASROGK .991 .956 1 102 .330
Anthropometry abdominal circumference / AOBTRB .998 .166 1 102 .685
Anthropometry triceps skinfold / ANATRI .999 .077 1 102 .782
Anthropometry calf skinfold / ANAPOT .999 .104 1 102 .748
Anthropometry skinfold of the back / ANALED .995 .542 1 102 463

statistically significant changes (differences) were found in
the variables for evaluating the circular dimensionality of
the body and skin folds, which is a surprise in this research
considering the minor influence of genetic inheritance. Skin
folds are less influenced by genetic inheritance, i.e. growth
hormone (K = .50), which provides a greater possibility of
their change under the influence of well-programmed kine-
siology activities. On the transformation of circular dimen-
sionality, as well as skin folds, programmed work can affect
positive changes depending on the training contents and
training operators of which it is composed, as well as the
duration of the experimental treatment.

Analysis of global quantitative changes in

morphological characteristics

To determine global quantitative changes (global
quantitative effects of change) in morphological charac-
teristics, canonical discriminant analysis was applied in
this study. The criterion for the discriminant strength of
the applied variables was the so-called Wilks” Lambda.
The determination of the statistical significance of each
discriminant variable was performed based on the Bartlett
Chi-square test. Significant discriminant variables were
used for interpretation and explained a certain percentage
of the common variance.

The tables also show standardized discriminant co-
efficients as well as normalized coefficients of participa-
tion of morphological variables in the formation of sig-
nificant discriminant functions of central groups on sig-
nificant discriminant functions.

Box’s test (table 2) in the initial and final measure-
ments determined that there are statistically significant
differences (Sig. .000) in the covariances of the analyzed
matrices.

Analiza globalnih kvantitativnih promjena

morfolockih karakteristika

Za utvrdivanje globalnih kvantitativnih promjena
(globalni kvantitativni efekti promjena) morfoloskih ka-
rakteristika u ovom istrazivanju primijenjena je kanonic-
ka diskiriminativna analiza. Kriterij za diskriminativnu
jacinu primijenjenih varijabli bio je tzv. Wilksova Lam-
bda. Odredivanje statisticke znacajnosti svake diskri-
minativne varijable vrSeno je na osnovu Bartletovog
Hi-kvadrat testa. Za interpretaciju koriStene su znacajne
diskriminativne varijable i one objas$njavaju odredeni
procenat zajednicke varijanse.

U tabelama su prikazani i standardizovani diskri-
minativni koeficijenti kao i normirani koeficijenti uce-
$¢a morfoloskih varijabli u formiranju znacajnih diskri-
minativnih funkcija centralnih grupa na znacajnim dis-
kriminativnim funkcijama.

Boxovim testom (tabela 2) u inicijalnom i finalnom
mjerenju utvrdeno je da postoje statisticki znacajne ra-
zlike (Sig. .000), u kovarijansama analiziranih matrica.
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Table 2. Box s test of statistical significance of changes in
morphological characteristics

Tabela 2. Boxov test statisticke znacajnosti promjena
morfoloskih karakteristika

Rank Log Determinant
Initially / Inicijalno 12 19.080
Final / Finalno 12 33.953
Pooled within-groups 12 32.215
Test Results
Box’s M 581.285
F Approx. 6.527
dfl 78
df2 32854.097
Sig. .000

Based on the results presented in Table (3), the dif-
ferences between the initial and final measurements in the
quantitative effects of the volleyball program in the space
of morphological characteristics of young volleyball play-
ers were analyzed. Table 3 shows the significance of the
isolated discriminant function. The results obtained indi-
cate that the discriminative power of morphological tests,
as shown by the Wilks’ Lambda test, is very high (.644),
which indicates that the differences between the initial and
final measurements of the subjects are statistically signifi-
cant at the (Sig. .000) level.

The canonical correlation coefficient indicates that
.597% of the significance of the canonical function is
explained, or rather, the discriminative function, which
shows us in what correlation the set of applied data on
the basis of which we performed discriminative analysis
and the results in the discriminative function are. The ex-
plained correlation coefficient for the entire set of morpho-
logical variables has a high value (Chi-square = 42.25).

Table 3. Significance of the isolated discriminative function of
morphological characteristics

Na osnovu rezultata prezentiranih u tabeli (3) anali-
zirane su razlike izmedu inicijalnog i finalnog mjerenja
u kvantitativnim efektima programa odbojke u prostoru
morfoloskih karakteristika mladih odbojkasica. U tabeli
3 prikazana je znacajnost izolovane diskriminativne
funkcije. Dobiveni rezultati ukazuju da je diskriminativ-
na ja¢ina morfoloskih testova prikazana testom Wilks’
Lambda vrlo visoka (.644), sto ukazuje da su razlike iz-
medu inicijalnog i finalnog mjerenja ispitanica statisticki
znacajne na nivou (Sig. .000).

Koeficijent korelacije  (Canonical
Correlation) ukazuje da je .597% objasnjena znacajnost
kanonicke funkcije, odnosno diskriminativnost funkcije
$to nam ukazuje u kojoj su korelaciji skup primijenjenih
podataka na osnovu kojih smo vrsili diskriminativnu
analizu i rezultati u diskriminativnoj funkciji. Objasnjeni
koeficijent korelacije na cijeli set morfoloskih varijabli
ima visoku vrijednosti (Chi-square = 42,25).

kanonicke

Tabela 3. Znacajnost izolovane diskriminativne funkcije
morofloskih karakteristika

Fukction Eigenvalue % of Variance Cumulative % Canonical Correlation
1 .5532 100.0 100.0 .597
Wilks’ Lambda
Test of Functions (s) Wilks’ Lambda Chi- square df Sig.
1 .644 42.253 12 .000

Legend: Eigenvalue-squares of discrimination coefficients,
Canonical R-coefficient of canonical correlation, Wilks
Lambda-values of Bartlett's test, Chi-square-significance of
the relationships investigated space, df-degrees of freedom

In order to verify the effectiveness of the applied
volleyball program, twelve morphological measures

Legenda: Eigenvalue-kvadrati koeficijenata diskriminacije,
Canonical R-koeficijent kanonicke korelacije, Wilks Lambda-
vrijednsoti Bartletovog testa, Chi-square-znacajnost veza
istrazivanih prostora, df-stepeni slobode

Da bi se provjerila efikasnost primijenjenog
programa odbojke izmjereno je na pocetku i na kraju
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were measured at the beginning and end of the program,
which are assumed to be good measures of the investi-
gated morphological space.

An overview of the results shown in table 4 shows
that the greatest contribution to the discriminative func-
tion is made by anthropometric measures for assessing
the longitudinal dimensionality of the body (arm length,
body height) and transverse dimensions of the body
(hand diameter, knee diameter and ankle diameter).

Table 4. Matrix of standardized coefficients of discriminative
analysis of morphological characteristics

programa dvanaest morfoloskih mjera za koje se pret-
postavlja da su dobra mjera istrazivanog morfoloskog
prostora.

Pregledom rezultata prikazanih u tabeli 4 vidi se
da najveci doprinos diskriminativnoj funkciji imaju an-
tropometrijske mjere za procjenu longitudinalne dimen-
zionalnosti tijela (duzina ruku, tjelesna visina) i transver-
zalne dimenzionalnosti tijela (dijametar Sake, dijametar
koljena i dijametar skocnog zgloba).

Tabela 4. Matrica standardizovanih koeficijenata
diskriminativne analize morfoloskih karakteristika

Funkcion 1
Anthropometry body height / ATIVIS -.923
Anthropometry arm length / ADUZRU 1.088
Anthropometry leg length / ADUZNO -.018
Anthropometry ankle joint diameter / ADIJSZ .257
Anthropometry knee diameter / ADIJKO 327
Anthropometry wrist joint diameter / ADUZS .715
Anthropometry body weight / ATITEZ .143
Anthropometry chest circumference / ASROGK .042
Anthropometry abdominal circumference / AOBTRB -.279
Anthropometry triceps skinfold / ANATRI -.103
Anthropometry calf skinfold / ANAPOT -.392
Anthropometry skinfold of the back / ANALED .165

Table 5 shows the factor structure of the isolated dis-
criminative function. The results presented in Table 5 in-
dicate that the greatest contribution to the discriminative
function, i.e. the difference between the initial and final
measurement of the morphological characteristics of the
subjects, is the diameter of the wrist joint (ADIJZS .672).
In addition, the variables arm length (ADUZRU ,542),
leg length (ADUZNO ,364), body height (ATIVIS ,255),

Table 5. Matrix of the structure of the isolated discriminative
function of morphological characteristics

U tabeli 5 prikazana je faktorska struktura izolovane
diskriminativne funkcije. Prikazani rezultati u tabeli 4
ukazuju da najvec¢i doprinos diskriminativnoj funkciji
tj. razlici izmedu inicijalnog i finalnog mjerenja mor-
foloskih karakteristika ispitanica ima dijametar zgloba
Sake (ADIJSA .672). Pored nje s neito nizim vrijed-
nostima u diskriminaciji ucestvuju varijable duzina ruku
(ADUZRU ,542), duzina nogu (ADUZNO ,364), tjelesna

Tabela 5. Matrica strukture izolovane diskriminativne
funkcije morfoloSkih karakteristika

Funkcion 1

Anthropometry wrist joint diameter / ADIJZS .672
Anthropometry arm length / ADUZRU .542
Anthropometry leg length / ADUZNO .364
Anthropometry body height / ATIVIS 255

Anthropometry body weight / ATITEZ .235
Anthropometry knee diameter / ADIJKO 217
Anthropometry ankle joint diameter / ADIJSZ 197
Anthropometry chest circumference / ASROGK .130
Anthropometry skinfold of the back / ANALED .098
Anthropometry abdominal circumference / AOBTRB .054
Anthropometry calf skinfold / ANAPOT -.043
Anthropometry triceps skinfold / ANATRI .037
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body weight (ATJITEZ ,235) and knee diameter (ADIJKO
,217) participate in the discrimination with slightly lower
values. The other measured morphological variables did
not significantly participate in the discrimination of the
initial from the final measurement in the space of morpho-
logical characteristics.

Based on standardized centroids, the effects of a six-
month volleyball program on the morphological charac-
teristics of female participants who train in volleyball are
observed in terms of the increase in longitudinal and trans-
verse body dimensions. The position of the centroids of
the initial and final measurements show that in this sample
of respondents there are significant differences in morpho-
logical characteristics at the two measurements.

Table 6. Centroid positions

visina (ATJVIS ,255), tjelesna tezina (ATJTEZ ,235) i
dijametar koljena (ADIJKO , 217). Ostale mjerene mor-
foloske varijable nisu znacajno ucestvovale u diskri-
minaciji inicijalnog od finalnog mjerenja u prostoru mor-
foloskih karakteristika.

Na osnovu standardizovanih centroida uocavaju se
efekti djelovanja Sestomjese¢nog programa odbojke na
morfoloske karakteristike ispitanica koje treniraju od-
bojku u smislu prirasta lodgitudinalne i transverzalne
dimenzionalnosti tijela. PoloZaj centroida inicijalnog i
finalnog mjerenja pokazuju kako u ovom uzorku ispi-
tanica postoje znacajne razlike u morfoloskim karakteri-
stikama na dva mjerenja.

Tabela 6. Polozaji centroida

Function / Funkcija 1

Initially / Inicijalno -,736
Final / Finalno ,736
Diskus1JA

DiscussIoN

Knowing the structure of morphological characteris-
tics is of great importance because it allows for an objec-
tive picture of the state of physical development of children
and youth, monitoring the course of growth and develop-
ment by comparing data from measurements conducted
at appropriate intervals, and timely directing the child to-
wards sports disciplines in which, given their morphologi-
cal characteristics, they could achieve optimal results. Ac-
cording to Kosinac (2011), who deals with morphological
and motor measurements through the method of collecting
data on the child’s physique and maturation, on the basis
of which body dimensions are determined and judged, the
four-dimensional model of morphological characteristics
(Momirovi¢ et al., 1975) has been accepted as dimen-
sions that can be directly measured and reliably describe
the morphological status of a person, namely: longitudinal
dimensionality of the skeleton, transverse dimensionality
of the skeleton, circular dimensionality of the skeleton and
subcutaneous fat tissue.

Programmed training activities in the form of ex-
perimental programs can produce certain transformational
changes in certain anthropological features of the par-
ticipants of such treatments to a greater or lesser extent,
provided that the programmed activities represent optimal
stimuli that are well adapted to the age characteristics and
individual abilities and characteristics of each individual.
The effects of such experimental programs that are ap-
plied are visible in the level of quantitative and qualitative

Programirane trenazne aktivnosti u vidu ekspe-
rimentalnih programa mogu proizvesti zeljene tran-
sformacione promjene antropoloskog statusa ucesnika
takvih tretmana pod uslovom da programirane aktiv-
nosti predstavljaju optimalne stimulanse koji su dobro
prilagodeni uzrasnim karakteristikama i individualnim
sposobnostima i osobinama svakog pojedinca. Efekti
takvih eksperimentalnih programa koji se primjenjuju
vidljivi su u nivou kvantitatitvnih i kvalitativnih pro-
mjena odredenih segmenata antropoloskog prostora.

Dosadasnja istrazivanja problema transformacio-
nih procesa uglavnom su se bavila utvrdivanjem efe-
kata posebno programiranih kinezioloskih aktivnosti u
smislu kvantitativnih i kvalitativnih promjena odrede-
nih antropoloskih karakteristika i sposobnosti subjekata
koji se podvrgavaju takvim programima (Pejé¢i¢, 2001;
Bajri¢ i sar., 2011, 2013, 2014; Smigalovic’ 1sar., 2012;
Malijevi¢, 2012; Srdi¢ i sar., 2021; Gali¢ i sar., 2022,
2024). Pejci¢ (2001) u svom istrazivanju konstatuje da
svaka dobro programirana fizicka aktivnost znacajno
uti¢e na promjene kako motorickih sposobnoati tako
i na promjene morfoloskih odlika. Bajri¢ i sar. (2012)
su na uzorku od 73 uéenika uzrasta 13-14 godina OS
,» 10j81¢1* utvrdivali efekte cetvoromjesecnog programa
dodatne nastave na promjenu bazi¢nih i situaciono-mo-
torickih sposobnosti. Autori su konstatovali da je preci-
zno definisani program vjezbanja iz odbojke sa svojim
operatorima, povoljno je djelovao na razvoj motori¢-
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changes in certain segments of the anthropological space.

The subject of research in this paper is the impact of a
specially defined experimental volleyball program lasting
six months, with the application of the content of technical
elements of the volleyball game without a ball and with
a ball, on changes in the morphological characteristics of
girls aged 10-12 years. The purpose of this research was to
determine whether positive changes in the morphological
characteristics of the treated sample of test subjects could
be achieved by applying the proposed experimental vol-
leyball program.

The analysis of the results of the T test shows that in
the period of six months in which the experimental vol-
leyball program was implemented, there were significant
changes in the variables for assessing the longitudinal and
transverse dimensionality of the body, but not in the vari-
ables for assessing the circular dimensionality of the skel-
eton and skin folds. Similar results were obtained using ca-
nonical discriminant analysis. The results of the canonical
discriminant analysis show that the discriminative power
of the morphological tests shown by the Wilks’ Lambda
test is high (.644), which indicates that the differences be-
tween the initial and final measurements of the subjects
statistically significant at the (Sig. .000) level. The biggest
contribution to the discriminative function, i.e. the differ-
ence between the initial and final measurement of the mor-
phological characteristics of the test subjects is the variable
of the transverse dimensionality of the skeleton (diameter
of the hand joint), and next to it, with slightly lower val-
ues, they participate in the discrimination variables of lon-
gitudinal dimensionality of the skeleton (length of arms,
length of legs and height). The variables for evaluating the
circular dimensionality of the skeleton and skin folds did
not significantly participate in the discrimination of the
initial from the final measurement in the area of morpho-
logical characteristics in the treated subjects.

Based on the obtained results of the T test and dis-
criminant analysis, it can be concluded that the changes
in the mentioned dimensions of the morphological status
of the girls included in the experimental volleyball work
program are not a surprise, because it is known that the
longitudinal and transverse measurements of the skeleton
cannot be influenced by physical exercise due to the high
coefficient of the hereditary factor (Milanovi¢, 2010).
Therefore, the changes in the variables for assessing the
longitudinal and transverse dimensionality of the skeleton
that were determined in this study were more due to the
growth and development of the girls’ organism, and less
or not at all due to the influence of the experimental vol-
leyball program.

kih 1 situaciono-motori¢kih sposobnosti uc¢enika uzra-
sta 13-14 godina te je izazvao proces homogenizacije
i reorganizacije funkcija koje su odgovorne za uspjesne
rezultate u testovima motorickih i situacono-motorickih
sposobnosti. Doprinos globalnim kvantitativnim pro-
mjenama pored koriStenih operatora u okviru programa
moze se pripisati i drugim trenaznim sadrzajima koji su
koristeni u procesu rada u vremenskom intervalu izme-
du inicijalnog i finalnog mjerenja. Srdi¢ i sar. (2021) su
utvrdivali efekte sadrzaja dodatne nastave na promjene
motorickih sposobnosti u¢enika i utvrdili da je pod uti-
cajem programskih sadrzaja dodatne nastave doslo do
znacajnih promjena motorickih sposobnosti kod tretira-
nog uzorka ispitanika. Gali¢ i sar. (2024) su na uzorku
88 djevojcéica-kosarkasica uzrasta 13-15 godina utvrdi-
vali kvantitativne promjene motori¢kih sposobnosti na-
stalih pod uticajem tromjesecnog programiranog rada.
Dobiveni rezultati ukazuju da je pod uticajem progra-
miranog rada doslo do statisticki znacajnih globalnih
promjena u prostoru motorickih sposobnosti u smislu
poboljsanja repetitivne snage, koordinacije i okretno-
sti. Ni¢in i Stijepi¢ (2008) isti¢u da je za tjelesni razvoj
djece mladeg Skolskog uzrasta izmedu 9. i 11. godine,
povoljan odnos tjelesne visine i tjelesne tezine kod dje-
¢aka i djevojcica. Autri smatraju da u ovom uzrastu vje-
rovatno zbog te Cinjenice ne postoje znacajne razlike
izmedu djecaka i djevojcica u osnovnim morfoloskim
odlikama. U organizmu se deSavaju ne§to manje pro-
mjene, a koli¢ina miSi¢ne mase znatno manje zaostaje u
odnosu na tezinu tijela. Srdi¢ (2012) je u svom istrazi-
vanju utvrdivao efekte eksperimentalnog programa kod
juniora u plesu. Na osnovu dobivenih rezultata autor je
utvrdio statisti¢ki znacajne kvalitativne i1 kvantitativne
promjene tretiranih antropoloskih obiljezja kod juniora
u plesu.

Upravo je ovo istrazivanje imalo za cilj da se utvr-
de efekti posebno definisanog eksperimentalnog pro-
grama odbojke na promjene morfoloskih karakteristika
mladih odbojkasica u vidu kvantitativnih promjena na
parcijalnom i globalnom nivou.

Na osnovu dobivenih rezultata moze se kon-
statovati da je primijenjeni program odbojke povoljno
djelovao na tretirane morfoloske odlike, u prvom redu
na prirastaj dijametra zgloba Sake i duzine nogu i ruku,
a zatim i na prirast tjelesne visine i tjelesne tezine. Zbog
toga bi trebalo transformacioni trenazni proces sa mla-
dim odbojkaSicama usmjeriti na prirast morfoloskih
karakteristika u skladu sa njihovim karakteristikama u
pojedinim fazama razvoja.

Na osnovu prethodno navedenog moze se kon-
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No statistically significant changes (differences) were
found in the variables for evaluating the circular dimen-
sionality of the body and skin folds, which is a surprise
in this research. Many previous studies confirm that cir-
cular dimensions, and especially subcutaneous fat tissue,
are variable and less reliable measures than longitudinal
and transverse dimensions for assessing the morphological
status of subjects. Malacko (1985) points out that morpho-
logical characteristics are influenced by genetic and envi-
ronmental factors, but that the influence of genetic factors
is not the same on all morphological characteristics. The
author also points out that the innateness coefficient for
the longitudinal dimensionality of the skeleton is the high-
est and is about 98%, for voluminousness 90%, and for
adipose tissue 50%. Puraskovi¢ (2001) points out that it
is possible to achieve a greater impact on the reduction
of skin folds, which depends on the scope and intensity
of kinesiological activity, considering the lesser impact of
the genetic code, i.e. growth hormone (K = .50). The same
author indicates that positive changes occur under the in-
fluence of physical exercise. It multiplies muscle cells are
activated, the number of capillaries increases, circulation
improves, and fat tissue disappears from the muscles.

Essentially, experimental training programs can af-
fect the transformation of the circular dimensionality of
the skeleton and skin folds depending on the content and
means that the specific program includes, as well as the
duration of the experimental treatment. Malina, Bouchard,
& Bar-Or, (2004) conclude in their research that special
exercise programs do not produce positive effects on the
longitudinal dimensionality factor of the skeleton, unlike
the circular dimensionality factor of the skeleton and sub-
cutaneous fat tissue.

Similar results on the positive impact of the experi-
mental program on changes in morphological character-
istics are presented in their research by Bala et al. (2018).

The obtained results point to the conclusion that the
changes in the examined morphological characteristics of
the female volleyball players who represented the sample
of respondents in this study are primarily caused by the
influence of growth factors and biological maturation, and
partly by the influence of the experimental volleyball pro-
gram. Morphological characteristics have a high genetic
dependence and the influence of the experimental program
is negligible, with the exception of body weight and sub-
cutaneous fat tissue, where changes under the influence of
the experimental program are possible.

The results of this research are similar to the results
obtained by many researchers who have treated the prob-
lem of changes in morphological characteristics under the

statovati da su dobijene parcijalne i globalne kvanti-
tativne promjene morfoloskih odlika kod tretiranog
uzorka ispitanica posljedica primijenjenog eksperimen-
talnog programa koji je realizovan u vremenskom peri-
odu od Sest mjeseci.

Mnoga istrazivanja (Stojiljkovi¢ i sar., 2010; Hr-
getié¢ i sar., 2016; Spirtovi¢ i sar., 2021; Bajri¢ i Adze-
movi¢, 2023) bavila su se utvrdivanjem efekata ek-
sperimentalnih programa na promjenu sastava tijela
kod vjezbaca i rekreativaca. Spirtovi¢ i sar. (2021) su
utvrdivali efekte programiranog rada na promjene kom-
pozicije tijela ispitanica rekreativnog vjezbanja. Na
osnovu dobivenih rezultata autori konstatuju da je pro-
gramirani rad proizveo statisticki znacajne promjene u
tjelesnoj kompoziciji rekreativnih vjezbaca a promjene
su u prvom redu nastale u tjelesnoji misSi¢noj masi kao
i procentu masnog tkiva. Bajri¢ i Adzemovi¢ (2023)
su na uzorku od 44 vjezbaca rekreativaca (27 zenskih
1 17 muskih) starosti od 25 do 40 godina, izvrs$ili istra-
zivanje s ciljem utvrdivanja efekata tromjese¢nog Hard
Body programa vjezbanja na promjene tjelesne kompo-
zicije. Primjenom analize rezultata T testa autori kon-
statuju da je tromjese¢ni Hard Body program vjezba-
nja proizveo statisticki znacajne razlike u sastavu tijela
vjezbaCa zena i musSkaraca, rekreativaca, odnosno da
postoji razlika u tjelesnoj tezini i kod muskih i zenskih
rekreativaca, obimu struka, postotku misi¢nog tkiva i
dnevnom unosu kalorija kod Zenskih vjezbaca, rekrea-
tivaca, zatim postotku masnog tkiva, body mass indexu
i postotku vode kod muskih vjezbaca, rekreativaca. Au-
tori na kraju konstatuju da je kvalitet zivota i zivotna
putanja najveca borba koju vodimo sami sa sobom, ali
kada je savladamo, koraci koje pravimo su laganiji i us-
pijevamo da vidimo dalje od drugih.

ZAKLIUCAK

Osnovni cilj istrazivanja bio je da se utvrde kvan-
titativne promjene morfoloskih karakteristika mladih
odbojkasica koje su ¢inile uzorak ovog istrazivanja na
parcijalnom i globalnom nivou. U tu svrhu na uzorku
od 50 ispitanica mladih odbojkaSica primijenjen je set
od dvanaest morfoloskih varijabli koje hipotetski pri-
padaju odgovaraju¢im dimenzijama longitudinalnog,
transferzalnog, cirkularnog prostora i varijabli za procje-
nu potkoznog masnog tkiva. Za utvrdivanje efekata Se-
stomjesec¢nog programa rada odbojke koji se odrazava na
kvantitativne promjene morfoloskih karakteristika mla-
dih odbojkasica na parcijalnom i globalnom nivou primi-
jenjeni su rezultati t testa za zavisne uzorke i kanonicka
diskriminativna analiza.
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influence of programmed work, either in the teaching or
training process (Bala, 1981; Babin et al., 1999; Pejcic,
2001; Zrnzevi¢, 2007; Ni¢in and Stijepi¢, 2008; Srdic,
2012; Zrnzevi¢ and Zrnzevié, J., 2015; Bala et al., 2018;
Mitrovi¢ et al., 2021; Gali¢ et al., 2022).

In his research, Pejci¢ (2001) states that any well-
programmed physical activity significantly affects chang-
es in both motor skills and morphological characteristics.
Ni¢in and Stijepi¢ (2008) point out that for the physical
development of children of younger school age between
9 and 11 years, the ratio of body height and body weight
in boys and girls is favorable. The authors believe that at
this age, probably due to this fact, there are no significant
differences between boys and girls in basic morphological
characteristics. Slightly smaller changes occur in the or-
ganism, and the amount of muscle mass lags significantly
less in relation to body weight. Srdi¢ (2012) in his research
determined the effects of an experimental program in ju-
niors in dance. Based on the results obtained, the author
determined statistically significant quantitative and quali-
tative changes in the treated anthropological characteris-
tics in juniors in dance.

Also, some studies (Stojiljkovi¢ et al., 2010; Hrgeti¢
et al., 2016; Spirtovi¢ et al., 2021; Bajri¢ and Adzemovi¢,
2023) have investigated the effects of experimental pro-
grams on changes in body composition in exercisers and
recreational exercisers. Spirtovié et al. (2021) have de-
termined the effects of programmed work on changes in
body composition of recreational exercisers. Based on the
results obtained, the authors conclude that programmed
work produced statistically significant changes in the body
composition of recreational exercisers, and the changes
primarily occurred in body muscle mass and the percent-
age of fat tissue. Bajri¢ and AdZzemovi¢ (2023) conducted
research on a sample of 44 recreational exercisers (27 fe-
male and 17 male) aged 25 to 40 years with the aim of de-
termining the effects of a three-month Hard Body exercise
program on changes in body composition. By applying the
analysis of the results of the T test, the authors state that the
three-month Hard Body exercise program produced statis-
tically significant differences in the body composition of
female and male exercisers, recreationists, that is, there is
a difference in body weight in both male and female recre-
ationists, waist circumference, percentage of muscle tissue
and daily calorie intake in female exercisers, recreation-
ists, then the percentage of fat tissue, body mass index and
percentage of water in male exercisers and recreationists.

Analiza rezultata T testa pokazuje da je Sestomje-
secni program rada odbojke proizveo parcijalne kvanti-
tativne promjene u sedam od ukupno dvanaest varijabli
za procjenu morfoloskih karakteristika. Najznacajnije
parcijalne promjene su se desile kod varijabli za procjenu
longitudinalne i trasverzalne dimenzionalnosti tijela.
Iznenadenje predstavlja podatak da parcijalne promje-
ne nisu utvrdene kod varijabli za procjenu kod koznih
nabora.

Rezultati kanonic¢ke diskriminativne analize po-
kazuju da je doslo do znacajnih promjena morfoloskih
karakteristika ispitanica na globalnom nivou a najveéi
doprinos diskriminativnoj funkciji tj. razlici izmedu ini-
cijalnog i finalnog mjerenja morfoloskih karakteristika
ispitanica ima dijametar zgloba Sake (ADIJSA .672).
Pored nje s nesto nizim vrijednostima u diskriminaciji
udestvuju varijable duzina ruku (ADUZRU ,542), du-
7ina nogu (ADUZNO ,364), tjelesna visina (ATJVIS
,255), tielesna tezina (ATJTEZ ,235) i dijametar koljena
(ADIJKO , 217). Ostale mjerene morfoloske varijable
nisu znacajno ucestvovale u diskriminaciji inicijalnog od
finalnog mjerenja u prostoru morfoloskih karakteristika.

Generalno, dobiveni rezultati pokazuju da je defi-
nisani program odbojke u trajanju Sest mjeseci proizveo
znacajne kvantitativne promjene morfoloskih karakteri-
stika mladih odbojkasica kako na parcijalnom tako i na
globalnom nivou. Ovakvi rezultati upucuju na ¢injenicu
da eksperimentalni programi mogu proizvesti znacajne
zeljene promjene antropoloskog statusa ispitanika ali
mora biti strukuriran tako da programirane aktivnosti
predstavljaju optimalne stimulanse koji su dobro prila-
godeni uzrasnim karakteristikama i individualnim spo-
sobnostima i osobinama svakog pojedinca. Dobiveni
rezultati se odnose na tretirani uzorak ispitanica a za ge-
neralizaciju rezultata potrebno je izvrsiti veéi broj istra-
zivanja koji bi podrazumijeva ovaj ili slican uzorak i ve¢i
broj ispitanica.

Rezultati istrazivanja mogu predstavljati dobru
osnovu i poticaj drugim istrazivaima za istrazivanje i
definisanje strukture morfoloskog prostora i utvrdivanje
mogucih odnosa morfoloskih karakteristika sa drugim
dimenzijama antropoloskog prostora kod odbojkaSica
razliCite uzrasne dobi. Svakako da bi takvi rezultati mo-
gli doprinijeti boljoj selekciji i kvalitetnijem planiranju
1 programiranju trenaznog rada sa mladim odbojkasica-
ma uvazavajuci osobenosti morfoloskih karakteristika za
svaku uzrasnu dob ispitanica.
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CONCLUSION

The main goal of the research was to determine
whether and to what extent positive changes (at partial and
global levels) in the morphological characteristics of fe-
male volleyball players aged 10-12 years can be achieved
by applying a specially defined experimental volleyball
program. For this purpose, a set of twelve morphologi-
cal variables was applied to a sample of 50 young female
volleyball players, which hypothetically belong to the cor-
responding dimensions of the longitudinal, transferal, cir-
cular space and variables for assessing subcutaneous fat
tissue. To determine the effects of the six-month volley-
ball program on quantitative changes in the morphological
characteristics of young female volleyball players at par-
tial and global levels, the results of the T test for dependent
samples and canonical discriminant analysis were applied.

Based on the analysis of the differences in the arith-
metic means (Mean) of the results of the applied morpho-
logical characteristics at the beginning and at the end of
the experimental program, the significance of the changes
was tested by the T-test for dependent samples and par-
tial quantitative changes were analyzed for each applied
variable. The results of the T test show that changes were
achieved in the measures for assessing the longitudinal
and transverse dimensionality of the body. The surprise is
the fact that changes were not determined in the variables
for assessing circular dimensionality and skin folds.

As the results of the T test show, the results of the ca-
nonical discriminant analysis show that significant chang-
es in the morphological characteristics of the subjects oc-
curred at the global level, and the greatest contribution to
the discriminant function, i.e. the difference between the
initial and final measurement of the morphological char-
acteristics of the test subjects is the variable of the trans-
verse dimensionality of the skeleton (the diameter of the
hand joint, and next to it, with slightly lower values, the
variables participate in the discrimination longitudinal di-
mensions of the skeleton (arm length, leg length and body
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Abstract: Nutrition plays a crucial role in sports. Diet has an important role in human health, especially when the nutri-
tional needs have to be adjusted for different sports. The aim of this study was to find how did COVID-19 impact nutrition
and physical activity among students of AAB college. A survey was conducted among students of AAB College from 12-
30 April 2023. The survey link was spread to students using Email. Questionnaire included questions regarding: height,
weight, physical activity, nutrition, food supplements, during COVID-19 and after COVID-19. A total of 296 students com-
pleted the questionnaire, consisting of 211 females and 85 males. Economics had the highest number of students (22.3%)
and Mass Communication had the lowest (2.4%); the statistical test (Chi-square) shows a significant difference between
the fields. Wilcoxon signed-rank test indicates a significant difference, there is a notable difference in BMI between during
COVID-19 and after COVID-19. Consumption of meat and cereals changed significantly during and after COVID-19 (y*
=9.33, p = 0.003), y*= 20.06, p = 0.000. Consumption of fruits, vegetables, dairy products, and foods high in fat, sugar
and salt did not change significantly. Physical activity levels during and after COVID-19 also showed a significant change
(> =4.96, p = 0.033), indicating that some students started exercising again. Consumption of meat and cereals changed
significantly during and after COVID-19 and the importance of wellbeing (nutrition, physical activity) can be used as an
incentive to maintain an active lifestyle and healthy food consumption.

Keywords: Sports, Health, Nutritional needs, Differences.

Abbreviations: Body mass Index (BMI), Noncommunicable diseases (NCDs), World Health Organization (WHO), Coronavirus disease 2019
(COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).

INTRODUCTION

Diet has an important role in human health, especially when the nutritional needs have to be adjusted for differ-
ent sports. Nutrition plays a crucial role in sports. The importance of an active lifestyle and healthy nutritional food
habits, was shown significantly more during the COVID-19 pandemic. The immune system is activated by an active
lifestyle, whereas it is suppressed by obesity and related disorders-this information emphasized the significance of
maintaining an active lifestyle during this time (Khoramipour et al., 2021).

Regular exercise enhances quality of life, mental health and well-being; helps in prevention and treatment of
noncommunicable diseases (NCDs), hypertension, overweight, and obesity (Global action plan on physical activity
2018-2030). World Health Organization (WHO) recommends that adults between the ages of 18 and 64 engage in
at least per week (150 minutes of moderate-intensity physical activity, 75 minutes of vigorous-intensity physical ac-
tivity or a relevant combination of moderate- and vigorous-intensity physical activity); this is the minimum amount
of physical activity required to maintain adequate health and fitness (Lippi et al., 2020). Health is closely linked to
nutrition. Evidence currently available shows that a person’s immune system and susceptibility to disease are signifi-
cantly impacted by their diet (Naja & Hamadeh, 2020). Immune system support requires proper nutrition-a healthy
diet regulates immune homeostasis (Mentella et al., 2022). Minerals (zinc and selenium) and vitamins (A, C, D, E,
and B complex) are found in diets rich in fruits and vegetables-these nutrients are crucial immune system modulators
(de Faria Coelho-Ravagnani et al., 2020). Water, antioxidants, and fiber found in fruits and vegetables help prevent
weight gain, diabetes, and hypertension-some of the major risk factors for COVID-19 problems (de Faria Coelho-
Ravagnani et al., 2020). Fruits and vegetables’ effectiveness to reduce disease may be partially attributed to their high
flavonoid and antioxidant/anti-inflammatory contents (Khoramipour et al., 2021).
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Healthy eating practices encourage health and the prevention of disease, whereas unhealthy eating practices
affect metabolism and lead to health deterioration (Ozen et al., 2021). Nutrition recommendations were given on the
limitation of salt, sugar, and alcohol, the recommended daily intake of water was six to ten glasses (Detopoulou et
al., 2022); eating homemade healthy balanced diet (Rafique, 2022), avoiding irregular snacking (Naja & Hamadeh,
2020). The lockdown could change weight-gain related health behaviors (Parekh & Deierlein, 2020). Adults are
classified as obese if their body mass index (BMI) is greater than 30 kg/m? (Safaei et al., 2021). Sedentary behav-
ior and unhealthy lifestyles grew as a result of COVID-19, particularly in the midst of youths (Akter et al., 2022).
Students do not take enough care of their health or healthy lifestyle, neglecting physical activity and healthy eating,
but giving more priority to the obligations in the faculty as well as entertainment (Myrtaj, Pireva, & Miki¢, 2023).
The impact of this physical inactivity is likely to have consequences in many areas such as: health and social care,
mental well-being of people, education, etc. (Rexhepi, Pireva, Vehapi, & Gashi, 2020). In some research there was
noticed the increase in Physical activity during the COVID-19 pandemic, compared to physical activity before the
pandemic. A large part of research participants (85.5%) stated they liked online teaching of PE, while 80.1% stated
that online teaching helped them stay physically active (Antekolovi¢ & Kovaci¢, 2020). Regular physical exercise
has significant impact on human body and is important factor of enhancing immune system, which enables faster
recovery and easier dealing with symptoms of COVID-19 (Sebi¢, Suhoni¢, Kovacevi¢, Covi¢, Bajramovi¢, 2023).
During the pandemic time the negative impact of e-sports as a phenomenological phenomenon for children’s health,
their psychological and physical development has been proven (Mili¢, 2020).

The objective of this study was to investigate the impact of COVID-19 on nutrition and physical activity among
students at AAB College. Specifically, the study aimed to assess how the duration of the pandemic and the associ-
ated public health measures—such as isolation and movement restrictions—affected students’ behavioral patterns.
Additionally, the study sought to examine how these behavioral changes influenced physical activity levels and body
mass index (BMI) across different student groups, stratified by faculty.

MATERIAL AND METHODS

A survey was conducted among students of AAB College from 12-30 April, 2023. The survey link was spread
to students using Email. Nutrition approach test questionnaire: For the online survey the Nutritional Habits Question-
naire was used. The questionnaire was prepared by (Altun et all. 2021). The questions proved validity of the research-
es which have been done on the subject before have been used. Basic informational questions involved: gender, age,
and the field of study. Questionnaire included questions regarding: height, weight, physical activity, nutrition, food
supplements, during COVID-19 and after COVID-19. Questions during the COVID-19 period and after COVID-19
period contained: The current body weight? Did the body weight have any significant variation during the CO-
VID-19 pandemic compared to the period prior to the pandemic? How frequently per day do you consume meals?
Which food categories are most predominant in your diet? Do you use nutritional supplements? Which types of
nutritional supplements do you use? Are you physically active? Type of physical activity? How many times per
week do you engage in physical activity? The duration of your physical activity session? Where do you exercise?

The tested hypotheses were: Did eating habits during COVID-19 period became unhealthier, so the students
BMI increased? What are the differences during and after COVID-19 at students in: frequency of consuming
meals, food categories in diet, nutritional supplements, physical activity (type, duration, place). The collected data
were analyzed with SPSS 25.0 software (SPSS, Chicago, IL, USA). The non-parametric statistics used for the data
analyses are Chi-square test and Wilcoxon signed-rank test.

REsuULTS

A total of 296 students completed the questionnaire, consisting of 211 females and 85 males. The majority
number of students were in the (>23) age group. Economics had the highest number of students (22.3%) and Mass
Communication had the lowest (2.4%); the statistical test () shows a significant difference between the fields. Among
students 86.5% were at the Bachelor level (256), and 13.5% were at the Master level (40). With COVID-19 were
infected 52.7% of students (156) and 47.3% of students (140) were not; the Chi-square test (x> = 0.865, p = 0.352)
indicates no significant difference. Wilcoxon signed-rank test indicates a significant difference, (Z= 6.675, P=0.000%*)
there is a notable difference in BMI between during COVID-19 and after COVID-19.
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Table 1. Descriptive statistics and Ch-square of the study participants (n = 296)

Variables Frequency Percentages Distribution differences
(N) (%)
Gender Female 211 71.3 x* (1. N =296) = 53.635. P = 0.000*
Male 85 28.7
Age >23 233 78.7 x* (3. N =296) = 460.73. P = 0.000*
24-30 37 12.5
31-36 12 4.1
37+ 14 4.7
Study field Physical Education and Sports 24 8.1 x> (9. N =296) = 88.730. P = 0.000*
Social Sciences 38 ;;g
Economics 66 14.9
Psychology 44
Mass Communication 7 2.4
Public Administration 24 8.1
: 11.8
Computer Science 35
Law 23 7.8
Health Sciences 11 3.7
English Language 24 8.1
Study level Bachelor 256 86.5 x* (1. N =296) = 157.622. P = 0.000*
Master 40 135
Participants infected Yes 156 52.7 x* (1. N =296) =0.865. P =0.352
with COVID -19 No 140 47.3

The significant difference was found between the students according to age, gender, study field and study level

but there was no significant difference according to the infection with Covid 19 virus (p <0.05).

Table 2. Chi-square test and Wilcoxon signed-rank test for BMI

Variables Metrics and changes before vs. after Statistical Test Results P-Value

COVID-19 & BMI 22.42 +3.83 Z(296) =-6.675 P=0.000*
23.12+3.52

COVID-19 & Meals Mean Rank = 1.49 x?(296) =0.117 P=0.732
Mean Rank = 1.51

COVID-19 & Supplements 23 (No = Yes) X2 (1. 296) = 29.95 P =0.000*
78 (Yes = No)

Vitamin C & COVID-19 Mean Rank = 36.29 Z(134) =-5.589 P=0.000*
Mean Rank = 23.5

Vitamin D & COVID-19 Mean Rank = 30.40 Z(134) =-0.455. P=0.649
Mean Rank = 27.55

Multivitamin & COVID-19 Mean Rank = 28.78 Z(134)=-2.813 P=0.005*
Mean Rank = 26.26

Omega 3 & COVID-19 Mean Rank = 18.83 Z(134)=-2.464 P=0.014*
Mean Rank = 19.45

Creatine & COVID-19 Mean Rank = 5.25 Z(134)=-1.089 P=0.276
Mean Rank = 6.43

Protein Powder & COVID-19 Mean Rank = 7.64 Z(134)=-1.137 P=0.256

Mean Rank =9.95
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Fruit and Vegetables & COVID-19 21 (No - Yes) x? (1. 296) =0.421 P=0.627
17 (Yes - No)

Dairy products & COVID-19 32 (No = Yes) x* (1. 296) = 0.267 P =0.699
28 (Yes = No)

Meat products & COVID-19 46 (No - Yes) x> (1.296) =9.33 P =0.003*
21 (Yes = No)

Cereals & COVID-19 55 (No - Yes) X* (1. 296) = 20.06 P =0.000*
17 (Yes - No)

High sugar foods & COVID-19 30 (No - Yes) X2 (1.296) = 1.704 P=0.235
41 (Yes - No)

High salt foods & COVID-19 25 (No - Yes) X* (1. 296) = 0.86. P=0.427
32 (Yes - No)

High fat foods & COVID-19 23 (No - Yes) x2 (1. 296) = 0.692 P=0.488
29 (Yes - No)

The significant difference was found between the students in the BMI index, supplements intake, multivitamins,
omega 3, usage of meat productions and cereals. In other components there was not significant differences at the level
of significance (p <0.05).

Table 3. The effect of COVID-19 on students physical activity (n = 296)

Variables Metrics and changes before vs. after  Statistical Test Results P-Value

Physical Activity & COVID-19 0 (No = Yes) X% (1.296) = 66 P = 0.000*

(before & during) 66 (Yes > No)

COVID-19 & Physical Activity 55 (No = Yes) x* (1. 296) = 4.96 P =0.033%*

(during & after) 34 (Yes = No)

COVID-19 & Exercise Frequency Mean Rank = 1.48 x2(1.79)=0.36 P =0.549
Mean Rank = 1.52

COVID-19 & Exercise Duration Mean Rank =1.43 x2(1.79)=4.172 P=0.041%*
Mean Rank = 1.57

COVID-19 & Exercise Location 32 (Home - Gym) x*(1.79) =32 P = 0.000*

0 (Gym - Home)

The significant difference was on the level of student’s activity before and during covid, physical activity dur-
ing and after covid. Exercise duration and Exercise location. There was not significant difference at the Exercise
frequency (p <0.05).

DiscussioN

The aim of this study was to investigate the impact of COVID-19 on nutrition and physical activity among
students at AAB College. Specifically, the study aimed to assess how the duration of the pandemic and the associ-
ated public health measures—such as isolation and movement restrictions—affected students’ behavioral patterns.
Additionally, the study sought to examine how these behavioral changes influenced physical activity levels and body
mass index (BMI) across different student groups, stratified by faculty.

There was no significant difference in number of meals consumed during COVID-19 and after COVID-19. Sup-
plement use changed during and after COVID-19: there were no notable changes in the use of vitamin D, creatine,
or protein powder, there were notable changes in the usage of vitamin C, multivitamins, and omega 3. Consump-
tion of meat and cereals changed significantly during and after COVID-19. Consumption of fruits, vegetables, dairy
products, and foods high in fat, sugar, and salt did not change significantly. Physical activity levels before and after
COVID-19 changed significantly (y*> = 66, p = 0.000), many students stopped physical activity during COVID-19.
Physical activity levels during and after COVID-19 also showed a significant change (3> =4.96, p = 0.033), indicating
that some students started exercising again. Exercise duration (y>=4.172, p = 0.041) and physical activity (%> = 4.96,
p = 0.033) increased significantly during and after COVID-19. Exercise frequency did not change significantly (%> =
0.36, p = 0.549). After COVID-19, there was a noticeable return to gym workouts from at-home workouts.

According to the study by Zahri et al. (2022) students’ intakes of dietary supplements and micronutrients in-
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creased during the COVID-19 pandemic compared to their pre-pandemic intakes; most commonly students con-
sumed vitamins. In the study of Altun et al. (2022) students of sports faculty made better choices for nourishment-
due to the fact that they participate in sports and receive nutritional education, leading to higher nutrition scores than
students from other faculty.

In the study of Jalal et al. (2021) poor physical exercise and a sedentary lifestyle were linked to the students’
elevated BMI; half of the students held their BMI constant during lockdown. The period of COVID-19 had an impact
on nutritional consumption, dietary choices, physical activity, lifestyle behaviors- which impacted body weight and
general health in the short and long term (Antwi et al., 2021). Of the approximately 900 persons in the United States
whose data were collected, 44% self-reported having made a beneficial dietary change (Jaeger et al., 2021). The
lessons during COVID-19: the importance of wellbeing (nutrition, physical activity) can be used as an incentive to
maintain an active lifestyle and healthy food consumption.

CONCLUSION

Consumption of meat and cereals changed significantly during and after COVID-19 Consumption of fruits,
vegetables, dairy products, and foods high in fat, sugar, and salt did not change significantly. Wilcoxon signed-rank
test indicates a significant difference, there is a notable difference in BMI between during COVID-19 and after CO-
VID-19. Physical activity levels during and after COVID-19 also showed a significant change (y*> = 4.96, p = 0.033),
indicating that some students started exercising again. The lessons during COVID-19: the importance of wellbeing
(nutrition, physical activity) can be used as an incentive to maintain an active lifestyle and healthy food consumption.
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Abstract: The modern lifestyle and insufficient physi-
cal activity are an increasing problem among the young-
er generation. The question arises as to how the educa-
tional system can influence the resolution of this issue.
One way is to introduce additional physical exercise
classes within the regular curriculum or to improve the
program of organized physical exercise with students.
This study analyzed three individual studies that dealt
with the impact of organized aerobic physical exercise
on BMI values and body fat percentage in adolescent
students. In this meta-analysis, standardized mean dif-
ferences and relative risk with 95% confidence intervals
were calculated using random effects. The combined val-
ue of the standardized mean difference calculated from
the random effects model is 0.32 (95% CI; -2.74; 3.38).
The combined RR value from the random effects model is
0.34 (-1.15; 1.83). The RR is not statistically significantly
different from one (p=0.6527). No statistically significant
difference was observed between students who, in addi-
tion to the regular classes, participated in organized aer-
obic physical exercise aimed at regulating excess weight.
Due to the small number of participants, it is not possible
to generalize the conclusion in this study.

Keywords: Aerobic physical exercise, Students, Pri-
mary school, BMI, Overweight.

INTRODUCTION

Excess body weight can represent one of the risk fac-
tors for the development of cardiovascular diseases in chil-
dren and adolescents (Toriola & Monyeki, 2012; Tremblay
& Williams, 2003). The development of chronic diseases
and spinal deformities, as well as the onset of sedentary
behavior, can be attributed to the unhealthy lifestyle inher-
ent to by modern times. Due to the uncontrolled use of
technological devices, children lose interest in daily physi-
cal activity. On the other hand, insufficient movement con-
tributes to the development of excess body weight, which
can negatively affect the quality of life during the growth
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SaZetak: Savremeni nacin Zivota i nedovoljno fizicke
aktivnosti sve cesce postaju problem mladeg narastaja.
Postavlja se pitanje na koji nacin vaspitno-obrazovni
sistem moze uticati na reSavanje navedenog problema.
Jedan od nacina jeste da se u okviru redovne nastave
uvedu dodatni casovi fizickog vezbanja ili da se una-
predi program organizovanog fizickog vezbanja sa
ucenicima. Ova studija je izvrsila analizu tri individu-
alne studije koje su se bavile uticajem organizovanog
aerobnog fizickog vezbanja na vrednosti BMI i procenta
masnog tkiva ucenika adolescentne dobi. U ovoj meta-
analizi standardizovane srednje razlike i relativni rizik
sa 95% intervala poverenja prikupljene su iz slucajnih
efekata. Objedinjena vrednost standardizovane razlike
aritmetickih sredina izracunata je iz modela slucajnih
efekata i iznosi 0,32 (95% CI; -2,74; 3,38). Objedinje-
na vrednost RR iz modela slucajnih efekata iznosi 0,34
(-1,15; 1,83). RR nije statisticki znacajno razlicit od je-
dinice (p=0,6527). Nije uocena statisticki znacajna raz-
lika izmedu ucenika koji su pored redovne nastave imali
organizovano aerobno fizicko vezbanje radi regulisanja
viska kilograma. U ovom radu nije moguce generalizo-
vati zakljucak zbog malog broja ispitanika.

Kljucéne reli: fizicka aktivnost, vaspitno-obrazovni
sistem, BMI

Uvobp

Prekomerna telesna masa moze da predstavlja jedan
od rizika za razvoj kardiovaskularnih bolesti kod dece
i adolescenata (Toriola & Monyeki, 2012; Tremblay &
Williams, 2003). Razvoj hroni¢nih bolesti i deformite-
ta kicme, kao i razvoj sedentarnosti moze se pripisati
nepravilnom nacinu Zivota koji nudi savremeno doba.
Nekontrolisanom upotrebom tehnoloskih sredstava deca
gube interesovanje za svakodnevnu fizicku aktivnost,
dok nedovoljno kretanja uti¢e na pojavu prekomerne te-
lesne mase, koje moze imati negativnog uticaja na kva-
litet Zivota tokom perioda odrastanja. Smatra se da deca
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period. It is believed that children with excess weight have
a low level of physical fitness (Toriola & Monyeki, 2012;
Pahkala et al., 2013; Ng M. et al., 2014). Changing life-
style and developing healthier habits can positively influ-
ence the regulation of body weight (Bull et al., 2020).

In order to have a positive impact of continuous
physical activity on reducing obesity during adolescent
growth, it is important to motivate students to participate
in all forms of physical exercise (Martin et al., 2018). The
World Health Organization recommends continuous mod-
erate to vigorous physical activity for children and youth
lasting 60 minutes throughout the day (Bull et al., 2020;
Davis et al., 2009). The problem arises from adolescents’
insufficient interest in sports and recreation. A large num-
ber of adolescents are unable to meet even the minimum
recommendation of the World Health Organization (Mar-
tin et al., 2018). Besides the duration of the activity, the
manner of exercising also has a significant impact. The
same holds for high intensity that can negatively affect the
motivation of obese children to participate in PE classes
(PE classes), (Deforche et al., 2011).

It is obvious that the problem of hypokinesia in
school-aged children is becoming increasingly significant.
Many studies have investigated how physical exercise
should be organized, how to motivate students to partici-
pate in PE classes, and how organized physical exercise
programs affect the morphological status of students. This
paper covers the period of adolescence, during which there
are rapid changes in the body, as well as the occurrence
of obesity due to students’ insufficient physical activity.
The problem of obesity has become a societal phenom-
enon that many authors are addressing today. Additionally,
there has been a recent increase in obesity among young
people (Han et al., 2000). However, differences in the de-
gree of obesity are observed among students of different
ages, with older students being more prone to weight gain,
as well as male students (Kim et al., 2008). It is known that
continuous physical activity of light to moderate intensity,
at least three times a week, positively affects the quality
of life (Lipnowski et al., 2012). Authors note that an orga-
nized physical exercise program with physically inactive
students who are overweight generally leads to improve-
ments in physical fitness, regulation of BMI, and reduction
of body fat. Furthermore, organized training can positively
influence the maintenance or increase of muscle and bone
mass (Kwan, 2001; Back & Ji, 2015).

Numerous authors who have investigated the effects
of organized physical exercise on reducing body weight
and fat tissue claim that time spent at school is the best
period for physical activity, as children spend most of

sa viskom kilograma imaju nizak nivo fizicke kondicije
(Toriola & Monyeki, 2012; Pahkala et al., 2013; Ng M. et
al., 2014). Promenom nacina Zivota i razvojem zdravijih
navika mozZe se pozitivno uticati na regulisanje telesne
mase (Bull et al., 2020).

Da bi kontinuirana fizicka aktivnost imala pozitivan
uticaj na smanjenje gojaznosti tokom odrastanja adoles-
cenata, vazna je motivacija ucenika radi ucesc¢a u svim
vidovima fizickog vezbanja (Martin et al., 2018). Svet-
ska zdravstvena organizacija preporucuje za decu i mla-
de kontinuirano fizicko vezbanje umerenog do visokog
intenziteta u trajanju od 60 minuta u toku dana (Bull et
al., 2020; Davis et al., 2009). Problem postaje nedovoljna
zainteresovanost adolescenata za sport i rekreaciju. Veli-
ki broj adolescenata ne moze da zadovolji ni preporuceni
minimum Svetske zdravstvene organizacije (Martin et
al., 2018). Osim trajanja opterecenja znacajan uticaj ima
i nacin vezbanja. Visok intenzitet moze imati negativan
uticaj na motivaciju gojazne dece za ucesce u nastavi fi-
zickog vaspitanja (Deforche et al., 2011).

Ocigledno je da problem hipokinezije u decijem
Skolskom uzrastu postaje sve veci. Mnoge studije su
istrazivale na koji nacin je potrebno organizovati fizicko
vezbanje, motivisati ucenike za ucesée u nastavi fizickog
vaspitanja, kao i na koji nacin program organizovanog
fizickog vezbanja uti¢e na morfoloski status ucenika. U
ovom radu obuhvacen je period adolescencije u kome
dolazi do burnih promena u organizmu, kao i pojava
gojaznosti usled nedovoljne fizicke aktivnosti ucenika.
Problem gojaznosti postaje fenomen u drustvu kojim
se danas bave mnogi autori. Takode, u poslednje vreme
je sve veci porast gojaznosti medu mladima (Han et al.,
2000). Medutim, uocava se razlika u stepenu gojaznosti
medu ucenicima razlicite Zivotne dobi, pa su tako stariji
ucenici podlozniji povecanju telesne mase, kao i ucenici
muskog pola (Kim et al., 2008). Poznato je da kontinuira-
na fizicka aktivnost lakog do umerenog intenziteta, naj-
manje tri puta nedeljno, pozitivno utice na kvalitet zZivota
(Lipnowski et al., 2012). Autori navode da organizovani
program fizickog vezbanja sa fizicki neaktivnim uceni-
cima koji imaju visak kilograma uglavnom dovodi do
poboljsanja fizicke kondicije, regulacije BMI, kao i sma-
njenja telesne masti u organizmu. Takode, organizovani
trening ¢e pozitivno uticati na odrzavanje ili povecanje
misi¢ne i koStane mase (Kwan, 2001; Back & Ji, 2015).

Brojni autori koji su istrazivali problem koji se tice
efektata organizovanog fizickog vezbanja na smanjenje
telesne mase i masnog tkiva, navode da je boravak u sko-
li najbolje vreme za fizicko vezbanje jer deca najvise vre-
mena provode u Skolskom okruzenju (Gray et al., 2016).
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their time in a school environment (Gray et al., 2016). The
quantitative presentation of the impact of this research
problem is best demonstrated by selecting relevant scien-
tific studies and calculating the effect size through meta-
analysis. This paper deals with a systematic review of the
impact of organized and systematically guided continuous
aerobic physical exercise on BMI values and the percent-
age of body fat in overweight students. This meta-analysis
may highlight the importance of organized aerobic physi-
cal exercise for adolescents in terms of regulating body
weight. Due to the small number of participants, the re-
search problem in this paper cannot be generalized to the
population of adolescent students. Future research should
include a larger number of studies and a greater number of
participants in order to achieve more reliable results.

METHODS

Search Method

The literature search and selection of references
were conducted in accordance with the rules and recom-
mendations for systematic reviews and meta-analyses
(PRISMA) (Moher et al., 2009). A systematic review
of the scientific literature and the selection of individ-
ual studies based on clearly defined selection criteria
was followed by an analysis of the selected individual
studies. The selection of scientific studies was carried
out using two bibliographic databases (‘“PubMed” and
“Mlibrary”). The following keywords were used during
the search: “Physical Education,” “High School,” “Run-
ning,” “BMIL,” as well as a defined publication type refer-
ring to randomized clinical trials (RCT), with no time
limitation, and exclusively in the English language.

Literature Selection

A detailed presentation of the selected individual
studies is shown in the Flow Diagram (Figure 1). The
following studies were excluded from this meta-analysis:
those with duplicate titles, inappropriate design, meth-
od of physical exercise, research outcomes, as well as
studies with an inappropriate research problem. For this
meta-analysis, RCT scientific studies that met the estab-
lished criteria (method of physical exercise, participants,
primary outcomes, and research problem) were selected.
Additionally, only studies that had two measurements
(pretest and posttest) were chosen, thus allowing an in-
vestigation of how organized aerobic physical exercise
influenced the measured outcomes.

Kwvantitativni prikaz uticaja navedenog problema istrazi-
vanja najbolje se prikazuje odabirom relevantnih nau¢nih
studija i izraCunavanjem veli¢ine efekta kroz meta-ana-
lizu. U ovom radu kroz sistematski pregled prikazan je
uticaj organizovanog i planski vodenog kontinuiranog
aerobnog fizickog vezbanja na vrednosti BMI i procenat
masnog tkiva ucenika koji imaju visak kilograma. Ova
meta-analiza moze da ukaze na znac¢aj organizovanog ae-
robnog fizickog vezbanja sa adolescentima na regulaci-
ju telesne mase. Zbog malog broja ispitanika istrazivani
problem ovog rada se ne moze generalizovati na popu-
laciju ucenika adolescentne dobi. Buducéa istrazivanja bi
trebala da uvrste mnogo vec¢i broj studija, kao 1 ve¢i broj
ispitanika kako bi rezultat bio pouzdaniji.

METODE

Metod pretraZivanja

Pretrazivanje literature i odabir referenci realizo-
van je u skladu sa pravilima i preporukama za sistemat-
ske preglede i meta-analize (PRISMA) (Moher et al.,
2009). Pored sistematskog pregleda naucne literature
i izbora pojedinacnih studija, prema jasno definisanim
kriterijumima za odabir, izvrSena je analiza odabranih
individualnih studija. Selekcija nau¢nih studija izvrSena
je koris¢enjem dve bibliografske baze podataka (,,Pub-
Med*“ i ,,Mlibrary*). Prilikom pretrage koris¢ene su sle-
dece kljucne reci: ,,Physical Education®, ,,High School®,
»Running®, ,BMI“, kao i definisan tip publikacije koji se
odnosio na randomizovane klini¢ke studije (RCT), bez
vremenskog ogranicenja i koje su iskljucivo na engle-
skom jeziku.

Izbor literature

Detaljan prikaz izabranih individualnih studija
predstavljen je u Dijagramu toka (Slika 1). Iz ove me-
ta-analize iskljuCene su sledece studije: sa dupliranim na-
slovima, neodgovaraju¢im dizajnom, nacinom fizickog
vezbanja, ishodima istrazivanja, kao i studije sa neodgo-
varaju¢im problemom istrazivanja. Za ovu meta—analizu
izdvojene su RCT nauc¢ne studije koje ispunjavaju po-
stavljene kriterijume (nacin fizickog vezbanja, ispitanici,
primarni ishodi i problem istrazivanja). Takode, izabrane
su samo one studije koje su imale dva merenja (pretetst
i posttest), a samim tim i moguénost da se istrazi na koji
nacin je organizovano aerobno fizicko vezbanje imalo
uticaja na merene ishode.
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PubMed (17)
Milibrary (68)
(N=85)

(N=79)

Duplicate papers / Duplirani radovi - 6

Titles and abstracts / Naslovi i apstrakti (N=44)

Inappropriate topic / Neodgovarajuéa tema - 35

Inappropriate design / Neodgovarajuéi dizajn - 13

Detailed review / Detaljan pregled (N=11)

Inappropriate research problem / Neodgovarajui
problem - 20

Inappropriate method, statistical presentation of results /

Individual studies / Individualne studije (N=3)

Figure 1. Flow diagram of the systematic review of individual
studies

Participants

The criterion for selecting participants was the
school age of children who were in the prepubertal or
pubertal period. In the individual studies of this meta-
analysis, students aged between 8 and 16 years. The stu-
dents were randomized into two research groups. Many
students were overweight and had not been sufficiently
physically active in the past six months. In the experi-
mental group, students participated in organized aerobic
physical exercise in addition to regular PE classes, while
the control group attended only the regular physical edu-
cation lessons.

Organized Physical Exercise

The significance of this meta-analysis lies in pre-
senting the impact of organized aerobic physical exercise
on the measured outcomes (BMI and body fat percent-
age). Therefore, the main criterion for selecting studies
was the type of physical exercise, that represents aero-
bic physical activity (running or other aerobic physical
activities). In addition to running or aerobic exercises,
strength exercises are also described in the individual
studies as an integral part of the program (a more detailed
description is provided in the individual studies: Back,
2015; Meng, 2022; Zuo, 2023). The organized aerobic
physical exercise program was conducted at school by
physical education teachers and/or trainers.

The organized aerobic physical exercise implemented
in the individual studies of this meta-analysis can be sum-
marized and described as follows: The first part of the pro-
gram consisted of a 5-10 minute warm-up. The main part of
the program involved aerobic physical exercise consisting

Neodgovarajuci: metod, statisticki prikaz rezultata

Slika 1. Prikaz sistematskog pregleda individualnih studija
Dijagram toka

Ispitanici

Kriterijum za izbor ispitanika odnosio se na Skolski
uzrast dece koja su u periodu predpuberteta ili puberte-
ta. U individualnim studijama ove meta-analize ucenici
su imali od 8 do 16 godina. Ucenici su randomizovani
u dve istrazivacke grupe. Mnogi ucenici su imali viSak
kilograma i nisu bili dovoljno fizicki aktivni u posled-
njih Sest meseci. U eksperimentalnoj grupi ucenici su
pored redovne nastave fizickog vaspitanja ucestvovali i
u organizovanom aerobnom fizickom vezbanju, dok je
kontrolna grupa pohadala samo redovne Casove fizickog
vaspitanja.

Organizovano fizicko veZbanje

Znacaj ove meta-analize ogleda se u prikazu uticaja
organizovanog aerobnog fizickog vezbanja na merene
ishode (BMI i procenat masnog tkiva). Stoga, glavni
kriterijum za odabir studija bio je nacin fizickog vezbanja
koji predstavlja aerobnu fizicku aktivnost (trcanje ili dru-
ge aerobne fizi¢ke aktivnosti). Pored tr¢anja ili aecrobnih
vezbi u individualnim studijama se opisuju i vezbe snage
kao sastavni deo programa (detaljniji opis je dat u individ-
ualnim studijama: Back,2015; Meng, 2022; Zuo, 2023).
Program organizovanog aerobnog fizickog vezbanja je
realizovan u $koli od strane nastavnika fizickog vaspi-
tanja 1/ili trenera.

Organizovano aerobno fizicko vezbanje koje je re-
alizovano u individualnim studijama ove meta-analize
moze se objediniti i prikazati kroz sledeci opis: U prvom
delu programa realizovano je zagrevanje u trajanju od 5
do 10 minuta. U glavnom delu programa realizovano je
aerobno fizicko vezbanje kroz: specifican program 108

Jun/Jdune, 2025

111



KSENIIA BUBNJEVIC, ET AL
AEROBIC PHYSICAL EXERCISE AND BMI VALUES IN STUDENTS WITH OVERWEIGHT

SPORTS SCIENCE AND HEALTH 15(1):108-118

of a specific program 108 — Bae, training on an athletic track
running with changes in intensity and rest pauses between
sets, and continuous running for 30 minutes at moderate in-
tensity with a gradual increase in load. At the end of each
organized aerobic physical exercise program, a cool-down
and muscle stretching was performed.

Apart from PE classes, the students were not in-
volved in other extracurricular sports activities. Both
groups of participants regularly attended PE classes. Pa-
rental consent was obtained for participation in the indi-
vidual study research.

Outcome Measurement

The primary outcome measures in this study were
the total BMI value and the percentage of body fat in
overweight students. Outcome values were measured
before and after the experimental program of organized
aerobic physical exercise. BMI was calculated using the
formula BMI = kg/m?, while the percentage of body fat
was calculated using a body composition scale. All mea-
sured values were recorded in the teacher’s work log.

Data Extraction and Risk of Bias

The reliability of a meta-analysis can depend on the
assessment of risk, as well as a bias in the individual studies
selected. The quality assessment of the data in this meta-
analysis was performed by two independent authors (D.G.
and V.Z.). In cases of disagreement during the analysis of
the extracted data, the final decision was resolved through
discussion between the reviewer and a third author (K.B.).
Table 1 presents the extracted data included in the analysis.

Data Analysis

The unit of measurement in this meta-analysis was
the individual scientific study. The pooling of results was
performed by determining the relative risk (RR) and cal-
culating the standardized mean differences from a total
of three studies. Additionally, an analysis of the study
heterogeneity and publication bias was conducted. The
obtained results were tested at a statistical significance
level (alpha level) of 0.05. Data analysis was performed
in the R programming language and environment using
the “metafor” and “meta” packages (Viechtbauer, 2010;
Schwarzer et al., 2015).

REsuULTS

The standardized mean of all measured outcomes
was calculated from three studies. The total number of
participants in both groups was 93 students. Funnel plots
for all measured outcomes were symmetrical (BMI at

— Bae, trening na atletskoj stazi — tr€anje sa promenom
intenziteta 1 pauzama odmora izmedu serija i istrajno
tr¢anje u trajanju od 30 minuta umerenog intenziteta sa
postepenim povecanjem opterecenja. Na kraju svakog
programa organizovanog aerobnog fizickog vezbanja re-
alizovano je istr€avanje i istezanje misica.

Osim nastave fizickog vaspitanja ucenici nisu bili
ukljuceni u druge vannastavne sportske aktivnosti. Obe
grupe ispitanika su redovno pohadale nastavu fizickog
vaspitanja. Za ucestvovanje u istrazivanjima individual-
nih studija autori su dobili saglasnost roditelja.

Merenje ishoda

Primarni ishodi merenja u ovoj studiji bili su uku-
pna vrednost BMI i procenat masnog tkiva kod ucenika
sa viskom kilograma. Vrednosti ishoda mereni su pre i na-
kon eksperimentalnog programa organizovanog aerobnog
fizickog vezbanja. BMI je izracunat koris¢enjem formule
BMI=kg/m?, dok je procenat masnog tkiva izracunat uz
pomo¢ vage za merenje kompozicije tela. Sve izmerene
vrednosti belezene su u dnevnik rada nastavnika.

Ekstrakcija podataka i rizik od pristrasnosti

Pouzdanost meta-analize moze da zavisi od procene
rizika, kao i od pristrasnosti u izabranim pojedina¢nim
studijama. Procenu kvaliteta podataka u ovoj meta-anali-
zi izvrsila su dva nezavisna autora (D.G. 1 V.Z.). Ukoliko
je doslo do neslaganja prilikom analize izdvojenih po-
dataka, kona¢na odluka se resavala diskusijom izmedu
recenzenta i tre¢eg autora (K.B.). U Tabeli 1. prikazani
su izdvojeni podaci ukljuceni u analizu.

Analiza podataka

Jedinicu mere u ovoj meta-analizi predstavljala je
individualna nauc¢na studija. Objedinjavanje rezultata
izvrseno je odredivanjem relativnog rizika (RR) i utvr-
divanjem standardizovanih razlika aritmetickih sredina
iz ukupno tri studije. Takode, izvrSena je analiza hetero-
genosti studija, kao i publikaciona pristrasnost. Dobijeni
rezultati analize su testirani na nivou statisticke znacaj-
nosti (alfa nivo) od 0,05. Analiza podataka je izvrSena u
R programskom jeziku i okruzenju koris¢enjem paketa
,metafor i, meta” (Viechtbauer, 2010; Schwarzer et al.,
2015).

REZULTATI

Standardizovana aritmeticka sredina svih merenih
ishoda izracunata je iz tri studije. Ukupan broj ispitanika
u obe grupe iznosio je 93 ucenika. Za sve merene ishode
levkasti dijagrami su bili simetri¢ni (BMI u prvom mere-
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first measurement p=0.0043; BMI at second measure-
ment p=0.0001; Body fat percentage at first measure-
ment p=0.0009; Body fat percentage at second measure-
ment p=0.0009). No publication bias was observed in the
individual studies.

The combined standardized mean difference for
BMI values at the first measurement, calculated using a
random-effects model, was 0.81 (95% CI; -0.24; 1.86).
Physically active and insufficiently active students did
not differ statistically significantly regarding BMI at the
first measurement (p=0.1293). High heterogeneity among
studies was observed. The data were statistically signifi-
cantly heterogeneous (p<0.01; *=82%; 1>=0.6973). The
combined relative risk (RR) value from the random-
effects model for body fat percentage at the first mea-
surement was 0.90 (-0.46; 2.26). RR was not statistically
significantly different from 1 (p=0.1941). The difference
in body fat percentage at the first measurement between
physically active and sedentary students was 10%.

The combined standardized mean difference for
BMI values at the second measurement, calculated using
a random-effects model, was 0.32 (95% CI; -2.74; 3.38).
Physically active and insufficiently active students did not
differ statistically significantly regarding BMI at the second
measurement (p=0.8362). High heterogeneity among stud-
ies was observed. The data were statistically significantly
heterogeneous (p<0.01; I’=96%; >=7.0738) (Graph 1).

nju p=0,0043; BMI u drugom merenju p=0,0001; Proce-
nat telesne masti u prvom merenju p=0,0009 i Procenat
telesne masti u drugom merenju p=0,0009). U individu-
alnim studijama nije uocena publikaciona pristrasnost.

Objedinjena vrednost standardizovane razlike ari-
tmeti¢kih sredina za vrednosti BMI u prvom merenju
izraCunata je iz modela slucajnih efekata i iznosi 0,81
(95% CI; -0,24; 1,86). Fizicki aktivni i nedovoljno fizi¢-
ki aktivni ucenici se ne razlikuju statisticki znacajno u
odnosu na BMI u prvom merenju (p=0,1293). Uocena
je visoka heterogenost studija. Podaci su statisticki zna-
¢ajno heterogeni (p<0,01; 12=82%; 1t2=0,6973). Objedi-
njena vrednost RR iz modela slucajnih efekata za vred-
nosti procenta masti u prvom merenju iznosi 0,90 (-0,46;
2,26). RR nije statisticki znacajno razli¢it od jedinice
(p=0,1941). Razlika u vrednosti procenta masti u prvom
merenju izmedu fizicki aktivnih i sedentarnih ucenika
iznosti 10%.

Objedinjena vrednost standardizovane razlike ari-
tmetickih sredina za vrednosti BMI u drugom merenju
izraCunata je iz modela slucajnih efekata i iznosi 0,32
(95% CI; -2,74; 3,38). Fizicki aktivni i nedovoljno fizi¢-
ki aktivni ucenici se ne razlikuju statisticki znacajno u
odnosu na BMI u drugom merenju (p=0.8362). Uocena
je visoka heterogenost studija. Podaci su statisticki zna-
¢ajno heterogeni (p<0,01; 12=96%; 12=7,0738) (Grafi-
kon 1).

Exparimental Cantral Standardiaed Measn Welght  Welght
Study Total Mean 50 Total Mean 50 Difference EMD 88%-C1 (common) (random}
Back 2015 14 2043 1.8000 14 2459 14200 = Ea3 [ 214 453 16.3% 32 8%
Meng 20 17 FRT0 10000 13 24.80 1,0000 i 200 200 -1.04) FaE%  31a%m
Zue 2023 20 2100 1.7000 20 21.40 11000 e 02T [-0.590; 0.3%] EQ.1% 0%
Common aflest madel diE a7 '“%-" Q10 [-0.587 D.3A) 100.0% -
Randam affects I'I'rﬂll-l!ll_ e 032 [-2.7T4; 3.38] - 100.0%
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Graph 1. Display of individual results and the combined
value of the standardized mean difference of BMI at the
second measurement

The combined RR value for body fat percentage
at the second measurement, calculated using a random-
effects model, is 0.34 (-1.15; 1.83). The RR is not statis-
tically significantly different from one (p=0.6527). The
difference in body fat percentage at the second measure-
ment between physically active and sedentary students is
66% (Graph 2).

Grafikon 1. Prikaz individualnih rezultata i objedinjena
vrednost standardizovane razlike aritmetickih sredina BMI u
drugom merenju

Objedinjena vrednost RR za vrednosti procenta ma-
sti u drugom merenju izracunata je iz modela slucajnih
efekata iznosi 0,34 (-1,15; 1,83). RR nije statisticki zna-
¢ajno razli¢it od jedinice (p=0,6527). Razlika u vrednosti
procenta masti u drugom merenju izmedu fizicki aktivnih
i sedentarnih ucenika iznosti 66% (Grafikon 2).
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Graph 2. Display of individual results and combined
RR value for body fat percentage at the second
measurement

RESEARCH LIMITATIONS

The main problem in this study can be attributed to
the meta-analysis of a small number of individual studies
that met the established selection criteria. No statistically
significant differences were found for the measured out-
comes in this study. Most studies related to research re-
sults were based on a single measurement. Additionally,
many studies included students of different ages, as well
as male students. None of the studies assessed the prior
level of students’ physical activity. In some studies, the
average daily caloric intake, which was higher than the
recommended values, was controlled (Meng et al., 2022;
Zuo et al., 2023). Future research should revise this study
and include in the meta-analysis only individual studies
that cover a clearly defined age group of students of both
sexes, provide a detailed and clear description of the
aerobic physical exercise program, and include pretest
and posttest measurements. The research groups should
be identical in selection, meaning that both groups of
participants should have a similar BMI level, so as to
demonstrate the effect of the organized aerobic physical
exercise program. Besides the method and type of physi-
cal exercise, intensity also plays a significant role. The
inconsistency of the physical exercise programs applied
in the individual studies certainly influenced the final
measurement outcomes in this meta-analysis.

DIScUSsSION

This paper presents a meta-analysis of data describ-
ing the impact of organized aerobic physical exercise
on the measured values of BMI and body fat percentage
in overweight students. It is not possible to generalize
the obtained results or draw definite conclusions, as the
research was conducted on a small number of studies.
The following factors influenced this issue: the type of
experimental physical exercise program, the sample of
participants, the primary outcome measures, the meth-
odology, and the statistical data processing. During the

Grafikon 2. Prikaz individualnih rezultata i objedinjena
vrednost RR za vrednost telesne masti u drugom
merenju

NEDOSTACI ISTRAZIVANJA

Glavni problem u ovom istrazivanju moze se pripi-
sati meta-analizi malog broja individualnih studija koje
su zadovoljile postavljene kriterijume za odabir. U ovoj
studiji nisu dobijene statisticki znacajne razlike za merene
ishode. Vecina studija se odnosila na rezultate istrazivanja
prikazanih na osnovu jednog merenja. Takode, u mnoge
studije uvrsteni su ucenici razlicite starosne dobi, kao i
ucenici muskog pola. Ni u jednom radu nije utvrdivan
prethodni nivo fizicke aktivnosti ucenika. U pojedinim
studijama vrsena je kontrola prosecne vrednosti dnevnog
kalorijskog unosa koji je bio ve¢i od preporucenih vred-
nosti (Meng et al., 2022; Zuo et al., 2023). Buduca istra-
zivanja bi trebalo da izvrSe reviziju ovog istrazivanja i u
meta-analizu ukljuce iskljucivo individualne studije koje
obuhvataju jasno definisanu uzrast ucenika oba pola, de-
taljan i jasan opis programa aerobnog fizickog vezbanja,
kao i istrazivanja sa pretestom i posttestom. Istrazivacke
grupe bi trebalo da su identi¢ne po odabiru, odnosno da
obe grupe ispitanika imaju podjednak nivo BMI kako bi
se mogao prikazati uticaj organizovanog programa ae-
robnog fizickog vezbanja. Pored nacina i vrste fizickog
vezbanja, veliku ulogu igra i intenzitet. Neujednacenost
primenjenih programa fizickog vezbanja individualnih
studija sigurno je imala uticaja na konacan ishod merenja
u ovoj meta-analizi.

DISKUSIIA

U ovom radu izvrSena je meta-analiza podataka koji
opisuju uticaj organizovanog aerobnog fizickog vezbanja
na merene vrednosti BMI i procenta masnog tkiva kod
ucenika sa viskom kilograma. U radu nije moguce uop-
Stavati dobijene rezultate i doneti konacne zakljucke, jer
je istrazivanje realizovano na malom broju studija. Na
navedeni problem su uticale sledece stavke: vrsta ekspe-
rimentalnog programa fizickog vezbanja, uzorak ispitani-
ka, primarni ishodi merenja, metod rada, kao i statisticka
obrada podataka. Prilikom pregledanja nau¢nih studija
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review of scientific studies, it was observed that some
authors conducted their research exclusively with boys,
and that the ages of students in these studies varied. Ad-
ditionally, there is an inconsistency in the experimental
programs related to the form of organized aerobic physi-
cal exercise programs on which the data analysis and the
final result of the effect size calculation were based. For
this reason, it was difficult to select studies that would
meet the criteria set for this meta-analysis. The analysis
of the selected individual studies did not yield statisti-
cally significant results, but it did show a positive effect
of organized aerobic physical exercise on regulating stu-
dents’ body weight. The individual studies are described
further in the text.

In the first individual study (Back & Ji, 2015), a pro-
gram (108 — Bae) suitable for sedentary individuals with
excessive body weight was implemented. Compared to
other studies, this research shows positive results in re-
ducing BMI values, body fat percentage, and visceral fat.
The limitation of this study lies in the analysis of a small-
er number of students, solely males. Furthermore, the
conclusion regarding the quality and effectiveness of the
organized physical exercise 108 — Bae is questioned, as
the study results obtained in this research are compared
with the results from studies conducted on women and
older adult dancers (Lee, 2008; Seo et al., 2008; Kim,
2004). Compared to the students in the control group
who had normal BMI values, the experimental group
experienced a positive impact due to continuous aerobic
physical exercise, and a reduction in BMI and body fat
percentage. The authors state that the 108 — Bae program
positively affects the development of physical abilities
and is suitable for all ages. In this study, the program last-
ed 12 weeks (4 times per week) with participants (N=28)
aged 16 years.

In the second individual study (Meng et al., 2022),
the authors presented data on the average daily caloric in-
take, which could have influenced the research outcome.
The study did not find statistically significant differences
in results between the two groups of participants: the ex-
perimental group that exercised at high intensity (HIT)
and the control group (CON), which did not engage in
additional physical exercise except regular PE classes.
This study shows that, although there is no significant
difference in the results of body mass and body fat per-
centage after intense and moderate physical exercise,
there is a significantly more efficient use of time, with
exercise duration reduced from 30 minutes to as little as
11 minutes. The study analyzed three groups of students,
one of which exercised at moderate intensity (MICT).

uoc¢eno je da je jedan broj autora sproveo svoja istrazi-
vanja iskljucivo sa de¢acima, kao i da je uzrast u¢enika u
studijama bio razlicit. Takode, uocava se neujednacenost
eksperimentalnog programa u vidu organizovanog pro-
grama aerobnog fizickog vezbanja na kome se zasniva
analiza podataka i konacan rezultat kroz dobijanje veli-
¢ine efekta. 1z tog razloga, bilo je tesko izvrsiti selekciju
studija koje bi zadovoljile postavljene kriterijume ove
meta-analize. Analiza izdvojenih individualnih studija
nije dala statisticki znac¢ajne rezultate, ali je pokazala po-
zitivan uticaj organizovanog aerobnog fizickog vezbanja
na regulaciju telesne mase ucenika. Dalje u tekstu su opi-
sane individualne studije.

U prvoj individualnoj studiji (Back, & Ji, 2015)
realizovan je program (108 — Bae) koji je prigodan za
sedentarne osobe sa prekomernom telesnom masom. U
poredenju sa ostalim istrazivanjima, ova studija pokazuje
pozitivne rezultate na smanjenju vrednosti BMI, procen-
ta telesne masti i visceralne masti. Nedostatak ove studije
ogleda se u analizi manjeg broja ucenika i to iskljucivo
muskog pola. Takode, dovodi se u pitanje zakljucak o
kvalitetu i efikasnosti organizovanog fizickog vezbanja
108 — Bae, jer se rezultati studije dobijene u ovom istra-
zivanju porede sa rezultatima studija u kojima su istrazi-
vanja vrsena sa zenama, kao i plesaCima starije zivotne
dobi (Lee, 2008; Seo et al., 2008; Kim, 2004). U porede-
nju sa uc¢enicima u kontrolnoj grupi koji su imali normal-
ne vrednosti BMI, u eksperimentalnoj grupi je doslo do
pozitivnog uticaja usled kontinuiranog aerobnog fizickog
vezbanja i smanjenja vrednosti BMI i procenta masnog
tkiva u organizmu. Autori navodi da program 108 — Bae
pozitivno utice i na razvoj fizickih sposobnosti, kao i da
je pogodan za sve uzraste. U ovoj studiji program je tra-
jao 12 nedelja (4 puta nedeljno) sa ispitanicima (N=28)
uzrasta 16 godina.

U drugoj individualnoj studiji (Meng et al., 2022)
autori su prikazali podatke prose¢ne vrednosti dnevnog
kalorijskog unosa koji bi mogli imati uticaja na ishod
istrazivanja. U studiji nisu uocene statisticki znacajne
razlike u rezultatima izmedu dve grupe ispitanika, od-
nosno izmedu eksperimentalne grupe koja je vezbala vi-
sokim intenzitetom (HIT) i kontrolne grupe (CON) koja
nije imala dodatno fizicko vezbanje osim redovnih ca-
sova nastave fizickog vaspitanja. Ova studija pokazuje,
da iako ne postoji znacajna razlika u rezultatima nakon
intenzivnog 1 umerenog fizickog vezbanja na vrednosti
telesne mase 1 procenta masnog tkiva, postoji znacajno
efikasnija potrosnja vremena koje je sa 30 minuta vezba-
nja smanjeno na ¢ak 11 minuta. U studiji su analizirane
tri grupe ucenika od kojih je jedna grupa vezbala umere-
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Additionally, shorter exercise duration positively affects
motivation to exercise and is less demanding for school-
age children. Therefore, this type of physical exercise
is easier to implement during PE classes (Millard et al.,
2018). An increase in body mass was observed in the
control group, which may indicate insufficient load dur-
ing regular PE classes. In this study, the program lasted
12 weeks (3 times per week) with participants (N=25)
aged 11 years.

In the third individual study (Zuo et al., 2023),
which investigated organized aerobic physical exercise
in students performing high-intensity running and those
engaged in moderate-intensity running, no significant dif-
ference was observed between the groups in muscle mass
percentage. However, high-intensity physical exercise
proved more useful for the analysis of body composition,
body fat percentage, and cardiorespiratory function. The
study reports average daily caloric intake values. The
organized physical exercise program, which included a
50-meter running test, showed a positive effect on leg
muscle strength. However, no major differences between
the groups were observed, which can be explained by
the continuous aerobic physical exercise performed by
participants in both groups. It can be considered that the
effect of reducing body weight and body fat percentage,
and consequently increasing muscle mass, is directly
related to the type and method of physical exercise. In
this study, the program lasted 8 weeks (3 times per week)
with participants (N=40) aged 8 years.

A review of the existing literature reveals there is a
problem with standardized research methods regarding
the mentioned issue. One meta-analysis that addressed
this problem included students aged from 6 up to 18
years in its research. Additionally, inconsistent physical
exercise programs due to the application of different in-
tensities lead to results in individual studies that are dif-
ficult to compare later (Guerra et al., 2013). Therefore,
this meta-analysis can be considered significant due to
the clearly defined criteria for selecting individual stud-
ies, which influenced the effect size outcome. Although a
very small number of studies were included in this meta-
analysis, the obtained results indicate the possibility of
a positive impact of organized aerobic physical exercise
on the measured research outcomes. This research may
highlight the need for studies with a larger number of
participants so that the investigated problem can be gen-
eralized to the population of prepubertal and pubertal
students.

nim intenzitetom (MICT). Takode, krace trajanje vezba-
nja pozitivno utice na motivaciju za vezbanjem i manje
je zahtevno za decu skolskog uzrasta. Stoga, takav vid fi-
zickog vezbanja je lakse realizovati tokom nastave fizic-
kog vaspitanja (Millard et al., 2018). U kontrolnoj grupi
uocava se povecanje vrednosti telesne mase Sto moze da
ukaze na nedovoljno optere¢enje u okviru redovne nasta-
ve fizickog vaspitanja. U ovoj studiji program je trajao
12 nedelja (3 puta nedeljno) sa ispitanicima (N=25) koji
su imali 11 godina.

U trecoj individualnoj studiji (Zuo et al., 2023) u
kojoj je istrazivano organizovano aerobno fizicko vez-
banje sa ucenicima koji su primenjivali visok intenzitet
trcanja 1 ucenicima koji su primenjivali umeren intenzi-
tet tr¢anja, uoCeno je da nema znacajne razlike izmedu
grupa u procentu misiéne mase. Ipak, fizicko vezbanje
visokim intenzitetom pokazalo se uspesnijim pri analizi
sastava telesne mase, procenta masnog tkiva i kardiores-
piratorne funkcije. U studiji se navode prose¢ne vredno-
sti dnevnog kalorijskog unosa. Program organizovanog
fizickog vezbanja koji je obuhvatio test tr¢anja na 50 m
pokazao je pozitivan efekat na snagu misi¢a nogu. Medu-
tim, nisu uocene vece razlike izmedu grupa $to se moze
objasniti kontinuiranim aerobnim fizickim vezbanjem is-
pitanika u obe grupe. Moze se smatrati da je efekat sma-
njenja telesne mase i1 procenta masnog tkiva, a samim
tim 1 poveéanje misiéne mase u direktnoj vezi sa vrstom
i nacinom fizickog vezbanja. U ovoj studiji program je
trajao 8 nedelja (3 puta nedeljno) sa ispitanicima (N=40)
koji su imali 8 godina.

Dosadasnjim pregledom istrazene literature uocava
se da postoji problem sa ujednacenim metodama istrazi-
vanja pomenutog problema. Jedna od meta-analiza, koja
se bavila istrazivanjem navedenog problema, navodi da
je u svoje istrazivanje uvrstila ucenike od 6 do ¢ak, 18
godina. Takode, neujednaceni programi fizickog vezba-
nja usled primene razli¢itog intenziteta dovode do rezul-
tata u pojedinac¢nim studijama koji se kasnije teSko mogu
porediti (Guerra et al., 2013). Stoga, ova meta-analiza se
moze smatrati zna¢ajnom zbog jasno definisanog kriteri-
juma za odabir individualnih studija koje je imalo uticaj
na rezultat veli¢ine efekta. lako je u ovu meta-analizu
uvrsten veoma mali broj studija, dobijeni rezultati uka-
zuju na mogucnost pozitivnog uticaja organizovanog ae-
robnog fizickog vezbanja na merene ishode istrazivanja.
Ovo istrazivanje moze da ukase na potrebu da se izvrse
istrazivanja sa ve¢im brojem ispitanika kako bi se istrazi-
vani problem mogao generalizovati na populaciju uceni-
ka predpubertetskog i pubertetskog doba.
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CONCLUSION

This meta-analysis examined three individual stud-
ies that analyzed organized aerobic physical exercise of
students who were insufficiently physically active and
overweight. Based on the small number of studies, it is
not possible to obtain a reliable effect size result where-
from a generalized conclusion could be drawn. However,
although the study results did not show a statistically sig-
nificant difference between the measured outcomes (BMI
and body fat percentage), differences between groups
were observed in individual studies. It is necessary to
analyze data from a much larger number of studies, as
well as with a greater number of participants who can be
compared by age, gender, level of physical fitness, and
BMI values.

ZAKLIUCAK

Ovom meta-analizom izvrSena je analiza tri indivi-
dualne studije koje su izvr$ile analizu organizovanog ae-
robnog fizickog vezbanja sa ucenicima koji nisu dovolj-
no fizicki aktivni i imaju i viSak kilograma. Na osnovu
malog broja studija nije mogucée dobiti pouzdan rezultat
veli¢ine efekta na osnovu kog bi se zaklju¢ak mogao ge-
neralizovati. Medutim, iako rezultati studija nisu poka-
zali statistiCku znacajnu razliku izmedu merenih ishoda
(BMI i procenat masnog tkiva), u pojedinacnim studija-
ma uocene su razlike izmedu grupa. Neophodno je izvr-
Siti analizu podataka na mnogo vecem broju studija, kao
i sa ve¢im brojem ispitanika koji se mogu porediti po:
uzrastu, polu, nivou fizi¢ke sposobnosti, kao i vrednosti-
ma BML
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Abstract: The aim of this systematic review was to examine the use of Al training technology on motor performance.
The research was conducted according to the PRISMA guidelines, using the PICOS framework for study selection, and
the search included relevant databases such as PubMed, Web of Science, Scopus, MEDLINE, ERIC and Google Scholar.
The final analysis included 16 studies that met strict methodological relevance criteria, and quality was assessed using the
PEDro scale. Analysis of the included studies indicates that the most effective programs lasted between 5 and 8 weeks, with
a frequency of at least three training sessions per week, while more significant effects were observed with interventions
that included personalized feedback and adaptive algorithms. Al systems have shown the potential to improve strength,
flexibility, coordination and other motor parameters, providing precise, individualized feedback. Although the results are
promising, the variable methodological quality and heterogeneity of the technologies used indicate the need for further
research in real-world sports conditions.

Keywords: Artificial intelligence, Physical training, Motor fitness, Exercise, Digital coaching, Robotics.

INTRODUCTION

Wearable technology, such as electronic devices with wireless communication such as clothing on the body,
equipment or accessories containing sensors for monitoring physiological and motor functions, is increasingly on
the rise (Ometov et al., 2021). The value of 40.65 billion dollars in 2020 is an indicator of the attractiveness of this
technology, with an expected growth of 13.8% by 2028 (Svertoka et al., 2021). A wide range of applications in the
fields of sports medicine and training as well as low costs are just some of the benefits.

The emergence and development of Al technology has led to significant changes in the sports context. Wearable
devices allow for precise measurement of parameters, optimization of training, and better insight into conditions such
as heart rate, blood pressure, body temperature, EEG, ECG, as well as movement speed and acceleration (Altini et al.,
2021; de Zambotti et al., 2019). For example, the Oura ring has proven to be a very reliable tool for sleep monitor-
ing, while smartwatches such as the Apple Watch, through the Apple Health app, participate in the Apple Heart and
Movement Study and the Apple Hearing Study (Turakhia et al., 2019).

The amount of data generated by these devices and processed using artificial intelligence (Al) has proven to
be very effective and applicable. Russell and Norvig defined artificial intelligence as the design and construction of
intelligent agents that receive instructions from the environment and take actions that affect that same environment
(Helm et al., 2020). Machine learning in sports practice allows the system to “learn” and absorb knowledge from data
in order to improve athlete performance (Estava et al., 2019). It has proven very effective as learning has already been
applied in medical sciences in diagnostics as well as in disease monitoring (Vandevoorde et al., 2022).

In the fields of sports medicine, the most common application of sensors is for injury prevention, risk assess-
ment, performance optimization and motor skills improvement, and if there is huge potential, there is still a lack of
concise works that connect artificial intelligence and wearable technology in sports practice.

In addition, Al systems that function as digital assistants in motor learning are increasingly being used, using
algorithms to recognize patterns in movements and analyze complex biomechanical parameters (Vandevoorde et al.,
2022). These systems, when connected to wearable devices and sensors, enable advanced forms of individualization
of training, as well as the identification of potential errors in the performance of motor tasks (Chidambaram et al.,
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2022). In the teaching context, the implementation of Al technology contributes to more efficient learning and more
precise execution of exercises, which is especially important in higher education sports education (Fu, 2020). Also,
digital sports applications driven by artificial intelligence offer users the possibility of continuous progress monitor-
ing, automated feedback and injury risk prediction, which further contribute to the optimization of training (Bodemer,
2023; Hajder et al., 2025). However, this technology requires additional research to address all the challenges and
ethical dilemmas that accompany its increasingly intensive application (Bodemer, 2023).

The aim of the research is to examine the use of Al training technology on motor performance.

METHOD
For research purposes, PRISMA guidelines (Preferred Reporting Items for Systematic Reviews and Meta-Anal-
yses) were applied.

Literature search strategy

An electronic search was conducted in multiple scientific databases, including PubMed, Web of Science, Sco-
pus, MEDLINE, ERIC, and Google Scholar, as well as in relevant grey literature related to the application of artificial
intelligence in the context of physical exercise and motor fitness. Recent papers published between 2020 and 2025
were analyzed.

The keyword combination used for the search included the phrases: “artificial intelligence” AND “physical
training” OR “motor fitness” OR “exercise” AND “digital coaching” NOT “robotics”, with the use of logical opera-
tors to narrow the search scope. Specific keywords included: Al fitness coaching, motor skill improvement, digital
personal trainer, intelligent feedback systems, and automated posture correction.

Only papers published in English were considered. Conference abstracts, preprints, and papers that had not
passed the peer review process were excluded from the analysis in order to preserve scientific relevance and meth-
odological consistency.

Titles and abstracts of papers were first screened for relevance, after which studies that met the previously de-
fined inclusion criteria underwent a detailed content analysis. When necessary, the authors consulted with each other
about the inclusion of certain studies in the research.

Criteria for inclusion and exclusion of studies

To ensure objectivity in the selection of papers, three authors (BB, D.H., RP) independently assessed the studies
according to predefined criteria, using the PICOS framework (Population, Intervention, Comparators, Outcomes and
Study Design). Only papers that:

* have as their topic the application of Al technologies in the context of physical exercise or motor fitness,

» contain clearly described interventions aimed at improving motor fitness,

* use measurable indicators of progress,

 papers published in peer-reviewed scientific journals

Papers that focus exclusively on passive technologies (e.g., robotic assistance without a training component)
were excluded, as were studies that did not include human subjects or did not have clearly defined methodological
approaches.

A total of 16 studies that met all of the above criteria were included in the analysis. The PICOS model was used
in this paper to systematically define the inclusion and exclusion criteria for studies, thus ensuring methodological
clarity and consistency in the selection of relevant studies. This approach allows for precise structuring of the popula-
tion, interventions, comparators, outcomes, and study design within the analysis of the impact of Al technologies on
motor fitness.
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Table 1. The inclusion and exclusion criteria used according to the PICOS model

PICOS category

Inclusion criteria

Exclusion criteria

3}
(Population)

People of both sexes, regardless of age, level of physical
activity or health status; including recreational users,
athletes, students and clinical groups.

People with serious health conditions or
injuries that prevent them from performing
physical activity.

And
(Intervention)

Studies that used Al technologies in training — including
virtual assistants, chatbot trainers, algorithms for

posture correction, program personalization, and fatigue
management; measurements performed through sensors,
video analysis, and applications.

Studies that did not use any form of artificial
intelligence; works that relied solely on self-
reported physical activity without objective
verification; interventions that did not have
a physical component.

Studies comparing an experimental group (Al

Comparisons between unrelated sports or

(Comparators) intervention) with a control group or other digital training populations (e.g., soccer players vs. handball
P modalities (e.g. classic online training vs. Al training). players); studies without a clear comparator.
Changes in motor fitness: coordination, strength, . .
. g . .g Studies that did not perform or report
About flexibility, balance, precision; posture correction; e . . . .
. . . . o specific intervention outcomes; imprecise or
(Outcomes) increased physical activity; motivation; positive effects on .
incomplete outcomes.
mental health.
. . . Duplicates; conference abstracts; case
Randomized and non-randomized controlled studies; P . ..
. . . . reports with <5 participants per group;
With experimental and quasi-experimental research; research . . . .
. ) . . o . . review papers; preprint versions; studies
(Study design) published in English or Serbian in peer-reviewed journals

outside the given timeframe or in languages

between 2010 and 2024. other than Serbian or English.

Study selection and assessment of methodological quality

Screening and data extraction were performed by three authors (BB, B.H., RP) in accordance with the previ-
ously described search strategy. EndNote was used for reference management, while Mendeley Reference Manager
(version 2.111.0, Copyright © 2024 Elsevier Ltd., Barcelona, Spain) was used for duplicate detection. The quality
of the included studies was critically assessed, with systematic identification of potential limitations such as: small
sample sizes, limited application of Al tools, as well as differences in the type of technology used and measurement
instruments. Given the pronounced heterogeneity among the studies, a qualitative approach was applied to analyze
their characteristics, while meta-analysis was not feasible.

The study used a descriptive method, and the methodological quality of the selected papers was independently
assessed by three researchers using the PEDro scale (Physiotherapy Evidence Database), which contains 11 assess-
ment criteria. Each criterion was scored binary (1 = met, 0 = not met). Studies that achieved 6 or more points were
rated as high-quality, those with 4 to 5 points as medium quality, while studies with less than 4 points were classified
as low quality.

RESULTS

Literature search

The process of data collection, analysis, and study elimination is shown in Figure 1. An initial search of the se-
lected databases identified 417 potential studies. After removing duplicates, reviewing titles and abstracts, and apply-
ing the defined exclusion criteria, 47 studies were included in the analysis. A more detailed assessment of eligibility
further excluded some of the studies, reducing the total number of studies meeting the predefined inclusion criteria
to 16. The final number of included studies forms the basis for this systematic review, and the complete selection and
analysis procedure is shown in Figure 1.

121

Jun/Jdune, 2025



BOJAN BIELICA, ET AL.

USE OF Al TECHNOLOGY TRAINING ON MOTOR PARAMETERS: SYSTEMATIC REVIEW

SPORTS SCIENCE AND HEALTH 15(1):119-127

Identification

Figure 1. Data download procedure flow ]
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Figure 1. PRISMA flow diagram, process for collecting studies for systematic review

Study characteristics

A total of 16 studies investigating the use of artificial intelligence (Al) in the context of physical activity and
health were analyzed, with a total of 85,321 respondents. The smallest number of participants was recorded in the
study by Jorke et al. (2024), with only 16 participants, while the largest number of participants was included in the
study by Chiam et al. (2024), which included 84,764 people. The number of respondents was not emphasized in the
works (Chen & Yang, 2020; Choi et al., 2025; Delgoshaei et al., 2025; Kim et al., 2023). The Al methods used are
diverse and include conversational agents (PlanFitting — Shin et al., 2023; GPTCoach — Jorke et al., 2024), interactive
systems based on LLM and wearable devices (PhysioLLM — Fang et al., 2024), Al for posture correction through
video analysis (Pose Trainer — Chen & Yang, 2020; HALE — Lee et al., 2023), as well as systems for personalized
health and physical activity (BalanceUP chatbot — Ulrich et al., 2024; Al voice assistants — Hassoon et al., 2021).
Deep learning methods have also been used, such as CNN-LSTM for functional movements (Pathak et al., 2022), as

well as MediaPipe for shape recognition (Kim et al., 2023).
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Table 2. A systematic review of the papers included in the research

Author(s) Year Fep T Al / Application Key findings Al training Limitations
Sample performance
It allows users to create and
PlanFitting customize weekly exercise Small sample
. 18 (conversational plans through natural size; focus on
hin . 202 . o ’
Shineta 023 participants Al for workout  language, taking into account one type of
planning) personal circumstances and exercise
goals.
Increase daily physical The need for
84764 Al platform for activity by 6.17% and data sharing
Chiametal. 2024 artiéi ants digital health weekly moderate to intense between
P P promotion activity by 7.61% through clubs for more
personalized daily incentives. efficient analysis
PhysioLLM Integrating phy5|olog-|cal data
_ . . from wearable devices to Small sample
24 Fitbit (interactive health . . . .
Fang et al. 2024 . provide personalized insights size; focus on
users data analysis . .
system) and goals, focusing on sleep quality
Y improving sleep quality.
Detgcts user posture Limited to four
. during exercise and .
Pose Trainer rovides personalized exercise types;
Chen & Yang 2020 / (posture P P . requires a
. recommendations to .
correction app) . computer with
improve form and reduce the
. L a GPU
risk of injury.
An application that uses Al
. Small sample
to analyze videos of users .
Home Alone . . size; focus on
Lee et al. 2023 20 women . exercising and provide
Exercise (HALE) one type of
feedback for posture .
. exercise
correction.
sl iy Vi L0 peonas o e
Zhu et al. 2021 53 users app with Al omp 8 L )
ersonalization increase users’ motivation confirm the
P and physical activity. findings
Uses motivational Small sample
Jorke et al. 2024 .1.6 GPTCoach |nter\{|ewmg and a size; short-term
participants  (chatbot coach) personalized approach to . .
. . intervention
encourage physical activity
Automated exercise No empirical
Choi et al. 2025 / LLMOps-based analysis and personallzed data on
system recommendations for users .
. . effectiveness
in social healthcare
Improving mental well- -
. . . fi
. 198 BalanceUP being and reducing somatic Specific target
Ulrichetal. 2024 L . . group; self-
participants chatbot symptoms in people with
assessment
frequent headaches
Mobile app for . . Limited to a
Kim & Park 2024 .5.1 coaching (with Improving a healthy I.|f.estyle specific clinical
participants and body composition .
nurse support) population
Hassoon et 42 Al voice assistant Increase ”? s.tep countand A small sample;
2021 - physical activity compared to short follow-up
al. participants  and Al text coach .
the control group period
Al can facilitate the inclusion
Delgoshaei A.l syste.ms .for of pegple W|t.h.c.I|sab|I|t|es " Lack of empirical
ot al 2025 / inclusion in physical activities through data

physical activities

personalization and real-time
assistance

Jun/Jdune, 2025

123



BOJAN BIELICA, ET AL.

USE OF Al TECHNOLOGY TRAINING ON MOTOR PARAMETERS: SYSTEMATIC REVIEW SPORTS SCIENCE AND HEALTH 15(1):119-127

Significant improvement
in accuracy and speed in

Experimental

Virtual Al tutor for setting, short

iswal l. 202 n ) . o . ; .
Jaiswal et a 023 60 students fine motor skills  learning fine motor skills (e.g. T intervention
writing) using Al assistants time
Limited to
The Al system uses I I
. . . simulated
Learnable Physics MediaPipe to recognize .
. . conditions;
Kim et al. 2023 Al for form movements and provides further
correction real-time correction tips, s
reducing the risk of injur validation
g ury required
Automatic assessment of -
functional movements Limited
40 CNN-LSTM system number of

Pathak etal. 2022 using Al, with high ™
accuracy compared to
physiotherapists
Real-time Al-powered
management endurance and fatigue
system (IMU +  tracking during training, with
ML) the ability to adjust load

for FMS tests moves; limited

generalization

participants

Al fatigue Smaller sample

size; specificity

for the sports
population

Ma et al. 2024 35 athletes

Legend: Al — artificial intelligence; CNN — Convolutional Neural Network; LSTM — Long Short-Term Memory; FMS —
Functional Movement Screen; IMU — Inertial Measurement Unit; ML — Machine Learning; 1 - positive effects of using the Al
training system, # - lack of data to evaluate the quality of the Al training system.

Methodological assessment of the quality of the included studies

The methodological quality of the included studies was assessed using the PEDro scale (Physiotherapy Evidence
Database). Of the sixteen (n = 16) studies, four were rated as moderate quality, while the remaining studies were
classified as low methodological quality, mainly due to the lack of randomization, blinding, and empirical data. The
analysis was conducted in accordance with the PRISMA guidelines. Both longitudinal and cross-sectional studies
addressing the effects of applying artificial intelligence (Al) in training and planning physical activity were included.

Table 3.PEDro scale for assessing methodological relevance and quality of studies

Reference M @ B @ 6 (6. (1) (8 (9 (100 (11) (12)
Shin et al. (2023) + - - - - - : - - + + 3
Chiam et al. (2024) + + - + - - - + - + + 6
Fang et al. (2024) + - - - - - - - - + + 3
Chen & Yang (2020) + - - - - - - - , + + 3
Lee et al. (2023) + - - - - - - - - + + 3
Zhu et al. (2021) + + - + - - - - - + + 5
Jorke et al. (2024) + - - - - - - - - + + 3
Choi et al. (2025) + - - - - - - - , - + 2
Ulrich et al. (2024) + - - - - - - - - + " 3
Kim & Park (2024) + + - - - - - - + + 5
Hassoon et al. (2021) + - - - - - - - + + 4
Delgoshaei et al. (2025) + - - - - - - - , _ + 2
Jaiswal et al. (2023) + + - + - - - - - + ¥ 5
Kim et al. (2023) + - - - - - - - - + + 3
Pathak et al. (2022) + + - + - - . - - + + 5
Ma et al. (2024) + + - + - - - - - + + 5

Legend:+ indicates one point, - indicates no point; (1) Eligibility criteria; (2) Radomization, (3) Concealment of allocation;
(4) Between-group homogeneity, (5) Blinded of subjects, (6) Blinded trainers, (7) Blinded testers; (8) Dropout rate < 15%; (9)
Intention-to-treat; (10) Statistical be-tween-group comparisons, (11) Point and variability estimates; (12) total scores.
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DiscussioN

The application of artificial intelligence (Al) in sports training brings numerous benefits that can improve athlete
performance. The results presented in this systematic review indicate that Al is increasingly integrated into various
aspects of sports, from biomechanical analysis of movements, through load planning, to performance prediction and
injury prevention. One of the most important findings from the included studies is the ability of Al systems to analyze
large amounts of data in real time and provide feedback that is specific, personalized and immediately applicable.
According to research conducted by Connolly et al. (2021), the use of machine learning to assess biomechanical pa-
rameters during running allowed for timely correction of technique, which resulted in a reduction in the risk of injury.

The work of Lamas, et al. (2022) highlights that the application of Al learning can predict athlete fatigue by ana-
lyzing movement patterns and physiological signals. This can help coaches optimally adjust loads to prevent over-
training. However, an important challenge is the need for high-quality and reliable data, as well as ethical standards
regarding athlete privacy. Despite the obvious advantages, most of the included studies show limited applicability
in real-world training conditions. Many studies (Taylor et al., 2020; Li et al., 2021) were experimental in nature and
conducted in controlled conditions, which makes it difficult to generalize the results. Additional research is needed to
test the effectiveness of Al systems in long-term and complex sports environments.

PEDro’s analysis of study quality indicates variable methodological quality of research, with only some meeting
the criteria. This further highlights the need for standardization of methods for evaluating Al systems in sport.

Recent studies have explored the effects of Al-based technologies on motor fitness and physical education. Al-
generated calisthenics training programs have shown improvements in flexibility and muscular endurance, although
human-made programs were superior in some areas (Masagca, 2024). Al-guided assistance systems integrating mo-
tor learning principles, machine learning algorithms, and sensor technologies offer potential for motor skill training
in real-world environments (Vandevoorde et al., 2022). Chatbot-generated personalized fitness regimens have dem-
onstrated promise in strength and conditioning applications, although further research is needed (Bays et al., 2024).
In college physical education, Al applications such as Intelligent Computer-Aided Instruction, wearable devices,
and motion capture systems have enhanced precision and efficacy (Mao & Chen, 2024). Al algorithms have shown
superior performance in identifying sports movement features and human body detection compared to traditional
methods, reducing errors by 36.69% (Mao & Chen, 2024). These findings suggest Al’s potential to revolutionize mo-
tor fitness training and physical education.

The application of artificial intelligence (AI) in modern sports training shows the potential to transform the way
in which the development of motor skills and the optimization of physical preparation are approached. The most ef-
fective Al trainings are based on a combination of personalization, real-time feedback and analysis of large amounts
of data, which allows a high level of precision in determining the load, technique and progression. Chatbot assistants
such as FitBot, based on NLP models, have shown the ability to generate programs for the development of strength
and endurance that are comparable to those created by experts, especially in the context of recreational training (Bays
et al., 2024). Al systems that include machine learning and wearable devices enable biomechanical analysis of move-
ments, which accurately detect technical errors and potential risks of injury (Connolly et al., 2021).

In terms of intensity, most Al-guided workouts favor medium to high loads (60—85% 1RM), especially in the
development of muscle strength and hypertrophy. At the same time, flexibility, coordination, and endurance are
developed through Al routines that use higher repetitions and carefully controlled movements at lower intensities
(Masagca, 2024). The integration of sensors and movement pattern recognition algorithms allows for continuous
performance monitoring, while reinforcement learning models learn from feedback and adapt training according to
changes in the athlete’s physiological response (Lamas et al., 2022).

Vandevoorde, et al. (2022) point out that Al-assisted systems that incorporate motor learning principles can ef-
fectively improve technique in real-world sports environments, which is of particular importance for the development
of coordination and agility. Also, studies in the context of physical education at universities show that the applica-
tion of Al systems such as wearable devices, ICAT (Intelligent Computer-Aided Training), and movement tracking
systems significantly increase the accuracy of performance and motivation of students (Mao & Chen, 2024). It is
especially important to emphasize that Al can be an effective tool for personalizing training based on physiological
and biomechanical parameters, thus ensuring optimal progression and prevention of overtraining,.

The implementation of Al technology in sport still faces challenges such as ethical issues related to data privacy
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and the need for standardization of evaluation methods. However, a growing body of evidence suggests that Al will
play a key role in the future of sports coaching, with the potential to enhance motor skill development through a high
level of personalization and adaptation.

Study limitations

The systematic review provides significant insights into the potential of Al applications in the field of training,
however, a number of limitations have also been identified. First, most of the included studies have a small number
of participants, which limits statistical power and the possibility of generalizing the results. Second, the application of
Al technologies has in many cases been tested in controlled conditions, rather than in real training situations, which
calls into question their validity. Third, a large number of studies were assessed as having low methodological quality
according to the PEDro scale, with a lack of randomization and blinding methods. Another issue is the pronounced
heterogeneity of the Al systems, interventions and measurement instruments used, which makes it difficult to com-
pare results across studies.

CONCLUSION

Based on the results of the systematic review, it can be concluded that artificial intelligence has significant
potential for improving motor skills in physical exercise and sports training. Al systems enable personalization of
training, precise biomechanical analysis of movements, automated technique correction and improved user motiva-
tion. Analysis of the included studies indicates that the most effective programs lasted between 5 and 8 weeks, with
a frequency of at least three training sessions per week, while more significant effects were recorded in experimental
programs that included personalized feedback and adaptive algorithms. However, current research is still not suffi-
ciently uniform or methodologically precise to draw definitive conclusions about the long-term effect of these tech-
nologies. Further empirical research with larger samples and realistic protocols is needed to confirm the effectiveness
of Al systems and enable their wider application in sports and physical education.
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Summary: The primary goal of this research is to ob-
Jectively determine the actual state of nutrition in younger
school-aged students, of both sexes, from four primary
schools in the Odzaci municipality of the Republic of
Serbia. The sample of respondents consisted of younger
school age students from four primary schools from the
area of the Odzaci municipality (R. Serbia). The total sam-
ple of respondents consisted of 93 students of both sexes,
of which 42 were boys and 51 were girls. For research
needs, basic anthropometric measurements, body height
and body weight were applied, and the body mass index
(BMI) was calculated based on the aforementioned. The
BMI was used for the purpose of assessing the nutrition of
respondents - students in individual groups.

All collected data was processed using descriptive and
comparative statistics. The arithmetic mean, standard de-
viation, maximum and minimum measurement values were
calculated from the descriptive statistics area, while the t
test of independent samples was used from the compara-
tive statistics area.

The research results show that the prevalence of obesity
among younger school age students is 19.4%, while an-
other 16.1% of students are at risk of obesity. Boys and
girls did not differ significantly in BMI. Respondents -
older students on average have higher BMI values than
younger students, but obesity was not found to be more
prevalent in any of the examined age groups.

The obtained results enable the design of strategies for
further research on younger school age children, for the
purpose of monitoring growth and development, as well as
the possibility of determining certain standards of psycho-
physical preparedness of children for going to school, suc-
cessful school attendance and inclusion in various physi-
cal activity programs.

Keywords: antopometric measurements, obesity, young-
er school age, gender, age.

INTRODUCTION

We are a witness to the constant growth in childhood

obesity which has reached epidemic proportions (Delas

SaZetak: Osnovni cilj ovog istraZivanja jeste da se tran-
sverzalnim presjekom na objektivan nacin utvrdi stvarno
stanje uhranjenosti ucenika mladeg skolskog uzrasta oba
pola iz Cetiri osnovne Skole sa prostora opstine Odza-
ci u Republici Srbiji. Uzorak ispitanika cinili su ucenici
mlazeg skolskog doba iz Cetiri osnovne skole sa prosto-
ra opstine Odzaci (R. Srbija). Ukupan uzorak ispitanika
cinilo je 93 ucenika oba pola, od cega je 42 decaka i 51
devojcica. Za potrebe istrazivanja primenjene su osnov-
ne antropometrijske mere, telesna visina i telesna tezina
a na osnovu njih izracunat je Indeks telesne mase (ITM).
Indeks telesne mase koristen je u svrhu procenjivanja
uhranjenosti ispitanika — ucenika pojedinim grupama.
Svi prikupljeni podaci obradeni su postupcima deskrip-
tivne i komparativne statistike. Iz prostora deskriptivne
statistike izracunata je aritmeticka sredina, standardna
devijacija, maksimalne i minimalne vrednosti merenja,
dok je iz prostora komparativne statistike koris¢en t test
nezavisnih uzoraka.

Rezultati istrazivanja pokazuju da prevalenca gojazno-
sti kod ucenika mladeg Skolskog uzrasta iznosi 19,4%, a
da rizik od gojaznosti ima jos 16,1% ucenika. Decaci i
devojcice se nisu znacajno razlikovali u indeksu telesne
mase. Ispitanici - ucenici starije uzrasne dobi u proseku
imaju vece vrednosti indekas telesne mase od ucenika
mlade uzrasne dobi, ali se gojaznost nije ustanovila kao
zastupljenija u nekoj od ispitivanih uzrasnih grupa.
Dobiveni rezultati omogucuju osmisljavanje strategija
u daljnjim istraZivanjima dece mladeg skolskog uzrasta,
u svrhu pracenja rasta i razvoja kao i mogucnost utvr-
divanja odredenih standarda psihofizicke pripremljeno-
sti dece za odlazak u skolu, uspjesno pohadanje Skole i
ukljucivanje u razlicite programe fizickih aktivnosti.
Kljucne reéi: antopometrijske mere, gojaznost, mladi
Skolski uzrast, pol, starosna dob.

Uvobp

Svedoci smo kako je de¢ja gojaznost u stalnom

porastu i poprima epidemijske razmere (Dela$ i sar.,
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et al., 2008). The majority of authors believe that it is the
result of excessive food intake, a sedentary lifestyle and
psychological factors, that is, unhealthy lifestyle habits
that are a consequence of the modern lifestyle (Delmas et
all, 2007, Basaldua & Chiquete, 2008).

Obesity in children is classified as primary and sec-
ondary obesity. Primary (idiopathic, exogenous, nutri-
tional obesity) is the most common cause of obesity in
childhood and adolescence. Less than 5% of the causes
of childhood obesity is secondary obesity, associated
with genetic factors, endocrine disorders, and lesions of
the central nervous system (Greenberg & Obin, 2006).

It can be said that the prevalence of obesity among
children in Serbia is in line with the data obtained in for-
eign research, which states that around 20-25% of chil-
dren are actually obese or suffer from excessive nutrition
(Lobstein & Frelut, 2003; Milanovi¢ and Radisavljevié¢
Janji¢, 2015). It is estimated that there are around 150
million obese children in the world today (Wang & Lob-
stein, 2006). However, what is even more worrying is
that this trend is constantly increasing (Shields, 2009).

Critical periods for the development of obesity
have been identified in different school ages according
to gender, so that in the lower grades of primary school,
students are more vulnerable compared to the popula-
tion of female students, while female students are more
vulnerable in higher grades of primary school (Poki¢,
Mededovi¢ and Smiljani¢, 2011).

Regular physical activity is of great importance for
the proper growth and development of children (Strong
et al. 2005), which clearly mitigates many of the health
risks associated with being overweight or obese (Blair &
Brodney, 1999).

At a younger age, regular physical activity of a di-
rected, systematically guided or unstructured nature, has
a positive effect on the child’s physical development dur-
ing the later period of life (Malina & Bouchard, 1991).
Moreover, regular physical activity at an early age has
a direct and indirect positive effect on health status in
adulthood (Twisk, Kemper & VanMenchelen, 2000).

Today, there are ever more sports schools on the
global level, which aim to engage children from the ear-
liest age in order to prevent obesity and the occurrence
of physical deformities, influence the proper growth and
development of children, as well as their sports and tech-
nical achievements (Stevi¢ et al., 2018).

It is at this age that many children begin to develop
a love for a particular sport and begin to train, consider-
ing that there are children who belong to the group of
children with excessive body weight and obesity.

2008). Vecéina autora smatra kako je to rezultat preko-
mernog unosa hrane, sedentarnog nacina zivota i psi-
holoskih faktora, dakle ne zdravih zivotnih navika koje
su posledica savremenog nacina zivota (Delmas et all,
2007., Basaldua & Chiquete, 2008).

Gojaznost kod dece se klasifikuje kao primarna i
sekundarna gojaznost. Primarna (idiopatska, egzogena,
nutritivna gojaznost) je najc¢esci uzrok gojaznosti u de-
tinjstvu i adolescenciji. Manje od 5% uzroka gojaznosti
u detinjstvu je sekundarna gojaznost, povezana sa ge-
netskim faktorom, endokrinim poremecajima kao i le-
zijama centralnog nervnog sistema (Greenberg & Obin,
20006).

Moze se reci da je prevelanca gojaznosti kod dece
u Srbiji u skladu i sa podacima koji se dobijaju u ino-
stranim istrazivanjima, u kojima se govori o tome da je
oko 20-25% dece zapravo gojazno ili pati od prekomer-
ne uhranjenosti (Lobstein & Frelut, 2003; Milanovi¢ i
Radisavljevi¢ Janji¢, 2015). Procenjuje se da danas u
svetu ima oko 150 miliona gojazne dece (Wang & Lo-
bstein, 2006). Medutim, ono $to je jos vise zabrinjava-
juce jeste da je taj trend konstantno u porastu (Shields,
2009).

Kriticni periodi za razvoj gojaznosti su identifiko-
vani u razlic¢itom Skolskom uzrastu prema polu, tako da
su u nizim razredima osnovne $kole ugrozeniji ucenici
u odnosu na populaciju u¢enica, dok su u¢enice ugroze-
nije u visim razredima osnovne $kole (Poki¢, Mededo-
vi¢ 1 Smiljani¢, 2011).

Redovna fizicka aktivnost je od velikog znacaja za
pravilan rast i razvoj dece (Strong et al. 2005), jasno
ublazava mnoge zdravstvene rizike povezane sa pre-
komernom tezinom ili gojaznos¢u (Blair & Brodney,
1999).

Redovna fizicka aktivnost, usmerenog, sistemat-
ski vodenog ili nestrukturiranog karaktera, u mladem
zivotnom dobu, pozitivno se odrazava na fizi¢ki razvoj
deteta u kasnijem periodu njegovog zivota (Malina &
Bouchard, 1991). Stavise, redovna fizicka aktivnost u
ranom dobu ima direktan i indirektan pozitivan uticaj
na zdravstveni status u odraslom dobu (Twisk, Kemper
& VanMenchelen, 2000).

Danas su u svetu sve vise zastupljene skolice spor-
ta, koje imaju za cilj angazovanje dece od najranijeg
uzrasta, kako bi se preventivno delovalo na gojaznost i
nastanak telesnih deformiteta, uticalo na pravilan rast i
razvoj dece kao i na sportsko-tehnicka postignuca (Ste-
vi¢ i sar., 2018).

Dosta dece u ovom uzrastu pocinje da razvija lju-
bav prema odredenom sportu i pocinju da treniraju s
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Bearing in mind the importance of sports school
for the proper growth and development of preschool and
younger school age children, the Sports Association of
the Odzaci municipality in Serbia launched a project for
the establishment and operation of a sports school for
younger school age students (Board of Education Deci-
sion No. 1-1309/2016 of September 13, 2016), which
was financed by the local community. The mission be-
hind the establishment of the sports school was to im-
prove the physical growth and development of children
and to improve the overall anthropological status of chil-
dren. Special attention at the sports school is dedicated to
the prevention and correction of body deformities, obe-
sity and improving the general health of children.

RESEARCH METHOD

Sample of respondents

The total sample of respondents consisted of 93 re-
spondents of both sexes - students of lower grades from
the following primary schools: Public Institution Bora
Stankovi¢ Primary School in Karavukovo, Public Institu-
tion Ratko Pavlovi¢ Ci¢ko Primary School in Ratkovo,
Public Institution Vuk Karadzi¢ Primary School in Deronje,
and Public Institution Nestor Zuéni Primary School in Lali¢.

Structure of respondents:

According to gender: 42 boys (45.2%) and 51 girls
(54.8%).

According to the place of primary school attendance:
Primary School Karavukovo: 16 students (M=9; F=7),
41 students (44%) Primary School Ratkovo: 41 students
(M=12; F=29), Primary School Deronje: 20 students (M=9;
F=11) and Primary School Lali¢ 16 students (M=11; F=5).

According to grades: I grade=30 students (M=13;
F=17), Il grade=14 (M=4; F=10), Il grade=26 (M=10,
F=16), IV grade=23 (M=14; F=9).

Consent for conducting the research was obtained
from the parents of the tested children. The research was
conducted during the month of October of the 2016/2017
school year, at the beginning of the implementation of the
sports school program.

Sample variables

Children who underwent testing had their body
height (ATEVIS) and body mass (ATEMAS) measured.
We used a Seca 217 medical altimeter to measure body
height, while an Omron BF 511 digital scale was used to
measure body mass.

Body Mass Index (BMI) is a height-weight indica-
tor of an individual’s nutrition and is a valid measure of

obzirom da ima dece koja pripadaju grupi dece sa pre-
komernom telesnom masom i gojaznos$cu.

Imajuéi u vidu znacaj Skolice sporta za pravilan
rast i razvoj dece predskolskog i mladeg Skolskog uzra-
sta Sportski savez opsStine Odzaci u Srbiji pokrenuo je
Projekat za osnivanje i rad Skolice sporta za ucCenike
mladeg Skolskog uzrasta (Odluka UO broj 1-1309/2016
od 13.09.2016. godine) koji je finansiran sredstvima
lokalne zajednice. Misija osnivanja Skolice sporta je
unapredenje telesnog rasta i razvoja dece i poboljSanje
celokupnog antropoloskog statusa dece. Posebna paznja
rada skolice sporta usmerena je na prevenciju i korekci-
ju telesnih deformacija, gojaznosti i poboljSanje opsteg
zdravlja dece.

METOD ISTRAZIVANJA

Uzorak ispitanika

Ukupan uzorak ispitanika €inilo je 93 ispitanika oba
pola — ucenika nizih razreda iz sljede¢ih osnovnih skola:
JUOS ,,Bora Stankovi¢“ u Karavukovu, JUOS ,,Ratko
Pavlovi¢ Ci¢ko“ u Ratkovu, JUOS ,,Vuk Karadzi¢“ u
Deronjama i JUOS , Nestor Zuéni“ u Lalic¢u.

Struktura ispitanika:

Prema polu: 42 decaka (45,2%) i 51 devojcica
(54,8%).

Prema mestu pohadanja osnovne §kole: JUOS Ka-
ravukovo: 16 uéenika (M=9; Z=7), 41 ucenik (44%)
JUOS Ratkovo: 41 ugenik (M=12; Z=29), JUOS Dero-
nje: 20 u¢enika (M=9; Z=11) i JUOS Lali¢i 16 uéenika
(M=11; Z=5).

Prema razredima: I razred=30 ucenika (M=13;
7=17), Il razred=14 (M=4; Z=10), III razred=26 (M=10,
7=16), IV razred=23 (M=14; 7Z=9).

Saglasnost za sprovodenje istrazivanja je dobijena
od starne roditelja ispitivane dece. Istrazivanje je spro-
vedeno u mesecu oktobru skolske 2016/2017 godine na
pocetku realizacije programa Skolice sporta.

Uzorak varijabli

Deci koja su podvrgnuta testiranju merene su tele-
sna visina (ATEVIS) i telesna masa (ATEMAS). Za me-
renje telesne visine koristili smo medicinski visinomer
Seca 217, dok je za merenje telesne mase koriscena digi-
talna vaga Omron BF 511.

Indeks telesne mase ITM (eng. Body Mass Index:
BMI) predstavlja visinsko-tezinski pokazatelj uhranje-
nosti pojedinca i validna je mera gojaznosti kako kod
odraslih, tako i1 kod dece. IzraGunava se kada tezinu tela
u kilogramima podelimo sa kvadratom visine u metrima
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obesity in both adults and children. It is calculated when
an individual’s body weight in kilograms is divided by
the square of their height in meters: BMI=BM [kg]/TV?
[m?] (Ostoji¢ and Pordic¢, 2013:133).

The choice of BMI to measure the level of obesity
among children is supported by the International Obesity
Task Force.

According to the criteria of the Centers for Disease
Control and Prevention (CDC), 2000, BMI can be cat-
egorized into four broad groups: undernourished (below
the 5th percentile), normal nutrition (from the 5th to the
84th percentile), obesity risk (from the 85th to the 94th
percentile) and obesity (above the 95th percentile). This
distribution of nutrition in relation to BMI in children of
early primary school age was also used in this research.

Data processing methods

All collected data was processed using descriptive
and comparative statistics. From the space of descrip-
tive statistics, the arithmetic mean (MEAN), standard
deviation (St. Dev.), the maximum value of the measure-
ment (Max), and the minimum value of the measurement
(Min), was calculated in order to gain insight into the
distribution of variables and the frequency of representa-
tion of obese younger school age children.

From the area of comparative statistics, the t test of
independent samples and one-factor analysis of variance
were used to determine the differences in BMI between
the two groups of respondents (boys and girls) with re-
gard to gender and age. Determination of differences was
performed at the level of statistical significance Sig<0.05.

The SPSS for Windows 20.0 application statistics pro-
gram for personal computers was used for all calculations.

RESULTS AND DISCUSSION

The younger school age period (7 to 11 years) repre-
sents the first phase of slowed growth. It has been proven
that the increase in body height is relatively slow, and the
annual increase in height is relatively uniform until the
end of this period. Growth in height is accompanied by a
corresponding increase in body mass. During this period,
children grow approximately five centimeters per year,
gaining an average of two to three kilograms in body
weight (Medved, 1987).

Table 1 shows the basic statistical parameters for
all applied anthropometric measures of respondents-
younger school age students, shown by sub-samples with
regard to age and grade. Looking at the obtained results
(Table 1), it can be seen that the average height of ten-
year-old students (IV grade) is 144.73+/-6.48 cm, body

pojedinca: ITM=TM [kg]/TV? [m?] (Ostoji¢ i Pordic,
2013:133).

Izbor ITM za merenje nivoa gojaznosti medu de-
com podrzava Medunarodna radna grupa za gojaznost
(International Obesity Task Force).

Prema kriterijumima Centra za kontrolu bolesti i
prevenciju (Centers for Disease Control and Preventi-
on, 2000), indeks telesne mase se moze kategorizovati
u Cetiri Siroke grupe: neuhranjensot (ispod 5. percentila),
normalna uhranjenost (od 5 do 84. percentila), rizik od
gojaznosti (od 85 do 94. percentila) i gojaznost (iznad
95. percentila). Ovakva raspodela uhranjenosti u odnosu
na indeks telesne mase kod dece ranog osnovnoskolskog
uzrasta je koriS¢ena i u ovom istrazivanju.

Metode obrade podataka

Svi prikupljeni podaci obradeni su postupcima de-
skriptivne i komparativne statistike. Iz prostora deskrip-
tivne statistike izracunata je i utvrdena aritmeticka sredi-
na (MEAN), standardna devijacija (St. Dev.), maksimal-
na vrednost merenja (Max) i minimalna vrednost mere-
nja (Min), kako bi se stekao uvid u distribuciju varijabli
i frekvenciju zastupljenosti gojazne dece mladeskolskog
uzrasta.

Iz prostora komparativne statistike koriS¢en t test
nezavisnih uzoraka i jednofaktorska analiza varijanse,
kako bi se utvrdile razlike u indeksu telesne mase izmedu
dve grupe ispitanika (u¢enika i uc¢enica) s obzirom na pol
i uzrasnu dob. Utvrdivanje razlika izvrSeno je na nivou
statisticke znacajnosti Sig<0,05.

Za sva izracunavanja koristio se aplikacioni sta-
tisticki program za personalne racunare SPSS for Win-
dows 20.0.

REZULTATI 1 DISKUSIJA

Period mladeg skolskog uzrasta (7 do 11 godina),
predstavlja prvu fazu usporenog rasta. Dokazano je da
je porast visine tela relativno usporen, a godi$nji prira-
Staj visine relativno ujednacen do pred kraj ovog perioda.
Prirastaj u visinu pracen je odgovaraju¢im prirastajem u
masi tela. U ovom periodu deca okvirno, godisnje pora-
stu oko pet cantimetara, u masi tela dobijaju prose¢no
dva do tri kilograma (Medved, 1987).

U tabeli 1 prikazani su osnovni statisticki parametri
za sve primenjene antropometrijske mere ispitanika-uce-
nika mladeg Skolskog uzrasta prikazanih po subuzorcima
s obzirom na uzrasnu dob i razred koji pohadaju. Uvidom
u dobivene rezultate (tabela 1) moze se videti da je pro-
secna vrednost telesne visine ucenika desetogodiSnjaka
(IV razred) 144,73+/-6,48 cm, telesne tezine 42,81+/-
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weight is 42.81+/-14.88 kg, and BMI is 20.17+/-5.89 kg/
m2. The average height of nine-year-old students (III
grade) is 137.76+/-5.30 c¢cm, body weight 34.15+/-7.95
kg, and BMI 17.86+/-3.11 kg/m2. The average height of
eight-year-old students (II grade) is 136.07+/-4.92 cm,
body weight 34.06+/-6.45 kg, and BMI 18.28+/-3.01
kg/m2. The average height of seven-year-old students (I
grade) is 128.93+/-5.03 cm, body weight 28.10+/-4.04
kg, and BMI 16.88+/-2.16 kg/m2. Observing the sam-
ple of respondents in total, it is visible that the average
value of body height is 136.38+/-8.07 cm, body weight
34.40+/-10.60 kg, and BMI 18.19+/-3.92 kg/m2.

Based on the results presented in Table 1, an in-
crease in the average values of body height (ATEVIS),
weight (ATETEZ) and standard deviation (St.dev.) of the
respondents is visible with the age of the respondents.
The values of standard deviation (St. Dev.) show that the
value of the measured parameters is the smallest in the
seven-year-old respondents and the largest in the ten-
year-old respondents, which is not surprising given that
it is during this period that children enter a new phase of
development.

Table 1. Basic statistical parameters for anthropometric
measurements of subjects according to age (grade)

14,88 kg, a indeks telesne mase 20,17+/-5,89 kg/m?2.
Prosecna vrednost telesne visine u¢enika devetogodis-
njaka (III razred) iznosi 137,76+/-5,30 cm, telesne tezine
34,15+/-7,95 kg, a indeks telesne mase 17,86+/-3,11 kg/
m2. Prosec¢na vrednost telesne visine ucenika osmogo-
diSnjaka (II razred) iznosi 136,07+/-4,92 cm, telesne te-
zine 34,06+/-6,45 kg, a indeks telesne mase 18,28+/-3,01
kg/m2. Kod ucenika uzrasne dobi od sedam godina (I
razred) prosecna vrednost telesne visine iznosi 128,93+/-
5,03 cm, telesne tezine 28,10+/-4,04 kg, a indeks telesne
mase 16,88+/-2,16 kg/m2. Posmatrajuci uzorak ispitani-
ka u totalu vidljivo je da prosecna vrednost telesne visine
iznosi 136,38+/-8,07 cm, telesne tezine 34,40+/-10,60
kg, a indeks telesne mase 18,19+/-3,92 kg/m2.

Na osnovu rezultata prikazanih u Tabeli 1 vidljivo je
povecanje prosecnih vrednosti telesne visine (ATEVIS),
tezine (ATETEZ) i standardne devijacije (St.dev.) ispita-
nika sa uzrasnom dobi ispitanika. Vrednosti standardne
devijacije (St. Dev.) pokazuju da je najmanja rasprSenost
vrednost merenih parametara kod ispitanika od sedam
godina a najveca kod ispitanika od deset godina Sto ne
predstavlja iznenadenje obzirom da upravo u ovom peri-
odu deca ulaze u novu fazu razvoja.

Tabela 1. Osnovni statisticki parametri antropometrijskih
mera ispitaniak prema uzrastu (razredu)

Age-grade / Uzrasna dob-razred Min Max MEAN St. Dev.

ATEVIS 128 154 144.73 6.48
10 years (IV grade) / ARETEZ 22,6 92.9 42.81 14.88
10 god. (IV raz.)

BMI 13.20 40.74 20.17 5.89

ATEVIS 129 152 137.76 5.30
9 years (lll grade) / ATETEZ 23.7 56.1 34.15 7.95
9 god. (Ill raz)

BMI 13.90 24.28 17.86 3.11

ATEVIS 128 143 136.07 4.92
8 years (Il grade) / ATETEZ 245 45.9 34.06 6.45
8 god. (Il raz.)

BMI 14.30 22.60 18.28 3.01

ATEVIS 120 140 128.93 5.03
7 years (I grade) / ATETEZ 20.20 37.70 28.10 4.04
7 god. (I raz.)

BMI 13.40 21.60 16.88 2.16

ATEVIS 120 154 136.38 8.07
Total / Ukupno ATETEZ 20.20 92.90 34.40 10.60

BMI 13.20 40.74 18.19 3.92

In children, the BMI value is compared with cen-
tile curves. A BMI between the 90-97th centile indi-
cates overweight, and a BMI above the 97th centile is
considered obesity. The value of BMI is recommended
as an objective diagnostic criterion of obesity in chil-
dren and adolescents. The WHO Child Growth Stan-
dards (WHO) recommends the z-value of the BMI for

Kod djece vrijednost ITM-a se uporeduje sa centilnim
krivuljama. ITM izmedu 90-97 centila ukazuje na preko-
mjernu tezinu, a ukoliko je I'TM iznad 97 centila govori se
o pretilosti. Vrijednost ITM-a preporucuje se kao objektivni
djagnosticki kriterij pretilosti u djecijoj i adolescentnoj dobi.
WHO Child Growth Standards (SZO) kao dijagnosticki
kriterij pretilosti preporucuje z-vrijednost indeksa tjelesne
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length/height as a diagnostic criterion for obesity: a z-
value of +1 SD (standard deviation) indicates a risk of
overnutrition, a z-value of +2SD indicates overweight,
a z-value of +3SD indicates obesity, and the values of
the 85th and 95th percentiles of BMI for age and gender
have been highlighted. There are several anthropomet-
ric procedures for assessing the degree of obesity.

For newborns and infants, the simplest way is to
weigh and measure the length (height) of the child and
record an increase in height and weight. One of the pos-
sibilities for younger children (preschool and school
age) is also the possibility of weighing and comparing
body mass with reference values for age or height.

For older children and adolescents, there are several
anthropometric methods and measurement procedures,
starting with the measurement of skin folds or measuring
the circumference of the extremities in certain places, all
the way to modern measurement procedures involving an
analysis of the bioelectrical resistance of the body (Bio-
electrical Impedance Analysis m - BIA).

The BMI is most often used to diagnose obesity in
adults, and it represents the standard recommended by
the WHO, the World Obesity Federation and the CDC.

Based on insight into the BMI values, the treated
sample of respondents - students, can be grouped into
one of four categories based on the standard tables of
the CDC, which view the BMI in the context of the
child’s age, i.e., in the context of the already described
correction for age and gender on the standardized BMI
score. According to this distribution, the treated sample
of respondents can be classified into groups as shown
in Table 2.

Table 2. Categorization of respondents - students in relation

mase za duzinu/visinu: z-vrijednost od +1 SD (standardnu
devijaciju) oznacava rizik preuhranjenosti, z-vrijednost od
+2SD oznacava prekomjernu tjelesnu masu, z-vrijednost od
+3SD oznacava pretilost, a istaknute su i vrijednosti 85. i
95. centile ITM-a za uzrast i pol. Za procjenu stepena preti-
losti postoji nekoliko antropometrijskih postupaka.

Za novorodencad i dojencad najjednostavniji nacin je
vaganje i mjerenje duzine (visine) djeteta i biljezenje pri-
rasta u visini i masi djeteta. Jedna od mogucnosti za malu
djecu (predskolska i skolska djeca) je i moguc¢nost vaganja
i poredenje tjelesne mase s referentnim vrijednostima za
uzrasnu dob ili za tjelesnu visinu.

Za stariju djecu i adolescente postoji vise antropome-
trijskih metoda i postupaka mjerenja, po¢ev od mjerenja
koznih nabora ili mjerenja obima ekstremiteta na odrede-
nim mjestima, pa sve do savremenih mjernih postupaka
mjerenja analizom bioelektri¢nog otpora tijela (Bioelectri-
cal Impedance Analysis m — BIA).

Za dijagnostiku pretilosti odraslih najcesce se koristi
Indeks tjelesne mase IMT (engl. Body Mass Index — BMI),
koji predstavlja standard koji preporucuju Svjetska zdrav-
stvena organizacija (WHO), Svjetska federacija za pretilost
i Americki centar za kontrolu i prevenciju bolesti (CDC).

Na osnovu uvida u vrednosti indeksa telesne mase,
tretirani uzorak ispitanika - ucenici mogu se grupisati u jed-
nu od 4 kategorije na osnovu standardnih tabela Americkog
centra za kontrolu bolesti i prevenciju (CDC), koje indeks
telesne mase posmatraju u kontekstu uzrasta deteta, odno-
sno u kontekstu ve¢ opisane korekcije za starost i pol na
standardizovanom skoru indeksa telesne mase. Prema ovoj
raspodeli tretirani uzorak ispitanika ovog istrazivanja moze
se razvrstati u grupe kao Sto je prikazano u tabeli 2.

Tabela 2. Kategorizacija ispitanika - ucenika u odnosu na

to BMI indeks telesne mase (ITM)
Respondent category / Kategorija ispitanika Number of respondents /  Percentage of respondents /
Broj ispitanika Procenat ispitanika
Malnutrition / Neuhranjenost 6 6.5%
Normal nutrition / Normalna uhranjenost 54 58%
Risk of obesity / Rizik od gojaznosti 15 16.1%
Obesity / Gojaznost 18 19.4%

Based on the analysis of the results shown in Table
3, it can be concluded that 54 (58%) of the students - re-
spondents have a normal body weight. The risk of obe-
sity was recorded in 15 (16.1%) respondents - students,
while the group of obese respondents - students was at
18 (19.4%). In addition, the table in question shows that
6 (6.5%) respondents - students belong to the category of
malnourished.

Na osnovu analize rezultata prikazanih u tabeli 3
moze se konstatovati da normalnu telesnu tezinu ima 54
(58%) ucenika — ispitanika. Rizik od gojaznosti zabele-
zen je kod 15 (16,1%) ispitanika - u¢enika, dok grupu go-
jaznih ispitanika — uCenika ¢ini njih 18 (19,4%). Takode,
iz date tabele je vidljivo da 6 (6,5%) ispitanika — uc¢enika
pripada kategoriji neuhranjenih.
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The state of nutrition of school children in the Repub-
lic of Croatia, between the ages of 7 and 14 and conducted
during the period from 2000 to 2005, shows that 23% of
the respondents included in the survey had increased body
weight, while 7.2% were obese (HZJZ, 2007). Applying
the anthropometric index of body mass for height accord-
ing to HZJZ, 11.9% of subjects had excessive body mass
and 6.9% of subjects were obese during the same period.

In their research, Antoni¢ et al. (2004) indicate an in-
creased risk for developing obesity in children aged 7 to 15
in Croatia, 11.2% of boys and 9.8% of girls, while 5.7% of
boys and 5.4% of girls are obese.

Abazovi¢ et al. (2016) conducted research with the
aim of determining the obesity status of children in pri-
mary schools in Sarajevo Canton/Federation of Bosnia
and Herzegovina. The sample of respondents consisted of
33,200 children of both sexes, primary school students, of
which 16,240 were girls and 16,960 were boys. Based on
the obtained results, the authors state that out of the total
number of students included in this research, as many as
39.6% (13,159) are obese. Based on the results, the au-
thors conclude that every other child in Sarajevo Canton/
Federation of Bosnia and Herzegovina has a nutritional
disorder (49.3%), which is a worrying situation. It was de-
termined that 55.5% of children have a normal body mass,
while 44.5% of children have an increased or decreased
BMI. Out of the total 44.5% of children, or 822 children,
found to have a deviation from the normal body weight,
19.46% (8.7% of the total sample) were undernourished,
26.16% (11.65% of the total sample) were moderately
malnourished, 27.01% (12% of the total sample) were
overweight and 27.37% (12.2% of the total sample) were
obese. The authors point out that such studies should be
done every year in order to systemically monitor the state
of nutrition and the trend in the development of obesity in
children and, in this regard, create an adequate strategy to
fight obesity.

Colakhodzi¢ et al. (2017) conducted a study on a
sample of 1,800 respondents, primary school students
of both sexes in the City of Mostar, who participated in
a regular systematic review in 2016 with the aim of de-
termining physical growth and development, and the state
of nutrition of students. The obtained results showed that
36.4% of students are overweight or obese. Almost every
other child (43.9%) has a nutritional disorder, which is
worrying and alarming.

As part of a research project entitled “Prevalence
of overweight and obesity in children aged 6 to 9 years”,
Ljubojevi¢ et al. (2020) conducted research on a sample
of 2,039 male students attending nine primary schools in

Stanje uhranjenosti Skolske dece u Republici Hr-
vatskoj u uzrastu od 7 do 14 godina u periodu od 2000.
do 2005. godine, pokazuju da je povecanu telesnu masu
imalo je 23% ispitanika obuhvacenih ispitivanjem, dok
je 7,2% bilo pretilih (HZJZ, 2007). Primenjujuéi antro-
pometrijski indeks telesne mase za visinu prema HZJZ-u,
u istom periodu je bilo 11,9% ispitanika s prekomernom
telesnom masom i 6,9% pretile dece.

Antoni¢ i sar. (2004) u svom istrazivanju ukazuju
na povecani rizik za razvoj pretilosti dece u uzrastu od
7 do 15 godina u Hrvatskoj, ima 11,2% decaka i 9,8%
devojcica, dok je pretilo 5,7% decaka i 5,4% devojcica.

Abazovi¢ 1 sar. (2016) izvrsili su istrazivanje s
ciljem utvrdivanja stanja pretilosti dece u osnovnim
Skolama Kantona Sarajevo/Federacije Bosne I Herce-
govine. Uzorak ispitanika ¢inilo je 33.200 dece oba
pola, ucenika osnovnih skola, od cega je 16.240 de-
vojcica i 16.960 decaka. Na osnovu dobijenih rezul-
tata autori konstatuju da je od ukupnog broja ucenika
obuhvacenih ovim istrazivanjem, ¢ak 39,6% (13.159)
pretilo. Autori na osnovu rezultata zakljucuju da sva-
ko drugo dete u Kantonu Sarajevo/Federacije BiH ima
poremecaj uhranjenosti (49,3%), Sto predstavlja sta-
nje koje zabrinjava. Utvrdeno je da 55,5% dece ima
normalnu telesnu masu, a 44,5% dece ima povecan ili
umanjen indeks telesne mase. Od ukupnih 44,5% dece
ili njih 822 kod kojih je utvrdeno odstupanje od nor-
malne telesne mase, njih 19,46% (8,7% ukupnog uzor-
ka) je pothranjeno, 26,16% (11,65% ukupnog uzorka)
je umereno pothranjeno, 27,01% (12% ukupnog uzor-
ka) ima prekomernu telesnu masu i 27,37% (12,2%
ukupnog uzorka) je pretilo. Autori isti¢u da bi ovakve
studije trebalo raditi svake godine kako bi se sistemski
moglo pratiti stanje uhranjenosti i trend razvoja preti-
losti dece te s tim u vezi kreirati adekvatnu strategiju
borbe protiv pretilosti.

Colakhodzi¢ i sar. (2017) su na uzorku 1800 ispi-
tanika koji su ¢inili ucenici osnovnih skola oba pola u
Gradu Mostaru, a koji su ucestvovali u redovnom siste-
matskom pregledu u toku 2016. godine, izvrsili istrazi-
vanje s ciljem utvrdivanja telesnog rasta i razvoja, te sta-
nje uhranjenosti ucenika. Dobijeni rezultati su pokazali
da 36,4% ucenika ima prekomernu telesnu tezinu ili je
pretilo. Gotovo svako drugo dete (43,9%) ima poremecaj
uhranjenosti, §to je zabrinjavajuce i alarmantno.

Ljubojevi¢ i sar. (2020) su u sklopu projektnog istra-
zivanja pod nazivom ,,Prevalencija prekomerne tezine i
gojaznosti dece od 6 do 9 godina®, izvrsili istrazivanje
na uzorku od 2039 ucenika muskog pola u devet osnov-
nih Skola grada Banja Luka. Kod ispitanika su merene
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the city of Banja Luka. The subjects’ height and weight
were measured, with BMI calculated based on those two
measurements. The obtained results indicate that 9.26% of
the tested primary school children in Banja Luka are over-
weight, and 5.37% are obese. Overall prevalence of over-
weight and obesity among Banja Luka children amounts to
almost 15%, which is not a small percentage. The authors
point out that the overall prevalence of overweight and
obesity among children of primary school age in the city
of Banja Luka is somewhat lower compared to the results
of a similar sample in other European countries (available:
http://www.euro.who.int). However, what is worrying is
the increasing trend of overweight and obesity with age.

The aforementioned research results show that the
increase in obesity in the child population is increasing
compared to the results of previous studies (Gaji¢, 1993;
Kisi¢ Tepavéevi¢ et al., 2008).

According to data from the International Obesity
Task Force for 2005, over the last ten years Serbia has
been at the very top of countries experiencing a sudden
increase in the prevalence of obesity in children (Wang &
Lobstein, 2006).

Determining differences in BMI values in

relation to gender

To determine the differences in the values of the
BMI in relation to gender, an analysis of the t test results
for independent samples was applied. Based on the ob-
tained t test results shown in Table 3, it can be concluded
that there is no significant difference in BMI values be-

Table 3. Differences in BMI values in relation to the gender

telesna visina 1 telesna tezina, a na osnovu te dve mere
izracunat je Index telesne mase. Dobijeni rezultati uka-
zuju da od ukupnog broja testirane dece osnovnih skola u
Banja Luci prekomernu tezinu ima 9,26% testirane dje-
ce, a 5,37% je gojazno. Ukupna prevalencija prekomerne
telesne tezine i gojaznosti banjalucke dece iznosi skoro
15% Sto nije mali procenat. Autori isticu da je ukupna
prevalencija prekomerne teZine i gojaznosti dece osnov-
noskolskog uzrasta grada Banja Luke u poredenju sa re-
zultatima slicnog uzorka u drugim evropskim zemljama
nesto niza (dostupno: http://www.euro.who.int). Medu-
tim, ono S§to zabrinjava jeste trend porasta prekomerne
telesne tezine i gojaznosti sa godinama.

Rezultati navedenih istrazivanja pokazuju da je po-
rast gojaznosti u decijoj populaciji u porastu u odnosu na
rezultate predhodnih studija (Gaji¢, 1993; Kisi¢ Tepav-
¢evic i sar., 2008).

Prema podacima Medunarodne radne grupe za go-
jaznost (International Obesity Task Force) za 2005. godi-
nu, Srbija se nalazi u samom vrhu zemalja s naglim po-
vecanjem prevalencije gojaznosti kod dece u poslednjih
deset godina (Wang & Lobstein, 2006).

Utvrdivanje razlika u vrednostima indeksa telesne

mase (ITM) u odnosu na pol

Za utvrdivanje razlika u vrednostima indeksa tele-
sne mase (ITM) u odnosu na pol primenjena je analiza
rezultata t testa za nezavisne uzorke. Na osnovu dobije-
nih rezultata t testa prikazanih u Tabeli 3 moze da se za-
kljuci da ne postoji znacajna razlika u vrednostima ITM

Tabela 3. Razlike u vrednostima ITM u odnosu na pol

of the respondents ispitanika
MEAN T P
IV grade - 10 years / IV raz. - 10 godina

Male / Muski (N=14) 21.32+6.45

. - 1.183 0.250
Female / Zenski (N=9) 18.37 +4.68

Il grade - 9 years / ll raz. - 9 godina

Male / Muski (N=10) 18.19+2.94

< : 0.412 0.684
Female / Zenski (N=16) 17.66 +3.29

Il grade - 8 years / |l raz. - 8 godina

Male / Muski (N=4) 16.47 +1.51

< : -2.000 0.070
Female / Zenski (N=10) 19.01+3.21

I grade - 7 years /| raz. - 7 godina

Male / Muski (N=13) 16.66 £ 2.18

~ - -0.519 0.608
Female / Zenski (N=17) 17.08 £2.19

Entire sample / Celokupan uzorak

Male / Muski (N=42) 18.56 +4.59

~ - 0.822 0.413
Female / Zenski (N=51) 17.88 +3.27

*Statistical significance at the 0.05 level

*Statisticka znacajnost na nivou od 0,05
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tween boys and girls, for the total sample as well as for
each age group of children separately.

The results, that there are no statistically significant
differences in morphological variables by gender, coin-
cide with the research of domestic (Ni¢in and Stjepié,
2008; Krsmanovi¢ B., Batez and Krsmanovi¢ T., 2011)
and foreign authors (Basaldua & Chiquete, 2008).

Abazovi¢ et al. (2016) conducted research on a
sample of 33,200 primary school age children, of which
16,240 were girls and 16,960 were boys, with the aim of
determining differences in nutrition (obesity) of children
with regard to gender. The authors state that obesity is
more present in boys compared to girls, i.e., out of 16,960
boys, 7,451 or 43.9% of them had increased body weight
or were obese, while out of a total of 16,240 girls, 5,798
or 35.2% had an increased body weight or were obese.

Determining differences in BMI values in

relation to age

One-factor analysis of variance (ANOVA) was used
to determine differences in BMI values in relation to the
age of the subjects. Based on the ANOVA results pre-
sented in Table 4, it can be concluded that there is a sta-
tistically significant difference in the values of the BMI
in relation to the age of the subjects (p=0.023).

Table 4. Differences in BMI values in relation to the age of
the respondents

u odnosu na decake i devojcice za ukupan uzorak kao i za
svaki uzrast dece posebno.

Rezultati da ne postoje statisticki znacajne razlike u
morfoloskim varijablama po polu se poklapaju sa istrazi-
vanjima domacih (Nicin i Stjepi¢, 2008; Krsmanovi¢ B.,
Batez i Krsmanovi¢ T., 2011) i stranih autora (Basaldua
& Chiquete, 2008).

Abazovic i sar. (2016) su na uzorku od 33.200 dece
oba pola, u¢enika osnovnih $kola, od ¢ega je 16.240 de-
vojcicai 16.960 decaka s ciljem utvrdivanja razlika uhra-
njenosti (pretilosti) dece s obzirom na pol. Autori kon-
statuju da je pretilost viSe prisutna kod dec¢aka u odnosu
na devojcice, odnosno od 16.960 djecaka, njih 7.451 ili
43,9% ima povecanu tjelesnu masu ili je pretilo, dok od
ukupno 16.240 djevojc€ica, njih 5.798 ili 35,2% ima po-
vecanu tjelesnu masu ili je pretilo.

Utvrdivanje razlika u vrednostima indeksa telesne

mase (ITM) u odnosu na uzrasnu dob

Zautvrdivanje razlika u vrednostima indeksa telesne
mase (ITM) u odnosu na uzrasnu dob ispitanika prime-
njena je jednofaktorska analiza varijanse (ANOVA). Na
osnovu rezultata jednofaktorske analize varijanse (ANO-
VA) prikazanih u Tabeli 4 moze se konstatovati da postoji
statistiCki znacajna razlika u vrednostima indeksa telesne
mase (ITM) u odnosu na uzrasnu dob ispitanika (p=0,023).

Tabela 4. Razlike u vrednostima ITM u odnosu na starosnu
dob ispitanika

MEAN F P
10 years / godina 20.17 £5.89
9 years [ godina 17.86+3.11
4 /g - 3.330 0.023*
8 years / godina 18.28 +3.01
7 years [ godina 16.88 +2.16

*Statistical significance at the 0.05 level

The post hoc test (Table 5) was applied with the aim
of determining the existence of differences between the
subsamples of respondents with regard to age. Based on
the results of the post hoc test, a statistically significant
difference was found between ten-year-olds and seven-
year-olds (p=0.013), where older subjects have signifi-
cantly higher BMI values.

Obesity in younger school age children is a problem
that reached epidemic proportions at the end of the 20th
century. Due to such a situation, it is very important to
identify children who are at risk for obesity, mainly be-
cause this problem can negatively affect both the physi-
cal health and the psychological well-being of students.

*Statisticka znacajnost na nivou od 0,05

Post hoc test (Tabela 5) je primenjen sa ciljem da se
utvrdi postojanje razlika izmedu subuzoraka ispitanika s
obzirom na uzrasnu dob. Na osnovu rezultata post hoc
testa statisticki znacajna razlika utvrdena je izmedu de-
setogodisnjaka i sedmogodisnjaka (p=0,013) gde stariji
ispitanici imaju znacajnije viSe vrednosti indeksa telesne
mase (ITM).

Gojaznost kod dece mladeg Skolskog uzrasta pred-
stavlja problem koji je poprimio epidemijske razmere jos
krajem XX veka. Usled takve situacije, veoma je vaz-
no identifikovati decu koja su pod rizikom za gojaznost,
najvise iz razlogasto ovaj problem moze negativno da se
odrazi kako na fizi¢ko zdravlje, tako i na psiholosko bla-
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Table 5. Post hoc test to examine differences between

Tabela 5. Post hoc test za ispitivanje razlika izmedu

individual groups pojedinacnih grupa

Age of the respondents / Uzrasna dob ispitanika p

7 - 8 years / godina 0.666
7 -9 years / godina 0.769
7 - 10 years / godina 0.013*
8 -9 years / godina 0.987
8- 10 years / godina 0.458
9-10 years / godina 0.152

*Statistical significance at the 0.05 level

These research findings indicate that older male and fe-
male students, although not obese to a significant degree,
tend to increase their BMI, which may indicate a poten-
tial trend of obesity at older ages. In this regard, it should
be emphasized that almost 20% of younger school-aged
students who participated in this research were recog-
nized as obese, and the trend may increase considering
that positive attitudes towards exercise and physical edu-
cation classes decrease as the child progresses through
schooling.

Previous research has shown that the BMI increases
from birth to the first year of life, then decreases until
the preschool period, after which it shows an increase
again until the end of primary education (Demerath et
al., 2006). In addition, previous research results have
clearly shown that a higher BMI is evident with an in-
crease in the age of children, as well as that there is an
ever-increasing number of children who have excessive
nutrition or can be characterized as obese.

CONCLUSION

Our research results show that one third of the
treated respondents - younger school age students were
recognized as obese or at risk of developing obesity, 15
(16.1%) of the respondents belong to the risk group of
obesity and 18 (19.4%) of the respondents are obese. The
obtained results point to a significant number of obese or
at-risk obese younger school age students, which is why
it is necessary to take timely preventive measures in or-
der to prevent obesity and its negative consequences for
children’s health.

The danger of the consequences of obesity is con-
stantly present because previous studies have shown a
decrease in children’s physical activity, and a decline
in interest and positive attitudes towards physical exer-
cise as the child progresses through schooling. That is
why it is extremely important to increase participation in
physical activities as children age, through various sports
school programs, as a form of additional training in ad-

*Statisticka znacajnost na nivou od 0.05

gostanje ucenika. Nalazi ovog istrazivanja ukazali su da
stariji uCenici i ucenice, iako nisu gojazni u znacajnom
stepenu, imaju tendenciju porasta indeksa telesne mase
(ITM), sto moze ukazati na potencijalni trend javljanja
gojaznosti na starijim uzrastima. S tim u vezi, potreb-
no naglasiti i da je skoro 20% ucenika mladeg Skolskog
uzrasta u ovom istrazivanju bilo prepoznato kao gojazno,
a trend se moze uvecavati s obzirom na to da pozitivni
stavovi prema vezbanju i nastavi fizickog vaspitanja opa-
daju kako dete napreduje kroz skolovanje.

Dosadasnja istrazivanja su pokazala da indeks tele-
sne mase (ITM) raste od rodenja do prve godine Zivota,
a zatim opada do predskolskog perioda, nakon cega opet
ispoljava rast do kraja osnovnog obrazovanja (Demerath
etal., 2006). Takode, rezultati dosada$njih istrazivanja ne
dvosmislenopokazuju da je sa uzrastom dece evidentan
vedi indeks telesne mase (ITM), kao i da sve vise dece
ima prekomernu uhranjenost ili se moze okarakterisati
kao gojazno.

ZAKLIUCAK

Rezultati istrazivanja pokazuju da jedna tre¢ina tre-
tiranih ispitanika — u¢enika mladeg Skolskog uzrasta je je
prepoznato kao gojazno ili predstavlja rizik za nastanak
gojaznosti (15 (16,1%) ispitanika pripada rizi¢noj grupi
od nastanka gojaznosti a 18 (19,4%) ispitanika je goja-
zno). Dobiveni rezultati upozoravaju na izrazen broj go-
jaznih ili riziéno gojaznih u¢enika mladeg Skolskog uzra-
sta zbog Cega je neophodno preduzimanje preventivnih
mera kako bi se gojaznost i njene negativne posledice za
zdravlje dece prevenirale na vreme.

Opasnost posledica gojaznosti je stalno prisutna jer
su dosadasnja istrazivanja pokazala na smanjenu fizicku
aktivnost dece 1 opadanje interesa i pozitivnih stavova
prema fizickom vezbanju kako dete napreduje kroz sko-
lovanje. Zbog toga je izuzetno vazno sa uzrastom dece
povecati njihovo ucesée u fizickim aktivnosima, pored
redovne nastave fizickog i1 zdravstvenog vaspitanja i
kroz razli¢ite programe Skolice sporta kao vid dodatnog
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dition to regular physical and health education classes.
The greatest transformation under the influence of ex-
ogenous factors (the process of sports training) is pos-
sible in fatty tissue, the coefficient of innateness is 0.50
(Miki¢, 2000:102).

In order to regularly monitor the growth and devel-
opment of school children and, therefore, monitor the
level of nutrition, it is important to take appropriate mea-
sures such as training teachers to systematically monitor
the growth and development of children through regular
physical education classes.

For more effective implementation of preventive
programs, greater cooperation is needed not only from
children and their parents, but also from teachers and
physical education teachers, in order to ensure the condi-
tions for the proper growth and development of students,
with the aim of eliminating obesity as a problem that af-
fects the school population in the Republic of Serbia.

LITERATURE

treninga. Najveca transformacija pod uticajem egzoge-
nih faktora (procesom sportskog treninga) moguca je
kod masnog tkiva, koeficijent urodenosti 0,50 (Miki¢,
2000:102).

Kako bi se redovno pratio rast i razvoj kod skolske
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