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Abstract: The research was conducted with the aim of
determining the differences in functional abilities between
younger (14-16 years) and older juniors (16—18 years) in
water polo. The total sample of respondents consisted of
174 respondents from the following water polo clubs: VK
“Borac” from Banja Luka, VK “Mladost”, VK “Torpedo”
and VK “Invictum” all from Sarajevo, divided into two age
categories according to the rules of the Water Polo Federa-
tion of Bosnia and Herzegovina. The sample of variables
consisted of nine functional abilities assessed by spiromet-
ric parameters in different positions (standing and lying) in
the first and sixth seconds before and afier the exertion. For
all applied functional ability variables, the basic central
and dispersion parameters were calculated. 1o determine
the differences in functional abilities between younger and
older juniors in water polo, an analysis of the results of the
T-test for independent samples was applied. The obtained
basic and central dispersion parameters show a normal
distribution of all variables in both groups of respondents.
The results of the T-test indicate statistically significant dif-
ferences in five out of nine functional parameters in favor of
the older juniors, especially in the air flow in the first and
sixth seconds after exertion and the variable “lung age”.
The established differences indicate that the age and con-
tinuity of the training process have a significant impact on
the development of the functional abilities of young water
polo players. The obtained results can be useful for a better
understanding of the development of ventilation abilities of
athletes in the aquatic environment, the process of selection
and programming of training loads.
Keywords: functional abilities, juniors, spirometry, differ-
ences, water polo

INTRODUCTION

As a collective sport, water polo belongs to the group

SaZetak: Istrazivanje je izvrseno s ciljem utvrdivanja
razlika u funkcionalnim sposobnostima izmedu mladih
(14—16 godina) i starijih juniora (16—18 godina) u vater-
polu. Ukupan uzorak ispitanika cinilo je 174 ispitanika iz
sljedecih vaterpolo klubova: VK ,, Borac* iz Banja Luke,
VK ,,Mladost*, VK ,, Torpedo* i VK ,, Invictum* svi iz
Sarajeva podijeljenih u dvije uzrasne kategorije prema
pravilima Vaterpolo saveza BiH. Uzorak varijabli c¢inilo
Je devet funkcionalnih sposobnosti procjenjivanih spiro-
metrijskim parametrima u razlicitim polozajima (stojeci i
lezeci) u prvoj i Sestoj sekundi prije i poslije opterecenja.
Za sve primijenjene varijable funkcionalnih sposobnosti
izracunati su osnovni centralni i disperzioni parametri.
Za utvrdivanje razlika u funkcionalnim sposobnostima
izmedu mladih i starijih juniora u vaterpolu primijenjena
Jje analiza rezultata T-testa za nezavisne uzorke. Dobi-
Jeni osnovni i centralni disperzioni parametri pokazuju
normalnu distribuciju svih varijabli kod obje grupe ispi-
tanika. Rezultati T-testa ukazuju na statisticki znacajne
razlike u Sest od devet funkcionalnih parametara u ko-
rist starijih juniora, posebno u protoku zraka u prvoj i
Sestoj sekundi poslije opterecenja, te varijabli ,, starost
pluca. Utvrdene razlike ukazuju da uzrasna dob i konti-
nuitet trenaznog procesa imaju znacajan uticaj na razvoj
funkcionalnih sposobnosti mladih vaterpolista. Dobije-
ni rezultati mogu biti od koristi boljem razumijevanju
razvoja ventilacijskih sposobnosti sportista u vodenom
okruzenju, procesu selekcije i programiranja trenaznih
opterecenja.

Kljucne reci: funkcionalne sposobnosti, juniori, spi-
rometrija, razlike, vaterpolo

Uvop

Vaterpolo kao kolektivni sport spada u grupu po-

of polystructural sports with a high degree of complexity, | listrukturalnih sportova sa visokim stepenom komplek-
in which all types of movements, both cyclic and acyclic, | siteta u kojem su zastupljene sve vrste kretanja kako ci-
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are represented. It differs from other team sports because
it is played in a completely different and specific me-
dium - water. For this reason, water polo belongs to the
group of extremely demanding sports with very complex
functional, motor and technical-tactical requirements. A
high level of efficiency and sportsmanship in water polo
requires maximum mastery of all technical-tactical ele-
ments, a high level of physical preparation, which is based
on certain morphological characteristics, motor, functional
abilities and other anthropological characteristics (Dopsaj,
1993). Observing the technique and way of swimming
in the water polo game, it is not difficult to see that the
players mostly swim short distances using different tech-
niques and with maximum intensity. In addition to the
time limit of the game, and the total volume of swimming
segments, from the aspect of energy capacities it can be
safely claimed that a top water polo player must possess
highly developed all three energy systems - alactic, lactic
and aerobic (Dopsaj & Matkovi¢, 1994). In this sense, the
functional capabilities of the cardiovascular and respira-
tory systems gain even greater importance.

Intense actions, frequent contact, movement in tur-
bulent water and the need for rapid changes in speed and
body position require a high level of ventilation capacity.
In addition during the match, the player performs a large
number of movements in the water in a horizontal and
vertical position, with or without the ball, with or with-
out contact with the opposing player (Dopsaj & Matkovic,
1999).

The specificity of the sport of water polo causes a
gradual transformation of the organism during growth and
with a regular training process. Therefore it is especially
important to observe the development of functional pa-
rameters in water polo players of different age categories.
This paper focuses on determining the differences in func-
tional abilities between younger and older juniors in water
polo from water polo clubs in Bosnia and Herzegovina.

Previous research confirms that sports training at a
younger age leads to an increase in key lung functions,
especially in water sports that require high respiratory ca-
pacity (Hraste et al., 2008; Mirvi¢ et al., 2012; Durmi¢ et
al., 2015). Therefore, it is expected that older juniors, due
to a longer training experience, will show better results.

METHOD OF WORK

A sample of participants

The total sample of participants consisted of 174
young water polo players from water polo clubs in Bos-
nia and Herzegovina, divided into two groups. The first
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klicnog tako i aciklicnog karaktera. Razlikuje se od dru-
gih kolektivnih sportova zbog toga §to se igra u potpuno
druk¢ijem i specificnom mediju — vodi. Iz tog razloga,
vaterpolo spada u grupu izrazito zahtjevnih sportova sa
vrlo sloZenim funkcionalnim, motori¢kim i tehni¢ko-tak-
tickim zahtjevima. Visok nivo efikasnosti i sportskog
nadigravanja u vaterpolu zahtijeva maksimalnu ovlada-
nost svim tehnicko-taktickim elementima, visok nivo
fizicke pripremljenosti, a koja se zasniva na odredenim
morfoloskim odlikama, motorickim, funkcionalnim spo-
sobnostima i drugim antropoloskim karakteristikama
(Dopsaj, 1993). Posmatrajuci tehniku i na¢in plivanja u
vaterpolo igri nije tesko uociti da igraci uglavnom pliva-
ju kratke dionice primjenom razlicitih tehnika i maksi-
malnim intenzitetom. Uz vremensko ograniCenje igre, i
ukupan obim preplivanih dionoca, sa aspekta energetskih
kapaciteta sa sigurno$éu se moze tvrditi da vrhunski va-
terpolo igra¢ mora posjedovati visoko razvijena sva tri
energetska sistema - alaktatni, laktatni i aerobni (Dopsaj
& Matkovi¢, 1994). U tom smislu na jo§ vecem znacaju
dobivaju funkcionalne sposobnosti kardiovaskularnog i
respiratornog sistema.

Intenzivne akcije, Cesti kontakti, rad u uzburkanoj
vodi i potreba za brzim izmjenama brzine i polozaja tijela
zahtijevaju visok nivo ventilacijskih kapaciteta. Takode,
tokom utakmice igrac¢ izvodi veliki broj kretanja u vodi u
horizontalnom i vertikalnom polozaju, sa loptom ili bez
nje, sa ili bez kontakta sa protivnickim igracem (Dopsaj
& Matkovié, 1999).

Specifi¢nost vaterpolo sporta uzrokuje postepenu
transformaciju organizma tokom rasta i uz redovan tre-
nazni proces. Zato je posebno vazno posmatrati razvoj
funkcionalnih parametara kod vaterpolista i razli¢itih
uzrasnih kategorija. Upravo ovaj rad se bavi utvrdiva-
njem razlika u funkcionalnim sposobnostima izmedu
mladih 1 starijih juniora u vaterpolu iz vaterpolo klubova
Bosne i Hercegovine.

Dosadasnja istrazivanja potvrduju da sportski tre-
ning u mladem uzrastu dovodi do povecanja kljuénih
pluénih funkcija, posebno u sportovima u vodi koji za-
htijevaju visok respiratorni kapacitet (Hraste i sar., 2008;
Mirvi¢ i sar., 2012; Durmi¢ i sar., 2015). Stoga se ocekuje
da stariji juniori, uslijed duzeg trenaznog staza, pokazu
bolje rezultate.

METOD RADA
Uzorak ispitanika

Ukupan uzorak ispitanika ¢inilo je 174 mladih va-
terpolista iz vaterpolo klubova Bosne i Hercegovine po-
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group of participants consisted of younger juniors aged
14-16 years (N=87), and the second group consisted of
older juniors aged 16-18 years (N=87). The division of
participants based on age categories was carried out ac-
cording to the rules of the Water Polo Association of Bos-
nia and Herzegovina. The research included only those
participants who are completely healthy and who were
involved in the regular training process in their clubs.

The study was conducted in a regular training envi-
ronment with appropriate conditions required for testing
in this study.

Sample variables

Functional capacity was assessed using nine spiro-
metric measures, including airflow in the first and sixth
seconds of exhalation in standing and supine positions
before and after exercise, as well as lung age parameters.

Variables for assessing functional abilities:
1) Spirometry in the first second standing

before eXertion ........cceeeecererieieee e (S1SBE)
2) Spirometry in the first second standing

after eXertion .........ccvvveevieeiieeiiceieeeee e (S1SAE)
3) Spirometry in the first second lying before

EXETTION 1.vviiiiiieeiieeiieeeiieeeeteeeireeeveeeeveeeaeeenaeeens (SILBE)
4) Spirometry in the first second lying after

31 1110 1 LRSS (SILAE)
5) Spirometry in the sixth second standing

before eXertion .........ccceeeeeerienerienieneseeeeee (S6SBE)
6) Spirometry in the sixth second standing

After eXEItioN ....ccvvveiviieeieeeieecie e (S6SAE)
7) Spirometry in the sixth second lying

before exXertion .........c.coeceeeeererieieseneeeeee e (S6LBE)
8) Spirometry in the sixth second lying

after €XertioN .....vcvvveriieiieiiereeree e (S6LAE)
9) Lung age ....coevvveeveeeieeieee e (LUNG AGE)

Data processing methods

For all applied variables used to assess functional
abilities, basic central and dispersion parameters were
calculated, including the following parameters: Rang-
ey-Rang, Min-minimum measurement result, Max-
maximum measurement result, Mean-arithmetic mean,
St.Dev.-standard deviation, Variance-variance. The nor-
mality of data distribution was examined based on the
values of the coefficient of curvature (Skewness) and the
coefficient of elongation (Kurtosis), as well as their stan-
dard errors, in order to determine the appropriateness for
the application of parametric statistical procedures.

To determine the differences in functional abilities
between older and younger juniors in water polo play-
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dijeljenih u dvije grupe. Prvu grupu ispitanika ¢inili su
mladi juniori uzrasne dobi 14-16 godina (N=87), a drugu
grupu Cinili su stariji juniori uzrasne dobi 16-18 godina
(N=87). Podjela ispitanika na osnovu uzrasnih kategori-
ja izvrSena je prema pravilima Vaterpolo saveza Bosne i
Hercegovine. Istrazivanjem su bili obuhvaceni samo oni
ispitanici koji su potpuno zdravi i koji su bili ukljuceni u
redovan trenazni proces u svojim klubovima.

Istrazivanje je sprovedeno na redovnom treningu uz
odgovarajucée uslove potrebne za testiranje u ovom istra-
Zivanju.

Uzorak varijabli

Procjena funkcionalnih sposobnosti izvedena je pri-
mjenom devet spirometrijskih mjera, ukljucujuci protok
zraka u prvoj i Sestoj sekundi izdisaja u stoje¢em i leze-
¢em polozaju prije i poslije opterecenja, kao i parametar
starosti pluca.
Varijable za procjenu funkcionalnih sposobnosti:
1) Spirometrija u prvoj sekundi stojeci prije

18] o5 (51611 11 - U (SISPRO)
2) Spirometrija u prvoj sekundi stojeci

poslije optereCenja ........cceveeveeerienienienienienns (SISPOO)
3) Spirometrija u prvoj sekundi leze¢i

Prije OptereCenja......cccveerueeesireerreenreeereeeaaans (SILPRO)
4) Spirometrija u prvoj sekundi leze¢i

poslije optereCenja ........ccevvverveereeneeneeneeennen. (S1ILPOO)
5) Spirometrija u Sestoj sekundi stojeci

PIije OPLETECeN a...ccuirieieiieieniieiieierieeieeieiene (S6SPRO)
6) Spirometrija u Sestoj sekundi stojeci

poslije optereenja ........occveeeeveerveerveeereeeieenns (S6SPOO)
7) Spirometrija u Sestoj sekundi leze¢i

Prije OPtereCen]a...ccuecereeeeeieeieeieesiresieesieeneeens (S6LPRO)
8) Spirometrija u Sestoj sekundi lezeéi

poslije opterecenja ........cceevvveveeerieenieenienieennenn (S6LPOO)
9) Starost pluca ......cceeveeerieiieieeie e (STARPL)

Metode obrade podataka

Za sve primijenjene varijable za procjenu funkci-
onalnih sposobnosti izra¢unati su osnovni centralni i
disperzioni parametri koji su ukljucivali sljedece para-
metre: Rangey-Rang, Min-minimalni rezultat mjerenja,
Max-maksimalni rezultat mjerenja, Mean- aritmeticka
sredina, St.Dev.-standardna devijacija, Variance-vari-
jansa. Normalnost distribucije podataka provjerena je na
osnovu vrijednosti koeficijenta zakrivljenosti (Skewne-
ss-a) i1 koeficijenta izduzenosti (Kurtosis-a), kao i njiho-
vih standardnih greSaka, kako bi se utvrdila opravdanost
primjene parametrijskih statistickih postupaka.

Za utvrdivanje razlika u funkcionalnim sposobno-
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ers, the results of an independent T-test were applied. The
level of statistical significance was set at the level of p <
0.05. The effect size is expressed by Eta square, which
is used in statistics to indicate the proportion of the total
variance of the dependent variable that is explained by a
particular independent factor. It is calculated as the ratio
of the sum of the squares of the effect and the total sum
of squares. The range of values is from 0 to 1, with higher
values indicating a stronger effect. It helps in understand-
ing the practical significance of the results beyond statis-
tical significance. The statistical analysis of the data was
performed in the IBM SPSS Statistics 22 program.

RESuULTS

Analysis of the results of the basic central and

dispersion parameters of variables for assessing

the functional abilities of younger juniors (14-16

years old)

Table 1 presents the basic central and dispersion
parameters of the variables used to assess the functional
abilities of younger juniors aged 14-16. In the context of
the performed measurement, it is observed that the val-
ues of the basic central and dispersion parameters of the
variables for the assessment of functional abilities show
a normal distribution of the results and that in this con-
text there are no significant deviations from the normal
distribution, given that the values of the skewness coef-
ficients do not exceed 1.00. Aditionally the values of the
coefficient of elongation (Kurtosis) are below the normal
distribution value of 2.75, indicating a platykurtic (flat-
tened) distribution.

Based on the obtained results of the central and
dispersive parameters of the variables for assessing the
functional abilities of younger juniors in water polo, it
can be concluded that the values of all applied variables
are normally distributed. The distribution of the obtained
values of the basic central and dispersion parameters
of the participants functional abilities of the subjects -
younger juniors aligns with the standards specific to wa-
ter polo players of this age group, although this popula-
tion is undergoing continues transformation as a result of
the effects of their specific age and the conditions under
witch the training process is conducted.

SPORTS SCIENCE AND HEALTH 16(1):21-32

stima izmedu starijih i mladih juniora u vaterpolu pri-
mijenjeni su rezultati T-testa za nezavisne uzorke. Nivo
statisticke znacCajnosti postavljen je na nivou p < 0,05.
Efekat veli¢ine izrazen je Eta kvadratom, koja se kori-
sti u statistici, a oznacava udio ukupne varijance zavi-
sne varijable koji objasnjava odredeni nezavisni faktor.
Racuna se kao odnos sume kvadrata efekta i ukupne
sume kvadrata. Raspon vrijednosti krece se od 0 do 1, pri
¢emu vecée vrijednosti ukazuju na jaci ucinak. Pomaze
u razumijevanju prakti¢ne vaznosti rezultata izvan same
statistiCke znacajnosti. Statisticka obrada podataka spro-
vedena je u programu IBM SPSS Statistics 22.

REZULTATI

Analiza rezultata osnovnih centralnih i
disperzionih parametara varijabli za procjenu
funkcionalnih sposobnosti mladih juniora (14-16
godina)

U tabeli 1 prikazani su osnovni centralni i disper-
zioni parametri varijabli za procjenu funkcionalnih spo-
sobnosti mladih juniora uzrasne dobi 14-16 godina. U
kontekstu izvrSenog mjerenja uocava se da vrijednosti
osnovnih centralnih i disperzionih parametara varijabli za
procjenu funkcionalnih sposobnosti pokazuju normalnu
raspodjelu rezultata i da u tom kontekstu nema znac¢ajnih
odstupanja od normalne distribucije, s obzirom na to da
vrijednosti koeficijenata zakrivljenosti (Skewness-a) ne
prelaze 1,00. Vrijednosti koeficijenta izduzenosti (Kur-
tosis-a) krecu se ispod normalne vrijednosti distribucije
2,75, §to ¢ini distribuciju platikurticnom ili rasplinutom.

Na osnovu dobijenih rezultata centralnih i disper-
zivnih parametara varijabli za procjenu funkcionalnih
sposobnosti kod mladih juniora u vaterpolu moze se za-
kljuciti da su vrijednosti svih primijenjenih varijabli nor-
malno distribuirane. Distribucija dobijenih vrijednosti
osnovnih centralnih i disperzionih parametara funkcio-
nalnih sposobnosti ispitanika — mladih juniora uklapaju
se u standarde specificne za funkcionalne sposobnosti
vaterpolista ovog uzrasta, iako je ova populacija u proce-
su stalne transformacije, koja je rezultat uticaja specifi¢-
ne uzrasne dobi ispitanika i uslova u kojima se ostvaruje
trenazni proces.
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Table 1. Basic central and dispersion parameters of
functional abilities of younger juniors (14-16 years old)

SPORTS SCIENCE AND HEALTH 16(1):21-32

Tabela 1. Osnovni centralni i disperzioni parametri
funkcionalnih sposobnosti mladih juniora (14-16 godina)

Descriptive Statistics
N Range Minimum Maximum Mean De\fit:t:ion Variance Skewness Kurtosis
Statistic Statistic Statistic Statistic Statistic ~ Std. Error  Statistic Statistic Statistic ~ Std. Error  Statistic  Std. Error

S1SBE 87 3.34 1.01 4.35 2.9728 .09709 .90559 .820 -462 .258 -.260 511
S1SAE 87 4.18 .55 4.73 2.5848 .10507 .98007 .961 415 .258 .074 511
S1LBE 87 3.54 .68 4.22 2.9283 .09453 .88170 T77 -.893 .258 424 511
S1LAE 87 4.10 .62 4.72 2.5976 11456 1.06852 1.142 .033 .258 -772 511
S6SBE 87 6.21 1.05 7.26 4.0552 12144 113272 1.283 107 .258 1.725 511
S6SAE 87 5.19 1.56 6.75 4.1048 .10986  1.02469 1.050 101 .258 922 511
S6LBE 87 2.63 3.03 5.66 4.4176 .07916 .73837 .545 -.193 .258 -.863 511
S6LAE 87 3.92 1.66 5.58 3.3517 .10060 93834 .880 .308 .258 -.328 511
LUNGAGE 87 2.00 14.00 16.00 15.0000 .08010 .74709 .558 .000 .258 -1.186 511
Valid N

(listwise) 87

Legend: N-number of subjects, Range-Rang, Min-minimum
measurement result, Max-maximum measurement result,
Mean- arithmetic mean, St.Dev.-standard deviation, Variance-
variance, Skewness-coefficient of curvature, Kurtosis-
coefficient of elongation, S1SBE-Spirometry in the first
second standing before exertion, SISAE-Spirometry in the
first second standing after load, S1LBL-Spirometry in the first
second lying before exertion, S1LAE-Spirometry in the first
second lying after exertion, S6SBE-Spirometry in the sixth
second standing before exertion, S6SAE-Spirometry in the
sixth second standing after exertion, SOLBE-Spirometry in the
sixth second lying before exertion, SOLAE-Spirometry in the
sixth second lying after exertion, LA-Lung age)

Analysis of the results of the basic central

and dispersion parameters of the variables for

assessing the functional abilities of older juniors

in water polo (16-18 years old)

Table 2 presents the basic central and dispersion
parameters of the variables used to assess the functional
abilities of older juniors aged 16-18 years. Examination
of the obtained results indicates that there are no signifi-
cant deviations from a normal distribution, as the values
of the skewness coefficient do not exceed 1.00, except
for a minor deviation in the variable Spirometry in the
first second standing after the exertion - SISAE (2.216).
The values of the coefficient of elongation (Kurtosis) are
below the normal distribution value of 2.75, indicating a
platykurtic distribution, except for a minor deviation in
the variable Spirometry in the first second standing after
exertion - SISAE (3.865).

Based on the obtained results of the basic central
and dispersion parameters of the variables for assessing
functional abilities in older juniors in water polo, it can

Legenda: N-broj ispitanika, Rangey-Rang, Min-minimalni
rezultat mjerenja, Max-maksimalni rezultat mjerenja, Mean-
aritmeticka sredina, St.Dev.-standardna devijacija, Variance-

varijansa, Skewness-koeficijent zakrivljenosti, Kurtosis-
koeficijent izduzenosti, S1SPRO-Spirometrija u prvoj sekundi
stojeci prije opterecenja, SISPOO-Spirometrija u prvoj sekundi
stojeci poslije opterecenja, S1LPRO-Spirometrija u prvoj
sekundi lezeCi prije opterecenja, S1LPOO-Spirometrija u prvoj
sekundi lezeci poslije opterecenja, S6SPRO-Spirometrija u Sestoj
sekundi stojeci prije opterecenja, S6SPOO-Spirometrija u Sestoj

sekundi stojeci poslije opterecenja, SOLPRO-Spirometrija u

Sestoj sekundi lezeCi prije opterecenja, S6LPOO-Spirometrija u

Sestoj sekundi lezeci poslije opterecenja, SP-Starost pluca)

Analiza rezultata osnovnih centralnih i
disperzionih parametara varijabli za procjenu
funkcionalnih sposobnosti starijih juniora u
vaterpolu (16-18 godina)

U tabeli 2 prikazani su osnovni centralni i disperzioni
parametri varijabli za procjenu funkcionalnih sposobnosti
starijih juniora uzrasne dobi 16-18 godina. Uvidom u do-
bijene vrijednosti rezultata funkcionalnih sposobnosti kod
starijih juniora moze se konstatovati da nema znacajnih od-
stupanja od normalne distribucije, s obzirom na to da vri-
jednosti koeficijenta zakrivljenosti (Skewness-a) ne prela-
ze 1,00, izuzev manjeg odstupanja kod varijable Spirome-
trija u prvoj sekundi stojeci poslije opterecenja - SISPOO
(2,216). Vrijednosti koeficijenta izduzenosti (Kurtosis-a)
krec¢u se ispod normalne vrijednosti distribucije 2,75, §to
¢ini distribuciju platikurticnom ili izduzenom, izuzev ma-
njeg odstupanja kod varijable Spirometrija u prvoj sekundi
stojeci poslije opterecenja - SISPOO (3,865).

Na osnovu dobijenih rezultata osnovnih centralnih
i disperzionih parametara varijabli za procjenu funkcio-
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be concluded that the values of all variables are normally
distributed. The obtained results show that the distribu-
tion of the basic central and dispersion parameters of
the functional abilities of older juniors aligns with the
standards specific to water polo players of the same
age group, although this population is still undergoing
a transformation process as a result of the influence of
the specific age of the respondents and the conditions in
which the training process in water polo is realized.

Table 2. Basic central and dispersion parameters of the variables for
assessing the functional abilities of older juniors (16-18 years old)
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nalnih sposobnosti kod starijih juniora u vaterpolu, moze
se zakljuciti da su vrijednosti svih varijabli normalno dis-
tribuirane. Dobijeni rezultati pokazuju da se distribucija
osnovnih centralnih i disperzionih parametara funkcional-
nih sposobnosti starijih juniora uklapaju u standarde speci-
ficne za funkcionalne sposobnosti vaterpolista iste uzrasne
dobi, iako je ova populacija jos u procesu transformacije,
koja je rezultat uticaja specifi¢ne uzrasne dobi ispitanika i
uslova u kojima se ostvaruje trenazni proces u vaterpolu.

Tabela 2. Osnovni centralni i disperzioni parametri varijabli za
procjenu funkcionalnih sposobnosti starijih juniora (16-18 godina)

Descriptive Statistics
N Range Minimum Maximum Mean S_td'_ Variance Skewness Kurtosis
Deviation
Statistic Statistic Statistic Statistic Statistic ~ Std. Error  Statistic Statistic Statistic  Std. Error  Statistic  Std. Error

S1SBE 87 4.60 1.57 6.17 3.0403 .11506 1.07319 1.152 .795 .258 .625 511
S1SAE 87 17.46 .54 18.00 4.7283 47325 441421 19.485 2.216 .258 3.865 511
S1LBE 87 4.57 .52 5.09 3.1024 11341 1.05785 1.119 -416 .258 115 511
S1LAE 87 4.57 .55 5.12 3.4566 .11302 1.05419 1.111 -797 .258 .830 511
S6SBE 87 5.19 1.70 6.89 4.4648 .10479 97741 .955 -316 .258 1.323 511
S6SAE 87 6.90 .55 7.45 4.4497 .14501 1.35256  1.829 -.553 .258 1.015 511
S6LBE 87 4.84 3.14 7.98 5.0093 .11844 1.10473  1.220 469 .258 251 511
S6LAE 87 4.00 2.89 6.89 4.5869 .11965 1.11603  1.246 315 .258 -.743 511
LUNGAGE 87 2.00 16.00 18.00 16.7586  .07835 .73081 .534 411 .258 -1.024 511
Valid N

(listwise) 87

Legend: N-number of subjects, Range-Rang, Min-minimum
measurement result, Max-maximum measurement result,
Mean- arithmetic mean, St.Dev.-standard deviation, Variance-
variance, Skewness-coefficient of curvature, Kurtosis-
coefficient of elongation, S1SBE-Spirometry in the first
second standing before exertion, SISAE-Spirometry in the
first second standing after load, S1LBL-Spirometry in the first
second lying before exertion, S1LAE-Spirometry in the first
second lying after exertion, S6SBE-Spirometry in the sixth
second standing before exertion, S6SAE-Spirometry in the
sixth second standing after exertion, SOLBE-Spirometry in the
sixth second lying before exertion, S6LAE-Spirometry in the
sixth second lying after exertion, LA-Lung age)

Analysis of differences in functional abilities

between younger and older juniors in water polo

Analysis of differences in functional abilities test-
ed by T-test

To determine statistically significant differences in
functional abilities between younger and older junior wa-
ter polo players, the results of an independent samples
T-test were applied (Table 3). The T-test results indicate

Legenda: N-broj ispitanika, Rangey-Rang, Min-minimalni
rezultat mjerenja, Max-maksimalni rezultat mjerenja, Mean-
aritmeticka sredina, St.Dev.-standardna devijacija, Variance-

varijansa, Skewness-koeficijent zakrivljenosti, Kurtosis-
koeficijent izduzenosti, SISPRO — Spirometrija u prvoj sekundi
stojeci prije opterecenja, SISPOO — Spirometrija u prvoj
sekundi stojeci poslije opterecenja, SILPRO — Spirometrija u
prvoj sekundi lezeci prije opterecenja, SILPOO — Spirometrija
u prvoj sekundi lezeci poslije opterecenja, S6SPRO —
Spirometrija u Sestoj sekundi stojeci prije opterecenja,
S6SPOO — Spirometrija u Sestoj sekundi stojeci poslije
opterecenja, SOLPRO — Spirometrija u Sestoj sekundi lezeci
prije opterecenja, SOLPOO — Spirometrija u Sestoj sekundi
lezeci poslije opterecenja, STARPL — Starost pluca

Analiza razlika u funkcionalnim sposobnostima

izmedu mladih i starijih juniora u vaterpolu

Analiza razlika u funkcionalnim sposobnostima
testiranih T-testom

Za utvrdivanje statisticki znacajnih razlika u funk-
cionalnim sposobnostim izmedu mladih i starijih juniora
u vaterpolu primijenjena je analiza rezultata T-testa za
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positive and statistically significant differences in five
out of twelve tests assessing functional abilities between
the two groups of subjects — younger and older juniors.

Significant differences between the two samples —
younger and older junior water polo players — are evident
in the spirometry test in the first second while standing
after exertion — SISAE t(172) = -4.42, p = .000. The av-
erage increase in this test was 31.15, with a 95% confi-
dence interval ranging from -3.10 to -1.18. Eta squared
is 0.10, indicating a medium effect of this variable on the
sample.

Statistically significant differences are also ob-
served in the variable spirometry in the first second while
lying after exertion — SILAE t(172) = -5.33, p = .000.
The average increase in this test was 1.05, with a 95%
confidence interval ranging from -1.17 to -0.54, and Eta
squared was 0.14, indicating a large effect of the variable
on the sample.

In the spirometry test in the sixth second while lying
before exertion — S6LBE — differences between younger
and older junior water polo players in functional abili-
ties were observed t(172) = -4.15, p = .000. The aver-
age increase in this test was 9.44, with a 95% confidence
interval ranging from -0.87 to -0.31. Eta squared is 0.09,
indicating a medium effect of this variable on the sample.

The test that also shows differences between the
two samples is spirometry in the sixth second while ly-
ing after exertion — S6LAE t(172) =-7.90, p = .000. The
average increase in this test was 4.48, with a 95% confi-
dence interval ranging from -1.54 to -0.92. Eta squared is
0.26, representing a significant effect of the variable on
the sample.

Lung age — LUNG AGE - as a variable describing
functional abilities, showed significant differences be-
tween water polo players t(172) = -15.69, p = .000, with
an average increase of 1.30 and a 95% confidence inter-
val ranging from -1.97 to -1.53. Eta squared was 0.58,
representing a substantial effect of lung age on younger
and older juniors in water polo.

For other tests, no statistically significant differ-
ences in functional abilities between younger and older
juniors were found.
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nezavisne uzorke (tabela 3). Rezultati T-testa ukazuju na
pozitivne i statisticki znac¢ajne razlike kod pet od dvana-
est testova za procjenu funkcionalnih sposobnosti izme-
du dvije grupe ispitanika - vaterpolista mladih i starijih
juniora.

Izmedu dva uzorka ispitanika — mladih i starijih ju-
niora u vaterpolu znacajne razlike su evidentne u testu
spirometrija u prvoj sekundi stojeci poslije opterecenja —
SISPOO t (172) = - 4.42, p = ,000. Prosjecno povecanje
vrijednosti u ovom testu bilo je 31.15, dok se interval
95-procentne pouzdanosti proteze od -3.10 do -1.18. Eta
kvadrat iznosi 0.10 $to je srednji uticaj varijable na uzo-
rak ispitanika.

Statisticki znacajne razlike vidljive su i u varijabli
spirometrija u prvoj sekundi leze¢i poslije opterecenja —
SILPOOt(172)=-5.33, p=,000. Vrijednosti prosje¢nog
povecanja u testu je iznosilo 1.05, sa intervalom 95-pro-
centne pouzdanosti koja se proteze od -1.17 do -.54, dok
je Eta kvadrat iznosio 0.14 Sto je bio veliki uticaj varija-
ble na istrazivani uzorak ispitanika.

U testu spirometrija u Sestoj sekundi lezeci prije
opterecenja — S6SPRO uocene su razlike izmedu vater-
polista mladih i starijih juniora u funkcionalnim sposob-
nostima t (172) = - 4.15, p = ,000. Prosje¢no poveca-
nje vrijednosti u ovom testu bilo je 9.44, dok se interval
95-procentne pouzdanosti proteze od -.87 do -.31. Eta
kvadrat iznosi 0.09 §to je srednji uticaj varijable na uzo-
rak ispitanika.

Test koji takode pokazuje razlike izmedu dva uzor-
ka ispitanika jeste spirometrija u Sestoj sekundi lezeci
poslije opterecenja — S6LPOO t (172) = -7.90, p =,000.
Prosjecno povecanje vrijednosti u ovom testu bilo je
4.48, dok se interval 95-procentne pouzdanosti proteze
od -1.54 do -.92. Eta kvadrat iznosi 0.26 Sto predstavlja
znacajan uticaj varijable na uzorak ispitanika.

Starost plu¢a — STARPL kao varijabla koja opisuje
funkcionalne sposobnosti u kojoj su se desile znacajne
razlike izmedu vaterpolista t (172) = -15.69, p = ,000,
uz prosjecno povecanje vrijednosti koje je bilo 1.30, sa
intervalom 95-procentne pouzdanosti koje se proteze od
-1.97 do -1.53. Eta kvadrat iznosio 0.58 Sto predstavlja
znacajan uticaj starosti pluca na mlade i starije juniore
u vaterpolu. Kod ostalih testova nije utvrdena statisticki
znacajna razlika u funkcionalnim sposobnostima izmedu
mladih i starijih juniora.
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Table 3. Results of the Independent Samples T-Test for
Functional Abilities

SPORTS SCIENCE AND HEALTH 16(1):21-32

Tabela 3. Rezultati T-testa za nezavisne uzorke funkcionalnih
sposobnosti

Levene’s Test for
Equality of Variances

t-test for Equality of Means

95% Confidence
. si - df Sig. Mean  Std. Error Interval of the Eta
& (2-tailed) Difference Difference Difference kvadrat
Lower Upper
Equal vari
quaTvariances 276 184 -449 172 654 06759 15055  -36475 22957
assumed
SISBE
varian
quatvariances 449 167.268 654 06759 15055  -36481  .22963
not assumed
Equal variances
31.154 .000 -4.422 172 .000 -2.14345 48478 -3.10033  -1.18657
assumed
S1SAE - 0.10
Equal variances
-4.422 94.458 .000 -2.14345 48478 -3.10592  -1.18097
not assumed
Equal vari
quarvariances - geg 347 1179 172 240 17414 14764  -46556 11729
assumed
S1LBE Eoual var
rian
qualvariances 1179 166593  .240 17414 14764  -46563 11735
not assumed
Equal variances
1.059 .305 -5.338 172 .000 -.85897 .16093 -1.17661  -.54132 0.14
assumed
S1LAE -
Equal variances
-5.338 171.969 .000 -.85897 .16093 -1.17661  -.54132
not assumed
Equal vari
quarvariances -y 137 288 2554 172 012 _40966 16040  -72626  -.09305
assumed
S65BE Equal variances
ual vari
q -2.554 168.390 .012 -.40966 .16040 -.72631 -.09300
not assumed
Equal variances
4.482 .036 -1.895 172 .060 -.34483 18193 -.70392 .01427
assumed
S6SAE -
Equal variances
-1.895 160.257 .060 -.34483 18193 -.70411 .01445
not assumed
Equal vari
UATVAriances - g g 002 4154 172 .000 59172 14246  -87292  -31053
assumed
S6LBE Equal variances 0.09
vari
au -4.154 150.054 .000 -.59172 14246 -.87321 -.31024
not assumed
Equal variances
5.203 .024 -7.901 172 .000 -1.23517  .15632 -1.54373  -92661
assumed
S6LAE - 0.26
Equal variances
-7.901 167.074 .000 -1.23517  .15632 -1.54380  -.92655
not assumed
Equal vari
quaTvariances -y 307 25 15696 172 .000 175862 11205 ~ -1.97978  -1.53746
LUNG assumed 0.58
AGE Equal variances '
-15.696 171.917 .000 -1.75862  .11205 -1.97978  -1.53746

not assumed

Legend: N-number of subjects, Range-Rang, Min-minimum
measurement result, Max-maximum measurement result, Mean-
arithmetic mean, St.Dev.-standard deviation, Variance-variance,

Skewness-coefficient of curvature, Kurtosis-coefficient of
elongation, SISBE-Spirometry in the first second standing before
exertion, SISAE-Spirometry in the first second standing after
load, SILBL-Spirometry in the first second lying before exertion,
S1LAE-Spirometry in the first second lying afier exertion, S6SBE-
Spirometry in the sixth second standing before exertion, S6SAE-
Spirometry in the sixth second standing after exertion, SOLBE-

Spirometry in the sixth second lying before exertion, S6LAE-
Spirometry in the sixth second lying after exertion, LA-Lung age)

Legenda: t - T test, df - stepeni slobode, Sig.- nivo statisticke
znacajnosti), Mean Difference - razlika aritmetickih sredina,
Std. Error Difference - standardna greska aritmetickih
sredina, , SISPRO — Spirometrija u prvoj sekundi stojeci prije
opterecenja, SISPOO — Spirometrija u prvoj sekundi stojeci
poslije opterecenja, SILPRO — Spirometrija u prvoj sekundi
lezeci prije opterecenja, SILPOO — Spirometrija u prvoj
sekundi lezeci poslije opterecenja, S6SPRO — Spirometrija
u Sestoj sekundi stojeci prije opterecenja, S6SPOO —
Spirometrija u Sestoj sekundi stojeci poslije opterecenja,
S6LPRO — Spirometrija u Sestoj sekundi lezeci prije
opterecenja, SOLPOQO — Spirometrija u Sestoj sekundi lezeci
poslije opterecenja, STARPL — Starost pluca
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DiscussioN

The results of this study show clear differences in
functional abilities between younger (14—-16 years) and
older (16—18 years) junior water polo players in Bosnia
and Herzegovina. The data indicate that older juniors ex-
hibit superior values in most spirometric parameters, es-
pecially in airflow in the first and sixth seconds of exhala-
tion after exertion, as well as in the “lung age” parameter.
These findings confirm the expected association between
age, training experience, and the development of athletes’
functional abilities.

The statistically significant differences in the vari-
ables SISAE, SILAE, S6LBE, S6LAE, and LUNG AGE
indicate that older juniors handle physical exertion bet-
ter and more efficiently achieve ventilatory capacity dur-
ing effort. Eta squared values, which in some variables
showed medium and large effects (e.g., LUNG AGE —
0.58; SOLAE — 0.26), confirm the practical and statistical
relevance of differences between age groups.

These results are consistent with previous studies by
Hraste et al. (2008). Mirvi¢ et al. (2012) emphasize that
continuous aquatic sports training significantly increases
lung capacities in young athletes. Poproshaev and Cuma-
kov (2013) also note that players exposed to higher work-
load in specific positions achieve higher values of vital
lung capacity. Durmi¢ et al. (2015) indicate that elite water
polo players achieve better spirometric results compared
to athletes in other team sports.

Other studies have similarly shown that pulmonary
and cardiac functions improve after just three years of sys-
tematic swimming training at a young age. Comparisons
between young swimmers and same-age non-athletes re-
vealed that swimmers have higher lung volumes due to
greater vital capacity and higher expiratory airflow. These
differences were noticeable at the start of the study and
increased over a three-year follow-up. Comparisons be-
tween older athletes and a control group showed statisti-
cally significant differences in vital capacity, total lung
capacity, and forced expiratory volume in the first second
in favor of older athletes, while measures of maximal ven-
tilation and residual volume were not statistically signifi-
cant. Differences in forced vital capacity, forced expiratory
volume, and maximal expiratory flow between swimmers
aged 15-20 and non-athletes were greater at the end of the
season (Andrew et al., 1972; Hagberg et al., 1988; Mehro-
tra et al., 1997).

Differences in pulmonary ventilation values between
young basketball players and non-athletes aged 14-16
were studied by Tocigl et al. (1999). Forced vital capac-
ity, forced expiratory volume in the first second, and mean
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Diskus1ia

Rezultati ovog istrazivanja pokazuju jasne razlike u
funkcionalnim sposobnostima izmedu mladih (14—-16 godi-
na) i starijih (16-18 godina) juniora vaterpolista Bosne i Her-
cegovine. Dobijeni podaci ukazuju da stariji juniori posjedu-
Ju superiorne vrijednosti u vecini spirometrijskih parametara,
posebno u protoku zraka u prvoj i Sestoj sekundi izdisaja na-
kon optereéenja, kao i u parametru ,,starost plu¢a“. Ovi nalazi
potvrduju ocekivanu povezanost izmedu uzrasta, trenaznog
staza i razvoja funkcionalnih sposobnosti sportista.

Dobijena statisticki znacajna razlika u varijablama
S1SPOO, SILPOO, S6LPRO, S6LPOO i STARPL ukazu-
je na to da stariji juniori bolje podnose fizicko opterecenje
i efikasnije ostvaruju ventilacijske kapacitete tokom napora.
Eta-kvadrat vrijednosti, koje su kod pojedinih varijabli po-
kazale srednji i veliki efekat (npr. StarPl — 0.58; SOLPOO —
0.26), potvrduju prakticnu i statisticku relevantnost razlika
izmedu uzrasnih grupa.

Dobijeni rezultati ovog istrazivanja su u skladu sa ra-
nijim istrazivanjima Hraste i sar. (2008). Mirvi¢ i sar. (2012)
isti¢u da kontinuirani sportski trening u vodi dovodi do zna-
¢ajnog povecanja pluénih kapaciteta kod mladih sportista.
Poproshaev i Cumakov (2013) takode naglasavaju da igraci
koji su izloZeni ve¢em opterecenju u specificnim pozicijama
ostvaruju vece vrijednosti vitalnog kapaciteta plu¢a. Durmié
i sar. (2015) ukazuju da elitni vaterpolisti postizu bolje spiro-
metrijske rezultate u odnosu na sportiste iz drugih kolektivnih
sportova.

U jos nekoliko istrazivanja kao i u prethodnom utvrde-
no je da se plucne i sréane funkcije poboljsavaju ve¢ poslije
perioda od tri godine sistematskog trenaznog rada plivanja
ve¢ u mladem dobu sportista, a komparacijom rezultata plué-
nih volumena i ekspiracijskog protoka zraka mladih plivaca
i istodobnih nesportista pokazalo se da plivaci imaju vece
pluéne volumene kao posljedicu vecih vrijednosti vitalnog
kapaciteta, pa i vece vrijednosti ekspiracijskog protoka zraka.
Navedene vrijednosti bile su ocite ve¢ na pocetku istraZiva-
nja, a jos su vece razlike uocene tokom trogodisnjeg pracenja.
Usporedujuci starije sportiste i kontrolnu grupu rezultati su
pokazali statisticki znaCajnu razliku u vitalnom kapacitetu,
ukupnom pluénom kapacitetu i forsiranom ekspiratornom
volumenu u 1. sekundi u korist starijih sportista, dok u mje-
rama maksimalne ventilacije i1 rezidualnog volumena nije
postojala statisticka znacajnost razlika. Razlike forsiranog vi-
talnog kapaciteta, forsiranog ekspiratornog volumena i mak-
simalnog ekspiracijskog protoka izmedu plivaca dobi od 15
do 20 godina i kontrolne grupe nesportista na pocetku i na
kraju plivacke sezone i zabiljezene su vece statisticki znacaj-
ne razlike kod plivac¢a na kraju sezone (Andrew i sar., 1972;
Hagberg i sar., 1988; Mehrotra i sar., 1997).
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forced expiratory flow at 75% FVC were significantly
higher in young basketball players, while mean forced ex-
piratory flow at 50% and 25% was higher in non-athletes.

Hraste et al. (2009) found that young sailors and non-
athlete controls differed in almost all measured pulmonary
capacity and volume variables except vital capacity, and
that young water polo players and non-athlete controls dif-
fered significantly in almost all variables except relative
maximal expiratory flow. Sailors and water polo players
did not differ significantly in functional pulmonary param-
eters. Univariate analysis showed significant individual
differences in most variables between non-athlete controls
and young athletes undergoing two-to-three years of train-
ing. Correlation values indicate that non-athletes perform
worse functionally than both athlete groups, particularly
in forced expiratory volume in 1 second, mean expiratory
flow at 50% vital capacity, and forced vital capacity.

Popo et al. (2015) found no statistically significant
differences between junior water polo players by playing
position in functional abilities: vital lung capacity, forced
expiratory volume in 1 second, resting heart rate, blood
lactate after 400m crawl, and blood lactate after 100m
crawl.

Mirvi¢ et al. (2018) measured maximal exhalation in
the first and sixth seconds after 200m crawl swimming in
second-year students at the Faculty of Sport and Physical
Education. Individual observations showed no statistical
significance in first-second standing and lying maximal
exhalation, but significant differences were found in sixth-
second standing and lying maximal exhalation. Airflow
from 1 to 6 seconds was significantly affected. Significant
differences were also found in first-second standing and
lying airflow after swimming. Maximal exhalation after
200m crawl is influenced by fatigue caused by maximal
effort.

Hrbi¢ (2018) found significant differences between
Ul5 and U16 national water polo team members in al-
most all parameters, with no statistically significant differ-
ences between playing positions. U16 players had faster
400m and 100m crawl results compared to U15. Resting
blood lactate concentrations were lower in U16, but post-
exercise lactate and heart rate values varied between the
groups as expected.

Ubovi¢ (2019) reported that age and sport did not
have a statistically significant effect on VO2max, but an-
aerobic-glycolytic capacity (TAPP) showed a medium ef-
fect of the interaction between age and sport.

Rukavina (2024) studied predictive values of 400m
crawl (aerobic capacity) and 100m crawl (anaerobic ca-
pacity) tests in young water polo players. Both tests were
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Takode, razlikama u ventilacijskim vrijednostima pluca
izmedu mladih kosarkasa i1 nesportista u dobi od 14 do 16
godina bavili su se Tocigl i sar. (1999). Vrijednosti forsiranog
vitalnog kapaciteta, forsiranog respiracijskog volumena u pr-
voj sekundi i srednji forsirani ekspiracijski protok pri 75%
FVC bili su statisticki znacajno vec¢i kod mladih kosarkasa,
dok je srednji forsirani ekspiracijski protok pri 50% i 25%
bio statisticki znacajno ve¢i kod kontrolne grupe nesportista.

Hraste i sar. (2009) su utvrdili da se mladi jedrilicari i
kontrolna grupa nesportista razlikuju u skoro svim izmjere-
nim varijablama plu¢nih kapaciteta i volumena osim u varija-
bli vitalni kapacitet, kao i da se mladi vaterpolisti 1 kontrolna
grupa nesportista statisticki znacajno razlikuju u skoro svim
izmjerenim varijablama osim u varijabli relativni maksimalni
ekspiracijski protok. Jedrili¢ari i vaterpolisti se znacajno ne
razlikuju u funkcionalnim parametrima pluénih kapaciteta i
volumena. Rezultati univarijantne analize varijanse pokazuju
znacajne statistiCke pojedinacne razlike u vecini varijabli iz-
medu kontrolne grupe ispitanika i grupe mladih sportista koji
ucestvuju u trenaznom procesu u periodu od dvije i tri godine.
S obzirom na vrijednosti korelacija varijabli u prostoru venti-
lacionih vrijednosti daje se uociti da mladi pojedinci nespor-
tisti imaju dosta slabije rezultate funkcionalnih sposobnosti
u odnosu na obje grupe sportista a najveca se razlika vidi u
varijabli forsirani ekspiracijski volumen u 1 sekundi, srednji
ekspiracijski protok pri 50% vitalnog kapaciteta i forsirani vi-
talni kapacitet.

Popo i sar. (2015) su utvrdili da nema statisticki znacaj-
nih razlika izmedu vaterpolista juniora po pozicijama u igri
na varijablama funkcionalnih sposobnosti: Vitalni kapacitet
pluca, Forsirani ekspiracijski volumen u prvoj sekundi, Fre-
kvencija srca u mirovanju, Nivo laktata poslije isplivanih 400
m kraul, Nivo laktata poslije isplivanih 100 m kraul.

Mirvi¢ i sar. (2018) su na uzorku studenata druge go-
dine Fakulteta sporta i tjelesnog odgoja mjerili maksimalni
izdah u prvoj i Sestoj sekundi nakon optereéenja uzrokovanog
plivanjem na 200 m kraul. Poslije individualne opservacije u
testovima maksimalni izdah u prvoj sekundi stoje¢i u vodi i
maksimalni izdah u prvoj sekundi lezeci u vodi nije bilo sta-
tistickih signifikantnosti ali je zato u testovima maksimalnog
ekspirijuma u Sestoj sekundi stojeci i maksimalnog ekspiriju-
ma u Sestoj sekundi lezeci postojala signifikatna statisticka ra-
zlika. Kod obje pozicije u vodi protok zraka od 1 do 6 sekun-
de je postojao statisticki znacajan uticaj. Znacajnih razlika je
bilo i u testovima protok zraka u prvoj sekundi stojeci u vodi i
u testu protok zraka u prvoj sekundi leze¢i. Prema rezultatima
moze se tvrditi da maksimalni ekspirijum poslije preplivane
dionice od 200 m kraul tehnikom je bio pod uticajem umora
uzrokovanim maksimalnim naporom.

Hrbi¢ (2018) je u svom istrazivanju dobio znacajnu ra-
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significant predictors of successful water polo perfor-
mance, with first-league players outperforming others in
swimming tests, except in the 25m ball-handling test.

Practically, these findings suggest that coaches
should adjust training loads according to the age of young
water polo players, considering developmental stages of
pulmonary and cardiovascular functions. Younger juniors
should have progressive loads focusing on breathing tech-
nique and endurance, while older juniors can train more
intensively, emphasizing game-specific situations and
competitive conditions.

The study confirms the importance of age and con-
tinuous training in developing functional abilities in young
water polo players. Results contribute to understanding re-
spiratory system adaptation in aquatic athletes and provide
a basis for effective training planning and youth athlete
selection.

CONCLUSION

The study showed that older junior water polo play-
ers (1618 years) achieve better spirometric results and
greater capacity to adapt to physical exertion compared
to younger juniors (14—16 years). Statistically significant
differences in the parameters—spirometry in the first
second standing after exertion (SISAE), spirometry in
the first second lying after exertion (SILAE), spirometry
in the sixth second lying before exertion (S6LPRO), spi-
rometry in the sixth second lying after exertion (SOLAE),
and lung age (LUNG AGE)—indicate that age and the
duration of training experience significantly influence the
level of functional abilities in athletes.

The obtained results confirm that continuous and
sport-specific water polo training contributes to the de-
velopment of respiratory system capacity and improve-
ment of physical fitness. They provide practical guidance
for planning the training process, emphasizing the need
to adjust training loads according to the athlete’s age and
stage of development.

The results of this study contribute to both theoreti-
cal and practical understanding of the development of
functional abilities in young water polo players and may
serve as a basis for further research in sports physiology
and training technology for aquatic sports.

For general conclusions within the investigated do-
main, future research should include a larger and more
representative sample of participants, apply a battery of
tests with a greater number of variables to assess func-
tional abilities more comprehensively, and systematical-
ly monitor the condition and potential changes of these
parameters over multiple seasons.

SPORTS SCIENCE AND HEALTH 16(1):21-32

zliku izmedu vaterpolista ¢lanova nacionalne selekcije U15 1
U16 u gotovo svim parametrima dok medu pozicijama igraca
ne postoje statisticki znacajne razlike. Reprezentacija U16 je
imala brZe rezultate na 400 metara prvi put, 400 metara drugi
put te 100 metara kraul u poredenju sa reprezentacijom U15
koja je postavila sporije rezultate u istim testovima. Vrijedno-
sti koncentracije laktata u krvi u stanju mirovanja su bile nize
kod reprezentativaca U16 nego kod reprezentativaca U1S5,
dok su vrijednosti koncentracije laktata u krvi poslije prvih
400m, poslije drugih 400 m te 100m niza kod reprezentacije
U15. Igra¢i U16 ostvaruju veci nivo koncentracija laktata u
krvi poslije prvih 400 m, poslije drugih 400 m 1 poslije 100
m. Reprezentativci U16 su biljezili vise vrijednosti broja ot-
kucaja srca poslije prvih 400m i psolije drugih 400 m, dok
su zabiljezene vise vrijednosti kod U15 reprezentativaca u
odnosu na igrace U16.

Ubovi¢ (2019) tvrdi da uticaj uzrasta i sporta na mak-
simalnu potrosnju kiseonika (VO2max) nije bio na statistic-
ki znac¢ajnom nivou a dobiveni rezultati u testu za procjenu
anaerobno-glikolitickih sposobnosti (TAPP) pokazuju da po-
stoji srednje veliki statisticki znacajan uticaj interakcije izme-
du uzrasta i sporta na varijablu TAPP.

Rukavina (2024) je u svom istrazivanju utvrdivao pre-
diktivne vrijednosti testa plivanja na 400 m kraul kojim se
procjenjuje aerobni kapacitet vaterpoliste 1 testa plivanja na
100 m kraul kojim se procjenjuje anaerobni kapacitet mladih
vaterpolista na uspjesnost vaterpolista. Na osnovu dobivenih
rezultata autor konstatuje da su oba testa za procjenu speci-
ficne funkcionalne plivacke sposobnosti, tj. test 400 m i test
100 m kraul znacajni prediktori uspjeSnog igranja vaterpola u
prvoj Hrvatskoj vaterpolo ligi pa su zato upravo igraci koji su
igrali u prvoj Hrvatskoj vaterpolo ligi ostvarili bolje rezultate
u svim plivackim testovima za razliku od onih koji nisu igrali,
osim u testu vodenje lopte 25 metara.

U prakticnom smislu, ovi nalazi sugeriSu da treneri tre-
baju posebnu paznju usmjeriti na odredivanju opterecenja tre-
naznog rada prema uzrasnoj dobi mladih vaterpolista, uzima-
juciu obzir faze razvoja pluénih i kardiovaskularnih funkcija.
Mladim juniorima treba omoguciti progresivno opterecenje
1 fokus na tehniku disanja i izdrzljivost, dok starijim juniori-
ma trening moze biti intenzivniji, sa naglaskom na specificne
vaterpolo situacije i opterecenja koja simuliraju takmicarske
uslove.

Rezultati ovog istrazivanja potvrduju vaznost uzrasta i
kontinuiranog trenaznog rada u razvoju funkcionalnih spo-
sobnosti mladih vaterpolista. Oni doprinose boljem razumije-
vanju procesa adaptacije respiratornog sistema kod sportista
u vodenim sportovima, te predstavljaju relevantnu osnovu
za kvalitetno planiranje trenaznog procesa i selekciju mladih
sportista.
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ZAKLIUCAK

Istrazivanje je pokazalo da stariji juniori vaterpolisti (16—18 godina) ostvaruju bolje spirometrijske rezultate i
vecéu sposobnost adaptacije na fizicko optere¢enje u odnosu na mlade juniore (14—16 godina). Statisti¢ki znacajne ra-
zlike u parametrima, spirometrija u prvoj sekundi stojeci poslije opterecenja (S1SPOO), spirometrija u prvoj sekundi
leze¢i poslije optere¢enja (SILPOO), spirometrija u Sestoj sekundi lezeci prije opterecenja (S6LPRO), spirometrija
u Sestoj sekundi lezeci poslije opterecenja (S6LPOO) i starost plu¢a (STARPL) ukazuju da uzrast i duzina trenaznog
staza znacajno uti¢u na nivo ispoljavanja funkcionalnih sposobnosti sportista.

Dobijeni rezultati potvrduju da kontinuirani i specifi¢ni vaterpolo treninzi doprinose razvoju sposobnosti res-
piratornog sistema i poboljSanju fizicke spremnosti. Oni pruzaju korisne smjernice za planiranje trenaznog procesa,
naglasavajuci potrebu za prilagodavanjem opterecenja prema uzrastu i fazi razvoja vaterpolista.

Rezultati ovog istrazivanja doprinose teorijskom i prakticnom razumijevanju razvoja funkcionalnih sposobno-
sti mladih vaterpolista, te mogu biti osnova za dalja istrazivanja u oblasti sportske fiziologije i trenazne tehnologije
vodenih sportova.

Za generalni zaklju¢ak u domenu istrazivanog prostora, naredna istrazivanja bi trebala ukljuciti veéi i reprezenta-
tivniji uzorak ispitanika, primjenu baterije testova ve¢im brojem varijabli za procjenu funkcionalnih sposobnosti koje bi
bolje pokrile istrazivani prostor kao i sistematsko pracenje stanja i mogucih promjena istih parametara kroz vise sezona.
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