
INTRODUCTION

A large num ber of young ath letes train for
com pet i tive sport be fore pu berty, yet the un der -
stand ing whether their ca pa bil i ties ben e fit from en -
dur ance train ing is lim ited (1). Wa ter polo train ing
and com pe ti tion de mand high phys i cal and phys i o -
log i cal ad ap ta tion. For mer Yu go sla via and now Ser -
bia and Montenegro have a rich wa ter polo tra di tion

(3 times Olym pic Gold Medal Win ners, 2 times
World Cham pions, 3 times Eu ro pean Cham pions, 2
times FINA Cup Gold Med al ists, etc.). The foun da -
tion of this con tin u ous suc cess is train ing with
young cat e go ries of play ers.

Aer o bic power serves as a func tional in dex of
the pul mo nary, car dio vas cu lar, and hematologic
com po nents of ox y gen de liv ery and ox i da tive mech -
a nisms of the ex er cis ing mus cles. Max i mal ox y gen
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SUMMARY

The in ves ti ga tions of the ef fects of train ing on aer o bic power in chil -
dren in the prepuberty years have yielded con tra dic tory re sults. The study
aim was to es tab lish the ef fects of wa ter polo train ing on aer o bic power in 11-
and 12-year old boys. The ex per i men tal group was com posed of 54 boys en -
gaged in wa ter polo for at least 2 years through an or ga nized sys tem of train -
ing and com pe ti tion. The con trol group was com posed of 61 boys of the same
age who were not ac tively en gaged in any ath letic ac tiv ity. The in ves ti ga tion
in cluded anthropometric mea sure ments and func tional as sess ments. Aer o bic 
power via max i mal ox y gen con sump tion (VO2max) was as sessed by Astrand
test on cy cle ergometer. Pul mo nary func tion: forced vi tal ca pac ity (FVC) and 
forced ex pi ra tory vol ume at one sec ond (FEV1) were mea sured with com put -
er ized spirometer. There were no sta tis ti cally sig nif i cant dif fer ences with re -
gards to age be tween the two groups. Body weight and height were sta tis ti -
cally sig nif i cantly higher in the ex per i men tal group sub jects. The re sults
dem on strated sta tis ti cally sig nif i cant dif fer ences in VO2max val ues ex -
pressed both in the ab so lute and in the rel a tive val ues. There are sig nif i cant
dif fer ences be tween the groups re gard ing the FVC and FEV1 val ues. Our in -
ves ti ga tion showed that wa ter polo train ing leads to a sig nif i cant im prove -
ment in aer o bic power in boys dur ing prepuberty. These find ings point to the
im por tance of sys tem atic train ing pro cess as early as this de vel op men tal
stage since that is the way of ac quir ing sig nif i cant func tional ad van tages.

Key words: children, endurance, oxygen consumption, training, 
         water polo

ACTA FAC. MED. NAISS. UDC 797.253.015.1 :616.3 + 24-055.15"465,11/.12"

Orig i nal article

ACTA FAC. MED. NAISS. 2004; 21 (3): 137-141

Dragan Radovanovi} 1,
Marko Aleksandrovi} 1,
Goran Rankovi} 2

1 Fac ulty of Phys i cal Ed u ca -
tion Ni{; 2 In sti tute of Phys i -
ol ogy Fac ulty of Med i cine
Ni{, Ser bia and Montenegro

THE EFFECTS OF WATER POLO

TRAINING ON AEROBIC POWER

AND PULMONARY FUNCTION 

IN 11 AND 12 YEARS OLD BOYS



con sump tion (VO2max) is the ma jor de ter mi nant of
en dur ance ex er cise per for mance. An in crease in
VO2max im proves the ath lete’s abil ity to sus tain a
higher rate of aer o bic en ergy ex pen di ture. 

In nor mal chil dren and ad o les cents, ab so lute
VO2max (litres·min-1) in creases with growth and
mat u ra tion. Males ex hibit higher val ues of VO2max
than fe males, and the sex dif fer ences increase as
they prog ress through ad o les cence (1–3). The dif -
fer ence be tween males and fe males has been at trib -
uted to the boys’ greater mus cle mass and he mo glo -
bin con cen tra tion. As body size sig nif i cantly af fects
the mea sure ment of phys i o log i cal per for mance,
VO2max should be nor mal ized to ac count for the
dif fer ences in body size. When VO2max is ex -
pressed as ml·kg-1·min-1 (in di cat ing that changes in
VO2max are in di rect pro por tion to changes in body
mass), sex dif fer ences be come ev i dent. How ever,
growth in chil dren is not a reg u lar pro cess, and dif -
fer en tial or non-isometric changes oc cur in the pro -
por tions of body seg ments. There fore, this the o ret i -
cal ex po nent may not be ap pro pri ate for all age
groups (4).

The rate and mag ni tude of in crease in
VO2max re sult ing from train ing in adults is re lated
to frequency, du ra tion, and in ten sity of ex er cise reg i -
men. Com pared with adults there are fewer re ports
on the re sponse of chil dren to ex er cise train ing. En -
dur ance ca pa bil i ties of chil dren im prove as they be -
come older and in crease in body size. Ge netic her i -
tage seems to play a prom i nent role in chil dren’s en -
dur ance ca pa bil i ties and re sponse to train ing, and
the ef fects of train ing may be small (5,6). Some au -
thors sug gest that aer o bic train ing does not in flu -
ence lev els of VO2max be fore pu berty (7). One ex -
pla na tion for the lack of trainability in chil dren is
that they have greater lev els of ha bit ual phys i cal ac -
tiv ity, which main tain them closer to their VO2max
po ten tial. An other ex pla na tion is that ha bit ual phys -
i cal ac tiv ity that chil dren un der take, al though plen -
ti ful, is sel dom of the du ra tion and intensity be lieved 
nec es sary to im prove VO2max (8).

Some au thors have stated that there is lim ited
ev i dence to sug gest that train ing dur ing pre pu bes -
cence in creases VO2max (9). Con tro ver sially, other
au thors have con cluded that VO2max re sponded
pos i tively to en dur ance train ing in pre pu bes cent
chil dren (10,11). Two hy poth e ses have been pre -
sented to ex plain the re la tion ship be tween mat u ra -
tion and chil dren’s aer o bic power (3,4), namely,
there is the maturational thresh old be fore which
chil dren are un able to elicit phys i o log i cal changes in 
re sponse to train ing, or that ad o les cence is a crit i cal
pe riod dur ing which chil dren are par tic u larly sus -
cep ti ble to aer o bic train ing. Al though some dis -
agree ment re mains as to whether aer o bic train ing in

pre pu bes cent chil dren causes im prove ment in
VO2max, most stud ies con clude that such an ef fect
does ex ist.

Sen si tiv ity to aer o bic train ing is largely de -
pend ent on ge no type: only about 30% of VO2max
can be ac counted for train ing it self (5). In di vid uals
who pos sess high aer o bic power are likely to se lect
them selves for par tic i pa tion in en dur ance sports
(run ning, swim ming, cy cling, row ing, etc.).

MATERIAL AND METHODS 

The changes in aer o bic power and pul mo nary
func tion have been in ves ti gated in 11- and 12-year
old boys. Age was com puted from date of birth and
date of ex am i na tion. Fifty-four young wa ter polo
play ers from four clubs, with at least two years of
train ing and com pe ti tion ex pe ri ence, served as an
ex per i men tal group (EG). The ex per i men tal group
of chil dren was en gaged in wa ter polo train ing pro -
gram (15 min long stretch ing prior to train ing last ing 
60–75 min, 6 times a week) de signed to im prove
swim ming tech niques and mas ter the tech ni cal el e -
ments of the game. Be sides, chil dren were in cluded
in a com pe ti tion sys tem with more than 15 con tents
dur ing the com pe ti tion sea son. 

Sixty-one boys of the same age from three city 
schools served as a con trol group (CG). Chil dren
from this group were not in volved in any or ga nized
sport ac tiv ity in the last six months. All chil dren
volunteered to par tic i pate in the study. Be fore the
be gin ning of the study, the in formed con sent of both 
the chil dren and their par ents were ob tained.

Anthropometric ap pa ra tus was cal i brated ac -
cord ing to the man u fac turer’s in struc tions. Stat ure
was mea sured by us ing a stadiometer (GPM, Swiss)
to the near est 0,1 cm. Body weight was de termined
us ing elec tronic bal ance scale (Tefal, M6010,
France) to near est 0,1 kg. Sex ual ma tu rity was vi su -
ally as sessed by us ing Tan ner’s in dexes for pu bic
hair de vel op ment (12). Anthropometric and ma tu -
rity mea sures were taken once on each mea sure ment 
oc ca sion due to time and eth i cal re stric tions. How -
ever, the same trained re search team made the
anthropometric mea sures and ma tu rity as sess ments
throughout the du ra tion of the study.

Sub jects were ad mit ted for lab o ra tory ex am i -
na tion at 10 A.M. af ter an over night rest be tween 10
and 12 hours. Pul mo nary func tion ex pressed as
forced vi tal ca pac ity (FVC) and forced ex pi ra tory
vol ume at one sec ond (FEV1) were mea sured us ing
com put er ized spirometer (Spircomp, 106F, Ger -
many) be fore test. VO2max was as sessed by Astrand 
test (13,14) on cy cle ergometer (Kettler, AX1, Ger -
many). Heart rate was de ter mined dur ing the test,
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us ing short-range ra dio te lem e try (Po lar, M31, Fin -
land). The pro to col of in ves ti ga tion was the same
for all par tic i pants.

The data are ex pressed as means SD. Sta tis ti -
cal anal y sis was per formed us ing Stu dent’s t test.
The data were an a lyzed us ing sta tis ti cal pack age
SPSS for Win dows (Ver. 8.0).

RESULTS

All re sults are pre sented in ta ble 1. There were
no sig nif i cant (p>0.05) dif fer ences in age be tween
EG and the CG. EG sub jects had higher val ues of
body weight and height with re spect to the CG sub -
jects (EG vs. CG):  stat ure (156.85±6.94 cm vs.
154.02±5.14 cm; p<0.05), body weight (49.18±7.39
kg vs. 45.35±7.22 kg; p<0.01).

VO2 max – max i mal ox y gen con sump tion;
FVC - forced vi tal ca pac ity;  FEV1 - forced ex pi ra -
tory vol ume at one sec ond;

In the EG sub jects as com pared to the CG sub -
jects, the as sessed aer o bic power was sta tis ti cally
sig nif i cantly higher in both the ab so lute val ues
(2.36±0.2 L vs. 1.93±0.42 L; p<0.0001), and the rel -
a tive val ues (49.40±6.96 ml·kg-1·min-1  vs.
43.52±9.18 ml·kg-1·min-1; p<0.001).

There were sig nif i cant dif fer ences be tween
the groups with re gards to the val ues of forced vi tal
ca pac ity and forced ex pi ra tory vol ume at one sec -
ond (EG vs. CG): FVC (3.64±0.51 L vs. 3.29±0.56
L; p<0.001), FEV1 (3.09±0.41 L vs. 2.76±0.45 L;
p<0.001).

DISCUSSION 

Stud ies in which the ef fects of train ing on aer -
o bic power were ob served have pro duced con flict -
ing re sults. Mirwald et al. (7) sug gest that max i mal
aer o bic power can not be in creased by train ing dur -
ing the prepubertal years. As a part of an lon gi tu di -
nal in ves ti ga tion, Baxter-Jones and Helms (15) con -
ducted the train ing of young athlethes (TOYA)
study, and found that train ing in creases the aer o bic
power of prepubertal chil dren above a nor mal in -
crease at trib ut able to age, phys i cal growth and mat u -
ra tion. This study in ves ti gated train ing ef fects on a
to tal of 453 ath letes from four sports: soc cer, swim -
ming, gym nas tics and ten nis. When age, stat ure, and 
body mass were con trolled, VO2max sig nif i cantly
in creased with pu ber tal sta tus. Girls showed a sim i -
lar trend as well, but sig nif i cant in creases in
VO2max shown by the boys to wards the end of pu -
berty were not rep li cated by the girls. The au thors
sug gested that, in more aer o bic sports, as swim -
ming, the aer o bic train ing ef fects were most no tice -
able. How ever, this study was an ob ser va tional
study, and there fore it was not pos si ble to as sess the
train ing programs in dif fer ent sports. 

The op ti mal in ten sity, fre quency, and du ra tion 
of ex er cise that in crease VO2max are still un known.
In the pres ent study, we found that two years of wa -
ter polo train ing sig nif i cantly im proves VO2max in
11- and 12-year old pre pu bes cent boys. The dif fer -
ences be ing sta tis ti cally sig nif i cant are pres ent in
both the ab so lute and the rel a tive val ues. The ex pla -
na tion of the sig nif i cance of dif fer ences is found in a 
long-term par tic i pa tion in sport ac tiv i ties (at least
two years) re quir ing in ten sive phys i cal ef forts. This
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Ta ble 1. Phys i cal characheristics, VO2max, FVC and FEV1
 

re sults for ex per i men tal and con trol group. 

Pa ram e ters Ex per i men tal group n = 54 Con trol group n = 61 P value

Age (years) 11.2±0.4 11.2±0.3 NS

Stat ure (cm) 156.85±6.94 154.02±5.14 0.0137

Body weight (kg) 49.18±7.39 45.35±7.22 0.0058

Ab so lute VO2 max
(L·min-1)

2.36±0.2 1.93±0.42 < 0.00001

Rel a tive VO2 max
(ml·kg-1·min-1)

49.40±6.96 43.52±9.18 0.0002

FVC (L) 3.64±0.51 3.29±0.56 0.0006

FEV1 (L) 3.09±0.41 2.76±0.45 0.0001



is in ac cord with the pre vi ous lit er a ture data (15).
The dif fer ences in FVC are sta tis ti cally sig nif i -
cant as well, and we con sider them partly a phys i -
o log i cal ad ap ta tion of chil dren en gaged in train -
ing. A sta tis ti cally sig nif i cant dif fer ence in FEV1,
pre sent ing a part of FVC us able in in ten sive phys -
i cal ac tiv ity, is even a more di rect in di ca tor of the
phys i o log i cal ad ap ta tion of these in di vid u als. The 
de scribed find ings, with no sta tis ti cally sig nif i -
cant dif fer ence be tween the groups with re spect to 
age, pres ent us with the start ing ba sis to as sert that 
in ten sive trainings in a dis ci pline with pri mary
aer o bic re quire ments lead to in creased aer o bic
power in boys as early as in prepuberty years. The
dif fer ences in body weight and height can not be
con sid ered only with re spect to par tic i pa tion in
sport ac tiv ity, for these val ues re sult from a com -
plex in ter ac tion of sev eral dif fer ent fac tors. These 
dif fer ences do not re flect the sta tis ti cal sig nif i -
cance of the in ves ti gated val ues of aer o bic power,
for the dif fer ences are pres ent in the rel a tive val -
ues as well. We re fer to the re sults of more ex ten -
sive stud ies which have re vealed that lon gi tu di nal
dimensionality of the skel e ton pos i tively cor re -
lates with the swim ming speed and later, with suc -
cess in wa ter polo as well (16).  

CONCLUSION

These re sults show that pre pu bes cent chil dren
with ad e quate du ra tion and in ten sity of train ing reg i -
men can in crease VO2max as much as young adults.
On the ba sis of the above stated con clu sions, it can be
said that this type of wa ter polo train ing sig nif i cantly
im proves aer o bic power and pul mo nary func tion in
grow ing chil dren. From a prac ti cal point of view, these 
find ings point to the im por tance of sys tem atic train ing
reg i men as early as at the pre pu bes cent stage as the
mode of ac quir ing sig nif i cant func tional ad van tages
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EFEKTI VATERPOLO TRENINGA NA AEROBNU MO] I PLU]NE
FUNKCIJE DE^AKA STARIH 11 I 12 GODINA

Dragan Radovanovi} 1, Marko Aleksandrovi} 1, Goran Rankovi} 2

1Fakultet za fizi~ko vaspitanje, Ni{
2Institut za fiziologiju, Medicinski fakultet, Ni{
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Istra`ivanja uticaja treninga na aerobnu mo} dece prepubertetskog uzrasta pru`aju
opre~ne rezultate. Cilj studije bio je utvr|ivanje efekata vaterpolo treninga na aerobnu mo}
de~aka starih 11 i 12 godina. Eksperimentalnu grupu ~inilo je 54 de~aka koji se vaterpolom
bave najmanje dve godine kroz organizovani sistem treninga i takmi~enja. Kontrolnu grupu
~inio je 61 de~ak istog uzrasta, koji se nisu organizovano bavili fizi~kom aktivno{}u.
Istra`ivanje je obuhvatilo antropometrijska merenja i funkcionalna ispitivanja. Aerobna mo}
preko maksimalne potro{nje kiseonika procenjivana je Astrandovim testom na
biciklergometru. Plu}ne funkcije: forsirani vitalni kapacitet (FVC) i forsirani ekspiratorni
volumen u prvoj sekundi (FEV1) mereni su kompjuterizovanim spirometrom. Izme|u grupa
nije bilo statisti~ki zna~ajnih razlika u godinama starosti. Telesna visina i masa bile su
statisti~ki zna~ajno ve}e kod ispitanika eksperimentalne grupe. Rezultati su pokazali statisti~ki
zna~ajne razlike u vrednostima VO2max iskazanim kako u apsolutnim, tako i u relativnim
vrednostima. Zna~ajne razlike izme|u grupa postoje u vrednostima FVC i FEV1. Na{e
istra`ivanje pokazalo je da vaterpolo trening dovodi do zna~ajnog pobolj{anja aerobne mo}i 
kod de~aka prepubertetskog uzrasta. Ovi nalazi ukazuju na va`nost sistematskog trena`nog
procesa ve} u ovom periodu razvoja kao na~ina za sticanje zna~ajnih funkcionalnih prednosti.

Klju~ne re~i: deca, izdr`ljivost, potro{nja kiseonika, trening, vaterpolo 
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