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A review of physical strength studies in water polo
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Water polo, intensity of exercise, training effect
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Table ]  Physical characteristics of water polo players

Number

Category Sex " I-T; " Age (y) Height (cm) maBs:d(ig) Body composition References
Japanese National team
candidates (Rome Olympic  Male 16 171.42 65.2 Toyoda et al.

(1962)

Games)
Mexico Olympic Games + + Somatotype 3.0- Hebbelinck et al.
participants Male 71 1799+6.9 77.8+85 5.3-23 (1975)
Japanese National team
candidates (Munich Male 26 20.7 1746+3.3 70.2+4.9 Goya (1978)

Olympic Games)

Israeli top—level players

Male 23  19.4%35 176.7+7.6 72.84:7.6 Body fat 11.2:£3.5% Dlin et al. (1984)

French National team

Cazorla and

+
Male 8 208:£25 177435 74.3::6.0 Body fat 12.1:3.9% Montpetit (1988)

Somatotype 2.5-

Male 190 252438 1865%6.5 86.1%£84 5.3-24

1991 World Championship Mazza et. al

participants _ (1994)
Female 100 237:34 171359 64872 Somaonpeds

Hungarian World Gup Male O 23127 184536 83.9+7.0 Body fat 107184 Csonde etal

winning team (1998)

Singapore National team

Male 13 225+72 1785+3.9 71.0+8.4 Body fat 13.738 Aziz et al. (2002)

Japanese National team
candidates (Busan Asian

Male 26 23533 180156 832+108 Takahashi et al.

Games) (2003)
Greek first division Somatotype 3.0~  Platanou et al.
players Male 24 228432 1827+4.0 85.1%82 51-2.0 (2003)

Italian 1st division
professional team

Body fat 13.7£4.3% Andreoli et al.

Male 10  21.0%43 183201 80.1%7.1 BMI 24.042.1 (2004)

Croatian top club team in
1980

Croatian top club team in
1995

Body fat 11.1£3.0%

Male 95 21.2=%40 1858+53 85.2+73 BMI 24.71.7

Lozoviva and

Body fat 9424y  Favicic (2004)

Male 65 218438 189.6+5.0 85.9+6.9 BMI 23.9+1.4

Greek top professional
players

Body fat 16.8£4.4% Tsekouras et al.

Male 19 255+50 1845%43 00.7x64 BMI 26.741.7 (2005)

Australian Senior elite
players

Male 19 227434 189.0X6.5 88.8+83
Mujika et al.
(2006)
Female 22 234429 174151 68.8%78
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Table2  Oxygen consumption and hart rate peak values of water polo players
Number
VO2max VO2max Peak heart
Category Sex » ]':;Zte (/min)  (ml/kg/min)  rate (bpm) Assessment method References
. Douglas bag method Goodwin and
Canadian adult players Male 14 4,07 53.3 189 during cycle ergometry Cumming (1966)
lsraeli top-level Male 23 53356 194085 Douslasbagmethod pu o o (1904
players during cycle ergometry
. Breath—-by-breath -
ﬁu;tralllav St?tel or Male 8 4.90+0.15 184+3 method during maximal Pl?;nérég;)on
ational level players tethered swimming
. Douglas bag method Cazorla and
French National team Male 8 448+029 60.8+3.0 190 during free swimming Montpetit (1988)
J se top high- Breath-by-breath
e otaven g Male 7 381+048 51.3+69 179.09.7  method during cycle  Muracka (1993)
school players ergometry
, Breath—-by-breath
Hungarian World Gup— \p1e 9 418115 1821188 method during treadmill  CSende etal
winning team h (1998)
running
Under 20 Western
Australian Institute of Male 12 4184053 56.6+45 17712
Sport squad Breath—by-brea’gh Rechichi et al.
method during maximal (2000)
. tethered swimmin
Australian state or £l q3 3254034 46.4%51  178%5 .
National level players
R . Breath—by-breath .
Australian National~ 110 g 4954039 57155 19310  method during arm— | Ui etal
level players (2000)
and-leg ergometer
Greek top professional Indirect method after Tsekouras et al
PP Male 19 52%04 57970 1740+60  the maximal 400m g
players (2005)
freestyle
. . Breath—by—breath ,
Hungarian Olympic Male 15 578123 method during treadmill 2k et al.
champion team X (2005)
running
Greek top National -\l 15 49408 57.1%93  186.8+7.2
players Breath-by—breath
Platanou and
method after the
Greek International maximal 400m freestyle Geladas (2006)
Male 15 55+0.6 702+70 179.94+6.3

players
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—F., FTHRRU—IZELTE, »v FR—Li@
F DD 1172W LR ETERF 0 1208W L ISIFER
HThotlz, LoL., BRE LR ERFORE
M, &REAMRE, WEFENRRSZ -, X



32 A

Table3  Anaerobic power values of upper/lower body of water polo players, and the reference values of other sports
Relative Upper . Lower
Relative
Number of Upper body upper body body  Lower lower body O Assessment
Category Sex peak power  peak mean body peak References
athlete peak power method

W power  power power (W) W/ke) power
Wkg) (W) W)

v Cycle Szogy and
R(:ma:lan water polo Male 17 485  ergometer Cherebetiu
playe 1min (1974)
Japanese collegiate Combi Power  Yaguchi et al.
water polo player Male " 804109 Max 6-10sec (1986)

Male 24 653+93 1102£133 Al
Japanese top- Max 10sec
:l‘l‘: iai: w;cer oo 0615kp/kglar ~ Yanagi et al.
e P Female 12 309:£45 75499 ms) (1994)
pay 0.1kp/kellegs

_ - S
Ganadian Nationa! Mde 28 497 N/A Smith (1998)
water polo team
Singapore Naticnal Cycle

gap Male 12 479798 6911 10484168 146=15 ergometer Aziz et al. (2002)
water polo team 10sec
French sprint swimmer Male 8 82870 107%14
Monark864 .
Mergier et al
French middle— Bsec ’
distance swimmer Male 9 678+29 9.7+12 112.7N- (1993)
130.3N
Monark 864
French district + 4 Bsec Driss et al.
volleyball player Male 18 104211 138+14 78.4N(egs) (1998)
58.8N(arms)
Brazilian National level 4\:slimmer Manark cycle Colantoni
raziia 21VE Male 6.71::0.88 7.441.96 ergometer O on©
athlete J-water (2003)
30sec
polo
. Cycle
French International + + Rannou et al.
handball player Male 7 117247 148%07 erggsn:ter (2001)
Monark 864
Trained Javelin Tsec Bouhle! et al.
+
Theowars Male 10 720133 84811 1208272 14.19+2.2 { 5%@Body (2006)
weight
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Table4  Echocardiographic assessment of water polo players
Resting 15
A 05 05
Subjects Sex ?uz;‘tl)etre ?gr? (BSZ heart rate W(T/B/SA EDD/BSA LVM/B?A WT/EDD S?%[;R References
of athle y m°) (bpm) mm/m) (mm/m) (g/m°)

American collegiate . 51 250 203 150 38.4 1006 03¢ Spirito et al.
water polo players (1994)
Italian highly Caso et al.
competitive players Male 20 19.7 1.86 65.6 14.9 370 93.6 04 38.2 (2000)
Greek National team of Zakynthionos
1999 World Cup Male 18 243 2.00 62 16.6 386 116.4 043 33.5 ot al. (2001)
Hungarianjunior efite  pgle 26 175 210 567 143 370 89.6 388
players Petridis et al

N . (2003)
Hungarian Olympic Male 11 220 222 551 168 379 116 445
champion team
Hungarian 2000 -
Olympic champion Male 15 230 220 551 16.8 37.8 1142 044 364 Foviketal
team (2005)
BSA: Body Surface Area
WT: Left ventricular wall Thickness
EDD: Left ventricular End Diastolic Diameter
LVM: Left Ventricular Muscle mass
SH.FR. Shortening fraction
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Table 5  Notational analysis results for water polo goalkeepers

Easy Ready Passin Fast Jumping Hands u
Category Sex N sculling sculling for g swimming (,’5 € o) P References
(%) ___jumping (%) (%)
Canadian
K‘:;;’f:l";';aa'f"d Male 5 66 27 6 <1 <1 Smith (1991)
keepers
Platanou
Greek first division \y10 15 6332 19.32 378 0.57 0.59 0.44 and
goal keepers Thanopoulos
(2002)

Table 6  Average of swimming distance and velocity during the particular water polo games

Swimming distance (m)

Swimming velocity (m/s)

Analyzed Appeared
match Maximum Average SD Maximum Average frequently Sex N References
velocity
Japanese .
intercollegiate 22115 1907.1 257.3  2.40 0.70 03  Male 6 Ts‘é’;g‘;’gm
games(1982)
Universiade Takagi
Games in 18350 16200 1780 2.50 0.70 0.3-04 Male 70 (198%
Kobe (1985)
European
Championship less than Hohmann
< in Bormn 19710 17763 1144 267 0.64 05 Male 24 (1992)

(1989)
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Table 7 Percentage of total playing time spent at various exercise intensities during
the water polo and basketball games
Percentage of heat rate to the peak value
Category Sex N <85% 85-90%  90-95% S95% References
Greek National
league (within 2 Male 24 33.02£16.5 21.1+£8.0 24594 21.410.6
. Platanou
goals difference) and
Greek National Nikolopoulo
league (more 110 24 47.8424.7 19.46.4 182105 14.6£55 S (2003)
than 2 goals
difference)
Platanou

Greek top water
polo club players

Male 13 41.6+3.9 20.2+1.4 205%+1.9 17.7£3.3 and Geladas

(2006)
Australian
National Mclnnes et
Basketball Male 8 25 23 36 15 o (1995)

League
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Table 8

Mean blood lactate values during the water polo games

Category Sex N Ist

Period References

2nd 3rd 4th

Dutch Major League ¢, 1o 19 53940230 584187 519196 494214

Hollander et

water polo players al. (1994)
Spanish
International water Male 9 7.12+257 945+2.37 9.04%+246 8.05+256
polo field players Rodorigues
Spanish (1994)
International water Male 2 547 5.06 5.71 5.05
polo goalkeepers
English university .
and National league Female 8 3.48+04 42605 426407 461205 L onstantaki

et al. (1998)
water polo players

Platanou

Greek first division

Male 30 3.91%+1.89
water polo players

4224180 3.70+1.80 3.47%x1.90 and Geladas

(20086)
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