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SUMMARY 
The purpose of this study was to investigate the technique of 
eggbeater kicks and to identify the factors that help players 
maintain height above water.  The lower limb movements 
during eggbeater kicks of 13 male water polo players, who 
were in the college team, were analyzed using three-
dimensional motion analysis. 
 
 
INTRODUCTION 
In water polo, when receiving a pass or hitting a shot, players 
need to raise their body to a high position above the water 
surface.  The key technique for maintaining such a high 
position is eggbeater kicks, which basically produce an 
upward thrust due to alternating circular leg movements that 
include the cyclic operation of the knee and the ankle[1].  
The duration that a player could perform eggbeater kicks 
while holding a heavy weight (e.g., 15 kg or 20 kg) positively 
correlated with the ability to perform eggbeater kicks[2].  
In synchronized swimming, the ability of a player to perform 
eggbeater kicks is measured using three-dimensional (3D) 
motion analysis of the player’s lower limb movements[3].  For 
example, higher the position of the knee and the ankle, better 
the eggbeater kick.  However, the difference between the 
player’s lower limb movements during eggbeater kicks in 
synchronized swimming and in water polo is still unknown.  
Moreover, the correlation between the ability to perform 
eggbeater kicks in water polo and the optimal position of the 
knee and the ankle is unknown.  The purpose of this study is 
to investigate the technique of eggbeater kicks by using 3D 
motion analysis and to identify the factors that help players 
maintain height above the water.  
 
 
METHODS 
In this study, we selected 13 male college water polo players 
(age, 20.9 ± 0.6 yr; height, 173.7 ± 7.0 cm; body mass, 66.1 ± 
6.7 kg; athletic experience, 5.3 ± 1.2 yr).  Before inclusion in 
the study, informed consent was obtained from each player.   
The ability to perform eggbeater kicks was estimated by 
measuring the duration for which a player could hold a 15-kg 
weight in a 2-m-deep pool.  The time was recorded only when 
the player, who performed eggbeater kicks while holding the 
15-kg weight, was above the water. 
For image analysis of eggbeater kicks, 2 video cameras that 
could take 30 pictures per second with a shutter speed of 1/100 
s were used.  One camera was set at a depth of 2 m in the pool 
and at a distance of 12 m in front of the player, and the other 

was set at a depth of 1 m from the water surface at a horizontal 
angle of 60º and at a distance of 14 m from the player.  The 2 
video cameras were synchronized by the frame counter.  The 
digitizing points of each player were the centers of the hip, 
knee, and ankle joints.  To eliminate the effect of sculling, the 
players performed stationary eggbeater kicks with both hands 
set together in front of the body under water.  The players 
were to raise their body until the line connecting the armpits 
was above the water and then perform eggbeater kicks for 30 s.   
The 3D coordinates were obtained by a 3D direct linear 
transformation (DLT).  The 3D DLT control object was a 
rectangular parallelepiped (1.8 × 1.8 × 2.0 m) structure with 
12 control object points.  The specific points chosen for 
analysis were the relative heights of the knees and ankles; the 
greater trochanter was chosen as the start point (zero) for 
measurements. 
 
 
RESULTS AND DISCUSSION 
The duration of performing eggbeater kicks while holding the 
15-kg weight ranged from 26.7 to 73.4 s. 
From the results of 3D motion analysis of the hip, knee, and 
ankle joints, the distances from the greater trochanter to the 
knee and ankle joints were determined;  knee max and ankle 
max represented the maximum values of each of them during 
1 cycle of eggbeater kicks. 
The knee max of the 13 players ranged from 6.0 to -25.9, 
while the ankle max of the 13 players ranged from -18.9 to -
37.6.  Homma & Homma (2005) have revealed a positive 
correlation between the ability to perform eggbeater kicks in 
synchronized swimming and the values of knee max and ankle 
max[3].  Figure 1 shows the relationship between the duration 
of eggbeater kicks while holding the 15-kg weight, which 
implies the ability of a player to perform eggbeater kicks in 
water polo, and the values of knee max and ankle max 
obtained from the 3D motion analysis.  The duration 
positively correlates with knee max and ankle max.  This 
result is in agreement with that of Homma & Homma (2005).  
Thus, the ability to perform eggbeater kicks correlates with 
knee max and ankle max not only in synchronized swimming 
but also in water polo. 
R2 of the fit lines for the values of knee max was 0.34 and for 
the values of ankle max was 0.20.  The R2 of knee max is 
higher than that of ankle max.  Therefore, in water polo, the 
ability to perform eggbeater kicks depends more on knee max 
than on ankle max.  
 



 

Figure 1:  Knee max (◆) and ankle max (■), measured from 
the greater trochanter (start point), used as a function of the 
duration of eggbeater kicks performed while holding a 15-kg 
weight. 
 
 
CONCLUSIONS 
The characteristic points of the eggbeater kicks in water 
polo players are as follows: 
1. The ability to perform eggbeater kicks correlates with knee 
max and ankle max not only in synchronized swimming but 
also in water polo. 
2. However, unlike in synchronized swimming, in water polo, 
the relationship between knee max and the ability to perform 
eggbeater kicks is stronger than that between ankle max and 
the player’s ability. 
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