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INTRODUCTION

In water polo thereisaneed to rai sethe upper body abovethe water by
generating aforce to counteract the weight force. This forceis generated
using an ‘eggbeater kick.' Thewater polo 'eggbesater kick' involvesacyclica
action of thelower limbs producing upward forcesto support playersin an
elevated position to pass, receive a pass, shoot for goal, or block those of
an opponent. Sincethepioneeringwork of Clarys(1974) very littleanalysis
has been conducted on the water polo eggbeater kick. The kick may be
used as an explosiveactionto gain maximum height for ashort period for
the purposedf passing, shootingfor goal, or blocking or intercepting those
of anopponent. Thisiscalleda'boost'. Alternatively,thekick may be used
to support the body in an elevated position for an extended period of time.
Thisiscalled a'hold'.

The purposeaf thisstudy wasto investigatethelower limb kinematics
and flow characteristicsof the water polo eggbeater kick performed during
'hold' trialsand to identify variables associated with height sustained over
several kick cycles.

METHODS

Twelve mae water polo playerstook part in thisstudy. Five wereelite
at New Zealand National level, two were intermediate in ability and five
werenovice. Prior to videorecording, black plastic ‘craft beads wereglued
onto white surgica tape strapped onto the subjects feet. These markets
were carefully positioned on the underside of the foot at the base of the
calcaneous,and on themedia and lateral metatarsal phalangeal joints. These
were subsequently digitizedto define the plane of each foot. Each subject
used an eggbeater kick to 'hold' their elevated position for aperiod of 30
seconds. The analysis period consisted of at least 1.5 completecycles of
each foot correspondingto the middie of the 30 second period.

Three-dimensional videorecordingtechniqueswereagpplied. A 'sputnik’
three-dimensional calibration frame was positioned so that haf of the
calibration markers(16) were below the water surfaceand haf wereabove
the water surface. To record the above water motion two VHS cameras
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were placed 8 metersfrom the center of the calibrated spaceat aheight of
I m abovethewater surfaceand with their axesat approximately 90 degrees.
To record the below water motion two SVHS cameras were positioned
behind underwater viewing windows at adepth of approximately 0.5m and
approximately 6m from the center of the calibrated space. Their axeswere
at approximately 90 degrees. All cameras recorded the motion
simultaneoudly at 50Hz.

The body segment endpoints and foot markers weredigitizedfromthe
video recordings of each camera and input to a DLT direct linear
transformation (Abdel-Aziz & Karara, 1971) to determine the three
dimensiona coordinates. Separateca cul ations were performedfor theabove
and below water views. A mathematical model was developed and coded
intoaFORTRAN computer program to determinethe variablesof interest.

The selection of variablesto be anayzed was based on a qualitative
model of factorsthat affect the height sustained. The god isto sustain a
height as great as possible. The height is dependent on theforcesthat can
be generatedin the upwarddirection to raisethe body and the weight of the
suspended mass acting downward. Theseforcescould not be measuredin
thisstudy. However, weknow that theforcegenerated by eachfoot isrelated
to thesurfaceareaof thefoot, thespeed of itsmotion through the water and
its coefficients of lift and drag. Players do no have control of the surface
area of their feet but they do have control over the speed of the foot.
Therefore, the speed of thefoot was quantified as well asthedirection and
path of its motion resulting from the joint actions used. The joint actions
were quantified in terms of the joint angle-time profiles and were also
displayed asstick figuresso that thetechniquecharacteristicsof each player
could be observed.

The coefficients of lift and drag of the feet are not known. However,
weknow that these vary accordingto theorientation of thefoot with respect
to the direction of water flow over the foot. It is expected that good
performanceis achieved by moving thefoot through the water with a path
and orientation that produces large forces in the upward direction. It is
recognized that these paths and orientationsare not achievabl e throughout
the whole movement.

The orientation of the foot was described in terms of 'pitch’ and
'sweepback’ anglesin asimilar manner to that commonly used in studies
of thehandin swimming (Schleihauf, 1979). Pitchistheangl e between the
planeof thefoot and thedirection of water flow. Theangleispositivewhen
the water is striking the underside of thefoot and negative when striking
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thetop of thefoot. The planedf thefoot wasdefined by thethree markers
attached on thebaseof thecal caneous, and themedia and | ateral metatarsal-
phalangeal joints (Figure 1). Sweepback angle describes the direction of
flow with respect to thefoot. For example, if it iscoming across thefoot
from the side of the big toe the sweepback angleis 0 degrees.

Theflow velocity vector for thefoot wasdetermined by differentiating
the pogition of the centreof the foot with respect to time. The x, y, and z
coordinatesof thefoot centre weredefined astheaverageof thex, y, and z
foot landmark coordinatesrespectively. Errorsin foot centre velocity due
to digitizing was within 0.1 m.s-1 of thetruevalue. Themaximumerror in
pitch anglewas5 degrees.

RESULTS

The height of the vertex of the head that could be sustained by the
players ranged from 0.22 m to 0.42 m. The feet moved in curved paths
such that there were substantial contributionsfrom movementsin thevertical
direction, antero-posteriordirection and medio-lateral direction. The elite
players movementswere morerounded than thenovices. In particular, the
elite playershad much greater movementsin theantero-posteriordirection
than the novices.

Three foot velocity variables were significantly related to height
(p<0.05) and together accounted for 89 percent of the variancein height
achieved. These were the mean of the squared foot velocity (r = 0.85), and
the percent contribution of the vertical and antero-posterior components of
foot velocity (r=-0.72 and r = 0.72 respectively). Although there was a
considerable contribution by the medio-lateral component to resultant foot
velocity, the magnitude of thiscomponent was not related to height.

For the group as a whole pitch angles were generally small
throughout the kick cycle. The mean maximum pitch angle was 28
degrees (SD =9 degrees) and the mean minimum pitch angle was -
13 degrees (SD = 8 degrees).
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Figure 1. Sweepback angles (top) and the orentation of the foot with a
pilch of 35 degrees for sweepback angles of 07360, 90, 180, 270 degrees
(bottom).
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Figure 2 Pitch angles of the left foot of the players who sustained the
greatest (top) and least (bottom) height.

Figure 2 shows the pitch angles of the left foot of the players who
sustained the greatest and least height. The novice subject had amaximum
positive pitch of about 50degreesand a maximum negativepitch similarin
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magnitude. By contrast, theelite player usedsmall anglesof pitch throughout
the cycle. The maximum positive pitch for the elite player was about 26
degrees and the maximum negative pitch for any cycle was less than 18
degrees.

The period of negative pitch wasabout 0.26sfor the novice player but
considerably shorter for the elite player. The difference in magnitude and
duration of negative pitch was related to the the magnitude of antero-
posterior motion of thefoot during kneeflexion. The novice player moved
thefoot in a predominantly upward direction during kneeflexion, thereby
causing the flow to strike the top of the foot and producing downward
forces. Theelite player moved thefoot backward during kneeflexion. Thus,
pitch angles were small and the downward forces were probably small.

Elite players maximized the period of positive pitch by dorsi flexing
the feet during their forward motion, plantar flexing the feet during their
backward motion, and evertingthefeet during the period of outward motion.

Theflow was acrossthe medial sideof thefoot, that is between 0 and
90 and 0/360 and 270 degreesfor at least 66% of thecycletime. The short
period of flow across the outside of the foot, that is between 90 and 270
degrees, occurred latein period of kneeflexionand early kneeextension as
the foot moved outward. Because the elite playerseverted the feet during
the period of outward motion, pitch angles were small and positive for
most of this period.

At the commencement of knee extension all players had thefoot in a
laterally rotated position. The foot rotated medially as it moved outward
and forward. As aconsequencethe sweepback angle changed from 90 to 0
degrees. The foot continued to rotate medially and moved inward and
backward causing the sweepback angle to change from 01360 degrees to
270 degrees.

CONCLUSION

The results indicated that foot speed is the most important factor
contributingto performance in the eggbeater kick. It is also desirableto
maximize the relative contribution of the antero-posterior motions and to
minimize vertical motions. Players moved the feet in curved paths and
orientated thefeet to maintain small anglesof positive pitch. Thefact that
playersused small anglesof pitch and had large horizontal components of
foot velocity indicated that lift forces contributed gresatly to forcesin the
upward direction.
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