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INTRODUCTION

For the past 10 years researchers have been attempting to isolate factors
which allow optimal skill development in an individual. Wickstrom (1975)
discusses the development of mature motor patterns and later (1983) dis-
cusses the importance of achievingthe co-ordinated neural control neces-
sary for a mature motor pattern in askill such as throwing. From the re-
search (Leme & Shambes, 1978; Atwater, 1980) it appears that females
generaly do not, for whatever reason, achieve a mature throwing pattern.
It is of great importance to the teaching of a skill to understand why the
majority of femal esubjects cited in theliterature do not achieve a mature
throwing pattern. Thecharacteristicsof thisimmature patternincludelack
of body rotation, shoulder medial rotation and wrist flexion (Leme &
Shambes, 1978; Robertson, 1978; Atwater, 1980; Wickstrom, 1983) and it
is these actions which are involved in decreasing the rotational inertia of
the body and associated limb segments, to increase ball velocity. Thusiit
would appear essential to understand why these adaptations are not
present infemalesbut arein males. Let's takethisstepfurther and examine
if thistechnique differenceis present in throwing in water as opposed to
throwing on land. Presumably throwing in a sport such as water polo,
demands a change in technique due to theinability to plant the front foot
on the ground and the use of a large ball. If one considers a youngster,
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(who has not yet developed a mature throwing technique) entering the
sport of waterpolo, they may have to resort (as doeshis/her land counter-
part) to throwingtechniquesreliant on strength in an attempt to overcome
poor velocity. Consequently the young thrower will probably employ ex-
cessiveshoulder lateral rotation toachievethisandit isthisrotation which
isrelated to vagus elbow stretch and excessive wrist flexor in the adult
thrower (King, Brelsford & Tullos, 1969; Atwater, 1980). Here an injury
component is exposed in the immature performers technique adaptation
and the introduction of an error occuring more proximaly in the throw
which will affect the more distal segments.

Water polo isan interesting sport to study. It isone of the most widely
played team sportsin theworld (De Mestre and Neeshan, 1972). Thegame
has come a long way from its beginningsin Britian where it developed to
overcome public boredom with swimming.

How much has water polo realy progressed? Certainly the rules have
been changed and the styledof thegametoday isvastly differentto thefirst
Olympic exhibition match in 1900. What appreciation do players and
coaches have d changesin technique involved in the overhand throw, the
most adaptable, powerful and accurate of these used in waterpolo (Lam-
bert and Gaughran, 1969; Clarys and Lewillie, 1971; Juba, 1972; Bland,
1978). The overhand throw constitutes 90 percent of all passes thrown
(Lambert and Gaughran, 1969) and moregoalsare scored usingthistech-
nique than all others (Clarysand Lewillie, 1971). The 1986 Australian male
water polo coach, Tom Hoad (personal communicationwith the author),
suggested the female sivle of game is slower due 1o an mability (o pass the
ball quickly.

Previous biomechanical studies involving water polo have been limited
to qualitative evaluation and two-dimensionally (Davis and Blanksby,
1977; Whiting et al., 1985). No studies have investigated the overhand
throwing techniques used by women water polo players. Thisstudy used
3-D cinematography to assist in the analysisaf the overhand throw by male
and femal e high performance water polo players. The techniques used by
these two groups will be contrasted in an attempt to identify whether this
throwingskill isperformeddifferently by thesehigh performance maleand
femaleplayersi.e. to determinethe possibl e existenceand extent to which
immature patterns appear in elite femalewater polo performers.



METHODS AND PROCEDITRES

Souree of the Dara

Six male (mean age 252 years) and six female (mean age 23,1 years)
were filmed. All subjects were selected for their throwing ability by the
Australian men's Mational coach or the Western Auvsiralian men's or
women's coaches. All subjects were at present, or have previously been
Mational or Siate {Weslern Ausiralian) representatives.

Administration and Filming Procedures

Filming was conducted in the Department of Homan Movement swimi-
ming pool and the Direct Linear Transformation method was used for 3-
D space reconstruction from 2-D images. Two Photosonics phase-locked
cameras were used to film a reference structure containing markers of
known co-ordinates in space encompassing the field of movement of the
throw. Thisstructure was then removed and the subject wasfilmed in the
same area with identical camera positions. Subjects were anatomically
landmarked after a general warm-up, and prior to the filming were per-
mitted as much time as needed to practice their overhand throw. The two
phase-locked cameras operated at 200 fps (exposure time 1/1600s) to film
each subject throwing three trials in a prescribed area. To enable film
speed calibration, two electric sweep-hand clocks divided into 0.02s inter-
valswere positionedin thefield of view of the cameras. Subjectswere also
filmed throwing atennisball at the target.

At the completion o the filming the subjects were measured for height
(both standing and sitting), mass, throwing limb shoulder and elbow
flexibility, throwing limb (arm and forearm) girth, throwing limb length
(including arm, forearm and handlengths) andfinally hand span using pro-
cedures outlined by the University of Western Australia, Department of
Human Movement, Growth and Development Manual (1983).

Analysisand Treatment d Data

Thefilmimages of each throwwerethen projected by aNAC 16mm mo-
tion analysis projector, via an overhead mirror onto the surface of an
analysistable. The highest vel ocity throw that landed intheprescribed area
was selected for analysis. The 2D images of both the reference structure
(7 points) and subject were digitized, and the unknown 3-D co-ordinates
o each of the subjects landmarkswere determined using the procedures
outlined in Marzan and Karara (1975) and Wood and Marshall (1986).
After digitizing, thedatawerethen transferred to aD EC System - 10 com-
puter where 3-D joint angles and angular velocities were calculated. An
average mean square error of 6mm for the calculation of the X, Y and Z
valuesof the known pointsin spacefrom thedigitized datawascal culated
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for the twelve subjects. A 2-D» file was also created in order io use co-or-
dinates from the Sagittal plane for calculating linear land angular
kinematics in this plane using procedures outlined by Wood (1977).

A one-way analysis of variance was used to test for the significance of
the difference between the means.

Figure 1: Digitizing Set Up

RESULTS AND IMSCUSSION

Anthropometric data of height, mass, stem length, upper limb lever
lengths, hand dimenskons, throwing limb {lexbilicy and girths were
recorded. Male subjects were taller, heavier m d bad greater throwing limb
lever lengihs and girths, however age, playing expericoce and throwing,
shoulder md elbow Mexibility were similar for both groups, Relevant
anthropometeric data will be integrated into the throwing lechnigque used
by the male and female players. The following discussion of the lechniques
used by the twi groups is divided into two sections which correspond io
the pbases of the throw; the preparation md backswing md the forward
swing Lo release,

Preparation and Bockswing

The two techniques Lo Bt the ball from the water, the rotation lift and
the lift from underneath were both employed in this study. The rotation
lift which was used by four males alnn;l three females produced a ball velocity
of 18.4 ms™! compared to 15.3ms" for those subjects that used the lift from
underncath. This result corroborates the findings of Davis and Blankshy
(1977) where male subjects who used the rotation lift achieved a sig-



nificantly higher velocity (19.4 ms™!) when compared to thosesubjectswho
had a preference for other lifts(15.1 ms™).

Lambert and Gaughran (1969), however, suggested that maximum ver-
tical body displacement and not ball lifting technique was the best in-
dicator of ball velocity. Juba (1972) further suggested that greater vertica
displacement from thewater resultedfromaball pick-up techniquewhich
generally followed the description o a rotation lift. Subjects who used a
rotation lift recorded a similar vertical displacement of 0.15 m incom-
parison tothe 0.18m achieved by subjects using the underneath lift which
supportsthe findingsdf Davisand Blanksby (1977) where similar vertical
displacementswere found for different lifting techniques. No significant
relationship was aso found between ball velocity and maximum vertical
displacement for this homogeneous group o high performers.

Hip and shoulder rotation initiated the backswing prior tolateral rota-
tion of the upper arm. Thethrowingarmisthen rotated about the shoul der
axiswith theelbow flexed astheball wastaken behind thehead. Themove-
ment pattern in which the upper limb was outwardly rotated about the
shoulder joint was different between thetwo groups, with the malesadopt-
ing amore horizontal rotation whilethefemal esempl oyed amore vertica
pathway. The importance o this variation may lie in the conservation o
energy from the backswing to the forwardswing phases of the throw. The
morecontinuousmotion used by the male subjectsmay be more conducive
to produce higher segment velocities at release compared to the more
stop-start pattern used by the female throwers. The reasonsfor these dil-
ferent movement patternsmay in fact be that four o thesx women players
adopted ardatively square-on position to the target & the rear point due
tolack of hipand shoulder rotation thus making a circular movement pat-
tern difficult to achieve, and asmaller hand to ball ratio may have meant
that a more vertical pathway was needed for ball contral.

Figure2 Coronal View of Bal Position during the preparationand
backswing as seen from the 45° camera



At the rear point in the backswing the ball was above (M:0.19m;
F:0.13m) and behind the head {#:0.33m; F:0.21m). A mean elbow angle
of 1.86 rad (107°) for male playerswassignificantly higher than the 1.44
rad (83%)recorded for thefemalesubjects. However, al the malesand two
of the females were within the 90° to 122° range reported by Davis and
Blanksby (1977) for elite male players. Similar wrist angleswere recorded
at therear point of thethrow of 2.83 rad (162°) for the malesand 2.76 rad
(158°) for the female throwers. These wrist angles were higher than the
135° suggested by De Mestre and Neesham (1972), however, they are
smaller than theanglesreported in other throwingactivitiesusingasmaller
ball. The wrist cannot hyperextend asin other throwing skills because of
thestrain thelarger ball placeson the hand (Davis, 1976).

The Forward Swing and Release

Asthe upper limb moved forward at the commencement of theforward
swing ten of the subjectsflexed at the elbow prior to any elbow extension
as reported by Davis (1976) and Whiting et al. (1985). Elbow extension
commenced 0.14s prior to releasefor thefemal e playersin comparison to
the mean timefor the male throwersof 0.08s. The femaleswho then began
extending earlier than the malesdid not develop as high a velocity as the
males at release. These valuesfor the male throwers were similar to the
198 rad s’ peak velocity and 12 rad sTrel ease velocity reported by Whit-
ing et al. (1985). At ball release mean elbow anglesof 2.19 rad (126°:F)
and 2.59 rad (148°:M) werewithin the120° to 158° rangereported by Davis
and Blanksby (1977) and the male playersrecorded similar angles to the
155° reported by Whitinget a. (1985). All of these anglesare lower than
the 180° el bow angle suggestedin somecoaching guidelines(Lambert and
Gaughran, 1969; Juba, 1972; Barr and Gordon, 1980). The maes aso
released the ball with the forearm inclined forward {102%), whereas the
female playersreleased the ball with theforearm almost vertical (890).

The movement of the wrist joint must be co-ordinated with elbow ex-
tension if a maximum ball velocity isto be achieved. The wrist movement
of the female throwerswas characterized by wrist flexion throughout the
forward swingwhile the male subjects were able to initidly flex, then ex-
tend, and finallyflex thewrist again just prior to release. This absence of
an extension phase and asmaller range of flexion may have resulted from
an inability to adequately grip the ball, as the females had a significantly
smaller hand span when compared to the malethrowers. Thesmaller hand
may cause thefemalethrower to cradle the ball with the forearm and hand
toallow greater ball control and thusreducethe useof thisfinal hand seg-
ment. I n each subject hand flexion at thewrist joint was present from pal-
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mar to finger release of the bal. There was nosignificant differencein the
angle o the wrigt at release with the female throwers recording 259 rad
(148°) and the male throwers 272 rad (156°), however these valueswere
lower than the 178° reported by Davis (1976). One explanation for these
differences in release angles may have been the digitizing o the fifth
metacarpo-phalangeal joint rather than the distal phalanx of the third
phalange. The male throwers recorded a morerapid increasein wrist an-
gular velocity from palmar release (approxi mately -0.02) to fln%er release
with males experiencing an increase of 6.1 rad s (349 deg s™) in com-
parison to the femaleincrease o 1.26 rad s (72 degs™).

Intermsdf the summation of body segmentsit appears that the action
d thetrunk, arm, and forearm segmentsare similar to on-land throwing,
where the more proxima segments reach maximum levels prior to the
smaller more distal segments (Atwater, 1979; Joris et d., 1985). The dis-
ta end o thetrunk (the shoulder) reached a maximum linear velocity o
37 ms” (M) and 33 msz" (F) 0.06s prior to release. Asthe trunk began to
decelerate the arm horizontall y flexed to produce maximum linear
velocities of the elbow o 7.0 ms! for the male throwers 0.04 s prior to
release and 5.9ms™! for the femal esubjects0.5s prior to release. Elbow ex-
tension then produced peak segment end point velocitiesfor theforearm
d female subjectsduring the later part o the forward swing. At release
the shouldersand throwing elbow were amost aligned in agreement with
thestraight, but tilted linereported by Atwater (1979) for overhead throw-
ingtasks. The ma e playersadopted amoretiltedpositionthanthefemales,
whichwasasmilar result to that of Davisand Blanksby (1977) wheredlite
playersadopted a more horizontal position whileless experiencedplayers
tended to be more vertical.

Ball velocities o 199 msi(M) and 14.7 ms™!(F) were recorded im-
mediately followingrel easewhiletrajectoriesdf 4° wererecorded. Thelast
contact point with the bal in al subjectswasthetips o the second and/or
third finger. The early follow through phase was characterised by a con-
tinuation of elbow extension and wrist flexion whileforearm pronationweas
aso evident in all subjects.

It was decided not to analysethe teamsball trials asthe techniquewas
vay different asillustratedin Figure3.
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bicle & Female Technigue

Throwghout Throw (Walar Polo)

Male & Female Technique
Throughout Throw (Tennis Ball)

Figure 3 Male and Femal e throwing techniques

CONCLUSIONS

Onthebasisd thefindingsd thisstudy and with due considerationto the
literature, the followingtechnique model for water polo overhand penal-
ty shooting has been formulated. Many o these techniques can be
generalised such that they are used as the basis for overhand passing or
shootingin thegame. Individual preference may dictatethelift to be used
although the rotation lift tended to produce superior results. The ball
should be brought around the body in a circular path with an elbow angle
of greater than ™1 so that there is asmooth transition from backswing to
forwardswing phases o the throw. If this circular backswing path is too
difficult for femalethrowersto perform becaused inadequate grip o the
ball, then amorevertical backswingmay be used which will reducethedis
placement of the ball during the backswing. At the rear point of the throw
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the elbow angle should be approximately 156°. It is difficult to conclude
which is the mogt efficient position for the ball to be, relativeto the head
at the ear point of thethrow, andit may be that thispositionisdetermined
by individual level lengths. It isessential that the shouldersarein linewith
thetarget at the rear point, asthisassiststhrowingelbow extensionduring
the forwardswing. This side-on position is achieved by hip and shoulder
rotation and agreater contribution by thelower limbsto the throw.

The sequencing of motion during the forwardswing determinesthe ef-
ficiency of the shot. Throwing shoulder velocity produced by trunk rota
tion should precede horizontal arm flexion if optimal elbow velocity isto
be achieved. The sequencingaction of theforearm and hand in water polo
appearsto bealtered by thelarger ball when compared to other throwing
tasks. The addition of the more proximal segment’s velocity to that of the
distal ischanged with theforearm and hand segmentsachievingmaximum
linear end-point velocity simultaneously at release. The femaleplayers
throw the ball with similar segment sequencing, however, they are greatly
disadvantaged due to the lesser hand to ball ratio, thus the action of the
hand as a contributor to final velocity, is reduced.

Togain maximumvelocity at release, the elbow joint should continue to
flex after therear point and then extend to rel ease. Thewrist action during
the forwardswingshould include an extension phase prior to final flexion
to increase ball displacement and hence release velocity.

Strong leg and trunk actions are essential to increase the contribution
from the larger, more proximal segmentsand assist in forward body mo-
tion.

At release, the elbow angleshoul d be approximately 150°. M oreimpor-
tantly, theforearm should be ahead of the vertical at release by about 10°
to ensure the most powerful release position. After releaseit isimportant
that the velocity of different body parts are decreased to protect the body
frominjury, however, 3-D angular velocitiesdf thewrist and elbow may in-
creaseimmediatelyafter release because of the reduced |oad on the hand.

Although the female subjects in this study were members o the 1986
Australian team which were the world champions, generally al but one of
the female subjects had not achieved a mature throwing pattern. The
author acknowledgesthe fact that there is obviously more to water polo
than the overarm throw.

Although physical differences such as throwinglimb length and hand
span, affected the techniqueinvolved in the overhand water polo throw, it
would il be possiblefor femalesto improvetheir throwing techniqueshby
trainingin specific movement patternsinvolving hip and shoulder rotation,
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and leg action. Ultimately, the greatest increase in ball velocity at release
would come about through a reduction in ball size so asto alow greater
ball control. Theability of the hand toact asafinal leverisalready reduced
in water polo throwing, hence this reduction should be relative 1o the

player’s hand size. As throwing is a sequential action, any problems which
occur early in the throw, such as during the backswing, will influence the
remainder of the throw,

214



REFERENCES

Atwater, A.E., (1979). Biomechanicsdf overarm throwing movementsand
o throwinginjuries Exercise and Sports Sciences Reviews 7:43-85.

Barr, D. and Gordon, A. (1980). Water Polo. Wakefield: EP Publishing.

Clarys, J.P. and Lewillie, L. (1971). The description of wrist and shoulder
motion of different water polo shots using asimplelight trace techni-
gue. In: Lewillie, L. and Clarys, J.P. (eds), First International Sym-
posium on Biomechanics in Swimming, Water Polo and Diving,
Proceedings. Brussals, Universite Libre de Bruxelles. pp.249-256.

Davis, T. (1976). A three dimensional anadyss d overhead throwing pat-
terns using cinematography and high speed data processing. Un-
published Bachelor d Medicine Science thesis, The University o
Western Australia.

Davis, T. and Blanksby, BA, (1977). A cinematographic analysisd the
overhand water polo throw. Journal of Sport Medicine. 17, 5-16.

De Mestre, N. and Neesham, D. (1972). Water Polo Techniquesand Tac-
tics, Sydney: Angusand Robertson.

Joris, H., van Muyen, A.J,, van Ingen Schenau, G.J. and Kemper, H.C.
(1985). Force, velocity and energy flows during the overarm throw in
female handball players. Journal of Biomechanics. 18(6), 409-414.

Juba, K. (1972). All About Water Polo. London: Pelham Press.

King, JW. Brelsford, H.J. and Tullos, H.S. (1969). Andysisd the Pitch-
ing arm of the professional Baseball Pitcher. Clin. Orthopaedics, 67
1160-123.

Lambert, A. and Gaughran, R. (1969). The Technique o Water Polo
Cdlifornia: Swimming World Books.

Leme, S. and Shambes, G. (1978). Immature Throwing Patternsin Normal
Adult Women.J. Human Movement Studies, 4:85-93.

Marzan, G.T and Karara, HM. (1975). A computer program for direct
linear transformation solution of the collinearity condition, and some



applications of it. Symposium on Close Range Photogrammetric Sys-
tems. American Society of Photogrammetry, Falls Church. pp. 410-
576.

Robertson, M.A. (1978). Longitudina Evidence for the Development
Stages in the Forceful Overarm Throw. J. Human Movment Studies,
4:167-675.

University of Western Australia Human Movement Growth and Develop-
ment Laboratory Manual. (1983). Department o Human Movement
and Recreation Studies, The University of Western Australia.

Whiting, W., Puffer, J., Finerman, G., Gregor, R. and Maletis. G. (1985).
Three-dimensional cinematographic analysis of water polo throwing
in elite performers. American Journal of SportsMedicine. 13(2), 95-98.

Wickstrom, RL (1975) Developmenta Kinesiology: maturation of basic
motor patternsin J.H. Wilmore & J.F. Keogh (eds) Ex and Sport Sci.
Rev.. 3:163-192, New Y ork, Academic Press.

Wickstrom, R.L. (1983) Fundamental Motor Patterns. 3rd ed., Philadel-
phia, Lea and Febiger.

Wood, G.A. (1977). Computer models for human motion analysis.
Australian Journal of Health, Physical Education and Recreation. 76,
35-42.

Wood. G.A. and Marshall, R.N. (1986). Theaccuracyof directlinear trans-
formation extrapolation in three-dimensional film analysis. Journal of
Biomechanics. 19(9), 781-785.

216





