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Successful spiking performance may be linked to ge&tic factors, the training
program, neuromuscular programming and technique. Technique determines how
effectively the explosivestrength of thespiker is used and impactstheefficacy of the
jump. At present thereisgrest interest in improvingperformanceaf volleyball players,
yet few studieshaveidentified techniquedifferencesbetween differentskill levels. This
study focuseson thejumpingtechniqueused by eliteand recreational volleyball players
duringspikingperfermance. A majorobjectiveistodeterminewhether spikersdiffering
in skill abilities display differencesin the various phasesdf the spiking technique. In
addition, it may be hypothesized that moreskill ed spikersmay be moresuccessful in part
because they achieve faster approach velocities with a more effective trandtion to
vertical velocity at takeoff (TO) through techniquesemployed in the approach (APP),
setup (SU) and extension (EXT) phases.

Accordingto Kovaev (1978). thespiker triestoexecutealoading action during
the last step of the approach, resulting in an eccentric lengthening of the quadriceps
musclesand a moreforceful contraction during TO. Relatively littleleg flexion occurs
during the braking action and i s dependent on approach speed, leg strength, body mass
and other factors. Jump height is dependent on not only correct technique and leg
strength, but the ability to load during the SU phase.

Theresultsof astudy of U.S National Team mde volleyball playershby Colvin,
Bed & Zier (1984) indicate that elite spikers move through the SU phase with a
minimum (approximately 20 degrees) of flexion at the kneesand ankles. Extension is
postponed until the EXT phaseat which timethereis extension of the hips, knees and
ankles. APP times for theelitema espikersrangedfrom 0.07-0.17s. SU phasefrom0.09-
0.10s and EXT phasefram0.08-0.11s.

METHODOLOGY
Two dimensiona high-speed photography was used to compare the spiking
performancesaf six elite(EL) and threerecreationa (REC) femaevolleyball players.



TheEL athleteswerevarsity playersat theUniversity of [llinoisUC. A LOCAM high-
speed 16-mm cameraoperatingatanomind ratedf 100 Hzand two videocameraswere
usad to fil mthe subjectsperforminga minimum of three successful spikes of a high,
outside st in left front podtion. Kinemeatic data were obtained by digitizing 10
anatomical landmarks usng proceduresby Richardsand Wilkerson (1984). The raw
data weresmoothed with asecond order low passdigitd filter set at 6 Hz. Thethigh was
measured as an absol uteanglefrom the verticd and the relativekneeand ankleangles
werea so computed. Significantspiking phasesandyzed induded the gpproach, setup
(loading), extension (propulsion), flight, bal contact and landing. Andysisadf variance
was usd to test the significanceaf the differences between bioméchanical varigbles
common to bath levelsof players. Ater processing, thethreespiketridswereused for
detailed analysis.

RESULTS

Table1 summarizesresults o the observed trends for the kinematic variables
under investigation. Asexpected, significant group main effectswere prevalentamong
the dependent variables becauseof t he differencesin skill levels between the EL and
REC groups. Resultsdemonstratedthatt he EL grouphed significantly (p<.05) faster APP
(horizontal velocity) and TO ve ocity (vertica velocity) than theREC group (EL-APP
ve-2.63 m/s; TOvd-3.05m/s; REC-APP vd-2.28m/s; TOve-2.48m/s). TheEL group
spent asignificantly greater timein theSU and EXT phases(SU-.06s; EXT-.18s) than
theREC group (SU-.03s; EXT-.14s). Asmay beexpected theEL group jumped higher
(51.62 cm) then theREC group (38.14 cm) with alonger timed flight. It wasinteresting
to notet he quicker timedf bal contact for the EL (0.02s vs0.04s) than REC, possibly
aresult o afaster, more powerful arm swing. Joint kinematicsweresimilar for thetwo
groupswith theexceptiondf afaster angular velocity at thekneeat TOfor theEL group
(350.77°/s) than the REC group(268.20°/s). Many smilaritiesexi st between theEL and
REC groups such as time o approach, time of landing, lower extremity angular
velocitiesat takeoff and joint positioning during the different phasesaf spiking.

Data were comparable to those reported by Colvin, Beal & Zier (1984). They
reported a horizontal gpproach velocity of 3.95 m/s, an averagehip veocity of 400°/s
and knee velocity of 300°/s at timedf tekeoff for the elite mae spikers in their study.

DISCUSSION

HIm observation of the TO pheseindicated that all of the lesser skilled players
wered owingat theend of their goproachesand began extending prematurely duringthe
SU phasg, possibly resultingin adower TO ve ocity and alower jump. Thedower APP
and shorter SU phase mey bepartially influenced by theleg strength of theathlete. The
srongest jumpers were generdly those with thelargest vertical veocity at takeoff. A
certainamount of flexiond thehipsand knessisimportantin theloading phase(storage
of dagticenergy) tofacilitatetheactivelengtheningof thequadriceps musclegroupprior



Table 1
Body SegmentPosition, Joint Angles Angular Velocity, Temporal and Linear Kinematics
During Approach, Setup, Extension, Touch Down and End of Landing

REC ELITE B (¢
M SD M SD_ (p<.05)

Angular Factors

Angle (deg)

Thigh-Endof Approach 12378 445 12315 118 NS
Take-Off 17702 313 15819 407 NS
Touch Down 15167 3583 15819 407 NS
End of Landing 14517 711 14338 6H NS

Knee-Endof Approach 11260 11.54 1067/ 9% NS
FlexionDuringSetup 2835 227 1% 183 SIG
Take-Off 1383 458 17147 571 NS
Touch Down 61O 576 16153 5 NS
End o Landing 1138 9% 1230 1438 NS

AnkleEndof Approach 1226 1597 %7/ 1546 NS
Take-Off 1026 454 15178 453 NS
Touch Down 14360 324 14229 88 NS
End of Landing B0 21400 109R2 7H NS

Angular Velocity (deg/s)

Thigh-AvgVel-Takeoff 325.12 40.66 306.67 5292 NS
Peak Velocity 688.54 6L46 609.61 7866 NS

Knee-Avg Ve-Takeoff 26820 3138 3077 47.84 SIG
Peak Veocity &H.B B4 968 0.8 SIG

AnkleAvg Vd-Takeoff 3803 45.66 313 R 5266 NS
Peak Velocity 7501 97.20 8870 9B.31 NS

Temporal Factors (sec)

Timeof Approach 012 003 013 o NS

Timedf Setup 0B 00 00 Q@ sSG

Timed Extension 014 0@ 018 0® 9SG

Timed Flight 0% 00 063 0m® SG

Timedf Ball Contact 004 0@ 002 e sSG

Timeof Landing 011 0B 012 0®B 9SG

Linear Factors
Approach Vd (m/s) 228 M 263 .3 SIG
Takeoff Vd (m/s) 248 .12 3 .24 SIG
Height Jumped (cm) 3B14 34 5L61L 58 SIG
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to extension. TOO nuch bending resultsin the dissipationof forcesleadingtoa lower
vertica velocity at takeoff. Therewas less™buckling™ (knee flexion) in the EL
playersduring loading then in theREC players. Skilled spiking techniqueis
characterized by knee extension preceding plantar flexion of theankles. Two of the
lesser skilled group initiated plantar flexion beforeknee extensionand actually began
extending during theloading phase, while the better players began knee extension
prior to ankleplantar flexion and delayedknee extension until after theloading
phase.
CONCLUSIONS
Theresultsof thisstudy indicatethat for an effectivespike jump spikersshould:

1 - Developalarge horizontd velocity in the approach.

2- Convertthisveocity toalargechangedf vertical velocity at timedf takeoff.

3 - Develop maximum tension during loading (thelegs must withstand or not

allow much knee flexion during the setup phase.)
4 - Do not begin extension during the setup phase.

The better spikers delayed prematureextension during the loading phases, kept
increasing their horizontal velocity throughout their approach, and generated higher
angular velocitiesat theknee at timedf takeoff. These factorsresultedin higher jumps
and alonger timed flight which allowed thespiker morelatitudein adjustingto the set
and successfully spiking the ball.

Further study is needed to determinethebiomechanica techniquesemployed by
different skill levelsdf players. Threedimensiond film analysisaf the upper body and
extremities is necessary to study in greater depth the kinematic factors influencing
successin spikinga volleyball. Knowledgeof spiking techniqueisafundamenta pre-
requisitefor understanding spiking biomechanics.
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