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AbstractǱȱTheȱkickȱskillȱandȱitsȱanalysisȱareȱimportantȱinȱSoccerǯȱToȱdetectȱimpactȱpointȱbyȱusingȱ
virtualȱimpactȱmodelȱisȱaimȱofȱthisȱstudyǯȱTheȱvirtualȱimpactȱmodelȱwasȱmadeȱasȱaȱsurfaceȱcomposedȱ
ofȱ virtualȱmarkersǯȱ Asȱ theȱ resultǰȱmeanȱ coordinateȱ valuesȱ ofȱ impactȱ pointȱ wereȱ belowǲȱ straightȱ
ǻLateralǱȱƺ24ǯ0ȱƹȱ5ǯ6ȱmmǰȱHorizontalǱȱ152ǯ7ȱƹȱ8ǯ4ȱmmǰȱVerticalǱȱ52ǯ3ȱƹȱ4ǯ0ȱmmǼǰȱcurveȱǻLateralǱȱƺ35ǯ6ȱƹȱ
4ǯ8ȱmmǰȱHorizontalǱȱ151ǯ6ȱƹȱ13ǯ7ȱmmǰȱVerticalǱȱ47ǯ5ȱƹȱ5ǯ2ȱmmǼǰȱknuckleȱ ǻLateralǱȱƺ33ǯ3ȱƹȱ9ǯ0ȱmmǰȱ
HorizontalǱȱ140ǯ8ȱƹȱ10ǯ7ȱmmǰȱVerticalǱȱ52ǯ1ȱƹȱ2ǯ7ȱmmǼǯȱAccordingȱtoȱcomparisonȱofȱcoordinateȱvalueȱ
ofȱeachȱtrialǰȱmeanȱpointȱofȱstraightȱwasȱnearȱtheȱcenterȱlineȱofȱfootȱonȱinstepǰȱmeanȱpointȱofȱcurveȱ
wasȱlocatedȱonȱinsideȱofȱfootǰȱmeanȱpointȱofȱknuckleȱwasȱnearȱtheȱfootȱjointǯȱWeȱrevealedȱdifferenceȱ
ofȱimpactȱpointȱandȱshowedȱtrajectoryȱofȱimpactȱpointǯȱ

Ke¢ ordsǱȱkickǲȱimpactȱpointǲȱvirtualȱimpactȱmodelǲȱknuckleǲȱtrajectoryȱ
ȱ

ŗǯȱIntrod�ctionȱ

Theȱkickingȱtechniqueȱisȱanȱimportantȱskillȱcomposingȱmostȱpartȱofȱgameȱperformanceȱinȱsoccerǯȱ
Thusǰȱmanyȱstudiesȱaboutȱkickingȱmotionȱofȱinstepȱstraightǰȱcurveȱandȱknuckleȱexistȱǽ1Ȯ4Ǿǯȱ

InȱmotionȱanalysisȱofȱkickingǰȱballȱvelocityȱorȱfootȬtoȬballȱspeedȱratioȱareȱusedȱforȱassessmentȱofȱ
performanceȱǽ5ǾǯȱFurthermoreǰȱtheȱpointȱwhereȱimpactȱoccursȱisȱanalyzedȱtoȱassessȱtheȱperformanceȱ
ofȱkickȱimpactȱinȱballȱgamesȱǽ6ǰ7ǾǯȱUsingȱmechanicalȱlegȱmakesȱitȱeasyȱtoȱdetectȱimpactȱpointȱbecauseȱ
ofȱhighȱreproducibilityȱǽ6ǾǰȱbutȱcapturingȱrealȱkickingȱmotionȱisȱhardȱtoȱdetectȱimpactȱpointǯȱBecauseȱ
thereȱisȱaȱdifficultyȱofȱvisualȱcapturingȱofȱimpactȱpointǰȱbecauseȱimpactȱpointȱisȱhiddenȱbyȱballȱandȱ
footȱwhenȱtheyȱmakeȱcollisionǯȱEvenȱifȱweȱuseȱhighȱspeedȱcameraȱorȱopticalȱmotionȱcaptureȱsystemǰȱ
thereȱisȱaȱsameȱvisuallyȱlimitationǯȱInȱthisȱsituationǰȱchallengingȱsurveyȱtoȱdetectȱtheȱimpactȱpointȱinȱ
threeȱdimensionȱwithȱhighȱaccuracyȱareȱfewǯȱToȱsolveȱtheȱproblemǰȱweȱneedȱtoȱvisualizeȱtheȱinvisibleȱ
areaǰȱandȱmakingȱvirtualȱ impactȱmodelȱofȱballȱandȱfootȱapplicableȱ toȱcapturedȱmotionȱ isȱusefulȱ toȱ
reproduceȱ kickingȱmotionȱ inȱ analysisȱ softwareǯȱ Onȱ processȱ toȱmakeȱ virtualȱ impactȱmodelȱ usingȱ
opticalȱthreeȱdimensionalȱmotionȱcaptureȱsystemǰȱweȱcanȱtellȱthreeȱdimensionalȱcoordinateȱvalueȱofȱ
allȱmarkersǯȱ ȱ

Theȱdataȱofȱthreeȱdimensionalȱcoordinateȱvalueȱofȱimpactȱpointȱmakesȱitȱpossibleȱtoȱcalculateȱ
momentȱtorqueȱatȱtheȱpointȱofȱwhereȱimpactȱoccursǯȱCalculatingȱfootȬtoȬballȱspeedȱratioȱalsoȱcanȱtakeȱ
aȱdataȱ thatȱ isȱnearerȱ toȱ impactȱthanȱpreviousȱstudiesǯȱTheȱ trajectoryȱofȱ impactȱpointȱcanȱshowȱtheȱ
behaviorȱofȱfootȱinȱcollisionǯȱ
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Theȱaimȱofȱthisȱstudyȱwasȱtoȱcompareȱthreeȱkindsȱofȱkickingȱmotionȱstraightǰȱcurveȱandȱknuckleȱ
usingȱ detectedȱ threeȱ dimensionalȱ coordinateȱ valueȱ ofȱ impactȱ pointȱ andȱ itsȱ trajectoryȱ byȱmakingȱ
virtualȱimpactȱmodelǯȱ

ŘǯȱMaterialsȱandȱMethodsȱ

ParticipantsȱwereȱrightȬfootȱdominantȱ15ȱcollegiateȱsoccerȱplayersȱǻHeightǱȱ1ǯ70ȱƹȱ0ǯ06ȱmǰȱBodyȱ
massǱȱ65ǯ6ȱ ƹȱ 5ǯ1ȱkgǰȱExperienceǱȱ 14ǯ3ȱ ƹȱ 1ǯ8ȱyearsǲȱmeanȱƹȱSDǼǯȱTheyȱperformedȱ threeȱkindȱofȱkickǲȱ
straightǰȱcurveȱ andȱknuckleǯȱWeȱcapturedȱ thatȱ impactȱofȱkickingȱmotionȱusingȱ threeȱdimensionalȱ
opticalȱmotionȱcaptureȱsystemȱǻOxfordȱMetricsȱLtdǯǰȱOxfordshireǰȱUKǰȱ2000ȱHzǼǯȱReflectionȱmarkersȱ
wereȱ placedȱ onȱ footȱ andȱ ballǯȱ Threeȱ markersȱ onȱ footȱ locatedȱ heelȱ andȱ bothȱ sideȱ ofȱ MTPȱ
ǻmetatarsophalangealǼȱjointǯȱFourȱmarkersȱonȱballȱlocatedȱtopǰȱleftǰȱrightȱandȱfrontȱpointȱthatȱthreeȱ
axesȱfromȱcenterȱofȱballȱgravityȱcontactȱwithȱsurfaceȱofȱballǯȱSegmentȱofȱfootȱandȱballȱwereȱmadeȱfromȱ
markersǰȱthenȱVirtualȱSurfaceȱmodelȱofȱfootȱandȱballȱwereȱmadeȱbyȱcalculatingȱandȱusingȱcoordinateȱ
valueȱofȱcapturedȱrealȱmarkersȱagainstȱeachȱsegmentǯȱ ȱ

WeȱcalculatedȱBallȱVelocityǰȱFootȱVelocityǰȱFootȬtoȬballȱSpeedȱRatioǰȱImpactȱPointȱonȱFootȱandȱ
itsȱtrajectoryǯȱBVȱǻballȱvelocityǼȱwasȱdefinedȱasȱvelocityȱofȱcenterȱofȱballȱthatȱobtainedȱfromȱrightȱandȱ
leftȱmarkerȱofȱballȱasȱtheȱmidpointǯȱFVȱǻfootȱvelocityǼȱwasȱdefinedȱtheȱasȱvelocityȱatȱtheȱPOFȱǻimpactȱ
PointȱonȱFootǼǯȱSRȱǻfootȬtoȬballȱspeedȱratioǼȱwasȱcalculatedȱfromȱBVȱandȱvelocityȱofȱPOFȱǻimpactȱPointȱ
onȱFootǼǯȱPOFȱwasȱexpressedȱcoordinateȱvaluesȱinȱlocalȱcoordinateȱsystemȱagainstȱfootȱsegmentǯȱHeelȱ
pointȱwasȱoriginȱpointȱofȱfootȱsegmentǯȱInȱtheȱlocalȱcoordinateȱsystemȱofȱfootǰȱYȱǻHorizontalǼȱaxisȱwasȱ
directedȱ toȱmidpointȱofȱbothȱ sideȱpointsȱofȱMTPȱ jointȱ fromȱheelǰȱZȱ ǻverticalǼȱ axisȱwasȱdefinedȱasȱ
verticalȱdirectionȱagainstȱplaneȱthatȱmadeȱbyȱthreeȱmarkersȱofȱfootȱandȱXȱǻlateralǼȱaxisȱwasȱdefinedȱ
directionȱthatȱorthogonalȱtoȱotherȱaxesǯȱTheȱtrajectoryȱofȱPOFȱinȱeachȱtrialȱareȱshowedȱ10ȱframeȱbeforeȱ
impactȱtillȱ20ȱframeȱafterȱimpactǰȱwithȱaȱpointȱofȱballȱcenterȱfixedȱatȱtheȱcoordinateȱvalueȱbeforeȱtheȱ
impactǯȱ

Surfaceȱmodelsȱofȱfootȱandȱballȱmadeȱfromȱeachȱownȱsegmentȱwereȱusedȱtoȱdetectȱimpactȱpointȱ
bothȱonȱfootȱandȱballǯȱWeȱconstructedȱVirtualȱmarkersȱusingȱcoordinateȱvalueȱofȱcapturedȱrealȱmarkerǰȱ
thenȱweȱmadeȱsurfaceȱmodelȱbyȱspreadingȱvirtualȱmarkersȱasȱtheȱsurfaceȱofȱeachȱsegmentǯȱToȱmakeȱ
surfaceȱmodelȱofȱballǰȱvirtualȱmarkersȱwereȱ locatedȱ inȱsurfaceȱbyȱ fixingȱradiusȱfromȱcenterȱofȱballȱ
ǻFigureȱ1ǼǯȱToȱmakeȱsurfaceȱmodelȱofȱfootȱǻinȱnotȱwornǼǰȱadditionalȱrealȱmarkersȱwereȱplacedȱinȱaȱgridȱ
onȱ impactȱ areaȱ ǻinstepȱ andȱ insideǼǰȱ andȱ virtualȱmarkersȱ filledȱ theȱ blankǯȱ Becauseȱofȱ thatȱprocessǰȱ
surfaceȱmodelȱofȱfootȱwasȱcomposedȱbyȱvirtualȱmarkersȱlikeȱlinkedȱsmallȱpanelsȱǻFigureȱ2Ǽǯȱ

ȱ ȱ ȱ
ǻaǼȱ ǻbǼȱ ǻcǼȱ

Fig�reȱŗǯȱTheȱsurfaceȱmodelȱofȱballȱwasȱmadeȱfromȱcapturedȱrealȱ4ȱmarkersǱȱǻaǼȱRealȱ4ȱmarkersȱonȱballȱ
ǻtopǰȱfrontǰȱrightȱandȱleftǼǲȱǻbǼȱCapturedȱrealȱ4ȱmarkersǲȱǻcǼȱVirtualȱmarkersȱwereȱlocatedȱinȱsurfaceȱbyȱ
fixingȱradiusȱfromȱcenterȱofȱballȱasȱtheȱmidpointȱofȱrightȱandȱleftȱmarkerǯȱ

Theȱ coordinateȱ valueȱ ofȱvirtualȱmarkersȱ againstȱ theȱ footȱ segmentȱwereȱ savedȱ asȱ theȱ surfaceȱ
modelǯȱItȱenabledȱtoȱapplyȱtheȱmodelȱtoȱmotionȱdataȱofȱtrialȱinȱexperimentȱusingȱthreeȱmakersȱonȱfootǯȱ
Inȱtheȱtrialȱdataǰȱpairsȱofȱvirtualȱmarkerȱofȱeachȱfootȱandȱballȱmodelȱthatȱshowedȱtheȱearliestȱcontactȱ
wereȱdefinedȱasȱ theȱ impactȱpointȱofȱ eachȱ segmentǯȱTheȱdistanceȱofȱpairȱ ofȱ impactȱpointsȱ showedȱ
bimodalȱdisplacementǰȱtheȱpairȱshowedȱtheȱsmallestȱvalueȱofȱtheȱfirstȱextremelyȱsmallȱwasȱconsideredȱ
thatȱmakeȱfirstȱcontactǯȱTheȱimpactȱpointȱofȱfootȱwasȱexpressedȱasȱcoordinateȱvalueȱinȱlocalȱcoordinateȱ
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systemȱonȱfootȱsegmentǯȱTheȱaccuracyȱtestȱofȱtheȱvirtualȱimpactȱmodelȱwasȱconductedȱbyȱcalculatingȱ
theȱdistanceȱbetweenȱtheȱvirtualȱimpactȱmodelȱandȱcapturedȱrealȱmarkerǯȱ

InȱallȱstatisticsȱcomparisonǰȱweȱusedȱtheȱoneȬwayȱANOVAǰȱthenȱusedȱBonferroniȱmethodȱinȱtheȱ
caseȱweȱfoundȱsignificanceȱbetweenȱgroupsȱatȱtheȱlevelȱofȱ5%ǯȱ

ȱ ȱ
ȱ

ǻaǼȱ ǻbǼȱ ǻcǼȱ

Fig�reȱŘǯȱTheȱsurfaceȱmodelȱofȱfootȱwasȱmadeȱfromȱcapturedȱrealȱmarkersǱȱǻaǼȱAdditionalȱrealȱmarkersȱ
wereȱ placedȱ inȱ aȱ gridȱ onȱ impactȱ areaȱ ǻinstepȱ andȱ insideǼǲȱ ǻbǼȱCapturedȱ realȱmarkersǲȱ ǻcǼȱ Virtualȱ
markersȱwereȱlocatedȱinȱsurfaceȱbyȱfillingȱblanksȱofȱcapturedȱrealȱmarkersȱlikeȱlinkedȱsmallȱpanelsǯȱ

řǯȱRes�ltsȱ

řǯ1ǯȱBallȱVelocityȱ

TheȱBVȱvaluesȱofȱeachȱtrialȱwereȱasȱ followingǲȱStraightǱȱ25ǯ8ȱƹȱ1ǯ5ȱmȦsǰȱCurveǱȱ24ǯ9ȱƹȱ1ǯ0ȱmȦsǰȱ
KnuckleǱȱ24ǯ8ȱƹȱ1ǯ9mȦsǯȱThereȱwereȱnoȱsignificanceȱinȱoneȬwayȱANOVAȱǻFigureȱ3Ǽǯȱ ȱ

ȱ
Fig�reȱřǯȱBallȱvelocityȱvaluesȱofȱeachȱtrialǯȱThereȱareȱnoȱsignificantȱdifferencesȱbetweenȱeachȱtrialsǯȱ

řǯ2ǯȱFootȬtoȬBallȱSpeedȱRatioȱ

TheȱmeanȱvalueȱofȱFootȬtoȬballȱspeedȱRatioȱwereȱasȱfollowingǲȱStraightǱȱ1ǯ32ȱƹȱ0ǯ06ǰȱCurveǱȱ1ǯ30ȱ
ƹȱ0ǯ05ǰȱKnuckleǱȱ1ǯ38ȱƹȱ0ǯ05ǯȱTheȱvalueȱofȱknuckleȱwasȱsignificantlyȱlargerȱthanȱotherȱtrialsǯȱTheȱmeanȱ
valueȱofȱknuckleȱSRȱwasȱsignificantȱlargerȱthanȱotherȱtwoȱtrialsǯȱ

TheȱBlueȬRedȱcolorȱscaledȱfootȬtoȬballȱspeedȱratioȱonȱeachȱtrialȱwasȱshowedȱinȱbelowȱǻFigureȱ4Ǽǯȱ
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ȱ ȱ ȱ
ǻaǼȱ ǻbǼȱ ǻcǼȱ

ȱ
Fig�reȱŚǯȱTheȱBlueȬRedȱcolorȱscaledȱFootȬtoȬballȱspeedȱRatioȱonȱeachȱimpactȱpointȱofȱeachȱtrialǯȱTheȱ
fartherȱpointȱfromȱheelȱtoȱtoeȱshowedȱtheȱlowerȱfootȬtoȬballȱspeedȱratioȱvalueȱespeciallyȱonȱcurveȱtrialǯȱ
ǻaǼȱColorȱscaledȱSRȱofȱstraightȱtrialǲȱǻbǼȱColorȱscaledȱSRȱofȱcurveȱtrialǲȱǻcǼȱColorȱscaledȱSRȱofȱknuckleȱtrialǯȱ

řǯřǯȱImpactȱPointȱonȱFootȱ

Theȱ localȱ coordinateȱ valueȱ ofȱ POFȱ wereȱ asȱ followingǲȱ StraightǱȱ ǻLateralǱȱ ƺ24ǯ0ȱ ƹȱ 5ǯ6ȱ mmǰȱ
HorizontalǱȱ152ǯ7ȱƹȱ8ǯ4ȱmmǰȱVerticalǱȱ52ǯ3ȱƹȱ4ǯ0ȱmmǼȱwithȱtheȱmeanȱdistanceȱbetweenȱtheȱPOFȱandȱ
POBǻimpactȱPointȱonȱBallǼǱȱ3ǯ52ȱƹȱ1ǯ62ȱmmǰȱCurveǱȱǻLateralǱȱƺ35ǯ6ȱƹȱ4ǯ8ȱmmǰȱHorizontalǱȱ151ǯ6ȱƹȱ13ǯ7ȱ
mmǰȱVerticalǱȱ 47ǯ5ȱ ƹȱ 5ǯ2ȱmmǼȱwithȱ theȱmeanȱdistanceȱbetweenȱtheȱPOFȱandȱPOBǱȱ4ǯ06ȱƹȱ1ǯ20ȱmmǰȱ
KnuckleǱȱǻLateralǱȱƺ33ǯ3ȱƹȱ9ǯ0ȱmmǰȱHorizontalǱȱ140ǯ8ȱƹȱ10ǯ7ȱmmǰȱVerticalǱȱ52ǯ1ȱƹȱ2ǯ7ȱmmǼȱwithȱtheȱmeanȱ
distanceȱ betweenȱ theȱ POFȱ andȱ POBǱȱ 3ǯ35ȱ ƹȱ 1ǯ34ȱ mmǻFigureȱ 5Ǽǯȱ Lateralȱ valueȱ ofȱ straightȱ wasȱ
significantlyȱlargerȱthanȱotherȱtrialsǯȱHorizontalȱvalueȱofȱknuckleȱwasȱsignificantlyȱsmallerȱthanȱotherȱ
trialsǯȱVerticalȱvalueȱofȱcurveȱwasȱsignificantlyȱsmallerȱthanȱotherȱtrialsǯȱInȱtheȱaccuracyȱtestȱofȱtheȱ
virtualȱimpactȱmodelȱofȱfootǰȱtheȱerrorȱofȱtheȱimpactȱpointȱwasȱ1ǯ0ȱmmȱatȱtheȱmostǯȱ

ȱ

Fig�reȱśǯȱTheȱmeanȱcoordinateȱvalueȱofȱimpactȱpointȱofȱeachȱtrialǯȱPointsȱofȱmeanȱcoordinateȱvalueȱofȱ
impactȱpointȱareȱshowedȱbyȱcolorȱofȱblueǰȱgreenȱandȱredȱrespectivelyȱstraightǰȱcurveȱandȱknuckleǯȱ

řǯŚǯȱTrajectoryȱofȱImpactȱPointȱonȱFootȱ

TheȱtrajectoryȱofȱPOFȱareȱshowedȱ inȱFigureȱ6ǯȱTheyȱshowedȱ inȱmeanȱvalueȱofȱeachȱtrialǯȱSideȱ
viewȱofȱPOFȱtrajectoryȱinȱeachȱtrialȱofȱtypicalȱdataȱofȱaȱparticipantȱareȱshowedȱinȱFigureȱ7ǯȱ

1ǯ20ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ 1ǯ45ȱ

SRȱ

x 

BlueǱȱStraightȱ

GreenǱȱCurveȱ

RedǱȱKnuckleȱ
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ȱ

Fig�reȱ Ŝǯȱ TheȱPOFȱ trajectoryȱ ofȱ threeȱ trialȱ straightǰȱ curveȱ andȱknuckleǯȱ Theyȱ areȱ showedȱ inȱmeanȱ
coordinateȱvalueȱofȱPOFȱinȱeachȱtrialǯȱTheȱlightȱblueȱdotsȱshowsȱstraightȱtrailǯȱTheȱgreenȱdotsȱshowsȱ
curveȱtrialǯȱTheȱredȱdotsȱshowsȱknuckleȱtrialǯȱ

ȱ
ǻaǼȱ ǻbǼȱ ǻcǼȱ

Fig�reȱŝǯȱSideȱviewȱofȱtheȱPOFȱtrajectoryȱofȱthreeȱtrialȱstraightǰȱcurveȱandȱknuckleǯȱǻaǼȱPOFȱtrajectoryȱ
ofȱstraightȱwentȱdownȱunderȱtheȱcenterȱofȱballǲȱǻbǼȱPOFȱtrajectoryȱofȱcurveȱwentȱupȱunderȱtheȱcenterȱ
ofȱballǲȱǻcǼȱPOFȱtrajectoryȱofȱknuckleȱwentȱtheȱnearestȱtheȱcenterȱofȱballǯȱ

řǯśǯȱFootȱVelocityȱ

TheȱFVȱvaluesȱofȱ eachȱ trialȱwereȱ asȱ followingǲȱ StraightǱȱ 19ǯ5ȱ ƹȱ0ǯ7ȱmȦsǰȱCurveǱȱ 19ǯ1ȱƹȱ 0ǯ7ȱmȦsǰȱ
KnuckleǱȱ18ǯ0ȱƹȱ1ǯ5ȱmȦsǯȱTheȱvalueȱforȱknuckleȱwasȱsignificantlyȱsmallerȱǻpȱǀȱ0ǯ05Ǽȱthanȱtheȱotherȱtwoȱ
casesǯȱ

ŚǯȱDisc�ssionȱ

TheȱresultȱofȱBVȱshowsȱnoȱsignificanceǯȱ Itȱ isȱconsideredȱthatȱdifferenceȱofȱ intensityȱareȱnotȱinȱ
betweenȱtrialsǯȱ

BecauseȱofȱtheȱmeanȱvalueȱofȱSRȱinȱknuckleǰȱparticipantsȱareȱconsideredȱthatȱtheyȱhaveȱanȱaimȱ
toȱgainȱtheȱBVȱbyȱeffectiveȱimpactȱandȱmakeȱlowȱrotationǯȱItȱisȱconsideredȱthatȱlargeȱSRȱisȱappropriateȱ
thanȱ largeȱ footȱvelocityȱ toȱmakeȱ largeȱBVȱinȱknuckleȱkickȱsaidȱ thatȱ largeȱBVȱandȱ lowȱrotationȱareȱ
requiredȱtoȱsucceedǯȱBecauseȱ largeȱ footȱvelocityȱcanȱmakeȱballȱrotationǯȱThenǰȱ ifȱ toȱgainȱtheȱBVȱbyȱ
largeȱ footȱvelocityȱ isȱ theȱfeatureȱofȱstraightȱtrialǰȱ inȱcontrastǰȱ itȱhasȱaȱpossibilityȱ thatȱtheȱ featureȱofȱ
knuckleȱisȱaccuracyȱofȱkickȱimpactȱtoȱincreaseȱSRǰȱnotȱtoȱmakeȱballȱrotationǯȱ

ResultsȱofȱPOFȱhaveȱfeaturesȱinȱeachȱtrialǯȱInȱstraightȱshowedȱlowerȱvalueȱinȱlateralȱaxisǰȱitȱcanȱ
beȱsaidȱthatȱPOFȱisȱlocatedȱinȱcenterȱofȱinstepȱareaȱcomparedȱwithȱotherȱtrialsǯȱItȱisȱconsideredȱthatȱ
participantsȱaimedȱtoȱgainȱlargeȱBVȱgeneratedȱfromȱlargeȱswingȱvelocityȱofȱfootȱbyȱimpactȱwithȱinstepǯȱ
InȱcurveȱshowedȱlowerȱheightǰȱitȱshowsȱthatȱimpactȱoccursȱnearȱtheȱinsideȱareaǯȱInȱknuckleȱshowedȱ
lowerȱvalueȱinȱhorizontalȱaxisǰȱPOFȱareȱlocatedȱinȱtheȱareaȱnearȱtheȱfootȱjointǯȱTheȱresultȱofȱPOFȱcanȱ
tellȱ oneȱ ofȱ theȱ aimȱ inȱ knuckleȱ toȱ decreaseȱ theȱ jointȱ angleȱ displacementȱ byȱ impactȱ withȱ nearȱ theȱ
proximalȱsegmentȱ endǯȱFurthermoreȱ inȱknuckleȱ thoughtȱ thatȱ itȱneedsȱ lowȱballȱ rotationǰȱPOFȱmayȱ
convertsȱtoȱflatterȱareaȱcomparedȱwithȱstraightȱtoȱmakeȱplanarȱimpactǯȱ

TheȱdifferenceȱofȱPOFȱtrajectoryȱshowsȱtheȱfeatureȱofȱkindsȱofȱkickingǯȱTheȱtrajectoryȱofȱPOFȱofȱ
straightȱgoingȱdownȱunderȱtheȱcenterȱofȱballȱmakeȱbackȱspinȱaroundȱtheȱlateralȱaxisȱtoȱtheȱballǯȱTheȱ
trajectoryȱ ofȱ POFȱ ofȱ curveȱ showsȱ largerȱ displacementȱ inȱ lateralȱ axisǯȱ Itȱ isȱ consideredȱ thatȱ theȱ
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movementȱofȱPOFȱmakeȱsideȱspinȱaroundȱverticalȱaxisȱtoȱtheȱballǯȱTheȱtrajectoryȱofȱPOFȱofȱknuckleȱ
whatȱ needsȱ lowȱ ballȱ rotationȱwentȱ throughȱ theȱ nearȱ theȱ centerȱ ofȱ ballǯȱ Itȱ canȱ beȱ saidȱ thatȱmoreȱ
appropriateȱ toȱdecreaseȱballȱrotationǯȱ Itȱ isȱsuggestedȱthatȱparticipantsȱmakeȱdifferenceȱofȱkindsȱofȱ
kickingȱbyȱnotȱonlyȱPOFȱbutȱalsoȱitsȱtrajectoryȱbeforeȱandȱduringȱimpactǯȱ

Weȱthinkȱthreeȱdimensionalȱquantificationȱofȱimpactȱpointȱonȱfootȱmakesȱitȱpossibleȱtoȱanalyzeȱ
detailȱofȱkickȱimpactǯȱWeȱshowedȱdifferenceȱofȱfootȬtoȬballȱspeedȱratioȱbyȱdifferenceȱofȱimpactȱpointȱ
evenȱinȱsameȱtrialǯȱInȱtheȱfutureȱworksǰȱweȱshouldȱfocusȱonȱmomentȱtorqueȱatȱimpactȱpointǯȱ

śǯȱConcl�sionsȱ

Inȱ thisȱ studyǰȱweȱ triedȱ toȱ quantifyȱ theȱ impactȱ pointȱofȱ kickȱ inȱ threeȱdimensionalȱ coordinateȱ
systemȱusingȱoriginalȱvirtualȱmodelȱinȱanalysisȱsoftwareǯȱThenȱweȱgotȱresultsȱasȱbelowȱfromȱanalysisȱ
dataȱofȱthreeȱkindsȱofȱkickingȱmotionǱȱ

x Coordinateȱ valuesȱ ofȱ impactȱ pointȱ inȱ threeȱ kickingȱmotionȱ straightǰȱ curveȱ andȱ knuckleȱ areȱ
differenceǯȱTheȱimpactȱpointȱofȱstraightȱlocatedȱcenterȱareaȱofȱinstepǯȱTheȱimpactȱpointȱofȱcurveȱ
locatedȱlowȱareaȱnearȱtheȱinsideȱofȱfootǯȱTheȱimpactȱpointȱofȱknuckleȱlocatedȱnearȱtheȱfootȱjointǯȱ

x Theȱvalueȱofȱ footȬtoȬballȱspeedȱratioȱ inȱknuckleȱ isȱsignificantlyȱ largerȱ thanȱotherȱstraightȱandȱ
curveǯȱ Furthermoreȱ itȱ isȱ consideredȱ thatȱ theȱ fartherȱ impactȱ pointȱ fromȱ footȱ jointȱ showsȱ theȱ
smallerȱfootȬtoȬballȱspeedȱratioǯȱ

x Theȱdifferenceȱofȱtrajectoryȱofȱimpactȱpointȱshowsȱthatȱparticipantsȱmakeȱdifferenceȱofȱkickingȱ
skillȱusingȱbothȱofȱimpactȱpointȱandȱitsȱtrajectoryȱduringȱkickȱmotionǯȱ
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