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TS REEWHENX TH D EFRIFEC, AR—YVRTFOFENCHEEE RITTEER
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BB LD K5 b O, BHEOESMEREBIED EO L5 72 b 0t BB
SNTORWED, EHHEROIRE TR NNEROM L2 RN E L hL—=2 7
WHLT, EFALRBIEREORFOBEEALV L LI bOEbHE I Tbh THAL

EoThHs.

1.2 EFWEBENEDSA F A T =7 AR O LB
INETOEFMERICET DT, EFMERBTOEED 1 oL LTHmiH
EDOZALBACLNTER (L 1@IE, 1984 ; kMW, 1988). —J5, HAEHED ¥ A
EARERES), TR, EFmEfdifie L, BEOERNOEELZ T 57 (Young
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AL LTHRIHLE ThHmEaEy, #—7 v by v FETICE LA E BB O
B U DRSBTS AR 3510 2 BATEHR OO A BE (2 x5 5 A 5 m A #uh O 51
TR KSR D f/IME & U CTHRIIN L7 DR T8 2B m Ao s L TH
WTWS. ZLT, ZHhbOEBUIMENRCHSEAER, BERBRERICRESN RN &h
5, EHAEBRBIROREIZ20EDELT0A. LnL, KED (1986) O J5 a2 biak
SLBBENERET, BHEBOMELZHWTREE STV D72, ThbOEITES mZES O
BRI E OB 2T D LEZ BN, EHREHRICET 23T EELDH D VITE
DHEZHNTUT O BERHDH. 61T, EEOKEAR—YTIE, D5 KEAE—F
R LC, ERRICKRE SEHMEEMT L EBROOND I LEBZNILEEZD
&, EHNEREBELZ T 255121, EAY— ROMERF L EFRMEBOAED 2 SO
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A AT w7 (Cross step, LANCS) D25 dH5H &I TW5 (Andrews et al., 1977) (X
1-1). BREEAR =Y T SS & CS I, EFMAMIFIZE D 5D L TH Dz X -

TBEIREN D72 (KREE, 2004), EREOERTFIL SS & CS O FIZHAL TWDZ LRk



Side step technique

Side view

Foot strike Toe-off
Back view

Foot strike Toe-off

RRAKRRA

Cross step technique

Side view
Foot strike Toe-off
Back view
Foot strike Toe-off
Figure 1-1 Cutting motions with the side step and cross step techniques.



bivn. £7=, Dawsonetal. (2004) (ZA4—A FZ U 7K T 7 v —0, Bloomfield et al. (2007)

TH o W —OREICB T 2BFOEE 20N LIZHER, ERITETTR E AR & 7248 FE~JE

TN, TOMAEITZDOHBETOELFTho7oLELTWD. LT, ki

FOET EBBANT 2 62N T D120, ZHA IS 90 FELUF O J5 M ZA#EIZ BT 281E

AT OMBER DD EEZEZBND.

—07, EFMEHREFRATOE, TEHIHORS RS - AU —=02REh, T

BIFIC RERAMMBIIND D Z b, BREEFN FHOREEZGISEZTHEKND 1 &

725 TU5. Besieretal. (2001) 1%, HriZdsadt ClREfE LV N IIZ X 2 BEEIHIN

S L OPIMEET— A > FARE W2, H 0P 3 K OMUM D~ D&

RN REL 2D EIRITVWD. McLeanetal. (2005a) 1%, #EHuERICIREEEI O JE R XL O

e FE L IRBIER O A EDR R E W&, IEINCR T 2B b L7 3R&E <70,

AT+ OBEFEOBRIENRF < 225 LR TW D, 2 S OFFFEITE T ZE #Bh 1F 4 3%

LTS b DD, T, FRICHITFIIH~OAMICHE R LI AR — Y EEIELA

MHEDHEDTHY, FRSET Wz WS 5 720 OFEA-CE BN 70 L7 A B EIZH 5

IZEN TRV, E£7-, Grindstaff et al. (2006) XA FRAY 72 A& J7 [0 28 HABh (E 2 By I fT T

T &3, EFREBRET) DR O b PRSI D TR bR SL O RENED B D Ll

NTWD. LEedoT, FRIETMELEIRS D7D OEER A A T =27 ZBLRD

ML DT LI, EHFMEBRBECIREILEL ML —=0 Ve B2 57D, &6

W NROEEZ TS 272010 bKILDEBEZBND.



1.3 WEHEM

AWFZED BBE, ETTREBENEZ SA T AT =27 ZENToHT L, ETT A BE 25

T 272D DIEBARET D L & bIT, TOEMMERZH LU, EFmMAREEE

RETLLE0ORREFLZLETHD.

14 WroEE

RIFZED HHZER T AT OICLL T D 3 SO EA R E LT,

WFERE 1

AW — N & TS BE OB & ETT A AN 2 R4 2 720 OB Z 1R E T 5 2

L.

e 2

ETMEBINEZ NA T AT =7 AT L, A8 — ROEDZ/NE < LTk

T2 OEMNIEREZASMNZT D L.

WFIERRE 3

BONIZRAZ b EITET MERENEDIRE~DRRZFFH 2 &.

15 fEEG

AFFENILL T ORED S & TIThi .

O FEOKEE T A MIAKE Zipd 2 LR TE, FRIL 15 OO BRARUEY

EFTINEBRTENTED.



@ WERE DS IRE S EMEREE, BT (1996) OHEEXZMWTHETE 5.

@ ETORBKITEBNTEITIZ L DRI,

1.6 WFEORR

ARBFFECIE, LTSRS RABH 5 5.

O EHMEBRAIEN 90 K2 RKEBADEEE, AIETHLONTMREZZTOE£EH

THZLITTEAR.

@ B b7 3BT E DV OFFRER LU e EOMBO B LA F vy TH Y,

&l %2 OFF OERN DN TIEE K TE 720,

@ EREAR—YHOEFRELRTIE, R—NVOBIEEHEIGAERH DD, AW TIER—

LW WS ZET LT DT, AFEOH RO I TII AR — /L OENEE L - - 710

BRI R TE 20,

@ ARWETIE, vy —, RZX Ty A=, N RR—V, FT7E—RFEENRE LT

5, BEBAERIZ X D REIIHET L TWRWO T, BEERE R IZIG U7 ST AR HE i

FEATE R,

® AW THDNIZHITE FAERERF R L LI b D TH DD T, P L~ n

RESERDE, oA DE, BERLTF EBITEMT258IITEENRLETHS.



2. SCHERHFSE

2.1 JFZEHAE Z A DT A BRI S5
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EE LTS (B4 1 1r=0.55, p<0.05; 40174 : r1=0.73, p<0.05). Vescovi and McGuigan
(2008) 1%, ZFmWAEY v U —ETF 83 4, KFFAEY v —ETF 51 B LUK FFE
770 ART 79 4 & MBITERAES A 2 (9.1m, 18.2m, 27.3m I L 36.6m) & A% H
EXA L EOBRER LICAER, WTNOBEBRERICB W THEMRE S A L &7
EXALEOMICHBEZRMEBERA LN LG LT D (r=0.297~0.831). Peterson et al.
(2006) 1%, FHMHICAR =Y Z1To TV LI F54 19 4, K154 36 4 &2 JRITERH
JE (36.6m EITBIT DB EHE) L MERES A AL OBRE R LI, Bk
CRTFFEL L INOOMICHBERMEEN AN Z E2WE LD (BF 1 r=-0.693,
1z~ : r=-0.579). Condello et al. (2013) %, 877 b 19D B FFAET /v —8F 157 4
RGN, FERTE (U9, ULL, U13, U15, UL7, U19) T 16m EHRE X A A& 15m J5lh)
TS A L EORRERF LI2HR, WTNICBW THAERECHBEANR LN &

L TWD (r=0.55~0.900) .



—7J7, Little and Williams (2005) (%, 106 4D ~7 v¥ v I —F%2 5t RITMEFES) (10m
LA L) BILORREEEE 30m 5 50m DX X A L) L 20mY 7 T7EX A LE
ORRERF LTS, ZOREE, NHEEN R L O KRR ERE L 20m Y 7Y 7 EH A L
& DRIOMBRENT, FEHICAETIIH 2 b 0D, ZOMITNSholo LG LTS

(IM#AE ) : r=0.346, p<0.0005 ; fix KA B : r=0.458, p<0.0005). Chaouachi et al. (2009)
X, BABMEANZT Y FAR—/V®F 14 2 %550, 5m, 10m 3 K0 30m E#RES A L&
FERES A L DBREZMRFTL TN D, ZOREER, WITHOEMEY A L6 G
EHA LEDORIITAERMEBEIEA DN o 7o EHE LT b (5m:r=-0.22, 10m:r=0.07,
30m : r=0.23). Sassi et al. (2009) (%, KHEEZHMET 2B TFERL, L4304 %
HRIT 10m ERRAEZ A b L FIAEHESR A 5L OB LM LR, L PECIIAE
TIEH D HOOFH BN A B v (r=0.34, p<0.05), B F4 TIIAEZRFMEITA S 72 h
ST LHELTWS (r=0.22). Sheppard and Young (2006) 1%, ELRREZ A L& 7 mZEH#E
AALEOBEBRERF LFZEZEL, 0 OMICRWVAEBIZIA LR N 0D,
LT EHRE S & ERGERR IR DRI TH D LHERE L TV 5.

ZDOEIIT, FATHRICB O THEBRES A L L HFMEHES A L OBFRICIET—ELE
FERDIA 3720, Vescovi and McGuigan (2008) 1%, ZOJFRD 1L LTI LH DML
THWHILTWD HIAEBENRR D Z L2 TnD. 361, Hil (1998) 23751
RO FELEEE NGNS DI L72s o THEBEZ A L& EE 2 A 5L ORI
WINSLKIRD EBRXTNDZ LD, FMEHEY A LMTEMREROEELZZTHHD

D, MOEROZEEL T D EHEESND.
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212 TFBGHS & TMERAES A 2 e OBURICEET S0

EFMEREFRRATOIE, FTEGREORE 2 - RU—REREND BB
DI, TREOF I & FIEBRES A L E OBMRE R LIZHRIZEEZ L 5.

Vascovi and McGuigan (2008) 1%, Z1-@fREY v I —i%TF 834, LAY v I —&TF
514 B K OLFFAET 7 v ZIRF 194 2 xt RICEEB O OBEEE & & A ES A L LD
BIMRZ BT LR, WINOBBRERICEW T HLABRRMEERA LN LTV
(r=-0.358~-0.698). Youngetal. (2002) i, BEEIHiOZEHMEMIFEREFO 22 N » 7
NRO—BLORr v 7Yy 7o T reactive strength (K2~ 72 % o 7 OBk = % 52
HIFFRICRR L= b D) & HAEMES A L OBBRERF L TV 5. ZORE, B
arty N w7 XU =L FRERES A L EORICITABERMBITAR SR 7203,
reactive strength & ORICITAEERMAENRA SN, ZHuE Ka v 7Yy o 7 oo REE
NAETT B OBELFEIL T D720 LR TN 5.

Sassi et al. (2009) |XABZHM L 555 174524, Lok 34 4 & X GUCHREBO
DRk & T EBE Y A L L OBRERE LR, X FETIIAETHESL2 b0
FIVFERI NS A B AL (r=-0.47, p<0.01), B FAETIIAERHEBEIIALN R oT EHmE L
TV (r=-0.07). Markovic (2007) 1%, 76 & DIKELHM LT DB FFAEERNRIZA I U
v h Yy TR LRy B SO N —SIEE OO BRI, 227 U v F Ok
% LER L FmERES A L EOBRERT LR, o oMICEERMRBIIA N
ol E WA LTV 5. Markovic et al. (2007a) 1%, 168 44 DIAE % B4 5 B4 %

MBICHEBO L Fu vy 7Y% TOBBERCA 7 Uy b ORRZE LHE L HREHRES
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A LLORRERT LR, ZhbOMISROHERBIZA bR RNST2EHE L TV D.
ZOEDIT, FATHIFEICIR W T T ) & e 2 A &L OBIRIC S —H L7/ R
FALN TR, ZOFIFE LT, Markovicetal. (2007a) 1%, A&7 MZ8H#C IR
NOHIe T EEDOBHMIER N T L ADRFFR EGEETHL L AR LTND. Fz,
Young et al. (2002) 1%, B HES A MIEAMRAERTD, TR, EFMERENRE,
B OBEROFEEZ T D EHRRTND. LER-T, EFMEBRY A LRERARED,
TR DA BT, EHFMEMETOREL =T 2 2 LRHREEND. LaL, EHN

TR DN T M ERE S A DT RIT B A RE LIERITIEE A LWL S TH .

2.2 ESAZEBEA OFAMEIC T 5%

ZIVE TOMEERHEELS CIE, A5 MEMBITOFM O L L ChHmARE S A L
MHNWSITWD (L, 1984 ; K, 1988 72 L) . 7B/ EXAIILD LT 250
ZHaE DS <L, BEAERTE EFMEBRBRNEEL, TOX A MIERERES, T
fh 71, AEITTIEREN 2 EDORBEZ T 52 5 (Young et al.,, 2002), J7aZE#ED ¥
A DD I TITAES BN 2+ BT 2 01IXREE L ZE 2 o5, il (1998) 1%
FERES A L EERES A LOFEE, AHD (1999) 1XHMAEBEICL T 5 FEE R
E— REEREA Y — TR LIS D& FRZEMEAT &7 28 & L, Hik#l s
A LEDOBBRERT LIz, ZOME, ZhOOEEE FMERES A L OMICHEERT
OFBINR A BT &, ETT AR O A EERLEE AN 212 L7 hd > THBIFRED K

KRBT LHEHREL TS, IO OREL, BEREL FRERED X A LD WITEY
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EAE—REDELZS LICLTHMAREINZFHMEL LS T 200 THY, FETESH

D05, T8 EOERNUNDZEZRE 52T 5, EGMEBREINED D\ IFHATO

M 30 L TN E WS EETR S D, FR S ETT & LT 5 720 OHETHIZE K % B

HNZLE D LT DL BICEIATREBELLND.

RES (1986) 1F, EREGBRFICH —F v by v Fafrbic & DOET AWM

ba =5y bER Yy FTHETICE LN (0, ZOMCBELEEE O, EFnE

BB DEAE — K (v) O3 ODOEENOHEI Lz TRESHAT (T=tdv) ] =, EF

[ AT OBHTEFNLE (he) & v v FREDZ —5 > MLE 2K SER & A&7 [ 2R 4G

DOFATHFALIE (hy) & h 2 S#ror LIEIOMAE (@) & 100%& L, EFTmAHE 2 42 H OH

THEMLE & hy ZfESHRr & LIEIOAED a 126+ %16 & LTRIE Lz TimZ e,

=0y bF vy FETICE LA E BB SR Ue TR, AT mZ ]

235\ 2 BHTAHER D /K S B2 |69~ 2 A2 7 AR 4 T D BHTEER Al EE D /M & L TR L

7o THREEMR TR 70 & 2L MAHBORMIE S L LT, ELMAHREMNEZRE L. €

DGR, T OFEEAMR], BEER, BEEBRERIZBR I NN Lb, ET5HE

B OFAMIE I 72 0 155 LR _RTWA. LavL, KREES (1986) 1%, £EAE— KR

AR AL EN ORI L TWD ), T bidETmERT OLBEIRED

WEEZTHEEZADND. ZOD, EFMOEHEIZET LI HERELH D VIEE

HWELZMWTTORERNH DL EEZOND. T, EREOKEAR—YTIE, 25~=<

EAC— FEMERF L TRESETMELEBTHLEaROONDIENZNLEERD

Y, R A T 5 AT, R E— RO & EHROERAED 2 S0
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BRDORHIT 2B ERH L EZEALND.

2.3 EFHAEHO T FRIZERIB D058

EF M OLEBL, TIFRNTH R LEE DT &2 i K> TEbEE5 & T

b oT, EHMEBITIT 5 EEE DL & i ) & DBk Z a7 gtidsiz <

5. Schotetal. (1995) 1%, ZEHafE N 45 FEds L ON90 £ D SR AT 31T 2 M 5 )

Z He#R U725, M I D32 — 3B L T2 b O 0, BV EE DN K& WA T,

SCRHRTEC I 2 0 T7 1R O IFEES K ORISR DIEF [ O NFERRE <725 L

HLTWD., ZOJRKE LT, Schotetal. (1995) 1%, ZHif DN S WIEEITBIETHE S

NIEEHEOZ ZRFFT 2 LN TEDLN, BMAENRENVGE TEIBETHELNLEL

HEEEZED S, FIOEBEAES LA TNIER SRS THLH ERITNS. K

k&Rt (20100) 13, H7ARDAEAE— NZRIT 24ET7 AR ET O 2 ]E L7

fii g, EAE— FBREWGEE THEHSEFHARTPEOBOESE R L, %AOIMENBD 35 &

BTN,

Jindrich etal. (2006) 1%, EH WAL T 2 ) &2 HIE UTfb R, BHAENRKE

% E, JVRESRERTEONEER/LLENRH LN, HEKNEZRELSTLHI LI

IR B D 7o ORI AN R < 72 0, FEHE O EAME KT 5 &3k~ Tu %, Chang and

Kram (2007) 1%, PENELZDZIHE L2FEESEFEOERA Y — RN EMENK ) & OR%R%E

BRIL T, £ LT, M LEERET 2REOREREIL, HOFEDLR S MiEK S

DRESIZE-oTHHIRE N, FUBREROME E2BE LTGE, ERIT O IH
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INSWHBRE TIE, REFHENNEPoTeZ e 2 HEL TV D.

UL EOBIZEDN D, EFMEBTIE, EAE— FRPEBAENRKE 2D RN KE L

%L, EAE— REHMFFT DICIIRE RIERT M OME R NP BETH D Z ERbh

H. LU, SRELEE DAL ) & ETT BN & OBIFRIZ 4312 57

ENTWR2WNWE S THA.

2.4 EHPEENVEIZET D058

2.4.1 Kinematics FIAIFZE

Hamill etal. (1987) °ChNE & &= (1992) 1, EHMZEMENEOR K E LT, EMHEER

WZHERTREFRINEL 720, HERONENA LD LR TW5. Hamilletal. (1987)

X, EFTMEBIZIB N THERONBENZ B 5 KUK & U THE MZEH TS RO E O

IBER L, 2T D7D RKENET HZLE NS D LR TW\5. Greene (1985)

X, EFMEBIZIBS W THERPNET 5 Z & THIE S OERREBRE <, ShER 23

INEL B L IRRTWD. 51T, Greene (1985) 1%, MR/ NS WIS E AR ONE

HEZRESTIOILERDY, T K> THIE I OERKR D NNS 25780, SFF

REHI MR % LR LT 5.

Houck etal. (2005) %, #ATHHC T OIER SN T\ HMEHENE L E B IS L TIT S

T TR BB VR A Bl U725 2R, T ORR S TWIEE TIX, BEHIREC STRFI 2 SMAl 7 )

SRELSEEMIZL, ERONEMARKRE Do LR NTN D, AR &R (2010a) & [F]

BRIC, TOERSNTOIZGEE LEZISRIE L TIT 2 56 O T A ZHENEZ i L Tu
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5. TOREE, TOHRRINTOIZHEAETIE, EAE— RBRKRZWITH DO TR
otz b, B L ORI OB R O 4 FE L SRR OB ERLH A N S o 72 2
EEWEL TN,

—J7, HENBHEL Y bETHFESOREL S SE T ARERENZ SN D, EHN
ZEHENE DM OV TR L 725813852 < & % (Ford et al., 2005 ; McLean et al., 2005b) .
Sigward and Powers (2006) 1%, MEBAEI O ph/RIE, WNEUFMK, WEESMES IS 4
IZEIFA DN Ll L TWD. —J7, Ford et al. (2005) (32 TIEBML Y b
B2 S RE 238 L COMKALIZ S D Z &, McLean et al. (2005b) 13t Clafz by O RS
HiS A FEF K ORI FI O B KONV A FES & BITRE W L A LTV 5. McLean etal.

(1998) 1%, MEBAFEISMAFER K E WEAITIE, HE ) ORE NI L DI E— A >
RBRKREL A2 D720, HiHTFEHHREOAREMENEE S Z L 2R L TN D.

LLED XSz, EFmERENINEEZ Kinematics AT L72AF7EIXH 5 2%, FFR L £
MY D 7D OEMER ZRE Lz b ok <, AR ET A BREEIX]A & 2

ICENTW WL THAD.

242 TROfHIEEF L O Kinetics (2B 20758

Bencke et al. (2000) (%, SSIZ& 2 EHMEMRIZIST 5 FHHOFHIESE 2 HE LI-RR,
BERERS & NBA R 7 A (KRER ARG B K ORISR OFEN, JrinZ e —
EREL 2D, FARRTE CIEBIME T L2k, SCFRE#%ECIEd ) —EREI 25—

75T, RERWEER (RAIF ZOSMURH) OFEENE, SCRHIRTEICB O TRE W &2 #
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HLTW5. Neptuneetal. (1999) <° Rand and Ohtsuki (2000) (%, FA%® Kinematics & EMG

ZHEL, TROFHOKRE 2L TWD. ZORR, REIEH R CTH 2 WA X

OVRBRIE A & 2 BAEE R A T MRS, KFRUIRTETIE= St MU v 7 2255 H)

ITHO 2 L TRHOET A Z LI, X% TClIa st N v 7 REEI AT/ ) 2 & T

METHZ LICHBRL TWA ERRTWA., 2Dk 91T, ZHE O TITEF A

T O TEOEE L FEEN S, FROBECHOEFIZHET L LS L LzbDinE . L

2>L, Colby et al. (2000) <> Hanson et al. (2008) 23MEfi3 2 L 212, MEIXZOIGE) &

2T, N-RESBERLN-HSBEROPELZT D720, HEBIOH THORS) &t

THZELEWETHD. 61T, TEOBIHEIRCH IS H R E L O ELH R DL DI

F LA 5 M 512X Kinematics <° EMG (2 X A9 72T TIIA+Th 0, Tk

RIEI D Kinetics TR VETH D L E 2 LD,

EF I T 5 O Kinetics (2B 202213, EERA L BEMTZHDOREN

(Besier et al., 2001 ; Pollard et al., 2004 ; McLean etal., 2005a). McLean etal. (2005a) %

BAREBIOLFZAENAr y hAR—/LIERT 20 4 (BT 10 4) ZR5IT, SS

X DT mAES T ORI ~MERT 5E— A MUE LSRR, SKRcis T 2 B

A=A FOJRKIEIZE FIRTF LV L L B TFTCREDoTZEZHELTWD.

Sigward and Powers (2006) 1%, 8 fFLL LD 7 —ikBR & 43 2 2ot Big 15 4 & BACEE,

5 ELUTF OLeMEgiRg 15 4% FAIREE L, WIRFOREBIE My s 2l L. TORR, 1%

HER OREBIE I #, P, PIEE L7 Db FALEEL D b BRI TR E <, LA

DIF I EBIEI DG E DFEBRMENR E N 2 & AR LTS, Gabbett etal. (2012) (%, FaZ
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B I D IRERNEAMES FE & RIS E — A v R B XL OWIESMEE— A v R &
DRz R L7k R, sy i 2 & BEEIANCE— A > P B L OWIEE—A > P
K& 1257280, HEHRBIEROKRGBO 2 b — VZBEBEFHOGETFHICEETH S
ZEEFRLTND. TR D ORI, EHMZERT O SR Kinetics 2 T B D 6 &
WOBENORF LI b O T, EFMERICET D FHEREH O&FHEITc W TixiEe

Ao ETRRTUWR,

VL EOSCHRIFZE D> 6, JFIZEHE & A 203 T5 A MBI D 7277 © FREARE BE TR0 T
i1, EFEREAN R E, BROBRORELZ T 5 LRNbinotz. L, ZhE
TOEFMEBIZET 258 TIE, £ AR OFMIES, FREHMEEHT 5
72D DHEAFHIEENZ DN TEF T LTI TW RV, L7edi - T, EFF AR
OISR ZRE L, ZHhIC X > THBEENT IH & TR O@fER i+ 5 2 & T,

TR ENEDO B EN Z A SN TE DL BEZAbND.
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3. FiE

AHFFETIL, T EHAEBREEDO MR OIREE L O Kinematics BI5HT D72 Ok
EAITV (EBR 1), RIZ Kinetics T D 7= b DM K S1OREZ 1T -7~ (FEBR 2). Wi

BRI T DHRE TR 7> T,

3.1 FEBR1: EHMEHENED Kinematics B4 HT
311 BB I KL OVHERREE

PBRE T F A ERBORTF 20 4 & L7, BBRE OREA £ 3-1 1R L7e. BBRICHEL D,
PEREICFRO A ENE LB L, ERSINMOREZE-.

ETEERTHND AT v T2Y A AT v T (SS) HDHWETuART vT (CS) &
L, B3-LITR LI & D WEG MUK o8 MARE REAHMAE) 25 30 E, 60 B, 90
O TV 7L 30m BEREEZ 2N TITbE. U7V IEE, AZ— NS I — L
JE TOMNT 5m [EkE A MRS Z 5 EETaE L, W b EREES 30m 127225 X
T Uiz, MEBNAIE T & & DTRIE L, JH DB kT % 12 O RIS 143 7o R B I ]
b S1AVE

AB—=RNIAZ T4 T AZ— &L, HBREITIZA Y — MRS A — L HSE T
TEDRYRIEVHRT D Z &, ETMELHT HBRT SS TIISIMUD R (55 3 ET71m 2 #:
RTIFER) %, CSTIIAMDRE (53 EHMEHRLTIILER) 2L ThoE)mZ

RICRE L e~—H— (7 A2F v 7 28 E020m, &S 0.08m D=a—2) Db <
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Table 3-1  Characteristics of the subjects in the experiment for the kinematic
analysis of cutting motion (experiment 1, N=20).

Age (years) Height (m) Body mass (kg)
Mean 19.7 1.74 66.1
S.D. 1.3 0.05 5.2
Max. 22.0 1.83 75.3
Min. 18.0 1.63 56.6
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Y
Video-recording area

Figure 3-1  Three kinds of zigzag running with different cutting direction
(experiment 1).
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312 FT—XINE
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CUWIHEDE 3 AN
B D AEFMNEREEEZ 2 B5D DV I AT TEN 60 74—/ RTRE L ()
SCHAPH - AT TR Bm, AiAEJ51A 3.5m, S 2m). BB L7o VTR Eif§ 6 3 RO EREAR &
57 FHHENO 12 FFTICE S 2m OF v U 7 L—3v g ViR—L &N TC, £
JeNLo TR L7z, 72, VIREBRZFEHT 572012, 260D DV I A FIZHNL A F— R
DR LIAATE
32 FEE2:

A7 A HEIED Kinetics FI T
321 HERE B K OSERRE

PBRE LT A AR EORTF 2044 & LT

BB DR A 3-2 1R LTz, A7 28 #a)
YED Kinetics 7381 D 7= 8 D IR, FIEKFRFEFENERE
5= Ectrbhniz

BAbrse R m B2 B 07K

EFMEBTHNA AT v 7% SSHHWNEICS L L, K323 L=LHIT

FENS 30 FE, 60 B, 90 FEE JimZE s a4 )] CiTihE 7.

AR —= NIRRT 4 T AH
— k&L, Z7+#—A7L— 05 10m OMENSHBREDEEDX A IV T TAX— K&
. HhEES A LERET A0, 73 —AT L— k23D 3m OHLE
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Table 3-2

Characteristics of the subjects in the experiment for the kinetic

analysis of cutting motion (experiment 2, N=20).

Age (years) Height (m) Body mass (kg)
Mean 20.3 1.76 73.2
S.D. 0.8 0.06 7.7
Max. 22.0 1.88 83.4
Min. 19.0 1.62 58.0
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Figure 3-2 The experimental set-up and three cutting

directions (experiment 2).
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L, BRI S OfPEE TE BRY B <ED KIS, SS TIART, CS TIHARTY +—

2TV — N eI LR LT, 74— AT L — FNELA LT BE, R T T7 44— RS

L— MBS AT A TRBGAT L Le, SEEIZ T o LITIRIE L, T DB ARET D

T2 OISR oy R B 2 iz, el TRllBhalte 2 3 I SHE L, SRk

XA LD bEN o TR g L L.

322 FT—XINE

K 3 R ITTENE AT A7 & (Vicon MX, T10 camera, Vicon Motion Systems 1) %

W, RS R 47 500 3 RGLERE A E T % L [AIRFIC (250Hz), #Miff )% 7 +—A 7

U— M2 HWTHIE L7 (1000Hz) . 3 ROTFEEREAE & Hif ) O [FIIE Vicon & 27 A &

S>TITo 7=,

33 T X

EHR 1 T, VIRIREIC L > TIRONZEGZ b &18, SRR 25 Rz BT %

7 2 (Frame-DIAST, DKH ##) #H\CF ¥ A4 XL, KA A%E X JFIH, Ritg5m%

Y Jilf), $RE A Z JFm e L, DLT B2 W CTH RSSO 3 RTTE A2 R L. 72

B, 2 ha—ViRA o NOFERE & HEEEORRZEX, X #iJ7\ T 0.01-10.20mm, Y il )7

[A]7C 0.02-19.89mm, Z #ihJ7 17 C 0.43-14.81mm O#JH T - 7-.

TUHA R HWIINTFA 3 RICENESHT S AT DT L > TR LNTEHESHT RO 3 &

JUEAR T, Winter (2004) O GEIC &0 AT RO PERER ST Z &AW Bz E L
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Butterworth low-pass digital filter Z FHVNTXEvE{bk L7c. SRESOMEWTEREIE, FEiR 1 o X JE#

FEC 3.0~8.4Hz, Y FEIE C 2.4~8.4Hz, Z FEIE T 3.0~8.4Hz, 3k 2 O X JEE T 7.5~12.5Hz,

Y FEAE T 10.0~12.5Hz, Z J#4%E T 10.0~12.5Hz D& ToH - 7=.

34 RHEESE

ARWFFETIL, EH AR R E COEELZ okt 4 & Lz, £ LT, ZFHIC

BOTHKREDEEN /N & 72 DR 2 IR IR & U, BEHie ) & SCREH ] 2 SCRpY]

A, SRR S B & T2 R & LT,

35 FEHWIHAE &L

35.1 H{KHELO Kinematics & JFEFE 7

TR LTe SR D 3 ROTIHEREAN S, L (1996) DS A EMER S Z VT

HERAHORELIE, BRERBLOMEEE— A MEEH Lz, 72, HERELOEBEZ 5

5 2 & CTHEOOEER L ON#EE 25 H Lz

B 3-31%, HEELEREROERE R LD THD. EHMEWRTIE, FRELHEED

FFTANERE 2 S 2 & BT 578, KRRV THIRE L O AR E R 5y J7 0 (BE 7))

Z Y, REJTE A Ze, Y e ZEhNCER T Sl X s GERTR) &3 LB

EREHIRELEERE L.
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Horizontal
velocity

Figure 3-3 Definition of the local coordinate system fixed to
the whole-body center of gravity (top view).

27



35.2 EJTIMZLHSSE
RIS K ORI 2 30 1) 2 SR EL O/ BEE N 7 b VIR O JE 2 BT I AR e & L

LIFo 1) 765U,

CGVps-CGVpg

DCA = COS_l P —
(|CGVFS||CGVT0|

(D
Z 2T, DCA T EFMERARE, CGV X FRE LD KIEEE R rL, FSBLXOTO 3%

ML IR 36 I OV, 27”3

353 #hsyrds L OBIHIEIE R
O E5 IR

X 3-41%, Tk L OXFMEMOBIERERDOER LR LIZODOTHLS. FATIE, &
F B TG s & FEAG R B O S~ 9 X7 RV z i, z & AR B B iR
B~ 9 X7 MVIZERT 57 MvZz y i, yiile z il BT 57 MLz x il &
L.

KERCIX, BeBIET SERIEI~m 25 X7 hvE z i, z dil & EBIETPNRI 5 SMEl -~ 2
INT MVIZEZ Y DA y i, yEhe z licER T e x & L7,

THECIE, BB & RBEEI~M D X VA& z i, z & R BIEPNID B AMEl~ 2
INT NVIZIEAZT Dz y i, yuhe z @icEAZ T Sl x#h e L7,

BT, BED D RHEERP R L/MER B O RS XY M VR z B,z il & REEER
HURE D D/MET R E AN D XY MWTEZT DHha y i, y#lé z BilcEAZT 24 x

il L7,
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© PRI SR

[ 3-5 1%, SCRAMBIMOEERDOERE R LI bDOTH D, BB TIIRIRO z iz z fil
(WhE (-) BME () &L, z fih& ZEfBIfin & A RRBIEI~M72s 5 <7 R IZEZRT il
Zydh (Nis () pME (+), ylle z@licEs 3204 x i id () MR (+) &L
7z

WRBAEICIE, THRO z#ib& z @b (WHE () BME (+) L L, z#h& KR z i Ezz 4
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(a) Lower torso
(b) Thigh

(c) Shank (d) Foot

Figure 3-4  Definition of local coordinate systems fixed to the lower
torso and support leg segments.

31



Hip joint

X;,: extension (+)/flexion (-) axis

Yy, abduction (+)/adduction (-)
axis

z,: external (+)/internal rotation
(-) axis

Knee joint

X, extension (+)/flexion (-) axis

Y, valgus (+)/varus (-) axis

z,: external (+)/internal rotation
(-) axis

Ankle joint

X,: plantar flexion (+)/dorsiflexion
(-) axis

y,: abduction (+)/adduction (-)
axis

z,: supination (+)/pronation (-) axis

Figure 3-5 Definition of joint coordinate systems of the support leg.
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a) Forward lean angles of b) Inward lean angles of
the torso, thigh and shank the torso, thigh and shank

Figure 3-6 Definition of the forward lean and inward lean angles
for the torso and the support thigh and shank.
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[

(a) Hip extension-flexion

Yh

(c) Knee extension-flexion (d) Ankle plantar-dorsiflexion

Figure 3-7 Definition of joint angles of the support leg.
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Ground reaction force (N)

Global coordinate system CG coordinate system

2000 Inward | ,
-=-X Forward --X
1500 - =0 e Y A ,Upward ....... Y’ 4
Z Z
1000 1 ] i ]
500 ’ I |
0 = -
\ 7’ Y 7/
K R ’ ‘-".\... o 7 ’
500 [V o =, - e , .
.."‘.' S ~_ e - i \ 4
....... Je’e = = BEREN s
21000 [T : ’ o7 I
Outward
Backward
-1500 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 005 01 015 0.2 025 0 005 01 015 02 0.25
Support time (s) Support time (s)
Figure 3-8 Ground reaction forces in the global coordinate system

(left) and local coordinate system fixed to the whole-body
center of gravity (CG coordinate system) (right) for the
side step technique with 90 degrees direction change.
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cng-ge-r-hs.g;

fi,i—1

tii1

- acceleration vector
- angular acceleration vector
- joint force vector f. .
o Li+1
- joint torque vector

: position vector from CG to joint
: segment mass ti,i +1

- gravitational acceleration vector

Figure 3-9 Free body diagram of the i-th segment.
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2 the CG
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; O Cone

2.4 |

CGVes
Foot strikee
2.2 |
2.2 2.4 2.6
X coordinates (m)
Figure 4-1 The locus of the center of gravity (CG) and CG

velocity at the instants of the foot strike and toe-off
in the side step technique of 90° (top view).
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Running time (s)

10

SR SS-30° SS-60° SS-90° CS-30° CS-60° CS-90°

=+: p<0.01

Figure 4-2  Means and standard deviations of the time of the 30m sprint running

(SR) and zigzag running for the side step and cross step techniques.
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Zigzag running time (s)
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Figure 4-3  Relationships between the time of the sprint running and zigzag

running for the side step and cross step techniques.
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Side step

Cross step

8
O
£
>
g
g 4
=
c
(@]
N
5
T 2 —@— SS-30°
—A— SS-60°
—- SS-90°
0
FS MS TO
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kK
i

—O—CS-30°
—— CS-60°
—{+ CS-90°

FS

MS

TO

* p<0.01

Figure 4-4  Means and standard deviations of the horizontal velocity of the center
of gravity at the foot strike (FS), mid-support (MS), and toe-off (TO)
for the side step (left) and cross step techniques (right).
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Side step
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Figure 4-5 Means and standard deviations of the decrease and increase in
the horizontal velocity of the center of gravity during the first
and second phases for the side step (top) and cross step
techniques (bottom).
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Correlation coefficients between the time of zigzag running (TZR)
and the decrease (V) (top) and increase in the horizontal
velocity of the center of gravity (V;,.) for the side step and cross
step techniques (bottom).
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Figure 4-7 Means and standard deviations of the direction change angle

for the side step and cross step techniques.
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Table 4-1  The cutting motion index for the side step and
Ccross step techniques.

30° 60° 90° Significance

Side step 0.99%+0.02 0.97+0.04 0.95=*0.07 90° < 30°

Cross step 0.9940.02 0.97£0.05 0.95*+0.07  90°<30°

<:p<0.05
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Table 4-2  Correlation coefficients of the cutting motion index to the
time of zigzag running (TZR), the decrease (V4.) and increase
in the center of gravity velocity (V;,.), and the direction
change angle (DCA).

Side step Cross step
30° 60° 90° 30° 60° 90°
TZR -0.123  -0.091 0.205 -0.439  -0.061  -0.256
\V 0.949° 0.734™  0.629” 0.878" 0.9197 0945™
Vi 0.034 0599  0.613” 0.431 06737 0772
DCA -0.450"  0.543° 0472 -0.037 0.255 0.154

* 1 p<0.05, =:p<0.01
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Figure 4-9 Means and standard deviations of the difference between the

time of zigzag running and sprint running (top), and the ratio of
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the zigzag running time to the sprint running time (bottom) for

the side step and cross step techniques.
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Table 4-3 Correlation coefficients of the difference between the time
of zigzag running and sprint running to the time of zigzag
running (TZR), the decrease (V4,.) and increase in the
center of gravity velocity (V;,.), and the direction change

angle (DCA).
Side step Cross step
30° 60° 90° 30° 60° 90°
TZR 0.883" 0.956  0.939" 0.9047 09457  0.955
Ve 0236 -0.013 0.066 -0.6307 -0.165  -0.075
\V 0.035  0.051 0.128 -0.091  -0.116  -0.235
DCA 0.318 0115  -0.107 0.263 0.096  -0.054

* 1 p<0.05, * :p<0.01
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Table 5-1  The times of the 30 m sprint running and zigzag running
for the skilled and less-skilled groups in the side step and
cross step techniques.

L Side step Cross step
running time (s)
Skilled Less-skilled Skilled Less-skilled
Sprint running
30° 437021 4.27+0.17 4.39+0.06 4.35+0.12
60° 4.32%+0.22 4.42+0.10 432%+0.12 4.37%0.14
90° 4.34%+0.13 4.34+0.13 4.37%£0.13 4.39%0.14
Zigzag running
30° 531+0.41 5.18%+0.07 5.32+0.38 5.55+0.07
60° 6.91+0.40 7.02%+0.31 5.40%0.38 5.55+0.06
90° 7.79*£0.53 7.87%+0.37 546+0.32 5.46*0.19
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Figure 5-2 Means and standard deviations of the cutting motion index

(top) and direction change angle (bottom) for the skilled and
less-skilled groups in the side step (left) and cross step
techniques (right).
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techniques (right).
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degrees direction change.
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Figure 5-7 Means and standard deviations of the joint angle of the support leg at
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hip (top), knee (middle), and ankle joint angles
(bottom) in the first and second phases for the skilled
and less-skilled groups in the side step technique with
90 degrees direction change.
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PEtiy, SCEFHIFHE], BEHIRFO W IICB W T MBERIC A BEITA DN o 7o, KR
BRDE, FARECIIEEMGICRBEAE R L O E A2 (RE) LTy, TR
TlEINBIIhEShoTc. £z, EALEETIHESHFEIE FIZ W CTRIBSHHEN I & > 72D
IZxt LT, TR TSR 208 L CRBIRMENLIC B o 7o, KRG I BT 2 KERD
FAENIE, BACRET 53.148.5deg, FAZAET 18.2#10.6deg TH Y, FIRED ST FAREL Y
bABICKRE o7 (p<0.05). F£7o, KEBAFHEORKEILX, EFET 678.6166.2deg/s,
TLEEC 438.8+74.8degls TH Y, EALEEO TN FAEEL Y LAEICKE o7z (p<0.05).
TERAEE, EACREE FACREE &, #HEMIERICEIE L, KR4 L CiE (i) 2L
7-.

(X 5-10 %, BREZHA LN 90 FED SSIZHIT 5 SR I 2 ThkEs XL OKBR O N
FEERLIEbDTHD. EAREE FAEEE & TR E KRBRIT SRR 208 L CEGLIC H - 7o
TREPEAEEIE, EACBECIXEEER IS U, BRSO N BT BATREL D b TACEET

KEhoT-. KREBWNEMA L, ZEEZE L ClEBERIC K& R T bnzino iz,

2) 7 aART v FITHONT

X 5-11 1%, CS @ EACREE FALREIC IS DM, SCRFMFR ], By O Rk BaE, MBI
B LOVEBIHE A 2 FIE LR REA TR LT b O Th 5. IR MIHEAEL 2D &,
ATEECIE S ER Y 2 L CTHE L T =DIZR LT, 60 ED MR CIIZm42mL C,
90 FECIISCHFFMIRICHEM LTIV, 30 FEL 60 & Tl OB RIS X LALEED

DAHRBEIZKRE o7 (p<0.05).
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Figure 5-10 Averaged patterns of the medial lean angle of the
thigh (top) and shank (bottom) for the skilled and
less-skilled groups in the side step technique with
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Figure 5-11 Means and standard deviations of the joint angle of the support leg at
the foot strike (FS), mid-support (MS), and toe-off (TO) for the
skilled and less-skilled groups in the cross step technique.

81



MEREEIZ 25 L, 30 L 60 LD BATRECITSCRAIE = TITME LTV 2y, TRRETIE
KR Z B L TR L TR Y, 60 FECIXBEMFF OB M T EALREO A EIZRKZ )
o7z (p<0.05). 90 EETIE, MRBAHIAEIIWTNORRICEWTHMFICAEZEITA LN
Ipinot-,

JRBAEI AR, 60 L CIRBEHIRH I IV T EAIRED TR E Dro 72y, 30 EdS KT 90 &
TIEWTHORRICBW TS MEEFICAEREIZA DR T,

(¥ 5-12 1%, RREZLHLAFEN 90 ED CSIZHB T D LATHE & PO SREIRT -3 L O
DOI%EAET, MBI L OVEBEI AN & FIE L ERERA TR LD TH S, kB
FERLIT K EIRTE CIIAE AN A BN (p<0.05), EATEETIIMIE L TV HOITR LT FL
FECITE AL L e, BEEAIImRE L 3R 2@ L TRl L Tk v, £ORESITX
FRIATE CIX BB AR L D b ABEIL/NE o 7eh (p<0.05), SR - CI3fa
BRI ONGR -T2, REEAENIE, SKRFHIRTE TIXMBRICE BEAEE R SR o
7o, B TIT MO TN FREL D bHEICKRE 2 o7z (p<0.05).

(4 5-13 1%, ‘RELHMEEN 90 FED CS ITHIT D LALREE FALREDO KRN 3515 £ IR,
KERFS X OVF RO AiTfE 4 B 3 & OV D &b % Sl L B R 2 TR L2 b D TH 5.
R A BT, AT RECIE SRR 2 8 LTI LTS, FRCEE Gl e o
BEET/NS S, AREITHEERTCIXa (B 257k, £z, BRI D K
AR A4 B VX EA2RE (27.624.1deg) D528 FALAE (15.848.6deg) LV L HEICKEhHo7-. £

. ZFIRREO R O MBI FRERIC A B DR o7 hy, BAEOAENIE

EAZEET 10.744.5deg, FALAET-0.3+0.4deg TH Y, ENBEO T NHEIZKRE o7
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Figure 5-12 Means and standard deviations of the changes in
the hip (top), knee (middle), and ankle joint angles
(bottom) during the first and second phases for the
skilled and less-skilled groups in the cross step
technique with 90 degrees direction change.
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KERZ D &, EACRECIIEEMIFF O AR AR E <, SBEMERICARE &AM & b2

(AfE) L TWDDIZR LT, FMBETIEIALIT/NS <, REMTSHRH 28 L CHRenr
WZhote. Fio, BEHERRCRIT D2 RBAEIE, EEEOFN ALY bARICKE D5
7z (p<0.05). HEHUIFIZISI1T D RIRMAIEEE IS L OKIRARE DR KRBT ZNEd, EARET
153.1+39.2deg/s 5 L T 400.0+78.2deg/s, FAZHET-3.7£72.1deg/s F3 L OF 161.4+60.3deg/s T
D, EHLH60 EMHEOT N TRELYD bARICKRE ol (p<0.05). FHERAEEL, LACEE
&ML BHEEMRICRIE L, AR 2 L CIE (Fif) 2R L7z,

5-14 13, RRELEALNS 90 LD CSIZH1T D EALRE L TALREO RHIC I 5 Tkl
FOKRMBONBEAELZ R LT-bDTH D, RO FIROWNMA L, EAZEEO A L
FELD SHABICREDNS72D (p<0.05), BEHIRF CITAEEIA LN, Fz, KR

PO BRI R Al L CTRERRNIC A BT Do Tz,

54 B

SS & _LALAFIE, 30 FETILSCRFHIRTH- O S R H D O &3 /& <, 60 A3 LT 90
FE TSR L OBMEN R E WA B 7z (K5-4). CS TiE, 30 Bz BT AL
FEO I SRR O H R B OO BN E <, WTNORERBAEICB N T
IFHE OISR KR E D o7, EHFREBRMAEILSS & CS OWT BN TS BALRE
DHBREN-T (K5-2). ZhbDZ &, SS & CS &b EATHED T T ik o
BELCERLTWEZEE2RTEZEILND. LML, SS & CS &bWNT IO ELH

AHAEIZBWOTH R BIT 2 RELKEEE (K 5-3) RCEMBEX A L (57 5-1)
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Figure 5-14  Averaged patterns of the medial lean angle of the

thigh (top) and shank (bottom) for the skilled (S)
and less-skilled groups (L) in the cross step
technique with 90 degrees direction change.
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WIXWRERICAH BER ORI -T2 Z LD, ZOWBEHOMHEIIESREENICLD Y

DTIEERWEEZHND.

AR L TR O SARELACEEE, SCRERIBIEI A 7 & 2R E AR A L T LT D

L (X5-3, ®5-7, X5-11), ZADHOFEIL60 L 90 FETIXHELIL TR, ZEHamEEN

REWNGEDOTPEHEDOHL LR EHNEEZXBNLDOT, LU TIERREESMA N 90 D

L OEEE T 5.

541 90 EDY A RAT v 78I 5 EAL#EE FTAEED TR Kinematics o kL

EAERETIE, SRS B D EREI O IR i 23 K & <, BBAE O R A/ S UWEHTANS

BV, XEHIRHICIRT L BB L ORBEEOMEARE o7 (K 5-8). £z, AL

FECIT SRR I 1T 2 RERFAHE DR KA K E <, ZOAEEI S RE o7 (45-9).

IN6OZ L, EAIRETIESRHIRTEIC RSO TSRA il L, BT Re<MEL

TZDIZHRF LT, FALAE SRRSO 2 2 - B D X oI L TR Y, XFHRYT

TSR AR TCE RS2 2R L TWNWAEEZBNA.

TR, EARECIEEMIE 7 540 0.1 B & CICAM L, A b FHC B Tl

FIBED TR E o7z, TS (1988) 1%, EAREICH W THEHIE R 1C FHR2YEE B < Al

252 &L, MOEHEZBDZ/NE T LDITRILDEBRITND. ZRHDI Lk,

TR TR IS TSR R HIMEH L 222 6, SRR IR R R <, K& <Al

THLILICEY, ERELHEOHMES X OETMEAREREZ K& TEEELLN

2.
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ETTMEBA L, ENEFEOT N TAEEL D bABICKRE olo. KRHICKIT L LR

TFIa DFEIME LN, WEEREICAH E LA DR o Thy (K 5-5), SCRflefid LALRE

TRWMEMIZH Y (X 5-6), IEMRITROEELIIT EAFETREho7e. ZhbD T &M

5, B CIIRERMEZES T2 I IRV ERTROEREZELEZRE S LTETMZE

TR RETERLLEZADOND. £, EARECIESEFEMIRATEICI T 2 3R M o i dh

BLOBFEIZBTDMBNRRENSTZZLND, ZOZ LNIFREZ R 32 DI

oflelFZEZOND. —F, BNHETAHALNIZ L D RFMORE e d i@ fFiL, O

DY EZE RELSTLHARERSH D LB DNLD, HOEEDRED ®IITWHEMICAE

ZIH DRl LIedi - T, SS TIESFRHIIAT: TII SRR L7223 H R 5. < i

LTV Z &N, FIRELHEZHER L TR EZ R T0DIKIL-72 LB BN

2.

542 0FEDI7 aART v 7B 5 EAEEE TARED T Kinematics @ b

IFEHIRTEIC T 2B O HE TAEEO F R E <, BT BB CIEME L T

W2 DI LT P CIT M LTz (1 5-12) . Belir oo R Rds K ORER A4 BE I 1T R

RNCHEZIZ DN o120, RIS 5 KRERBTE A EHE L EAREDO TR E Do

7z (X 5-13). KEBRASEIET D Z & TheBEid K OMRBIENIIMRR 5 Z & n, TR

FEHIRE O RBRA PSR E o 1o 7edh, SRR OB O RS E <, KBRS O

NS hole B BND. L7eh-> T, EARECITEEE O RIRAEENRE <, B

RAEI 3 L OWRBEE O IR 2/ NS v o 72728, KEFART- O A E LOBIEREN /NS o Tz
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EEBEZLND. IDHIT, EARECIISERNIC R T 2 KERAEE DR KEN K E <, R

Zl U CRBEA R E SHIE L Th7e. RERpiBis B o2 ki, SRRl CImsEm ic A

BAEZB NIRRT, BETIE RO PN RE S, B O R4 I BN RO

INKREMoTe. Fiz, EARETIEIFRMIRTEICB O TR R E SAME L, B 73

L7228 DAKERASHIE L TN e — 75T, NALEECIIiBIEI Y ih U 7228 D ARER AN L Tu

lo. ZOXEICHTL D&, LALRECIIEMR I IRPIRT 2 MR L7e7s b el 2 3 7 < i

LTWeied, ZEHZEICBWTHRBZ®H S, REFMATE, EOEEDHINEZ

RELTERLLEBZOLND.

S b, TRV TRME 2 k& <JE- L TWwz., BT (1988)

(3, ERREII T D SFHIA I OBE 2 HET B OBUN D DIRET LI2RER, SR

BT 2 HERELOIMBIITREBAROEIRL TRV, RESZIEKET L2 LidREE

AME L TV Z IR T, XFHBRPEICBWTREBEARESCERLTWZ &b, #

FOELEEDERKEZRE S TLHDIIRILTZEEZDND.

BT AR BT EALRE DT AR & <, AR T M ORI INREE 36 K ONREEZR L & A7

DFWRE -T2 (K 5-5). ZDZ i, BALEECIESHRIT I THltmm 217 1258 < ik

HZ LT, EHFMEBRAEZREILTWEZEEZRLTWDEEZ NS, £z,

BRI 2 TERBPIE A B 1L EATRED TR KR E vo 7= (X 5-14). Greene (1985) I1dfx K551

TOMBEIZBNTHITE L ) B —EDOHE T, FERONBEAENRRKELRDITLENR-

THIE R S DIER TR DEIENKE L 2D ER_RTND. 2D &b, LR
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TITREHIEF IS TR L T 727z, KRNI 1T DIER T M OIEHE R R E IpoTlo b

EABND.

LIEDZ &6, SS THEISFRHIATHICI W TSR AR RS AMA L 223 5 JHdh L, %

TIEFERSHEL TSI LA, CS TIEEHRI-IC B W CIREIFI AR LN 6, (Kig

AEME L, SCRpzE L TR E S, RESHMEL T\ D 2 &N A — FafiRs LTk

FiaE BT 5OICER L RBINT-. 512, CS TIXBEMEFC THREAZNET 5 Z & THll

Hz IR <D Z LN TE, REAETMEZEBRTELLEEILND.

55 ZH

ABEFED BN, ETTIA AT R L AT AR EEIZE B LT L BALRE & AL

DOEE%E Kinematics FIZEEEE L, KW FRIZAHEIED Kinematics F)E K 2 BH 52T 5

L THhHoT.

ARBFFEDRERNG, LLTDZ L3bh-oTe.

(1) A FRT v 7RIS D EACHED & T5 T R i 1FE O K

O ZFHIRNEC BT 2 FRELHEOWEIMEN R E <, EHMEBRMAERRE o7,

© MR TIRSFE R CAMEA L, SCRRIRTE OB O M ih 23 k& <, IXBIEi O fh R

INE DT

@ SR TRV TR K OURBIE O A R & <, RBBAEE DR AES K&

Mol
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(2) 7 mART v AT D EAHED & T7 R @O K

O FRHIRTEO S R EOEE OB BN S <, BIFOHRER L OET A )

KEmorz.

@ HEHIRRIZ IS 1T 2 RBRAEA WL 3R & <, SRR ORI I K Ok B o i th 73

INE Do T

@ KRERFEA L DR AN KR E <, KFRHE O RE ORI X OV BEE O 23R

X Mmoot

UbDZ Lint, EHMEHHETIE, SS & CS &b IFMITB N TRIBAFERC, K

KHMET 2 ZENHEETH D EEZX DN, S HITSS TIIFHZ IV TIREE S &

OB R & <35 2 L3, CS TIIRBIiR L OB o2/ hs <, ek

NEMET A Z ENAEREEZ NS, £7-, SS TN EN o722 &3, CS Tl

PEHIRF I TRRSBE L T2 Z &8, EHMERES AT 5 Z IR T2EERD

no.
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6. ESHMEBEEICIIT D EARE L TALRED T Kinetics DR

6.1 HEY

B 5 mOMRNG, AV — FEHER L CEF A LT 57250 Kinematics FURHE L L
T, SS TIF FRROFEFAIME & SO MR, CS TILiRER & SR 3 RO RiffE A H 2
ThdZ BNbmnolz. —J, EIFMEBTIISFMBIM K X 2B b o 0 b 3
U—%FE L, HEREOEEOELICKREREE RFT D, BRI EH ML L
572D DEMTHIER Z M3 2 121%, KO Kinetics FIHT A3 LEETH A 9 .

McLeanetal. (2005) (%, SCRpMIDZE LB Mv 2 & ORRE MG L, BB
PR KOV OIS, BEBEEI S ANRALIC & 513 EBIRIANT b v 7 DB RIE K & < 72
v, Bi+FEEREGOERENEEDL Z L ERRLTWS. 20K, ZhETOES
[FZSHAENED Kinetics FRIFZETIX, TROEE, R ORT-HFIEOGEICER Lz
AR=VELNBRNP DD H DR L L, RRLSEFMEZEWRT 2720 OBIRPE A 2 &
FEBEEEZFERICHF L2 DIXIFZE A LRI S TH .

EF R EMEEIC W CH R ELIEEDOZ(IE, RO SRR &> TR S 7=
Hi b ICR o TEL DM, ZBIEORE SIFBHE vy O b T EERIR OB L%
%. Kepple et al. (1997) [ IATEMEICIBWT, &1 &2 (1999) X UVINE (2010)
T AEBEIC I T R0 RO FE O 2T 2 SCREBAEN - v 2 o Bk % IES)
NFEATEEZRANTEREL TS, ZROOTEE, 2Fo@EB R4 8452 &

TEMEFIZ IR SN2 bV 27 I Ko TAE L 2 il i DR B DI E OB b2 E 8l T&
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CS (T3 B AT AR L BT WAL L OBREZ R LIZbDOTH S, 5 &L Fkk

(2, AW W T ET AR L BT AR R & b IZRE Do TR E & BAL

B, EBINSho T HRE & PR L LTz,

6.2.2 T —X O

M, BAET v, BT L7 R T — 13 BRE DR E TR Z LI L0 BB LT,

BRI — & 1%, i T L IO K 4 100% & U CTHIKRIL L, 1% 2 & I ESEA B LT-.
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Figure 6-1 Relationships between the cutting motion index (CMI) and
direction change angle (DCA) in the side step (left) and cross step

techniques (right).
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Means and standard deviations of the cutting motion index (CMI)
and direction change angle (DCA) for the side step (left) and cross

step techniques (right).
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side step (left) and cross step techniques (right).
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side step technique.
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Figure 6-7  Averaged patterns of joint angular velocities (top), joint torques (middle), and joint

torque powers (bottom) of the ankle of the support leg during the support phase for the
side step technique.
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Figure 6-8  Averaged patterns of joint angular velocities (top), joint torques (middle), and joint
torque powers (bottom) of the hip of the support leg during the support phase for the
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Figure 6-9  Averaged patterns of joint angular velocities (top), joint torques (middle), and joint

torque powers (bottom) of the knee of the support leg during the support phase for the
cross step technique.
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Figure 6-10 Averaged patterns of joint angular velocities (top), joint torques (middle), and joint

torque powers (bottom) of the ankle of the support leg during the support phase for the
cross step technique.
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Figure 6-11 Averaged patterns of the hip, knee, and ankle joint torque for the skilled and less-
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(center), and 90 degrees direction changes (right).
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Figure 6-12 Averaged patterns of the hip, knee, and ankle joint torque for the skilled and less-

skilled groups in the cross step technique with 30 degrees (left), 60 degree
(center), and 90 degrees direction changes (right).
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Tangential acceleration (m/s?)

Tangential acceleration (m/s?)

Side step

Hip flexion/extension Hip adduction-abduction
12 ‘ ‘
Forward Forward
—— Skilled —— Skilled
== == Less-skilled == == |_ess-skilled
6 L | -
0 “I‘;\\‘
-6 | J i
Backward Backward
-12 . . . . . . . .
0 20 40 60 80 100 0 20 40 60 80 100
Knee Ankle
12
Forward Forward —_—
= Skilled
6 — = Less-skilled -

—— Skilled
= == | ess-skilled

Backward Backward
_12 L L L L L L L Il

0 20 40 60 80 100 0 20 40 60 80 100

Support time (%) Support time (%)
X :p<0.05

Figure 6-17  Averaged patterns of tangential acceleration of the

whole body center of gravity generated by the hip,
knee, and ankle joint torques of the skilled and less-
skilled groups for the side step technique with 90
degrees direction change.

118



Z DRITRE IR I DRI o T,

WEPARI &2 2 5 &, BACEE L TALRE & bEHIR D DEEIERTE TRATRL, KR 40%T

V=27 &R LIER, TORE SITEMFERICBE LRI NRDoTC.

EEHEi A AD L, EARECIIRER 2000 CIEA/R L7k LT, FALRECII R

B 30%ETHREZR L. Fi, BEHUERTZ RO T ~OIRE T LD R E <,
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Tangential acceleration (m/s?)

Tangential acceleration (m/s?)

Cross step

Hip flexion/extension Hip adduction-abduction
10 ‘ ‘
Forward Forward
—— Skilled —— Skilled
== == Less-skilled == == |_ess-skilled
5 L | -
0 e
-5t J i
Backward Backward
-10 . . . . . . . .
0 20 40 60 80 100 0 20 40 60 80 100
Knee Ankle
10 ‘
Forward Forward
= Skilled
5F — = Less-skilled -

—— skilled
5l | = == | ess-skilled |
Backward Backward
-10 ‘ ‘ ‘ ‘ ‘ ‘
0 20 40 60 80 100 0 20 40 60 80 100
Support time (%) Support time (%)
X :p<0.05

Figure 6-18  Averaged patterns of tangential acceleration of the

whole body center of gravity generated by the hip,
knee, and ankle joint torques of the skilled and less-
skilled groups for the cross step technique with 90
degrees direction change.
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Hip adduction torque.

Ground reaction force
applied by the hip
adduction torgue.

Y’ X’ rg

Force applied by the hip
adduction torque.

Figure 6-20  Direction of the ground reaction force applied by the hip adduction
torque for the side step technique (back view).
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Skilled (dotted line) and less-skilled (solid line) groups of the side step.

Foot strike Toe off

0% 20% 40% 60% 80% 100%

Skilled (dotted line) and modified less-skilled (solid line) groups of the side step.

Foot strike Toe off

0% 20% 40% 60% 80% 100%

Figure 6-22  Series of stick pictures of the support leg and torso of the skilled,
less-skilled, and modified less-skilled groups for the side step
technique with 90 degrees direction change (top: skilled (broken
line) and less-skilled (solid lien) groups, bottom: skilled (broken
line) and modified less-skilled groups(solid lien)).
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Figure 6-23  Averaged patterns of tangential acceleration of the
whole body center of gravity generated by the hip,
knee, and ankle joint torques of the skilled and
modified less-skilled groups for the side step
technique with 90 degrees direction change.
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Skilled (dotted line) and less-skilled (solid line) groups of the cross step.

Foot strike Toe off

0% 20% 40% 60% 80% 100%

Skilled (dotted line) and modified less-skilled (solid line) groups of the cross step.

Foot strike Toe off

0% 20% 40% 60% 80% 100%

Figure 6-25  Series of stick pictures of the support leg and torso of
the skilled, less-skilled, and modified less-skilled
groups for the cross step technique with 90 degrees
direction change (top: skilled (broken line) and less-
skilled (solid lien) groups, bottom: skilled (broken
line) and modified less-skilled groups(solid line)).
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Tangential acceleration (m/s?)

Tangential acceleration (m/s?)
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Figure 6-26

Hip adduction-abduction
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= == Modified less-skilled

Backward
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100
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= Skilled

Backward

== == Modified less-skilled

0 20 40 60 80

Support time (%)

Averaged patterns of tangential acceleration of the
whole body center of gravity generated by the hip,
knee, and ankle joint torques of the skilled and
modified less-skilled groups for the cross step
technique with 90 degrees direction change.
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Figure 7-2  Relationships between the foot contact angle and the medial lean

angle at the foot strike for the side step and cross step techniques.
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Figure 7-3  Locus of the center of gravity and the location of the
support foot at the instant of the foot strike in the
horizontal plane for the subjects F and S (SS-90).
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Table 7-1 Correlation coefficients between the cutting motion index and the
peaks of joint torque and torque power of the support leg.

Side step Cross step
30° 60° 90° 30° 60° 90°

Ankle

Peak plantarflexion torque n.s. n.s. n.s. n.s. n.s. n.s.

Positive peak power n.s. n.s. n.s. n.s. 0.514 n.s.

Negative peak power n.s. n.s. n.s. n.s. n.s n.s.
Knee

Peak extension torque n.s. n.s. n.s. n.s. n.s. n.s.

Positive peak power n.s. n.s. n.s. n.s. n.s. n.s.

Negative peak power 0457  0.719 n.s. 0.568 0.561 0.780
Hip flexion/extension

Peak extension torque n.s. n.s. n.s. n.s. n.s. n.s.

Peak flexion torque n.s. n.s. n.s. n.s. n.s. n.s.

Positive peak power n.s. n.s. n.s. n.s. n.s. n.s.

Negative peak power n.s. 0.477 n.s. n.s. n.s. n.s.
Hip adduction/abduction

Peak adduction/abduction torque n.s. n.s. n.s. n.s. n.s. n.s.
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