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Abstract

The acceleration during change of direction for diagonally backward

in defensive situation of soccer

Purpose: The movement of the change of direction (COD) for diagonally backward is
important for soccer players to chase an opponent’s player at 1 on 1 situation.
However, there is no study which identifies the mechanism of acceleration during COD
for diagonally backward. Therefore, the purpose of this study is to identify the
mechanism of acceleration during COD for diagonally backward by investigate

technical factors of performance in terms of kinematics and kinetics.

Methods: Twenty male collegiate soccer players voluntarily participated in this study.
Kinematics and kinetics data were recorded simultaneously during each performance.
The subjects performed the COD task which consisted of the 3m sprint for dominant
leg side or non-dominant leg side following the 2m sidestepping approach for backward.
The COD task was conducted in anticipated and unanticipated conditions. In the
unanticipated condition, the subjects performed COD in accordance with a light

stimulus apparatus during the approach.

Results & Discussion: Dominant leg side COD was higher rate of COM speed change (p
< 0.01) and shorter stance time than non-dominant leg side COD (p < 0.01). In both
tasks, total joint work at lower extremity around sagittal plane was higher than that of
frontal and horizontal plane (p < 0.01). These results confirm that the acceleration
during COD for diagonally backward was achieved by producing total joint work at
lower extremity around sagittal plane. For the rotation angles of upper trunk, pelvis,
and foot to the indicated direction, dominant leg side COD was larger angle than
non-dominant leg side COD (p < 0.01). Accordingly, it is necessary for non-dominant
leg side COD to increase the body rotation angle during stance phase compared with

dominant leg side COD. Thus, it was considered that stance time was extended in



non-dominant leg side COD, and rate of COM speed change was reduced when

compared with dominant leg side COD.

Conclusion: These findings revealed that it is important to increase total joint work at
lower extremity around sagittal plane for the acceleration during COD for diagonally
backward. It is possible to increase joint work of lower extremity around sagittal

plane in short time by turning the body to indicated direction.
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1347 = ADERFITK LA IR A RO AT o BB T3 5, 2hicxfl, 7=
VADEFIIT A 7 = ADRFOERDOFIN GEEE L) ~DEALZRLTZY | B
RCT A7 =V ADBRFEOLL LU ~DEAZRART-V & T4 7=V ADEFEND
FTHOIETB 2T 5, DD, T4 7 = ADTRFILFE LA - JEfa 85 %
MO FIC, A7 = ZAORFOBEIIMUS L, RRLEHT TRz 3 2RE) R S
N5, RETIE, ®MFTE47 =V AORFIEGEBM~EA SN HEEZEEL, £
DT 4 7 = ¥ AR TS ID 5 B~ JF AR OB LA R D A B = X Lt L
2o 7036 BRI T B FRF Y > I —1%TF 18 44 (FFln: 19.7+1.3 5% H R 173.245.5 cm; 1
H:70.2+5.8 kg; PHIHEAERZD) Xt l Lo,

X 3.1 HEEP~OTT RS

3.1 BEmSM: L REGMHDOBED LR

BB A~O I 51T D, R & » TRIEENEE B 2 L5 T B8 7
iR LTc [BERISRIE) &, A7 = VADBFOBEIIINT D & o e ZEROBH
EAUE L. FIESRAT 5 EATCBEI MA R T2 RIS © 2 &2 FEm LT,
Z LT, #REICE > TORBEMEL i LT, 3B - BEIREEREY 2Ltk TAEL
DXXRTT AT A« XFRT 47 ADENND, BT ~OFHEEOREE AR D X T = X L
Z et L7z,



3.11 R

WBRE OB ERE CEEHREAERZE) 13, BERNSRIE DS 2.4440.42 m/s, RANSAENS 2.29+0.19
m/s Th o7z, BEREITIISRMIM THRERETRD bigholz (p=0.13), JFisik
SR OB P30T B B IR DA B REBRIE, RSB EM L0 b ARICK
ETH-7 (F3.1), FlassfE OBHRRIL, REASMFIBEHRME LY b ABICED -
7o (3 3.1), FInisHE ORI I3 2 FRE.OA B — FEERIE, RSt & BE
A E DA/ NS o7 (3.1), £l RASKMFEORIGKHRHEIL, 0.32+0.07 #
Thol,

#31 HEELAY— NE(LE - SRR - JIRE LA B— RE(LR

COM speed variation (m/s) Contact time (sec) Rate of COM speed change (m/s?)

Anticipated Unanticipated Anticipated Unanticipated Anticipated Unanticipated

0.80 £0.11 0.68 =0.13 * 0.17 £0.02 0.19 =0.03 * 4.72 £0.75 3.61 £1.01*

* significant difference between the anticipated and unanticipated (p < 0.01).

5 TSR SR U 7= R o0 RS - BEER - RE O N REA R, BERnSH
el U C L RESMII A BN E o T, [RIERIS, Hiafisfa e DBk 2BV T
BEENSRM: & bl U €. RESMHITA BRI/ NS o7 (3£ 3.2, X13.2-3.4),

%32 B AL NOEIEMAE

Anticipated Unanticipated
Footcontact Footoff Footcontact Foot off
Upper trunk 85.1+146 113.8+13.7 74.0+128* 99.0+16.6*
Pelvis 91.7+11.4 109.1+83 775+12.0* 97.0+£9.8*
Foot 60.4+139 839+181 495+11.7* 65.0+£205*

* significant difference between the anticipated and unanticipated (p < 0.01).
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@ Anticipated

4 3.5 JFIAinH R L7 BRI 1) D B iR o & (BEENSRAt: & ARE S o beigefsl)



FAREIZ T 2 IXBAG A 1T, mSRcIbm U Cmahfro b Ui 7o, 7ol &

[ 0D e AR 1ok e oD BV 48 BEZETA AT B 720 251 AR e o 72 (X 3.6) . RTAHIAINCES
F D IR BIRA L, WSS IR L R e O BRI 1 F ORI BIFIIIAMR AN & L
el 7o, 2otk BEHLE TITONT THNERZENZ LTe, Zeds. AR O U 72
TR DB A L, RINGHIRER G & i L CHEICRE o7 (p<0.01,
4 3.7), AT HIT 2 RRBAEIA B IL, MSfhIZ 3@ U T mEsiuR OB #% 1 & Tk
RN % LTV Y, Z0, B E Tzt TRERN &2 LTz, 7238, Flalsfiie o
Hh U 7= RN 3 2 R BB A E 1T, ARANGIHTBE RSl & it L CREIL/ N E Do 72
(p<0.01, X 3.8),

FARENC T 2 ERAENA FE 1T, WigerRic I U Cm o O e Lkt 7o, 7ods. A
[ 0> Tk PR Ak e i o BV 48 BEZE AT B 70 251 AR e o 7o (X1 3.9) . RTAHIAINCHS
T DRI A I, WSSl U TN AN N A LT, 7eds, FFIERHR R O
o U7 BRI B EBIEI N SR FE 1 ARSI BN G & el L TR/ NS o T
(p<0.01, [¥3.10), ARFHEIZIST 2 HEBIEIA L, MRS L THEERLA B AMEZR
& Uiz, 738, SRIFRHIOIRBIESMEPIE D B M BEANICA B ATR O bl o 7o
(4 8.11),

FARTENC 31T 2 RBAEN A FE 1T, WiSRPFIC 38 U C 5 Ml OB AT CIE Ay mAL A
bEBITHIRENMNZ LTz, £ LT, FREg OB b IREEM L, 2B, &
A D & BRI IR /75 e oD BAE f EEZS A IO B R 23580 b ino 7o (X 3.12), AiTgHTH
(2B 2 e B B, WStk L CINAL) B 5 IRBRHUE OB I & Cloit
TEBICNRENZ L, 0%, SNE Lz, 7eds, Sethio i BIFIAN SN oo BE 4
ENCAH BRI Hrnotz (1K3.18), AFEHEICIT 2 BEiA R, miZkific
il U Ty s o B Tl BINNL Td o 7223 £ OBITESMIA~E AL LT,
2ok, RBEEORKEISNMEEICBO T, RIGMIBEMEI: L i L THRICKRE otz
(p<0.05, X 3.14),
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FRAIRMENTIT D IRPIEIE— A > ME, W@ U Ty msisii g OB 136
E— A FRRSNTWE, £OH%, FHHisi R O - £ THREE— X P2
RENTW, ok, RBEIT— A v bOREMEIL. RAOGFIHIBEASEIL L CRE
IRETH 72 (p<0.01, [X3.15), BIAHEICIST DIRBIEIE— A > M, WSt tkis
L C 7 MEEH 2 OB IIAMIETE — A v RS2 STV, Tk, NEERE— A
YRR INTVVe, Teds, IXBIEINERE— A > bOREMEIL, REASHTEEMSEME L
WL CHEIKE TH o7z (p<0.01, X3.16), AFmIZIsiT BT —A v ME, M
Sl Hmm L€, HAEEHRE ORTHEIIIMET— A > bR STV, £ D%, NIEE
— AV RSN, 223, B OWIEE— AV b OREEIL. REASAHIEES
L L CHEBIME TH 72 (p<0.05, X 3.17),

FARTENZ I DB T — A > NI, WA HRE LT gt e s, MRes—A2 b
WIS TCWe, 7d, SHMOBBEHET— X > hOREEICAHERZEITRD bk
ot (X 3.18), FiFHIEIZI T 2 IERIEIE— 2 > M, WS 3EE LT misii g o
MR EICNCE— A v M3 EE o7, 2B, FAFMOBRBEEININKE— A > MR
BRRATRD bneh oz (X3.19), KFEEIZHT DBEEIE— A > ME, WMot
L CH s e OB IAMEE — A > R ENFEE— A > FMEIE L TR I T
Too 7Rds, ARERHLE OB (50%E T) (2B 2 BEHEISMNET— A » h Of A
(T, REGAFFREME L R L TR BICRETH -7 (p<0.01), F7o. MBIFNIEE
— A2 NOREEIE, RGBTSR L R L CHRICEE Th o7z (p<0.01, X
3.20),

AR T 2 RBEHIE— A & M, WZRRIZI0E L Ty misi g ol ki s
T, EBHE—RA Y FRRENTWE, 2B, FMFHORBESEEE— A~ MIAERER
WO LD o7 (X3.21), ATAETICIIT D RBEIT— A > NI, JfisHE O PRI
FIXTIIHNLE—A Y FRR STV, 20K, BEHLE TN TOE— A R
IREN TV, 72, REFNKE—RA Y FOREEIE, RASEITBEMSIE & ik LT
ARICEMETH -T2 (p<0.01), LinL, KAEMICET 2 REBEFMCE— A > b OfmiE
A ERZETRED b oiz (K8.22), AFHIZHT BT — A v M, WS
W2l U T SRR OBEHIIRT: CIXRINE — A & R STV, B -
RS E—A 2 F AR EN TV, ek, RIFFOEBEEEISMEINE— 2 > MCAERE
TR b oTz (1X38.23),
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P BB R/ h 2R T — 1, SR @ L CO A OB RT S B W TIED R T
—SFFE ST, Aeds, IEO B E/E d ST — D i B, RESHEBE St
UL THEBIME TS o 72 (p<0.01, X 3.24), MEBIHSME/ MR/ ST —I1%, WigiHc
5 U C 7 AR ORI e S IED ST — 38 STz, ks, SR OED
[ PSS MR/ N R N U — D @IS A B R EITRE D bvpino Tz (1X13.25), FRBAiSMiE/
WHE/ ST —IE, WZRMEICHE L ThOT R\ U — LI TWieh o7z (X 3.26),

B R X T — 1%, WS Mo LT A& . IEO N T — RS LT
oo 7085, SRR D IED EBE i R/E #h /T — O S B I A B R 2213380 b o 72 (¥
3.27) . MEBAHIAMNINE R T —1F, WIS 4LE U Ch s e o Bt i oy
=PRI TV, e, ADKBEEIIMNIN ST —I%, RASEHFIIEBERSRE & i L
THEIRETH>72 (p<0.05, [X3.28), MEBIFISME/MNIE SV —IZ, MSfFicka@m LT
DEPRNRT = LRI TV o7 (X3.29),

JE B ERAY JE/XT — X, WS Il LT s e OB I ED /R T — 3%
RSN TV, 72238, IEO B BIEEIRAY T/ SV — O i, ZArEEBEm & & i L
THEIUKHE TH 72 (p<0.01, ¥ 3.30), EBEFSMNUNIK « [FAMEIN/ ST —I1%, Wik
RCHE L Ch U — LS Tunienao7z (X 38.31, 3.32),
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Hip frontal plane power (W/kg) Hip sagittal plane power (W/kg)

Hip horizontal plane power (W/kg)

30

20

30

20

10

30

20

10

Anticipated

====Unanticipated

Stance phase (%)

3.24 JEESHHE/E AT —

Anticipated

= === nanticipated

Stance phase (%)

3.25 [XPAERSMIZ/ NS/ N —

e Anticipated
50 100 <~~~ ynanticipated

Stance phase (%)

3.26 JBAHISME/AE ST —

24



Knee frontal plane power (W/kg) Knee sagittal plane power (W/kg)

Knee horizontal plane power (W/kg)

30

20

10

30

20

10

30

20

10

Anticipated

50 100 = = ==Unanticipated

Stance phase (%)

3.27 RESHH R AT —

. v Anticipated
50 100

= === lnanticipated

Stance phase (%)

3.28 WERIHISMNIN ST —

: . Anticipated

50 100 < < ~-unanticipated

Stance phase (%)

3.29 JEBIHSMIE/AE ST —

25



Ankle frontal plane power (W/kg) Ankle sagittal plane power (W/kg)

Ankle horizontal plane power (W/kg)

30

30

20

10

w
=]

-]
o

=
o

=]

IR
o

R
c

W
=1

Anticipated

= === Unanticipated

Stance phase (%)

3.30 JERIHIEE YR NT —

— . Anticipated

50 100w = == Unanticipated

Stance phase (%)

3.31 RSN Y —

- Anticipated

50 100 = = =-unanticipated

Stance phase (%)

3.32 JEBIHEIAMEIN AT —

26



TR BIfIC R B E R R, MrECHE L ToME (OMR) INEE (W) - Ahie
(E44) INHE (EIN) (2B BEFITIEE AL RSN TOARP- T2, —F T, fE/E ik
IRITHEFETAEICEHMEEZ TR L, FEER TR SN LD 90%LL EAMHRE/JE 31T
LIFETH o1, o, MERIEIIZIT 2FITRBN T, RGBS & ik L T
AEIEETH -7 (X3.33),

Three joint of lower extremity

2 q * 1
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— *
S p .
) 1
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= *:p<0.01
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~—t
£ 05 r = ) Unanticipated
e =|=
- r 1
g 1 — N
= T
=} 0 T T
= T 1
0.5 94.3% 90.3% 1.0% 1.4% 4.7% 8.3%
) Sagittal Frontal Horizontal

X 3.33 T =PRI LH&E

e BEE T, BRSO AN « SMEIPTEIC I 1T AL & bl LT, hRE S
B HHENERICEME TH o, —H T REGEMT, MEIEICBT 55 & S/
PR - SMEINBEIC 31T DA & ORIICHBERZETRD biknote, £io, EIgdhc
B HEFL, RSB L i L, AEICEEThH o7 (X 3.34),

WRBIENCTIR, MR Hdm U TN » AN do i) DA L bele U, fif /) it

B AENFEICEBETH o7, L L, KIEMOMEIRIICI T 2EFICH B2 E
TR b o7z (4 3.35),

JEPIEI T, mgRfEIC Il U CIEREAY R BT DHFEDNINE « [ESMEINIZE T 5
g & bl L CHRICEE A R L 2 BEIRIR TR S oo 90% L, AR /ASIE IS
FHMFETH oM, £, EEAFEICBT DEFE, RAKMIBERE L L, AE
IIRECThH -72 (1% 3.36)
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3.1.2 HHE

AREITIE, BEBRE I & > THRIEENE CTRAT CTE 5 &5 2 B LD RS & SRS 2 1
IRIGEMEHI L, HLDXFRTT AT A FRT A7 ADERNLT 4 7 2 0 A%HE
TE LT MU DR D% 7 ~D T EEHR O E AR D A T =X L 2SN LE S &L
oo AREITE, RO 3 MBI BN LT o7z, (DB LU ORNDHE T~ J5 s ORE
ERRICIE, TROMBIEIIC I T 2 BEE L EEOHANERE TH L &, @QRMEMHIC
BT, FOMEIEICIT 2R8I F &L R I H72OI2iE, JFnisi e By
AT T S 4 2 IR BB O i /I /X 0 — & D7 st e O BEHII 6 2 R4 S 5 B
HDIRIEE R AT —Z @5 Z ENEETH D Z & ) TR OME/E 31T 2 B
FEROWRIZT, Fe2B@ M~ Rz miT 2 2 EREETHDL Z L,

SEATHIFFEL U | BIAEREE O A5 ARl v D R BEE 0D itk it £ BERCAN S AT DR R
MBIERZ S d Z L3t ST A (Vanrenterghem et al., 2012), 4 5 O LIE, B
ERELTHOXRYT 4 7 A« FXT 4 7 A BR 525 2L &Rd, KT
SR CBIERE DR B R ZETGRD Db o Tz, 0T, KIEMICB T 2BAEEE D
ENTIDXR~T 4 7 A « 23T 4 7 R KIETEE T NS e E2 51D, —FH T,
BERNGRIEIERINGAT & el UC, Jr s @ OB I 381 2 IR B O A B — R
BIIABICRE L, S b AEICE o7 (£ 3.1)., T72bb, BEMSIFIEARmEM:
EHBE LT, Dy e ORI R IC B 2 R D A B — RE(LRITARICRE 2o
7z (£31), ZORRIT. BEASIHIRIMEM LI LT, @V RT 4 —< 0 22 R L
TW=Z & ERT,

RIS & RENGE L bIiT, ToMmE/IRiICB T 2 BfifttFaEs, TRewcrsh
7= B RO 90%LL EA HHTve (K13.833), S HIT, RENGAIIBEMGA: & il L
T, FhofmEJEhCHT 58 EEN s < (¥ 38.33), HEE LAY — FOE k&
HINED otz (3B, ZADORERIE, REGMITBMSE L LT, TROMRE/
JEHNZ BT DHEFEN NS o loled, FERELAE— RELEME N LI 2R L TE
0| LB ORI ST~ JT SR O AL, TROMEIE#CBT 2 FED
HRKNEETHDZ L ER LTS, F£7z, Inabaet al. (In press)id, HIRELAE— K
EIALSE DI ORI D HEA~DY A RAT v F AT iR, BEENEL 2 512oh
T IO ERIE IR 2 BEfi B R Lo & @iE Uiz, B A7 ho ko
I B RDEEF~OBBTZT CTiEie <, 0RO % G ~OBEIC SN TH, FROME/
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JEHNZ 31T 2 BEH T F RO RVEE TH D &9 KT, ARBFZE L4 OBFZEH I —E
L. ZOFERITAMFRI RO Z LM E TR T 5D TH D,

RANGAHIBE S & i U< FRCE B o E/JE #2380 2 BIfifh i/ & 2o
7oy, EBEET O RJE i C 31T 5 BE L EIC SR THERZITFZED oo 7z (K
3.35) . RLORI ~D S IAERHENE A BE S & RIS TR L7 gEic o €L Sofbf
DIEFEIFOMEE— A v NIRRT THERATRO oo 2 ERRES TS
(Dempsey et al., 2009), ZiLHORERIE, HEBIEG O R/ E #h D JIFHEH SIEH TR L
TWHZLZRTHEDTH D, IRBAENIR R/ g LS OB & 25 SWEEEITH D

(Boone, D. C. & Azen, S. P., 1979) . BIHHEED MR A G272 Z EWVRR S LD,
—05 . RISl & bl LT IRBIER O MR/ th & R BIER O RS IEIC 1T
B FREITARICEME CH -7 (X3.34 - [43.36), E7o. FRERHUE OHHIHIHTIC
FAE S LD IEDRBARI /XD — & BEHU% ORI S D IEQ R BIEI ST —ORmfEliE, K
SR IBEA SRR & el L THRIIRE CTh - 72 (X 3.24- X 3.30), ZHHDFER LY |
RANFEATIBN T PEOMIE/E 1T 2 BEiH R AR S 572012, Hifski e
DOBHIRTH I S0 D B BART O R/ /X D — & BEHH B2 - R S D )2 B o
KRR AT =2 @D ENEHEETHL EFER D,

RANGAIIBEEN G & Ll UL B2 2B 5 N3 2 B R (AR - B - 2 0)
DESEMEN/NE Do (£ 3.2+ X 3.2-3.4), BEAIGIFCIET OB BB 5 M~ k%
[EIFE SHR2 6 A+ 5, —7 T RESEHICRBEZEE O TR LT b H
RE S, FIAEEREIT 5, KRG T, YRR 0 T2 B J7 Al e OBt
£ CTOREIE 0.32+0.07 B Lnigdotc, ZD728, JFInssEh{E4 Bia3 2 £ TORFH
S D Z N TEP, BEMAIE L ik U CHIRDEREAEN NS ol B R
%, Fleischmann et al. (2010, 2011) (&, REEBE ST H~EHESED Z & T, KRR
ORI AR AR SED Z LN TE, i OBESIAR &2 JREICBITT 52 &0
TELHZEEHLMNT LT, BEEEFEENHEEST— A FEAEOEMEOHENOKRED
A ERD L D OHAIL, REOBENT A ~DREIEN T ORI 2 B
I FROMKICHEG T LE2RTLOTH D, Thbb, RAEETIIHT- 288
T2 HRDRIEA AV NS Wb PR ORI T 24F 2 LI WESh e
720 BEEEFEEMIET LIE S 425, ZOMAIE, TROME/JEIZIS T D43 aE K
WU, B 2BE T L TR Rz T 5 AEZ RESTHZENEETH L Z L 4R
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THLDOTH D,

8.2 REFMITRIT BT 4 —< 0 A LU L DEMEDEV DS

(3.1 BERNGRA: & RIS OBIEDOEL) TIX, £UMTELDZFRYT 47 A« X
T AT ADFEND | FHEEMUANT o 1227~ O RO E ALK D A T = X L& 5
L&D & LTz, REICIE, BB E LIRS & RASEOMICAE L2~ T «
J A XRT 4 7 ADFEN, KGN IT DHEIRE DT 4 —~ L AL~V DES
Ko THRRDO MERFFON L Dt L, FEROBESGE 2 HE LIRSS T 5
BIT~OFF AR DEE LD A T = AL\ ML LD & LT,

321 MR

FRRES - B - RE DT Z A L b OElEMAE & TR =R o RJE i 3T 5 B
FEROMHBEBMRZME L& 24 (R 3.3), Jr s E 23 Het U 722317 5 5 o
fref4 e & T I = B oo /i ih | 2 35 1 2 RIS S B OB A B AR b (¢
=0.44, p=0.07), E7c, JFEA R OREd 2 BEE O _LIRES - RO 7 A > b OlElE
L &P = BRI O/ #2351 5 B B & OICAH B AR IEOBIBIR AR &
iz (ERRES - r=0.71, p<0.01 « ‘BHEES : r=0.63, p<0.01),

7 3.3 B A2 NoREAE L TR =B ORI 2381 2 B S & O BRI

Upper trunk Pelvis Foot

Foot contact Footoff Footcontact Footoff Footcontact Foot off

Jointwork (Ext/Flex) 0.40(n.s.) 0.71* 0.44(n.s.) 0.63* 0.18(n.s.) 0.38(n.s.)

* Significantat p < 0.01 level.

RIS & BERNSAEO WS 0@ LT, N = BEE o R/ 2 351 2 BAfif & &
07 [HEHA e OREHIAR] FP I 1) B B IR E D A B — RE L & OMICA B EOAHBIRILR S
bz, £, RMFMFOHR TR ONME M) INER (WK 128 2 BfiL
Foir & H IR O P 1T 2 FIRE.O A B — R LR & ORICH BRIEDHR
B2 e (K 3.37),

31



it
th

=
th
1

Total joint work (J/Kkg)
[

.
th
1

Total joint work (J/Kkg)
=
th et

=

T 02 04 0.6 =8
05

[

Unanticipated
r=0.52
P <0.05
* .
¢ # Sagittal plane

L 2 O Frontal plane
’0 * 49 P
A Horizontal plane

[

COM speed variation (m/s)

Anticipated
¢ r=0.50
Q p <0.05
%' # Sagittal plane

[ Frontal plane

A Horizontal plane

COM speed variation (m/s)

3.37 PR L HRE.LA B — FELEOHEBIBIR

32



IRBEEIIE, AR E OB e & CHMREN &2 LTS, T ORITHNERE— X
N A SHE LS DINERZEAT 2 LT - (14 3.38), E£7-. WBIEiFMZ/NEE ST —1%, J7A)
HRHE OB RTE TIZAONRT —Z 383 L Ty, T, IEORT —F 42 LT\

7= (X1 3.39),
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RINGMFDORH, BREHINEEE— A FOREEE 7 ) —F— A2 FO&EEE ORICH
B2 IEOMBIBMER RO b, & B, RASMEEEHNIZT— A > F O EE L 2R
/S /N T — Ol & OMBICA BN BT (3 3.4),

# 34 EfINEEE— AL & 7Y —F— A, B/ ST —OFERR

Free moment(Peak value) Ankle joint power (Peak value)

Anticipated  Unanticipated  Anticipated  Unanticipated

Hip adduction moment r=-0.12 r=0.53 r=0.19 r=041
(Peak value) p=0.62 p <0.05 p=0.45 p=0.09
322 EH#

RETTIE, BEASI: ERMEMEOBIZAE LTI R~YT A T A « FXT 4 7 ADER, R
GBI DRE DT 4 —< L AL~V DEBIZ L > THAED RN B SNS
D, FREOH E A TRE Lz, 2L T, o =D 1% 10T 4 7 = > AD [
TROND, 47 =V ADBRFOB X IE LR R ORI O # T ~J7 s 217 5
WA ARE Uiz, RSB D155 ~OF MO E LK D A 1 = X L E2W 5 AN
L&9 &L, REITI, RO 3HEBHALNE o7z, (DRIMGIFICET D &8 o
B I ~O IR OB AR, FROME/E #3125 B RO KN
ThdZ e, 2 REFMHIBNT, FIROIMENERIZI T 2 HFIT, FROMR/E
HIZIs1T 2 S48 % 518D £ T2 O OREATRHRE 70 L OEI 2 Fore U, MHA9I R EE A AU S E= R
TH RN D D 2 & (3) R/ thiz 3 2 B RO KITIZ, B2
FI~ERZET 5 Z ENEETHLZ L,

TR 01T D RJE N 1) H B RIT, Ahis OMO) INEE (R - SMiE
(E144) /BE ([BIN) 20 2 BT R & i L CARICKE VW ORR 5, JrmisH
EEPOHRELA B — NELE L OMICHBEMEBERRIRS b (K38.37), L
N5 T, EHEEBMAIORND T ~O T AERROEE 2 7] E3 5 7-0120E, PR O MR/ il
BT EEZRO L ENEETHDLEF XD,

Fo, REFFICEBNTOR, FROIME/NERIZ 1T 2 B R & S AEOA E— K
AL EIZIEOFBIBRRD bz, (K38.837), UL, Fhlsii e o i,
W BAERI MR A2 LR DINERE— A > R 2FIE L T (1X13.38), MEAERDTZ9H
DIPFIRIT 72 SILTW R Do T, BRORITT~J5 A 1T o 72 e TFZE Tk, BB o4t
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H/NREDEENL, HEAERDTZDII AT =2 T2 L0 b LA, KBS ZZESED
T2 DICE#NT 5 & LT 5 (Neptune et al., 1999; Houck et al., 2006), 415 D%k,
D, RHDEIT O T RIS CH [RIERIS, 7 ssfUe O BEHIIRTE: O X BIEIN
HAE— A v MEL WEOKBFSME AN T2 & o 2B 20 S 5 72D O&E A
UV, MR OMRIEINZ 3T 2 713 Z LT WE S IR 2T 272 DIZEI L TV D

EEZbIND, — T, IEOIKBIEIIME/NER T —IX, ISR O ICHE R L
7z (X13.39), J5mnt /e OH % I 1T D IRBIENE, WEEE— A v M A FHH L7223
BWNERZENLZ LTV (M3.38), DX V. FFIAEsHURE ORI - TR S L IEDOK
BRSNS ST — X NER T TS 2 STV e, Z OREBIFiNERT— A > M, BERE
OB L 0 SNEEE 0 ICAE LS 7 ) —F—A 2 FOBKLBE# LTV (£34), 7
U—F—A L ME, Fis e OB ClIs R ORIE DB Z S O BIN 51k
~EUT, WIT, HEROETED AR D58 2 52 T R DRI GAA~DE— A bR ET
7o\, NRRA BT BE T ~EE S 2 72O RO BEIN G M~DF— A h 34
Ulce DFE Y s OBt - 5640 S U7 IRBIFTNIRE — A o bk, 2RO
RS IR T 2 MR E Lo WE D1, TR 2B @87 m~ElhE % (knee in)
TN aAH ) Z E PRI STz, LI > T, FEOIME/NERIZ I T DL, TROMmE
RN 351T 2 F1384E 2 76D 2 T2 O D REAGHE 0 & DN 2 R fo U AN EE AR AT T
W5 2 L AVRIBE S LT,

W= 2B kT D G (LIRS - B - J258) ORFEMECIE, Himisfud o
BiERUIRE D _ERRES & B o e e BE & TR o /g thic B0 5 BE i El I3 a B2
BIREMR SRR LTz, (£38.3), TNOORIRIT, FROMEJEMIZI T DA RIC
X TR BE A L TR Z T 5 AEERESTHIENEETHD Z L 2T
HDOTHD,
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BA4E FEFHEBM~DT R

FT7 2 ADBEFILT 4 7 = AOBRFOERDIT GEEHEEMN) ~DHEA 27,7
20, HATT 4 7 = ADBEFOYHLEEMU~DEANLRLTZD & T4 7 = ADE
FEPDOTTEOILERTEEE2T D, EDD, T4 7 =V AORFILEHZRIMA - IS
ZEMAROTIC, 7 2 AORFOBE IS L, FRLIBHT A~z 3 568
PESR SN D, 5 8 BT EH BBMA A~ IR OIREERL D A J1 = X K& fat LTz,
ARETIE, MIFS 547 = o ZADORFITHH LB & IIFCHUDOE RO T GE-H L5
) ~EASNTBEHEEE L, ZOT 4 7 = 2 AHH TR OIS FHEE LBV~ J7h)
RO AR D A I =X DERa Uiz, 7ok, REIIB T K2 v —&F 194 (F
fin: 19.7+1.3 5 H R 172.6+5.6 cm; IKE: 69.546.0 kgy IR HERA) ZXf5R L L,

4 4.1 B LB~ T 1A Eshdh

4.1 BERGRM: & RAMFHOBIED LB

FE- B BB~ DS ERHRIZ BT 5. HREIC L - TRl L B2 b b T
AR L BERSGE) & 47 =V AOBRFOB X IIGT D &\ o 7= EREOFH S
2 A0E U, s 21T 5 BN T M 28R 5 [RaEM) © 2 k% i L7,
Z LT, #REICE > TORBEWEL i LT, 388 - BEIEERHES) ZLick>TAEL
DXRRT AT A« XXT 7 ADENND, BT ~O T AFROEEARL D A T = K 2
R LT,
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411 R

PERE OBERE CEY AR (3. BENSED 2.4410.20 m/s, RESIEN 2.24
+0.19 m/s Th o7z, FpEREITIIRMR THEZRZEDRRD bz (p<0.01), Flafsfk
SR OB I I1T D B IR DA B — REBRIE, REGIE L BRI & ORICHE
ZITRD ORIt (R 4.1), TSR OSBRI, RIS AL A
BICRN-oT (R 4.1), Hns e o hick i) 2 R E LA B — FEERIE, R
AGAE EBERSGRME L OMICH BN S D o7z (R 4.1), Fio, RSOOSR IL, 0.38
+0.04 B TH T,

#4.1 HERELAEY— RNELE - SR - FRE LA B — R LR

COM speed variation (m/s) Contact time (sec) Rate of COM speed change (m/s?)
Anticipated Unanticipated Anticipated Unanticipated Anticipated Unanticipated
0.74 £0.17 0.69 *+0.27 0.23 £0.03 0.27 £0.04 * 3.23 £0.74 261 £109*

* significant difference between the anticipated and unanticipated (p < 0.01).

05 s D3t L 7 B O _ERRES - BARES - RE O T EIRINEM T, BEASE L
S LT, RASIHIA B NS oty Fio, FIRES & B8MIE, J5 s e 23 B td-
HFHIZR VT H AR, BEMGM & il L <, RAEHIIARINES otz (4.2,
4.2 - 4.4),

F42 BT AL NOEEMAE

Anticipated Unanticipated
Footcontact Footoff Footcontact Foot off
Upper trunk -152+199 645+16.7 -34.3+199*56.2+20.0%*
Pelvis -55+18.2 68.6+11.0 -195+16.6* 61.2+13.5*
Foot -75+176 23.3+144 -229+16.6* 20.2+16.1

* significant difference between the anticipated and unanticipated (p < 0.01).
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Pelvis rotation angle (deg) Upper trunk rotation angle (deg)

Foot rotation angle (deg)
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@ Anticipated

X 4.5 JFIAsH R DM U 7RIS BT D B iR o & (BERNSRA: & ARENSAE 0 beigefsl)
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AR H3 T 2 IEBAEA A FE 1T, Wi4ePRIc I3 U C 7 s e OB 13 <R L
WA, BRI NI TR L. 2o, Bt E TICh T THOMEBZEMZ LT, 72
B, HIAGHUR OB LB 361 2 IR BIRIIE il M BT, RENGIHIIBE N Sl & e L
THEIZRE ) oTz (p<0.01, X 4.6), FIFHEIZIT HIBIFIAZIE, WSz Ham L
TH MR R OB - £ CIRBIENIISMBA N A Lt 7223, 2 0tk, B E TIohT
THNERZEN A LT, 7235, JFIlafi e OB U 7= Biic 310 D IR BEfisMs A 1T, RS
HITBEMSAE & i L THRICRE o7z (p<0.01, B 4.7), AVHEICET 2 B4
FEWE, WIS 3 U T s e OB OIS NN 2 LT2As, £k, BEfiiitz
PoF THMEZENLZ L, S DICHEHLE TI2hT THUOWEEM % LT, 7k, AREs#go
et U722 301 D IR PEEI P IE A BT, ARANSFIIBERSF & i L THEICRE o
7= (p<0.01, X 4.8),

SARTENCF31T 2 IERAEI A BE 1T, BEANSR M CIIJm AL A & 7 1B 2 O BEHIIT, - % <
J& LT 7o, —J77CL AREGIET MR 2 OHMEIRTEIC— E Rl L7121, 7t
OB E R Uiz, 7eds, JFIaisH e ot U 7= BRI 381 2 I B h /4
(X RENGHIBEA S & il U CTHEI NS o Tz (p<0.05, X4.9), RiFEREICIST
% MRBARG A BT, ISR IEIE LT A e ORI - & COMNNL O NIEL & L
2o 7835, Gl O REBIEISMIS/ NER O BEE M BEANLIC A B R AR b e ot (X
4.10), ZKVAHINZIS T 2 BIE M4 B R, WSl U C st & o Be i 9T — B
WIEZENL 2 D703, Dk, SMERNLZ LTz, 7236, SO BEEIES e/ N e o B 4 FE
ENACAHBRZTFRD otz (K 4.11),

FARENZ T 2 B A X, MM IbE U Ty st @ OB R ClrIiy Az
DI DICH AN EZT D0, Z0%, BiE TITHT CTRBENM Lz, 2B, &M
eI £ JES et A e D BRI A EE AL IC A BRI TR0 bive o 7o (X 4.12), RifHEICHT 5
JEBAEIA LI, MR IE U TN b 7 Mis# R OB £ T2 TE i
NRZERLZ L, 0%, SN E Uiz, 785, SR oo R BSR4 FEZENLIC A
BRETRO NPT (44.13), AKFEIZIRT 2 RREEIA L, mEFcdmL <
PNIEZENLD DAMEZNL & U, 7 Il e OB Y- £ CHOWIERNL 2 L=, i
FTIENT CTHUOSMERN A LTz, 7235, JmEsHe OF L7z BREC 351 5 2 BfioN
BEfBEIX, RESMIBEMSAE & i L TR BN S otz (p<0.01, X 4.14),
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FRAIRMENTIT D IRPIEIE— A > ME, W@ U Ty msisii g OB 136
E— A FRRSNTWE, £OH%, FHHisi R O - £ THREE— X P2
RENTW, ok, RBEIT— A v bOREMEIL. RAOGFIHIBEASEIL L CRE
IZEETH -7 (p<0.01, [X4.15), BIEHEICIST DIRBEE— A > M, Wt kis
U CH s 2 OB Tk, WHRE— A > b EAMEE— A > MR L TR ENT
WS, T IAMEHR R OB I INEE T — A R ST, el HIisig o
PEHIRTY: (50% % ) ORXBEEISMETE — A > b ORmfEix, RMSIETBEME: & ik
LTHBRIBETH 72 (p<0.01, [X4.16), A FHEIZIHIT DT —A 2 ME, Wk
@ LT, HAEEHRE D% E THMEET—A 2 PR SR TWER, Z0%, WIET
— AV RSNV, 223, RBEFEIOIMEET — A > b OREEIL. REASAHIEES
L L CHRBICERME TH -T2 (p<0.01, X 4.17),

RIREC 1T 2 BT — A > M, WSMFICt@E L T gt afix, MEe—2
BIRIN TV, el RIEFOBBSIHEET— 2 v FORESHEICHEZRZTRO 5
ot (M4.18), FIFHEIZI T 2HEREIE— 2 > M, WM HEE LT misi g o
PRI X CIIANCE— A R STV, ZD%, NKE—RA LV MREE o7,
723, R ORBEFISNINEE— A MCAERZTRD bivieholz (K 4.19), K
W FT DIERIFIE — A v M, WG IEE U C Oy iR O BRI CAMEE —
AV NENEET—A Y FRRIEL TRIN TV, 72ds, Fisih e O RTY: (50%
ET) TR DIEBIFAMET — A > P OFERIT, RSB S & i L TR RIS
EfECTH-7- (p<0.01, [X4.20),

AR T 2 RBEHIE— A & M, WZRRIZI0E L Ty misi g ol ki s
T, ERE—AY MR RSTWe, ok, FMEHOREBEEERE—A > MIAERAET
WO NN T (K 4.21), AFERICIT 5 RBIEIT— A 2 ME, J7HsHE OB
FIENORRE—A L FBEmE ST, EOH, BEHE TIZNT THNLE—A L PR E
TV, 2k, MO RBEFINMNUNE—A > MIRFBRAETRO bnenoTz (K
4.22) o KFEIZIT 2 REEITE— A > ME, MR IH0E LT s o - £
TEBNE—A > PR ENTW, 72k, RIFH O RBEEESMEINE— A > M ERE
TR bR o7z (4 4.23),
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Anlde frontal plane moment (Nm/lkg) Ankle sagittal plane moment (Nm/kg)

Ankle horizontal plane moment {(Nm/kg)
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P BEE R R/ it S U — 1, AR E L C 7 SR R OB IR D S T — 3
otz 7P, RIFHOIED A R/JE /T — ORI A B2 23580 b iv/en -
7o (X 4.24), FXBIEISMR/NER ST —1%, W36 L COF s e OB % =2 1E
DT —RFFEE TN, 7238, GO IEDORKBIEISMZ/NER T — Ol il A B 72
ZTRBD b ol (K 4.25), IRBAESMNEMNIE ST —I3, WERMATILE L Th 372
N =L SN TE LT SR O BIFEIIME NI D —ICH B2 ZETRD B
-7z (4 4.26),

T B iR /R D — 1, SR C 3kl L C T IaaH I OB S IE D /ST — 3
Fol, 2k, MM OEORKEREETHRIEi U — Ok @ EICA BRI biieho
7z (X427, BEEIASUA ST —IZ, WSS U T s g o itz o &
DT —REFE XN T, IR OADREBIEISNIN LT — Dl @A T 72 721 378
Do oTz (4 4.28), BEBIESMENIE D —IX, WSRIFIZIHE L Th T U —
LRI TW eh oz (1X4.29),

JE B R/AY TR/ T —I, WS I8 LT s 2 OB I IED /ST — 3%
HSh e, 7ok, IEORBEEIKEASE S —OkmfEid, MFBEmart & i L
THEIKE TH 72 (p<0.01, X 4.30), RBEFSMNUNIK « [FAMEIN/ ST —I1%, Wik
RCIE@ L Th T U — Ll Tunieho 7z (M 4.31, 4.22),
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Hip frontal plane power (W/kg) Hip sagittal plane power (W/kg)

Hip horizontal plane power (W/kg)
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Knee frontal plane power (W/kg) Knee sagittal plane power (W/kg)

Knee horizontal power (W/kg)
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Ankle frontal plane power (W/kg) Anlde sagittal plane power (W/kg)

Anlkde horizontal plane power (W/kg)

30

20

30

20

10

30

20

10

Anticipated

== ==Unanticipated

_ Stance phase (%)
2 4.30 JEPEERER/AT I/ NY —
. Anticipated
] 50 100 <= <-Unanticipated
_ Stance phase (%)
2 4.31 EREEISN T —
— . - Anticipated
50 100 — — unanticipated

Stance phase (%)

X 4.32 JEBAFEIZMBIN/ T —

51



TR =BIMIC I 5 BRI, mgrhcHam L CaME GhR) NS (BR) 128t
HHEFITZEAERINTWRD 5T, £z, HME (B8N INEE (FIN) 12381 D450
MIZfHC @ LT, Shin (OM) INlR (W) 1B 2R L i L CHEICEETh -
oDy, FTHEBE TR INIAFED 20%LL FCTh o7, —H T, MEIEHIZK T 2 F3a

BlCEEE R L, PSR TR SN F0 80%LL EAMHER/EIIZIIT 2tHETh o7,
F 7o, MERJE ISR EFICRO T, RANGIFIIBEMSE: & il L CHEICEE THh -
= (1¥14.33),
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= T
0.5 83.7% 82.8% 5.3% 1.0% 10.9% 16.2%
) Sagittal Frontal Horizontal

X 4.33 T =REE SR

BRSO X BAET O MER/NERIZ 31T DAL FE, R/Jm il - SNBSS T D &
LT, ARICKETH T2, —FH T, RIS T, SMENIEIZ 1T DD MR/
BRICRBITHEFE B LT, ARICHETH -7 (X4.34),

RBIEN CTIR, MIgRE @ U TN » AN i) DA L bele U, fil /) it

B AENFEICEBETH o7, L L, KIEMOMEIRIICI T 2EFICH B2 E
TR b o7z (4 4.35),

JEBAEI T, S IGE U CERAYEIC BT DHEFERARIAK - [BMEINIZE T D
fEFE L L CHRICEE Ch o7, £io, EH/ARICRT 23T, RansrhaBimg
R, FRICKECh -7 (X4.36),
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Total joint work (J/kg) Total joint work (J/kg)

Total joint work (J/kg)

=
]

[y

=
th

(=]

-0.5

=
th

[y

e
th

=]

-0.5

=
th

[

=
th

=]

-0.5

Hip
*:p<0.01
| Tip<0.05
O Anticipated
r t Vg * \ SUnanticipated
4 #
_ f
41.3% 28.8% 7.7% 20.4% 50.9% 50.8%
~ Sagittal Frontal Horizontal
X 4.34 JXPIEIFRE
Knee
#*
[ * ! % .
| o —_— :p <0.01
II'*—I ' O Anticipated
EHUnanticipated
Ly S =
87.2% 86.1% 10.7% 9.6% 2.1% 4.3%
- Sagittal Frontal Horizontal
X 4.35 [RPIEIMF R
Ankle
*
] — . ' * 1 p < 0.01
'r*—l ' O Anticipated
! EHUnanticipated
B T

86.1% 78.3% 7.2% 12.5% 6.7% 9.2%

Sagittal

Frontal Horizontal

X 4.36 JEBIHIFE
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412 B

AREITIEL, BEBRE I & > THRIEENE CTRIT CTE 5 &5 2 B LD RS & SRS & 1
IRIGEMEHI L, HLDXFRTT AT A FRT A7 ADERNLT 4 7 2 0 A%HE
& LTI BB O R D% 7~ MR OEE AR D A = XL ZH LML LD &
Lz, AREICIE, RO 3 AR LEIRoT, (1) G LM OR DM ~O 7T
OFEARITEIC, THROMEIEIICBITHHFCL > TERESND 2 &, @KRmMEM:
IZBWT, FEOMEEIC T 5Bt R R A2 R S 57201203, s e OH
Wt BRSNS REE O KR/ E AV — 2 5 Z ENEETH D Z & 3) P
JRIE A 30T 5 B R ORI, FieRBE M~ R Z it 5 2 ENEETH D
z&,

BERZPHIARIMSAE & bilis U, 7 minfe OB o i1 2 IR B A B — R
{LRICAHERZITGRO bR o To)y, HEHIRERIIA EICE T2 (R 4.1), 201D
BERNGIEIERINGAT & el U C, Jr s @ OB 38 1 2 IR E O A B — R
FITHBICREDN -7z (K41, ZOMPIT. BEMSRMIRISEM L LT, @y
G U RAEFE L TN L AR,

BERZel & RAGAE L HI, FROMBIRIICK T 2 BEELHFEN, FREfETRIh
7o BIEI LR & D 80%LL B Tz (K4.33), Z OfERIE. TR ORI D% F
~OJFHEROEEARIT TS, FTROMEBIRIICB T 2 HFc k> TiERENDI Z L %
LTS, F72, Inabaet al. (In press)id, HFE LA E— REZLEE 572D
DEEE~DY A FAT » T aAT o Tl R, BHEDNE < 722 21220 T R R/ thiZ 361
5 BAEEFENE R L7z Ll Uiz, BRI A7 & b &9 R E RO IERI~DBEZ
F TR TR OB T ~OBENCOWT G, FROME/R BT 2 it E R
HWRDHEETHD LI T, ABFIE L DO AT L., 2 OFRSRITANIE A
DEREWEZFTHHDTH D,

RINGIFRERN G & el LT P =B R/JE ihi2 310 2 Bt F i/ h & 2o
773, R BEE & BRI O iR/ 2 F 1 2 BIE L R SR TR B AR EIERR D e
o7z (4.34 - [ 4.35), —J7, REAFEMIBmMSEM: & i U<, EBfORE/SEICE
T HBEM I EREIIAEICEE TH o (X4.36), 7o, BB EICRES LD IED -
IS ST — D fem B, RENGIHIBEMSIE L i L CRETh -7z (K4.30), Zid
DOFER LD | RAEMIZBWC PO MR 2 BEEiEF R 2 R S5 720121
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05 TR HLE OFE I R S 2 REfIO KBS IR AT —42 @m0 Z L NEETH
HEEA D,

RANGAFITBE MG & Ll U Bz 72 BB 5 N3~ 2 B (AR - A - )
DIEFEAEINE o Te (37 4.2 K 4.2-4.4), BEAGIECTIIPORT BB T~ 1Kz
[EIFE S W26 H AT 5, —H T RESEIHIOCHBEEE O SUTIC RN LT b
RZERE S, FIEEHZAT 5, REGRMETIX, HRITEEE O ST ) B 7 s e OBt
F TOREIL 0.38 £ 0.04 B Lv7grodz, 20728, JFmssasih{E4 Blda3 % £ T OREH
D Z N TEY, BEMSIE L i U CHIRDEREAEI NS Ipolo B XD
%, Fleischmann et al. (2010, 2011) (&, REEBE T HM~EHESED Z & T, Rk
HORIEIMA AN AR S D Z LN TE, AigHE OB AN A FREIIBIT TS 2 e
TEHZEEHLMT LT, BEEHEHEENEHT— AV FEAEOEMEOHENORED
ZLEEEZD L O DML, REOBE) TR~ RIEN T oM /R iz 31T 5 B
HIttFEOHRIZTEG T2 LE2RTHOTH L, T7hbb, RIS CIEH BB 5
T D HIRDEIFEA D/ NS W, TROMERIRIZE T 2FE LiIcnWgEs e
720 S EFEEMET LS4 5, ZOHMIE, FROME/FICIIT 25 EEK
i, B BB S L CRIRZ T 52 AEEZ RESTHZENEETHL I L A7
THLDOTH D,

ABFZETIL, SR TR IR AR DLz, S CoEEEICAE 2
DRRO BT Z & JATHZEL 0 . BhASEE O AT sl (b o BE S 0D JiE it 44 5
RANLAT O RBF EH Z &b 2 & B ST % (Vanrenterghem et al., 2012),
WoOFEIE, BEEEIINTROFR~YT 4 7 A « FR3T 4 7 A 525 2 L &R
T DD AR TIIRMFFICRB T 2MEREDOEIZLY . FROFHR~T 4 7 X -
XRT 4 7 AL RIT LT AT Z 2 b b,

Pz
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4.2 REFMHZRIT BT 4 —< 0 A LU L DEMEDEV ORE

(4.1 BERNGR: & RAGAEOBIEDOEL) TIX, £UMTAELDZFRYT 47 A« £
T AT ADFEIND | B BT o T 4505 ~D J5 RO FHE AR A J1 = X 8% B 5
MTLE DL Uiz, AETIE, L E LB & RMAIEORICAE U332 ~T
T A XRRT 4 7 ADFEDN, RAFMNITIIT DPERE DT —~ L AL~V OERIT
Ko THRBED MR H L2 iiat L, EEROBHE S 2 880E L7 AR sl I 5
%I ~DF SR OIRE AR D A I = X b EP LML LS & L,

421 R

AR - RS - RO Z A v b OIRITEM EE L TR = BB oo/ i 351 2 BAEh
FEROMBABMRAMEI LIz & 25 (R 4.3), s 3Bt U2 ic 10 2 HIRE o
(e 4 & T ik = B o /e i 3 1 2 Bt F & & ORICA B R EOHBIBIR G
HHe (r=0.55, p<0.01), £/o, FEHE - REOREFEMAE & Tk =B i /) th
(2317 2 BHEIME R E OB AT B2 A b vz (S :r =0.43, p=0.07 &#}:r =0.42,
p=0.08), S 5IT, st ORI 2 BRR O LIRS - B O& 7 A v b OlEIFES
& TR =B O R/ B 381 2 B R & ORI B 2R IEOMBIRIRGR il
(FIRRES : r=0.52, p<0.05 - ‘HHEH : r=0.52, p<0.05), F£7=. FIFE - AL - 25
DR 7 A NOEFEME & HIRELA B — NEEOHBBREZRH LIz L 25, FhiE
PR L 72 RIC BT 5 3 >R To' T A v MOWIEARE & H{REOA B — N L&
& ORI B R EOMBBMRAGFED Hiviz (LARES : r=0.66, p<0.01 - HHH : r=0.57,
p<0.01- & :r=050, p<0.05), DT, JFmAsHREOREMS 2B O RS - 5%
o7 Ay NOBTEARE & BRELA Y — RE(LE L ORICA B2 EOFBIRIMEAGED
Stz (EARES : r=0.81, p<0.01 - ‘B : r=0.74, p<0.01), F7=, FHlsi e O
g 2BEH O RH D' 7 A v N OEIFEMAE & FIRELA B — FE(LEO MBI BHEm L
B (r=0.40, p=0.09).
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£ 4.3 BT AL LOREEMAEE L TR =R O R/E 1) 2 B3 RO BRI

Upper trunk Pelvis

Foot

Foot contact Footoff Footcontact Foot off

Foot contact  Foot off

Jointwork (Ext/Flex)  0.55*  0.537 0.43(n.s.) 0.52+ 0.42(n.s.)0.25(n.s.)

COM speed variation  0.66™ 0.81* 0.57* 0.74*

0.50% 0.40(n.s.)

* Significant at p < 0.01 level. { Significant at p < 0.05 level.

RINGME & BER SR O MGz 3@ LT T =B oo /e dh 2

BT 2P L

05 AR O EHBPIR I I8 1T D IR E.O A B — R LR & OMICAH E 2 AR BIER AR

bive (1 4.37),

2.5

Unanticipated
2 r=0.54
p <0.05
1.5
*

Total joint work (J/kg)
e
Ln |l

mlm Ll
T 0@ 0.4 A . 0. 1 1.2

COM speed variation (m/s)

X 2 ¢ Saggital plane
¢ ® * AFrontal plane
’ *

COHorizontal plane

Anticipated
. 0.75
r=0.
L5 P * p<0.01
N/ .
L/ ¢ Sagittal plane

Total joint work (J/kg)

COM speed variation (m/s)

A Frontal plane

O Horizontal plane

4.37 B E & HAREO A V' — FELEOHEBEIBIR
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YIRS OVIIET — 2 1%, TR OBEHIRTE T EIRE X 0 BRI A T
BB LI Lo T, IO A U TV, 20%IE, BB LY b EIREZ
SATERD Z LTk - T, A REE L T (4 4.38), HIRFL A B — RELENR
KEDSTERE ORITVINET — 4 (n=1) (%, BHIRED O BB LV & LG A& Jer7
WD Z LT R R AR LT (K4.38), HRELA B — RE(LED/NE Do
TG ORITPIET —4 (n=1) X, BRI 0 b EREERITSEL 2 LIk ik
PR A fRER LT (1K 4.38),

L . I
== = T — I
|

e = 60 80 00

Trunk rotation angle (deg)
=

Stance phase (%)

Subjects average =— =Low performer - ---High performer

X 4.38 {Rupdaifisfg i
¥ EOEIE. BEEE Y G FIRENET U CH- BB M ~EFET 5 2 & 10 L 0 A U B IR i
R, —H T, ADMHIE., LIRS L LB EAT U CHi= BB H i ~miEd 5 = Lo &

PREAURATLN L 3Hi% X Vel R
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BEEHE D b B A AT SR D 2 LI Lo TA U DR IREE A DR A L & H iR
LAY — FEEEE ORIC, AERMBEREMRIRD b (M 4.39),

25 -
~ L
]
< 20 -
o
=1)]
g 15 * o
=
g . ¢ r=0.56
g 10 p<0.01
-
E 5 'Y 4 ¢
= /R
= L 2
0 T T T T T T 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4

COM speed variation (m/s)

4 4.39 AEfaiiAE (RR) & O RELA B — FRLEOMHBIRR
o BB LD b ENREAEAT U CHI A BB RANEINES B 2 10 &0 A U B OBk iR A

B & B RED A B — FEEOFBIBG 277,

422 B

ARECIE, BEAGMF ERMEUEOMIZAE TR T A T A « XXT 4 7 ADER, K
HEAENIT BT DR DT —~ AL~V DRI L - Th D RIENE SN D
D FRGHTE W TRE LT, LT o h—D 1% 1DOT 4 7 = AD i
TROND, 47 = ADBFOBEIIUG U TIREE EEMAOR D% 5 ~T5 i a1 7
5 Yaihl w ABE LTe. RARMHTET D% )7 ~O ST s E AR D A 77 = R L% B 5
L&D & LTz, REITIHE, RO 4 B LD E 72 o7z, (DRMEIFZET 5 5 K8
DOFRDEIT~DIF AR OEE AR IE, TR OMIR/E i 361T 2 B RO KN E
BWThHZ L, QFMEMHFITINT, TROIMNEWTEIZIT 2 T FRITEE LR DT
TIE2< . EIAES & BARE ORIED AR 5 72 ERBTE OB 2 B+ 2 &
B H %K E MK X2 72 DITIE, J7 MEEHUE ORI FT 7= 7 B 5 )~ B (K 2 1) )
5l 6T, HEHIR IS ET e T o~ BARES & B AR A M S 2 & T R fif
BRI 5 )82 @D D 2 ENEETHH Z L, (@) BN D H iR % [EhE LIk
e RE<DIBSEDL LT, FREZRESSMEHSED ZENHKRDL T L,
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TR 30T 2 MEE ih 2381 2 BIfif L, SMis (OM0) /NEs (M) - S iE
(F144) /PBE (BIN) 1231 2 BT R & i L CRBICKE VORI 57, JFhinH

B ER OB RO A B — FEL R E ORICHERMBIRGRIRD btz (K4.37), Liz
Mo T, IEHREMORI O ST ~OIF AR O E 217 3 5 7290121%, MO/
JEHNC BT 2 1 E Lm0 L ZEDNEETH DL L E R D,

FRAGATIBN T, IRBAfIOSME/WN e 1T 5 BIffifE &L, IRBIEiI Ik Tl S nr-fh
D 50%LA E& 50Tz, BRBIFIOSMENFEC I 1T 2 BAfiHE S &, J5 s e o4k
Wt £ TR DIMEDHEFIC L > THITHELN TV (M4.8 - [X14.17 - [X 4.26),
RANGATIEIF AR OB AU 1T B B RO EIEMA EEAS N ST (4.2 -
4.2-4) . BTN IRZ BT BB T~ K& S BET 2 LB & 5, IxBAE O S e/ e
T A2 I KB Z AN E S B HEFIDIAMT S RIS ESL L TW D ATk
R hE S HEEZRT-T, ROBT~OF ST, BREfOMMEET— A > MZ X
> C RS & AR A e e BB T MBS L% A>T D EEX bivd, —H,
T DS FENIE F51T 2 B F & & HRE L A B — R EDRITHBIBHRITERD &
Nighotz (M4.37), ZNHORRIT, FEOIMEWNIEZ BT D /5 MITEE A KO 7=
DTIEZR L, Hc2BE T~ PR & B 2 BE S D T2OICHIRL TV D 2 & 2R
ER

W2 NS D (LRS- B - 280 ORFEME TIE, Himisgud
Bttt U 72 o AR O WIE A FE & T oo (/e th 2 361) 2 B F B0 M A E 7R 41
BIBIRARD iz (3% 4.3), Fiz, BB L R OEIFEAE & TR OMEIRIZBT 5
B LR OMITHBNCA B R Hiv7e, S DI, Bt U 7B O SR O RITEMH B &
HRE LA — FMEEREOMICAEZ2MBBRIRO b (£ 4.3), T b ORI,
J7 IR R OB . B IR % 772 2B R~ RIS & B A 1 5 2 & T RO
RIEMICIT 2/ mD D 2 LN TE, ZORR, iz RE IINHsE5 Z L2 H
kDL ERT,

HRELAE— FEEPKRE Do o lBRE 1T, #EH OB RE L0 b BIRE A ST
WD Z LT R AR LT (14.38), — 7, BREL A B — RE(LEDV)
Do TR VL, IR L 0 b A ST S5 2 ST &0 e A iR LTz (X
4.38), £7-, B LY LIRS Z TS E THe 2B fm~mESE 5 Z LIk VAT
2 R O ftis 4 FE DR KA JE & B IREL A B R L RIS S A BBIR 3380 BTz
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(X 4.39), 26 DORRIE, _EIFE2 b H iRz mllE LiFesitz K& <l 2 LT,
HHRE2REIESEDL Z ENRHRD Z & 2RT,
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B5E WOHR

AGEDO RN, oy =D 1% 1ICBIT DT 4 7 = o AZE LT R O% T ~D

HRENED, N7 4 —~ U AOBINERZ F R~ T 4 7 A « XXT 4 7 ZAOBSINHIR
AL, WEARD A=A LR ENNITHZ L Thole, H3EWTIE, KMIFT 247 =
VADBRFIEGEBMU~NEA SN HBEHEAZRE L, 207 4 7 = U ARE TRLILD
L ZEMAl (Dominant leg side) ~DJ5 [AEAHDHEE AR D A T = X L2 fat Lz, 4
BECIR IS 24 7 = o ZADOBRFUA L LB L I TSOH D% D F710) (FE4-5 LBl
~EASINTGmEEREL, £OT 4 7 = > A TR B D IE-H EEM
(Non-dominant leg side) ~® S ARREADHEEAERK D A I = X L EREt LTz, AE T,
FEI3ELEABENOHONICARERIEL, 47 = ADBFOBE ST DH LV o7z
KRR OB 248 LI RGNV T, FRLAIDER T ~O s 3 57200
P2 A7~ T,

N B BB~ JF IR & IR B MR~ J5 MR O R EE AR D A 1 = X MZHT D
HE L2 FbE, R 2 8 CTh 5, (D) HEARICIT, TROME/JEiIC BT 2 Bt
BOWRKPEETHLHZ L, (2 FREOMEIEHIZH T 2T EEOMRIZIX, Fifc
BV G~ EERTHZENEETHLHZ L,

eV B~ O T ERHRIE, P BB~ O JF AR & i LT BIRELD A E— K
AU BRI B2 ZETFRD bIIg o Ty BRI A B R o 72 (R 5.1), 2 D729,
HRED A B NI, 2 EBEMAl~O 7 RO T RAA IR E -2 (£ 5.1),
Z ORI, BB BB~ DT D J 3R R RO ~ ISR R T2 2 &
2R,

#£5.1 HAERELAY— F2bE - PR - BREOA B — F2{LR

COM speed variation (m/s) Contact time (sec) Rate of COM speed change (m/s?)

Dominant leg side Non-dominant leg side ~ Dominant leg side Non-dominant leg side ~ Dominant leg side  Non-dominant leg side

0.68 £0.13 0.69 *£0.27 0.19 +=0.03 0.27 £0.04 * 3.61 +£1.01 261 +1.09*

* significant difference between dominant leg side and non-dominant leg side (p < 0.01). 3% Two sample t-test

e By ZEEMAIl~D 7 [l & FEe By BRI~ J7 s 81T B B EiEDE W & LT,
HIRDEFERENET b D, I EEBA~O ST s, B BB~ J5 [hfisfh &

62



P U CL 5 s 2 23 U 7= 238 10 2 7= 2B @8 H a2k B H R o lalief £ (L
RRER « BAEER « BE) NABEINS o7z (£5.2), FDi=, BB ICH K E KX
<[EEEHTVW- (¥ 5.1),

#5.2 B AL NOEIEAE

Dominant leg side

Non-dominant leg side

Foot contact

Foot off Foot contact Foot off

Upper trunk

Pelvis
Foot

-15.2+19.9 645+16.7 -343+19.9* 56.2+20.0%*
-55+18.2 68.6 +11.0 -195+16.6* 61.2+135%*
-7.5+17.6 23.3+144 -229+16.6* 20.2+16.1*

* significant difference between dominant leg side and non-dominant leg side
(p <0.01). > Two sample t-test

Segment rotation displacement
(deg)
3

§ -]

.

\‘

7

ODominant leg side

BNon-dominant leg side

\ %

]

*:p<0.01

2% Two sample t-test

Upper trunk

5.1

Pelvis Foot

Y 7 A S D[RR A E

By LEEMAl~D J7 [FHEHR & FE By LEEMAl~ D 5 MR DR EE AT & B I, TR/
JEHC BT HDHEFIT L o> TERT 2, FROMEIEIHIZI T 2B FRz RS E L
DIT T BB B M ~F R AT 5 2 & BNEEThH 5, I LB~ J5 ML,
L BB A~O T AR & i LT, FRORIEMEL/ NS WIS b b3, TR =R
fil 3 2 BEEFEICABRETRD otz (X 56.2), FEEH LA~ 7R
i, LS ~O AR & i LT I s OB IS S R 2 T e B
T~ KRE S EES D RER D DT, BEHIFFHAR S Rolo B2 bND, DT,
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HEDEREAZICAERENH DTS 6T, TR=EMEICRT 2BfittFRICAE
RAENECIRhoTebBERABND, —T7, FFHEIMA~OTFFEHATIE, HizeB B8
(R Z 1A T2 BT I AR BN 22 64T L CUN oo h | AV ERIRR R C R IR oD /I ith
BT FEETHZENTE, Lo T, HERE T O BE T MM 72 485
TH M Z S 2 2 & T BV EEHIR R © T oM /e i) 5 ittt E a2 & 5 2
LINTE D LR ST,

Three joint of lower extremity

2.0 -
%" 1.5 -
<)
%1'0' NN ODominant leg sid
2 \k ominant leg side
= B Non-dominant leg side
os 0.5 n &
E *:p<0.01
£ . T T F%§§§ﬁ
= 00 ' I =T ' 2% Two-way factrial

Sagittal Frontal Horizontal ANOVA

X 5.2 Tk =FafiftEaE

EkoZ &t FRIBDBRT TR LT 57201203, File2BE sy k%

[T 7280 T O TR E e PR ORI T 2 F 2T 0 ERH L LT
A %o
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HBEE fAnm

AWFZEDOBINZ, o W=D 153 1ICBT 57 4 7 = A% fE LTeRhdk T ~D T 0
HRENED, N7 4 —~ U AOBINERZ F R~ T 4 7 A « XXT 4 7 ZAOBSINHIR
AL, HEARDA D =ALEWHLNNITHZ L Thole, ABISEIZLY, BIbhE o
TeHFHRIILLTICRT B Th D,

D BRI ~OTMEAROREAERIIE, RO E/E 31T 2 Bt R K
DHETHDZ L,

2)  NEofhE/IEiC ST 2 BEEEEEOHEKITIT, BFiicmBE8 S~ KLt 5 2
EMEETHDH L,

3)  EWEEHIRR T RO MR/E IS T 5 B E A &) 2 70, i e E)
HA~FERKZWTHZENEETHLZ L,

ERDOFLRNG | A REMA » IR LB ONT O IZIB N TS, % ~D )
AR DREE AR L, T D MRIEMICI T 5 RIS L > THER SN D 2 LAVRR ST,
7o, AT 2BEI AT D 2 & T, EOHEEHIRE T Mo RIE s 5
FFRZED D Z LN TE, ZORR. BRIPOET~FEHEPERD Z LB B e
ol
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