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BLIE WHE
1-1. HEOER

EEBOKEDO L O RKBEVEEZHWZEIEIL, K0EIELSIZ LR, &< - ES
SNESTEDICEZLDAR=—YFEATHLATWD., 20K RKEEEIC X 2%0R
AR ARZE T, FEMERNICEOBEL M T MICE RS TRMELZMAD Z LT,
TEEONN T =~ ANREEDL T ENHL NS TE = (Cavagna et al., 1968;
Asmussen and Bonde-Petersen, 1974; Komi and Bosco, 1978). %fIZ &4 H W72 Bk I,
KEhz R W20 X TRk & A8 N3 %5 (Cavagnaetal, 1997). Z @ L 5 72 i#H )
X, mEMHMESYERICEMSE2 200D, ME-E#EY 1271
(Stretch-Shortening Cycle ; SSC)iE®) & FEIX 4L T3k Y (Norman and Komi, 1979), L ## 4
TEE) D B OEFNIZ LR THWAY — SR TOETH N ATRE L 705, SSC #EHEH D
BhRX, O MEHNEETE B AT O R IR IE B IS KX o T, e < BEHE PR TS Bh B b R LS RS R
ENs5HREmD 55 X (Van Ingen Schenau, 1984; Bobbert et al., 1996), {# & /5
EERFICER SN EBE o A X =R BRERESHICEVLWTHMA SIS Z &
(Komi and Bosco, 1978; Komi 2000), £7z, MifiRIZ X > THHE I 2 Mok K4S B
2N EB O FIEE) A RS 5 2 & (Melvill Jones and Watt, 1971; Dietz et al., 1978),
s A7) vy VHNONME RO EREICLD EEZ BN TV (Van Ingen Schenau et
al., 1997).

DX 57 SSC EHEh X, #HIT, EfT, BEN (RJ7UY Ny T, BT H— A



— T ANy T) RNy T Uy T, Ry U EOET A EHNTEL OB

HRRINTEXT., B EEOLBBEHEROEWVER L, EF°Fkay Yy v

TOE D R OBV EE) TIX, SSC {HEIRFH AR D Z &y, SSC{E B i

W2t U 7= Tl o Stiffness # i (e.g. Leg Stiffness, Muscle Stiffness, Joint Stiffness) 7% &

B ZH 2H o> TWnWsb . Z o Stiffness O FENIL, HWESHHFRRE, 8IS T TTH

IO BERFRICAT DAL, BRI ZT T, RIFOMBERICEI - THHIBE SN D.

FRIZ, BLWEEMIKE © SSCIEE) TlX, > 7 U v 7% 4 LD 4 L (Bosco et al., 1981)

fih & I Mg < T Stiffness 2@ 05 Z &L TERVWE & ITx)H L TV 5 (Ishikawa and Komi,

2008). AR ELT,, T OROME - EiELENSED 2 L THEREVE & (2

L TWA .. K2 TliE, B\ o SSC#E®) o Stiffness 725, 'L 71 7 F A

S TA Y, EANFRKICEDEERNRHIEENIC NEDO I HIICHE I N TWD D0

LT HEE LT

1-2. FZATHS

1-2-1. {3 - "H Y 1 7 L (Stretch-shortening cycle: SSC) I3 2 B %%

HRES) T, KBEEZRHT LI LICEsTRERANTY —ZRKHET L LT

x5, KEBEEROGHCH - BEHE S (Muscle-tendon unit; MTU) 1%, i 9B 7 7& ) 5

M EEE) LR EAMEE M IEE R E IS > TIHEE L, Zh ek - "o

(Stretch-shortening cycle: SSC) & A TW % (Norman and Komi, 1979). ¥ & 5 23 fil



RSN HZ LT, FRUEMGEBCEMIEFGIEE O OEE) LV bR T — AR

RN EED Z & 0F, HHA (Cavagnaetal., 1965) <l B fmithEHh o L o5 2 W&

?E#H) (Cavagnaetal., 1968) THIL iz, EEHOKBEEOX A F I v 7 72

EHZ AW TEHEZHRENRT WD, SSC HEHICEWTEEBH TOAFELZHERIED

o, MEMEBIEBRE CIHEBHAMMEIND Z LK o TAE U EEMA =RV X

— D —FRs, WMEER (B ST S0, T % o HNEE ISR E ISV TEA

InbZlicksreEZ2N, ZhxHmEDOHEM (elastic potentiation) & FEA TW D

(Komi, 1979; Asmussen and Bonde-Petersen, 1974). & 512, FHRTO M EME IS8 IC &

S THIEBmPEMLEN D Z & T, AREFHEDHRERBREO N EZmD LI LN TE

% Z &= (van Ingen Schenau ,1984; Bobbert et al., 1996), & IC X » TR & 2355

EEINBIEs A R I 5 2 & (Melvill Jones and Watt, 1971; Dietz et al.,1978) @ & fik

NEFLND. £, MEMEBEHRE S EHEMEMESH R~ YK L (Coupling

time: Bosco et al., 1981) X°, < MTU 2K DO HIEHERESE S ZAILICEELESZ T DH EE

b TWD., Zd SSC EENC LA R T+ —~~ 2 Z20EEV X, BiToOERL EFE

Y

( Asmussen and Sorensen, 1971), fF )& dh i#E &) ( Cavagna et al.,1968), & & & &

(Melvill-Jones and Watt., 1971), A7 U +» b (Walshe et al., 1998), X F 7 L 2 (Wilson

et al.,, 1991), TEEKSL F e vy 7Yy 7, "y 70X Y v 7EE (eq.

Asmussen and Bonde-Petersen, 1974; Komi and Bosco, 1978) ,:E£E®) (lto et al., 1983) IZ

ELETELHELRLEIH T THRESNLTND.



T, BERMBEERZEOEXRIZEY, EBToHLROBE AL EENET D

ZEMAREL R Y, SSCIEH)T MTU 233 2 Ria T, I EFE (FHR) 285 R

H

BairH) & T, WHEERTHIBELDRMWITHESETWVWDL Z LA OKEYE
E B MR AT THERS S 4L T & 7= (Fukunaga et al., 2001; Kawakami et al. 2002). = @ Z & %,
i 28 ) — HEEBAARIC B W T, FAMEMEIEE L0 FERMEIEE 217 5 TR Ry 722 ) S &
FARRICTE DA, SHLICZTOEBEEN - R IEFOEHERAATL CIEBHTE 5 L
NI BAT Y vy VFRRT 47 AW THEREMRBENAIREL 0D 2 L &R
LTWa. &6, EEHTIE MTU Ol I BEE#H a3 EMET 5 & v o BLRe
(I1shikawa et al., 2007; Lichwark et al., 2007), Ko v 7Yy » 7 OFEJE#E TIXMIET 5
WS BN HE (Ishikawa et al., 2005) S AL TWH Z b, MTU N O 5 K O gk -
JL i 15 B A% B Fi stiffness Z R L, O BRI HICE W TEELRERH ZRTZL TV D.

DX HIZ, SSC HETEIMEMOMAIEMICL > THRL AU —ZHWH L TE D,

ZOWFDOBPANRRKRDOENTWVND.

1-2-2. Stiffness OFEHIZE T 3%

HREENICIT D SSCEIIT, XKEAZMALHGCRO SR EZ4ENT I RIELSH W

EEZONTEY, TOANROM I 2R3 EEE LT Stiffness VWL TS, ¥

YR T = SO P O O Stiffness 1X, T 3B XA HES LI-HAK

EAFRLLTEZ, #HEK IOV —7HE2HOR Sl (RisF -4 ROBEEE) T



T2 LT X o TR D Leg Stiffness (Farley et al., 1991; Arampatzis et al., 1999; Hobara et
al.,, 2007), T L CHBEEHLAAALTAAL s ZBEiAEEMTRT I LICEI2TRD D
Joint Stiffness (Kuitunenetal.,2002) 72 23 H 5. LETIHE S LIZFHEMBR L XLTH D
5+ i L)L T Stiffness ORENFAFE L 72> TN 5.

Arampatzis et al. (2001) Z#EAL 25 Fey 7Emnirb60 Ra vy 7Yy 7T, HEHEFH
D FMEIC VY Leg Stiffness 28 BEICH KT 528, /R U —RHEICILE M 72 Stiffness 287
T 22 %7 LTWD. Horita et al. (1996) 1%, Fry 7Yy I RT3 —<
A Ze @ W DA X AR R 5 15 E R if T o R BE T O Joint Stiffness 1m0 5 Z L N EETH
% LA LT b, Kuitunen et al. (2002) (%, 27U v FETOEEHEMIZY L T,
Leg Stiffness 23 ¥ L, A IZFEWVEEBIE @ Joint Stiffness N IM+F 2 D Ilzk L T, &
BI & Joint Stiffness 28 —E Th o 7= L #HE L T 5. Leg Stiffness ® FHE TIXENEIZ S
L T4 Joint Stiffness % Leg Stiffness ICIEFE LR W THEI SN TWVWDH Z &N b 5.

Farley et al. (1999) X, 2O TCOHRK FOEKER v B 72 I1F 5 Leg Stiffness
%, £ & L C 2 BIHEN Stiffness IZIKFET 5 Z L 28 5202 LTV %A%, Hobara et al., (2009)
TR KB IOR v B 7128 W T Leg Stiffness & IR EfF 1T 5 K+ 13 BB Stiffness T
bHZEERETDHRLE, BMESHEEIC X - T Joint Stiffness (XI5 A ICTHEH STV D

ATREMEDR B D .



1-2-3. Pre-activation (2 B¢ % #fF 32

Koy PPy 7oKy B @R T, & MHATO Pre-activation & FEi X 25 BN

MKV arbe— L EndHOFRAMEHPIBESN, EOANT 3 —~v 2 20MH L

WCHEEARAKRE 2R -T2 DR ESIN TS (Melvill-Jones and Watt., 1971) .

T E 5 O Pre-activation &, FHE EO RS SICH L THEI SN D &L < OEATHIZE

i

TH#HE STV D, Gollhofer and Kyrolainen (1991)i%, K& L /L X D & W& Fif <05 fif

Z L 7= % #h @) /E B |2, Pre-activation I WWIKTE L CFRABI SN Z &2 HEL TV 5D,

F£ 72, Arampatzis et al.(2003)® #HE TiX, 1.0m 25 2.0m OB OE T E 25 O FE H

B{EICBWT, B FEAEWIE LY Pre-activation 28 < 725 & L TCWw5b. Santello and

McDonagh (1998)i%, FH T 2@ IR E VI EHHMAIOMIEE N EL< 25 Z L2z,

ZTOHEBORMBL RS R I L2 LTWDS. 20O X5 RAEMENET

Pre-activation ZHH L, ZOEBIZHIGE L TLUL_XARENTHZ EOEHEME SIS M

Thsn. b, EEE#HRIY AN RY Yy 7O XS ZemAf Tl SSCEE) Tl

Pre-activation 23 /X7 # — < A IZHFICEHE TH Y (Dietz et al.,, 1979; Moritani et al.,

1991), T OMIEH L XLV IEIESESCEREZD R B 22T EE2 N TE 2

(Gollhofer and Kyrolainen 1991; Moritani et al., 1991). & 512, &mWHHIEE) L <)L THf

MIHIIZ b 4> 72 Pre-activation Z BT 5 Z LN, SSCEEBORONRN T 3 —~ L A %

BODLDITIEIMNEARRRTH D ExINLTWDS (Moritani et al., 1991;, Horita et al.,

2002; Kyrolainen et al., 2003). EAmICIEX, ALV vy PZHWEHRKRE IO Fe v 7Ty



V7T, B TrEENEL R HIFE Pre-activation B E << b Z &KX (Ishikawa and Komi,

2004), TDHTOXR Yy B 7T, ¢hiE T m O M 13 E < 72 5 1% £ Pre-activation 23

< A2 L (Hofferenetal., 2011), 5> =2 7 A — RRE L 72 5 1F L Pre-activation

2 < 725 Z & (Kyrolainen et al., 2005) 28t STV K 902, @y SSCES) H 1T,

FOEEFOAMH /112 % L T Pre-activation @ TWnWb EE2 N5, £7-,

MBI O FL—=0 72X o TCSSCHEFBDEMAIZIHR D E F 0V L (T Pre-activation 73

& £ 5 (Kyrolainenetal., 1991) Z &, FHAMO ML —=v 7 FEiHE LD 37—k

L — = 7 ERaF O J 3 Pre-activation B 45 28 B < 72 5 Z & (Kyrolainen and Komi, 1995),

Bk 2 %5 H & O Pre-activation B 46 25 -\ % (Viitasalo et al., 1998), Pre-activation ™ % &

LARARZDEEVHBERAN ML —=0 7Koo TR T D i EZ R L TS,

EHIZ, ZOXEF O Pre-activation 2% a-y co-activation Z FH i L, & Hi g o 208 i 5E

R DFEEROR T T 2AMHEMER B L ORBEROMBEKNOFEREALRE L., EH

i D Stiffness Zm D 5D Z BT 5 & S TWwW5b (Moritani et al., 1991; Bosco, 1997;

Gottlieb et al., 1981; Melvill-Jones and Watt., 1971; Bosco et al., 1981; Bobbert et al., 1986;

Gollhofer et al., 1992; Horita et al., 1996; Funase et al., 2001) .

Komi (2000) I%, SSC i#E®)H 75 HiFT D Pre-activation 2%, 75 Hif& O fj - ik o # Mk

TARNK— % EZRDLHEEICREBERITTLER, FEMICTAEL D MRS & & HFTo

Pre-activation |2 & % ¥4 A /E H 2% Stiffness O i IC B HE e kBl 2 LT L HEL TV 5D,

Muller et al. (2010) 1%, T v =v 7 H OWIE FH @ Pre-activation L X)L %, 2T v 7D



EXICIKFEL, FRICE Y TR Stiffness I L T\ 5 Z & 24 L, Kuitunen

et al. (2002) 1%, A7V U M EODHENE DO T Stiffness "EH FE D50, =D&

OB S 7 A @ Pre-activation & £ 0, HEHEEIETOMITEILE W & &

KL TWA. 2O X HIC, HEHEER o E Vv SSC EHN BT 5 Pre-activation I, Stiffness

DI IR L, HEFHDHROANAY —FEHICHELTHL I LE2RL TS (Komi

2000). — 5 C, Ishikawaetal. (2007) %, B EFHEHEMBGEEREZIEEZH W CEEH T O

D ENREZBERT AP T, EEREOHEMIE > THINI 5 Preactivation & K - TH:

HORT O BEME A O RITEN L, P b EMR LTS ENnD, EEEHT O

Preactivation ° i R BN AE 1X, TJ-HERGRC N -ESBEBROM FIZB W T HEEDEZ 5

DAHLEOICIEFHE SN TWARAWNnWEHRE L TWD. Wi, BV EEHEEE Tl ME %

NEX— DR E BRI HEZ BRI 57212, Pre-activation Z#1 L, BEME T @ 5 5

PRENET A LT, b o stiffness ZEm O TWA ERIBLTWVWD.

1-2-4. SSC E By F D i 38 K 5+ o 2 51

SSC #E# TiX, TEMOMEMEMBIEH RE CEBHAMEIND Z LIZ2X - THE

RS RFER S, EREHESRE TCOMEBAHEM S, MOt EZzERSED

X TWwA (Melvill Jones and Watt, 1971; Dietz et al., 1979). i OMEKE L, H D

i o B R0 e a2 5 I 1

i

L X 4% (Cavagna et al., 1968; Aura and Komi, 1986). % < ® ¢

ITHIIE T, REVEIMEZfE O BE#EDY, KB QR LOBKBICH X TN T 3 —~ A0 0 BT



52 LOHERE LT, MRFMETOHOMEEEIKSLZMERNOISEIZ XD

EE) O HE 58 (e.g. Bosco et al.,, 1981) X°, "y BV 7RO TIER, BT AHOD

MR HIC X 2N 2 MikEIC X D8RR (LIFIE2, 1980) oW THE I T

W5, Fm, Fay XYy 7B 5 8HETO Pre-activation OYRAEEDY, F D% D

R LD HIEEs ORI E 9 5 2 X (Bosco and Viitasalo, 1982), &~ v B 7

RT =27 0L 5 7 SSCHEE) TIHMIRKFNEMPONFEMCHBKT S Z L (Komi

and Gollhofer, 1997) 72 EAHEI N TN D,

BT O R RS IR B AR (EH) B ORI 40ms TEH Z 2 L ZEAXA BN TWVDH T & &,

K O3B L N E iR S 5 BERE] 2% (Electromechanical delay; EMD) @ 10-12ms (Nicol

and Komi, 1998) % &35 &, HOMERENLZORIZHNPEBI NS E TIEH

50-55ms 2>7>% (Komi, 2000). HEMBHEEMAES HEHEOEKWWT v = 7 TlX, X

HpaglEE o+ hoEmnmiERm cAE LD &b, ) Stiffness OB INIZ 5 ik T

% % (Nichols and Houk, 1976). L 2>L 7N 5, #HIFFH OB WER vy Vo VR EE O H

WT =TI RBT O RHIEIIC LD I OWmARIL, Y0 IR LD EMBIE Y OM

MR CHBT D2 Z &2 b2, MiERmE O Stiffness OEEIICITEBR X 2w &

EZ2bhd (AL Komi, 2006). > % Y, SSCIEENICI T D I 2 & o D ok 5

DEBE, REIEBEFOISERRE L SSCHEBI O HREREICKHEL TWDLATREMNH 5.



1-3. AHFREDO BB

SSC JE 5 o0 i B 0B # I f], 3R L (TS U TPl 22 DB IRF 9 (24T D Ty S 5 i i

BlcBWT, L7 ual I AR A Yy, EMFPRICEAEEMRIE#Z%, Yok

B IN TWEIDONHLMNIT EH720, Fany XYy r72H0WTlmRatdsz L

L7, 2L OETHETITEEOBBENEG <, £ O (Stiffness regulation) [

TR 2 BRI AR L TWD . AKWFZECIX, TH =8 - EE S (Triceps surae

muscle-tendon unit) IZFEH L, XYV EMMQR SSCET L E L CREBEHOEESZ T L LT

SSC HEHEAZM VLI LT, HFXAZICHT HMETEEOMBE - HKEZW L ICT D

ZEEBEME LT

1-4. ABOFRHABLIOVOESR

AR THWEREORHBS LI OHEOERZBRD

1) HMKERT

MG : BEER, SOL: b T X/, TA: AilEE

&
or
9_|.4

MTU : #5 - BE#E A (Muscle-Tendon Unit). ABFZE CIZEICHEER, b T 2

il

O7 F VAN D TR =G - RESEZET.

Fz : &0 iE # /)

MAF : J& B & i K dh g

Dh0.2m, Dh0.3m, Dh0.4m: Fa v & O K FME%Zx7 . (0.2~0.4m ; Figure 1)

-10-



2)

3)

4)

5)

LAND : Fu v 7#H%EHO L TEHO ERN S 2. (Figure 1)

RImax : Ko v FHZRICR KGN TY Ny K95 54, (Figure 1)

RJ50% : R v FHRICHKKE IO 50% DL HETY Ny » R4 554, (Figure 1)

J5 i E#F (Figure 2)

Pre-activation /& : £ H1 a7 100ms @ J& M .

Braking /i : #2Hus & J2 B & KJm i g £ T o JR i

Push-off B : R HEifH KB S8t £ oo f/m

Post-impact 30ms R : #EHE % 30ms D RHEH. KHEDEBELE REZ T RVWE & X

B A EERERY 72 Pre-activation @ J&) i .

SLR JF i : #iHi1% 30ms 7» 5 70ms O JF . BERFOMEKH KD & L TER.

Stiffness index : THR =5Hf) - BMEASK ALY 1 DOFFT AL L LEAROH X 2R T =

(WFZERRE 1) .

H
&

Coactivation INDEX : f5#ifi O i 8h &2 T®8HOMIEHECTHR L, £RETOE
A - P OMmIEE O R E R TR (WFITERE 2).

RFD (Rate of force development) : Braking J& Ifi @ $h & #i [ ) 71 D ¥ — 7 fifi & Braking J&

HRFTHRT ZEICE o TROLENDONES L3 WE (WFFE#3RE 3).

-11-



B2E RRDZFuy7EMNbOEMICRT 2HEEORE

(BFFERRAE 1)

2-1.  BHH®

fi 8 — JE 4 - 1 7 /L (Stretch-shortening cycle: SSC) # A W\W/= F v 7V v o FROK
v By JE )T, A HMiFTO Pre-activation & FEIZA D EAHMRKIC KLY =2 br— L &
NEZBOEMBHNBERSN, BOAR T r—~r 200 EICEBELEEHZ R4 2
EBRHE I TV D (Mellvill-Jones G and Watt DGD, 1971). Komi (2000) %, SSC i#
By o o Z5 HUAT O Pre-activation 23, BFHEZEOH - E~O BT XL F -2 FH 2 HHEIC
WEENITTEEALND I LD, EEHHICAEL HEHATDO Pre-activation & 45 Hi
ORI & 2 EMH 2 Stiffness OFHEIIC, EHEALEHAZRZL TV DL EHmEL TW
5.

SSC #HBE T F 1T 2 F B\ @ Pre-activation 1T T 278138 < A S LTV D08,
FDEFEELNERRRENOY v T ER W & EOFEREmENOFHIETZ B LT
WEbDThY, RRTHEHOEH TORE A =X LIZHONTHEFLZFRIZD 2R
A

Pre-activation (T #HEFICE W T O BRI N 508, HHm 0@ENLHE O R E
(Santello et al., 2001), F| & & & I & & DEV (Niu etal, 2011) 5 E T8 OBl
MO INTWVWS., ZOFMOHLTIY N RELARVEEX, Fry XYy

D& CTod D push-off E N2 NWEDTHDHEEZXDLZIENTES.

-12-



AWFFETIL, 75 AT Pre-activation <° 35 #11% @ % 1% &) D & Ik
ZHOLNICTHIEZHEHMNIIC, Rey XL TEMOALTHOY LRSS W & &5
BRARE I THO ERDRBICRB T 2 HIEE %2 LR L.
2-2. Fik

WEFEIL, HEMICRea Yy 7V v 725D ML —=0 72 L TWVWDHEABMH 7 4
(4 # 20.2+1.4 %, & E 1.754+0.078m, H{K'H & 67.315.9kg) Th o 7=. KWL,
KRAEBERFZMEEELZBSOARBREH TITbiL, HREFCIEIAMEONEZ + I

ML, EBRBMCXTI2EEE S,

2-2-1. 7ma ha—

B, B oE S0 +H (0.2m, 0.3m, 0.4m: 2L F Dh0.2mJ, Dh0.3mJ, [ Dh0.4m |
ETD) o Ry 7L TEMBRRIENG R VWEE (LN TLAND) &9°%) &, [A
CENPLROBEY TTSIZHEREBENTHOERSD Fa vy PPy o7 (LLF TRImax] &
T %) AT (Figure 1). #BREFICIE, W EFRICHRBEHOBMEIEL Cx 57K
Tz, FCREGOEHICI>TITI LOCHRLE., Fry 7T 25KE, EE%
RV L, ALV @< LR FARRE FTEB L 2L X512 E, Rimax
TIHAEMBZE TELRY FTIELKBOERD L ICHERLE. 20L&, EKRICLDE
BERYVBRS OB CE Y. BESGOREZREMEELRONTZHEEONT

=

2R LEEE. T LTIAT Y FEAHLNCEIr 72 b 0T E R L L. #

-13-



BREICII Ry & 35%&EFNFNIC LAND & Rlmax ORE 217 H, RN &

5l T o THVIRS Y. i, #HBREICIREMI o RIKEZ & 5 H,

WHICIDEEPNHZNEI Y I+ ICEE L., RETEMGEICT VX L4 — X — THT

2 7z

2-2-2. HIEAR

Ky 7T 581K T 74 —A7 b — bk (FRA7—5:8 : Type9287, it 90cm, #%

60cm) ZExE L, A ofmETmtm~x ) (LT TFz) &9%) 2 1kHz oY% 7Y

B TRE L. HEX (EMG) 1%, BT o LMoFiEEH (LT TTAl &

%), BEEHBAME (LT TMGI &9%), 7 A8 (LLF IsOL) &3%) O

NS, FEAEESE 20mm (ZEE L7 EFREMICL D NHFEEEICLYVEHLZ. EMG

X, ERaE S RoflEEE (NEC® . 472 b MT11) ZH\, 1kHz ® ¥ 7

Vo7 BT L., EREUNTIEE, 7747727 bWV LD,

i)

R B AT AL 2 G b U, SR PES 2kQ LT Th D Z L 2B Lo, &M O EMm

BE AL E 1%, SENIAM Y u v " A RIA4A VDR SICHE ST, 7AMNFHITLS

EMG KIGIZ X > CHIETHDZ MR L. £72, BMEICEED R WL ) ITIEIZ®E

FHEzEE L. Ak, BREFOLEMGICT 2T A A7 (SONY # .

DSR-PD150) Z##&iE L, M 60 a~ CREA®RE L. HJREL-BENML, BIK 23

BIZOWTETORKZZBH 60 a3~ TT VXA X7V, 2RIC DLTIEIC LD 5 &

-14-



Tol-. BoNT-EEST —X21X, ARONRNE —T =28 oa — A5 I H)LT 4 )L H—|C

Ko T7-10HZ CEB L. EMG & Fz #sk T DI LED 7 o 7RS0T 5 R~ 7

TN ERY AL, RFICET A A ZICIERERGICZZED L\ WEPHIZC LED 7 v 7O

NATZBLIABETOT— 2 ZRM L.

AT, REZUTICRTBEICY T TON&E1T->7% (Figure 2). £7°, Fz

DNEH BN (o b)) 2 AU, BEHLAT 100ms % Pre-activation i & L7-. =+

7o, B RS RKREMEES (LT TMAF) &9 %) % T% Braking JAm & L7z,

RImax {22V TIiX MAF 2> & Bt it F T @ Push-off /F i@ 25 & 5 25, LAND T Pre-activation

Ja & Braking Rai O H T L5720, SAIEZolEo 2 J{miz >0\ TiTo .

2-2-4. BHHIEH

L7 EMG 5 — # 1%,10-500Hz O N> RSN R 7 4 L & Bl & 72 1% 024 &k

L, $hiE#E R AT —2 & &b, FKMFED 5 RAFITHOWTHEM Z LRI L7 F N

BB HE AT o7, £ D%, MHENMOERERZREHIYE (Standards for Reporting EMG

Data; Merletti, 1999; Solomonow, 1997) (25> T, &/ HEOHIEE O X HIEMR & L T

L) 5 (Root Mean Square: RMS) # & H L 7-.

MG, SOL 2R3 2% MTU O E &%, BEBESIB X ORLMEEOAELH W CHET S

-15-



Grieve 17> (1978) OET NI KXo TRD7=. RMFETHWEZ Fa v 7Yy o 7iE,

R # CE AR ITHEESHRLZ T, BBEGoMAEM?S _EEHTHDH MG D MTU

DREIIWZIFEAEZE Lo (MG & SOL O MTU O£ & D # ; 1.520.5%). Z @

ZEME, TVHEMATT A TORMNEZAREICT S22, MG, SOL ® MTU O E & D

FEEZ, TREZEMBO MTU O S & Lz (BLF Thurgl &3 %), 5 oo e

m o nE (AF) %, MTU O iR & (ALwry) THRT 25 Z L1 X v, Stiffness index

(ANF IALuwty) ZEH L, MTU O AN REEHIZOWTHRF L. 7, ##, MAF

T, BB OB 0°% X OB 90°D & & D Lyry & 100% & L THIMEIEL 2D

@75?, %\H#:'ﬁfo) I—MTU & L/'(;%:Hj L/7LC

2-2-5. M OLHE

FHRHERIZOWT, Foy7a (34M4F) LAEMBEIDRME (251M4), 2D50IT,

KRBy 7 ECEBRE (24H) £ 2REO CERAWSHT BOELDY) 70,

FOBICLBELBBRELEIT>7-. RImax O U N1 2 REIZHOWTIE—ERK ST %

TV, £ D#%IZ Tukey D ZEHELEBMRE 21T - 72, M, HEHLHEOA B M fEBRE 5% K

¥CTHIE L.

-16-



2-3. MR

2-3-1. U R U KRy IR TxHp—=< R

&Ry 7EICBITS RImax ® U Nw 2 Rk, 0.242 +0.036m  (Dh0.2m), 0.281

+0.014m (Dh0.3m) & 0.292 £0.031m (Dh0.4m) T&® Y, Fry FYEIAEWIEIEREIZ

BV RT Y REAE S 7= (Dh0.2m < Dh0.3m < Dh0.4m, p < 0.01)

2-3-2. EMGHENRRZ—V LHEHE

Figure3 12, Fo v 7 & 03micBiF 25 TA, MG, SOL ® EMG & Fz @ i o i 7l 5]

R Ll EOFny 7EHICBWTOMHEULEEENABEIL, ZORBITILUTOX

5 Tdho7-. LAND TlL, @B TH D MG IZTEHFTICE W EMG BN R LT3, &

HBICELLIBAY LE. £7, SOL 1T Rlmax 12KV EMG TH o =725, MG & [FIEE

WCEMBRAD L., 2oL xHERH TH D TAX, SHipgi, sHh2ELTELIEND

EMG T& - 7-. RIJmax Tl¥, MG, SOL I |z HATD EH W EMG 28 % #idr £ T L,

FRIZ SOL ITHB W T, AHifz 50 205 80ms i » Tk K H ik 5> (Gollhofer et al.,1992;

Voigtetal., 1998) L& x LN AP E LR WM KENR O 57z (Figure3). TAILE

WTIX, LAND (2T Rlmax O FH#Hifi D EMG B FE L < mho 7z,

Pre-activation &l @ MG 8 X O SOL @ RMS (X, LAND & RImax & b2 Fua v 7 &

NELRDIZLEN->T, AEICHIMLTE (p<0.05). L2rL, &% K v 7 & TlX LAND

& RImax & O] T RMS IZ 21T D v - 7= (Figure 4).

-17-



Braking R @ (23155 MG & SOL ® RMS iZ Ku v 7Eo#inicxt L Lk L7 o

7. L22L, £2TChO ke vy 7ETMG, SOL & H1Z LAND (2 Rimax @ 55 N AH & IZ

K& o7z (p<0.05, p<0.01 ; Figure 4). Pre-activation J& i 7> & Braking J& i~ ® RMS

DAL, MG & SOL, 3 K O LAND & RImax CTHE 72 5 MHA 2~k L 7= (Figure 4). MG

@ RMS [X, LAND ® Dh0.3m & Dh0.4m (23T, Pre-activation J&ifn 7> & Braking /&

W2 THEIZH A L (p<0.05), RImax TiX, Dh0.3m 2B W TH EIZHE M L 72 (p<0.05).

L2L SOL Tix, LAND ®4&C®» Ku v 7 & T Pre-activation & i 2> © Braking /& 12

i CEAET, RlImax Tl TO e v 7& TAHRBICHEM L7 (p<0.05, Figure 4).

TA ® RMS %, Pre-activation & CTlX, LAND [ZE- X RImax O F R ABEIC KX)o

7= (p<0.05, p<0.01). Braking /i Cix Fa v & DEWNS, LAND & RImax (Zxf9

5 RMS OZ biZeno7-. £, BEMIZOWTHLEEREZRD N o -

(Figure 4) .

2-3-3. HEEHTO MTUDEXIROEXZE

Figure 5 |[Z#iH & MAF FF D Lty B L O MTU O #H#IN 5 MAF ~DOfEETH 5

Alyto Zr L7z, BEHIZRBIT S LytolE, £2TCTO Fua v 7 & T LAND (2 < RIJmax @

FRABICEWVEBNFE D 517z (p<0.05). MAF TOD Ly ld, &2 TO Kue v 7 & T

LAND [ZtER_ T RImax TiXH BIZE o 72 (p<0.05). £72, LAND & RJmax & |2 K=

T ENELBRDICLTEN S TEMO Lyt DA EICELS 2D, MAF ® Lyt N EH EIC

-18-



B R AEMABRD b (p<0.05).

MTU O #1775 MAF ~D AlLptulx, &2 ToO e v 75 T,

Bl K& »o7- (p<0.05). F7-, LAND & RImax 3|

’

A EIC K& -7 (Figure 5, p<0.05)

LAND £ v RImax A&

Fo oy ZEdmoiE E Al
2-3-4.

MTU @ Stiffness index

Figure 6 {Z MTU @ Stiffness index # /=~ L 7=
Stiffness index X1 b L 72 » 7=
AEI

—

LAND T, Feyv7E@n&klL b
RJmax Ti%,
EWE T\ A2 s L7z (p<0.01). F 72,

=
— |A

v Fea oy 7 & IE & Stiffness index 23
Stiffness index 25 & &= |

o 72 (p<0.05).
2-4.

ATO e v 7E T LAND LY RImax @
e =3

2-4-1. Pre-activation R & Braking /& @ 7% 8h D R

Pre-activation & FEIZN 2 HiEENIL, B TCHLNLLO e/ T afbah,
frr—LrEnZb0THY

a

(Mellvill-Jones and Watt, 1971), HFHOFBHE ORI &, =D
HBDONRT F—~ 2 AT Ui 7y Stiffness |

-

Z P i

THEIEHm<EI N TWD
(Moritani et al., 1991; Bosco 1997; Avela et al., 1996; Arampatzis et al., 2001) . A#f 32 T

HAWwim ke v 7Yy o 7128 TH Pre-activation N B2 S v, @ TH 5 MG, SOL

@ Pre-activation /G T?O RMS 1L, Fu v 7 E5OEMNICE->TE F - 7=

-19-
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K& ETxk LT Pre-activation VXL 3B 32 L WO BITHREOHRE L —H L TV
(Voigt et al., 1998; Gollhofer and Kyrolainen, 1991; Viitasalo et al., 1998; Santello and
McDonagh, 1998; Arampatzis et al., 2003; Ishikawa and Komi, 2004). L2>L 72 5, [A LT
Fa oy ZEiZB 0 TIE LAND & Rimax @ [l TIiX MG & SOL & % (2 Pre-activation ® RMS
WCENREDL NN - To. Z OfERIT, Pre-activation 2%, 35 Hitk © MAF LA O EE) 12 1
EEHEALRAVWIEEZRET 260 THOBHKREW. HHHO TA © RMS IE,
Pre-activation /& i T LAND XV Rimax D A K& <, Bk ERn 5 Z L izfivwiz & & %
SND N, KBFZE TIEMIH T& ) - 7. Braking @ IZH 1T 5 RMS X, MG, SOL &
H 12, LAND IZEE X RImax O F R A RBICKE WEM Z /8 L7=. Z ik, Braking J& i o
BWHEEAE WY R RRT =~V RAERBETHOICEETHD LWV WME
(Kyrolainen and Komi, 1995) %# X3+ 56D ThHDH. Lo L, Braking Fifi ® MG &
SOLD® RMS iZ Fe vy 7@Em»n L2 ->TH LAND & RlImax O E L BB WTHEML A
ol ZORERIE, Braking R O HIEENX, RO e v IR OEME T, &
FBEOREIICEBELLRWI EEZRTHEOTHD. £z, Z O Braking K ?d RMS
BN, BTOFR Yy 7EHET—EThHoTmLWIRMEIE, Foy 7ERERoTHaETkK
KEHNTORBETHSTZZ EICEBLTWDRIEMERDHD. £ THDHDOIIL, Fry
TENENTGN RImax O U AT R@mRd@Eholc. 2OV AT REOET, Fry
TR DEWIZ L o T Braking R FICEBE I N HET R L —ICEZNE T DD,

HHWIE, MAFLIBED EMGIFBIIZC XA ETHLDI EEZBND

-20-



2-4-2. Pre-activation J§HE »* b Braking RE ~D fHiEEIE L

LAND ® MG ® RMS % Pre-activation J& i 7> & Braking /i lZ 2207 TH EIZ#A L,
SOL @ RMS [T &b FRWFHFEEREZ T SEHmICH 7. DFE D LAND 2B 1)
% Pre-activation J& i@ 7> & Braking J& i~ @ 5 i& 8 O J{ HiiX MG @ J7 A SOL & v K& 2
S 7= Z EN b DH . Moritani (&7 (1990) (X4 v B> O EK % v 72 H-reflex
DREICENT, FHiO SOL OBEMENMFI S, HIZ MGoThiTfetESh D Z &
EREL TS, AFETCHOCEZEDBEOFEGICE W THLRKED MG ORI E
EE 23BN T RRER S D . AW D LAND TOFRRIZE N TS, &HiH% O ESD

G

N

DOFE N FIZ MG TIToi, SOL ZIEHFFEOHEmRIZH T 58 & L THIEL, %

k=111l
ZH

TR O BEBEE & —BEEMOMBEEDEWNIZOWTOHRE & —FH 3 5 (Ishikawa and

Komi 2008) .

MG ® RMS A% &, k23 5 (half relaxation time) & TIZiX 50 5

80ms £ D W[l 2 239 %5 (Andreassen and Nielsen, 1987; Gandevia, 2001). Z D Z & H»

o, Pre-activation /G ® EMG |2 X » CTA U 7= 128, Braking FiE CTH#EFF S, Hi

M DEFICBHNTZEEZOND.

2-4-3. MTU & Stiffness index

LAND TiX, Fev7Eih&@< st biZ#EHD Lyrg 13XV ELLI 2D, MAF ®©

-21-



Lyl TELSRo7e. 207D MTUOIEE TH D ALuru F K E < 72 > 7= (Figure 5).
CORBIFUTOLOCHRTE LS. FeyZahrm< 2% &, Braking J{im T& v K
ERMETRLF— (LY RERNH) 2 MTU TRIRNL 20 TR 67220, £ 2 TH
WhRRry Z7ETIEMTUDMEREZEL T Z & TG L, iy Fe v 7 & Tk MTU
ODHEEE2DVRTDHZETHIG L. TOME, LAND © Stiffness index |2 To K
By 7EICBNT—EOEERL, MO ERLZRWEHEREIZLIZOTHA S

(Figure 6) .

RImax TO#HH D Ly £ LAND X 0 &<, Z 1 iE 3 i Pre-activation J& i T O 45
P CTHD TADRMS B LAND LV mFEo7zZtick gl & (Figure 4), &
BfiAxEET 52 LI12fx, LAND XY &5\ Stiffness index #-k L 7. RIJmax ® Lytu
X, Fery 7@ RN TIIES 2Y, MAF TRELS Lo, DD
Rimax @ Alptu i Fa v 7@’ &L R A LN >THEIML, L2rLZ2RNS LAND X
DINErol. RImax TIE Re y P& > LT RV ¥ —% MTU [ZHPET R L ¥
— L LTEHEMBL, 20%OI AT RIZBWTHMAT 52280 (Komi, 2000), LAND X
DHEN ANy I ZTZDOEHMII o0 LivZewy. L2aL, Rimax @ ALyt &
Fey Z@EnmuiE En L, Stiffness index (3K <20, #RELTY AN FEHi
BMEoT. T ER S22 LAND @ ALty 28 RImax £V KEhofz 2 &R
Stiffness index KMo 7ok & IT B2 o T2FERTH L. LLESTTDOY RNT U RTH

% Rlmax TlX, 2@ ToRFey 7HIcBWTIikRIARNT Uy FEZHE L2 L THBL, =

-22-



@ Stiffness index M &k 1X Braking FEICB T2 =2 AL X —0EHE Fo v 7 &I

JGCTEVBRHUITITEI  LLEbDOTHLEEZDLND. D%V, LAND TIEMHE

B 2K F S22 6 FE L7z Stiffness index THh o 7= D%t L, RImax Tl KD WM&

5 T4 5 7= Stiffness index ToHh 5. D £V, Braking HE D AN RR LA D

Stiffness index (FEFE LT XX TRV H L.

2-5. F£&®

Pre-activation {miZB W T, FEAHDO MGSOL TRua vy 7EiRn&Em< bl Lo

THEEBLAEEY, ZHNIE PRI EEO KE S 2% LT Pre-activation L X)L 23 2%

BT 2L WO ETHMEEDHRE & —B L, Bk OEE) OEWIZEMR R < AE s8I

T DM BERENEREBITH2D0BIEH ThomZ ENRBINT. £/2, &

1% o YE Eh o F i 12 1% Pre-activation R O TA O iEE N EEHRE L, 7=, Braking /&M

TIEEIC MG OBFEBZHIMCETLZ IR TIAT PTG 0/Eiz2d 5 X9

BELIZZ N0 olc. 2O XD ICHEMBOER O BN R S5 E 12, 3212 Braking

HEOHIEBIC L > THE S, S5 e vy 72k C TR ERAIC Stiffness index % 7

HiLTWd ZEnRmlEnk.
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BIE Funy VxR F2EDH - FRHOHED

(BfF FERRE 2)

3-1. BHHWY

SSC HED N7 4 —< U AHBO A I = A LT, ZL OPFETEHMHICER L TH
&N CT& 7= (e.g.van Ingen Shenau et al., 1997; Komi 2000). AFZEiiEE 1 TiX, T8/
@ Pre-activation N EHEBIZX IR T H72DTHLH I &0, TOHDO U N Y REH)~
& UG O Pre-activation W EERE T S ATREMEZ /R L. W< OO ETHE T, F@F
LG o R RS 72 775 ®) (coactivation) (X, SSC & &) o> B8 & s <0k oo B H I H
T kE 2 R L ME L TV D (Frostetal., 1997; Hasan 1986; Hofferen et al., 2007;
Kellis et al., 2003), — 5 C, #HMMH OB ITEHE CILALWE O®RE D H 5 (Falconer and
Winter 1985; Hobara et al., 2007) .

B & oo 2w vE e B B G E o R # 12 %k 3 % coactivation D FERE 1, SEATHFZE THE S
T & 7- (Baratta et al., 1988; Nielsen et al., 1994). F7z. Horita (7> (2002) 1Tk % &,
FTEHICHOWT, Fry XYy BT 57 07w r T LAOBHIESHOKENERIT,
ZD%ITHE < stiffness DL N T —~v UV A~ODHEBTHL L LTS, Fry Y
Vx I BNT Rry YERI AT FERELT DO L, EB O HIE B2
PEI S LD DN EWH T LR, FREIKF L B — FHUH o1& B OGRS B
LOMNBHKENRTHD.

BF 9238 2 O H A1, Pre-activation Jg i <> 4 Hi #% o 3 ) 5 (MG- SOL) & # 55 (TA)
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DHFEEBH D, Fo oI b RicnwTc X rrua 775830, VAT Kol

WG L TWDONEHRtT 22 THD.

3-2. Fk

WEREIX, BHEBIC+S 2 L —=0 72 L TWAEEBH 110m ~— RLVEF 7 4

Tdh o= (FFE# 20.2¢1.4 5%, K 1.754+0.078m, H{AE & 67.3+5.9kg). AW 7EI1L, K

A ERFMBEEZEROKB LA TITDOL, HBREICIAMEONE 2+ 51260

L, ZEBRBINCHT2REZGET.

3-2-1. a pa—)

REE, MFIEERE 1 ORBEICEITRICH Tl E TCO Ry 7Yy 72 HWiE

(Asmussen and Bonde-petersen, 1974; Komi and Bosco 1978; Kyrolainen and Komi, 1995) .

Ry 7Yy 7, WMBIERORMICREL, MFEZRICES ZLICLYVETESE

(Bobbert & Casius 2011), #REh iz Eiic ka2 KEhE BEH LB 2 T H[R

DWHEZX D X DI R L., FRICELDL, REBECEFoICEALS L. HBREIC

X, Fey 7y r7HOENL 7+ —AF L —F EIZROKEY, OHERIBO

ERoE. Fry 7@oEET, K175 (Arampatzis et al., 2001) % &% |2 0.2m

&£ 0.4m & L7z (BLF IDh0.2my, TDh0.4m]) &9 3). Fa v 7% U Ny REMIT,

EHOBLTY R FLARW (LLFTLAND &9 2), ®RRKEHTOY R T KD 50%
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D 5%

77

FE (LLF TRIB0%] &9 2), mREHTHOIV Ny K (BLF IRImax) &9 %)

® 3 MM E L (Figure 7). FEERGAE PIL, &R E0E % (6 E i )70 b i 22 5 [

EHOWCTU AR Y REZHEL,RI50%E RImax Bk T 5N TWVW5DH 2 & 2R L
MORBEEZE L ERIBESIThHoEHAITAKRRAE L LE

M 2 M & U N T NAE 3 T,

ETORME (Fr v
P 6 %) TS5
, B BRI,

Ao E N Tx 5
W T D
ol E, ETOHEBREICEWNT, K514 8

WK D Fo IR+ 2L ORE L

REUNTRIRAEZWMET 52 8T
XL EAFEICRBTDY RNy REOEEREIL, Dh0.2m—RJI50% : 7.3+2.7%, Dh0.2m

s

—RJmax : 3.9+1.8%, Dh0.4m— RJ50% : 9.844.8%, Dh0.4m— RJmax : 5.7+1.9% C&h - 7~
TOEMEIZT v X LT — X —TiTo 1=

3-2-2. HEEHE

A= I R =l i

BRoTT74—AF L —F (F27—4H . Type9287, fit 90cm,
60cm) ZE L, A ogmE <) (Fz) 2 lkHz 0% 7Y > FJE T
L7, MEX (EMG)
RIS B A

AL
X, BEF oL OPEEHANMEE (MG), B Z X (SOL),
(TA) OBEN S, B EEE 20mm (C[E & L 72 % m B X 5 W ihE5 8k
IR VEMH L. EMG 1%, E|HEEFXoOWEEE (NECH® . 4 F7 27 b MT11)
AW, IkHz 0% 7 ) v JEEH TR L

B & QA9 D BR,

T—=T 4777
FNEERY RS 2, EMAA A 2 b L, EMEAEIES 2kQ LT THDH I &%
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e L7, SO BMAATAEIL, SENIAM Y22 =7 A RITA4 L DREICTES

X, TAFMFHIZCEP2EMGINIC L > TCHEIETHAZ 2R LT-. £7-, #{Elc

BoLnwr o EEEAEEE L., Rd, REOEMFTICT V2V ET AN

i1

A7 (SONY # : DSR-PD150) ##&iE L, B 60 a2~ CTHEEZRE L. H{RE LM

Brn, FE2BAIZOVWTETOREZHBH 60 2~ TT V¥ A X &7\, 2 KkoC DLT

BIZEV o EiTole. MONTBIET — 21X, A ROANZ =T =2 — 257 V¥

VT 4V H—|Z Ko T 7-10Hz CTEIB L. EMG & Fz #it# 4 58I LED 7 > 728 |

T2 7 FNVelRViIAL, ETFFNRATITIETREMRBITEEDO RV LED 7 &~

TORITEZBRLIALETOT— 2 ZRH L.

3-2-3. RHEEE

AWFETIx, REZLTFICRTREIZHT THOW 21T > 7= (Figure 8). Fz D H k

DY (RO BEE) 2 YT, #EHET 100ms 2 5 i £ T % Pre-activation & L 7-.

Fo, B S RS R KEIEES (LT TMAF) &3 %) £ T% Braking fifi, MAF

BB E T % Push-off Riie L7z, 612, BHERICLIOINNOEELZ T DI

TR T E2RmEELON DML ML 30ms O R % ¥ EER 72 Pre-activation &

% %, Post-impact 30ms J&jifi & L 7= (Grey et al., 2001; McDonagh and Duncan 2002; Taylor

etal., 1985). F£7-, #H#i# 30ms 725 70ms £ TEHIEBEREOMER S S (LT ISLRY

L3 %) L L TES L7 (McDonagh and Duncan, 2002; Ishikawa et al.. 2005;Ishikawa and
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Komi, 2007 ).

3-2-4. HHEE

FLEk L7 EMG 7 — X 1%, 20—450HZ O /N2 R/NRA 7 4 )V X il S B 7% 12 2
Gt L, SREHITE R D & 3R, B O 5 REIT O T HE L A Sk E I [RGB
AT - T=. = O, i BN O AR 72 5l 5 (Standards for Reporting EMG Data; Merletti,
1999; Solomonow, 1997) (ZHIY, MG, SOL B X TAIZ DWW T, % /il ® ik & o F
PR & L C - EHEHR (Root Mean Square: RMS) 2R M L7-. &£/ETH, +
B — P O &2 M9 5 72 912, coactivation INDEX # UL F o & W CTH I L
7 -

Coactivation INDEX
= “RMS of antagonist muscle (TA)”/ “RMS of agonist muscle (MG or SOL)”

MG, SOL B4 2 MTU O & =13, IEBIHi b K OVR BAETI o 4 2 2 Hl v TR 3 % Grieve
E7 (1978) OET L EZMHWTRD . KFFFETHWE Fr vy 7Yy 7%, BEE
ECEHRTEESELI LT, REMOALNM? —HEH THDH MG O MTU DR &
WIFE A EEEET, MG L SOL O MTU DR EDEN L5%BU T ThHho72Z Linb,
MG, SOL ® MTU D E S D V¥ E %, TREZEFH DO MTUDE I L L7z (BLF TLurul
L3 5). 2 HIT, Braking R o2 hv 22U TFTOoXEHWTREME L2

(Kawakami et al., 2002) .

28



TQ =Fz L1 cos (Aj-90)

(Fz:gpEHmER /1, L1: R OMIEROR S, Aj: EEHE ML)

F 72, Braking i O EHEE v 7 oZ b &% EESAEELETRT I LEICL - T
J& B stiffness 2 sk ® 7= (Kuitunen et al., 2002) .
3-2-5.

AL 3

N
=

=]

FHBAIWZSWT, PHELEEREZ2FH L

(B3&M) THRYVELOH D “HRSHMOTZITY, KAFEHARRSEFDIRPR OGN
=8B 21%, Tukey @ % & i
oy

=X

&=

Fe v 7 &m (2504 VAT R
SR E & AT o T
IR (i

BEKAEEIL 5% LT

Fo, REMOEDOREICIX, —EHRES
WIKLHY) BLO Tukey O E MK EE H VT

ETOHRFUNEOH
3-3. ®BH

3-3-1.

IRV R IR T —= R

HERETOI AT U FEIE,

Dh0.2m'R\]50% : 0.13+0.02 m, Dh0.2m-R\]max : 0.24+0.03 m,
Dhg am-RJs00 : 0.14+0.03 m. Dhg am-RImax : 0.29£0.03 m THD ,

NENS =7y FOU AT FEICHETE T

mNey FEoEET, %
F 3 Dho2m it R TEm < U AT o R LT (p<0.01).

RIJmax @ 2B v Tk, Dh0.4m @
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3-3-2. Fey7HE IRy NEOHIEB~DEE

Pre-activation J& & ® # 1& &)

ETOY R REHIZEBWNT, Fey 7@l s tEHBH THSDH MG & SOL @

RMS i3 EIZE WE %2~k L7- (p<0.05, Figure 9, 3-4). L2>L 2225, i Ku v 7 & T,

MG ¥ X ' SOL @ Pre-activation FHE D RMS i, VAT UV REOEWIZLDETRD LN

72 o 7= (Figure 9, 3-4) — 5, f5#1f TH 5 TA @ Pre-activation J& i T RMS |X, i K

By 7EICEBVWTIYI AT Y FERAEGRDIICEONTHEZEHWHEZ R L7 (p<0.05,

Figure10), 2 TO U RN T FEMHET, Fey 7ERELRDZ T LTI 2BMERBD 52

no Tz,

ZErey7E5o0%4T, VAT RFERAEL 2D 24 T, Pre-activation J& [ O

coactivation INDEX |3 H E 2 @& WHE 2~k L7722 (p<0.05, Figure 11), Ko v F&E&MER T

DIEWIZFR D b7 o 7= (Figure 11).

BH¥ (Braking J§H, Push-off G, Post-impact 30ms i, SLR BiE) D HIES

Braking J i ® MG & SOL ® RMS L, 2 TCHO U N7 REHET, Fey 7E&nEmnL

LAERMIEH OB INIR D b o7 (Figure10). L2 LR S, i Ko v FEiIck

WT, U REA#EN+T 5 & MG & SOL @ Braking /&1 & Push-off /& @ RMS I3 A

Blzm < o7 (MG: p<0.01, SOL: p<0.05, Figure 10). J&mE [# TiX, RI50% & RIJmax T

Braking /& 2» & Push-off G ~® MG @ RMS 238/ L T\ 72 (Dh0.2m- RJ50%: p<0.05;
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Dh0.4m- RJ50%: p<0.05; Dh0.2m- RJmax: p<0.05; Dh0.4m- RJmax: p<0.05). = & ©

Post-impact 30ms /& & Z D #% O SLRJFH O RMS X, M Fe v 7 & T, UNNT Y KE o

MZEWA ZIZH M L 7= (MG : p<0.05, SOL : p<0.01) 28, Fue v 7@En#ElimL LA E

AR b o 72 (Figure 11). FEMEZ AL TH DL E, MG TiX, M e v 7m0

LAND T Post-impact 30ms /G 2> & SLR &~ RMS 734> L (Dh0.2m- LAND: p<0.05;

Dh0.4m- LAND: p<0.05).

O CH D TA O IEEN X, Braking /& i & Push-off J& i 72 1) T72 <, Post-impact 30

ms Jmf & SLR WEICE W TS, FryZme I ATy FEonFAoRERTHAHER

EITEDO LN o7, LOLAERNG, W Fae v 75O Rlmax (28 W T, Pre-activation J&

[fi 7> & Post-impact 30ms J& i~ TA @ RMS O 23 A & 121K F L TU 7= (p<0.05) . Post-impact

30ms J&j i & Braking J& i, Push-off J& i @ coactivation INDEX (&, U "o v REaeE< 7

HATFHEVE T L7228 (Figure 12), K v 7 & O 4B TiX coactivation INDEX |2 & 72 7

mu&)%niﬁﬁ)oﬁ_.

3-3-3. MTU ED &1k

PEHEEO MTU BiX, Fey 7@nEm< 2R, AEICELS 2o7»n, MAF B X OBk

HMEETIEIRFry 7EO0EWNZL D MTU EOEITRO b d > 7 (Figure 13, p<0.05).

MTU OffisEE1X, Fe vy 7r@mnm< b ML, Fay7mEN—ETY Ny

REnml s l, L MAF TO MTUERFEICELS o7 (p<0.01) 2%, HEH <X

31



FRERICEHWEZ L., £y 7&&M0T, WIANT Y REFICR21FE MTU o

EEIIARICH A L, &I A BRI L7 (p<0.01).

3-3-4. R BEE stiffness

Dh0.2m & DhO.4Am O K v & T, U RN T v RESENE L 251 E, & BE stiffness

THEEICEL o7 (Figure 13). —%, RI50% & Rlmax O U N v REMHT, Faev

BAEmWITE, HEICEEHE stiffness MK FL7=. LAND Tix, Fev7&o%&M4M TR

B i stiffness ICA B R ZEITR O LN T2.

3-4, E2

A2 TIE 110m "— RABRFEEZHEBRE L LTCEMBHLE. 51, U AT REOHRE

CRTTEBY, ZLOXMFICHT2RAETENEFTICTORIKAL LR TSR, £,

AEBIIZ N == 7 2 ToTWNDHTed), —OERBFICH T, EHITLXD2EZENIER

N
v/

2, REROREOFHZETORKENTOY Ny Yy FEIFIZIERL&EE (£3.2%) %
BELE., ZOXORBEREOBENRAR—VIEHICLIEELBRFLER, Foy 7
VXY U7 HO MGCEBEIOTA OHIEE N Z — R, —REREEZSSZE L TRy TEE
WinsEre Frey 7Yy 72 AW EATHE LB L7c@Em A R~ LT/ (Ishikawa et

al.,2005). Z O Z b, HENBRAR—VIEHICIDIBER~OEBE IV VEEZLRN

7.
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B D Pre-activation 723, & HE B 2 xf 5 B HEiE O 7= D12 fr i 7o stiffness [ Hi T 5 &

AN M HRRICE s T LT Bl FAEINTVELDTHALZ XL DEITHIETH S

MIZ TV 5b (Arampatzis et al.,2001; Avela et al., 1996; Gollhofer and Kyrolainen, 1991;

Horita et al., 2002: Mellvill-Jones and Watt, 1971; Nielsen et al., 1994). F 7/, XL THW

TWA Ry 7Yy 7BV TH, MG B L OV SOL @ Pre-activation 2 F e v 7 HIZ L -

THBE2ZITTNDL I EHLRENTWD (Arampatzis et al., 2003, Gollhofer and Kyrolainen,

1991). SSCIHEBIZEB T D |\ XU — R {H X, Pre-activation /& i <> Braking /& i T O E#) /5

OEWHIEBNIZ L > CTHRMVICHE D XA F—DNEHE I (Komi and Bosco, 1978),

Push-off Bl TZDEMMMMET XL X —DHIH I E&BZE2NTE. LirLR

N5, KBFZEDREH (Figure 10) (X, T E#5 @ Pre-activation J& [ o i) 1% Bh 13 25 M B8 1 %f

T 520 THY, VAT REORHEHIZHEL CWnWiWnwZ xRl Zuik, WFzE#

B LICEBT 28 % oES) OE W BIfR 7 < A5 Ml 8BSk L C E B O Pre-activation 23

HBELZEWIRREZIFTL2b0THL. 2, —EDOFry7a&tcdbhid, £

i TH D MG & SOL @ Pre-activation 1%, U AT RENEML THE/L LR o 7720,

HHA TH B TA @ Pre-activation(Z, VAT FEomEY L& bicmiN+ A2 L 28HG

MLz, 2o YRy REoEinicxt 3 % Pre-activation B @ TA 727 O Hik# o & F

D%, MO LS IV EESELD, BEHEBEO MTU ZEAREN LT WVWER

£ (Kawakamietal., 2002) IZiFWIRBEIZT A Z L7 b. DFD, VX REOEINIC

%L CEMATO MTU EOF N2 %2, Post-impact 30ms J& i & SLR J& i (2 RMS % B il &
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%5 Z LI X o T Braking /B @ & B HEi stiffness amoH Lo LB xLND.

Pre-activation & Post-impact 30ms J&j i ® fiE &L EAFRKIC L5 v 7 e 7 I afbahie

HLbDOTHDEEZEZ LI TWSDA (McDonagh and Duncan, 2002), EAZHA U N T > K

O LT EIBGH TIE A HPUH @ Pre-activation ZH¥i S 232 L7 L7 s o

AL, HEPHICHEENRE X 28722 T BEBREY. X512, Post-impact 30 ms J& f T

MG, SOL @ RMS 28 & £ % & [T Pre-activation Wi CEF 72 TA ® RMS MK T4 %

WO —EHOEEF —FEMHOREGER G L, VAV FEOBMINCHT2ERE R L

Tu 7 LhTholE x b5 (Figure 10, 3-5, 3-6). F 72, SLR /& @ RMS @ ¥ i<

LIl T ATIEERSMERFICE DD THSH (McDonagh and Duncan, 2002), =

L% Post-impact 30ms Ja i RMS & & HIZH#ML TW5D Z &%, SLR /i O i8N & L7

FHRICL T Vv 7 ul I 63nl—BHOBESHO ¥ ThHhdrEZXDL LT D,

SLR TEE o7 RMSIC XD REINT-MHIENN, TD% 5005 80ms FREMEFCTX 5 &

4% & (half relaxation time ; Andreassen and Nielsen, 1987; Gandevia, 2001), % & % & 1t

F T (K 80~90ms) @ Push-off G (2351 5 /)3T SLR J&mE @ F & iH O /515 8 2 &5 Bk

L, B URDT Uy RFTLHZLEAEBICLEEEZOLNS.

3-5. £¢®

Fey 7Yy 7B 2) AU Faizmbloredse, UTOX D REBHH—

ot
&
S

FEI N EINT-Z ENB B L 7 5 7-. Pre-activation I TO TA O HiE#E O & F
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DL, BEHMZOEBHHORNRELMREST D L OICEH L, BH#% Post-impact 30ms &

TlE, FEBOBEHLEZH TR LE S TA DBIE#HNIE T L. Post-impact 30 ms /& i ®

TEHOMIEHOFEE VX, SLRBHEOHIEB O E E 0 IC572 N Y, SLR J&F i % @ Push-off

R CORBEHOHMICERLZ. 2O ENBARIETIZ, EEFH - A& bIC B

PICKD TV TR T AL MEHINY AT FEmaZlbsEsZ LICKET D Z &,

ZHA ST L.
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BAE BREEEEEFLIHRKEFO RNy Uy o FHEMATHEOD
HiEE OE (BFERE 3)
4-1. BHHY

SSC #HENVFFA O B A O MIGTHE) & L CHE R &LH 4 K723 %4 M AT Pre-activation
(Mellvill-Jomes and Watt, 1971; Arampatzis et al., 2001) & #H#HEH% O 30 X VP /Hm
(Post-impact 30 m i) @ F® ) O HiE®) (Taylor J et al., 1985; McDonagh and Duncan
2002), fHiE 4 (Dietz et al., 1979; Hoffer and Andreassen, 1981; Komi and Gollhofer, 1997)
N, EHMEBREORZILUANAT Y REIC L CHETSN D Z &0k, BFZeafieE 1, AFseafe 2
FBEBLTHLNZILTERZ., ZNOLOREIICE > THMPTOHORBEENSCHAT 4 7 %
A, TNHIZHBINIBEOHMEZ X VX — O ENFEH S v, #EHE O Push-off &)
TED R —REFECEB RN L3 5 (Voigt et al., 1998; Kawakami and Fukunaga, 2006;
Ishikawa and Komi, 2008) .

fHiE (1990) X, SSCHBET L L L THVWONDL KR vy v Z#B T, Bik®RT LY
R FE CRERH OB R Em W L2 dRE L, ERE TR L 72 SSC E B kF
AOHIEE D, BHEAR Y ORI > TEEINDIARERD DL ERBELTNS. L
LR D, SSCIEBNICH T OIPWRAN—Y RFOMEH OFFRIESLZ O )R MEICH
WTHRR L2 RIZIEL A E 0.

Wt 52

=111
F=

22BN T, REMARSSCHEBI TH D, TEHLETHEMFHOBE N Fr v 7Y

Yo7 aMWT, EHE % (Post-impact 30 ms Jmj i) o 5 i B > F Fi A3 By A ] 1 EH 2R
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WBErBLETAREN NI F2RE L. £ 2 TAMNZE TIX, SSC #{E L4 HEITAT O B

PR T L, BT ORMEESMHEEFBEB N DL VEIKET LT, EEHRE

WCHBEINDI AT FREAOEVWREZICERT 2D THLON, BT 25ZL%H

e L.

4-2. FHiE

WAL, b b EBREOREEE AT R FET 84 (Filv: 216219, HE :

1.72+0.03m, H{RKE & :64.9+3.2kg, FEBEHEFEE : 9.4£1.4 4, LLFN [SPRINT # )

ETD) BLU, BMkoBiEeAT 25 FEF 124 (FFil 2052125, HK 171+

0.05m, HIKE & :68.3+x45kg, WiikmtiF 126 +3.84, LLT ISWIMAEE] &3 %)

E LT, ARBEJIE, KIREBERFHEFEZRSOKRZ/MATHEM L 2. BEBRE ICIIAN

FONEE+TFICHAL, ERBMCHTLIFAEZRL.

4-2-1. ua pa—)u

MZEERE 3 CIE, 0BMOBE I DOENLDHRKRKENTO Ry 7Yy 72 HWi-. #ik

BN, FRRE 12 LD HTIETHRRE N TO R y 7V 72479 KO- L

o, BB ORESREMRBERRONTLEERONT U AZMLESE, VAV Y FEPH

DN ORE LR G AT EYRE L Lic, 2, #HBE TR LRI+ 70 2R3
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EEoHE, WAICLOIEBEPIHRANI ) ICRE L.

AKBFZE1L, ®AIC, SPRINT # & SWIM #HiIcB b2 Fa v 7Y v > 7o T RO HiE &)

DEFEWEHEIR )OBRBERHEEOEWNVIZCOWTHLNZT LD, TNEFROHERE NS

R EN S REEFHE T2 FE TRy PV y RO IRESESE (Fa ha— 1, w

B#F SPRINTHE 8 A BLOSWIMEBE 74). 51T, SPRINTH & SWIMBED Fr v 7Y

YT HEMBOWEH L T AFOFHROMERMBIEEREZWASNICT 22010, BERE

BEEHNTTOHEMPOTROFGREBEZSEETIRG L (e ba— 2, #RE

uujod
Cne

%

T

SPRINT #t 8 48 L N SWIM &£ 8 4 ). i, SPRINT #EiCB W T, i@ & i R EhT

BRICEMI L7272, Y ha—n 1L 23— ey 7Yy 7EIEER (5 i) %

ELTWD. —J5, SWIM BEIZ W T & B2 E o SR 22 B RE I L 0 W REEHII 23 T &

molclz®, e bha—n 12 3FENETNRRBRICIToT ey XUy 7EIE

EE (£ 53R ZELTWASA. SWIMED YL, 2 AL B MLE-HFIZILTHY, 7E

DDOIXLDIBLAZLITT e ba— LV 1DOEROHR, 541F7a ha—L 2 DERD TS

L.

4-2-2. HIEHEE

Fura— vl RREATOFry 7V U IHOFBESLEHMERDDOEE.

Fey XYy PHOBIZI T T7 44— A7 — (T v 7 HE4HE . TF-6090, 600 mmx900

mn) ZEXE L, M omEtimks) (Fz) Zi Lz, BfEPomER (EMG) X, %

BN E (BRE A ER, P-EMGplus, AJ1A v E— % 2 51kQ, %1 > 500
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T, MW E I #% 1.64-800Hz, 4y fERE 16bit) A W T, EMoORiEf (TA), HBEE A N Al

86 (MG), B 7 A#; (SOL) OfpRE 6, M HEEE 20 nm THEAF L 7= F i FE M (Blue Sensor

N-00-S/25) |2 X 5 MiBFFEEIc L v BN L. EMAMH T2, 7—7 10777 M &I

DR =%, B EAMEEHIL L, SENIAM Y2 =27 N A R4 L OHEIRIZH > T

HEL, 7TAPFNFRHICED2EMGRIGIZE S THIETH L Z L 2R L. Fz & EMG I,

A/D ZE #if% (Cambridge Electronics Design #-%! : Power 1401) =/ L, 7 — X W&k - fi#4T

v A7 A (Cambridge Electronics Design L% : Signal 4.09) = W<, L2 1kHz ¥ 7

Vo EmE R L. RiETboEmiEix, tFEXE—rarFvy I F v 25 L (Vicon

HEl Y v S E S 200HZ) AW T, K30 EHATIC~Y — O — A2 R A A

gk L7-. EMG kO Fz, #{E5 — %1%, TTL (Transister Transister Logic) + 7 F7 /v % W

THMEEEBEBICANLETOT —Z ZFRM L.

o bra—)2., Fry Py TEMBOBHRMEBEREDORE.

SPRINT B & SWIMBEDO Fua v 7PV v U 7HMBEO FTEHB O K MIERR KBRS ZEET 5

Zlc, Yuba—) 1 LREKFEOFey 7Yy r7hic, BEHEBZHEER

(Hitachi-Aloka %, Prosound a10) Z AW T MG & SOL O#EMrmife 2 e L 7-. #85%

Tu—=T 2 EMOTEHOHBENBEETEOMETREWN Y 27 =72 v THE

L, Fey 7Yy 7HhofiRisErile -, BEREiL, MG & SOL #hFhlcEBE

7o —7%EELTSRETSO RNy 7Yy Faefrbiiz. APFETIE, BEFRE— A
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DHEHHZRET HZ & T, BEEEOFKEENREE 4 (521Hz, it 250x4% 66 v 7 &/, fit

57mmxff 15mm) #WE L, Fo vy 7V v U BT H28EMEH O MG B X O SOL @ %R

HEEBRMBEESZRELE. Fay XYy 7OEHBERIZ, TTLY ZF A2 H W THEETK

B L FzT—XORBEITY, Fz2r6REL .

4-2-3. T —H HE

FLEk L7z EMG 7 — % (%, 20- 450Hz O /N > R/RA T 4 )L X & @il S & 72 %12 20 5
L, e o bR 2 LI S MO MBEFH R 2TV, Z20H 1LKDOBE — /X7 4 0% (70
Hz) #L¥ %47 > 7= (Greyetal., 2001). 4% EMG B I1X, 7 4 VX WEHE, A4 LY 7 D
BN RN L agiig T8, R L ICmE L. MFRBRE 2 LRI, BHET 100
UMD EME TE Pre-activation R, HHMALEMPOSAKELOR FAETE
Braking /R, % 2722 b B £ T% Push-off JSfi, #HREAY 72 Pre-activation /i & L T
Post-impact 30 ms /& ifi (McDonagh and Duncan, 2002) & L, EMG #RIE i %, fx K EIE®)
(LN TMVC) &7 %) Mz fLEE e L2MEdEcHEME L (WMVC). 512, Fry
TV TR OHERMBTIEOZHOHBIEB LSBT IR A ERE TS0, ITHE
(Arampatzis et al., 2001) O FIEIH O SELLZEFRFO FHFHIEEI& & 2 OEERZ O 2 %
DMz R RZHEDRGLERL LD L L, SWIMBEO SOL T3k £ B 44 81 o
SR ERIRE IS 2 O A B 2 T 7z SWIM BE D SOL T L AL 72 i e 0D 5 1% Bh A% 45 3 L vh oD fie

KHTEEE D 11.926.9% ThHh > 7272, KRl F ORKHGIEE & D 20% % i 1 8 B 46 O
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WELTHALE.

F—varyXdy STl o THELONTESEEREEIL, 4 RKONY—T =g — 25

UHEINVT 4B —IT K o T 8-18Hz @ i MW B M T L o EIT o BES TR

JOFRZF—2lconTiEwBEINFNRO 5 REFOEHMBELZEH LTS, U AT R

mR X OEHRER, &R, Pz — 2 AR M L7z, #H%, Braking Rl D Fz O ¥

— 7 i % Braking WHE KM THRT Z LiIck o ThHhosEb B v @#E (Rate of force

development: RFD) Zk®7=. 7, Rkt o FREHMES MG B X O SOL O #f - it

BEIE (MTU) OFE &% Grieveetal. (1978) O FETEH L -,

7r ha— 2 T, Fery XYy PHo@EHERBEG)»OHBE DB HEICTHEME DO MG

L SOL O iR SO 7 L —A &M L.

4-2-4. WHREHALER

WEHBER, A RmER, VAT RNE, Fz ©— 21, RFD, MTU £, #5iE 8B ik B 5

BLOGHERMERFAOMBOVHEOLZOKRE L SWIMBEO e ha—L 1L 20DEDMK

L, fiEowtREEZM VL. £72, SHICBTLI2HMBICREHOHESHED

ADOHBICIE -HRICOBRIMIEDH 5 “ZRE s RERHE - fFEXRE) 2 Auvi.

RO ORER, ZHEHERANRL, EERMNA L5 A1, Bonferroni O % &

ExEE L., £72, RFDBX QPRI AN U FEEEHOBIEFIHBEF S, RFD & U o

N & OB, ©7 Y ORBMEREEZ MW THRE L. FEE OREHRIL,
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T + IRERAETR L., R CORLHEOAFEKLEITS%E L.

4-3. WER

Junha— 1t Fua ba— 20 Ray XYy SERE OB O K KM E

CRMEE O R KRS IEAE, i KHIERKFO MG & SOL ® MTU E£1%, SPRINT# X Y & SWIM

HCTHEBEICEZNENKREWHEEZ R LKL, L2LZ2RL, A THEHR L TV % Post-impact

30 ms J&j i Tk, HEHLEF & Post-impact 30 ms Ff @ MG & SOL @ MTU F 2 il B TiE W\ 23 7%

WoENMRhole (Table 1).

Figure 14 |27 v k= — L 1 @ SPRINT #£ 38 L O SWIM # D TA, MG, SOL ® EMG ¥ X

N Fz, MTUD E EELDOZNZI 14 O il (45 %15 Z2) o A 2 78 L 7=. SPRINT

REIX SWIM BEIZ e R CHE MR & Braking J& m B [ 28 A & 12 %8 < (p<0.05, Table 1), Push-off

JHE I ERNEBD N o>7-. RFD, U X7 KE & Fz ¥ — 71X SPRINT B CTH

BB WHE %2k L7z (p<0.05,Table 1). SWIM BtD Fnr v 7Yy v 7B D B HIEER,

Braking J& ifi FffH] . Push-off mm ], U N REgb | Fz 8 —27fEIZIE, Yo ha—n1

7 ba— L 2 OB TIZTAEREZTRDOLN o7 (Table 1). £7/2, %781 ha—

LIZEB T 5 5 O O —H % (consistency) Z i X 57212, MO K HERE O 5 KFED Y

Ny FEme O ZEHFREEZENL, MECTAEREVNARDLNR VI L & iR

L7 (U |- 7a ha—Jb 1: SPRINT # 6.5%, SWIM #f 8.0%, p=0.28, U U

Y FE « 71 h=z—)L 2: SPRINT #f 6.5%, SWIM £t 5.5%, p=0.62,) (HEHIEFM - 7o b
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=— L 1: SPRINT #% 2.8%, SWIM #f 3.9%, p=0.28, #E#iKEHE « 72 F = — L 2 : SPRINT

#E 2.8%, SWIM #f 3.2%, p=0.64).

BB O JREICR T D WEEOEYHIEE & T, ZEERTRS, MEMCAEERED

RIx@E» N o7- (Table 2). — 5T, MG & SOL @ /i M IC BT 5 85 iE @ &1

FHREPEO Lz (p<0.05, Table2). MG Ti%, SPRINT # 2\ T d #&, Push-off /&

[fi (2 bk X C Post-impact 30 ms J&jmids & OV Braking A CAH BEIZE WHE %~ L7= (p<0.05,

Table 2). SOL TlX, SWIM B2 W T oD A, Pre-activation & 2 b= T Braking /& &

Push-off Bl T, AEICEWEZ R L7 (p<0.05, Table 2).

Figure 15A I[Z& O IS EIBHAAIF 5 2o~ L 7=, SOL Tl SWIM #E o 5 7% B BA 4h i 5 8

SPRINT #EICEE R TAHBEICEL, BEHMZ THIHMAR D Sz (SPRINT & : AT 27 +

19 ms, SWIM Ff : #2#i# 16 + 18 ms, p<0.05, Figure 15A). TA B L O MG O 5 iif B B 4h

R IR TEERO AR oTc. TSI A T, BEEBEG S8 L 7ZfRo

LA (Fa b3 — )1 2) % Figure 15B IR L7z, SWIM BED MG IZ DWW Tk, i

FI RN EEHT TVWD I L TR MGE RO BN Do T BBRE N 44 0T

-8, RICITIEY 4 40F —F %2 x L7, WEO SOL T, ok 45K S0

Post-impact 30 ms N Td 5 Z & B 522 & 72 o 7273 (SOL: SPRINT #f 15+ 7 ms, SWIM

FE16+6ms), MAM TEERD LN N-T-.

IEE NP OMIEIC R ETEELZRNT DO, RFDB XYY N v FE & TA,

MG B L " SOL O i iE BB bA B8 & O BRI > W TR L 7= (Figure16). RFD B X VY
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Ny REOEL LY, SOL DORIEEIBR AR S & OMIC DA, AE72A OB MR

b7z (p<0.05). BT, ZORFD ¢ U ARV RELOBEBERFT D E, AERIED

FHBIRAFR N R b 7= (Figure 17).

4-4, EB

KWFFEDOFE RS, BREOFEHEHE TIIMBERICAEREVERD LIRS

CH b 5T, SOL O iE BB IR R S Y SPRINT BE & SWIM B TIXAEICHE 2 > T

72. SPRINT #ECIix, HF%E 2 X OEITHF%E (Ishikawa and Komi, 2004) [ £k, MG 73

Pre-activation J&j i 7> 5 {5 E) L, #t < Post-impact 30 ms /&, Braking /i &\ 36 B &

R~ L, & O% D Push-off Jaj il CIXAHIEE OB HNBLE S /e (Table 2, Figure 14). —J7,

SWIM BETiL, #Hd o MG IZ SPRINTHO X 5 2 iE# o B nBlg2Ind, RN

SOL (23T Braking J&j i & Push-off Jm il C i 1& &) 0 ¥ N 2358 8 & #u 7z (Table 2, Figure 14) .

o X Hlz, SSC EH T SOL LV H MG OIEBE 2 BINMICHE T DL Vo - B4

(Moritani et al., 1990) 7% SPRINT #£ CHEFR Z U722, SWIM B Tl st A2, SOL O fhik

BARROICHT SN TWZ, 2%V, A—8FECBN TS, HEAICERDY E B AR

— Y DEWICL > THIEBEI N F = ICE VA DA EMENEREINTZ. £72, SWIM # T

X, Revy 7 Tx 2B % SOL @ik BBl 46 R S 2% SPRINT BE L W HFEICEL, SOL

DRFEROMIERHBE EIFIER UREEATAELTWE. 20O SOLD FHiEE BB S DB N &, RFD

EURT U REmOWGEDOMIZIZTADOHEBEEMANH Y, Post-impact 30 ms J& i D F &) ff D
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IEEN N U N v REmaZ b sE s 2 L ICBlBRT D& (BFEMRE 2) 5, SWIM o

Uy R OfR S I20E, SOL O 5 & 8 B dn b )l D LI K 5 RFD O & 28 BIfR 3 % Al #E

PERIE S LT

— IR IR F O R O FZWE N E W2 L N EITHFSE (Bloomfield and Blanksby,

1971; Oppliger et al., 1986) IZ L > THE SN TV D728, SWIM BEIL T F L R il 05 7

MREVHEER DY, TOZBTHIEDRBENELTZAREEREZELZLOND. MAT, #

HiFT > Pre-activation TlED M A Z /NI L TWA L5 E&, BEHIATA S SOL O HiEE N

WL SPRINTHOGROMEN LY RVWEETEZALEZONDS. LLAEDRD,

WMHZENZNOFHEOMERMGEF ST EAEICEZN L, £, BEHEO MTU OE X2

BEWRZRWNWZ ENDL, SWIMEBOMHIEE OB O 28 K& v E W5 Bl TP T

. BEBRSERBER POBREMIETIE, Fry XYy 70X HICERMIC MG &

SOL O fij i B 2 82 Hufif 20 & 5 &0 2 HL4& OO 55 D SRS A2 2 DI % L, Bivki®E T OBl S E3h {F

TIL,SSC 2D KO RIBDE A D70 L HEEL X 7L TUW 5 (Enoka, 2002) . e 47 #F %8 (Sano

et al.,, 2012) IZBWVWTH, BWMIKBETFORNL T 4o Fy 7 HORBRORE - fEEETIX, )

VIR LEERTOAR WV EE i O Pre-activation & iR R MRMEMHIEE O L ABE I T

W5, DFY, BkBAOT e 7T AN TIROBGIEB ORFRMEN Fu v 7Yy o7

o SOL OMIEEERBRFSOENZEL S TWAAREENFE V. A2 OHEE, SOL

DFIEE AR R OE WD, U AT R NICRET D AN Rk S ey, £ OFFEM

A= ALITEERFTFT LTS BLERD H.
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Key 7Yy o7 CTld, %I MTU 28 9k S 20 123 5E 9 5 (Ishikawa et al., 2005)

TENRHEINTWDE DN, KAFEORER TIX, Post-impact 30 ms @ X [N T L& O #p il

AR L BRMH L TV, RIS REMER MRS F OB EB L T ne, ik

MEHEBREORE KREINE S (Linnamoetal., 2002). Fev 7Yy FI2B8WTH

MR IR BRI, B+ IIEE L TR L ff stiffness @b 5 2 E RN T, I

BT XV F—Z D RWICITR T 2208 TERVWEEZEZLND. AFFED SWIM FED

SOL TiI, ik nipw 20 L IZIER LR TR YL HIEB NG LABICE £ -

TWol., LER->T, SWIMEEDO Fa v 7Yy > 7% o SOL O 7 iE &) B 46 B A5 0 B 2

RFD #{&< L, VARV FEEZIKTFTIEEZFREREEZEZLND.

L» L7278 5, Braking & ¥ CTIEHBEMEE R ORENRCLLREL, T LITXY

RFD U Aoy FESET LTV TRES B 5. 4%IT, L0 BEREERE LR

BROOBND THAS D, Flo, AR TIEHROMBKHIAFEROFREZTR —BENBHET

Tole., XVEBW - EENRRFAELTEEEZADLDILOLELEZLND.

4-5. £¢ 8

A TIL,SSCEFB TOXRBFI A EOEH W E S5 SPRINTE LKW E S 5D SWIM

MOy 7Oy U THOMRESETHHBOHROMERMBRERZPALNCT LI L2 H

B)E L7=. SWIM BEIX SPRINT BEIC X T SOL O iG BB S 3 o 7=, F72, SOL

D FIEE B AR S O 8 X L Braking JSEI TO RFD R U AN v RE O ST A E 72 A
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E YN

v

wobn., Lo Z &b, JiTHF%E (Komi, 2000; Mellbill-Jones and Watt 1971;
Moritani et al., 1990) & X OWFZE#E 1, 2 TR SN TE 72, EHHH MG © Pre-activation
<> Braking J&j i @ 1% B £ 72 1) T72 <, Post-impact 30 ms J&ifi @ SOL @ & & 2% RFD ° U N
Uy RBENICEET S REMENH D, SPRINT B & SWIM BEO FHIGE) N % —  DE N IC X

ST, BEAR—VHEBICL2BRENFAET L2 WEEN TR S .
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BLHE RIGWE

AT X, MTU O fidE-5E4E Y 1 7 /L (Stretch-shortening cycle: SSC) ##E#hicHB W T, T
HWH) OB IT O TN DI NRN T+ =V AMBE DA D= AL EZHOLNITT D70, T
Bk = BE 5 - M A& (Triceps surae muscle-tendon unit) (Z7EH L, X v Hffi7z SSCEF /L
ELTCRBAHIOE#SZFL LRy 7YYy 72 HOVTHRFL, RO LS RERE/T.

AL CHF 72 25 MR O E B G O Pre-activation (ZFMERICHIET HHDOTH D E WD
MR, ZLOETHREZLFT 2D THZR, KFRIZZOHOFETHO BV
Ny FEOEAICTITEEREEL T RN LEHLNITLE.

EAEFRIZ L > TF V7 e 7T A Sz Pre-activation & F X OF Post-impact 30 ms /&
EOMBIEE &, % OMIBELFICE D SLRFEOHIEBIZ OV THH LR, UATFO
FORINT Y REEZEDLIZOICEBHHFLET R RIERHOEEREEH 2R LE.
FEE M (MG) @ Pre-activation [XHE Mo EEE 2 KE S & 22, #EHaHoO TA ©
Pre-activation (Z & 2 2 B O R A+ 25 2 & TRBEIHE o Stiffness 2 3 i - 2 #li &
EE D HERR S L7z, ZThiC K » THEMEEO REEMENZHFMICESE, EBHHoLE
Mg L7 EATHCOBEH ZMH L, HON-RSEBICBWTEER T O R 72 # /) 7#H
% [ HEIC C & 2. Braking B TiE, MO TA OFISE IFIE T L EBHFH O MG & SOL
® Post-impact30 ms JRE O FHiEE A mE VD, i< SLREEOFHHOEH b mE 72, £
ik, EBEET o Stiffness & 2h I & 7. Push-off & i T E B O 5 15 B 13 2 1T H

KT HN, EMGHHERBEDO NN—T7 ) T3 78— a3 Z A4 LURNICHE#THZ L5, SLRE
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O EIGHOEWFIEENE Push-off o MEm K HOREIZEB X2, £072H, U A

vy R@EBEE-T. 2O X 57 Pre-activation J&j i ¥ L Y Post-impact 30 ms J& i @ &

i & FEPU O HIEE OREIL, BT RICK T Te s I aE3nNbD TH DN, fil

BKEIZED SLR AEOoBmiEES b ESENICIC T v 7 a7 A3 — 3O s

LBEZXDZENTED.

ARKWFZE TIEHEE AR =Y ORFFRENSSCEEI O R T 3 —~ L RACEELY 5 252 L %2 H

L. Fay X Pryr 7O T7 3 —< 2 A 1E SWIM BEIZ L~ SPRINT B0 5 2358 &

MIZ@E Mmoo, WEEE HIT MG DRFIEENICITE WS R 5379 SOL O FHiEENT K & 72 &V A

B o, 3725, SPRINT B @ SOL TIiX Pre-activation S CTHITEEN 2B 16 L 7225, SWIM

BE T B2 [ 7% © Post-impact 30 ms R 2> & AR iE B S BA 4R L 7= . Tl A O B2 Hi i o 7 ] o fif g

BIEIZIZIEREECTH D0, F OB MER S 1T SWIM B O SOL O iE#E RS & —&% L T

7. ©DF D, SWIM B IZEMBZOFHRMERE S E TIZSOLOBHIEH Z +0I2Emd b T

ool Z Ll b . Z OFERIL, it & O Post-impact 30 ms J& i ¢ SOL O ik & O E W &,

ZDHDIYNY  FENDICHBELZAEEEZRL TS, SWIM BHEOBEKEHEICERT 5

&, SSCRHRADFEBHAALNT, HHEOMEZ D L5 K5 2 MRS EE 2 Msl L7

MOFERNRHIEEZ L TS, SOLIIMG L L TEMA S MEKFEZFEREL S

ZEMNG, BENR ML —= 7 OHR TCSOLOMERNZFRT L2 E2VCIEIBE WA

R L CWERREERD S, £, Pl —=r Itk EAESHERENEETHD & E

ZbNnAbD. —FHT, SWIM B ® MG 7 SPRINT B L RO MITEIEEMHE CEMIZHM 2 T
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Pre-activation Z 5 Z LN TX /-2 L 1%, MG N SOLICHARTHERFNFER I ICL

KWL SSCEEB TH D Fr v TV v v T DONRT —

- -

WwWinbs b Livewn., 2ok oIz,

v AR, BBEAR—VEBHOEBSENERERT LI EEH LN L.
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E N2

KX OHEICHTED ZTHhnelEnwic haxr~L L0 #ELB L BT ET.

FREEHRICIT, EERBAEPORIICEYV RO TEREBETZLZBHY, £/, <0
e A THEB L E L., ZZRAFMN@MXEELDDL I ENRHRZOITOE 2 ITHEE
BROB»FTT. FHEMAEECEZLoEERHES T HE AT TNk iz, X
DIREHH L BT EF. £, AJIBREZERIZIE, ERPOMHEICEDLI X TOMATTE<
DITHELXZHEEE L., LDEIVEHFHZLET.

AL FENTCEEIREZBY ELERAMERE, ELRBRIVEERLRT RS
2B ELLL@TREHAEBRZDL CICHMAEX AR 21T LD, RERBBROEETIC
TEATI ZICEHHRL LT ET.

%I, ZOMEZEDLITHZY, HRELLTITHBHIVELEWET 2, EBRODH
EBFLOVWELEWHFEREE, AJIMREORSE, £, BxDT A A Ay ar
DHEGZTLKEES KB LZRFYT 28720 I Lips BREFOHFIEIC, 221 LT

B oBEERLET.
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Table 1. Comparison of kinetic and kinematic characteristics during drop jumps between sprinters (SPRINT) and swimmers (SWIM) groups.

..................... Protocol ... ... Protocol2 o
SPRINT (n=8) SWIM (n=7) SPRINT (n=8) SWIM (n=8)
Contact time (ms) 153+13 176 £17 * 153+13 182+9 *
Braking phase time (ms) 53x6 68+9 * 53+6 75+8 *
Push-off phase time (ms) 92+10 104+1 92410 1077
Rebound Height (m) 0.213+£0.074 0.153+0.032 =« 0.213+0.074 0.144%+0.018 «
Peak Force (%body mass/ms) 745.6 =85.7 638.7+72.5 * 745.6 £85.7 691.6 =84.6 *
RFD (%body mass) 13.6+24 88x13 o 13.6+2.4 79x16 s
Touch down 96.8+0.9 98.3+29 96.8+0.9 99.6x14
MG Postimpactaoms 99.0+04  101.3+23 99.0+0.4  1003+32
MTUdengh Endofbraking 999409  1029+16 . 999409 1025403 .
(%standing) Touch down 98.1+1.4 975426 98.1+1.4 98.7+4.8
SOL  Postimpact3oms 101.0+09 101617 101.0+£09  998+15
" Endofbraking 1020+06  103.9+100 *  1020+06 103312  «
Joint angle Maximal knee flexion 30.5+6.9 40.8+24 * 30.5*6.9 36.5+2.3 *
(deg.) Maximal ankle dorsiflexion 101.7+£26  111.8+6.4 . 101.7+£26  106.8+3.2 «

Values are expressed as means=S.D. *p < 0.05, **p < 0.01: Significantly different between SPRINT and SWIM.
In SPRINT, the same data are presented in both protocols, as they participated in a single experimental session (i.e. five drop jumps)
during which the muscle activities and fascicle behavior were recorded simultaneously.



Table 2. Average rectified electromyographic activities (EMG) of tibialis anterior (TA) , medial gastrocnemius
(MG) and soleus (SOL) muscles in Pre-activation, Post-impact 30ms, Braking and Push-off phases

SPRINT SWIM

Pre-activation

™
(%MVC)

Push-off

Pre-activation

MG Post-impact 30ms
(M) T

Push-off

Pre-activation

SoL Post-impact 30ms
GOV T

Values are relative to those during maximal voluntary contraction (%MVC) and expressed as means=S.D.
#p < 0.05: Significantly different between the two phases



A) Landing without rebound (LAND)

Nf

Drop height

B) Drop Jump (RJmax)

Drop height

Figure 1. Set-up for the Landing (A) and Drop jump (B) protocol. The subjects were instructed not to make counter movements
with their arms and knees as far as possible and had enough familiarization session to confirm their movements. The subjects
dropped by themselves directly onto a force-platform from set heights (drop heights) and subsequently landed without rebound
(LAND) or rebounded upwards to each rebound height condition (RJmax).



Pre-activation phase
(100 ms before touchdown)

Touchdown Toe-off

\ Braklng phase
Contact phase /

MAF: Maximal Ankle Flexion (braking to push-off)

Figure 2. The phase definition during drop jumps. The pre-activation phase was defined as the 100-ms period preceding
ground. The braking phase was defined as the periods from touchdown to maximal ankle flexion.
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Figure 3. Typical time course data of full-wave rectified EMGs of tibialis anterior (TA), medial gastrocnemius (MG) and soleus
(SOL), and the ground reaction force data for Landing and drop jump at Dh0.3m height condition. The solid lines and the dashed
lines show the instant of touchdown and the instant of maximal ankle flexion (MAF), respectively. Each phase was shown; the
pre-activation phase before touchdown, the braking phase from touchdown to MAF.
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Figure 4. RMS during pre-activation and braking phase of LAND and Rjmax at all drop conditions.
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# 3p<0.05; vs. MAF at RJmax under Dh0.2m
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Figure 5. The MTU-Length at touchdown (TD) and maximal ankle flexion (MAF), and length changes of MTU during braking phase
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Figure 6. Stiffness index at all tasks.
*p<0.05, significant differences between LAND and RJmax under constant drop heights tasks.



A) Landing without rebound (LAND)
N,

Drop height

B) Drop Jump

NACAYN

RJmax

RJ50%
Drop height t

Figure 7. Set-up for the Landing (A) and Drop jump (B) protocol. The subjects were instructed not to make counter movements
with their arms and knees as far as possible and had enough familiarization session to confirm their movements. The subjects
dropped by themselves directly onto a force-platform from set heights (drop heights) and subsequently landed without rebound or
rebounded upwards to each rebound height condition. The target rebound heights were the maximal rebound height (RJmax) and
the height corresponding to 50% of the rebound effort made for the maximal rebound height (RJ50%).



Pre-activation phase Touchdown MAF Toe-off
(100 ms before touchdown)

\ Contact phase

Braking phase Push-off phase

30 ms 30-70 ms

Post-impact 30 ms phase ~ SLR phase /

MAF: Maximal Ankle Flexion (braking to push-off)

Figure 8. The phase definition during drop jumps. The pre-activation phase was defined as the 100-ms period preceding
ground. The braking and push-off phases were defined as the periods from touchdown (TD) to maximal ankle flexion
(MAF), and from MAF to takeoff (TO), respectively. The post-impact phase and the short latency stretch reflex
component (SLR) phase of the MG and SOL muscles were defined as the 30-ms period following ground contact, and the
period from 30 msec to 70 msec after ground contact, respectively
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Figure 9. Typical time course data of full-wave rectified EMGs of tibialis anterior (TA), medial gastrocnemius (MG) and soleus (SOL),

and the ankle joint angle and the ground reaction force under each drop (Dh0.2m: drop height of 0.2 m; Dh0.4m: drop height of 0.4 m) and
rebound (LAND: landing without rebound; RJ50%: jump corresponding to 50% of the effort made for the maximal rebound jump; RIJmax:
maximal rebound jump) height conditions. The thick dashed lines show the instant of touchdown. Each phase was shown; the preactivation

phase before touchdown, the braking phase from touchdown to maximal ankle flexion (MAF; solid line) and the push-off phase from MAF to
toe-off (right thin dashed line), respectively.
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Figure 10. RMS of the tibialis anterior (TA), medial gastrocnemius (MG) and soleus (SOL) during pre-activation, post-impact 30-ms, and
short latency stretch reflex component (SLR) in all drop and rebound jump tasks. *p<0.05, significant differences among different drop or
rebound jump tasks. #p<0.05, significant differences between pre-activation and braking phases in the same drop and rebound jump tasks.
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Figure 11. RMS of tibialis anterior (TA), medial gastrocnemius (MG) and soleus (SOL) during the post-impact 30-ms and short latency
stretch reflex component (SLR), braking, and push-off phases in all drop and rebound jump tasks. *p<0.05, significant differences among
different drop or rebound jump tasks. #p<0.05, significant differences between post-impact 30 ms and SLR of MG at LAND of both drop
heights. *p<0.05, significant differences between pre-activation (Figure 2) and post-impact 30 ms of TA at RJmax of both drop heights.



Coactivation INDEX

pre-activation braking push-off post-impact 30-ms

0.6 | 06 [ 0.6 L 0.6 1
o (
= 04 0.4 - 0.4 - 0.4 1
= il
< 1. ]
o2 ST 0.2 1 * 1= 0.2 * - 0.2 —
—_ * —_ * * —_
LAND| Rlggee| RIM: LAND| Rlggs, [RImax LAND| Rlggs, [RImax LAND | Rlgy, |RIma LAND| Rlggs, [RImax LAND) Rl RIm2X AND) R [Roma
0
0 0 0
0.8 - 0.8 - 0.8 - |
6' i 0.8
w
~~ *
< 0.4 N . 0.4 - 0.4 - 04 | * | *
l_ *__ *__ u— _*
—=H4= | & — | % * *
0 B B . B el 0 0 i ) ‘ el ‘ 0 LAND|RI5gs, [RImax| LAND)| Rlggq, Rimax
Dhoam Dho 4, Dho.am Dho am Dho o Dho 4n

Figure 12. Coactivation INDEX during pre-activation, post-impact 30 ms, braking and push-off phases in all drop and rebound jump tasks.
The coactivation INDEX was calculated by dividing the RMS of antagonist muscle by the RMS of the agonist muscle during each phase.
*p<0.05, significant differences between different rebound jump conditions. There were no significant differences between different drop height conditions.
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Figure 13. Muscle-tendon unit (MTU) length at the instants of touchdown (left), maximum ankle flexion (second from the left)

and toe-off (third from the left), and changes in the ankle joint stiffness in all tasks (rightmost). The MTU length is represented by the relative scale to the
MTU length at rest (100%). The ankle joint stiffness values are represented by the relative scale to Dh0.2m-LAND (100%). *p<0.05, **p<0.01, significant
differences between different drop and rebound jump tasks.
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Figure 14. Typical averaged time-series data (£ SD) for five drop jumps in a sprint runner (SPRINT) and a swimmer (SWIM).

Shown are the time-series data of electromyographic activities (EMG) of tibialis anterior (TA), medial gastrocnemius (MG) and soleus (SOL) muscles,
vertical ground reaction force (Fz), and the muscle-tendon unit length (MTU-length) of MG and SOL. The areas between the two vertical dashed

lines denote the contact phase.
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Figure 15. The onset of muscle activation in TA, MG and SOL (A: protocol 1) and the onset of fascicle stretching (B: protocol 2).
The squares and triangles represent the values of SPRINT and SWIM, respectively. Note that the onset of fascicle stretching could not be determined in four of
eight swimmers because of continuous fascicle movement before and after the ground contact. *p < 0.05, significant difference between SPRINT and SWIM.
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Figure 16. Relationship between the rate of force development (RFD) and the onset of muscle activation for TA (A), MG (B) and SOL (C),
and between the rebound height and the onset of muscle activation for TA (D), MG (E) and SOL (F).
The squares and triangles represent the values of SPRINT and SWIM, respectively.
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Figure 17. Relationship between the rebound height and the rate of force development (RFD).
The squares and triangles represent the values of SPRINT and SWIM, respectively.
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