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TAR)—F

B D AR —Y LY REBNCEHA L TWAETHY, BEDOAR—YFEHDE

B2l U TS 2 WIBNERL2S o 2 B 2 I EMIZS I L TW S E 24T, A

FRICEBWTIE, VLAV, TAV BTy hiR—)b, NL—FR—)L, hTAT A

Y, AAREYE JA4 78— OO EET AV — e LTEALE

—f&A

FRE DB AR =Y ~DEMD 72 <, HHERNSER) 2 F2ET 2 B2 FF- RO

Y.

REAH A (Toe muscular strength)

FIE FRICALE 32 e BHE RS SR (Metatarsophalangeal Joint : MPJ) 72 & FAE D b 1%

ALPAEIC IV T, RESMEMRE (RELEA, REJE) & REMPNEmRE GERHLE

5, RS, BAREE) OIGEIC K o> TR SN DH N 2T, AFZEICBE VT,

RBEE ) & BT OW T AU E T DR E T 5.



RHEtFE A (Toe flexor strength)
MPJ 23 JEJEAL C R lEAYm #h L 72 23 Dl A T K 5 IZRET 2 N TH Y, BEIME
e (RRELERG, RS & ENTERRE GERHALE R, FREmA, Ski) o

WIS L D IS WD 26T

REIM A (Toe pushing force)
MPJ 23 JEFFJEAZ 3 K O IEAL TRBEDM R U Ty 2 R C it 2 #7195 123843
57 THY, EEHIMEGRE (REHUR, REVEG) & RHNTEmEE R,

FEREIE 5, HBRAR) OUREIC K W RIS DA

ZRMEFRKRFER A (Maximum voluntary isometric contraction : MVIC)

AR 228 2 72 WV RO S FIZB W TG L, BeRES ) CREE L7 1 & 15

ER

BRETAR)—+
PR R =Y O CHEITR N T, UL TR Z1T O BE 2457 AHET

X, BARRELE TS V-V o o EE ERET A — e LTERALE.



FRETR)—k

B AR =Y OWMELHEITBNT, Fiova—XaF5M GER) L THEE1T
IBBEEERRT. AMETIE, VAV T, TAU Ty A=, ANL—R—

WV, RTAT A OFHEEFRET AV — e LTERA L.

EBH/NITA—T R
HIKEEITH D, £D, Bk, BT D, k<, FEROIVIRT R EOERO TE X
z (RT7p—=R) ZIFT. AR, EBHRT r—~ AL L TT L ARB L

WU N Rk, A7V > bk, HIREED X7 +—~ o AT 2 HE %2 5

it U 7=,

TLURABIBBIN D+ —<T VR
TR BEE O JE i — R RFEPH K X <, B2 RV (0.2 B LA E) BREEENE A FE

T.ORBRETIE, T ARk L U OB 2 Ve REBEON & Sl 2 VTS B

BEOEERH L, TN oD T 3 —~ XA & RE LT,



YN REIBEEN D +—< VR
TR BEET O i il — R 2 e <, WD TELWESEIENE (0.2 PLIN) Bk L CIT
R 2R BRI E AR T, AR TIE, U AN RRIBKEEE L TRy B 78 U

T RYY T EERERR L, TNHONRT p—~ 2 AEHE L.

2T RENTH—T R
FF 2D 72 BRI 72 BRI 2 d5e 5k TRl 2 EE AR 2 fe . ARFZE I,

AV hELLT, 10yard B XL 40yard A7V > FEEERH L.

HEEEHBEN T+ —T R
EEEFIZEI T M O Z M O BIESRR 2457, A8 TIE, st <7 +
—< I ALLT, YurV I T 4T AN, 3a—TAMNERHAL, TONRTp—~<

CAERE LT,



BEED—E

DIP  Distal interphalangeal joint (v ik i BEH)

ICC Intraclass correlation coefficient GikPNAHBEALRER)

IP Interphalangeal joint (L& BS#)

MPJ  Metatarsophalangeal joint (71 & k-5 BE &)

MVIC Maximum voluntary isometric contraction (55 R P KA AR 17)

PIP Proximal interphalangeal joint (T3 k&l BHEi)

TMS  Toe muscular strength (& L% 7))



NENESL BT ORND 2G5 2 L IEVWF R o bk 20, B

I7 —=F DR S NE K22 LTSGR oMb o 7o (g, 1993). BN 2

BATEH &2 NI E T, REIFEMEREIC L 2 86 2 w2 5 IR T

HY, RIESLREOMINTER % IR H IREB DR T F —~ 2 AR LB 2 B

TEEZOLND.

) LB T p—~ A L OBARRIE, AR—VEBER O EERET —~ D 1

DOTHY, TNETICHIFFICE OUENFERM SN TE T2, LnLRns, Hihe

RN T =~ A L OBIMRICET D AEATHIEIL, A ORE & LR Bk

i, BRBHEIICEH L2 0BRPETHY (X5, 1995 ; Horitaetal., 1996 ; Young et

al., 2002 ; Newmanetal., 2004 ; Markovic., 2007 ; Schache etal., 2011 ; Kariyama et

al., 2016), ZH 6 Zkbilg U CREHH D& xtge & L-flidired Th7ewn. £72, Zh

F TR ) & EE3 T p—~ 2 L OBRICOW TR L72AFSEIE, Efiae—

RNZ R L LIZb DI B, 7 AV — b ERRIT LRV, 51T, ZhE

TRBEAG I ORE L, BB (Metatarsophalangeal Joint : MP B, MPJ) 73JE

JEAL CITHILCE 72, UL, FHEsEh(EOBR-CEKEE O BERIRE 2381 % MPJ @

RIEBIIEEAMTH S (Riley etal., 2013). D X 5 7RFEEEOIEEmIZH T D Al



REEZBIEICAND &, MPIDREIENL LV b5 EAL T O R, 705 38 7 4 —
<AL OBV E PRI S,

Z ZTARMARRSCTIE, 7 AV — M AT MPI M EIEALIS KOS JEAL T LR )
EENENRIEL, 2o LBk, 27U v MEBIOHREERED 7 5 —~v

EOBMRMEAZ LT HZEZAMET .
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1-1. RERDAERIFAIEE

1-1-1. BEOEREE LB

B 26 B OF & 19 OKRX 72, ZEO/NHRE, 100 LLEOEH Tk S Tk

D, T D OFMBEDIER S D MR G X o ThRA e 2 RI2T 2 & TE 5

(hA S, 2014). RO T %ENL, KEXREFEHEETHD Z b, B0

FHREGREOUET, INO0EELZH ) ETHEETHLLEALND.

REOEHEE (K 1.0 1%, REOFTHLHE GEEE, TEE, KEE) &P

H THER S U DRIEES, 6 JORRRE (WM, PR, SMAD  EIHIRE TR S LD

HURES, B LR TR SN AR EEIC T b D (BAD, 2014). 7 RBRC

%, Bk REEE A R S REEIRIEIET (Interphalangeal joint 5 IP BI&) 2850, fic bimfr

AL L, e & RS 2 2 <AL BkEiF BT (Distal interphalangeal joint @ DIP 5

Hi), =ALEL Y FRfCALE UAEHEE & PEE 2B A REEFBIET (Proximal

interphalangeal joint : PIP BI%i), 35 X OVEBEOFHFRICALE L e i & BkEhE o B

Th 5 H e BEHiIBIET (Metatarsophalangeal Joint : MP B, MPJ) 72 EH#OEIHI A3 15

ELTRY, BEHIE MPIIE, TAENDMZL TEH Z &N MbNTND

(Stefanyshyn et al., 1998) . FHiko> MPJ 4 45° D)) (Umi) & 700038 (fif
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J&), f4 ARDREHD MPIIZ, #4000 () & 4000 (fHR) 2APRETH

0, ST NTOMP) THENTHLINNEREAMET L2 LN TESH. £72, 4o PIP

RIEI T, 0°EAL (EBAL) 785 35°mJEle (mih) 23A[ET&H v, DIP BT

60°DJEckt (i) & 30°0 e () NAfRETh 5. Zi b ORI o rfEikiz oW

TIE, EAZESCEERICBIT 2EONRBO HND (FFS, 2014) .

RHEBD 26 HOHIE, §NTERTHEM SN TRY, BEICT —FROMEZIEY,

ZhahkOZ & THIROMEZ SR L, B, BT, E17, BEREZR ShEx 2EEIck

T 5 M ~DNRO BN R LHE MR ORI 72 E DR L e > T D (A,

2004). REET —FIF, BEE, HE, RRE, BRE G , Tl GfE) o

AR S ET —F 6 KO, 25, 5 4 5 LU TURF TR S 1L 2 AMIlGE

T—=F, RECITBRE, TEE, SMHEPLHERSNOMT —F D3 00675

(K 1.2). F72, EET —F 1L Truss mechanism (b7 244 & Windlass

mechanism (7 ¢ > K7 AtE) &I DRI 72 ER R S5 (K 1.3A, B). Truss

mechanism (%, &7 —T & BARET EEIC LD ZENOBEEE LB 2 >0 ko

BRORIERETIESN D B O = ARG G2V, WEALIZISW THRFEED & 5 2

JEEENFE 2R S D 2 & TINEA L, ERA2WINET 5 (Erdemir et al.,

2004). Windlass mechanism /%, MPJ # i S5 Z L2 K- T, JRENEE A2+ - 5Ea

DEVIZEZDTHZ EICL > TEH L (Kappel-Bargas etal., 1998), &% ki Hil



TR IEREIE AN BSRS 5 2 LIS Ko THEFSATTIC 5| & b, RHOIMEZ R 5

TEIN®H 2 (Hicks., 1954). Z @2 SOERIZL Y, BT0RAERNZIS T 5 a7

O RHEE T oMLY L DN &2 R LS EMEIRET 5 2N TE D (EA,

2004) .

K11 HBHRDEE
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®1.3 +rSR#EE (A BLUYs 2 FSRHEE (B.



1-1-2. MRJ D#ERE

BRARATFE 0 B Cld, B2 % R (s X O8E), aies S->ohed), 2
Bt (RfiE) D3 2087 AL MIET/MELIZH O (Carsonetal., 2001) <2, M,
B, RS OHRERBIONTE), SMURTER (5 4 3 L0 5 TEE), PAET
S (1 EE), B 6 2O T Ay MTET L LI GO % AVCTIFZEN T
LTV % (Salford foot model ; Nesteretal., 2014) . ZiIxtL, EE) T y—< 1 X
& DRIHIZHOWTIE, EElZ MPI THBEL7=2 DB 7 AL FET VL LTEIFENRE
INTEY, ZXLX—DOHENEEZDE, MPIIET = 7R T Y v Oz
HIRFIZ X L — 2 RIS 25 ENEH 273, BEHIRFIZ 35 TIIRBIECR B, &
BAfiZe &0 TP & it L T gx A F—2 1T L A SAER LN Z L ARE S TW
% (Stefanyshyn et al., 1997 ; Stefanyshyn et al., 2004 ; Krell etal., 2006). &}t/

(Toe muscular strength) D & ZHE 4 D IMERD O fhE— O BFZIE, MPI & 2R
DAFEANRAFT 5 Z ERRBEINTEY (Goldmann etal.,, 2012 ; Goldmann et al.,
2013) , JEPHEIANE RIS X O RAL, MPI A RNALIZ 8 5 & SRR ) 23 RIS
72% (Goldmannetal., 2012) . L, L, ZHETOE ZAREI11E MPI JEIRAL T
WE SN TE72 (Moritaetal., 2015 ; Otsukaetal., 2015 ; LS, 2015 ; KD,
2011 ; BN &, 2017 ; Uritanietal., 2017) . A7 U > hiE (Smithetal, 2014) <CHkHE

OEEHIIRE, 7 AR HR OB IZ MPI IEEAL TIZ 72 < EIRALICZR D Z EBBIE ST



W5 (Rileyetal., 2013) . L7223> 7T, EEEORARN—VEHIZIIT D MP) DIREL

EZBITDH L, EEINT < AL BT E OB EM A REET A7 0l2E, HBEO

fEE LTMPIERMNTOHDEBALVENH D EWNZ 5.

1-1-3. BEDOFHDEE & HEEE

B L ORI R MO B & (2B 5T D 1, AR FERRIZ & 2 SMER & i IE A

R D DPERFIC I N D (TR S, 2014). SMEMBOEGITIRIRE, IKEHE LD

WEFICcdH Y, BRREGFECL > T4 OOXE (23— KA 8 20605

(M 1.4). FGHES = 3= b A 2 MRS E R, KB, R KO 3 1k

B aas, Rz, RhtamE, BEHeNKEBIMMNSES. SMUER =

= N A MOERPEE & B2 E Eh, R OERR LU ET S . #

HFERR L OE 2= A Mgt ohd. RSz /=R A MZ

X, MEERES, RICET, BRI XORMERHA S, RO R b

i, BMONKZITS. £z, RIEMa 73— A2 MIEBEHER, © 7 Ak L

ORIEfA DY, RO 241 5 .

PIER DO EAF IR OFICH Y, 4 ENLHRIND RIEHHNICBIZETE S

(14 1.5). %5 1 JEIZITREA MRS, /NSRS, R T 36 & OV INELIE 5 23 8 %

REBEAMESAR (T RHBE DSR2 ATV, FERHEEIR 5 2 Mi8h 9% 2 & T MPJ 2R % REEEO

©



thaAT 5. NHAMIRATILES 5 B JERE 2 AR S, SR 7 & S IR A 135 2

5% 5 MEOHEIEIZBD 2 BM O 21T 5. 5 2 BITIZRIEST M & 4 SO Bk

DD, BIETTEHITE 2 258 5 o DIP i OEH TH Y, hEEfIL MP) 2B

LI TH D, 53 EITITE R A 3 X OIS 23 2 . FERERE A 1 3 RR ko>

MPJ 2B T D 21TV, REBENERTIINERS O THE—, REIEZNEZS 5 2 L2

TE5. OLEETHDLE 4TI, 4 SOEMERG E 3 SOEMERGRS 5.

AEREANITE 2 B 4 BEO e & MPJ OAMZEZE 1TV, EMIE A3 3 B 55

5k fEh s L O BBt MPI 128 2NEEZTT S (PR S, 2014).

JEEBAMERDRE & NAERFRED MR R CRAE S D B 1E /1%, MPI ORI 12

L0 T EFRET D H I OEN Ko CTREE ) (Toe flexor strength) & 2 BHT) (Toe

pushing force) |2/ I 5. JREE /1L, MPI DMEJEAL TREE2N il U 7Ze 2 & Hid &

fHTe X OICHIT DM TH Y, BEANIL, MPI AEFEALF KO AL TREEA

HEL TWADIRECHE 2 M X 5 I2RET 2/ D27 (Yuasaetal., 2018) .

ERBHRAORE S, BRI 1°Bfisd 5 Z & 12 0.5mm, MPJI 2 1°allizd 25 Z & 1C

0.22mmZEbH 5 L b T % (Refshauge etal., 1995) . ok 5 B ) DZAL,

A D AR L& IR T2TEC, B IR, B T & 2 5= REBER S0 R ik 5 7

EWMEN TR B DAMEBREO TR — D oOBRICES &, ZEfT & MPI ORI 12

BAET A Z LRI TS (Goldmannetal., 2012) . F7-, #MEM TR &

10



MPJ Zi5 < BRI CTH 2 Z £, JEBETAE O ELITIMERRED B KA 11 D7 AE

KUEIZ 97 (Kuriharaetal., 2014) . JEEBOWNLERM 3 X OWMER, O F 5T i FE

ik, JERERG S 0% RER KFE RS 73 (Maximum voluntary isometric contraction, MVIC)

DOWEKRFD1DERDZ ENREINTWSD (Kuriharaetal., 2014) .

—77, RBENISALRAATRIC IS 1T 5 EEEIRN I THE & H 2 B2 L

(Endoetal., 2002 ; Menzetal., 2005) , ZRHE I OIK TG OEfE) 27 Lip

» (Mickleetal., 2009) , EhRYZEGIENC B AL KIFT (A5, 2002) . £7=, &

L

HEDOFEENBEF BRI T A5 &/ L, 7R Y — FOHIKRES) DX FITHE U<

AHEME G RIS TS (Garthetal., 1989). =D — ¢, MPIJERO @i TH 5

RARHRLIE 7R REEE RS 72 & BRI O N L—=2 71, BT p v AR T

Vo "ERT =~ AhHETHZ ERHRESN TS (Goldmann etal., 2013 ;

Hashimoto et al., 2014) .

11



1.4 HSNEHODIAN—FAD FERTAEBITERIERL 30%4E D EE X

(MR &)
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AREALYRE-BANEHD 4 DDE
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1-2. BN+ —T R

1-2-1. BUFHEEFHNNTIA—T R EDMR

57 LER T f—~ AL ORMRIZOWTIE, T E TIZ b < ORFZE N i

ENTETWS., ZFNODEITHFEIZEB NI, FICKHGEENES T H%EE 721X

BB OWT, BNEE R bEEOBE AT o ARMESh TS

(Johnson et al., 2001 ; Markovic., 2007 ; Newmanetal., 2004 ; Youngetal., 2002 ;

Robertsonetal., 1987) . —J, EEBIIAIMEOH DL HE D7 A M LTET LS

AU (Bezodis et al., 2008 ; k5, 2012 ; 55, 2002 ; Farley., 1998) , MPJ 72 EF

Dz b1 OBFI TR SN DM ) LIEE) T 4 —~ A L DBRIZHOVWTIE, 1X

CALER SN TIZI o7, L LARS, MPI CRIEESNDLE—A L MIERM

fie—A2 PV /SN EIFINZ (Royetal, 2006), JEEHTE, Bk, Jrmdsfirs

EOEZATITM 5 A 2 B2 T 2 KL TH LS. Lcdi> T, MP) THRES

NDMHINTEEN T =< A LB#T L EEZ DN, TOEREBEZWALNITLHI L

ZZHHEIZ, 2015 4RI, EREf 1L Vv o7 30—50m A7) v R EDRT p—~

VALEDORURIZOWTHFI LT E RN BR SIS Lo s (FR11) . 22Tl *

MO JATHFFED I R 2 25 L, ARG SCOMFFERREZ I 5 2M2 9 5.

14



F11l HITHAEDLEL—: BUFHHEEE/NNT+—T > XDEIER

T™S
Author n Participants
{yean) Plantar Speed Jum
flexed P P
301 ) Broad jump
Morita et al. M-146 86+ 05yr o 50msprint (Overall : 1=0.26~0.42 : p<0.01)
(2015) W55 (Overall : r=-0.17~-0.35 : P<0.05) Rebound jump
’ (Overall : r=0.24~0.25 : p<0.01)
Otsuka et al. '\J/'IG;S 141+ 03yr O 50msprint Broad jump
(2015) W76 T (r=-0.40: p<0.01) (r=0.37 : p<0.01)
50mssprint
Zgggda etal {1101 | 203+05yr @) (Bare foot, r=0.28 : p<0.01)
) (Shoes, r=0.30 : p<0.01)
86 Elementary
Shikanai et al. M43 school o 50msprint
(2017) W3 4th -6th (r=-0.26~-0.33 : p<0.05)
' grade
Uritani et al. 338 25msprint Broad jump
(2017) M:178 | 47£06yr @) (M, B=-0.14 : p<0.01, R?=0.49) (M, B=2.74 : p<0.01 : R?=0.45)
W:160 (W, B=-0.10: p<0.01, R*=0.45) (W, B=3.26 : p<0.01 : R?=0.38)
153 Side jump
lheda et al, M71 | 44+05yr o (F=042:: p<0.01)
(2015) W:82 Broad jump
' (r=0.36 : p<0.01)
Yun et al. 18 233425y o Counter movement jump
(2016) (r=0.77 : p<0.001)

M: Bt W: &% T (Tbe nuscular strength) : EBRLEHA,

Pantar flexed: KR, B : 12 REIFHRE

15




1-2-2. BMFAEREBNT+—< R EDERE

T CTEMEE, BEVWBEIRE T ENTE T ESBHETE D0l WS Uy RRTY
Yo7l ENETESBETE 2N E WS T LAY v U ITHEEND . FiIE I
Pk = 2 B0 0 K ChR L7228, #%E CIIBkES R 2T 7 4 —~ v ADIE
BELTROOLNTVND (BFEb, 1998) . Fry 7Yy 7FRMfE) Ny KUy
IR EITREEND U AT FRIOBRENEIC 31T 2 B T (ORI 1%
02MEETHY, HIFEBFKORLEEBKD e &0 7 L AR OGN T 5 0.5~1.0 7
FREE &bl UC, @i ~EH L TG RET 5 £ TORFMMAE (EEDS,
2007 ; & b, 1998) . FHOmbEMISALE ST HAVEHIE MPI 2 AL, ¥y 7l
TRICHR TR DM e 2 BRI Hiud & B2l L T D B RME— iy T 0, BRI &
MPJ IZZNENHINITE < Z LRSI TV D (Stefanyshyn etal., 1998) . F
72, FAEREBEO DR HIRBE O PR Bk ) & A B 72 HBRRICH 0
(Otsuka et al., 2015), MPJJEJED E@EFH Th 2 LHIERH D b L—=271F, SLbig
BEOSRPEEP O DR T —~ A ZYET H Z LN RE SN TNS (Goldmann et al.,
2013 ; Hashimoto et al., 2014) . S BT, —ACH AL RIC LWL T, 2k
))& 7V ARDOPH T A —~ A CLHIRPKOCEEBLDY) & OBIRNH 5T
SN TW5 (Goldmannetal., 2013 ; Hashimoto etal.,, 2014 ; Otsukaetal., 2015) .

MPJ CHREINDHE— A2 MIZBET—2A2 XV /& (Bezodisetal.,, 2014 ;

16



Royetal., 2006). L72>L, @Y oy RUY 7 TIIEENEMT 2 2 & 7e < Bkl

D128, TOMEZITICH - TIE, BUEEBICALE S D MPI JE D TR S 5 R HE

NOEBREEHETERNEZZ6ND. LLRRL, TAV— Mg e LI

1372 <, FRIZRBEG ) LR 720 IR L Z2ED U Ny o RIRIOBEE N7 4 —~ A

EDORBREIZOWTIE, —RAHDIVIET AU — FOWT BV THMRET STV

VAN

1-2-3. BUMEIAERTY DV FENRTA—T R EDBER

AV MEOSIHENC BT, EENTEM XK E 2 I X 2 T Y (Mann et

al,, 1979), REFGEINIAT Y v bEX A L EAERMBEGRZ RT Z ERHREINT

W% (Moritaetal., 2015 ; Otsukaetal., 2015 ; LA, 2015 ; K&, 2011 ; BN

5, 2017 ; Uritanietal.,, 2017). F£7-, BEHHNEHD b L—=270%, S0mA7Y  k

FEDOZA LEAEICHNET S (Hashimoto et al.,, 2014). X512, REREE/LT L F—

Zxtge b LT-WFZEIC BV C MP) OS2 @72 v 271X, =7 xTa /) I—LHADMH

BIBIERICH D Z L A HE SN TR Y, RELEIFHIE O /1D 58 & 25 L o 22 ek,

R 20 272 & 0 2RI THWVETEEB O FZBUCHEK L TWD Z PRI T

% (Manetal., 2016). —Jj, o= 7T —< L AZBWT, L@V —L%

LY 2—X%2 5B L84S, MPIIZ= L X — 2P RIS 5 %8135 5
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D, BEHIERC B W TIHIFE A AR LW Z EAME SN TW5 (Stefanyshyn et al.,
2000) . L22L, ZAHDEATHIROMITENGE D% 1%, —RACHKEN O TH
D, TRV —=FrDREAHEATY o FERT 3 —< 0 2L DEURIZHOWT O
RN, Fiz, ATV RERHZRIEHOS BT 5 &, MPIIZEEN TidZe <, HHEAL
2D 2 edh, ATV FEART p—< v R D R O ES ZWEET 5 7
WIZIE, MPI RAEEALTO BB, /1 &2 ET 50BN S 5.

L2rL72723 5, Manetal. PAAAOSEATHIFE CIZERER 7] %2 MP) S EJEAL TRIE LT
BV, F£/z, Manetal. OFRIZBNTH 2y Ea—F—fliHOE—%—I2L 5 MPJ
ZE MLy OFHITH Y, MPI BEIRMICH 2 R J1 & ATV o NERT +—~

A & DBERIZOWTIZIA L NT /2> T Ru,

1-3. BREEINEEENT+—T R EDBERICAT 5ETHEDREER

1-3- 1. BEHHDREE

FEEROEERFIZ AT A R ki D &, MPIIREIGAL CTldZe < HIRALZ 72 %
(Riley etal., 2013) . JEBLF; IO E &2 RET DIMER O — 1 OBKRIE, MPI &
B O MK H 2 LAV S TCE Y (Goldmannetal., 2012) , MPJ A7
WD & TR NIRRT D, Fz, BERFLAGE L EITEIZB W
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T, R EHBESTICBIT DAY » M ETIHE, B OEEE TlziBsiT 5 MPI ©

BIfiE— A v FBIOBEEMAENRZEN TR, Bfit—A 2 & MP] O A E

DENETNE =7 L7 DR ClE, B M2555.6+11.3N - m CEXBIfE+SD)

+ 3.5° AL, FERRESMEN 63.9+ 149N - m, 423 +5.7° B ThH LHEIL TN

% (Smithetal, 2014). L7=2-> 7T, BEARMESERIED ORI SRITE TR S

BECE 2RI T D256, REGDEICRIT 2 HEEAEEBET 20LENDHD LB

A%,

LU, JefTiigE CITR R 7013 MPY IEJEAL CTd 2 R HEE ) CRIE S Teh, 2

HHG 1 D e KEEN 2 3l 2 O CThHIUE, Bfit—A 2 R E—27 L7225 MP) &5 EAL

2B 2 RHAN ) CRIET 20N H D, Elkkx R EENZIBWT, BEHIRIC

F 5 MPIEEENAL TldZe < WEALIZ 722 5. AR o 3 BEOFRER L, REE &

R L OMICABERZTRO bNT, £, TRECHBBRNRDOLND (1=

0.55, P<0.05) 2%, ZHHDOMEHFECBT AMERZEE 25 & R ) & Ed) S

T =< AL DREMRIZOWTREET S 720121, MPI YA T el 7 2 1l &4

LUENRDDHEBZEZADND.
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1-3-2. BERRE

FATHFZEIZIR N T, Bl ) & 7L ZABROBKE AT +—~ 2 (L HIRBKOSC IR
BEkTY)  (Goldmann et al.,, 2013 ; Hashimoto et al., 2014 ; Otsukaetal., 2015) , B I
BRI E 50mDOAT Y v "EZXA 2L (Moritaetal.,, 2015 ; Otsukaetal.,, 2015 ; [LH
5, 2015 ; K&S, 2011 ; NS, 2017 ; Uritanietal., 2017) & OMIZH E 72 FHBERY

RO HBNTND. L, FATHIIEOHITERSRIT AR EM O TH b,

o

T AU — N &R LIEIZRIZ . T AT — MIEBEO AR =V EEZBNT,
ez 2p otk N CERh 5 2 b, £/, ERFREITTHER Y IKTRE BRI AT
U= I ENFHEICEREIN D Z E D, THETHRHENTWRho 72T A

V— O RMAG 1 L EEI N T —~ AL DOBMRICOWTHLMNNZTANERH S

1-3-3. BN TA—7 U XADFHHIEER

INFETDE A AT +—~ R &R & OBIRIZOWTIE, EICHFED
27 AP E T DN T —~  ADFHIFICE S EMET SN TE /2. Ll
G, EEER Pl VIR L U ST o RRIOBKRE N T o —~ A &R ) & OBFRIZD
WTIE, —BADEORGEEL 2L ZNETDOE Z AR,

Fiz, 74—V RAR=YEHBWCIE, B, BfEO sk e Bl &
b, IV Y —TiF, 1R EHZY 700 B2 2 5 MEEHRBGE L D

20



KR & 7R3 it 40T Y (Bloomfield etal., 2007) , /SA 7w RAR—/LOREIT
BT, 2012 1 BIOBETE Y EZEENTHOA TS (Mcinnesetal., 1995) .
INSDmMEIE, 74— FRR=YEE OGS, BET A2 TIEe IR 56
NGRS ELRIPESBHET 2N EFR LS OWVWEETHH Z L 2R d 5 b0l
filL7e & 720,

TIAEHGE N T 4 —~ R T DTSR, A7 Ty ORI T Yy
7, by I AT vay, Ray XYy oI EERWT, EICKBE, BB
B LR & W o 72 TIRBEI O )08 Y — L DBRIZ OV TR ST E iz
(Sassi etal., 2009 ; Markovic., 2007 ; Youngetal., 2002) . LA>L, ZiL5 OIATHE
FETIE, MPI 72 & PO E b ORI Y O I oW TRER SN TE7Z. MP]
DJEET— A > MITTMEsEOST % ICBlZi s 5 (Rileyetal., 2013) Z &>
5, MPIDE—A Y ME, FHHEHEDEIZ FROMFEO K0 K& 727 2 Him s

YD DI HE R 2 RS RErER 6 % .
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1-4. AR D B & H#IRE

1-4-1. B®

ABFFEIE, 7 AU — MIBT SRR/ CRREE D3 L OVEREAR ) LBk, A7

Vo b, HEEDEE T y—~< o 2L ORRICOWTHNITAZ L2 HI &

Lz, 9, BT AV — FEIFHET 2V — b 2R RITE BT LU MPI OF EE)

BN S ES B S L (WHERRE 1), WFERIVE T OfRZ & IC Lo

=111
FE

BERS SE ST VT, 7 A Y — MIBT L R LBk (WHERRE ) , R

U2 hE (BFERREND B X OVH e (BFFEREIV) OF 73—~ AL DR

fRIZOWTHGEE L 7=,

1-4-2. AHAEDHERK

ABFGEE, HE GBLE) | RIS K UMPIO M IS RBET ) | BT (62

), RELAE N LEEIANT F—~ R L OB (B3E) , flEmak (H4AF) , A

(F5%) oMl END.
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F1E : #E
JEFB ORI AR R L OVR LR ) &EB) N T 4 —~ R L DOBIRIZOWT, AT

MHIEIC I D R Zakim L, AR LR ONIE R 2 5RE L.

F2E RFESSLUMIOAENBUFHICRIZFIEE (HEEEI])
BET AV — NIRRT AV — N &5 RIE BT £ O MPJ O£ DS E B 712
MIFTHELZA SN L, SR OMIEIZEBIT 2 R X O'MPJ ORRE A & 2

ETHZEEAME LT,

E3E: BUFHEEHNNT+—T R EDBEE

31 BEBANDF—<UREDEFE (AREED)

TAY — FNORUAF S LN T —< AL DOBURICOWTH BN T A L %
HEYE L, MPIDEIEAL D R HEE S & A JRAr o @B 2R U, Bk /) & Bk s

T r =< AL DOBRIZ OV TG LT,

BIERX : ZixmEsh, RR#EZ, HUMA NEH FEAES, DMUEE FREX:
TRA)—=RIHEITEHERAE & UKD RL 5 BEERE S & BELH 1 D%
—RHBNOREROPZUEABEEAAEICER L T—. (2019. FAARZE,

68(1), 83 90.
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32 RTYUFENRTA—TREDBEZR (HEREFEED)

TAY— R DORMGE AT v hENRT —<r R L DOBURIZHOWTH SN ZT

HZERHEBE L, MPIBEIBALO EEEE T & SO B /12 E L, EARR T

V¥ bENRT =< X EDORRIZOW TG L7,

3-3. AMEMENT+—T R EDERFR (HIRZFENV)

T A Y — MO ) & s E ST o —~ AL DOBURIZOWTH O NI T S

ZEEEBE L, MPI AN OB &AL MR A2 RE L, s

INT == AL DERIZOWTRRET LT,

BIE®X - Yuasa Y, Kurihara T, Isaka T. Relationship between toe muscular strength and the

ability to change direction in athletes. (2018). Journal of Human Kinetics 64, 47-55.

¥ 4% RIEHE

LUED#ERIIESNT, 1) RREARIER O BIEI M4 B L OBk, 2) L) &

BN T —< AL ORI L) BRI T 4 —~ TR 2 R B LD

THBEE b v 7 OEBRIZ O W TREEMICEZ L=,

24



EHE : W

AELFRINLELNZMA LY, T RY — MIBU 5 R ) & EE T +—~

VAL OMBRIZOWTHER LT,
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28 RHHSIUMIOAENBURNICRETZE MRFEID)

2-1LIFL®HIC

SRR AR, & REREE A SR B % e ERIEDS FERIZ & D AMER & LR A5 SR
FEBLRE S, R, Bk 72 EMIEA I & 2 NIEMIC Lo Thikka b . =
NOOMBECRES NS ElEE S (Toe flexor strength) D K& 1%, ERHBEEHCRE
LA 72 & DIMEFFRED R — NBFR Z S 5720, JRBEi & MPJ D f4 £ D 8 %
%F% (Goldmannetal., 2012) . BKFEDBEMIERS, J5misHa OB Z MPY 175 JE AL
2725 Z ENEE SN TS (Rileyetal, 2013). LU, EEDOEITAIFRICBITS
JEBEIE ) OBJTE,  FarAAAL C R BRI AL 00, MPYERJEAL & LR REZ 35 S 5TF
THEfii S Cx7= (Endoetal., 2002 ; Hashimoto etal., 2014 ; Otsukaetal., 2015).

—J7, MPI AL COFNOMEITRA LN TR LT, Ziucxtd 2 2B Lo
MP) DA EDRBIIARI Th L. ZOREWHNTT D2 &1L, REIHZRET S
BROBIHEIfA R A RET D ) A THETH .

Fiz, REUEINCET AT T, —MRAZRICHEN FEfi ST 7.
Liebermanetal., (2010) OMEIZLD &, HEMITHRE TEL 7T — Ltz EWT
EDT T —TlE, TFUv=v T OB ARE = ICBWTEF AT AV ALXRT 4
AR D L VbTND. 51T, MEEM LZIFRERMETIIA T Y » MEE L
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KIEIZEENN (F¥) 03m/s) SHAHH, MPJ OR[ENENSHIFE X 4v CEE 17.9%5i4),

v — 7 A (Y 25.5%) 3% (Smithetal., 2014). L7=2-> T, #HE

RRBICBNTHREN RN L D7 AV — eSO T 2V — FTIE, R

FEHRIFIZ I T L B A B — N PARR N e 5 Z E N TRENS.

ZZTCARMFETI, #ET AU — R EIERE T A Y — b 2RI e BT KUY MPI

DA FED R BTN ST T B Z A S L, R OREIC T 5 2 Bl KO

MP] O EMEERETHZ EEHME LT,

2-2. A%

2-2-1. W&

HBRITTFRFPET AV =M 154 THY, HEHER L L THARERF 84

5 20.5£0.8 7%, B 173.3+6.6cm, (AEE 71.8+10.1kg, FHMHE + ), M

e RE L LCL A U EFE T4 (i 19.6+ 1.3 5%, HEK 170.1£69cm, AEE

77.6 + 15.2kg, FHIE + BEHERZ) & Ulo. Wil B O34 b B 4

FULETHY, BEREBIOEEFERFHEAE L ~LOT XY —FThoTo

AREBREEMTDICHZY, SLMERFONZNRET LM EMEEFEELZE RO

[NZ 6% & D MER) OERBAZIT7- (BKC— AIE—2015—002). #FZE0 3 i
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(2D, FRBEITLEB IR TERO AN, FiE, AEBRICET 2 ERe

PRERR L OZ OIS BALE 2 & DT XS, MiE% OREMIIN T ONEEICONT

Bl U722, X8 L0 FEmZ L2 FRSMORE 2457, ADZETIXEITIE

(FZES, 2007) 25E1C, FXBI2OVWTIERA—LZEAE  (BEHEH) S EFL

. ek, MREEEPFERITLERETHoT

2-2-2. IR IO ra—IL

FTARTOMRECKH LT, Fk, WHE, BE, bR, LS T, R

HI7E 2 FEhi L 7=

2-2-3. BIFEIEH

2-2-3-1. BIKAE

HEBIOWREREZ, TovY, "—INUYOERBLOEICT, FEFHMFEE

#Hit  (TANITA#:R, WB-510) ZAWCHIE L7z, & EIX0.1cmENr, A &(30.1kg

BN CHIE L=,
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2-2-3-2. BEBE (BRE BUHE)

RRPBIURHERZZHFEE LCTRETHIE Lz, BRIE, ARSI TE

BlaHWT, BGOSR VVEBES £ TORBMEAZHE Lz, BEERICOWT

1%, BRREESESE S S MPYE CTOMEREAZHIE L.

2-2-3-3. REEHE A EhiE

RIS ATEN I, SE1TAFZE (Nilssonetal., 2009) %A ZEICIKDOEHITKTT S FERD

R LER L (M2.1) . SRITATRMEM CRZAMEICHE, F=F4A—%—

(EHEREAR, TTM-KO) Z HVCTi& & 2 B K AL T o F RRER 4 B 4 R e

WCCHE L7z, JER, ®EOHEBKREN R TWRWTD &, b N2 ol lE

AT E D F2ME & B & 2SR EE CRIZ MW TWD 2 E 2R L%

(2 L7z
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2.1 TEEIERIENEAIE

=4 A—%— (CEHER#HHE, TIMK zZAUVLCTEESHAIBEZRE L. |l

REEMTREZARICAVE-HROBEEICA>TIZFA—42—%2HT, RERHE

HRXEEMTOTRIERAREZREL =

30



2-2-3-4. BHFA

SEREFR X, FREo R DRIES:  (TKK.1268, Tt T¥MR AA) 21

WTRRRICTIE L7 (K22, K23). MERALIIRASAL (BT K OB I

90°J Hifr) TH Y, WIERHIIRA (I ORT Tz M A TZHRRE T, 75 /) 54 % FEht

L7z, JREHRIRE R o JE B 72 © TN MPJ O FEa%E 13 e BAA L 3 1m0 (AL

20°, JEIFJEAL 0°, ECHEAL 10°), MPIAEE3 @Y (AL 0°, WAL 30°, AL

45°) L L, FNHDOAEEH9 @Y oAbt (e BEEi AL 20°—MPJ ER JEAL 0°,

S BIE AL 200 —MPJ AL 30°, RIS EAL 200—MPJ AL 45°, EEIHIK

AT 0°—MPJ JERFJEAL 0°, R BFETESJENL 0°—MPJ HFENL  30°, & RIHEE S AL

0°—MPJ {7 45°, REAEEEAL 10°—MPJ JEJEAT 0°, & B EJRA7 10°—MP)J

WHAL  30°, JERIEEENAL 10°0—MPJ AL 45°) ICRBWTHIEZ % L7- (X

2.4). MEDOFEMICEL TE, WEM 7 V— FOMEZFRZICEE L, 3 BOME%Z

TR HAHTRB ST, BRBAO LB % 3 B, 260K T 2 %

s WEM 7 L — Mot UCIRELT WIS D70 7o ) % 5 RAE R RIS HAT /)

(Maximum voluntary isometric contraction : MVIC, kg) & L CatdkL7-. A DOHIENE

%X, =78nrOT7 X LARBRBERHWCHREZ LT X b L. 2B, ABHiA

JERIFTIBIT DTN HOWTIL, B E 2 RE R TR L2z M AOREMEE Lz,
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2.2 RHEIFADAER FIHEBIEME T KK1268)

(A BIEAITL—bF (0° ~60° FTHREMEE) (B BEMEEARX LSy T

(O BEAERIL—t D MERIL— FAEREREE Y

(B RhLAUT7 T GRAEEE : 0~100kef, ¥5E - +0. 5%FS LITF)

(FH O—FE/)L (EBEH 1. 01970V W15%- 0%, AEERZE 0.015% of RQ)

TiE (W 265x (D 450 (H 225mm EE 15. Okg
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N EEE NN BN BN BN BN
MPJ DAL E

M23 RHBRANAZEIZETLEHOMUE

33



(A) (B)

—------0

(A RESEEEC —MIELEREC (B RHHESTELC —MJIERE 45

24 BHBAHREIZETEHEERTEDH

HEDRBERNAIESR (TKKI1268, MHHEFIFHHE, BX) ZRHVTRE
B AZAEL.. BEESAELGLSTICIMIOAEDHEERIZTDOLTIE, ZHE
iz 3/1\8—>2 (BEAMM20 , EFEAMO , EEAM10° ) , MJZ 3/ 45—
v (EBEMO , BB 30° , 45 ) OEFIBRYDHEAEGHEICKY Bit

BAZAEL:.
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2-2-3-5. #iEtEEM

ETOWEMIE, FEMEHRERAC LV R Lz, BRER ) ORITHIC KT 2 BEN

{EHEMEICDOWTIE, EPNFERIFREL (intraclass correlation coefficient, ICC) (1, 2) THE

L7, BRI K OVYE B 71122 TidKolmogorov-SmirnoviR i (2 T IE IOk

ExATIeoT28%, EAORMIINTONTHIEDH L t MEEIT>T2. %72, EHD

AT 572D E AR L. t EORER, BIfiAE OM G ICBR

<, BEHPINTIIELEZNRD bgrole. [MGEREPFERIILETH- 722

Lt FROWEMZMAORIME UTERAIL,  3IchESET  (RERD 2 B

fHFE3 N — L xMPIBEEI A E3 /N2 — ) W THT 21772 o 7=, T B HAE

M, EEPFRD LNT8E, post-hocT A k& L CBonferroniik & VN C % & bk

EX{TIe o1, 108, WHEHRYTIZIZSPSS software Ver.20 (International Business

Machines CoUSA) # IV T, WHFNOEHEIZIHW T b HERHIRNT O A BRI fE R

5%¢& L7,
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2-3. #ER

2.1 ICHIRIE, REERER OB TEIROMERRZ R L. WOl
EHHICBWT S, AERMAL LOELZTRD bR -T.

F 2.2 1T B OFERIZ oW TR L2, BB IZH1F 5 1CC 1 0.57 75 0.97
DHEIPHTH o7z, £z, BEHFHORER RIZIENT, WTIHLORFIZENTHESR
EIRO LN ol LIeno T, #ERICBWTELADOBITIAICE SRV 17805
7o LRk L, BT ORERIZER X ORI A A OWTIE, AR o REE ) & i
WTHRRT L7,

2.510%, RBAfiE LU MPJ D572 % BRI A O G DX RIS T 5 R )
R IR B TR L2 b 0 TH D, BT ISR BRI,
JEFEHAEIC RO TR BIETT AT 200 —MPJ 15 EAT 30° (2.88 £ 1.05 N/kg), FEERIEHIHE
BT BIERTS JEAL 20°—MPJ EETS RN 0° (3.28 +£0.67 N/kg) ICBW Tk & 725
7o, 3 TRCES WO HTOREA, BER, RPAEIAE, MPI A A E R EAENERD
T, RBEHIAE R JOMPI A O ERICA B R ERRNBO bz Z &inb,
SRR AR L OVMP) I ZNEN A TR &5 —oliE@ BT A T, AR E
ZhERDFRD BT H5AT post-hoc 7 A k & L C Bonferroni 3% F\ T % H LB E %

1T7o 7.
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SN ORER, WERICHERFNRPBO O, LHIEHREOMR, LT

375 2005544 (2.76 £0.87 N/kg) 35 K OVES i 0°54F (2.55+0.76 N/kg) A EJE 10°

(220+£0.53 N/kg) LY bABEICEVEZ R LTZ. £72, MPIITENIE 0°5:F (2.66 +

0.78 N/kg) 3 KO 30°41k (2.56 £ 0.81 N/kg) H31FJm 4595 (2.29 +0.67 N/kg)

XY b AEICEVEZ R LT,

£21 Bk HAEE ER BURSIUVRHEHAMRICETLREHZIELFR

BB DL
BRFEREH R
IHE BvsE  BRBEEvs HERBEE
(n=8) (h=7)

& (cm) 173.3 + 6.6 170.1 + 6.9 n.s.
KE=E (ko) 71.8 + 10.1 77.6 + 15.2 n.s.
A 256 +08 254 + 1.4 n.s.

RE (cm) n.s. n.s.
£ 258+08 252 + 1.4 n.s.
a 6.8 + 0.6 6.6 + 0.3 n.s.

#iE (cm) n.s. n.s.
V. 6.7 + 0.6 6.7 0.2 n.s.
& 516 +57 55.4 + 5.7 n.s.

BRI EE (°) n.s. n.s.
£ 534+66 55.9 + 5.0 n.s.

FE + ZERE.

ns.: Nt signficant.
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HHOHMETHE T BMETHOYMTEY CHLIHERUSBHIBERIHBO M NTRERDY ¢ ¢ HE
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2-4. EE

AT OFER, WTHOBEEAELREIZRBNTY, BEHICHEEERIC L 285

REMRITIR L, EBEAER LA L OLZ B bR SR oTe. ZOX

9 IRAERL, BEAEE TP OMOE T OA BT, R O SRR HER K ORI 4 R — 2

BRI EARICE B A B2 702 L Rt 5. —J7, BRI BT KUY MP)

O B4 E DA 72 FRNRDTRD B, OFEHIKAE I PIE A B DA 2T D

ZEMHBIMNE RS

WA B L2 KT A7 Y o M ETIE MP O RTENE S HIBR S 4v, I Al

FEDRIABER AT 5 Z LN HEIN TS (Smithetal,, 2014). L7=2R->7T, EE

FICHUR AR Ol 2 I+ 28 L IERRERMF 2 L 357 2 ) — FTid, BET

FFERFIZ I DRI AL — AR R L Z L3 PSR Z. LA, ABFZERRIT

ZNEXFFT 2D TIE R o7, BTRFHICIENT, WEOHIE X Y H 5000

& ORI D 57 MP) OB 25| i 2 L9 <, il v O bR 32 Bk o 5 1

WEEH 252 EDRBINTVS (Bojsen-Moller et al., 1979). AWFFEDIELRLE T A

U—=hELTERMALIEVRAY 7EFT, WERRE LRGN T, FMBES

MWL, DFERPIBY G NEIROL R T a—REFEH LTS, ZOL )7y

2= ADAEMIE, BHAEB HICHUE & [FRRZ2 B rT B C o REL OB & 2 WREICT S

EEZON, TORKE LT, BHEIMAE L RBHT & ORI ERERZEN 126

40



SNigholo LIRS,

AWFZECINT, SR E,  EBIE CIXA I 20040F 2B 1005536 K OV i
0° 5 fFIC i L CHEICE <, F72 MPJ TILENE 0°4:1F3 L O 30° 5047315 I

LV AREIZEVE L 2o 7. BB IR 5 BB OB AT R I B 0
THROOLNTERY, BEA I L OVEEE /7132 BE AL L 0 & 2RI KL JE 0°
R1CHHEMIZB W TEE E 72D Z EHiE STV 5 (Goldmannetal.,, 2012 ; FA)5
5, 2013) . RPAEIOREIZBT DANTEORRIT, THOTITHITEOR K & —8

— 5T, ABFREORERIE, I MP) TOHFRMICER L, FHUCHT 25HmER
FERNT = VAL OBRE R L LD LT DO ThHIUE, HIERFO R BIfHiR L O
MPJ O BF 4 OR% R G W B 5\ ITBEERE H O 2 5285 2 L
THHZEETRRTLEDLENRD.

% NECE S BT U T A FR IS W TR BEFR ) OJIE 2 384 2 5612, JIERFE o
o b, ARBFZED & 5 IO B E DM AL DI K 5T — 2 BEUIREETH
D, FPEOEMAE CTORMELRERS IND. 2O XD RGE, WIER ORI A B
DIMBADEERET DHME LT, BHIRHDEKE 720, Dy ORIEE O BB
NSV ZERHITHIND. AFFRORERIZINT, EEHAT /D3 K & 7e - 72 BafH
A EEDFAAZE RN, HURBEEEAS R BIET MAL 200 —MPI A5 AL 30°, FEHUR BT
P e BEFIA AL 200 —MPJ B RAL 0°CTdh o7z LanL, i BIE aTBhig Ay pey e %
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BEIE o T, BTSN 200 COEEIXIEF I N2 L - 72, —F, RSN

20°% G £ RV A A DERIFIZIBNT, REAT 23K & 72 o T B4 DAL 7

G EAEAENRL, T 5 A rTRe e A B S 32 B AL 0°5: (T

ol Fi-, EBEESIEA 0°5ET MP) OAEZ B SHT-84, &b ICC 15

WA FE X MPI 3 JEAL 45°5:F (ICC : 0.94) Tho7=. EHIZ, MPIIZAT Y v hED

BIEH B BT L AR SRR I BV T 51,5 £ 3.5° AL, FERVE ST IV T 42.3 £ 5. 7°15 JEAL

ThHZ EX (Smithetal., 2014), FHrfiE#adE OBEREZ A E 38.1 £ 10.1°JEAL, A

316+ 1020 B TH D EWMESN TS (Rileyetal,, 2013). ZALH D &AM

DM B EEZZGDED L, ICTH—OREMAEMRAGOEIT L0 REAT ) ORE

R DH AT LESEAS, SIS RN 0°—MPJ WAL 45°5504 53 /i HEFT

D OWERF OB LR EIC R D B XLBND.

AWFIE T, BT ERFOREE MP) O iR T =A A —& —|ZCTHIE L, JIE

A7 L — FOREMEL DEEMAZMER L. LL, L N URESIC L5

FE DRI SN LT e, E, WIERS oG L, BESSFEVIREL, HS

BESER 7 L — b EiZmhRnEa b b o7, ARSI T 2 BB O RIE

TS E R E L TR,
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WFZERRVE 1T ClE, SRR SRR 301 2 BASI A — HBHR A R 78 5 Z L PR S

NOMRT AV — M EIFRET 2V — XU, iR LU MP O8R5 MO

HMAG DRSO TREAN ZHE L, A S OWFFERE TR S Bk 75 3 7E

WP ORI ZRET D Z L2 AL L.

AWFIED L2 RITEL T O Y Th o 72,

1) JRBEHPIICE, W OB B AT SISV T L WIS EREITERD b

¥, BEAER & B AR L OMICA B R A HEAFRITAHE L R o Tz,

2) BT, B X OVMPI O MBAHIA OB A Z T, RBIETCIEY R 2005

DN EJE 10°56 36 X OVER I 0°5HIC i L THEICE <, £/ MP) CIREE

0°%:Ah 36 X O 30° 535 i 45° 5 L D ARICEWME L Ze o7z,

3) MIEOFBME, EREHEY RN 00544 Tt MPJ AL 45°54F (ICC : 0.94) T

b eore.

DL E#ER L FEEEOEEEFD MPJ O 2B 2 6 TR 2B EIC AN, SR

A HEJETS AL 0035 L OYMPI [ 45°Dfi -Gt 2, ARSI T 2 R o fE

IF oD BRI £ BE BB S fE & L CIRIE L7z,
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E£3E EBUFBDEEBNNT+—< U REDBER

31. BN DFr—<UREDBER (HEEED)

31-1. [ZU®IZ

THE D fe & AN E T D RETEERIT MPI 24 L, MPJJELCH S 5 ki /&

BEERE N7 p—~ o A L DBRIZOWTIE, T ETO L Z AR T L AT OB

FEZ MBI RH & TE 72 (Goldmann et al.,, 2013 ; Hashimoto etal., 2014 ; Otsuka

etal,, 2015) . —J, HHEARYVIKLY XU RBIOY Y o T RT p—< AL R

BERG 7] & OB OV TIE, — A b EORGE LI2plid . 72, Bdh{Eho

MPJ XN CTH D Z & (Rileyetal., 2013) , MPJ 2N JENL T B 13

MLCORBE ) LV bBEA T +—~ o R  BET 2 & TIN5,

AWFFETIE, TAU = bBEOMRANEZIRIC LERER RIS E, 1) BT 1A

DI/ D7 L AR T ONER728 VI L U Ny RRIDOBKEE N7 p—~ A L R

W71 ORR, BXO2) LA L ONEGERREI DI L Y Ny RO Bk >

F =R E ML T & OBIFRIZ, JERER FJHIERF D MPJ 4 DS KIT BT O T

HONZT DI EEEME L.
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3-1-2. A&

3-1-2-1. ™&

$IE, BHRFEAE32 4 (Gl 205+14 5%) ThY, 7AU— g4 4 (L

— AR VTR T 104, T4 7k—C o SRR T 14, FIA T Au HE

BT T 44, AERE 200 £ 1.1 m%, B 175.6+10.1 cm, KRB 68.1+9.4kg, THIHE +

mUERAS),  of PR h 21.6+ 1.6 7%, 8+54cm, KEET792+8.
FEUER2), SHHREE 8 4 (FEh 21.6+1.6 HE1728+54 RE R 792 8.1

kg, “FEIME + FEHERZE) & L7z, 7 AU — MEOT R TOMRETHHIEN 2 FLL 1

ThY, EERE AL~V OT A — R Tholz. 7 AU — MEOFHAA

I, BHRICE VBN T 4~ U ABRER SN D ERBFH R AY — b (NL—R

—)L) , BRRE TR T 3 —< VU ANEREINHIEAFEHZRT AV —K (947

= 7) , BKEANT A VAR TFERERER LR LR WEARFEE R T AU

—h (FTAT72BY) Thole, WTHDOT AU — MES RBEHZFE L FL—=

UNIT o TR o T, XERREEY, @I IEEN 21T o T e ok Lz, RS

BRa I T 5I2H70, SMEERED NEXR LT D MmEFEALZRED [ NExt

G LT OMEMEL DOAGERAEZITTEY (BKC— AE—2017—013), KXHEITxL

TXEBIOREHTERO AN, ik, AERIZET 2EROARIRE L OZ OIEE

WA B DTSR, O LRI 5 ANESIC SV TR LT, Co
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X L0 FHICK > TERSIMOFRE 215729 2 THEM Lz, AWFZETIIEATHIE

(LD, 2007) 25ElC, FXBICoOWCIERA— L 2ms 8 (Bl S EHRL

. b, MREEEPFERITLERETHoT

31-2-2. AR A ba—JL

FTARTOMRETK LT, FERNE, RO DT CEREE, R, B

T A= AEEONE (Ef ) NT o ROy T, Ry s, EEBED, HIE

BEOY) &M L7z, BER T 4 —~ o X RRICBE T 2 2 COREE, B IHE &

A FC e U7z, AR T e B ) & R 2 ME Lz, o mik iy, Bk

PR OIS TV ARIB LN Ny RRIORKE N7 4+ —~ 0 A & R 71 & DR

£, BRLOEN D OREGRIC RN STMIERF 0O MPY # EED BT R8BI OV TG L

7.

3-1-2-3. AIEIER

3-1-2-3- 1. BFAIE

HRHIEICOWTIE, 2-1. 2B L ONMPI O FE 23 R BHR 1 RIE T8I B

(T D B RIIE DS 2-2-3-1. L [Rl—OFNAIC K 0 FEhi L7-.
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31-2-3-2 RuUFH (BREEAH RHHEN)

TRBER ) ORmIZIE, B ) d OV REIR ) OWE A U TRl L7z, L )

X, RRHEDRIES (TKK.3361, PrHegss T¥EAER, aA) 2HwT (X3.1, X

3.2), RBHEREAL CRIZE L7~ (Moritaetal.,, 2015, Otsukaetal.,, 2015). JAIERNLITRT

A7 (I BARI I K OB X 90° i) TH Y, WIERHT I GHE (T DT C ik 2 4

ATIRBET, M hFsEEE I L7, MPI A7 v 7 N—=DAEIZE O £ O IZEZRD

FEETEH 7 L— h 2B L, 3 Eo#E 2rhbEHaolciRE &8 7-%, DIP, PIP Bk

O'MPJ Z il <8, RREECTZ Y » 78— 2R SE7RBIC XV I KRS ) T 3 B,

EAOHRT2MFOES| S, 7V v T /—0OKFEH RN - T2 S O Kl %

e L Lz (X 3.3A). RBEHFIE, BREHUE T O L7z Rrt o R DGR

(TK.K.1268, Priies T¥48, BA) Z2HWHIE L7z (Yuasaetal., 2018). HIE

BehriE, RS & ORI LS L Lz, MIEM 7 L— FOMAEZ 45105 LT

BICEE L, 3FOMEZITOEF0IRE SE2%, BEETRIEN 7 L— &R K

BHTIPWM, EAOFRET2RET SO>I T, WEMN T V— Mokt L CERE T

(o T2 ) & RV R 36 11 (MVIC, kg) & LCatgkL7z (X 3.3B) . &Mk

B L OVERHR X, ZEAEOREIAIZSW T B0 T & AEEE WV Tx%

FZLIWZT A MM LT, 2B, MRBIFEHN 21T 5 72 OIHIEM & (RS & Chr L 72 E

R LU CTHWE.
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K31 BUHEHATEE (TKK3361, MHHaITEHS BX)

A JYyIn— (B BEERAITL—+t

(O VFHF—IRO—Ft)L (GAFERE : 0.5~80kef, #E : £0. 28 UF)

stiE o (W 200x (D 480x (H 110mm 4= 4. Okg
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3.2 RUBNAEICEITLEEHOAEE
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3.3 REEAIAE

REHEAN (A.

BIECEEMENAESR (TKK3361, MHEFAIELR, BX) ZANT

REBEHZAEL. HREL, RESHZEETESREMLOC & LE-RKETRLE

Ty TNR—IZEE, MIANERELELDRBUENZRE L.

REAA (B.

AECEHARRE] CEALLRHRAAERS (TKK1268, MHHEERIFE

#E, BX) ZAVTERANZRAEL:. HREE, BEHZESTEPEAL

0° & L1-KKRET, MIERELLAY ITREL-BUFNOREZEIT -
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3-1-2-3-3. BkEE/N T+ —< U RIBEE

AFEDOPEFEINMEIZ L APk T 3+ —~ U ZAOWIEIX, W bEEE TiTo72. &7 &

N EETHICHT20, ETOMNBEEITET ~D5GM O A N Ly T8 L OS50

OEA Ly F2ITo7-.

3-1-2-3-3-1 EHEVNDURS KT (YNH RE - EEH)

e N ROy oL, vy RAA TFERHIC AT A (RVTF O T T AL,

TarA A FHHE, BAR) ZHWTHE L. BRI >WTIE, efrirse (=

BES, 2007) BB, AEEOHMZRY R DO Tl & B O NI EE ) 6

rl&

10[El DBk A2 I L7 (X13.4). FEhiOBRIZIX, AJREZR[R 0 B 2R C i < BRkOY

ERDEOIHR L. £, ORVIAZEEOEE LRI D701, BREOER

CIXMF2 MY CCEM L7-. WZeii (airtime: ta) & BEHUEFH] (contact time:

tc), HJJNNEE (gravitational acceleration: g=9.8m/s?) 7> HBkEERE (h) =1/8 - g+ ta’

ZRM L, WRICHEE S 2B R ThRd 2 LIS L~ T, FoMk -1 71

(Stretch-Shortening Cycle: SSC) DFHfiii & L THWHNTWAD U NNT » RY v 7 g

¥ (RJ-index=h/tc) ZHEH L7z GEES, 2007). #Eel0EDO YRR ROy Tk

1R D47V, 10[EI OB ORI-Index® 9 H i KAEZJIEM E U TEMA L.
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5

K34 EEUNIU DT

Ty RS Y FEHADRATLLET, REREFEEOEHL) XLOFHICTHEEi

DILFIREBH HEH 10D BEF1T o 1=
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312332 RyEVT (YN RE - KF)

By 7L, Rl B 30 cmibE (NIE 20 em) (2725 X 9 125em RO T A 7 —
THRAWVTC2RDYATIR T A &L, Eive HWTHIE Lz, BEEE >\ Tis,
Jef T2 (Gustavsson et al., 2006) Z&E\2, WREFIX THE, A¥—F] OAKT
FACMEBZD LD, W TR IZEGEI0EIOR v B0 7 &7V, ARy
U4 v T ERNTEDOFEY A4 L&JE L (K3.5) . Ehlldsn THiOHE v IAZE)
TEIHIBRETN, —ETH T4 U EBABZ oo 1255101, 30 ICHENIE %
fTolz. 1OOWENKT Lz, 150 EOKRER, ROMPEEIT- 7=, HIEZ201T

W, RHRMNoTFA LENEEE LTERM L.
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30cm

3.5 RyEVY

FRELEIZ 30 cofE (AW 20 cnd 12 A K525 cmBDS A4 > F—TZANT 2

KDFETESA &L, RREESA UEMZBASE IS, METHIEAMIC

EfE 10EDRYy EV T EITo 1=
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3-1-2-3-3-3. EERUV (FLAE - EEH)

WEPNE, v~ BAAL v FFHHS AT A (AVF Y TT A, T4 Ao

TR BAR) ZRHWTHIE Lz, BRI W TiE, T (K75, 1995)

EZH, KBEEEZ HWIC 2 TR 2 mEBEO A F 0 L7-. AWFZEICR N T

W, R 0 B EORER 2 BRIV T SO M T AR E T, F=A4 A= — (TTM-KO,

WHFEFRR AR, AA) 2V THIRZ 90l S E70RIEA MR L T OBk S &

7z (K3.6). #ITiX2EE L, Aok T 22RO BkS 2 JH U, foRE

ZREME L CTERHA L.

By

X 3.6 EEHKY

Xy RRA Y FEBVATLALTHEEIEBFZREICHET, BRE0° B

Er-REBZEZHEEL THOoBEERR L 1=
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31-2-3 34 MHEHE (FLRE - KF)

SEBIEBRONE, RO BIZHT L7 A& — h o4 o RO PIEEIT- 72, Btz
WTIE, SEATHF%E (Goldmannetal., 2013) A ZE(T, WS HuE (2B L 72 RIEDN S
BIITRIGICHEE L=, ABFEICR W T, WO A TAX— T4 &
D BEOIR 0 AZENVEIZHIRE S, BiEEIAWFIcRE chkiE s ¥ (K3.7). 2¥—
oA RV RbIEWVERMSA () £ ComBzE Le. 3T 2EEL, &K

2 EM L LTERM L.

B 3.7 IHLIEBY

HNEREFHBEMDIMEBTRAEI— 54 &Y, BORYAAHBEEHIRET

BEFRAWT ICBEEEERM L 7=
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3-1-2-3-4. #REHEEM

ETOWPEMIL, FEEARERAECR Lz, B ) E BT +—~ A DHE

PIZEIRELC DV T, SNHIBHRECICC (1, 2) CRPATL, 472 FESPEASHERS S n

ZOBHIZ, FREE BT 5 MEE R O BT ISED RVt EAZTT->72. %

7, BT 5 7= R R AT Ui, 2 OfR, LR 0k AR

WO T, R 1 E B R T 3 —~ v R & OFBIRRIC oW T, R

WE DL 2 ELD 5 BLORKIE L, ABEEET A N Dz K ORI ORI E R % £k

FILT. TRCTOF A NESK (RBERS), B, W) STy Fox v, &y

v s, mERKY, SHIEBEOY) OREMOREHNIIX, v Y o ORESRMERE A K

Wiz, B, AEERER LOMEREOFEHIZOWTIX, NL—FR—EF, J4

T —bE U TEFR, AT ARERFEELOTT AV —MEE L TR LZ. #%

FHEMTIZ 1T SPSS software Ver.20 (International Business Machines Co., USA) % AW C,

WT N DLEITB W T H R aHENT DA BKEILGHRE 5% & L.
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3-1-3. #HR

K3 NHGERRNCIBT 2 FFetE, SRS 2 2R 1), KBRS 7 +—~

> AREOR R R LTz,

REBEFS 136 J OB 7 4 —~ U AHEIROMRNHBIREICC (1, 2) X, ThZh

0.87—0.975 L 000.62—0.94D#PHTH 0V, Z i 5 O FEM I EEEO L BigBE o

(ICC=0.62) #ErEx2ARMIZELH (Jacksonetal., 1980)E HIHI T2 LD TH 7.

FRBERR A1, SRR T3 KOV BT ) D45 RIS B W TRERNIC A S e BT b s

Mol BN T +—< 2 A TlL, Ay ZICBWTHBERBEMZENRD b=

(P<0.05) , MLOEHIZHOWTIIHERICA BZITZRD Hivizinoi-.

KI2THBRERINC I T 2 R ) & SHOBEHE 7 + —~ > ZFREE & ORISR

AR Lz, TAY = MEICRBWTE, BRI E ARy B 7B L) Ny o Ry

Yo7 EORICENETNA ELABBRZED bz (P<0.05) (3.8 L ON3.9).

—77, REEE, WINOBREAT +—~ 2 AREEEAE & S A EZRMBERER AR

I7po Ttz FEBEECOWTIE, WO RS /) & Bk N7 —~ o AFEEEIR A L

DN B 7 HBIBIRITIR O e o 1=,
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®31 MREBANOHERE, BUHN, BEND+—T U REEORKR

7R — hEE (n=24) BB B (n=8) w R E B q
Tl + EERE THME + BERE P
& (cm) 175.6 + 10.1 172.8 + 5.4 n.s.
KEE (kg) 68.1 + 9.4 79.2 + 8.1 n.s.
a 1.89 + 0.45 1.54 + 0.35 n.s. 0.82
BEEE A (N/kg)
v 1.90 + 0.49 1.65 + 0.57 n.s. 0.49
a 3.05 + 0.85 2.63 + 0.74 n.s. 0.51
B HEE A (N/kg)
v 2.91 + 0.95 2.49 + 0.74 n.s. 0.46
N B2 % T () 1.75 + 0.50 1.71 + 0.48 n.s. 0.08
"y EVJ (sec) 2.92 + 0.59 2.44 + 0.27 * 0.90
FE B U (cm) 333 +57 345 + 6.3 n.s. 0.21
IHEHY (cm) 236.3 + 27.3 228.8 + 17.5 n.s. 0.30
*: P<0.05. d:effect size. n.s. : Nt significant.
% 3.2 BHEH A & BB/ T +—< U XIBIZEDE R
KT 5 B T 75 [ BB
BEAAMBLUHRX | UNYURR TLRE Ry R FLRE
ryEVY SAHEEBY  |Esusssrsers BEEHV
TR)— L r=—0.23 r=—0.07 r=0.20 r=0.37
REE S
i BB % r=0.09 r=—0.01 r=0.28 r=—0.10
FR)— LB r=—0.55* r=0.25 r = 0.40* r=0.24
R A
i BB 2% r=0.08 r=0.53 r=—0.15 r=0.53
* . P<LO. 05.
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v E 9 (sec)

Y9 KO o i85 (w/s)

45 -

4.0 1

3.5 A

3.0 1

2.5 1

2.0 1

1.5 A

1.0 1

0.5 1

0.0

3.5 1

3.0 A1

2.5 A1

2.0 A

1.5 1

1.0 A

0.5 A1

0.0

07 21— pge Y= ~0360x+4.008
r=—055 P<0.01
ATEEEE r=0.08, P=0.84
0.0 1.0 2.0 3.0 4.0 5.0 6.0
2 HHB ) MPI45° (N/kg)
3.8 MJ 45" DRHMEHERYELT DRER
@)
A @)
O DO
oS A O
L o® ©
ACr O 4
@)
0F 2y pp¢ ¥=0226x +10167
O r=0.40, P <0.05
ATIIREE r=—0.15. P=0.76
0.0 1.0 2.0 3.0 4.0 5.0 6.0

R UHBH MPT45° (N/kg)

X 3.9 M 45 ORHBAOLEHR) /NI RSy TOBE

60



31-4. ER

AWFFETIR, ETBEREGMORR L 7 L 2B L Ny o FEIOBKEENE T o/~

T A= A LR L ORRICOWTRE L. (WFERN L) . £OREER, T4

U— MREICRBWT, BHEHF LG N ROy U TB IOy B T DK T 5

—< AL OMIZH B FBEBIR RO Sz,

BRERENEIL, VAT POy o ITRE SN2 EENEI TR (BERe) o

(0.2 FPLIWN) BEEEENE & SEBIEBEOSCHREBE O 2 & O 7 L 2 RITRER S 1 2 BEDIREH]

DEWV (02 L E) BEREMEICEIND (@EDS, 2007 ; &m b, 1998). £ b

DWTHOBREEICB N TS, MWW NT +—~ 0 XA &5/ 2 72 O 3R IR

SRMAR ) EEGT L ENEEE D2 s (Kilis, 2016) , T 3 Bfin

[FIRFICEY B S 2 iR ) & BRI EORGHICEIR 2 H 5 Z Ll shTund (X

T 5, 1995) . Ikt L, AWFEORESE, BN L U N T REIOBRE N7

—V VAN ENTEL)D LB RBRTELEDENR S,

JEREFR ) EERFD L 912, MPI AR T S Z Lok v, RS R FiEofE Y

\Z& & O b2 Windlass mechanism & FEZALHEH 23 Z 5. (Kappel-Bargas et

al,, 1998). ZDOEHIZ, BE BT o7 BB EET S Z &2k, EEomif:

e S50 (Hicks., 1954), {fafEAZIZIUT D EE D Truss mechanism (2 K 0 J& JEJEAE O

EADBHIREND T LT, RRIICBT 2k & A R A B T ARET 5 & Vb
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TW% (Erdemiretal., 2004). BKFEEI{EIZIBVT, MPJ XIS K ORI |2 725 R AT

THD (Rileyetal,, 2013) Z &5, MPI BN ENWICEET D 2 & CTREIMED A M

RLCTRHADOMMEEZEmD TWD EEZBND. £z, B AN Ry o FICB 0N

T PO, RO R E <IKFETHZ LRI TS (Farley et

al., 1999). JRBAFIOMIMED, FER =AM O MRS 0 & 9 22 IR IS 1T 2 fhfiEh o

I Lo THIFI S TE Y (Hobaraetal., 2007), #&HuEFEIHifA DL VIZ L -

THwB% %175 (Farleyetal,, 1998). T HD I &b, B L OMEHIR IZI W)

TR RBEEIIAMZ D 2 Z &ic kv, BB O A4 R RIREE L, =%

X—no 2R & R/NRICT S Z & C (Stefanyshynetal., 1998), U /X REIOBLEHE <~

F =N ADBTRNZEHDTVD T EBEZLI, O &AREINTEEIRT &

YNy RRIEKHE R T —~ U A L OF BB 2 £ ERO—D2 Lo T D

LB SND.

TV ARIOBE N T d—~ L ZZBWTUL, WS b ICEEBKO R L O HiEBE O

DR EWT O R 71 & ORNCA BZ2MBNTRO HivZemno7=. 7 L ARk D

TEPICHNT, TIOR3 4 BIE oL OB G, BB

40.0%, JEFHHEN35.8%, MERIHiI24.2% CTdh 5 &G & Cuv5 (Robertson et al.,

1987) . L7=23o T, 7L ATIBKERIC B CIIRREREG, MR, Rz Rk cE g

4

% MM R ENE T O SR I N 7 4 —~ RSB Lo REME D e <, BT
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FMEARD B TR ) OBEBREEME ) 272 & B 2 B, fERIIC T L AR OBk

T = AL R ) E ORICHHBABRARO Hiviemnofz R SIS, —,

A~ 15 DOFEE ZRR E LT AT ORI L 5 &, SLHIEBRO O BREEIERE & &

JiE L ORNCAHZ e MHBEBEN R ENTWADS (Otsukaetal., 2015) , EHH)7p5E

W) DRARE (P22E) Rxbg s LI-JATHREICH LT, AREDT X U — bEED

FIIERFFEIC AT O TS 5 & 0 REEA O P TR k2 LI

T, MPIAEJHALTH IS 2 )R REIE /) 10 &8 AL TR 33 2 R A o J5

W 5.2 B2 00, £, TUARBKEL O S Y T o FRIBED /N7 4 —

~ U ATRENNC B B AT LR ENS.

AW TIE, B2 OHKWE LT, 82D MPI A G 72 E L, Elkihh e

BB ST 4 —~ o R L OBRRIC IS R S IER O MPJY 4 878 KT 508 A Wik

L7z, ZOREE, MPINEIENZH 5 2B D7 U 7 o R oOBEEE & FRBEREGR 2

oo, AlEl, MHERRARD b7 A Y — MEO BB ) L ) Ny R

VT BIOR BT THomZ D, T AU — MIBIT R A BkiE N>

F =~ AEMPI HIEAL CORMAM N BET 22 nEZbND. VY R

OB TIE, AEMOBEMOL TR 2 Z L bBIREIND 2 &b, LR

RED MPI DA FERFIBIRR DO H o Tzidifg V N v RO U 7B IR v B 7128

DEERENERF O Z 0 EFL L T e AR R SN D .
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F77, BEEHORIEICEEL, 77U v 7= @2k LT MPJ 38 X VRS OA7 &

AR U CHEE L7272, WEMEG OIS L, RO R S SEWRE TS 5 B2

DTN TR—=IZHNSRWEERH 7=, AWFZRICBT 2 BRI ORIEX, Th

baRARE LTHR.

3-1-5. /ME

AT, 7 AV = FPBLO A RAZ MR LIEHERRICISE, 1) BT mo

W22 7L AR L ORI R0 D K L U Ny RRIOBEE N7 3 —~ o 2 & Rl

e oB%, BLO2) BRI E L 2 L ONEGRAEVIR LY R RELD

BERE N7 —~ o A L ORRIZ, RBERS FIHITERED MPJ £ FE DS K IF 322D\ T

BT D120, BT 2 VTR 21T o 72, ABFJEORER L 0 ko> Z & 23

kol

D U ATy RROBEENT +—~ A THDH, ) Ny FY Y 7B IRy

v 7 LR E DENST 2 Y — FEICRBWTDA, ZIE A E e AH B BIER A

W BTz,

2) TV RO AT +—~ AT D EEPEOCN HIEBEON & L ) & ORI

L, WTFNORHZEB W THHBIBRAEE O b o Tz,
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3) RMEAET) & AR ST 4 —~ o R ERER & OBIRIE, MPI BHRALIC & 5 BT &

WY NRT L ROy o B LIOFR Y B 7 e ORI W CTHEIBGE D DT,

—J7C, MPJ DNEJEAL & 72 5 R J1ZOW TIZHBIBUE R ZE D S e - 77

PLEDZ s, YA ROy o PBI ORI DL H ) R Rl

DR T —~ 2 A L MPI WAL TH 1% 3B T 5 R MR BB L Tnd Z &

D EMNE 72 o7z,
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32 RV UMENRTAF—TREDMEFR (FFEEED)

32-1. [FLHIC
A7) v hEE, BHAR—=Y L RRE TR LI, FORINET AV —RFEL

THERSINDEANRHRRESIO—>ThH 5. Mamnetal, (1979) 1%, A7V b

DONHIZ BN T, REWNAEFR A E 2RI A THD EHE LTED, 50md

AT Y b ZA LB LOBEREE & R ) ORICA E 2R BRI RO b TN D

(Moritaet al., 2014 ; Otsukaetal., 2015). 7=, EEHNEHDO FL—=271%, 50m

2TV DE A LEFEIZHET S (Hashimoto etal., 2014). L22L, Zh b4k

TR — R ARCHERHIOFFEE 2 RE L L TR L TR, 72U — F R

TEARATY v FENRT F—< AL OBRICOWTIZA L TIERW. E£72, Tk

TNz 5 R J11E, MPIEJEAL THIE S C& 7=, Smithetal,, (2014) 2L 5

&, ATV 2 MHEHELRT OO MPI (ERJEAL T2 <, MURSMRICE T 51.5 £3.5°%
i, RSBV T423£5.7° WM THS. L7=d > T, MPI RN TO &Rk
ML, MPIIEIENL CORBIE /1LY AT Y o M EANT 4 —< 2 A2 K0 3R < B
T5HETRIND.

AFGETIET AV — b a2z, 1) BEA/IEAT Y MERT7 —<v 2 X LD

%, BXO2) BHAHEATY v hESRT 53— AL OBREH LML, MPJ
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i

DA FE A3 KO ) FABRRA D #4702 2 ML )73 RAFT RO W TG 0 2 &

ZHE LTz,

3-2-2. HiE

3221 ®E

HRIE, BPRFETAV—N1T4 (TRAV ATy bAR—VEE, RYvar:
UA RLy—=R_=BLOT =073y 7, Fi19.9+09 %, H&E 173.0+7.0cm, £
B 79.7+ 8.0kg, BifHME 7.3+ 1.7 4, EEIE £ FEHERE) L Uic. KRIEFRZ T
HIZHIY, SMEERFONENR L TLMREGHEEZRRD TNEXG LT O
JefmBl) OKGREZZITTEY (BKC—AE—2015—002), FRLREITHLTLEL L
ONEATHEBRO AW, Jiik, ARERIZE T 2 AERCARIER L OZ OJRRAE % 5w
TSR, MEFEOL BT 2NEFICOWTHI L2, T TodEE LY
EFHIC K> TERSBMORE 21372 ECEM Lz, AR TIXITME (RS
2007) A#ZHEIC, FIERICOWTIR— L als R (B LERLE. 2ok, %t

SEEEPRESRITERTH T,
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3-2-2-2. AR SO a—JL

FTANTOMEEICK LT, HRHE, A (REE D, RES), 27V ok

ENRT =< A (10yard A7V > bk, 40yard A7V v b ) 3Lz, 27V

¥ NERT == AOETOREIZOWTIE, RS RE S IXR 25 27 v b

R—VE S TiTbhnrz. BonfiRE Y, R AT Y o FEATr—v

A & DORARMEIC SV TR L7z,

3-2-2-3. BIFEIEHE

3-2-2-3-1. B{FBIE

ERRIEIZOWTIE, 2-1. RIS L OV MPJ O BE BB 12 R IE 35288

D FIENE DT 2-2-3-1. LRl—OFNEIC L 0 FEhi L7-.

3-2-2-32 RuUFHAH (BRHEH REFEAH)

JEREFRTE L, AR 3-1. BEUN31-2-3-2. LIE—DIVEIC LY FEii L7z,
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32233 RTYULENRTH+—T IR

AT Y v hERT p—< 2 AOFHEIE LT, 40yard (7 36.58m) DEMRAT Y
Ea i Uiz, FERICEL, {RFILBEM A A 7 Z @7z (McGee etal., 2003 ;
Robbins., 2010). %72, ZOF, 10yard (§99.14m) HERFO X A LZFM LTz, ¥
A LORPFEITIE, BHRALEE & A LWELEE (Brower Timing System, USA) % fifi H
Lo, BxG& 1L, A — b7 A4 I L ChFefimicg s, FLRMOEE 14
BITTHINIZ3RA o FAFZ o A% | BPRIRFF L2 ZE b A Z— R L7, 10yard A
TV hEALRETA v EEmE, KRR =y a7 ramEELe (¥
3.10). &7 A MEFET HITHIZ0, RTOMNGEFIZTRE ~D 5 5HOFHNA N L
FTBEBLOS BREIOBA MLy FE2BIRole. Z0%, SHBIORTY > Mg %
T TITIRE S5, 2T L2, BEMIZ 0.01 oA TRigkL, 2E O

BATO O BIRb RN A L2HEME LT,
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|
1< 40yard P:
I

:4— 10yard —}:4 30yard —}:

t R o

Start P| Finish

3.10 40yard R T 2 FEICEITHEBAAEE S M LAIEEBEDREME
AR — RHifE, 10 yardHis, 40 yardis (d—JL) BB LE-EEXALEE

24 LAIEEE (Brover Timng System BA ZRWTHAIEZTHE - 1-.
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3-2-2-3-4. #EEHERM

ETOMEMIL, FHIMEEEAER TR Lz, BB oBE NEEM IOV T,
MAAHBIGRECICC (1, 3) TaRHiiL, RAFREBMAHRSNZOBIZ, RO
Fe A O g s JIOVRBEIE ) & R B O Iz oW T, hD®H D t UEETT o
7o £z, EAOEZMT 272D RELR I Lz, 2O/, R HoEs
ZITRO LN 0Tz REFH I E ATV v M ERT v A L OMBEBRIZ O
TIE, B DREDELS 3D 9 BEORKIE L %A TV >k EDFHO P E
EERA L. 3 XTCToOT7 A NS (EBE ), RREFRT), 10yard A7 U » REZ A A
BLO40yard A7 o MEZ A L) OBEMEORKRGFHIIX, ©T Y o ORERMEEGRKE
Ki-.

¥, HEHEHTIZIL SPSS software Ver.20 (International Business Machines Co., USA)

ZHWT, WFROBAIZB W TG OF BRI 5% & L.

32-3. R

£ 33 IHREDORERICHONW TR LI, BRE ) & R DA D 1ICC (1, 3)
13 0.73—0.81 OFFHTH o7z, JEBHE 3 L OB BT OF BT
bivieinoTe, Fiz, REHET &R & ORICITAERZITRO b ol

(F/5: P=044; /£ : P=0.67). 10yard A7V > hE, BLON40yard 27V > hED
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ICC (1. 2) 1%0.61—0.77 DFPHTH ~7=. T 5 DOHFHMEIL 10yard A7V > b

(ICC=0.61) ZFrE, B (Jacksonetal., 1980)L X B LD THH-T-.

SRR 713 X OVEEEF ) & 10yard A7 > b AEX A LB LM 40yard A 7Y o hAEX

A LOMBARRZ 311 IR LTz, 10yard A7V > b EX A A%, EHEE 13 L0V

BLFR ) & BB BIR 2 R S 7o 7o, [RIRRIZ, 40yard A7V > REX A AL R HE

JE 1k KOV B & ORI H A 2ABBIRITER O Do 7.

& 3.3 BKRE, REFHHAE RTVUEENTH—TUXBIEDOHER

THE £ Z#RFEE ICC P d
& (cm) 173.0+7.0
AEE (kg) 79.7+80
x 2.18+0.44 0.73
R EE B (N/kg) n s 0.28
a 2.28+0.37 0.75
x 2.24 + 057 0.81
BB 51 (N/kg) n. s 0.22
a 2.35+0.44 0.76
10yard X 71 > +3E (sec) 1.71+0.06 0.61
40yard R F1) > kFE (sec) 5.01+0.14 0.77

ns. : Nt significant. d: effect size.
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190 1
1.85 1

10yard (sec)

1.65 A

1.60

550 1
540 A
530 A
520 A
510 f
5.00 f
4.90 A
4.80

40yard (sec)

4.70

1.80 1

175 A

1.70 A

(]
r=—029 o ®®
P=091 © _®°

QY

0.00 1.00 2.00 3.00

RELFE 73 (N/kg)

.0
o & o
r=—034 o° o o°®
P=0.47 o’

©

0.00 1.00 2.00 3.00

R At 73 (N/kg)

4.00

4.00

1.90 +
1.85 A
1.80 A

175 4

10yard (sec)

1.70 4

1.65 A

1.60

r=-0.32 ®* %

P=0.

o ® o.

(B)

0.00

550 1

540
S 530 -
520 A
510 A
500
490
480

40yard (se

1.IOO Z.bO
R A 71 (N/kg)

@

3.00

[ ]
r=-036 o,

P=0.16

4.00

(D)

4.70
0.00

3.11 BUFHHERTY Y 24 LOBEEZ

BHEN (A BLURHEH (B & 10yard R TY ¥ b3 A L& DERZ.

BUEN (O BLURHIEA (D & Oyard RTY U b2 A LEDRBEE.

73

1.00

2.00
R A H (N/kg)

3.00

4.00



3-2-4. ER

AT TlX, MPIDAENERD M1 ET AV = DOAT Y o b ERT 3 —=<

VAEDOBRICOWTIRE LTz, £ OFER, MPI BERAL & 72 2 B HEE 13 O MPJ

DA E DR E I, 2T MEST r—< 2 AL OMIZHEE B

RERSI o7, ZO XD 7k RiZ, BB 175 MPI O 85 F 36 IOV ) Féfaikk

KiZrb b, TRV = DAT Y U MERT 53—~ AT EZ RITS/2W T &

ZonERd 5 LRIFFS, R IINRME N LV AT U NERT v ALY

RSBIRT 2 THA D LWV ) KRR A HTET 5.

SEATHFZEIC BT, JElHE 71 & 50m O# AR (IUH &, 2015 ; Otsuka et al.,

2015) BLRAT YU v h&Z A A (Moritaetal., 2014) & ORIZITAE /2 HBIRIRIER

WHEILTWEN, REFZERERICB WO IR ElE B T ORI & bIicA 7Y o b

INT == AL OMICHBEBRITRD b otz. FORBEE LT, WO 2 5)0

FEAbND. T, HREDENTH L. FHATHETIE, —HRASCKENOFEFE %

KHRELTWDHDICK LT, AFEONSRIL, AEN AT MED ML —=0

WAL T AV 7y FAR—NVDORFTh o7, kLA ERER TR L L

TZSEATIIEIC K D &, A7) o R AEDHAERSE & B s KO, B

i, JEBIFEISIE O TRBAET v & ORI TTHBERMBEBMARE S TR Y

5, 2009) , AWIFEOKMRBREIZIAT) V hED ML —=0 7 a0 Z 2T, Bk
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JED XV b2 6O TR ML s OB eI LRSS, £z, FATHIED

JEREE D3R E B OMRNC L » CERNFEO LN TCEBY (Moritaetal., 2014) , %

LIRE OREBHIZEB T AR THADICH LT, AFEONEEFITEMETH &

W=, BEUE S OZEERE CV (%) 128 W T H %17 (Moritaetal.,, 2014) @

KIBRE N 28.2% T HDITKI LT, RIFEDOREREIL 15.6% LK o722 L5, &

BEF J1DFEERES) D I BWTEHEEOEMTH T B2 BN 5.

F7, HAREORIZBWT, A7V U MERT p—~ L A& H EESEDHT-0IC

WX, IXBEECEBEE R O )N EE TH D (Laurentetal., 2014 ; McBride et al.,

2009 ; Croninetal., 2005 ; Wislgffetal., 2004) . X5, A7V v MEOFEAERE &

B BT 5 Ok OV BA il oD S M de K 70 & ORICIZIEOMBIRIR RO LTV 5 (

5, 2003) . ARHFEOMBEITZHENSH TP L —=0 72 EBL TWDET AU D

Y7y PAR—VIRFETH Y, PRI O BT TS ERE ) & A LT

. —J7, BEAE MP) THBELT-2 oD S A NETFIVE LTI T, T

= TRATY v M ECEHIERZ BT, MPI 3R /DEDO T R L — U2V L7

ZEMRBINTVAD (Krell etal,, 2006 ; Stefanyshynetal., 2004) . SEESICe Biist

00mFEH DB LAY vy 7 REBFORAT Y o M EZ A L& MPI Ofig KA H

FE L ORICITAEEZRMBERRIZERD STV (Krell etal., 2006) .

INSOMABIOAMEDOR REEZEDLEDE, TRV = DATY o N
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T AR LTCE, HEOB N ML —=0 77 PR S D IR B B &
JEL D ) DRI E W EHELL S, MPI ORI JE B L OV RESEIE Db LT

SRR INIA T ) v FENRT p—~ L AT L RIT I NEnz 5.

3-2-5. IME

AWFFEIE, MPI DFENEIR D RHAH I ET A = DA TY v NENRT F—<

A EDBRIZOWTH ST T 27201, MBSH 2 W THRE ZIT> 72, AWFSED

FERELOVKROZ LRI BN L o7,

1) 10yard 27"V > b AEB IO 40yard A 7Y > EE, RENERALE 72 25 B
DB LR E AL & 72 D B & b ICH ERAMBBIRITERD b/ d o
7.

PLEDZ &inh, JRBERG 1% MPI A BEZR T3 LUV UC b 6, 7 A Y

—FDAT Y v "ERT p—~ AT RIEITNZ ERHALNE 2o T,
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33, AREBRENT+—<T R EDBEFR (HRFEN)

331 [ZL®HIZ

EEEPICHET T M ORI Z £F 9 BIEIL, e QAR =2 W THZEICA LR,

ZDONRT =< AFT7 AV — FOERREE) & LTERSNLIBEERERDO -OTH

L., a7V T 4R T T AN, By Ty, ATua—LT Uy, EEEE ik

BB EDOEGENE T o 2 HINEEHE T 4+ —~ R L ) OBFRIZE T 2 AT 58 ¢

1, BB, BB S D VIR BTV TRIE S L2 ) A RIS ST

FY (Sassietal., 2009 ; Markovic., 2007 ; Youngetal., 2002) , FHRZDHH AN

BT 25 MPJIZB W CREINDHINCOWTIHEHE SN TI M- 7-. Rileyetal,

(2013) 12Xk B &, JmliEiE ORI MPY 1345 2 38.1 £10.1° 35J@A7, 242 31.6

+102° I THDERESN TS, LI ->T, MPI THEE I A 108 hs

BoENT 3 —~ U A L BB RO RN & 5 L RIS, T OREMRMET, MPI

NETO BB 2N MPY JEJRAL CORBHE I L0 i EZ HND.

Z ZTABIEO BB, 1) R & BN T +—~ 2 & ORR, BIW

2) JEREAR T & T MERHAE N T 4 —~ A L OBRIZ, MPI O BE S F X O J) 4

RADBENDBRETEECOWTH LRI T 52 L2 HE L.
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3-3-2. A&

3-3-2-1. W&

KRIL, WHREIIONRE ThH TR FREET AV =114 (TAVI T

FAR—=EiE, Rovary VA Ry —NR"—BIRT7 =73y 77, Fi199+

0.97%, HE 173.0+7.0cm, {KEH 79.7+8.0kg, WitiliE 7.3+ 1.7 4, F¥IE + fEUE(R

7)) LT, AEBREERT HICHTY, SEmfERTFONE SR LT DT PR A

ZESD | NEZRRLTHMEMA] OEEAEZ=ZITTEY (BKC— AE—2015—

002) , HREREITH L TLERBLCRBETERO BN, Fik, KIEBRIZEIT 5 aRe

ARSI L O OISRULE 2 G O TR, i % O LM 5 NEFIZ OV T

Al L7212, X TOXNRE L0 EmICL > TERSIMORE 21572 L THEM L7,

ABFFETIZIATIIGE (WS, 2007) 2252, FERICOWTIEIR— %285 2

(FREERM) CEFR LT, B, MEAREMFERITHRETH-T.

3-322 MEIOra—L

T RTCORMBEICK LT, HERE, HiEERT7r—~ A (a7o 0T 4

TAR, 3a—rF AR ZFEELZ. EuE) (RS, BB 1200 T

X, MEEBFRCTHoTT2D, WERELNOT —F 2 Uiz, J7miE#E 7 +
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—2  ADETOREIZDNTI, BB DHE & 138722 BIC7 v bAR— 5

TITbivlz. BoNTRER KD, BRI & HEREE N T +—~ 2 A L DR OBR

PEZOWTHES L.

3-3-2-3. AIFEIEB

33231 BFAIE

B RAIEICOWTIE, 2-1. 2B L OMPI O FE 2N R BHR 1 KI5 0B

B EARRE D S5 2-2-3-1. LRE—DOFNEIC L 0 FEhi L7-.

33232 RTElfFmh (REEH, BEEAH)

JERERR DPE I, A 3-1. BROVN31-2-3-2. LR HEICLY FE L7z,

33233 AMEBENT+—I R

FsE T F—v  ZAOFMNE, e T YU T 4T A NBLIN3 a—F A K

WG B A, 7 2T ENE L2 (McGee et al., 2003 ; Robbins., 2010).

HEITA Ny 77+ vF (SVAS005, SEIKO #:#, AA) ZHWTCFE#HTiTo7=. 7

a7V T 4T ANX, AF— T4 N LTELAS S yard BIRIZ 7 A &5z
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a— &M (M3.12A). [5EFHIT, AZ— I A UBNEHEROFLNIR D L) I

WTCHIYLZAE L, AX—F T4 EICR FEENTZ3RA L PAX A% | BRER

FELTZEB MO AZ — LT, T <ICAHICEY, HFTSyard 74 VZfiliii-t4, #

R MEEZ TAL— T A hdlmtk, /£FTSyard 74 Zfibiy, R#IZ

T 4=y aTgf v mim LT, RfRICETHB~AOAZ— b FEf L. T A b E

T HI2H720, BTOMREILTEY~D 5 S OFHIA N Ly TINS5 5o

A Ly FEEB I RoTe. D%, 5 3ROE HEHoIRE S ET1,

AR 21, FH43IT L. MEMEIX 0.01 OHEALTREEL, 2HORITO > bkt

Bz A KZallEm s Lz,

3a—r7 A ML, 3 OOMHERO 3 — 2% 5yard B CR¥E L2 L 7RO a—2 %

vz (K 3.12B). XREIL, AX— T4 K L THFZMEIZES, FLH

D RZ 1 BB TITHEIWNTZ 3R A AZ A% | DRRE LIRS A X — L

7o, Syard Qi DT A ATV LR 1{EE L. 2O, Z— 133 ~T

FA AT, RICa—2 2 %900 — 2 Liztk, a— 2 3 2o TAT U b

L, 180°%—>% L7, HRa—2%290°— 2 LT T74=yiaTdf @bl

. BRBRE OWE 21T O+ ITRE S 721k, A4 2, At 4 A

1T U7z, JEMEIT 0.01 BOHAL TR L, £A6% 2EBORITO I bENZ RS B

HA LEEEE L.
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(A)

Finish
>
<
>
/ Start
<4—— S5yard > « S5yard —»

(B)

Finish Start

3.12. HREBENTA—TURATFR b

JO7o)F4TARAMA H&U3a—2FR+ (B.
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3-3-2-3-4. #REHET

ETOMEMIE, FOMEHRERERZE TR Lz, R ) O REEMEIZ W T,

ANFHBEIRE ICC (1, 3) CRHmL, BAZEBMRIHEINZ0BIS, B IO

B Ok JOVRBEE ) & R BT/ O DWW TIIIR D H 5 t BE 21T 72,

i, EAOEZTHET 57DICRELFH Lz, ZOMR, BEA I OLEE T

D LN o T, B & TR N T 3 —~ A L ORI BIRIZ OV T,

RS TEDELH 3RED ) bORKIEE T TPV T 4T A RBLO3 2 —

T A NOEGEOREMEZRA LT~ T+ XToTF 2 NS (RS, RS, 7o

TIOVT 4T AMBIO3 a—r 7 A~ OBEMOBRBNCIE, BT Y U ORRMEE

tREE R Tz,

7283, WEHIEHTIZ1X SPSS software Ver.20 (International Business Machines Co., USA)

ZHNT, WFNOBAIZB W TG OF BAKEIIERE 5% & L.

3-3-3. #HR

R 3AIZRHA B O T A FORERICOWTOR LI, BRI & BB ok

HoIcc (1, 3) 150.73—081 Thoiz. £/=, a7 V5T 4T A MBIN3 a—

VT ARDICC (1, 2) 1X0.76—0.81 Tdho7-. T OOHEMIL, BB

(Jacksonetal., 1980)&H|rTExLHHDTH o7z,
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BRI 3B L OB CE B R A ZTRD bl ol £, REJED &2

BEFF ) & ORI b A ERZIR O b no7- (F :P=044 ; /£ : P=067) .

% 3.13 1%, EHHUENBIORHMHE e TPV TF 4T A MBLN3Ia—0 T X |

DHEBRE R LIZbDOTH L. BEHNIT w7V 7 07 A2~ (¥313B) BLW

3a—rF A b (M313D) OfERLAOHBEERE L (FaTrl T 475 &

k:r=-050, P<0.05;3 =2—>7 Ak :r=-050, P<0.05) . —J, RHEEHE T

TV F 47 AN (M3.13A) BXO3a—rF 2 (M3.13C) & oflicH =/ EE

BRIIERD b ot (a7 VT 47 Ak i r=—040, P=011;33—2T A

kr=-0.41, P=0.10) .
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&34 BEAE RUHHAUNE ARERENTF—I AT OFER

FHE FRERE 1CC P d

B R (cm) 173.0+ 7.0

REE (ke) 79.7 + 8.0
i 2.18+0.44 0.73

BHEND Nkg) n.s. 0.28
A 228+0.37 0.75
i 224+0.57 0.81

BHFEH Nkg) n.s. 022
a 235+044 0.76
y:3 4.43+0.13

a7 T 4T R k(sec) 076  n.s. 0.23
A 441+0.12
i 7.22+0.28

33— 2T R b (sec) 081 n.s. 0.20
a 7.27+0.21

ns. : Nt significant. d: effect size.
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470 - Q) 470 - . (B)
~~ . ~
f_gi 460 ° 34-60 1 . °
£ 450 A ®* . Z 450 - °
X ° [ ] ~X ° [ ]
Ik 4.40 - ' Ik 4.40 - ° °
N ~
ik 430 1 AP ik 4.30 1 L 2 °
N 420 { r=—040 R N42 | r=—050 .
Mg  P=011 M 410 - P <0.05
™ 400 . . . D00 . . . .
0.00 1.00 2.00 3.00 4.00 0.00 1.00 2,00 3.00 4.00
RREEE A (N/kg) 2ar®n (N/kg)
8.00 1 © 8.00 - (®)
~ 1.80 S 7.80
Q [ ] O [ ]
2 760 . 2 760 - o
= 740 4 o o X 740 1 %
Ik 7.20 ¢ oo II; 7.20 A L4 ( d
N 7.00 e o | 700 3 oqo
o 680 { r=-041 o M 6.80 1 r=—0.50
660 { P=0.10 6.60 1 P <0.05 ¢
6.40 . . . . 6.40 . : : .
0.00 1.00 2.00 3.00 4.00 0.00 1.00 2,00 3.00 4.00
R ELE F (N/kg) TR 5 (N/kg)

3.13 BHFAHEAMEBRENTH—T

VATA MDOBEIZ.

TAF7ONTATRAMDINT+—TUREREEN (A BLURBREIRS

(B & DBE&.

BA—VTRAMDNITA—T U RERUEN (O BLUVRHEN D &D

B .

85



3-34. EE

AWFZeDFER, HEEHE 7 +—< 2 21X MPI DS EAL & 705 B L G B

B OMMEERZ R LT22Y, MPI NERNL & 72 5 BB 71 & O BNCI3A B 2B BR

D BT o T, FRIIANIED G Z T b D TH -7

BRI & TR E N T —~ o A & OFBBREZ BT 5 R 0—DIiE,

MR HAENEOREHIN (2 31F 2 MPJ ORRE (Riley etal., 2013) & HlERFDZh &

DERMENRH D EE 2 DD, FRIRFCEIE, RSB T i 7 4 —-~

VAL HERMHBEBERERE Do L EHBT AERICL RS EVNE S,

BT, AWFIETHENE L7 EBRRE ORI G R /) & N7 +—~ 2 X & DR

RICET DR ZHATLERICR D EEZADND. TROLAME TR L7 m

TIOVFATARNBIRIa—F A ML, 27V NONGE L EEE, J7 s

ERGENTEY, EIEEZG 0 RERE ) 27 L T\ % (McGeeetal.,, 2003 ;

Robbins., 2010) . LRI OFE S CIE, RBEAH /1 & 10yard 35 LT 40yard 2 7° Y >

N7 A NDXA LEOBIZITABZMBEBERITRD bt ATV T A b

L, Rt cy e 7T YT 47 AN (20yard) L3 2—2 7 & k (30yard) DZFi

5EFEBLLTWER, HhsEifEx2 & £, a7 U7 7 A M2 180° D #

— 2, 3a—TFT A NMIF 2O 90°K — L 180°F — B LU [0 360°#

—UWEEND. A7V MEBEICET 2HEEE (Smithetal.,, 2014) X OV5 s
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BEEOBEHIE (Riley etal., 2013) (23T MPI IS IENAL Tdh D DIZx LT, AWF

FETILITIARRHAENE D HUE BE ) & AHBERIER 2580 DTz, WFZERREIT CELE L7 K

INZAT Y v MEICEEZ RITT O, BEEECHRMESEU CRESNIMITHD

ZEMNIRIBEIND. ZHICH LT, HRERRAE/ ST 5 —~ 2 A ZEH RO L O

BOREMED IS END HREHEEENEZENTVWD. ThbDZ Lnb, 27

v hEIZHE LT, HiEREIED T 4 —~ 2255 MPIIZEBW TR S LD

D DOERREL, A7V MEDZTHE L TEWEBZ AL, L0 &R

D)L FEEHE T +—~ o A L O ERABEBRZ ELERO—o Lo TN D &

s ns.

3-3-5. IME

AWFFEIL, MPI DA FENREIR 2 R M/ /1 & 7 AV — b JFalsfaE X7 3 —~ 2 A

EDERICHONWTH LT T 72018, MBEGHT &2 W TRE 21T > 7. AWFEORKE

REVKROZLBHLNERoT.

1) RHEAFE, a7 VT 4T AMBIO3 a—2T7 A FOFER & AOFBIRE N

DB, EEHE BV TIAEZRAHBEBRITRRD e n o 7z,

PlbEoZ &, 7T AV — FOFMEEHGE T 3+ —~ 2 A% MPJ 235 AL O J Bk

IR LTWDL ZEBRH LN E o7z,
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AL SCE, 7 AU — MBI 5 MRS ) LEE ST 5 —< 2 A L DOFHRIZ DN

THLNITDZEZAME Lz, ZORMNEZERT L2012, £TREAfHIR LD

MPJ ORI FE & BB ) & ORMRIZOWTHER L=, BkEE, 27V hE, Hm

WEHED RN T f—~v AL BUA T & OBUERERREE LT, ZOERFERIZLL T O

DN CThHot-.

1) BURBEHE & IR ERE DT 2 Y — F ORI\ THUE oA 81X, RO

TR R L OBEHET A — A BRI B 2 5 237, R oS HUKAE T L B Fi

X OMPI OBEEIAE DB L Z 5 Z ERHLNE o7 (WFZEREET).

2) JRREEE, BEERE, ATV 2 b, HAESREDSER N T p—< A L AR

BIBARDNGR O B /gl (WFFERE T, M, IV). ZhizxiL, EEfx, Y

N KUK N T o —~ U A B L O R R T 4 —~ A & HE A BRI R

Zos Uiz (WFZERRETL, 1IV).

I EDRERICHES &, AETIET AU — MIBT 2 1) BT HIE R O B E 4 1

OB, 2) ERHAGS LEEI N T o —< AL OBRMR, BLON3) BT 4 —~

AR D IR BTy L OVF B L7 OBERRD 3 sSIZ OV TRIERIICE LT

5.
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4-1. RUFRARER OB HE & A DR

JEBEEB X OYMP) OB A — NERICB W T, BET AV — R EHERET A —

N TCIIBERETRD AR b 00, TR IT R X O MPJ O R4

JEDR A5, BRSO KO AL bl U TR BEI AL TR M & 72

o772, ZOFERIT Goldmann et al., (2012) O L —H+5. Goldmanne et al.,

(2012) 1%, Refshaugeetal., (1995) DEF /LA AT, IMEFHDOIHE—HBRICH

WTHEE L TW D, £ 2T, AWMV TS, WFERVE T OBUERE & IS iE O

BEDT — 412 Goldmanne et al., (2012) CRIUETF /L a2mMA L, B (K4.1) BX

O'MPJ (£ 4.2) TNZNOMEEIAEZZL S BTG E OIMER Ok — 1Bk & LT

o LTl (B - X 4.1, 42, MPJ: M43, X44). [X4.11%, MPJ ORI

P JE 2 RFF LT FICRW T, RBEIAE 22 S BTG E I ) REBREM R &2

BEFR ) & OBfR, 421, 5 ORRICNIERE OE 2G40 TRAYL L TR

L72bDThD. MPI O JE AR L7250 CREAETA E 2 2 X w7846, NIEMD

DIFHEIT—ETH HD, MPI0CSEA:E O MPI30° 523\ TR BAEE R 100550 &

I 2005 2 Lhie 4% &, AMER T D R 23RS 2 2 L ISfEy, 2R

DEIMLTWDZ Enn, HTHTHDIEEZOND. 1272 L, MPJ AL 45°544

2R R B AL 2005 T, RRBEHEFMPIRT 5 Z LiTfEyy, BT ME

TLTWDZEND, SMEBDOIHER —IBRICBWTIE T TS £ EX NS,
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E7o, A3 TR 2 O F LIS ECRB VLT, MPI ORI 2 2 b S E i

a2 O R BRI e & R & OBER, X 4.41%, £S5 OBRICHER KO

A a GO TR L7 b DO Th L. BB B 2 OrFf LT RIAFIZB N T,

MPJ OFIH# BE 22 2840 SE T2 556, MPI A ENAL 45° 5% TIISMER; T o % & RHL R )

MARET 2 & PARINTZD, TSRV EBHRIAME T Lz, £72, MPJ RN 30°

AN SRR 0TI EREMIT L7325 Z LR ENTZ. MPI RIS 51

vy, ERHMEASMEET S5 Z L, X4, K42 OFERICK D ENMERHOH TN

R 72D T ENTRINED, EBRITITREATIMET Lz, MPI I TRIES D

E— A2 MNE, EBEHETE MPI Z 5 < BT CTH D IMERL & i OREARE IR AR AT

ETH2NEMOEEGHRERIC L > CHIEEIN S (Goldmannetal., 2012) HDTH

D, FHRIIRKEEE— A2 RO 40%EELH L2 LT0DED, HLE TR

ECESS TR TH Y, NEMOF R — BRI T 2 ZUEIZ SOV TIEIARATH

D, RFFRIZBNTEH, NEHEDOEIZHOWTITIE I TERWZDHERNZ 72 5 2

SMERDIT R PAEI A B DR L3211, EATIIE B 2 502 ST RICHE S /8

BFLTWS ZEafiEx 2L, WIEMITITINCH 2 B2 04, FEHRLEGRHE

B, BERAG 7 ENEROHEEIZOWT S, LB ORHKEIC L 5 2

DAREME AR T 5 2 LT TERNSBVREWVWENR D, E, REIEEAL O

JEBEFR R, FEOUR & LR 2 R REM A (R REREMA-CRBEM G 72 &) 23
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HIEL, ZAIUTHE- TA L TP IO AE U D Z & O CREHI AR

RIS A (FHES., 2013). BT OIRRMEIZIX, E@ih Ch AIMEMICEE L &

ETRMEEOZEMENRO D Z Enb FHES., 2013), EBEEEBAICBWT

BRI MEEEZ R L2 D —D L 6B BN5.

®41 EHHOAEZEICHSREBUEFROLLE RUFHDOER

MPJAE(® ) MPJE 5 J& 2 0° MPJ# J& {:230° MPJ# & fi245°
RESAE ) | BRI |ESELC | E#20° | BR&I0 |ESELeC | B0 | BRI |ESELe | BEM0°
ERUEHR(mm) | -5.0 0.0 10.0 1.6 6.6 16.6 4.9 9.9 19.9
REHAATH (N/ke) | 2.29 2.63 3.06 2.18 2. 60 2.90 2.13 2.42 2. 30

SD 0.46 0. 77 0.88 0.59 0.78 0.90 0.55 0.77 0.69

®4.2 MIOHELICHES REBIUBHROLIL & ZRIFHDEFE

REEAE C ) ERAI10° E&ERE0° H R £120°
MPJFE(® ) 0° 30° 45° 0° 30° 45° 0° 30° 45°
REBUEH T (mm) -5.0 1.6 4.9 0.0 6.6 9.9 10.0 16. 6 19.9
RELR 1 (N/ke) 2.29 2.18 2.13 2. 63 2. 60 2. 42 3. 06 2.90 2.30

S.D 0. 46 0.59 0. 55 0.77 0.78 0.77 0. 88 0.90 0. 69
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M4.1 RESHAEZLICHS REBUEGFREZURN EOBR

\(ji/ \

M42 RESHAEZLICESHEHEIVCRNEHOHEREBURN EDOERK
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4.3 MJAEOELIZH S REBUEHE L RURN & DOBERF

-

4.4 WIBEZLICHESINERESVREHOHR & RIHTN & DOBR
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4-2. RUFFAHEEE/NT+—T U REDEIR

%3 ETIE, BREAS SRS\ T MPI 23 EJEAL O 2 BHE ) & 35 JRAL O 2 R

ZHEL, b EBkE, A7V 2 bk, HnEDOFERH T —< 2 L DR

RERG Uz, FORER, BEHDE VN RRIOBKIE T 4 —< 2 A LM

B T g —~ o A & ORITITA B RFBEBR TR0 b, BRERE RS TT s

EEICBWTIE, MPI 3RS K OBEHIRE I Z RN & 72 % (Riley etal., 2013). &0

EZ, MPIDSZEIRICHE T 2 2 & TR iR U TR 2 BT O MITE &

HHITWD EZEZHILD (Hicks., 1954). ZiUz kv, Bl X OBERERIZ BT

RFBC R PRI OMIMEZ D, BT/ OFEBARKRIRICMEES LD Z LIk~ T, VU

R RBIDOPKME R T —~ AR H R R T 5 —~  ADZEITRE1 2 E ), *+

D EDPRERINEHAT T & VN7 o RRIBKEE T 4 —~ o 236 KO mgs#E 7

F—~ AL OMICHEERMHBEMEREADERO—DICs TS EEZLNS.

—77, RBLEEMP) BEENL TREES NI THD. —RANZHRE LI2JAT

WHIEICIBNT, RREE) & EEh T 4 —~ U ZAOHBBERAED ATV LR

(Goldmann et al., 2013 ; Hashimoto et al., 2014 ; Otsukaetal., 2015) , AWz

TRBHEINE, T X TOEE T p—~ 2 A L FHBEBRITERD o7, EEEO

TEBRE I IATE SN B S B & MPIVEJEEAL Cld7Ze < IIEALIZ 22 5 (Riley et

al., 2013). Zd X 9 ZEEFO MPJ O#fEAZ EJE I uE, RREHE I3 bkis 1 & E
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B RT v AL OBREZFHNT S5 9 A THEUIRHE L IXN AT, 20T & AR

Ji /) & BN T v AL ORICAHERABEBR RO DR oo Z & R

LERD—-DOTHDHEEZLND.

4-3. BN A—I VR THRUBEAHS I OTEEE LY DERK

H3EOMNEREICBW T, BRI OHRT A ) — hOEEN T F—~ A L FIEE

BIR RO H 7228, MPI LIAMCIRBAH, WEEAHE, EBIEi o &Rl v o T o2

EZTTODLAREMERB 2 Hivd. FEERIC, BEBKNCHIT 5 TIEEOtF &Ik

THEBfSOMFEREOES I, WX 40.0%, /&R 35.8%, MR 24.2%TH 5 & iH

HEN TS (Robertsonetal., 1987) . F7z, #ifh v B 7 TINT 4 —v U A%

TR 1T 2 I BFRINE O T2 70 PR 72 B 23 BRI D JR BN K- THRAR Y, REH

(1.2-1.5Hz) TR, AEE (2.2-3.0Hz) TIHEMENRERFTh D &t

TN TW5 (Hobaraetal., 2011) . =2 C, AREZMBIBIGRAED biLi-BHE 7 +

—< AL R E OBMRICOWT, IRBEE, R L OVERIEI oA B vy

DOREMEZIMZ BT, CORMRMEZSO THRIEL -, MR1%, BFR7PAE 104

W 198+ 1.1 m%, HE171.2+7.1cm, KEHE708+9.0kg) THVY, LREHT), PEH

fifi e, RS L OVRBEEER hv s, BT -~ X (R B 7,

1.5Hz, 2.2H, 3.0Hz A ) S Ry 7, BEBRY, SHIEPEY) 28
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L7z (BKC—AE—2017—013). REAPITH 3 HL F—DHEC IV HIE L. &
BEEN, MEBEEN, R Fvs OBIEE, 5 IFE S AT 2 BIODEX System 4 (CK[H
Biodex Medical Systems tE#Y) Z IV T 30, 180, 31300 deg/sec ? 3 Fl oD%
BECOSEME FL 2y ZWE L. B RV oREIRA RO E L, KBTI S
RENEE, =27 DT o ABEBAEMNTHREZLICT X 2 L TERR LT
AL 5 RIFREE S0 S 7212, 30 IMARRRICA A 1 |, 427 THlgerIZ 5 [l
W, BFRICRE IR R MV B RSB b v s b LT, AR OBKEE
N7 = ADFHiiE LT, WFERET THW =Ry B 7, mEBY, 7 HiEpk
OB LW 1.5Hz, 2.2H, 3.0Hz A0 Ny ROy 7O 4FEH, G5 6 D
BEHEE(F 2 W TN B HE TIT o7, Y AT R Yy U IZONTUE, A e —
2% HWT 1.5Hz (90 [A] /min), 2.2Hz (132 [8] /min), 3.0Hz (180 [#] /min) ® U X
Gt Tl SE BRI OO ST A D B e 10 [BIOBKEE 21TV, BkEED Rl-Index @ 9 %
RREZNEME UTERA L., #E) Ao Ry 7280, A ha /—A0D
BICIBRES 5 2 L S rTREZR B E O JE B EGRiDHIE 1.5HZ 2> 5 3.0Hz TH Y, (Hobara et
al., 2011), ZJEATAFZEICRWV CTHEMIRE OB » B0 Z8{EICB T 2 MREEIZIE 2.2Hz
WEEH & T % (Hobaraetal., 2007, 2011). Eilfiio7z, Bk X7 +—~ A0
ATCOWPEE, BEARE & R R IAThN . SRk T +—~ > ATk 2 /2 bk
i 14 KOVFREBAET V2 ORISR A RFT D721, BT 4 —~ v A EERA

96



B, RET) B X OTBIE h v s 2N e o ERIESH (AT vy T UA X

) ZEE U7, FEEHAENTIZ I SPSS software Ver.20 (International Business Machines

Co.,USA) ZH\T, WFNOBHEIZE W T O O B AR AR 5% & L

7.

ZORER, Ry, 15Hz B X 22Hz Dk U N7 v ROy o IR T 5

H OFEHERIFRSICA B RO b e (F43). £z, ERIFIHICE - THEK S

NLEMEIFRT, K44 DB ThoTlz, BREURHHTOME, REAFANKETF L LT

i Sh7=oix, 22Hz EEAE) O AU ROy DR TH-=. T,

BEMEFIZ MPJ A2 8R4 5 Z 12 X ¥V, Windlass mechanism 73 X ¥ 58 < fEA

% 2 L TR OMIMEN & Hav, REHT) OFEHHD R RIREEE =4, Bk

ZBI A L OB O = L ¥ — 1 R 2 E/NRICT D Z & T (Stefanyshyn et

al.,, 1998), U N7 RRIDOBH T 4 —~< 2 ZADFITREN ZED T\ D L HEE I

2.

LI EDO#ERN G, EHEZATRIE (IR b TRV (02 FEIN) BEEEEIEIC

OV, REHPOPEELZ KIET LBEZOND. T b ORI & ARWFSURE R & s

WIZHERS 5 &, R OBENITT AR BT A 2 A 2 5 2 & o fR o

FLOBER 7R & OEBIEIZ R LT, B IRRIRER O ) 2 T L 72ds HIEE) 7 4

—< VADKTERIET LD THLEEZLND.
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=43 BENIT+r—TURICETIERBHHOER

HRZEH : Ry EYS (R’=0.703)

[ )7 1% 3 Z AR BT R
— 1 [B] 1% 1% #2 ¥ I 1% B

B § P
7E 2 5.017 0.000
72 B &1 J& J& 300 deg/sec -4.859 -0.838 0.002

HEREH  EHEYNYU RSy T1I5Hz  (R*=0.770)

¥ 3 5 8% {m [ )7 % 2% BREREBRFER

B B P
7E 2 0.809 0.005
ik 138 &7 46 /8 30 degl/sec -0.222 -0.713 0.006
X2 P8 & JEE & 300 deg/sec 0.937 0.489 0.031

RELTH  EHFEVNYY RSy T22Hz  (R*=0.449)

e — P ——
57 75 % {im [B] % 1% 3% # {7 B 17 %R 3

B B P
7 B -0.360 0.270
EHHE B 0.234 0.670 0.034

R=BHEREFRE R
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=44 ZEEIPHK

HREH R* EmE

ryEVY 0.703 |y =5.017—4.859x RRAHEE300 deg /sec

RJ 1.5H z 0.770 |y =0.809—0.222 x BSRE&E#E30 deg /sect0. 937 x BRAEIERE300 deg /sec

RJ 2.2H z 0.449 |y =—0.36 + 0.234x B8 H

RI: EgUNIUFOr T
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¥

7 1E

&5

1)

2)

ARIEEFHE, 7 AV — MR 2 R LB, 27V > bk, g o

F T < A EDERIZOWTH LI TAZ L HENE L, UFNoMmRE

7.

PR B RE & IR RED T A U — S ORNZB W CTHE FHOA B, B

FOBHHEIA BE — DRI 2 5 237, EREFFD I3 B KON MPJ O B /4

EDOWEEZTS.

JRBEFRF 1, BRI OO TRV EE U N T FRIOBIR AN T —~ o 2B LT

B o) ) R LENMEAR G a7 —~ LV A LEURT B, A S UL b

AR L OEEPOCY BIRBEO R &0 7 b 2Bk 7 4 —~ o 2 LR L7

W, F7, BT —~ X (Ry B2, 15Hz, 2.2H, 3.0Hz Aok ) R

vy RYy o7, EEBEY, SEHIEBEDY) kL, R ZOVFBEE B2

(WeBAE R, eI, JERISHEK)E ; 30, 180, 300 deg/sec) ZMNIZAH L4

HEEIFONT (AT v T UL ) 2FEMELIZEZA, N7 p—~ L AT HE

BRIKL 7~ & U CRREM) 238 IR S U BRI, 2.2Hz JA o U N w > Ry

VT DHRTH T,

U bomB L, 72V — MIBWTREAIIZ, 77 mfisi o8 R 23 fik b ¢
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