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@ Diagonal step length
@ Fore step length

Airborne step length

,—’1__
<
) Stride length

4 o

Fig. 1-1

Interlimb distances in the gallop. The sum of the interlimb distances is the stride length.
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EEHERE V=D TH Y 25), EfT 7+ — L xifMlicHRET T 2720 I EEE L —EIC L7z

fEbT 21T 5 D D B

AETIE, HAX—v—1cB I 2 1 BAEBIC2HBEHOET 7+ —2%8ELT1 A b

7 4 ¥ O EF (stride parameter) % 30T L. —MRLARIZIRG £ T v IC X o GESRE % 3

L7z ETET 7 + — 2L DR 2 BT L 72,
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2-2 Mkt ik

AR TIE RO DIl biinTEs o3, Bl RiEEIZ{T> TWwix,

2-2-1 HEE & o stt

2016-2019 FOHRFEHR(HAX - =)L —RPDEFT 7+ —LENA A —=FH AT

(MEMRECAM HX-7, NAC Image Technology, Tokyo, Japan) T L 72, HAX — v —I%

BRI 9400 m CHAfE X, HEBIZREBM 00 mEEL, FH1a—F—k K

REstmEl D i 1 EE-> T — VI E S MEHREFOH AL — v —YH o R® T2 LT,

RELTCOETH 72, HEBZETHY I 7Ly FEIKHETH - 7=,

EIT7 A —L13a—20NE 6] 30 m BN HEGREG AL Vv FO3(a—20 0

DE XD 10 m)D HIREZ L 72, el 2B & |HEIC 2D X HICH X T HZPNCHEE L 725k

RECHRE 21T o 720 IESE 1R, IRE A v — F 250 fps. FEHIEEH 172000 & L, HERED

15 EEN5 X5 ic, KVl H P X 16 m(FHREL T 1920X 1080 v 7 k)& L

T7o T2, ZOWRENIEIZT A0 20m BIOMETH 5720, HEBIZTL —2dic 2 [FH

QFEEBXU2EH). A THIZEBL-, L—2%, BEHHANICB T 3ADERT

293ecm DFX IV ITL—va v "—%NEE2rL 1m#insztZAXD, 3m B xIT 4 EFT

e L 72 (Fig. 2-1),
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2-2-2 HIEEH

FhDEMIE, 22 TRl—D AV o HECHIRE L BRETE Al S7s A A L 25

5 12OHIO7L—LEIERRLT25,63), HIE L 7z stride parameter LA T DY & L7

(25),

Hind step length : FRIZ2SEH U 72 R0 K FHiE I & TRl R o Hhk

Diagonal step length @ K FHTHI A3 EH L 72 BR O FRi#AL & KFRTRTEL o Ak

Fore step length : FRIAT 23 E H U 72 BR oD [ F-HiAT B & T Hi AT B o Bh

Airborne step length : PUSZ2S M IC B L T 7 WIS HE T FRAE

Stride length : F5C 4 FEEEDO I

Stride frequency : 3t L 72 ) FRITEIL O & HIC 225> 5 72 REH D i

B OEHBRE S L OF» ) L —va v N —%FEHE L Ca vy o — X ICHD AR,

FHROETHELRDENF ¥ ) 7L —v a v =% wT, #EEEE 2 g 7

F v = 7 (Image J, U.S. National Institutes of Health, Bethesda, Maryland, USA) Ci#tT

L7z, EHE (speed)id stride frequency & stride length Df&F & L 7z,
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BT — 2 3P L RER A TR L oo FEHEITICA V203, 1 BB XU 2 JHEm

DT — AP TE Y~ ICBE L, 1EHBS L2 HHOKHEHEHB IGO0 H 5 t I

ECTHIR L7, 361, L—R%&E-7T & LERELFHEHBICEH 2 5 E 2 RT3

Tewlc, ARG € 7 v % 72, Hind step length, diagonal step length, fore step

length, airborne step length, stride length, stride frequency % HRYZ#& L. lap (vs. 1

JiH) ¥ X U speed % BEERIRIC, HIER L EFE2ZLBMR L LT, BIEMROHRES

JOEEHERE R H L 2, FHEIEEE IC BT 22D IEHME X Shapiro-Wilk #7E I X D R

AE L 72 #ERTENTIC 1Z SAS university edition (PROC GLIMMIX, SAS Institute Inc, Cary,

NCO % Hw, AE/K#EIIP<0.05 & L7z,
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2-3 R

1EEBLUC2EEE S ICHREARETH - 7= 23 HHICIH T 5 71 584(2019 4F;6 §H 20 5¢

Hr, 2018 4F;7 BH 23 5E45, 2017 4F 5 A 16 545, 2016 4F 5 UH 12 5¢4%) Z M et ic v

770 2EAHDOERE(16.0£09m/s)iE 1 HHA7.3+1.3m/s) L L CTHEEICETLTEY

(P <0.01), stride frequency(2 J&lH: 2.34 + 0.08 strides/s, 1 JAlH: 2.21 + 0.09 strides/s, P

<0.01)3% X U stride length (2 AIlH: 7.42+0.52m, 1 A H: 7.25+0.38 m, P=0.04) & 3 IC

AEIET LTz, SIEE#EIC > Wi, 2 8 H o diagonal step length (3 1 A1 H & [t

B L CHBEICHA L Tw22(P<0.01), hind step length, airborne step length I3 & (C

HimL ks Y (P <0.01, P<0.01), fore step length (¥ TH - 72 (P = 0.09, Fig. 2-

2)o

—ALBIZRAGE T vIcE L TiE, COHEEHICE W TDH speed & lap DEICRANE

MR b h o7, £7-. Shapiro-Wilk HEIC L Y, 2 TOHHEICH T 2 5EE X IER

P ERE X 7172 (stride frequency; P = 0.43, stride length; P = 0.37, hind step length; P =

0.80, diagonal step length; P=0.11, fore step length; P=0.17, airborne length; P=0.14),

Stride frequency ¥ X U stride length (% speed(P < 0.01, P < 0.01)3 X U lap(P = 0.02,

P=0.02) D 5% % 3%\ T\ 72 ,Diagonal step length & fore step length IC 35> T 3 speed(P

<0.01,P=0.01), lap(P<0.01,P<0.01)DZ& %% F CT\72%, hind step length ¥ X

airborne step length I speed D2 % %173 (P =0.15, P = 0.41), lap DB D A% F T

22



W72(P<0.01, P<0.01), —ILIMIZIEEGEET MITE T 2HEIEEE D speed. lap DFREZ

Table2-1 DL EBYH TH o7,
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2-4 B

AifFFecld, HARLZ —e—HEED 1 EH & 2 A H D stride frequency. stride length &
X OB IEERERE R i T % 2 & T RSB T ICEB T 2 BT 7 4 — L ORI ARG L 72, X
—E— IS ORI THE Y, 10 AL LEOKBIERDHTT 16 m/s U L OERE T
DUEESZ ZERERING 20, L — X OEERE IR D RIS S JERICE
tEZoND, EFE 2 JEHOHER OFEEEZ16.0+0.9m/s) i 1 HH(17.3+1.3 m/s)
CHELCHRBICHA LT, 2, [ZoE8BREs s 2 e pnTcE ARl d]
LWV EFHBOERICABL TV (64, HFEK IV — ATtz LUlo 2 L T h
%, 2 JE H 57 REIRAEIC B\ Clid, 1 JEH & R L T stride frequency (3T L | stride
length (ZFG#fE L Tz, SHEA =R P 7 U TICE W TRRICHEE RT3 L N GPS 2255 L
TRl e v — 2oL L FERTH D (19). 2. & FT 400 m 2 AL TEL
7ZBRICERD b Z{L LRI L TH 5(60, 61, 65), —/7. TNETYICELTHEINT
AR RAZHELAOONSG, TV T a7V AT 27 7 7RI, Biihicgi

W Gl

m

FTREIREEIC 35\ T stride frequency IEAfERF X LTV 7223(66). T NiFHED

vs. B F - 1EEREIC X3 bDEELLNS, 72, Leach bl F X oHELICE

WTHIZ 7Ly FitERERNRIC, A X — FERKL IT—LHETICET 5 £ D stance time ®

S I o IR &2 Hho0 & L 72 stride parameter DRFEITEHRD 9T 21T > T\ 5(67), %

DFER, L — 2% IR LR L T stride frequency (3K T3 2 D ® D stride length I

24



523 iconTiHflcor~icko Tl AR TEY, HEHFENAEEEIIRZD LA

22 72(67). Leach b DOHIE L7l iR AT 03 A 72 720, ARBITE & DEZ O K %

T5DIxWEEcH 22, HIENRE L2 — Z2DFFEREA 1200 m 2*5 1600 m TH - 7272

. A NHEEE 72 1 IHEEALEIC X B TR D B B,

Leach & D7 Cld, L — A& CFAIRME & KFATHIR S FRIRHC G 1 L T 5 Kl 28

IER L Cnizds, SRR TR OEMRICHKZ TS &, o ) KB OfiE & Ak

DEHBTE R ZoTWnE2DRELEZLNTE YO AWK TRDO LN 2 HHICE

\7 % diagonal step length D513  DIRELZ XHF L TWwW5b LE 2 b b, % L C.diagonal

step length (ZEEE & SWVIEOMHEARH O, N7+ —~< v A% iHli 3% T d HE R

IEEgECH % 729 (23, 68), diagonal step length Z#ffff X ¥ 2% Z & 2L — 2R ToEH

JERERFICEE CH B L EZ b, —J7 T, X DIORRECc O WTIIER L Tk V| K

IZ airborne step length DIEREATEHE TH - 72, AT L T Wiz B »w T

. U< IIIETCE w2 iz icEAR T AT = ITET AL F— IR S 15 (69),

L2 L. @B oS 5 0 2 EI & 3B = 4 v ¥ — 28 A IC & < fZE T A ¥ —

ZZ DT THSE69, TNHDIT &h b, JEITHRMERICIT stride length 23RS 5

ELBHVIEDED, EEEEZMEFL T ICRIEIENRET 7+ —Lb o T 05 L& 2

LTz,

—ALBIZIR AT T MICB W T, 2 B HOD stride frequency 13 1 FIHICHE~XT 0.05

25



strides/s I LTk b, 2HH D stride length 1% 1 A HICH~T 0.15 m ¥ L Tz,

Chid, MESEL1EB L 2HHZ —EHETETL TR eRET 2L, 2AHIT 1A

H & Y 3 stride frequency 23K T L. stride length 233015 % & & % EMK T 5, % 7z, stride

length @ 5 % diagonal step length ® A 2584 L CH b, Z Dfthod FLfHERAE XM L T

722 & 5. diagonal step length DJED % Z Ofth fFEEREZ M & & 2 2 & CEHRE %

RT3 Z LRk I NI,

LEd»o, 3770y FRmRARENTETT S L., %3 e A stride frequency &

stride length OB T HMET L, EHEHME T LTz, —J7TC. stride length Z#K 3 %

B EREEE I DWW Tid, A L Tz DIt diagonal step length DA TH D, Z Dfth DAY

MRt A NI T CTRioCwd eEZLN, ~EDERETL—RAEE->Tn/ELTH

B e B IR AR ET 74— L TESTVWBE I ERRBINSE, RETIZ. L—RICE

F 2~ — ZRESr P PR RN 2 A BR < X 5 ICHse i E 2 3E L 7223, BT oEfEe o —

N~DASRIEN G 2 DREL GO R TH L, V~DARDEZIHS 222 L TWw LT

W hLYy FIVEOEBBHLETH D, /2, KETIE 3 e WIREIN-AEFTH

27:%, FFRHICE ZEEIHOPICL T BERD L EEZ LN,
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Table 2-1. Coefficients of each step length and stride frequency in the generalized mixed model.

Airborne step

Hind step length Diagonal step length  Fore step length length Stride length Stride frequency
(m) (m) (m) (m) (m) (strides/s)
Estimate S.E.? Estimate S.E. Estimate S.E. Estimate S.E. Estimate S.E. Estimate S.E.
Speed 0.02 0.01 0.16** 0.02 0.03* 0.01 0.02 0.02 0.22%¥*  0.03 0.07**  0.01
Lap First Reference Reference Reference Reference Reference Reference
Second 0.10%* 0.02 -0.22%* 0.06 0.08**  0.02 0.20%* 0.05 0.15**  0.07 -0.05*  0.02
Intercept 1.02%*  0.17 -0.72%*  0.39 L11%* 016  2.29**  0.38 3.80%*  0.48 L11%*  0.15

a); Standard Error

* Indicates statistical significance at P< .05, ** at P<.01.
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PRSI

e

Yy <7 RACE COURSIE

Fig. 2-1

The image of calibration after the races in 2017. The calibration set that three straight

bars (93 cm, each) crossed at right angles each other was placed on the track at 4 points.

In this picture, calibration bars were placed 1 m away from the inside rail, which was

the farthest from the camera. From this point, the calibration set was placed at 3 m

intervals.
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— —
Ist lap (%flg
2nd lap (]6?(% T
0 1 2 3 4 5 6 7 8 (m)

B Hind step length m Diagonal step length Fore step length m Airborne step length

Fig. 2-2

The mean step length (standard deviation) between 1st lap and 2rd lap during the 7bkyo
Yushun (Japanese Derby) in 2016-2019 (n = 23).

** Indicates statistical significance at P <0.01 by paired t-tests.

T Indicates significant trend at P <0.1.



2-5 /NG

ARETIE, 2016-2019 FOHAL—v—1 BHB LN 2 FHICB T 2 HEED stride

parameter Z 4 At — FH X 7 T L. stride frequency. & EFE#fE(hind step length,

diagonal step length. fore step length, airborne step length). stride length D%t % [t

L, 37 7Ly FORREBNT BT LET 7+ — 20 EZHRET L7z, ZOfEE,

1) 2 HDEHRE16.0+09 m/s)iE 1 EHEHA7.3+1.3m/s) &L THALTEHY, [E

BREE MR T2 e TERLS RS L WIHFEFRIEOERICEEL Tz,

2) 1JEH I T 2 i HD stride frequency. stride length (3 & HITIKT LTz, &

fElEEHEIc DT i, diagonal step length DA T LTk b, % Ofho B REIRAHE X380

LTz,

3) —MLMILIRA T T VI X 0 EHE 2R L 72T IC 35 T, stride frequency (K

T L. stridelength 331 L T\ 72, FAHIEEREIC D WCid, diagonal step length I

KT LTHH., 2ol iZEmL Tz,

AAZ—v—HEBLWIRbNAREFICENT, L—ATREHFRBLTEY,

stride frequency. diagonal step length 7MKL, Z 1%k Hi 5 L 9 1% Ofth o Il EERE %

HIELZEfT 7+ —LiChoTwdEELON, £7-. 1 FAHE 2 FH»—EHRE CET

LT3 EIRELTDH, FkOEIGE LT, EEER —~ETHo TCHEIT7 + —LH0HR

755 AJREED B B T L IR I Tz,
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H3E, FABONEITEMMER L L THRT 23HH23H 2 7-0AKTEX L\, 5

FELAPNT AR T E
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HHE

I 57 REEB R D GBI (L 2 5 EE T 3
BEEE R o i
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5-1 #5

HIEOERI L, 7 7Ly FOEBSRHC B W T | EFEEANIC stride frequency

¥ &L Ustride length |33 L, AEEI DML T2 2 e BHL L o7z, Tz, AHEE)

S TFRTORELZZ TR e 0B MEA AL A~T 4 7 ALEELRH LT & D

I NIz, —T7. H2EB L OHEIFEOMRED O SR ELEB) %I I\ TR & [F UER

T o TWT b stride frequency 23K T L, &BEHEEEED Z2L L T2 7203ET7 + — 4

2L T2, BIfEIXEEAIOEEIC Lk s TRZ 22 bEZ 2 L, EfT7 +— L%k

ICHEWCIEBI D Z(L L T 25535 5 AlRetE D i v,

b MZEBWTIE, —EHEE CET X2 T T stride parameter23Z2 L3 % & HiikE) & £

b2 enMEINTWE, Hanonb i, FL v F I ETERT v 745 O & i

ER(3.6m/sh b X Z20.5m/sT oI % Ll L 72, &i& AT v 7GEHES.3-5.8m/s)D3

3 40FP I 31T % stride frequency 3 % 2 7 v ZEAR45FIF & S L THAIML TH L, Zh

ISR RIR AP RIRIERA Z X U0 & L2 TIE OB A ENESKRE S RoTnd

& ZHL T L72(109), T 72, Rabitab OHE@OICLINIE,. A VY FT F Iy Z7itBnT—

HEGB.1 £ 0.3 m/s)TETEE L, BXZ60TEDERE ZIE T L 7 I HIMEIC

#E L. stride frequency¥ X Ustride lengthiICZA LIZF2® bz wic HEH D &3, KR 5H

i L RBRIEA CIIAENGE T DIRIESHEM L., & 7 AFPHEEH CIMET L Twi,

g, R BEEN S O WEEME T IS HE IO RITE SR T 35 25, % DIRRE THREHE P stride
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frequencyZfre 5 & 95 &, REAFIEIHFRCTHTEE 2 mD 5 2 & TARA v 72 HfE L T
w5 EHER TN 5 (26),

2R, BBHEOMRAS O, 7 7Ly FIc—EREOmBELEE 7 X4 5 & % CIEHl
b L <, {FEH DR & stride frequency DK T 235580 bz, 7 7L v FOER
I DORCE LA I Z IR 2 72 O ICEE DK E R HiALE L T D (41, 42), stride frequency
DAL TITITERICECE S 2 GBI DK T 239 & PRI NS, £/, H2ELHIETIE
diagonal step length % & < i S X Ustride length D3N 3 529 & 4172, Colborne &
C X TABMER Ly B I BIZTIL0 misTY 7 7L v PRGN CET S ¢
7o BR. EE R I ILEBATE X 0 b FHRORETAZMITIEM L TH 0 (33), MESTH OB
FIcX VEAG L Cwd &2 b5 I CibE) 3 2 /i O3B 238 L T 2 AlREE A &
%,

AFETIEF Ly F IV RIS T O 5 N8 X CEAT & 2 22 BRICTE B 2ME T3 2 )
WIS /035 5 &\ S IREEZ LT, BREED R 7% B i D B AEFERHEZ I & 2 i &

5T EHIE LT,
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5-2 thkte ik

AWFFEIE. HARTRGE XBUES RO R OBV ERLZE R ICE W TUKRE S i,

5-2-1 ftEUE

BERRAMAM CHEEI N T @RERY 7 7L v PRI~ 31 BH(EZE 24 BH, #f 7

UH; 3-10ji%, 446-564 kg) Z 27z, T oD v <342 THL v F 2 A(SATO AB, Knivsta,

Sweden) b COEITICH BTz, EERATICIE 3%MER MLy F IV ET 1.7 m/s &

#(Walk)1 77, 3.5 m/s H#(Trot)3 73D, 7m/s. 10m/s. 13m/s 2z Z N 155 28k

#:(Canter) ¥ X VB8 (Gallop) THEITE H, Z D1k 3.6 m/s A% 34>, 1.7 m/s ¥4 5 7

DOMKEING FL—=v %A 2 8] 3 AT o 7, EBRWIET, BTEE LY <idw

o7z,

5-2-2 HIEXRE L72HoNE

EX T — 2 1%, mloFRMEGA 13 2281, 3 7b b M. brachiocephalicus( L Bisa ).

M. deltoidesX=Ffl)). M. infraspinatus(# T i) M. long head of triceps brachii I =58

iR EH). M. ulnaris lateralisORMIFRMA) . M. common digital extensor(¥4515). M.

gluteus medius(H ). M. biceps femorisCRER —58f1). M. semitendinosus(¥: k).

M. tensor fasciae latae(KRERfiERA). M. extensor digitorum longus(FRBEHH). M.
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extensor digitorum lateralis SMAIEHH ). M. flexor digitorum lateralis(RRLIE ) 2> 515

7z(Table 5-1 3 X U\ Fig. 5-1), WA, LRI =SHERE, P, PR, KL 5

K BRI A7 1355 4 B & A U2 IR EMZ &G O 10 72, =AW RS = AR o>

O T I 2 B B £ <ol 2. 2o BRE =AMHE#A 3 7o 11, i

TR R A S 0 3 C RN RER SAN (35 EALE 2 & AN O 72 (AR AR

DM 3 0D 1 DEGATIc, RBEMIERT X E TR ET O E T, SMETREFRT 13 SRR ) &

7 U S ICREEMZ Y ff 72, 2o DALEBEFMOM & EAR SRV L id, BHEHE LR

FT . RWIELSOR@R TR I N Y - THRERL 72,

5-2-3 HIE s

BABEBTHHNEZSTF YV ANLT LA =R =V AT LK VERT — 2 2BEL 72,

KB HAIZEBMY L, TLra— A CHEYEZRE L 72 LT, #EEA(Gachi,

Kokuyo, Osaka, Japan) % W CEMZ KFICEE L7ze 77747, T—A, V7 7LV

A EME o7 L A — % —(ZB-150H, Nihon Kohden, Tokyo, Japan) 2> & i fiji & K55

ZYTNANEALICEHR Ty 2 —£% 2 27 L(WEB7000, Nihon Kohden, Tokyo, Japan)

ITHE D RCER L oo MR O AMAHEELT & PATIC 3 MERIHEMZ ALY . B 16 mm D Ag-

AgCI(H124SG, Covidien, MA, USA)&E & T L A —X —% X F v 7 X2 4 7D Y — F(TK-

217-018, Unique Medical Co., Tokyo, Japan) CHzfic L 72, BEiGE O HEEIEX 25 mm TH b |
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TIT47EBEY 7 7Ly RBEBMIFRICMES 2, V- B IUOT L A—2 -3, &

ThofEnEi/NNRICT 5 X 5, BIRICkHiE 7 — 7 (Foam pad 75A, Nihon Kohden, Tokyo,

Japan) T D 17 72,

AT E 72 X o BRI E i B — 2 (N22-FA-10-120-11-VS3, Showa

Measuring Instruments Inc, Tokyo, Japan) % % #l(Gachi, Kokuyo, Osaka, Japan) % H

WTHEE L, Bl X OB oHEHHE L L, B — 1303 2 HIE R (DPM-612B,

Kyowa Electronic Instruments, Tokyo, Japan)ic 2% &, % F v XA LT L A =X =T X T

LDANIRy 728 BNC 77—V THH L7z, 7 —YEF L 200 FIHEIEE n-HE

KE 5 (S fRRE 10bit, 7 V27— 5 mV)IZ 1kHz Tk X L. 2N F N 250 Hz D low-

pass 7 4 VX —k X X 30-500 Hz DN F X2 7 4 L % —(Bessel filter) CULIE X 172,

5-2-4 FEE7 vk an

/

FERT 3%ER F L v F I F(SATO AB, Knivsta, Sweden) TfT - 72, 1.7 m/s F 4 1 43,

3.5m/s A3 DY A+ — IV IT v Tk, —EHE TR REIC R 5 £ CHENICTEIT

Bz, HHREIZ, v FoEIC X 3ENCIGE S, FL Y F I ECoETIEZ TR

(b ELERLL, BHKRTHRIZ, 3 oEoEA L 10 S0 E S % & 4 72(Fig. 5-2),

Bk oo 13, B 1 ERRTIC FOES T, 5 O RE CI S REIC i 2 EEE A E L

7o WIET ZHOEMAZZCAEAT T F avrsEfiL 7=, EBTER. B Ao
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HIERun DIiC i3 8 ¥z, EMI=SEARA, MIEHH, RATFARME O HE Run 2)13

g, KBRS, KRB —BH O JE Run 3)IC1: 8 B %, “PEHEARA . KRBT, SMAl

BEfRAR. ZREHE D O HIE Run D% 8 ¥EAE 72,

5-2-5 fEEHRNT

HUkh o 30 ¥ 35 % D stride frequency., &2 5 i F TORFETH 2 stance time, 1

ot
\‘\_E-

2o DG BRI GE HL 2> & R DML E T OG5 D HAR & I O [ D fifR) % &t

Il

BL. #EEi L7 7 eS80 O A2 G IC G JERICE L v A IBBN 56

=il

LMD DN GBI DERIL L 72, 5 4 BORIRICHE V. TR (lead) & KT

T (brail) Dl %2 DXBI L 72 b 247 5 7z 012, BEARGALR 30 #I(at start) & J% 57 R IEAT

WCHURBHIEES & [FHl O T/ IC 72 - 72 K (at fatigue) % LR L 72 (Fig. 5-3), %7 — X 13 F¥H +

BEEHEfR A= TR Lz, RICIINICDOD 5 t BEZH V., BEAKEEIZ P <0.05 & L7z, #ial

FANTIC 12 IMP(IMP 13.1.0, SAS Institute Inc, Cary, NC)% F\ 7z,
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5-3 FER

Runl 725 Rund %8 U 7280506 HE B X EFRE $ o ETREIIZ Z

Z113.7£0.7Tm/s, BXU 317251 TH o7, £ TD YV~ T atfatigue ICF 1} % stride

frequency I3 at start ICHEE L CTHA L Tz, 221D Run ICH T 5 EHE, JEFH

i ¥ CoOIH, stride frequency % Table 5-2 ICFC#E L 7=,

Run 1

KFHTHTEIC 31F % stance time (3 at fatigue(101.5 + 6.6 ms) & at start(96.1 + 6.6 ms)

THERETRD N2> 7223P = 0.12), FHIFIKICE W TIE at fatigue(105.3 = 3.5

ms) !t at start(102.0 £ 4.1 ms) IC LR THEICIERE L T\»72(P=0.01), Fig.5-4 I Runl T

HIGE L 7=fhic B0 2 o B RIEOZ L 2 /R §, At fatigue D _ERESES i< 35 1F 2 B Al X

il at start I CTFRIFE, KFERIEAIE b icEEZE IS LTz (F il -29%, P

< 0.01, KTFRIBA: -23%, P = 0.01), At fatigue I 3 F 2§l T O R0 57 8 Xl 13 T/

N BT, at start RRIC S THAMERP = 0.08) TH - 7228, FHIMHNIC W TIFE

L3772 > 72(P = 0.16). =AfIC I T 2 B ENEIE TR, TR b e

Mo 7= (Z A FEiALP = 0.63, XTI P=0.36),
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Run 2

K FRIATIC B % stance time 1% at fatigue(102.0 + 6.0 ms) T at start(96.7 + 6.4 ms)

IV DHEREICIER L TEH(P=0.01)., FHIFLICEWTD at fatigue(104.8 £ 2.8 ms) (T at

start(100.9 + 2.6 me) IR THEICEE L TWw/=(P < 0.01), Fig. 5-5 1 Run 2 THlE L

7= BT 2 EDHHENEDZ L Z R T, At fatigue IC 1T 25 R =SEARIA, ARFET.

RN FARP ) DRG0 B B X TR, TR & 1 at start ICHER L TR 7

2o 72 (BB =AM RE; Faidl; P =0.83, XKFRiEM; P =0.35, #fafin: FaikHE; P

=0.26, FHIEAM; P =0.40, RAISFRHH: FRIEML P=0.36, KFHiEM; P = 0.30),

Run 3

KFRIEICE T % stance time 13 at fatigue(107.6 + 4.8 ms) & at start(106.9 + 4.6 ms)

TERD» 2 720P = 0.46). FHIEZICE W TIE at fatigue(110.0 = 5.3 ms) (T at

start(105.4 + 5.0 me)ICHE R THEICZERE L T\w72(P < 0.01), Fig. 5-6 I Run 3 THllE L

7 fHiC BT 2 BRI DAL %2 7R3, At fatigue 1T 351 5 B O 18 57 177 78 B 13 F-Ail

JEl, FETRAH & % 1T at start ICHEES L CTHEICHAD L T 72 (FETEIR -40%, P<0.01,

KR -42%, P =0.02), KR ZSEH (FRiEAH -36%, P < 0.01, TR -24%, P <

0.0DICDOWTHFERTH o7z, —7. KERAGIEIRA O8R5/ & Xl 12 F i, TR

il & B T 7 2> o 72 (FRIEAEL P =0.39, KFRiEAH; P=0.74),
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Run 4

KPR IC 351 % stance time 13 at fatigue(108.5 + 4.6 ms) & at start(107.8 £ 6.4 ms)

TEF P o7220P = 0.46), FHiZBICEH W TIE at fatigue(107.6 + 2.8 ms) i3 at

start(105.2 + 4.6 ms) ICHE N THEICZERE L T\ 72(P<0.01), Fig.5-7Ic Rund THIE L 7=

N

i B 2D EMNEDOZAL %2R T, At fatigue 1€ 351 2 PRk O 88 57 7 % BB 13 F /1T

JEl, S FETRAH & % 1T at start ICHEES L CTHEICHAD L T 72 (FEiIE -23%, P < 0.01,

(s

SCFRIBA; -23%, P =0.01), At fatigue O K RN 3510 2 R BE# O #5597 % X

at start ICHELL THEEICHDY L Tn7223(-14%, P = 0.01). FrifllkicE T 2 BomEN

EHIXZEA D3 70> > 72(P = 0.29), At fatigue I35 1) 2 AMUFE{H G OB EXIMEIX at start

L <, FHIBML. TR & b I iAMETE T B o 72 (TR P =0.09, KFHIE

fill; P =0.08), 7. EIEREAICH W TIT at fatigue DI HIEIXE 1T at start IR T,

FHIBANC 3 TR TH - 72 23(P = 0.07), KFFIBNIC B TR R > 72(P

=0.33),
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5-4 HE

ARETIE, Py F I RIS Tl O N & CET S ¢ B MiEs) 2 5E L.

B EB AT & Hi L < FHi A X ORFAIEA o RREEEG . . KR8

i RERERRAD. SFRTRA o R I3 2 o FERIEOK T 25580 b7z,

b MCHBWTE, Py F I RicTH UAERE Cstride frequency 72 1 Z 3 hN1 X & 2 X

SIAEV T RIS L, B RBRER & 13 U & 3 5 B P o i & 120 L

TWwW3(110), T/, EEERTOm/sZE#Z 5 X 57 A 7Y v FEICEWTIL, stride length

Tli7e <. FiCstride frequency DIEHNCERE Z NN X Tk v KFR HAA KB 7=

EOMRBAGIRE v 7 R I E S OMESIML., v 7 AHCHHER & v o 72 B

JEJR A O ML TR 72 (96), TNHD T Lh b, FEDOEMNICIIET 5L Y bk

BE ARG & Hhil & L 723862 IChLE 3 % Al 13 stride frequency & DRS8N 2 &R E 2 H

Nd, 7V=IlB TR Z ST 250 9 b, By, RBR B, IR 2 B8 O

TCROBBPRECHTH Y, FIfRHERCY] O BEAEITICHFITCTH 2 20 RE RitFE 2 F

922 LAARETH 5(42), T D X5 LHIFICE T 2B A DMDY 23K 2R 5 72 D

TR TIC D223 Y | stride frequency DK T ICBIG L TWwWb 2 E X bz, I HIC,

fLIChriE S 5 o CHE—, RFFIRMNIC 3510 2 RELFR C IR 2 EMESET L Tw

Tzo KRB O T REENT, EHICTIHA T TITREZ2KESEL 2L THBH(49), V<D MK

ARIC B\ T b JE A b EHATIC R IR 32 2 & T, AR ICRBIC 222 5 K
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Il 2 T OIS X VR EREZEDTVWE I EARBINTV5(49,56), £7-. B D

Zv=v 7B, oMo mE X &stride frequency iZIEOHHBE2H 5 Z L 23516 1L

TW3(111), KFPRIERIZIFER D O O Ry OEMIIC R > Tk Y, FFiC R TR E

AT DB DDA+ TH % Z L Histride frequency DK FICBIG L T 3 AJREMED S 5,

AR CHIE L 72 BB ARG IC B W T3S B EIXED 28-42% B AP L TE D | stride

frequency DK T X 5%FEE TH 5, & 51T, stance time (FHFTFIICHEERIERE 2520 72

b HolzbDD, ZDHIMNIZ 2453 ms FBELIERICHOTHATHY, INHDOICET

% JEE AT DI T D MR T LIS S BAG- L T 2 AfREMED @iV, & BT, FIC izl

HICHE 3 2 EWBAR D 23-29% b IE T LT3 2 L2 b iiiGd o ik r~T 4 7 %

ZAL & b B L T\ B Al fEME 23K & W, Diagonal step length # fififs &4 % 720123, B

fifpfRIC X 2 BRI O®RIT~DE| L FRIHitHE B X ONBIRI R IC X 2 A O RiT~ o fi

RBRBELEZ N D, i OHRES X OMTIFAEE 2 O AR, JEBIER R (<13 HBiES

bW SEA 23, BFBEARE I 1 B S SEA S B A E 2 B2 LT 5 (46, 108, 112,

113), EWESES Ao T, JFHICRWiiEEZ A L Tk, REotHB2RIETE 2

iTdh5(113), AFEICE T, —EHEETETLZERDRYICE T 2 KRBIFiIfHER - L O

SRR DI 5 1) B IEHE)FALE DK T 2% diagonal step length DK & BEE L T2 1]

REVED I, — 7, MR TR D 2 25, INBHET O R MEA L B X U7 ) thH BRI

BrRZT RV ERH LN TE Y (114), diagonal step length DHEICHEIEIITH F
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BLlLTwZaweEzbhi,

ARE T, stride length(FfIC airborne step length) DR ICIKK 1 D E % EHEZ T %

i 3700 B I IIC TR S 3 A O ILEEIN T 5 & ARER % 52 C oo SZRIOII 2> & i

JRCEE U CIR Bl &2 ZE X 8 2T 2 = fA5i(41, 45, 56). IR 2> & ST IC iR

B L CFIRBA 2 L€ 3 & 2 RMFRMAI(49, 115), BRI L CORBIH 2 &«

T & 5 RERMIIERAT(116) & \» o 72 Bfl %2 L€ X & 2 BERE Z ROl IC 35\ T b R R 23N

LT3 3B S ik o 7z, SLEIHIINC b S 3 2 PO 2 R BR —BEA . FHERRA) 7

& D xBTS (44) 13, SIN3 2 @B AR D AT XY i1 258 LT B RTREME A5

L D BAOFRIES 213D T I, EEEZ RO DR £ 72 (3l DA CTIUE L <

WBRBEHDH Y RFETHIE LT BB P EE O 7r &Ml o T B ARt

FExoNd, R, LR A 250 P RO IR T = A v ¥ — 23R X A

LCREABEHMHE N 2 2RET 2 2 Mo TE L (A12,117). i SEf 23 E

FTELEIZANF—WTIELR R WAREH 2R H %, $7/-. AZX2 VX —F 7Ly FitBwTli,

Tm/s CHEBZREFREE CcE8 25 &, SLHIEHIC BT 2 ERETEM D 5K A FE S E BB AR R I

HRTREL 2o TH Y (Fig. 5-8). Mt - Wl ICEMI 2302025 T LR I TV 5(118),

BTy FicBnTdh, BiEchrLy FIAcBnTHB X% 10m/s CHEGHEICR 2

THETEE 2 &, EEE TERTO SZINIC 35 2 iR AT D oK A B IS E B AR R 1

gL CFHIECO R TR TH KV KEL A>T Wn3([B2), 2NHD I L H b, EEEHY
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PR %% Lot HEREBORD 2| EEERCENT 2P0 LR S ot v ¥

— Mo TV B AREMED D 5, - R DFE T AN F — %R L 727725, = A F —HJiC

BRI CEITTE 2 e EZOND 2, RIFEEHE CIRIFERZ OFRIELE LR Ro T

22256119, ETFHIZAEL 2 g - Wi oBEES ¥ 2 2D 1 > Th % AJpEME

BB 5,

LLEA D, 5 R CRGTWBICZ 2 X9 @ wiEBMEEZ Y 7 7Ly Ficid &, —&

L CHET LT T b @B T BT 2 LE 3 & T 2 HEEE 2 o CIEE) ALK D

ZACIZRD b Ninhr o 72—J7 T, IBEIH RS X O FAIl O RELH I B3 »-TS0

T 5 EHE AR L CE D | stride frequency DIE T EBIG L Twd eE 2 LN/, £

oo REGAEBZR D, AFEIRE W EE 2 o 2 KB B & ORI ER <

» 5 _LRisAf O EME I 20%A ESH{ET LCTH Y, stride frequency 721 T7 <,

diagonal step length DX FICHEHG LT3 L EZ LN/,
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Table 5-1 Function and role in locomotion of each muscle investigated in the present

study.
Muscle Primary function and role in locomotion
M. brachiocephalicus Extension of shoulder joint and protraction of the limb
M. deltoides Flexion of shoulder joint and stabilizaion of shoulder joint
during the stance phase
M. infraspinatus Extension of shoulder joint and stabilizaion of shoulder joint
during the stance phase
M. long head of triceps Extension of elbow joint and decelerating the limb
brachii at the end of swing phase
M. ulnaris lateralis Extension of elbow joint and stabilizing the carpus joint
at the impact phase
M. common digital Extension of digital joint in preparation for ground contact
extensor
M. gluteus medius Extension of hip joint and power generation for propulsion
M. biceps femoris Extension of hip joint and power generation for propulsion
M. semitendinosus Extension of hip joint and power generation for propulsion

M. tensor fasciae latae  Flexion of hip, extension of stifle and stabilizing the stifle

during the stance phase

M. extensor digitorum Flexion of tarsal joint and extension of digital joint
longus in preparation for ground contact
M. extensor digitorum Extension of digital joint and stabilizing the limb
lateralis at the impact phase
M. flexor digitorum Flexion of digital joint and force generation
lateralis during the stance phase

Muscle function and role is based on the descriptions in references 41, 42, 45,46, 49, 56,

108, and 113.
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Table 5-2 Running speed, time until exhaustion and changes in stride frequency at each run.

Running speed Time until Stride frequency at start Stride frequency at fatigue
(m/s) exhaustion (s) (strides/s) (strides/s)
Run1(n=29) 13.6 (12.7-14.6) 290 (250-390) 2.15+0.08 2.07 + 0.08%*
Run2 (n="7) 13.6 (12.8-14.8) 275 (255-400) 2.14 + 0.06 2.05 £ 0.07*%*
Run 3 (n =8) 13.7 (12.8-14.7) 356 (250-377) 2.14 + 0.06 2.05 £ 0.07**
Run 4 (n=29) 13.5(12.6-14.7) 328 (245-400) 2.13+0.05 2.03 + 0.06%*

Median (range) in running speed and time until exhaustion, and changes in stride frequency (mean + standard deviation) are described.

** Indicates P < 0.01 compared with at start by paired t-test.
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Fig. 5-1

Location of targeted muscles in the present study.

a) M. brachiocephalicus, b) M. infraspinatus, ¢c) M. deltoides.

d) M. long head of triceps brachii, ) M. common digital extensor, f) M. ulnaris lateralis.

g) M. tensor fasciae latae, h) M. gluteus medius, 1) M. biceps femoris.

j) M. semitendinosus, k) M. extensor digitorum longus,1) M. extensor digitorum lateralis,

m) M. flexor digitorum lateralis.

Blue colored muscles were measured in Runl, pink in Run2, green in Run 3 and purple

in Run 4. Surface electrodes were attached to both left and right sides of these muscles.
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Speed

(m/s)
\ Constant speed that fatigues horse after approximately 300 sec

/
12.6-14.8

3.5

1.7

Fig. 5-2

Walk

Gallop

Differentiate lead limb and trailing limb

Calculation of stride frequency,
integrated EMG values

1111 11

0 30 60 90 coe e 270 300

Treadmill 3 % incline

Time (sec)

The scheme of experimental protocol. After warming up comprising 1-min walk (1.7 m/s)

followed by 3-min trot (3.5 m/s), horses galloped at constant speed approximately for 300-

s. During gallop exercise, stride frequency and integrated- electromyography values were

calculated every 30 seconds.
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Lead limb Lead limb Lead limb

change change change
iEMG value (mV*s)
0.040
0.035 |
IIA\~~‘A
I’I
a__ [/
0.030 | i
A
0.025 |
0.020
0 3¢ 60 90 120 150 180 210 240 270 300 330 360 _.
Time (s)
Value at start Value atfatigue

Fig. 5-3

Typical changes in the integrated-electromyography GEMG) value of a Thoroughbred’s

left M. gluteus medius during galloping at a constant speed (14.7 m/s) on a treadmill

(3% grade). For this horse, the left hind limb was the lead limb at the 30-second time

point; thus, the left muscle was analyzed as the lead limb muscle (circles) and the right

muscle was analyzed as the trail limb muscle (triangles). Recordings were obtained at

30-second intervals thereafter until the horse could not maintain its position on the

treadmill despite humane encouragement. The duration of galloping until exhaustion

was 365 seconds for this horse. The last data collection point at which the left hind

limb was the lead limb prior to exhaustion was 330 seconds; the iEMG value at that

time was considered the value at fatigue.
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(mV*s)
(a)

0.05
%k
0.04 | [
0.03 F \ (
I T —— OAt start
0.02 F i
B At fatigue
0.01 |
0
M. brachiocephalicus M. infraspinatus M. deltoides
(n=8) (n=7) (n=4)
(mV*s)
0.05
(b)
0.04
*
0.03 } [ T
| =
002 } | ! : : O At start
0.01 ! : B At fatigue
0
M. brachiocephalicus M. infraspinatus M. deltioides
(n=7) (n=5) (n=4)
Fig. 5-4

Changes in integrated-electromyography GEMG) values for the M. brachiocephalicus, M.

infraspinatus and M. deltoidesin the lead limb (a) and the trail limb (b) during the Run

1. For the lead and trail limb, iEMG values for the M. brachiocephalicus decreased at

fatigue, whereas those of the M. infraspinatus and M. deltoides did not change.

** For this muscle, the value at fatigue for each horse is significantly (P < 0.01) less

than that at the start of galloping.

* For this muscle, the value at fatigue for each horse is significantly (P < 0.05) less than
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that at the start of galloping.

+ For this muscle, the value at fatigue for each horse tend to be lower (P < 0.1) than

that at the start of galloping.
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(mV*s)

012  (a)
01 |
0.08 | [
0.06 | \
004 k 1 . O At start
I I - B At fatigue
0.02 i 1
0
M. long head of triceps M. common digital M. ulnaris lateralis
brachii extensor (n=5)
(mV*s) (n=5) (n=6)
0.12 (b)
01 |
0.08 | [
0.06 | \
0oa k T . DAt start
; B At fatigue
002 | f | . | J 8
0
M. long head of triceps M. common digital M. uinaris lateralis
brachii extensor (n=4)
(n=7) (n=7)
Fig. 5-5

Changes in integrated-electromyography GEMG) values for the M. long head of triceps

brachii, M. common digital extensor and M. ulnaris lateralisin the lead limb (a) and the

trail limb (b) during the Run 2. None of the assessed muscles of iEMG values changed at

fatigue.
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(mV*s)

0.08 r (a)
0.06 (
0.04 |
J [ * % 1 * % O At start
B At fatigue
002 } | 1 I g
0
M. tensor fasciae latae M. gluteus medius M. bicep femoris
(mV*s) (n=5) (n=5) (n=4)
008 r (b)
0.06 | w
004 [ * ** DAt start
0.02 J I B At fatigue
0
M. tensor fasicae latae M. gluteus medius M. biceps femoris
(n=3) (n=6) (n =6)
Fig. 5-6

Changes in integrated-electromyography GEMG) values for the M. tensor fasciae latae,

M. gluteus medius and M. biceps femorisin the lead limb (a) and the trail limb (b) during

the Run 3. For the lead and trail limb, iEMG values for the M. gluteus medius and M.

biceps femoris decreased at fatigue, whereas that of the M. tensor fasciae latae did not

change.

** For this muscle, the value at fatigue for each horse is significantly (P < 0.01) less

than that at the start of galloping.

* For this muscle, the value at fatigue for each horse is significantly (P < 0.05) less than

that at the start of galloping.
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(mV*s)

0.05 r (a)
0.04 w ¥ T
T
0.03 | ‘ I
%k l T
0.02 I 1 J DAt start
0.01 | . O At fatigue
0
M. semitendinosus M. extensor longus M. extensor longus M. flexor digitorum
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(mV*s) (n=6) (n=5) (n=5)
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(b)
0.04 |
[ T
0.03 | ;¥ |
0.02 * I \ I DAt start
I
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0
M. semitendinosus M. extensor longus M. extensor longus M. flexor digitorum
(n=7) digitorum lateralis lateralis
(n=7) (n=5) (n=5)
Fig. 5-7

Changes in integrated-electromyography GEMG) values for the M. semitendinosus, M.

extensor longus digitorum, M. extensor longus lateralis and M. flexor digitorum lateralis

in the lead limb (a) and the trail limb (b) during the Run 4.

For the lead limb, iIEMG values for the M. semitendinosus decreased at fatigue, whereas

that of the M. extensor longus digitorum, M. extensor longus lateralis and M. flexor

digitorum lateralis did not change. For the trail limb, M. semitendinosus and M. extensor

longus digitorum decreased at fatigue, whereas those of the M. extensor longus lateralis

and M. flexor digitorum lateralis did not change.
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** For this muscle, the value at fatigue for each horse is significantly (P < 0.01) less

than that at the start of galloping.

* For this muscle, the value at fatigue for each horse is significantly (P < 0.05) less than

that at the start of galloping.

+ For this muscle, the value at fatigue for each horse tend to be lower (P <0.1) than

that at the start of galloping.
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€

Before high-intensity exercise After high-intensity exercise

Fig. 5-8

The illustration of increase in palmar fetlock angle due to high-intensity exercise.
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5-5 /NE

Y7 7Ly FICERACEpRELED) & ke X & 72 BR. B o BB ERET T 5 72

B, b Ly F v IS CT—E R O ST IR & CRETT & &, KA O FE DUiE 2 HIE L

Tzo IEENT — £ 13, RIAHERIC T LB, BT, =AM Run 1), LBE=BE R,

refE A, REIFRET Run 2), B ABEAIBGRM . KEE =B Run 3), FREERA.

R, SMUREET ., EREDES Run 92> 5157, # 4 HOMRL2 O, FATOFELZ T

LI ® % 70, FHIBMH, SFRTBAM D & Kol U 7= #2147 - 72, % OFER, Bz

IZEENFTH & U L C stride frequency 28 5% T L Tz & & b ic

D TAOBAM, SR o g, RBE A, R, EBISEN < BT 2 R

BREDS 28—42%(E T LT 7=,

2) TR O KR O 5 R a2 14% KT L Tz,

LALEA S, 5 R T INIIC 72 2 X 9 7o @B R IC 35 TlE, — BB CHETT L

T T EB R BT 2 L0E 3 & T 2 HEEEZ R o CILEB A0 Z L IZEED &

N7z o 7=2—77C, IRBIEIH R B & O STFATEAM O KRB IC 3 T3N3 % @ f)

MED A LT Y | stride frequency DK T LG LCwb EEx b, /2, K&k

B2 D, EFEIRE W EEZ o 3 KBRS X OB E <5 5 Lk

SH O A EME L 20% A EDET LCTH Y., stride frequency 7217 T7 <, diagonal

step length DX TICHEHG L TwWb L EZx b,
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b MC—ERE O E R ) 2 Ak X & 5 &, HE x kg DHAFHE.LOD y mis TEITLT

W3 EWH)HREMRICEND 72 { TDH stride parameter 2Z21L L Tk H . FEEHE T %

Fr AV FOBERZLL THISGL T35, B oEsREEshin o @i L e b LU

TR LA ETONT L d o7z, 7 7Ly FIZEES D ICMLER S LT & 7218

ThOH, SHTETAY = LTI, FEOL -2 L —= v 7/ CEREES) %

I TH B, 7, WMRSHTEYTH 5 LRIFFIC, 2 DN7 + —< v RFEHRF O

FFIENFMESRECH . ZRBTEYTH D EIESNIMESRECTH B & b & IIRAR

WCHRRDR R T d, KEOHNIE, 37 7L v F O EisEEEk R 510 2 E1T 7

= LB B X O ZENEHIET 2 OEXEMENZE L EZREI T2 2L & Lk, RIFED

EREFUTo XS icE I 3,

6-1 FEROEH

1) HAREWN TR B2 G, EHRER W EEZ NI HAX - —HEKITL — X

BHICERE MR CE R R 2 IEFHNEE L CTH D, stride frequency ¥ X U stride

length & D IT{K T L T\ 72, BALEEEREIC DTl diagonal step length @ AKX T L T

BY. ZOMOMEEREEIIEIML Tz, £ ET7 + — 2% X VIR L Tw

X 7=oic, 1EHE 2 HHDEERER —ETH -7z LIKE LTIl stride

frequency 23K T L. stride length 33401 L T 72, SARIEEREIC DWW ClE, diagonal
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2)

steplength (KT LTk V| 2 OMOERHAHIHEML Tn/ee SThooZ &b, H

7 7Ly FIIEFTRAE L 7-F%, stride frequency. diagonal step length 25K T L. Z#

O Lo Iz ot EEEEEZ XL 72ET 7+ —LilRoTWni EEZ LN, T

oo 1B S 2AER —ERETETL T2 LGEL THFRKDEICZ LTEH Y, &

LD —TETH o THEFFT IR CIRET 7+ — L08R 5 AlREESRH 5

DRI Nz,

BRI ERARITE FLy FI L EICBWC—THlEcHEBIZH L 720k

77+ — &ML XV, FlinhsmmEE B R OEIT 7 + — L22Z{LIC G 2 28 b [FlKfIC

BMEt L7z & 2 A, EHo®PECIEREIc~T, HE. HE L b IC stride frequency 1%

A L. stride length (2 ST 7z, BEFEEEREIC D W Tid diagonal step length (2384

L. foresteplength, airborne step length (Z¥IIL CTw7z, LA b2 o, FilgicBEb o

3. ERESEE) & Mkt X ¥ % & stride frequency. diagonal step length % &4 &

ZF OO 2R L Gl LTWAZ LBHL2E o7z, 2D, RIET

METLZ2HAX — e —HERICB I 2HEILLIZLALR L TH o7z, mAREEILT

WHBL—ATOEALZ PL Yy FIVECTHETE 2 Z LA0REL & b, BagEd LHuny

RRZRE L2 ko, @fEES) 253 L 72PR0 v < Ic BT 21T 7 + — L DR % FEM

ICHREICE B 2 EBHL L o7z,
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3) IERFRAESETH 2 BB R O fiEE 2 WIE T 5 2 & T, BiBh o Tl KFATE L UGE

4)

LD OB AEHANELIC G 2 2508 e BT L7 & 2 5, EEERINCHE G, T

B8 5 9 stride frequency, stride length (33411, stance time (ZJ& L THH ., KiE

HWEORICHEENZD bz, 7. £ TOMCERE LRI WG EmL 72

b DD, REHICE TR XTAIAOFE 2 FAT L ) bR E < BRI < 3 EE

JE & FRIOLZAEMPZED btz TNHDZ LMD, EHREDOHEME & 1T stride

frequency, stride length & X & IC 3510 2 5HE)IZHEM L CTH Y| stance time 23

LTWw3 I ehoB&MlTEBI B2l CHREL WS EEZLNE, .

stance time I FHIOFEEZZ U R WICH DL ST, iiGEIZTRiOPEL2Z 155 7-

O, BfiAaEARLE LEF AT 4 2 ADECHHIEHOEICEHS L TnwbEEZ L

N5, XD, iiEE) % S 2 BRI TR & TR 2 DX L 72 /8T 217 5 &

REDBHO A 72 Y EEN LT 7 + — L OB IR I LTz

Y7 7Ly PSS CE iR ELEE) 2 Mk X & BRI B 1T 2 {0 BRI L 2 R

T 5720, Py NIV RICTERE TGN E CETIE T, BN ER LA

Al 13 & AT O RMFIEE) 2 HE L7z & & A GEB 0% 13 ATE I~ T stride frequency

25 B%ET LTz & I T, TR o shigi . RBE 0. PRk

. FIEES I BT 2RO EXIED 28-42% K T LTz, % 7=, KFEHIEHE o £k
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i O A EMIED 14%E T L Tz U ED T &6 —EHE TETL TV TH,
BB s < 1 B A 3 & OSRTF AR o R BT 1< 5\ TR B s B HAT
oS LCH Y, stride frequency DK T EEG L Tw3 eEZ b, 72, IKE
iR R 3 X O T8 BA R = o B R U 12 20% LA ES KT L CTH Y, stride

frequency 7217 C72 { . diagonal step length DIETICHEEG L T3 &E 2 bz,

Dbz edo, 771y FIZEMEEBRHICIE—EEEZTETL T LTH, X
MRt HA A Db 22X 5 2 & TR 2ET 7 + — L TEITTE, B BE.
SR 3 X O R TR O R & v oo e —E O FEEI O 2L 2B S- L T B T LS
D& Tn otz FlEHH & IER X 2 T airborne step length % i X & 2 2L °, FRIHMH &
FHIBEM TR R 22 2RI AR DL it MICERONEWS T 7Ly FORITH
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