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%79, HE), IGEEE. [EFEES L ES. AR oA AL Ko
TIEE) & EVERRE DM E A2 & L DI RZIEHEL . aSEsET 5 C
v | EERI N[O MEREICA DY RENEE L T 5[29,52],
B &b - FREEERE AN A D 7200 1%, il &2 DREFI 2SR 3 2 BifE & IEH B
TE D i o B EE Rl O THH % 88 0 IA B 15 5 7§l A S 2> O ER 2348
Z WA R UL, WIRT 0 /7 L2 KT LI LHBLETH S
[57,78,801, —77. BB R & 75 2 BYEIZ S B D BRET 3 [F ke 1 Bl < 72 o0 TR 72
BIZEHHE L v & X [17,56,63], BIfEZ W K D DHIC 7 1T TR 3~ 2 FiE A3 HL
DAL IT B, Bl 21, BATEME XTI Z v < o0 DI T 20 T
DOWEZE Y A s T 5 [4,50,53,54,67,68],

BT & 3. B SHhTA ~Ea3 L € 2> & BIZ o Hulfi ~ D R D Eeth D[]
EIEF I NI LGEIEH D 2 DY Lo T B, IR X & IcHRER
#b (Initial Contact) . fifEILEH (Loading Response) ., ZIH ] (Mid Stance),
SEHFSHE (Terminal Stance), HiEHIEH (Pre-Swing) o 5 AT/ &4, Gz
HA 138 AT EA (Initial Swing) | B2 (Mid Swing) . #EHHIFEHA (Terminal Swing)
D3ODMICTF LN TS (K1), 2o X)ic, AROSITREIIIEAF8
DI THERL T T 5 [50,68,77], Z DHATOMHD T EZH V5 2 & T, BT
NERZEAC 3 % SEBy = GHEN )2, G B 7 & O FREBI T — X 2 HiiAa$ 5 C
ERTE, ZHITRHICKLEL SN EENEFIZHL»ICINTE L
[47,50,77], B LIE, BT O &M IC 351 2 BREERIR H & FICFER] 234
2 D EEAREDORRZHEE L, FHliic %32 C T 5 [50,63],

T, EEE L L CoX, HofE s ERAFICSE L L, AL [ES%EOEE
TR T IV EHEIFCEDHE A, BT ) T a Y
EIEFREAD = — XDEE o T %, FRIFDZWT - 10 IC B T 2 IR 2 2
IADEIDFELL TE D, EYIE 1D OneMedicine & \WIHIEZ 6, A
DIAFEOMAZEICICHT 22, ZOWPEELEZ LN TS, K

KT 20 ) F—vavii. BUOS T A2 2HMNE LENADRE L, FD
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FICHED W THE X T % 72[22,45,61,75], ROABITREMIO 2FEICBE L Tl v
L ODPMEINTV R, HOKICOWTIEF—FEDRMRELN TR, %<
DWIFEIL. I LA O 72 2 2 28 L <TH 0 [9,10,25,27,34,46].
flhoWFFEIx 3 F 7213 4 MO EEZBRA L T3 (8,101, 2 MM TR, BIEE L
HuTh i Bl LT 2 B &2 STV, B IRHY HUIH 2 & Bl C v 2 B 2 g T
LEFRL T D, AECIREHER ORI, B ROHEE, BEMIHES 7 & 372
HIN T b 2 DRFAIC X - THRBED B 7r 5 [50,54,64,77], RicswTdZD XD
7RI DHERERIRE DAL TRl E N 2 723, 2 M 7 A CIRIERE 2R B1TRFHE - 5
i@ L CwhnweFEz o3, 2 20 VHIEIE 1 >0 575 3 #
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72\ [10], 2 DO & 2 D oEHIIACRER S B 4 HHE T Tk, I 2
Hi2e & 241055 U W IRER o8l &, I B BT & 522 10 L iR <o
INTWw3 (8], BITH DML DOREREMRENISITA v PICJS LTl dT 5 L
WEINTHY[32,74], 3MHE 4 HETVIIFEBEOHITA XY MicHK I T
BORPHEETH B, ThbL . HITH OB ORERNEE OELZICIX, Hor T
ZRBITERT 5D TIH AL, BEOBITA XY Mo THET 2 4E Y H
%, AT O BAFIENR O HERS . IRIK T 3 X OIS ENZ A THFZE © 5B & 2 1C
INTW3E2332,33]. 200 GIREBIYVHT — X e L. RoBfToRME%
BHO 2T 2Aa T oRENT WAV, AMD X 5 il 5T oM
FicE DWW T HREE) AR T — X & ORI T, BRI T 5%
[ DOBEREMIEEN Z B S 10T 5 2 B TE B, L7228 T, HITHGESGE i
ROBEEPEFEL V) F—2 a vOFKEICIE, 3. 3Bl RS TN E
DMV RBEEEZOND, REOHMIIROHIKE X V&K OHITHZ E &
L. ZOZYEELIFIAET 2 L LD ICEMHOREBEZHOL»ICT EZ L TH D,
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X 1. NEOBATOMI T

FeATWIZE[50] %2 ZF IR L 72 NEIBRATHH 3, 704 < b (FR) 1 X o T, 2L Inital Contact (IC) , Loading

Response (LR) ,Mid Stance (MSt) , terminal Stance (TSt) , Pre-Swing (PSw) @ 5 fH. ##H#1Z Initial Swing (ISw) ,

Mid Swing (MSw) , termina; Swing (TSw) @ 3tH, A8 MIcHFoNn 3,



2. & s

2.1 HERENY)

AT CIE, BREFEAY CHEEE I THS 8o — 27K (if 3 PE,
HE5 L), 4% 8k (5.610.6 %) ZfHEMHL 7z, fKHEIX 10.0 225 14.7kg
(12.3+0.6kg) . fhm (2 b EHEFEM E <) 1k 37.0 225 40.5cm
(38.7£0.5cm) TH o7z, T ORITHFRAN I X CEIZIE B I BH 1T
K ARRETH o 720 AW EIMRFRAF OBV FEMBERIC L > TKRE %
F OKEEFES : VHITBT), £ L 7=,

2.2 HIEFNE

BITHIERET LYy F I ECHEBL 2, #EAIE3 A (1 H 2 [, % 20
o) o by F IABTORIEEIT > 72 . KinemaTracer ® = XJTE— =
VO AT L (kv kA anT oy 2RSS A B LAR R 10 517
JAEAD 7 — 2 % WS L 72, W7 — 7 (AR Z v 7 ARV Vg Y — b, =
FNRUHRRESH, W) XA v AnY—F—F (N4 vT—T = F AN
YHRREH, HE) AL C. 100 H 7 —~—H— (FEE 20mm) ZH
B DIRGIAN 7 v F=—2 Kt L7z (K 2), BEIH¥NT v F~—213. 8
FRRES s, FBiE RAE . EReE sl R, g 2k, SR FEHE, B
B, KB o Kin 7. KBEE o /MEIE & FEE S oo [ o KRR IR B, I8HE o
AR DAV R B X O 5 R 0@ AMIlE & L 7z [46], HITHIE TR, 4 B
DCCDAAF% MLy FIn (AF 1900; ALINCO, KfR) DJEY IcZKiE L.
FLy FIVOBEER Y — 7V ROBITICB T 2 87 %E[1]1 2 H &1 0.7 m /
sec & L7z, MRV A4 X132 640x480, 7L —2L L —Fix 60fps, % v Z—R V¥
—Fi31/96 TH - 7=,



B 2. EEC—VRICH T —~—h— %M L2EE
17 —~—7—%, BHEE NG OR). EhiE KSR (). Bhid s Ml B
Ly ), REFERERE (). BLhFaE (v o), BEE OF). KREo
K7 (5%). KERE o MIGE L BRSO o KERERERIET (L v o), KE
DEMER 7 DI (). B X OHE 5 hRF oMM (v 27) ORISR
5 v F~— 27 iclkff L 72[46],



2.3 ROBITHSE

ANE O TR & ROBBICIITEREEN R RS 255, MF IIMLET AL F —
LB AL X — DRI A5 T B B FENIR T T VIS X o TR S
TWw5[40], 7z, BHITRE O EE T [ DK OEFIZ, A T & KoK
LERICEWT, MFERD 75 7 cREN5(10,26,74], ZDfhoWzecld, A
M &R B BirEE) - T8 (RMER) CHRTEIRRICELIEDL S 5 7
B, BITL TV RIT 2 Ao ANEDHIRZ A XSRS baita T
[2,3,40], BAEX Y. ARIOBITHAEIIROFR S X OBEIChICHTE 3 L
Z A2 b, NEDOBITA < 1[50,68] (K3) icHowT, ROABITHIIEEEZ R
ARPRE LTz K 3 O LEBIZROFIOBFTH S EZ . PIiliI R OB 0 51T
MoKz, TEIZABOSITHNEEZ R L T 5[50], ROBITA4 Xy Mg, A
[ & FEELL T2 23[10,26,74] (K 3). RIFHuf Iz Bt T ¢ 3075 2 %=
O FRICEES 5 4 <XV b TH B I INIER OB BRI L 72, Iz <.
R e NEoBAET B 0 & Ik D R oM o8 % 3 A5 2 fHIicHEL
Tzo L EX Y ROBATHDPBIZWIIIER D IC I A, AT D 5 >DMIcERR
L7 (fEISEH (LR; Loading Response) ., 32 JHIHH (MidSt; Middle Stance) .
ARG (PSw; Pre-Swing) . EHIRTH (ESw; Early Swing) . #EHI#%HH (LSw; Late
Swing) (1X13,4)),
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XD EBIZ R DRI, FBLIZ R DEEL,
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HIEE3
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10



{
R HAEE

K 4. ROHIK & B OHTOMS T OBEAK
Mo EB (A) ZROFME. TB (B) IROBKOSITHSEEZRL T
%, Stance |37 I, Swing (WM. LR iX Loading Response, MidSt i&

Middle Stance, PSw (¥ Pre-Swing, ESw (% Early Swing, LSw % Late Swing
ZRLTWw3,
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2.4 HTHORH

KineAnalyzer (¥ vt 4 a2 47 v 7R &Sk, AR) 2#HL <, © 7 A1
oL, EHE—IVROBITEERLEZMBCHEILZ (K3,4), &H1TH
DX R E A %, 10 ST T — 2 0F¥H 5 L SEM (Standard error of
mean B HERRAE) & L CEIAE L 72 (IC &7 A R v FRIoKR]) / (IC & X
o IC oK) 1 x100%,
2.5 7— X DIEHL

ERfbE T —20Z@HxE o L, BHEZR X, HEEZT25 X951
T27 XD FETH L, MERBLCHITHENRF —~THoThH 1 BT/
HICE T 2T, Z OMER I B RL 5, 2 D70 &% BT O KA 2 100%
L. ECoBTERHOREREEZRH 2 - ECc T scickh, 2o%E Mt
TicE 2 REW LT — 231F 505 (87,88], ATk, FFEHTEIIC
L 72 %2 100%ICEE L 72, £ D%, 100% D BTN 3 2 Z B THD
HerEB L, BRI, BonkT—2 2P d it L) &EHTHD
HErEDL 2,
2.6 Mzttt

M NAHBE 1% %% (intraclass correlation coefficients, ICC) #{#FH L <, {7/ A
RV FDXA Iy ZICE T B EHEEANEEMEZ ML 2 (model 1. k), #KAHH
BB, »2MEOEMBEME Z X EHENGEEEOTEFEL L THwONS
BEHETH 5, ZofEEIZ. &2 BRE2EBEMIE L 72 K o HlE o —BE %R
FTETH Y., O EEZRICL TR O N5 [48], CofErEm T & it HEME
DEEBB VL ETLVOEEELEVWI L ZEKT S, KE T, ICC HDFF
flilx  ARTICERS S C\w 2 BRRHEZ i L CT1T - 7z (high reliability; 0.90 to 0.99,
good reliability; 0.80 to 0.89, fair reliability; 0.70 to 0.79, and poor reliability;
0.69 and below [100,101]), Mz <., 1 FH» 5 10 FH O BT T — % %
fEFH L. FHfEE © SEM Z51&E L 7=,

12



3. e

ROBITOHET T OZYYE L HEHTHOE S

1 AT Z 100% & L 72K, 0.7 m / sec DT Ik, Fifkix LR 28 0%
~16.2£0.3%., MidSt 1 16.2£0.3%~49.9£0.4%. PSw /% 49.9+0.4% 7> >
66.710.3%.ESw 1% 66.710.3% % & 74.5£0.4% . LSw 1 74.5+£0.4% 2> & 100%
Lo, Il TA <Y F @ ICCfEiiZ, 0.83 (LR 2> 5 MidSt), 0.86 (MidSt
25 PSw). 0.80 (PSw 2> 5 ESw) X 18 0.93 (ESw #* 5 LSw) TH o 7= (£
1), %I D&MD FEHKER1Z, LR 25 0% ~13.6£0.3%, MidSt (¥ 13.6+0.3%
~48.4%0.4%,. PSw (3 48.420.4%% 5 63.9£0.4%. ESw (3 63.9+0.4% %> >
81.3+0.3%., LSw 13 81.3+0.3% 2> 5 100% & 7z > 7=, &7 4 ~v F @ ICC
filiix. 0.86 (LR #*5 MidSt). 0.71 (MidSt 2> 5 PSw). 0.91 (PSw %5 ESw)
FLU0.88 (ESw 25 LSw) THo7 (£ 1), 2TOHITA Y Mgk nT,
ICCEO0.71 XA CTH Y. COBITHAEOAMERIRIFTHE LRI N
7o HITHIZ & DEIGIZ. FI & B E DI MidSt 28 b £ <. R LSw A&
otz, b WM A IZETE CIZ ISwTh o728, BETIE LR TH b,
Hile & el ciE V2R b7z (X5),
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£ 1.0.7m/sec TO 1 HTFRAHBICB I3 EHTIARY PogE 2 ICCHH

A% Mean (%) SEM ICC
LR 7D MidSt  SORHMAIRT R 3R > e 7 ) 16.2 0.3 0.83
MidSt 7>5 PSW 5 seH IR 0> 4] S 49.9 0.4 0.86
PSw7»b ESw BRI SR D DB 7 I H] 66.7 0.3 0.80
ESw 75, LSW %ﬁﬁﬁﬂﬂw)/@*ﬁF%?J'E'ﬁﬁ%%ﬁf“iﬂﬁﬂﬁﬁﬁi&f&%bf: 745 0.4 0.93

% Mean (%) SEM ICC
LR 75 MidSt  SORHAIT B3 R BE AU T ] 13.6 03 0.86
MidSt 735 PSW 5 eI il 0D 7] 5452 s 48.4 0.4 0.71
PSw/H ESw  BER L SRS Bt T ] 63.9 04 091
ESw 755 LSw B2 B o0 AR PAE 23 R T el e & 22 22 LT 813 03 0.88

o 3

2

25

==

H

ICC (intraclass correlation coefficients): high reliability; 0.90 to 0.99, good reliability; 0.80 to 0.89, fair
reliability; 0.70 to 0.79, and poor reliability; 0.69 and below [100,101].

14



40

35

30

25
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1

SATIEIAA(%)
%]

1

=

L

AR 43

]

EmLR m Mid5t mPSw mESw mLSw

5. EE v — 7V ROFIK & KO SHITHESE
B o e 23 FTR . A M 232 i 0 AT EN G DI T ARHERR A (%) %
Loading Response (LR) , Middle Stance (MidSt) , Pre-Swing (PSw) ,
Early Swing (ESw) , Late Swing (LSw) DJET/RL T\ 3,
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4. E5

ROBATHICO W CGEHE)ZIFFTRICHEL T o2 0RERHRIN TV
. REOBITARY PCEDOWEGEHIIRLS, ROV v ) F—vaviit
HDTITL I ZATHEE o Tz, RIFFETITEBEOHRITA ~v MICHIL 724
Mtz BiE L. AMoBTHS I HRIcESWTROBITHEERL, Z0%
WO WTHEMHABET 24XV FD X4 I v 70— %HMENOEHE
P (ICC{H) % v TR L 72,

RKOSITHDPFEIZABMO D HICE S CTHEL 7225, AMIZIET R BT
THr7-0, MiEHErELEKICERT I 3EkAVEEZLNL, $72. A
WoLa., 1IC CGETAHD 0% 25 2%) 1120 e LTERS L. EHKIC
Befih U 72k 2 O R BB B 0 FAda 1c o 37 2 Al 0 )G 238 £ 0T\ % 23 [50],
ROGEZDHIBZAHBTH o 72720 1C (ZE A L 72 B (0% 4547 )& )
LLTCER Lz, 72, ANOBEMGIA L ERMBIHE 5T 24 v B
THEA RIS L CREIC 72 o 2Bl & ER I LT 54, KT TR
MEIC 2 2 BEEIERD IC LIZITFRIFFHIC R > T L E 5 2o, Hilix T8I
D FAR B 23 FAR T e HIRT L & K= L 2B | B TBIZ% I o AR B ffi
DSFARTE TR & R L 72 ] & v 5 4 Xy M X o Tl % fi &
BPICH T CERL 2, SREIER L 25T Tt B8 ® LR Il o PSw
DAL RIS L. B O MidSt 135l o B & 35 L Tw 2 (K 4),

i E N OEEEZEN L CROBITHASBHOZYEZFML 2 25, &
> MidSt 2 & PSw oA % B v < FHliE N O FEEAE RIFTH 5 2 &
BB S 2 & 7o 72 (£ 1), MidSt #* & PSw o #A @ ICC fiFl (0.71) 13447 J& #H
DR CTRIKSE o725, O fair OFFEMEOHFANTH - 72[100,101], MSt
225 PSw oWIIcBZE I N=% KD ICC HAEWE T IZHKF S TIEH S 2T
7w, RoEZESERCTH AR E 2 b L7z, Fair OfFEEIIRD
BATRB OB 4 DO D5 b D 1 D ToORBE XL, LS high ¥ 7=
X good DEWEHMEZ R L2720, SEIOBTHIEO G ICELZE L KT
ThwnweEZLNE,

A & 2 D AT O HI G IR BELL L. i & ik & i MidSt 235 %
E2 o728, ESw @ A BT R CRIE 2 5 2 5 72 BB XA O ESw 2

16



FOWHREE LT, BT 74XV MK EREZ LN, BT KRR FICH
L CRMRBAET 2 R M HEaL T v 2 25, BB I3 F AR BE A 23 B8 KA Al ot < i
MPELTWw3720, EHZFEHO 24 I v 7 olloFieRETLLEEZD
N7z, FHEEFRL 7 LR & PSw ZHIFT £ 72 3 Wi 2 0 Wi AL R cH 2 D i
X L. MidSt (ZBURFTL £ 72 3B RBIROHM I FHcH 5 (X3,4), Ak
EDICHBERICKE R ELR 22 0 [10,26,74], HirHoF TR EVEIG % 4
%5 MidSt ICEHT 52 &8, JEMOBITZERT 2 ECHEAICRZ EFEZXD
N7z,
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5. INGE

A D FREEREE TR E B ICE R L 23l LR 7 e 77 LA RS EE L I h
Tk by, BFOHTOFM & BRI ISHITHI M E S IThbhTws, —
e RTEMEMEICEBLEZSHTI Y T —2 g VIERZCKRERRIICSH
5, ZORRAIC, BITOMD IR HI LT nw & BT cER T2 4
VP EHOBEENEEBHL ISR s T W ERE T LN D,

ZZTCAETE, TTVDICRDOBITHAPEICOVWTANEZSEICERL., £
DOFYERFHE L 72, 2 T BRTRBICE T 2 FMHoE &I oW TR L 72,
Z OFEFR. ROSITHS B IZVIHER O IC ch 2., S 38 : mEISE R
(LR; Loading Response). M.JlF ] (MidSt; Middle Stance). Hi#EMIE] (PSw;
Pre-Swing) . A 1% 2 48 : 2 BIRTHH (ESw; Early Swing) . ##HI#%H] (LSw; Late
Swing) DEF 5 D DHHICEFRE I N, ICC DMEIC L W BN ZBEEMENR I A
SR D Z YD ER I N BABATHO eI & &I & b I IS RF o MidSt
HoE &SRO EL, BITFHFMICES TR MidSt iKEHT 2 L PEELE
Z bz,

AEORIZ, FITOHKEB VN T — 2 2MaT 2REOHEORL L T,
ARl 2 B T T 2 T 2RO EANEESFE L L CoMaJ oG Al e %
L7z,

18



FBIE M FicEIWR0BT OB EIR O #BE
1. FF XX

RDOY Y TF—vavicsid 3BT EEMDOZEIC BT 5 BIT2 M
. BEARBHCHENICIThRL TV 3(35,59,66,82,99], L2L. Ko7
BB & BIEF ICHE W20, KRG CcoOBITRMEio% C IIEHEICR T 5 L
f6d X T 3[16,37,59,82,98], ¥ric )V ~E U 57— a vicB W T, HITHb
FINAMBOBEESC 70 77 LR DN AFSICERT 2720, Z DIEE
WrmEm® s HECHEAPE TN T 3[75],

SATRH T Vv S N 2 R ICBEEI MBI O 2 H 5, ATiE 1 BT
B LB EHOME LR L AR/ T ey b BT 2 —BIET O 1 B
BERRLIZFEHY 4 27025 4([39,42-44,96,97], ZBfio#HBAGREZ R L 2=
Rt 7wy F[6,11,49,58] % EDFENRH 5, T DENTICIIHITOHD T D
BE2 S S A, BT AT B8 o H#E R S BA T [R] L o 10 98 BI AR 234 & & IS BAAE IC X
NTEHY ., BITBE - SIRICEH T XEKRA v LB AT B 0 KA 5
PICTmoTWnWb, T <, {1fg (Elevation angle) % F\» CTHEk D Fi%
AW 2 A D 5 [49], A L i3 KR, TR, BREARKREANICE W CHE
e s MmEERL, Hirhoz oz ZXtEMICTe y P35 & &M
FFE—FHECHFEET I LEVIDDTH L, 20 & IdFHER (planar law)
EXiEnle6,11,58]. HITORBMEHEE L THwL LTV S,

KTl BITROBEE B O HER ICBI T 2058 DIz & A &I 4 o Bffiic
B L = M E /B 7 e v bt X 3 0 T H oY
[5,9,20,23,28,36,37,46,51,66,71,93,95], BHHi[H o 17 78 B 6% % §EAf 3= 2 -1 3 4
/a7 LAR=ZRIL7T ey MICXBEITIZIRE A IThObA TRy, ARE/RR
Za vyt D% AT IO 2 oA THHE - G L TEB Y FEM 7R
BT OMHD T oM EE v 7-BHi BB O MR OREEZH S 2 ic L& LR
Wb\, 20720, EHIRNEBTOL4 I v 7, £HcEs T 2 HEEESO
R L. KAV F Ko7 —20RRIIREZICITOA TR W[26], 7.
ROBITTLEROFEHFEANAKY Lo ErOWMEIFINET TCRMREZNRE
LDt 20W#E Lok w[20],

AREOHMIZ, ROBITFHMECH W b 2 B r @ o R %, M/ 7
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oy b, YHEVA 7 s TLa, =2k 7y POFETCTHRIL, FOKIC T ET
Ho2 I LB ToMHS oMz EALB T2 Ths, 2o Lick
h, &7my PICBWTHITHI L OB FIENE O REABHL 2 L kb BT
AL ORI AR ERH T2 RA Vv P ZHEICT 22 0 TE B L E Xz, M
ZTC, FRIRD =27V REBEEICE O THITOFEENAE Y L2008 2 b
DIREI L 72,

20



2. ML L ik
2.1 #ERENY)

HIFEEERKRIC, MEFERACHEEHINL TV 2FE LR 8o -1
A (M3 P, HES5PL), 4505 8mk (5.620.6 /%) ZfEMH L 7z, {KEIZ 10.0 »
5 14.7kg (12.3+0.6kg). k@& (M2 5 EFFEME £ <) 13 37.0 2 5 40.5cm
(38.7£0.5cm) TH - 7z,
2.2 HIEFNE

HEFMEZE ITEEFERTH Y, BITHEITETHF LY FIV ETERL %,
WA 3 HRE (1 H 2 [, & 20 7)) @ b Ly F IABATOEIE %2 AT o 724
KinemaTracer D =RXRICE— a VOW I AT LA ZMBHALERZ 10 H4T7EEH O
F—R2ERB L, MAT— 7 FroAny—5F—7%HLC, 10D A
7 —~—7— (FEZE20mm) ZFIEEOMHENT v F~—2 Kt L7z (K
2), HITHIETIR, 45D CCD A AT LY FILDORFYICHEL, PLy
CIANDOHEEIZ Y - AV ROBITICE T BT gE[L]l 2 b £, 0.7m /sec &
Lo BRY 4 X1t 640%x480, 7L —2L L — P2 60fps. ¥ % v X— A —F
X 1/96 TH - 7z,

2.3 AE/RM7 ey t OfEX

KineAnalyzer ZRIGE—> a VAT v AT 4 (F v w4 a2 s 7y 7Kk &H)
ML <. FEEE IS 2BEHAEOMBORERE 2T e To7, HIEL
7-BAE X, B C X B RaET. I BEAT. FARBIET. A cl kBT, MREAET. AR
Bffi e L7z (K 6). 13507z 10 BT RMIIC oW, ST RMICE L 2R %
100%icER L L. 2 oRME &I T 28 A2 P L2, 2ok, BITH
HHIC N 9 2 £ AEHS 2 FHESEM TRUR Lz, SHICIETERLZSHTD
3 (KM3,4) ko, BEEROHEBLOHES FERINICIEAL 72,
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X 6. ME/ER 7oy F coORDOBEEAEES
Bl 2 RGN T v F~— 2 2T, 2oficiirh-AE22nTFh
JEREAT, FTEAET. TRBHAN. IXBAEN. REHET. BB L,
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24 VHY A 270776 AE/AE Ty b OfER

A/ 7 o v b L EFEIC, KineAnalyzer =RXJITE—Y a Vv 27 4
(Fvxrfasrsy skt 2FHLZ, WIE L -HEEAEOHBEIZ. X7
RSB BIAT. BT, FARBIAT. IRBAEG. WRBIET. RMRBHET L Lz, 10 B AT
JARRIC DT, FBATRIBIICE L 2R 2 100% 1 IE#AL L. % o R A coxf
TOMEEAEOTHEERBL 2, Zotk, BT 2L > Lom#AEGRx
MR35 70, BilOFHES 4 7 v 7 F LM FBEE - B B0 7 n
v b X O, Mtk S BAET - B FARBE O e v P RER L. BB
JARBAE - B : BRBAET o 7 e v b B X O, it 0 RRBEET - fhdh c RREAET o 7 e
vy PEERILZ, SHICTIETERLZSHTOMS T (K3,4) c&Eox, H17
M eictnFz21iT-o 72,

)

X 7. VEY A 707706 AE/AET ey +ToROBEHAEER
B S 2 RN 7 v F~—2 2B TRV, 2Dt 2 DROIER TR~ 7
MLz BT, NTBIET. TARBAAN. AxBHEN. MRBHET. RMRBAEI & L 7.
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25 ZXu 7wyt AR/AE/AE Ty + OfER
AE/RR 7 ey b - AFE/AE 7 e v b LFEERIC, KineAnalyzer =X JLE —
vavaiv AT L (Fyedansy s7KRAS) 2ERAL 2, JE L 2R
BE i1 A 2 D HERS 13 8 IC/~7 9 thigh, shank, foot & L 7z, 10 7RI D> W
T, AT EBAICE L 72K % 100% I IEHA L L. 2 o IR E & nt 3 2 B A A
EoVPEEZEH L7, 2ok, BKEHE S LomHREREZ R T 20, x i
thigh « y §iff : shank + z i : foot D =KL 7m vy P Z{ERI Lz, ZD 7B Y FIC
[RCERLZSTOMIT (K 3,4) KIS EHTHI L IT@n T 217> 7%,
72, "Bons 7 ay MELCERE %M £ 72 [6,11,58],
\ i 2 Yol

foot

8. ZXRL7uy t : HE/AK/AE T oy F TOROBEHAKER
BIKOBEEET 27 v F~=— 2 ZfiATERE, BTV I~ — 27 23RN 2T
¥ % thigh, shank, foot & L 72,

24



3. i
3.1 HITHSBEICE STV B/ ey b
3.1.1 FIRXBIEI AR/ 7 1 v b

JEEAET (K 9; E#R) 1 IC 225 ESwic 22T 130° 2> oo icEii L (AEE
DET). LSw DR T 110° oJffhe — 7#E L 2%, IC ICf 2 > T i@ EH)

(DM 2SHEZR S N,

FHEAE (X 9;rp o) @ 128° < IC %3l x 72 [ IR ST 7 (B 03 ERE & L7z 238,
Z D% o LR T B A DAL D 72 2> o 72, MidSt D &2 6 ) 4 1 28
ME D, PSwIC T 144° offifgvy— 27 %Wz, LSw OFtEHD 93° OJEiie — 7
ICH 2> CAMBEER A LN, 2D IC ICH 2 - T EEB) 23 R X iz,

TIREAET (X 9;F#) : 185° @ IC 225 LR @ & \» 72 TARBIAN 3 E L 72 £,
MidSt TiEMAERI R —E L THBE L Tz, PSw OFFED S LSwOIEE b o
124° ofthe — 27 cmpy» o CaiciiL, £ D% D LSw Tl fi @ #HB) 3 i
M,
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ILRIE

66.7% —»

P 33.7% ———¥|

MidSt

PSw

[4— 16.8% —¥

EREE(C )

FIRAEA(" )

FREIA( )

190
170
150
130
110

90

70

190
170
150
130
110

90

70

220
200
180
160
140
120
100

i

PP
) : ~r
0 '
Ao \fad—

/] o
08 Ny
’
|| )

et

16.
0 10

2 49.9
20 30 40 50

60

% Gait cycle

66.7 74.5
70

80 90

R 9. STARSIEIC D\ 7 BB fo /AR 7 1 b

100

BTN OB (LB, MEAET (BB, FARBIET (TE) Bl #)iK o
MR 2 FIE L RETETR LTS, LB O TERZMICE Ckid. H1TM

DA %R L Tk H ., Loading Response (LR)., Middle Stance (MidSt).

Pre-Swing (PSw). Early Swing (ESw). Late Swing (LSw) iZ4 1 b T W\»
5, #BF & b IiIcEoEmizEEfioMEZ., fHoRAXEEZRLTW5,
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3.1.2 BB AE/RE 7 m v b

BeBAf (X 10; E#F) @ 88° TIC 2l x 2t2. LR D H W7 AEITHMHERF S,
MidSt 2* & PSw Dffig v — 7 IClA 2 o> CTHESHE L Tz, Ev — 2%,
LSw itk 3 83 ojithe — 7 & TSI OB A Ht &, 2 DHRITHE P 2 2 ff
JEH 1C % THel 7z,

AT (X 10;79h5e58) @ IC @ 140° 25 PSw O i £ CHBEAIZWw ->< b
LIEi ke . PSw &0 o 2¥iaEih i & Tz, ESw T 98" DjEillv
— 7 ICE L2, IC ECRAMAMEIERI N,

RMBEET (K 10; T80  HTAMHod, BRI 4 o0Hh—7 (ZHhR)
BERE N, YD 2 ODEHSNIZ LR & PSw TA L, B0 2 o0&
RiiX ESw & LSw O WEIE ciEiR d /=, 1IC @ 136° THIA L 7= R B i o i
iz LR oRiFEChitx., 20% PSw itk F 3 142° offE v — 27 £ CffE»
Belvr7z, PSw I CHEEB) 2 & M HEEB ~O UV BV 23H Y ESw IcH1) 3
112° o AEihE cEiAHi w7z, 2 0tk, LSw il cE &, ICH
HIIC D3 2> 7 Ji B 23 ERR & 7z
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AR AT

SRR WEREIEA
63.9% 36.1% >
[’ MidSt PSw ESw [Sw
+136% He—————34.8% ——l4—155%Pe—174%——Ple—187%—H)

130

120 <
~ 110 R i
& 100 /
g 90 f—m—— \v//

80

70

60

150

140 )
~ 130 | ——]
= 120 T
E 110 \ S

100 \_/

90

80

160

150 ;
o G |
g~ \,/—_ /
= 120 S
04 110 )

100

%0 136 48 4 63.9 813

o 10 20 30 40 50 60 70 8 90 100

% Gait cycle

K 10. M5 T icEO 7 BB ET R B IR 0 H#ER
BATRIAC 350 2 IBEAET (BB . BREAET (FPED) . BB (M) D PBIEi H)
MO %Z FHE L EEHRETRLTWS, EE2L FEZMICE CBRIZ, &
fTHHDOZE# S %R L CE Y, Loading Response (LR), Middle Stance (MidSt),
Pre-Swing (PSw). Early Swing (ESw). Late Swing (LSw) iZ4 1 b T W\»
%, #BAf L bICEOHINIRET O Z . oM IZEZ R L Tw 3,
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3.2 HITHSBECESOATES, 7070 AE/AES Y b

ME/MEDVHY A 7 n 77 L3 BEEET 2 BHEA Lo # R %2 KR T &
5, UTICHI L IO IS A 70 77 LofREdRT,

3.2.1 RikOFHE Y4 2702774 (K11-AB)

11-A, B & it MBI cH v . A ol EREET. B o #ififiix TARE
fiz#m L Cwbd, 20O, MHOEIFA L BTHELTEY, AlXEBKEHE
I BAET o AR B AR 2 . B X FREE & B o FREZ R L Tw 5, X 11-
A,B LI IC (WAEEH) o 6F DY 0% 72 & 5 72, PSw LA O B D
BEigix. NEEE & TRESi A KE o7, LRICEWT, BEH ZE - T8
BRI @23 4 o 4r, MBI HE L CHr o E~ LY &b Y ik 7
vavDXIICBELAAALTHLLMHYDHE > T WD XD TH o7z, MidSt T
X, FRBEEN T RAMEICHIE S WEE S 2RI T, T BT E R - B
i L T/, PSw <X, BEAETIZJEdh % ke 1 AT OIZ 207 ~ o #HERS 3 v T
200, MEESIHE? SR~V ED Y. TR ZEMH28E O
ERTZW 2 Tz, ESw <X, BRI RZ 2EHEH#EEI 22N 0nH DD,
INBEET & FRBIE DM 2 E V. B2 Y 22T CTIR LRI D 2 V7
7V AEEGDEREZ L C\wiz, LSw Tl BB & TR MR, MBI R

JEdh D DB R HED B S AL, B THT Y 72 72 F A 7 R & A BE A o e B
KXo TRDIC ZMZ Tz,
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T 120 © LR T
- PS

H * H
Iz} Y IE:|

100

80
£ 60 s E

40

20

| l I | I | I I |

1 I
& 120 100 80 60 40 20 2 60 40  -20 0 20 40
l — BAE() foE—> l — R F1RRAAR(°) frR—

K 11. o CESV RO FHEY 4 707 7 L
A fiedh X N BIET . B X EBE o PRI A 2w 27 L, Bt X ABIE . Bk iz FREAHS O PR YA 28
77 b, Mo BRI EHoOZME 2R L, B CETZ2ROKEWNIEL Twd, VIMERO R, V%
Initial Contact (IC) THH IR L., HITORKHWHBE ZRAI TR LT3, Kof LicRL Tw b LAl
v, BITH Ity F 21T o7 [#H{ : Loading Response (LR) , #ift : Middle Stance (MidSt) , ##

tt : Pre-Swing (PSw) , %t : Early Swing (ESw) , #+ L v ¥ : Late Swing (LSw)],
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3.2.2 B OFEY 4270254 (K 12A,B)

X 12-A, B & b icHtdl i3RI ©H v . A o fflL BT, B o B i3 2 R ES
fiz/mLTwd, K11 L REBECHOEMIT AL BTH@ELTEY., A XK
B & BT o FABAR %2 . B (X ERBIE & BB o mFBRE TR L T 3,
X 12-A o BB & FREAET o A E TR . X 11-A o5 B & IR o = fA
AR E X5 Rt =AIBOMMEN%E 72 £ o7, X 11-B o F1R B & i B &
DHDOEL 3L BRI 12-B 3NOFHEE/RL7Z, ZOMPFIZ LR © & KH]
BHEEHLY AR, LR XV RBREIEETDLDY OB EZE 57z, LRICEWT, K
B A R e . R BE N (3 R i ot 2SR & A R R AR BA T th 2358 <
B7wavdXIITAHEAALT VT, MidSt I3\, BN Edh L, B
fii b RIREF OMMENBE > Tz, PSw B W, R IXmll. RBIH &
JEMRBAET I EES 2 O EHETS ~o V) Y B C b, BEJE NI X o Tl
il Z2 3l 2 Tz, ESw HIIC B W T, BIKeTHiiES) IC XY IR e &R 7
VT I VABEEY, 2ok, BHEHE BRI HET S LIcX ) LSw 2l 2
TWwiz, LSw BT, KB I3EiES 2 & B EB ~0 ) h B2 24 L.
JEEEA T & EARBI AT IR EES D R IciE e A MES A L IC 2l 2 Tw
7z
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< 60 e 5
i i |
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80

90

100 b 100
a | I | I | | I | a1 ] | I | | ] | I
= 50 60 70 80 90 100 110 120 I 20 30 40 50 60 70 80 90
l — fRAER(%) E#H— l — B RIRRIER(°) Edh—

B 12. Mo JcESTEZRKOFEY A 707 7 L4
A sl i3 RBEET . BEEh I RBAET OIS A 2 v 2T A, Bt (X RBAE . ME I R BREASIOFHY 4 7 o

Initial Contact (IC) T HIC/R L., HITORKENHBZZ2EXH TRLTWSE, Kof Eicaan L Tw 3 MLAFC

W, BITMH It T 2T o 72,
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3.3.1 HTHASEICESWE=ZXRT7uy +  AE/AE/AE Ty b

Fonz=xmk 7y + (K13) IMROHEME 2R L., LMY (LR, MidSt,
PSw) XM D5 %, WHIH (ESw, LSw) MG ES ZHfivCuniz,
EMo FEoTESIE LSw22 5 LR (IC) o] v bV oEAL v Fick b, T
DIERIE PSw 225 ESw ~0 Y] ) Bb b CHEZR I, W & b I & o
POBEZFRA Y FBHRE Ro Tz, Y27 ilifRiL. LR - PSw - ESw D i
2 - LSw D CHER X L, MidSt 35 X OO I o rf EE 13 8RR I T o TR 23 T 3R
I,

3.3.2 R (E¥E—7V) KT 3B TREKOFHEER QR

AT oA (thigh, shank, foot) % =XJTt 7 v v b L 7z K< [8] )7 F 1 % #H A4
AT DEK 141083, BoNRP o, HITH o, 12150V -
DB RO LERoT
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* LR

* MidSt
* PSw
+ ESw
LSw
2
(=]
=<
=
[ ﬁ-‘-"’;( :
& + o o’ - ‘:
3 ' ' .
o & . x
h o * 0 %
- 7T !’ L] _C
. * 10 ®
o 1 o -20
o -30
L]
.o' J -40
o o
- -° 50
-60
& X — + : : : -70
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Abstract

Utilization of the concept of gait phase classification for dog gait analysis
Graduate School of Veterinary Medicine, Rakuno Gakuen University

Veterinary Pharmacology: Kazuyuki Yoshikawa

In physical therapy, which is an important area in rehabilitation in human medicine, evaluation
items are narrowed down by comparing the movements exhibited by individual cases with normal
movements, and treatment is performed according to individuality based on the obtained results of
evaluation. It is difficult to observe walking motion because many joints move at the same time,
and a method for evaluating walking motion by dividing it into several phases has been adopted.
The gait cycle (GC) is measured between the first contact of a leg with the ground and the second
contact of the same leg with the ground. The human GC is divided into two major phases: stance
and swing phases. The stance phase is further divided into the following five subphases: initial
contact, loading response, mid stance, terminal stance and pre-swing. The swing phase is also
divided into the following three subphases: initial swing, mid swing, and terminal swing. Thus, the
human GC consists of eight phases. Kinesiological data for humans such as kinematics, kinetics,
and electromyography can be integrated for each gait phase by using gait phase classification.
Classification of gait phase is useful for interpretation of a kinesiological function of different
motions generated by an individual joint. Physical therapists can estimate the causes of the patient's
abnormal movements by referring to the functional role of kinesiological data in each phase of the
GC. Therefore, the establishment of normal GC phases has markedly contributed to the
development of rehabilitation and physical therapy in humans. Recently, with the advancement of
veterinary medicine, the life span of companion animals has been extended, movement disorders
due to aging have increased, and owners’ needs have diversified, and interest in animal rehabilitation
has increased. Observation and analysis of gait are essential because much of the rehabilitation of
companion animals is focused on the reacquisition of gait. However, it has been reported that the

gait evaluation performed in daily clinical practice is inaccurate in many cases because the dog
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moves quickly and the gait motion cannot be accurately captured. Dog gait analysis has so far
been carried out on the basis of research methods used in humans. However, dog gait analysis could
not suitable for clinical gait evaluation because the functional role played by each joint at each gait
time is not clear. The data are not presented in a form that can be used in daily clinical practice, and
it is extremely difficult to properly evaluate walking for the planning and implementation of a
walking rehabilitation program that takes individuality into consideration. Therefore, in this study;,
the concept of gait phase classification used in human physical therapy was applied for dogs to
establish the gait evaluation. The final goal of this study is to contribute to the development of
walking rehabilitation that considers individuality by clarifying the points of observational analysis.

In Chapter 1, the gait phases of dogs were defined with reference to humans and the ratio of
each gait phase in the gait cycle and its characteristics are shown. In addition to the initial contract
(IC) of the initial ground contact, the dog's gait phase classification includes three phases: loading
response (LR), middle stance (MidSt), and pre-swing (PSw). The swing phase was defined as two
phases: early swing (ESw) and late swing (LSw), for a total of five phases. The duration of MidSt
phase supporting a single limb was the longest both in the forelimbs and hindlimbs, and it was
thought that it is important to focus on this phase (MidSt) first in the case of gait evaluation.

In Chapter 2, the concept of gait phase classification is introduced into an angle / time plot, plane
cyclogram, and 3D plot, and the characteristics of the range of motion during walking are shown.
The angle / time plot clarified the characteristic movements of each joint for each gait phase, such
as extension of the carpal joint and flexion of the tarsal joint in LR, and this evaluation was useful
when evaluating walking for each joint. In the plane cyclogram, the cooperative relationship
between adjacent joints was clarified. For example, shock absorption mechanism was suggested by
coordinated movement of extension of the carpal joint, flexion and extension of the elbow joint,
flexion of the shoulder joint, and flexion of the tarsal joint and flexion of the stifle joint. In the three-
dimensional plot, it was possible to clarify the cooperative relationships between the three joints of
the hind limbs, such as the upper and lower parts of the apex of the drawn elliptical locus are
switching between stance and swing limbs. In addition, the plane law of walking was also observed
in the hind limbs of the Beagle dog (a medium-sized dog).

In Chapter 3, the characteristics of hindlimb muscle activity of a dog when walking based on

the phase classification are shown. By integrating joint and muscle activities into the GC phases,
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the functional role of each phase was estimated to be shock absorption in LR, body propulsion in
MidSt, swing preparation in PSw, swing propulsion in ESw, and preparation of initial contact in
LSw. In addition, a simple diagram of the range of motion and muscle activity that is useful for
motion analysis in clinical situations was established. If lameness is seen in a gait phase, it is
hypothesized that there is an abnormality in the range of motion or muscle activity of the specific
phase using this diagram. Therefore, clinicians can focus on a specific joint and muscle and proceed
with a more detailed evaluation. This lead to the enhancement of validity of visual gait analysis and
the planning and implementation of rehabilitation programs tailored to individuality.

In Chapter 4, the validity of the kinematic evaluation described in Chapters 1-2 was verified
using a clinical case. Regarding proportion of the gait phase in the case of medial patellar luxation,
the affected hindlimb showed a short support in MidSt but the normal hindlimb showed long support
to cover the affected hindlimb in MidSt. The tarsal joint extension at LR and the stifle flexion at
MidSt in the affected hindlimb were compared with normal beagle dogs using Angle/time plots. In
the plane cyclogram, it was clarified that the affected hindlimb did not show the coordinated
movement of the stifle joint and the tarsal joint in LR and that could not absorb the impact of the
stance. In addition, the movement to avoid the load due to the sudden stifle flexion and tarsal flexion
movements in MidSt was observed in the affected legs. The three-dimensional plot showed that the
trajectory of the joint of the affected hindlimb deviated significantly from the trajectory of the
normal Beagle dog during the stance phase (LR, MidSt, PSw), and the plane law was not observed
in the affected limb. Therefore establishment of the plane law might be used for diagnosis of the
gait abnormality.

In conclusion, the gait phase classification for gait evaluation of dogs was established in this
study. Based on this classification, the points to be noted in gait evaluation can become clearer, and
it can become easier to estimate the timing of lameness, range of motion of joints, and abnormalities
in muscle activity. In addition, the usefulness of objective evaluation such as lameness diagnosis by
the plane law and coordinated movement between joints by a cyclogram was shown. In the future,
it is expected that further research on gait evaluation for dogs will be carried out by further

measuring muscle activity and kinetics using the gait phase classification defined in this study.
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