j Korean Journal of Sport Biomechanics

% - F s3], 205 A5 1Z, pp. 177-195
H
2005, Vol. 15, No. 1, pp. 177-195

ABSTRACT

The kinematic analysis of the ankle joint and EMG analysis of the lower limbs
muscle for the different walking speed.

Moon, Gon-Sung*(Yonsei University)

G. S. MOON, The kinematic analysis of the ankle joint and EMG analysis of the lower limbs
muscle for the different walking speed. Korean Journal of Sport Biomechanics, Vol. 15, No. 1, pp.
177-195, 2005. The purpose of this study was to analyze the kinematic variables of ankle joints
and EMG signal of the lower limbs muscle activity for the different walking speed. The subjects
were 6 males of twenties. It was classified into three different walking speed-0.75m/s, 1.25m/s,
1.75m/s. The walking performances were filmed by high speed video camera and EMG signal
was gained by ME3000P8 Measurement Unit. Tibialis anterior(TA), Gastrocnemius medial
head(GM), Gastrocnemius lateral head(GL), Ssoleus(SO) were selected for the dorsiflexion and
plantarflexion of the ankle joint. The result of this study were as follows:

1. In the gait cycle, The time parameters for the phases were showed significant difference

without the terminal stance phase and terminal swing phase for the different walking speed. 2.
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The angle of ankle joint was no significant difference for each time point and MDF, MPF but
increasing walking speed the angle had the increasing pattern slightly. 3. The angular velocity of
ankle joint was showed the significant difference for LHC, RTO, RKC, LHU, MPF and MDF
point along the walking speed. 4. TA was showed about 2-3 times muscle activity at the 1.75m/s
than 1.25m/s in some phases. And it was showed the similar muscle activity between the
0.75m/s and 1.25m/s but, showed a little much muscle activity in the 0.75m/s. GM was showed
about 2-3 times muscle activity in the 1.75m/s than 1.25m/s, and even much muscle activity at
the 0.75m/s than 1.25m/s in some phases. GL was showed increasing pattern of muscle activity
specially in the initial swing phase as the walking speed increased. SO was showed about 3
times muscle activity in the 1.75m/s than 1.25m/s during the plantarflexion of ankle joint. It was
showed the similar muscle activity between the 0.75m/s and 1.25m/s but, showed a little much
muscle activity in the 1.25m/s.
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1995). T3 LEMNLED o] 1R 7|EE Fshe FERA FoM oy Loy A9 F
S, 9%, 1211, 3 259 43S RN 490 2 & AH

2L AA olFd g d&d AAHoT A MUY HEH B F& w3 I
(Michael, 1990). Q17+¢] thdA & thuishe o2 Fog RB3 Hee 77Rdel we} Aozt Ao
o R o) deo) B AolZ vehd Zojck o]y A2y ddde diste A T sht B
Po Mo & 3 o

o), olRe Aba 544 7}11 S A% 8 59 844 9
AN & ¢ e ¥4 -

& Aol el 29 Wl det vad A W

2 2T 2y Feo] ge WS A4S ¢ Uk A2 drldn FHHWW)E AP T
A BF9 B SES FRAYCH, AR ohJzt A AFelt 2 A HeAE 1wy
$57h @ERnD A w4, ud A A8aE A FRE OAAR A5 Bt o oo
stk aeinz Aue gAQo ke mad AAUY By SEd 9% AR, e B

4 geel B o 0 2 Aol o9 BN} 4, AAA 54, 92 A% 2 4B
o % o) oAl wd SEE 058, $EUSH WA SHRY I 289 FF 7123

289 24 Aud] Ak 93 1A R0l

B 34 Yol BY £uo) G2 $FW, £5 a7 wWAe 546 B A7E BL ¥
A5 23] A7 (David & Thor, 2003; Hof, Elzinga, Grimmius & Halbertsma, 2002; Frigo, Crenna
& Jersen, 1996)7t AWHo| gom, TATE FF A 28 FHol B A7 (osef, 200
Nene, Mayagoitia & Veltink, 1999; Zajac, Neptune & Kautz, 2002)= 3= gt} 22 A7}
A BY % wgd 4T HYATES £5%, £59% ¥4 U1 SAE 4L SYsez
sl 2 S5 Wgdl mE SYAY wd $AS 293 2agn. 2, By
BE $5% ¥se WA 20 £ TAE 4L B 25F ) 243

A A
T2 Y 7 A ZHEY 7T 4

A RY 59 A7t old@ A7 i AE A
W3 A7 Bod dAoln.

B ATe A, ¥ S5 i3] g 33 #de) $5E HAEY HEE A¥Ee Rl
A, B3 £50) el AAT 23T, ¢@d I8 odd 249 245 J1A% 295 24
o ofmt Wil AEAE AR, vixHog oFF 53 WAEY Wi it 2 &
S50 2 £% 71HY 245 AR Alold oud WA} AEAE ABEE Aotk



180 2 2 A

1. CHAHRE

B a7e A 00 WA 89S oz SGon, U BE A2 1d 3 s A
2 Qe AY0] gt gz 4Yat A2 A FYIH Al LR Yokn BesE 29

2. Ag & I HX

1) Q4 g8 34+ A

2 A7 A% HAE FHG18)) #70 Y &% BFol BN 05m/s, 125m/s 12
2 175m/s8) £x2 EF3GcH 075m/s9 £5& 654 o) =059 By BT £ Hoh ot
We £52M ofF A RYL I AE /M oud 54 JYertE AHEY) A% A

B, 125m/se] £5& 200) FuboA 30T Zute) A9 #HF Ex2A Y B fIse
olv}, 1.75m/s8] £5+ A4 By £THT WE £52 A%S 9 FHI go| AUdHe
§ &zolt} o] w £%o 3l 34 9= +005% oJUiZ stPor, B3 &% Wil TAKE
Abe} TKK 1274 running timer 2008 Z82 3, $30) /5] EASA,

GgAEe £3¢ 93 dAE 6mm ¥jQ 719 2HGR-DVL00, JVC, Japan)E AHE-3HHLH,
20 S5t FAHY 2319 FUNARE AL A8 FE SH H(reference frame)E
T3 2o 1.00m x 200m 9o HARA 7} HEE dXse G F AASAL szt &
A4S+ 60frame/secE 1P =FAHE 1/500secE HAEHA

Age] YY) ol YPAEE AVI HY2 W2 ¥ Ariel Digit Programg AH§-3
of A% sidigitizing) sHck. Blte vl Qoja G HRetE AAW 249 HAE3L,
293 FARY HEAE olfad ARan AN 249 I ARRS AN ol HHL
AR e 239 AR #e LabVIEW 6i(Laboratory Virtural Instrument Engineering Workbench)
graphical programming(Johnson, 1999)2 Alg3le] 24 A43 T2 AL o] &8l 58 A8EE
ARy
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Hels2 ol BZ J}xjo| 2
(tibialis anteriorTA ) {gastrocnemius medial, lateral, head:GM, GL)  (soleus:SO)
| a2 1.2 289 EY M3 22 oA

n
L=

l‘lr

By A $E@Pe AZ 2T I 2 BL 79fE s ABT(tibialis
antenor'TA) 8] & Z(gastrocnemius medial head:GM), 9]¥]E-(gastrocnemius lateral head-GL)
7}AHm) 2 (soleus'SO) 58 ARt 818|e 22 o ¥¥ M (mini electrode, 3M. Ltd. USA)E
2319

ZAE A3 Fu ¥9(band widthys 20~500Hz Ale]2 AAager, 4L AAS
(common mode rejection ratio) 110dBZ AA3Yth $HH ofdE1 2AE AFE ofdEIH
A ¥87](12 bit analogue to digital converter)o] oj3fod 130 1,024 7|¢ YAE 2
o 7155 At

BAE gy AL £319) 1000Hz9] H& 2 ME3000P8 Measurement Unito] 714 Agrt 85
gt 859 AEE Optical interface(OPTO-RS/NP TWIN)S F-3 Serial Adapter card® AA
MAE e AZHAG FAEY -E”dE Azote 725 A8 55 AR F(fash
light)S ol 43te] FA7 BAE £ AFH i 24 259 AP Hepde S
FAEIEE g vg e Fivele] odAS Marvel Connector BoxZ 43 Matrox Marvel G200
Display Adapters %) #AFE N A=A
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AT AZE EFdste wWRoezZe HY FHA

Contraction: MVIC)S ARgatel EEsjshe %MVIC M3 54 F2¢ Z5%E 7€ 5%
(Reference Voluntary Contraction: RVQ)2.2 Ao} o]2 7jF oz RAF33}= %BRVC o) Stk
(Cram F, 1998). ¥ AFoX e %RVC ¥HS }%o}oq 125m/s &% H3) A 2HE HEE FE
stk 1.25m/s9) B3 &5 A 7 54 7o djg RVCEA [EMGHE Tatger, 4 5%
F24e] 5oA 3 [EMGE Y RVC-IEMGEHS vlmsled %RVCE 7 259 23% 43S &F

3} sk

TAEE 289 24F 248 2Hded 32 AP0 Raw EMGY HEGE Zeroolw, A
317} $13te] Raw signal®] AubAF(Full- wave rectify)7} 23t olv F=4(1)3% 2o
2

1| Evo| = J, | EMGO 1 dt

IEMG(Integrated EMG)= &
65 Ukt Aoldh 37 A% 245 $94 481
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f | EMG(?) | dt
Averaged IEMG= J 1024 % ¢ 2

E 7o 54 708 B 271 w8 S5 NS B 2A YAI% 41z
Hrojzle, oA BEpiks7)(loading reponselR), £7F 44 7)(mid stanceMS), ©7] 9477
(terminal stanceTS), H--Z}7](pre swingPS), %7 §7 Z}7)(initial  swingIS), FZ+ fZ7)(mid
swingMS), @7] $-z}7)(terminal swingTS)2 wro] ZtHPerry, 1992). & d-Fele 87) 52t Al
Aol tiste] 709 PR Y] AFE APt 24 5 W i ARHH} F8Y
& O 2o, AYd o F3 7 <ay 2> 2o

- RHC : Right Heel Contact - LTO : Left Toe Off - RHU : Right Heel Up
- LHC : Left Heel Contact - RTO : Right Toe Off - RKC : Right Knee Cross
- LHU : Left Heel UP
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3. A el

2 d7oM 2¥A7 A SPSS 110 for Windows F7 packaged AME-3Iden, B3 &

T e e EFNA WY AolE AFE] Hal QIARFEH(One-way ANOVA)YS HAJ3)
aom, o A fok FEE =062 BAdHT 7 K'Y AT (post hoc test)
Scheffe g5 T A5 S AH3ATH

A7 g E

fn

2 dFdME 2Y &% sl wE By 7)o F8 AR dig AL 4% d45E
o tiste BEYHA RTAAE AAtEoH, §& wglel] tig 2 HASY WSS Fopry] 4
of LA BAHS AAF 4HE 713 £, B3 F7] Add BE FF 7Y F8
318 2850 dig 48 TATHIEMG)S 1.5m/s9 £5E 7|1FRVOLE ®F381 0.75m/s
8} 175m/s9] £58 %RVCE Yehlo] £% Wil @2 2 GATE 7|&3}%h

¢
—_

1Y &% vzl 02 2y 719 24 T2 7 g AEdL <k 3 2ok 2y F7]
AA o 298 AZHE 075m/sY £%7} 1.37£0.08%, 1.25m/s9) £ %7} 1.02:004% 2}3 1.75m/s
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®3 F %7 AS 2y F T
F£71 447 g #Ar w47 wEl +47
M 20 33 13 3 16 2 10 66 71 137

7 s A

07m/s en % 10 10 @ 0 o1 05 08 0 08
M 1526 3906 4869 6497 7674 034 10000
SD 346 95 348 321 246 43 00
(s M B 2 13 13 15 13 10 5N 5 1R
' = S, SRR ) - JN 1 S/ SN I SR 7 NN |/ SR
M 1453 3948 5161 6411 7823 9070 10000
SO 146 739 128 241 128 291 0
Vs M 08 17 16 08 13 07 VY 40 8

SD 02 05 07 01 02 01 02 02 03 05

M 1194 3251 5176 6174 7716 8512 10000
SD 2,68 8.55 97 264 143 125 00

o

&£57} 0824005527 A8° ZAo2 yeygt By &% & dz}7|(stance)9} F-2}7](swing)
8 A|7HE 075m/se] XA Zz} 0.66:0.08%, 0.71:0.03%, 1.25m/sY &£xojA z+z 05240.02
%, 050:0.02%, 1.76m/s9] & oA Z+z 042+0.02%, 040400332 JElton, B8 &7} wal
AAK EAROZE Fo8 Aol I Ao EhgttHp<05).

0.75m/s9] &xoMe 42719 A8 Agbo] §Z7]9 48 ARG 22 Aoz Jehgoy
1.25m/s%t 175m/s9] &EdMe 4719 48A7k0] 23 E Rog eyt £¢ §3} $47]
(loading response), &7t ¥Z7|(mid stance), A-zt7)(pre swing) 22]3 £3F Fzt7)(mid swing)
THA 5 "3 distd FAFZ Fo% Aolrt Qe Aoz Jehgded, 53 A{A7Ig
TL w7l SE7F FUKHEA R T A UehA] @& AR A HIbt e
A2 2 Jehgohp<.05). :

0.75m/s, 1.25m/s, 221 175m/s9] &£E oA E35:87]s 0%~1526+346%, 0%~1453+1.46%,
0%~11.94:268%, F¢ UZ47I1= ~39.06:956%, ~3948+7.39%, 3251:855%, L7} Y77le
~48.69+348%, ~51.6121.28%, ~51.76+097%, A H77)= ~6497+321%, ~64.11+2.41%, ~61.74+2.64%,
27 fwA7e  ~7674+246%, ~7823+128%, ~77.16+143%, =7+ K7 ~9234+433%,
~90.70+2.91%, ~85.12:125%, L7} 94771 ~100%2 Vehdt)
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W2 A0 fifth metatarsal?} lateral malleolusE ¢33 229 WEl9) lateral malleolus};
lateral femoral condyle® 91723 Bdo WHE Aoz Ao, s|28d AAdA iy
A5 W wE g} 318 WE Alole] 2+ 2 1184515758 052 R AJAFHEA A + uhak
& A& Z3(plantar flexion), - WL vjZ FZ(dorsiflexion) 0.2 A 2JS KT

<1y 3> By £xo GE HE HEe ¥sE Jepd otk £k mEtd BY F7)9
11-15%9] 23} 3871904 AS ZFo] 45A Jehton, 075m/s9] £xoAe o 48%2 27] ¢
Z}7)(terminal stance)ol|A] Hthel vjE ZFFo] Yojytor} 1.25m/sst 1.75m/s] &TolA= oF 35% <]
F QA7 Adle wiE 23S Jdehhgdth Ao S Ha 49-64%9 A7) FEAA
FA% A2 22 nols, 6l6a%e] Wiiet oA A Fol Hojel A2 FIL YRtk

23 S%o] B2 4 B4 g gF 9B BEY ArE SAROZ §98 Aol vehA
SIRITHp<.05). A HSQ001)Se] AFo)A 45km/he] £ ) 2009 9% 5% PR A(LHO)
FEZTE 1008758852 B3| led o)A £ AFs} o 10% H=9 Ao]g Hoju gloy,
&% F7be getd BAACE fogh Aol YeUA eskthe Ade & A7 dAsa Atk
T3, QE wle o}z A|RTO)Y #HE ZAr e 124.283+6. 2958 Y31 3led, & 94+9 22 &
B AHIA $EAES Ad dASE Aoz deger, 94 45 I BE F98 Aole
vehdA gere-g g8 ot dd & FZzHmaximum dorsiflexion : MDE)% A& Z37t
(maximum plantar flexion : MPF)& 0.75m/s9] &xof X -13.51:5.94, 11.37+7.17, 1.25m/s9] &
A 11161579%, 16.89+5.64% 12]1 1.75m/s8] & To) A -11.19:5.68, 194615712 YERGTh HUj
WE ZZHMDRE &% st tiste 7o) fAH Uerden, Y A% 2IAMPRL &

RHC L'TO RHU I1HC RTO RKC IHU RHC
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7hgel wEbd Frbske Aol Uehgtou SAR0E fod Aozt fle FAoE vkt
05). ZA=ul(20000& 0.76m/s, 1.34m/s, 246m/se} &5 Z7io) ©E L2 Al wj=22
7V Z42E 57%, 565, 6558, A AZZF AEE A7 -162%, -204%, -87:E ¥82

, B A7 075m/ss} 125m/s8 &9 vind o Joh wjF 2 Axe o 56T AE

atelE Hola glow, Al AEF EI7EE 45k AR Aolg Hola o &, £E7 S48
T8 TE23YY 4y WSS 45H S F3AEE IRte ATFS BolAw AR 9
: S ALz Yeln Sled ojelg A & A4 dAs 9

B £o7t 2UMEE dEREE WS S3Hge A4S 2758 9 Elﬂl e ste %S B
ol gledl, oA Winter(1983)9} Fujita, Matsusaka, Norimatsu, Chiba, Hayashi, Miyasaki
Yamaguchi, Suzuki & [tai(1983)e] oA AFH AANE &7 $7184E ¢ & 38§
7l SAAE S FRRGE 42 222 9 27 dof B A2 IX Tk

3 U5
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gol Az

<1 o BY 450 BE BT A ASE WS 1ol F1 Gk A FFY STolA

T UHEN YA R RH i S5 Gk e, skl Wi ol A
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o
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(RTO) A74A] + ez Zuteithz) o)A AlF Fol A9 AEES Jeidlth o] & - e
&5 F23] z;»- 3k Ao] vehe, 271 §2719) 75%~80%4 Al ZHExE ez gloh
2y &xd wE 7 34 MY $ERAY AEre T4 AFE F 9% H¥A HA
}%‘ 01741(RTO), € 7§ FAIRKC), 9% =HEA SHLHUAHAA = wg
£ R0Z uehdthp<ls) A% A% 7 LHCS RKC A4
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dA= 075m/se} 1.25m/se] &% 7Hl| §98 zlolrp uEhton, RTOY LHU AlHAAM=
0.75m/s$} 125m/s, 0.75m/s% 1.75m/s8] &xztel & Aol7h vehrhp<05). Bd £x7t &
VS LE B WE 23 A4S 2 He £ IR AR Ugged, 4 5% A
HE T 2% 3A FAYE 47 93l 45 #EE wa2A A e 9% AwA 44, 28
b o)A, 9F HEX E9 T AFAA {Fo Aol7t vehd Ao Aztdrt

Hu A& 27 A& (MPPH= 075m/s, 1.25m/s, 1.75m/se] £xolA z4Z 1.93+0.11rad/s,
3.66+0.38rad/s, 3.97+0.87rad/sE UEldod, A% AZ Ay &% wWsld st 0.75m/s¢}
1/25m/s, 075m/s H.7m/se) SEAN #9F Folsk g A2 Yehgohp<0s). Jo) w3
= &S (MDF)= 075m/s, 1.25m/s, 1.75m/s9] &% o)A z+z}t -183+0.37rad/s, -2.72+0.37rad/s,
-343+043rad/s2 UElton, Al% AS Ax &% Wil thaled 0.75m/s9t 1/25m/s, 0.75m/s9}
175m/s9) £xolX Fod Aolrt gle Ao vedohp<.05).

£34(198)59 AAE mE By ZAMdA 125m/se] £% B A 22 #dY Hd y=
5 A& T 105degree/s2 31 Qled B Aoh= 50degree/s AT Ao]E Rolm Qv
I8y, Ho AZ 23 &S e 2l6degree/sE BHE|T JlEH, ©] Ade B AFERY AY F
A oz et

4 &=

=

Hol 23 2 289 284 Hat A Mg 28k

<O¥ S B 45 ©E 3E 349 A4x, Z&n, $EAYY AL F8 2EEY
5 T s el ok 2E #HL R} 587 3 77}11 AZ %—. 4 ¥ g 255
27 427) S HUZ wjE F3HY, o] F AF IFH| Wt o)A AHRTO)
HRen, ZA&Ee o] Al AdA dwts] + we g Friatgon, olF 54 fﬂ - 0¥
7kt 3o

=
o b 2 i
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AT FT871% FURD7] S 250] BAHE AR YEgon, oA 3 /47
St @] {47) Tl 2%0] BHHE AL Yeigth Otter(208)5¢] A7olM dAIIL Fo
2719 FUQZA71 BAH 2 SAo] dEES ‘éﬁb‘ Qe o] A= £ A7 A%y dAF=
Aoltk. 2y F AFAME F247] At ZAN AFEF20] BAHE ALE Welx oy, &
ArolMe T F47) olFFH HAEIo] %“*El ZAog Ueht ta Zolg Holx
125m/s8] £%8 71FCE 17m/s8] 2N 2 #% 849 F718 Holxm 3o 075m/s%h
L5m/s= A9 FARH 2 % 848 Bolx Sltk o7 075m/s9 1.25m/s9] SxdMe & &
= 248 A 2F DS (motor unit)S9] FHo| A9 frakehr} Wl Aoz Azdnh



2y S50 BE A4F29 A% TAERE <2 63 Lo etk £% W) g2 A

BEZY FF I IFF AL 175m/s9] £EM £ 9477)(mid stance)oll A Hof BA&
B F Z7) #27](initial swing)7hA] A %S Yepith Y HAH3] ZE 075m/s9 SRdME
3t

FA7IA ARZA7I7HA ALAQY 848 e on, 1.25m/se] oA Ko} 24% 84
Z224 9 & Rog uUehdth 1.75m/so e 125m/se] $TrHTh 7o e} 28) ojake] &
% A4S Jeblled oAl o 2 £55 U7 d8) 280 o 24 HASE ¢ 5 ddh 19
075m/s8] £%7} 1.25m/sEo} g4 Be 2 £33 FA48 Jeligl=d, oj3e 55 #3287 9
B4y FAYS Agsn LE BHS 1.5m/s98) o)A By o) go] AHEFeE A o
&S Bl Ao AsdT
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400
300
200
100

0

0.75m/s

% RVC

B1.25m/s

01.75m/s

@0.75m/s | 112.50 {156.10 | 130.48 | 166.67 | 110.23 | 129.03 | 96.97
B1.25m/s| 100 100 100 100 100 100 100
01.75m/s | 101.79 | 263.41 | 191.67 | 186.67 | 113.79 }229.03 |[151.52

2) | EZ

el e 31 47710 Afzdr] S & 5% Aol vea gled, Perry(2000)9) &
79} Otter(2003)5-9] A7olME 3 4247194 27) §27] Sdel 2 #50] 48 A2 8
31 glom, Hof2Q02)= HA B3 F7)(gait cycle) & 20%-55% 77t &, FUUZ4719 27] 47
7] Btel & F50) Busigon Buste B AT Aoe tha vAE FolE B

L 220 SX77ME HEANE

500 .
o 400 B0.75m/s
= 300 T
& 200 .I B1.25m/s
100 HF i
0 R Ts | | 01.75m/s
B0.75m/s |123.53 | 71.88 123.53
M1.25m/s; 100 100 100
01.75m/s | 217.65 |120.75 258.82
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= f7 02 yehgth 1.75m/s &% A 2 4 F4L 1.25m/s9
T et of 20 A o & BAE HPoH, 075m/59 FEME 125m/s9] &
T 24g nYEd, oRe SRR BN E 78 #d% 99

Holg ABSL W2 BYL 125m/s9 514 uTh § go] AEFe A o 2
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3) omjE2
BT ARA7INM BE T 55 4] Yehda ded, Otter(08)59] ATME F3t
UZ71NM 27 727] Tt 2 F3Fo] GAFE Zog ¥l glon, Hof02)= HA B F7
(gait cycle) & 20%-55% 3t &, T4V 2] A7) Fhel & 5o0] Tusigtin B sty
A7 2 dA oA ZolE B 9w LES 259 T o) #Ae Agse A
T (two joints muscle) 2 EFH7|E gt} = @2 pAe] HE FZZ(plantar flexor) &.Z2HE 2
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