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ABSTRACT

The purposes of this study was to investigate the physical compensation for gait on induced equinus in normal subjects. Ten
subjects were participate in the experiment (age: 23.8+2.8 yrs, height: 177.344.3 cm, weight: 70.844.6 kg). The study method
adopted 3D analysis with six cameras and ground reaction force with two force-plate. Induced equinus were classify as gait pattern
on unilateral and bilateral equinus. The results were as follows; In displacement of COM, medio-lateral and anterior-posterior
COM were no significant, but in vertical COM, unilateral equinus gait was higher than bilateral equinus gait. In displacement hip
joint, left hip joint was more extended in FC1 and FC2 during unilateral equinus gait. In displacement knee joint, left knee joint
was more extended in FC2, right knee joint was more extended in all event during unilateral equinus gait. In trunk tilt, unilateral
equinus gait was more forward tilt in TO1 and TO2. ROM of each joint was no significant. In Displacement of pelvic tilt angle,
X axis of unilateral equinus gait was more increase than bilateral equinus gait at FC2, TO2 and MS2. Y axis of unilateral equinus
gait was more increase than bilateral equinus gait at MS1, FC2 and MS2. Z axis was no significant in both equinus gait. In GRF,
right Fx and Fy were no significant in both equinus gait, Fz was more bigger vertical force in bilateral equinus gait. Left Fx was
more bigger internal force in unilateral equinus gait, Fy and Fz were no significant in both equinus gait.
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(callosity) 52 #AIA|ZITH(Etnyre, Chambers, Scarborough,
& Cain, 1993).

AR NA sHA] FAEE FF P27 Al S A
=37 EHES} 75 A Alele] AEH(plantar flexion-
knee extension coupling)?l] &3] SHE A, HFHPLS
H|EZ(gastrocnemius)?t 7AW Z(soleus) O 2 ©]FoI31 3f
B aFF(triceps surae)2] A o7 Qla| SAF-F2
AR 2] FrshA BAEe HAIH FE(hype-
rextended knee) EPS F'EEHch(Sutherland & Davids,
1993; Winters, Gage, & Hicks, 1987). WHeF SAZI=
g WEo] MW A THAGhH, Fojzl SYox o
g ASAA S} A FE S Ageb] flal o 25 F
HdozHEY RAEREo] @ EUKZajac, Neptune, &
Kautz, 2002).
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HASIATE Perry 52003y HF B3 A A F32
gzl THaE HA $4 F32 BEREY® Esi &
7] 4710 ZA SrEE AL f 2HEE o)8s

o] HoJFR1 3, Hampton, HollanderZ} Engsberg (2003)
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of AEHYo] A I st it WA kol
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7R 2] Aol WEE =35I, Joo, Park, Parke}
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AR HERF A sk LS Bl
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T FYEL JAIARE, = ek olse] Pt AE
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(simulation) 15 A]=3FAtH(Davids, Foti, Dabelstein,
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o thet F3Es= Plagenhoef, Evans®} Abdelnour (1983)
9] QIA] R4 (body segment parameter)S ©]-&3} L,
7} FheEtellA] doizl 2219l H3E7S DLT (Abdel-Aziz &
Karara, 1971) 28 ARSsle] 3k 37 3E3ke A=
sttt HAEleld et wet frdEo|R= A9 &)
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23193, A5} ZE] (low-pass filter)2] 2FFEI(cut-
off frequency)= 10 HzZ 3}SiTh.

B3] Al AHES F517] flste] 2ofe] AHRkEY|
(OR6-7-2K, AMTI, USAYS ARE-3IM L, 1000 HzE Al
=9 sisith 2] AuRkT|R 2% g EA TR
T3 (KwonGRF 2.0, Visol, Koreays ©]&3}5 3, 20 Hz
oA AQEH HEIE A&t FE AT BE
ARk 5= 7F Rt AlsoR ARE HFstst

o] Azlsiitt.

F

of oW G TE LR P BE 83
= PEuRor F83 AL F Al WS
ek

7} hdAeieh B3 9 9 BERY Aolo] SR F
43 9% Fatd 53N AERAYL SIS,

Figure 2. Setting of experimental situation
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Figure 3. Event of gait
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Table 1. Displacement of COM (unit: cm) Table 2. Displacement of trunk tilt (unit: deg)
Event  Axis Unilateral Bilateral t Event Unilateral Bilateral t
X 0.00+0.00 0.00+0.00 - FC1 103.81+7.46 104.38+6.95 -.678
FC1 Y 0.00+0.00 0.00+0.00 - TOl 104.99+6.79 105.70+6.74 -2.348*
Z 0.92+0.05 0.95+0.03 -3.812%* MS1 101.98+6.53 101.80+6.34 303
X 0.28+0.71 0.26+£0.67 .056 FC2 103.01+4.55 105.11+6.17 -1.261
TOl Y 19.90+3.27  17.8742.53 1.873 TO2 104.06+4.57 106.90+6.53 -2.295%
V4 0.95+0.04 0.96+003 -2.452% MS2 99.69+4.58 102.04+5.37 -2.941%*
X -0.09+1.27  -0.04%1.17 -.124 FC3 103.11£7.40 104.18+7.01 -1.573
MS1 Y 40.88+5.30  38.98+3.67 2.121 Note. significant at *p<.03
7 0.97+0.04 0.99+0.04 _3.380%: FCI: right foot contact, TO1: right foot toe off, MS1: rigth foot mid stance,
HC2: left foot contact, TO2: left foot take off, MS2: left foot mid stance,
X -1.37+1.47  -1.49+1.56 163 HC3: right foot contact
FC2 Y 62.86+4.93  61.95+7.17 .546
Z 0.95+0.04 0.97+0.04 -6.054*** = mEpao) HEo] SA1G 202 UERT s
X -2.30+1.84  -2.45+1.70 .168 221::]—'0]01]/\15‘ Hgg’! xq_—rf-lj;]. ;o/\ e ;—q_z_}%igg‘g/] Z:],
TO2 Y 77784563  79.28+6.53 -1.011 ;:E;]T 0 E};} 9 s oem e o
z 0.94+0.04  0.97+0.03  -8.212%** . ’
X -291£245 -2.85+2.07 -.054 2. BEo| Zpel
MS2 Y 99.37+44.95  100.02+6.70 -.554
V4 0.95+0.04 0.99+0.04 -8.205%** 91z wahd zZhAo= FCI3F FC2olM dERE 7+ 2
X 2314313 -1.9242.36 -292 o7} ERATHp<.05), 222 T3 ZhHgloaE =
FC3 Y 122124792 123.98:9.81  -1.749 E BapgteA] o]zt VERA] ekttt 912 ezl
Z 0.93+0.04 0.96+0.03 -5.858***

Note. significant at *p<.05, **p<.01, ***p<.001

FC1: right foot contact, TO1: right foot toe off, MS1: rigth foot mid stance,
HC2: left foot contact, TO2: left foot take off, MS2: left foot mid stance,
HC3: right foot contact
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yTF7HNA el gk Zpol 7t VERATHp<.05, p<.001). B-&
71&71914+= TO1, TO2, MS20llA HFR3 7+ 2Jol&
HATHp<.05). AFHY ¢ 9% 134 7= FCI
I FC2olM ©& HEHY Al 2ldo] IA YepdARE,
z pedde FColMT T FEH3Y A Aldo] A
Al WL, LEFE FEHE 7 e BEe BTk
A B ASHY Al o] A dofuitt. #ETE =
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Jojuirt.
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Figure 4. Changes in the displacement of COM during gait cycle
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Table 3. Displacement of joint (unit: deg)
Joint Leg Equinus FC1 TO1 MSI FC2 TO2 MS2 FC3

Unilateral 145.77+7.36 139.42+7.07 125.46+837 118.73+9.71 122.83+9.03 137.76+7.10 145.48+6.14

Left  Bilateral 128.36+28.49 129.07+28.12 118.14+20.69 112.15+17.22 116.85+18.60 130.59+24.46 131.88+29.40

t 2477* 1.553 1.799 2.527* 1.823 1.132 1.795

Hip Unilateral 103.98+6.23 113.13+5.30 132.21+6.83 142.71+4.97 133.694+5.00 112.17+5.75 106.594+6.56
Right  Bilateral 103.64+17.00 111.82+17.62 126.61+23.47 129.81+30.80 124.09+28.60 111.50+17.83 108.33+16.46
t .083 307 1.021 1.388 1.105 126 -431
Unilateral 168.76+5.30 149.69+4.54 142.24+5.63 163.24+5.75 158.99+£10.12 161.74+8.51 165.42+6.95
Left Bilateral  164.81+5.83 152.37+6.64 142.67+10.34 157.23+5.29 152.42+10.38 160.70+4.14 163.41+£3.91
Knee t 1.167 -1.359 -.150 3.937** 1.595 359 918
Unilateral 141.4544.67 135.55+5.56 146.93+6.13 148.01+£7.57 125.66+3.10 122.65+5.27 149.04+6.66
Right  Bilateral 150.83+8.01 144.50+6.12 155.70+£5.00 158.74+6.44 135.97+3.90 131.23+5.50 155.61+6.00
t -2.624%* -2.680%* -2.847%* S5.024%%% B RI9FRE 5 075Kk -2.309%*
Unilateral 103.81£7.46 104.99+6.79 101.98+6.53 103.01+4.55 104.06+4.57 99.69+4.58 103.11+7.40
Trunk Bilateral  104.38+6.95 105.70+6.74 101.80£6.34 105.11£6.17 106.90+6.53 102.04+5.37 104.18+7.01
t -.678 -2.348* .303 -1.261 -2.295% -2.941%* -1.573

Note. significant at *p<.05, **p<.01, ***p<.001

FCI1: right foot contact, TO1: right foot toe off, MS1: rigth foot mid stance, HC2: left foot contact, TO2: left foot take off, MS2: left foot mid stance, HC3:
right foot contact

Right Hip Joint Right Knee Joint
160.00 180.00
140.00 160.00
120.00 140.00
12000
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8 $ 10000
& 80.00 o
3 & 8000
60.00 60.00
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2000 20.00
0.00 + 0.00 +
FC1 TO1 Ms1 FC2 TO2 Ms2 FC3 FC1 TO1 Ms1 FC2 TO2 Ms2 FC3
—tr=Unilateral == Bilateral —tr=Unilateral == Bilateral
Left Hip Joint Left Knee Joint
160.00 175.00
140.00 170.00
165.00
120.00
160.00
g 100.00 @ 155.00
8 8
& 80.00 & 150.00
b g
© 60.00 T 145.00
140.00
4000 135.00
2000 130.00
0.00 + 125.00 +
FC1 o1 ms1 FC2 102 Ms2 Fc3 Fc1 01 ms1 FC2 T02 Ms2 Fc3
—tr=Unilateral == Bilateral —=tr=Unilateral —imBilateral

Figure 5. Changes in the angle of the lower body joint during gait cycle
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Figure 6. Changes in the angle of the trunk tilt during gait cycle olx YEhA] ottt
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Table 4. ROM of joint (unit: deg) Table 5. Displacement of pelvic tilt angle (unit: deg)
Joint Leg Equinus M+SD Event Axis Unilateral Bilateral t
Unilateral 27.60+6.17 X -538+8.05  -4.49+9.32 -910
Left Bilateral 24.24+8.61 FC1 Y 4544219 -4.69+2.26 244
Hip Unﬂ;teral - 5-9811 - zZ 7.06£3.90  298+3.85 1922
. ! DO X -523+6.83  -5.09+7.90  -276
Right Bﬂatteral 30'615;11392 TO1 Y 5234178 -544:154 1239
OrTateral 3014653 z 763+1.94  5.86+4.08 1.537
Left Bilateral 26.3420.11 X 433664  -3.94+8.66  -393
¢ 318 MSI Y 251£1.86  -4.66+1.44  7.765%%*
Knee Unilatoral 33.6027.94 z 632£1.06  650£5.01  -116
Right Bilateral 29.63+6.58 X -8.97+8.33 -4.79+6.03  -2.444*
t 1.305 FC2 Y 2.06+4.18  -424+4.58  2284*
Unilateral 7.01+2.66 z -028£9.10  2.05+3.04 -.800
Trunk Bilateral 5.97+1.55 X 986£7.91  -5.014-625 -4.538***
t 1.390 TO2 Y 175572 -3.20+3.37 1.736
z 0.53+11.51  0.67+3.75 -361
X 557565  2.20£6.68  -3.127%
5. Zh AARZE e MS2 Y -1.68+1.62  -4.9543.02  2.403*
z 3.81£10.94  3.93+1.00 -.034
T ANl XES ko] FH(HHE, YES X 6.03£6.76  -4.84:898  -.945
AT, 752 FHEE), O 3L 2n) FC3 Y 3694269 477178 1.151
ek 2 A X5 ®Sl A3 FC2 (p<.05), TO2 z 9.5249.12 3784333  1.761

(p<.001), MS2 (p<.05)llX H=H3Y 7+ zfe|7h Vbt
Y= WH$ A3, MS1 (p<.001), FC2 (p<.05), MS2
(p<.05PIX HERP 7F Zpol7F UePA|NE, ZEolxe &
€ BaF7kA Zpol7F UEREA] T XFolA @&
AERYPL Atbo] X ehe FHAHTE 5438 95
Foz Ik AAlzte] FURIALh YRAAME B IS
Hajo] gdto] AReh= FXHEIHTE ko] AWAARY
o] §A40] 71T ZFAM = = H 4F FFEY
B o] FX|shs FHHTE 9Egsko g Zils
o] skt

O

6. X| 4=

AHarE oA Fx e WIS W, Fy 3 A
HF) F, Fz 32 52 (+) Weke] 38 9ujsitt 9

Pelvic-X

FC1 T01 Ms1 FC2 02 Ms2 FC3

Note. significant at *p<.05, ***p<.00]

FCI: right foot contact, TO1: right foot toe off, MS1: rigth foot mid stance,
HC2: left foot contact, TO2: left foot take off, MS2: left foot mid stance,
HC3: right foot contact

Table 6. Ground reaction force (unit: N/N)
Foot Force Unilateral Bilateral t
Fx -45.15+15.82 -62.93+45.39  1.324
Right Fy -91.154£25.08 -109.15+43.60 1.654

Fz 670.39+82.89 769.23+£118.50 -7.785%**

Fx 45211290 35.74+10.83 4.907***
Left Fy -91.83+£31.05 -99.24+20.47  1.346

Fz 908.00+153.19 863.81+123.25  1.993

Note. significant at ***p<.001

FC1: right foot contact, TO1: right foot toe off, MS1: rigth foot mid stance,
HC2: left foot contact, TO2: left foot take off, MS2: left foot mid stance,
HC3: right foot contact

Pelvic-Z

=ty Unilateral  esliemBilateral

e=tr=Unilateral =i Bilateral

FC2 02 Ms2 FC3

N J FC1 T01 Ms1

=t Uniilateral i Bilateral

Figure 7. Changes in the displacement of pelvic tilt angle during gait cycle



Characteristics for Gait of the Induced Equinus in Normal Subjects 441

1000

T -  TE T -

-200 Right Left

M Unilateral OBilateral

Figure 8. Changes in the ground reaction force during gait cycle
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i ri r:i Q” fu

Al UEFSEAL, FollX = EE‘Q’E‘:} 2 FA ol et
IV. 9|

wae A itk 7153 THoE Qa8 B+t
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