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AMg=md ALdYstate] 2000 1€H5H 20073 39704 U89 A
shul B2 F 99 7 F EARA A4S Adadd 1698 (A 114
9, oA 55%)% Ao stk Hol% 6m o4 W] sb5d Hnj]
A4 Ao FPom, Ax F o Aol tE 5% W ol 9
= oaae Ada, 3 9]

A Aol dE ASE AU MEF] AL W AU Yy
o 91 $EAEE Hol: ALet AXniy] e AdaAT S

Aele] BA = 94 (55.6%), HE wWebn] AL 75W(44.4%)0 3, BA}
o WE ol 5439401900k Wep) gelwzi ¥ae 108W
(63.9%), ¥ & do] 55%(32.5%), 2144 =E4bo] 69 (3.6%) 0 AT FAE

NZAE @ ARe HEF U T AT 5237F AR Aoy, A4
oo mad G¥e F 4 Ak oy U AATA oy 270l

Table 1. General characteristics of subjects

B2 (%) A gt (%)
el () 54.39+15.49 51.67+6.74
713 (F) 52.37+182.29 -
= 7 () 108(63.9) -
Sl =3 (4) 55(32.5) -
44 HE=3(E) 6(3.6) -
. () 114(67.5) 20(83.3)
C T o] (1) 55(32.5) 4(16.7)




2.

SRR

7h, B3y A 339 B EA7]e Vicon 370 57 4 Al 2~ (Oxford
Metrics Ltd., Oxford, UK)< o] &3to] &5 dAs U 5984 A%

S TEATh Vicon Z2EZ] wet 719 A Aol 7 T ma

98t4 A RZE Polygon AZE 0]
(Oxford Metrics Ltd., Oxford, UK)E o]&3lo] 3ttt B3P A 29

A Akl WA S oolE eAE Fo7] fd AL AWH F A

ooy A AR ARS A 2 AEdl A B ¥ 20mel EHE 5E3T

1=}
2 ®YstA sHA, KB1-C(Panona di Albano, Rome,

Ag £

Italy)& ol §sko] 30&vith 4 2R FS ZHson, o F 3EAA
SRAA ) g Bitsto] Ha ARE(0: rate) B T, TAIG 5E 3
B AeE S48 Ha 2290, cost)E T

oA BA B3 Snd AREAA BE 4744 Aol 2A% #A

Z7] A7 €34 #2372 % (Knee flexion angle at initial contact)
(2) 3 477 HAd €34 =ZF37 5= (Peak knee flexion angle at
midstance)

(3) A7t u 71 A £ 384 ZF237Z 5= (Knee flexion angle at toe—off)



4) w27 A €34 =37 % (Peak knee flexion angle in swing)

=4 W A 24 =28 SPSS 1202 ol &8y v ®
Ae e rad A e 9, weRd e, we A Ans

W = independent t-testE& °©]&3tHom, oA L F B EFHE S
Eutx AAReF dzb-A] AAL, 7 gk A Aol FholAly AA

(chi-square test)o. & #2132t}
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Fig 1. Knee sagittal kinematic data of each group.

Table 2. Comparison of general characteristics of subjects

Groupl(n=50)

Group2(n=23)

Group3(n=45)

Group4(n=51)

Age (years)” 55.48+14.69 43.00+16.65 57.73+15.65 55.54+13.55"
Sex male 31(62.0%) 13(56.5%) 30(66.7%) 40(78.4%)
female 19(38.0%) 10(43.5%) 15(33.3%) 11(21.6%)
Duration (weeks)  52.57+250.00 47.86+91.00 56.43+209.43 50.71+91.00

Values are mean * standard deviation

*; p<0.05(between four groups)

a; p<0.05(vs. group 1), b; p<0.05(vs. group 2)

Motricity index® 3, 43 ©]
67.637, 64.587%

10

Wi 57334, 5250808 1, 229

vl A FAGA R ou A

3

22131, Brunnstrom



staget™ 4ol A Bt 361712 1, 2709 H it 45071, 4.237]° H|3l] S A
Ao F oo A woki(p<0.05), 37 1ol H|3] FATAH R ofug)

| Sk th(p<0.05). 173} 27+ FFoll &= Motricity index, Brunnstrom stage
o oju = Aol E HolA g dkrh(Tabled).

Table 3. Comparison of Motricity index & Brunnstrom stage

Groupl(n=50) Group2(n=23) Group3(n=45) Group4(n=51)

Motricity index 67.63£10.03 64.58+10.60 57.33+9.024" 52.50+9.75*"
Brunnstrom stage 450+0.84 4.23+0.81 3.71+0.82° 3.61+0.67*"

Values are mean * standard deviation

*; p<0.05(between four groups)

a; p<0.05(vs. group 1), b; p<0.05(vs. group 2)

Medical research counsil T3 ol 93¢ T4 ZHPAY diFf o] 5o
A 3, 47t0] B 28 ALE By, 17 23 FoE 2ol S Holx ¢
Sth. 53] Sl = (ankle dorsiflexor)®] 7% 470 A 1.78% 1, 2, 3

o Wt 326, 2.78, 2470 HlE} FAA om Al wrekal, 3w 17
Hls] ou) A okt =A== Z(ankle plantaflexor)] 73
et 1942 1, 2, 3759 Ht 346, 3.17, 2.76°] v T A2 &n|gl

AL, 3wt 1akell mlef om ol wokoh nwd =5 A4S 3, 4o
Wt 318, 3122 1, 2979 H4t 376, 361 H|& FTATHoZ 9w glA
sokom 3w 4 Atolele omdle Aole T S9AE Fad3
Aol g 4ol 1, 2ol mls FAIA owdA ko 3
ol wlel o w oAl ek th(Table 4).
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Table 4. Comparison of manual muscle test

Groupl(n=50) Group2(n=23)

Group3(n=45) Group4(n=51)

Hip flexor” 3.76+0.56 3.61+0.58
Hip extensor 3.56+0.64 3.43+0.73
Hip abductor” 3.52+0.65 3.52+0.67
Hip adductor” 3.56+0.61 3.70+0.64
Knee flexor” 3.54+0.81 3.50+0.67
Knee extensor’ 3.72+0.57 3.70+0.56
Ankle Dorsiflexor’ 3.26+1.01 2.78+1.09
Ankle plantarflexor” 3.46+0.97 3.17+1.07

3.18+0.58"" 3.12£0.63""
3.04+0.60" 3.04+0.85°
3.180.58 2.96+0.69*"
3.29£0.59 3.06=0.73""
3.07£0.69" 2.76+0.82*"
3.31£0.63" 3.080.77*"
2.47+1.08" 1.78+1.06™"¢
2.76+1.19° 1.94+1.12%P¢

Values are mean * standard deviation

*; p<0.05(between four groups)

a; p<0.05(vs. group 1), b; p<0.05(vs. group 2), c¢; p<0.05(vs. group 3)

dAtEHels nwdd SRdAN = 7
3

53

Table 5. Comparison of range of motion

| I g
= 10.89%,
16.20% ¢l vl FA A o= ofu A 2% tH(Table 5).

AL, S
961%= % 19 it

Groupl (n=50)

Group2(n=23)

Group3(n=45)  Group4(n=51)

Hip flexion(®) 120.00£0.00 119.55+2.13
Hip extension(®) 29.50+3.54 28.41+5.21
Knee flexion(®) 135.00+0.00 135.00+0.00
Knee extension(®) 0.00+0.00 0.00+0.00
Ankle dorsiflexion(®)" 16.20+6.89 13.86+6.89
Ankle plantarflexion(®) 20.00+0.00 20.00+0.00

120.00+0.00 119.61+1.96
29.56+2.98 29.51+2.50
135.00+0.00 135.00+0.00
0.00+0.00 0.00£0.00
10.89+10.19° 9.61+11.44
20.00+0.00 20.00+0.00

Values are mean * standard deviation
*; p<0.05(between four groups)

a; p<0.05(vs. group 1)

12



0
Al o, A =H AF 3, 4wre] Hir 1.07, 1212 109 H 045
of mlaf FAAoE on A ZtHTable 6).

Table 6. Comparison of modified Ashworth scale

Groupl(n=50) Group2(n=23) Group3(n=45) Group4(n=51)

Hip flexor’ 0.25+0.46 0.45+0.65 0.52+0.63 0.8620 61°"¢
Knee extensor” 0.35+0.54 0.50+0.66 0.58+0.70 10040 59%
Ankle plantarflexor’ 0.45+0.61 0.77+£0.67 1.07+1.02° 1.21+0.65

Values are mean * standard deviation
*; p<0.05(between four groups)

a; p<0.05(vs. group 1), b; p<0.05(vs. group 2), c¢; p<0.05(vs. group 3)

3. Al &4 (temporo-spatial) A X W] 1L

B3 Hx= daFol A Ao Hit 1.07Tm/secol BlF) W o+ EF o
n YA FFAFAT. 3, 47l A H 0.26m/sec, 0.18m/secO. 2 1, 2779 ¥
0.67m/sec, 0.41m/secell Hl& EAstH oz oujd A vokow 4:to]
, 1ol A ZH g B S5 HAth B4 (cadence) 9 A
Aol HLt 110.42steps/minel] H] | T AT EFolA FASIH o 9
QA ggkom  4atoll A Wt 52.21steps/mino 2 7 2 tH(p<0.05).
2] & 7] Al ZF(single support time)& Ao 4 36.1%XH
o} A o2 gu A ke, 4utoll A B 13.2%
2 7 vra, 359 okriEl @ 7] Al ZH(double support time)& A ¥
T 27.9%0l Hl& bt BT m Al Eskow 4ol A W 625%E
7V R 22, F59 s Er] Az Bigd AEE He §5ud

b

£

r 0
)\
lo
i
_E

A H] (asymmetry ratio of single support time)%®= 3ZFA}at &

7 o
FolM ATl Wit 41%¢0l Bl SASH R u A Eokow, 47

13



A B 467%2 M ED 1A BF 116%2 M o) e
B (step length)> A4+t 9] i 0.58meol Hl&| SRt A BT T A
Aoz oul A Zki A o ¥l Al 3, 4ol A H 1 0.24m, 0.23m
2 1, 279 H 042m, 0.38mell H& ofw QA Advh. B B A A
(asymmetry ratio of step length)% AA9 1+ 3.6%c°l H & 1, 2, 47"
ol A 4t 18.3%, 783%, 190.4% o2 FATA ou| A For, AT

Wonla Al FAIGA o7 u gl AtolE HolA= &t tH(Table 7).

o

Table 7. Comparison of temporo-spatial data

Groupl(n=50) Group2(n=23) Group3(n=45) Group4(n=51) Normal(n=24)

Gait speed(m/sec)” 0670237 0412018 026+0.137**  0.18+0.117*" 1.07+0.13

Cadence(steps/min)” 96.02+18.88%  75.94+21.977* 69.41+1853%* 52.21+14.927*"¢ 110.42+7.68%F

Unaffected single ” " Fab Fab
) 32.56+4.97 33.02+6.12 26.01£6.71"7*"  24.58+7.92"% 36.14+£1.91
support time(%)
Affected single + fa £ ab Fabe
) 29.80+5.83 23.35+7.65" % 18.15+6.49 " 13.19£6.51 "~ 36.14+1.91
support time(%)
Asymmetry ratio of + Fa Fa Fabe
) ) . 11.58+11.57" 30.83+18.37 " 33.84+20.35 " 46.65+15.49 ™ 4.09+3.87
single support time(%)
Unaffected double
support time(%)"
Affected double

support time(%)"

38.21+7.42%  4593+9.63™" 5552+11.047*" 6154413747 "¢ 27.86+3.12

3855+7.59F  46.86+9.727" 55.44+10.187" 62.45+14.127"¢  27.86+3.12

Unaffected

step length(m)”
Affected

step length(m)”

041+0.117  0.28+0.12%*  o021+0.117**  0.17:0.107*" 0.58+0.06

0.42+0.117 0.38+0.087  0.24+0.09*  0.23+0.09"*" 0.58+0.06

Asymmetry ratio of
step length(%)

183322717 78.26+163.937 129.94+432.61 190.36+454.08°  3.55+3.60

Values are mean * standard deviation
*; p<0.05(between four groups), ¥ ; p<0.05(vs.normal group)

a; p<0.05(vs. group 1), b; p<0.05(vs. group 2), c¢; p<0.05(vs. group 3)
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gl o 17
Ho =Rt A= dms AT Wt 14.38%0] Hlsl 2, 470 HAt
19365, 17282 FASH oz ofu[glr zow, &xa f vl Al 4
oA 1, 379 4t 16.37%, 14515 vls| TATA o= on A Foh

A el ZFHE 7hE 3 A $l(range of motion)E Aol H 2570
vl gkapat mFol A FAGH o r ow ol FUFeSl =, 4ol A B
958%x= 1, 2, 3 , 6.99%, 64650 H& FATA o= ou| glA
Z1 Hp<0.05)(Fig.2).

Hd
"12
N
DO
N}
H'I

Pelvis upward rotation
Pelvis anterior tilithg angle

group 4

2 346586

degrees
1

degrees
—— e e e e e e
O=2NWERINI0W

Gait cycle(%)

4-3-210

Gait cycle() .

Pelvis internal rotation angle
5.01

trol
2-571“-—\"\%:1 ! /.
0.0f — e =

degrees

-10.04 ~. /

-12.59 Gait cycle(%)

Fig 2. Pelvis kinematic data.
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L Al 824% 0] w3 F 784
ok 27 ol Ay FHo =3 A (pelvis upward rotation) ZFEE A
At e] Wt 294% 9 vl A] 4ol A RE B 5925 82 B 83 o

Al Fom, AT U Bl Ao &= 45to] 1, 2 39 H 1.11%, 3.23
of v FAtAem ou A 3 H(Fig.2).

3.59% &
Aol Ho =k 9] 3] A (external rotation) ZtEE AATLY Lt

2 SATHoR guidA 93 Z=rt A, S W ¥

4ol 1wr9] it 0.93= (W3] 0.93%)e vls] <u A g3 =7}
Aok HA = 3 A (H =8 Wi )4 Ee Ao B 4.63%= (W
314 4.63%)e Hvl8) 2, 3, 4utellA H+t 2.09%, 058%, 053 % F A 84
o ou A Zoka, T W WA Al 2 3, 4770 179 Hyt 473%
of ®laf ou A Askth IH Ao WY JhewARS] dxes AN
o et 890k HE) Aol ARt Ht 1391=2 Yu A oy vE
T2 A e AolE HolA @k, SA W Hlul Al 45 o]
2, 3379 Wyt 751%, 9.89%, 10.11%0 wHs] FAGH oz oudA o}
(Fig.2, Table 8).
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Table 8. Comparison of kinematic data in pelvis

Groupl (n=50) Group2(n=23) Group3(n=24) Group4(n=51) Normal(n=24)

Max.! + -
e tilting(®)" 14514559 17.28+4.56 16.37+4.32 19.36+5.52" 14.38+4.07
pelvic tilting(°
Pelvic N g b oA b oabe
ROM sagittall(*) 4.22+2.04 6.99+4.49" 6.46+3.29"" 9.58+4.72" > 257+0.87
sagitta
Pelvic mean . o+ a
rerior tilting(®)" 12.24+5.26 13.89+4.86 13.32+4.13 15.37+4.99 13.14+4.16
anterior tlting
Range of + + + abc
e obliquity(*)’ 5.20+2.61 5.90+2.73 5.13+2.43 8.24+3.92"™ 7.99+2.70
pelvic obliquity
Mean _ o ort ’ ot a
Mvie obliauite(®)’ 0.15+1.64 1.66+2.87 1.14+3.02 1.93+252" 0.16+1.41
pelvic obliquity
Max." pelvic upward R ( S e ont abe . .
et i - 1.11+2.00 3.23+4.41 3.59+3.49 5.92+3.83" > 2.94+2.78
0] mn swing
Max." pelvic upward N b oac
Rt 2.62+2.04 4.37+4.07 3.73+3.38 6.33+3.59" ™ 4.24+2.27
o)
Min." pelvic upward . ot ot P et . .
Rot'c)’ -2.58+2.17 ~1.53+2.54 -1.40+3.11 -1.91+3.05 -3.75+1.72
0]
Mean pelvic ER*(®)" 0.93+2.96 -2.86+4.65" ~4.29+7.66" * -6.317.23" * ~0.07+2.13
Max." pelvic ER*(°)" -2.78+4.06 ~7.79+6.71" -054+8.10" " -13.38+8.23" "¢ ~4.27+2.47
Min.* pelvic ER(®)" 4.73£3.09 2.09+4.17" 0.58+7.77" * 0.53+7.27" * 4.63+3.07
Pelvic Rot® a t abe
ROMEC) 751+4.27 9.89+5.70 10.11+4.41° 13.91+5.24" > 8.90+3.19

1. Max; maximal, 2. ROM; range of motion, 3. Rot; rotation, 4. Min;
minimal, 5. ER; external rotation

Values are mean * standard deviation
#; p<0.05(between four groups),¥ ; p<0.05(vs. normal group)

a; p<0.05(vs. group 1), b; p<0.05(vs. group 2), c¢; p<0.05(vs. group 3)

U, 23de] 34 Ax v

247 Hd 13d S5 AdERe A4 ®r 39.29%0 a3, 4t
A H T 34.25%, 3080 % FAIStH o R ou A Zra, A W vl
Al 4ito] 1, 29 HF 39.60%, 38.07% 0 Hl&) BAGA 0w ou oA %
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o] #Shth(p<0.05)(Fig.3).

Hip flexion angle
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<
51 °
o
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g o] 5
©
2, 3°
104 ald
(=] v v v v
o 25 Bolua 75 100 ¥
Gait cycle(%) © Gait cycle(%)
Hip internal rotation angle
©
e
w 0
Q
g
=) o
[}
T
b
e
0 Gait cycle(%)

Fig 3. Hip kinematic data.

Aol e 9] d(abduction) 3ol ARt Hat -252%= (2] 252%)2 A
dare] Ht -5.05= (9 5.05%)e HlE) ou A AAo, FAat
H ol A 7} ke Aol ik Hdl a3dd W d(adduction) 3, 4+
ol Al B 576k, 534% 2 Aol Hi 767 v ou dA Ao
v g o Bl Al 2kl = gl A HH(Fig.3).
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A 134 93] d(external rotation)S AT AT, AT W H]
Al zpel7E gldoh ol 3d Wl 3] A (internal rotation)- 3ol A qk
H 10562 AATo i+ 17.33%0] & ou A Zgka, skxpat o
Hl 2l A ZFo]l= ¢l A Th(Fig.3, Table 9).

Table 9. Comparison of kinematic data in hip
Groupl(n=50) Group2(n=23)  Group3(n=45) Group4(n=51) Normal(n=24)

Max." hip flexion ¥ b oab

] . 39.60+4.06 38.07+6.56 34.25+6.64" 30.80+7.02" = 39.29+4.99

in SW7(°)

Min.? hip flexion . . ‘b b

] o 4.34+9.62 4.80+8.38 13.60£8.98" **  10.57+6.98" * -3.79£4.10

in ST (°)

Hip flexion Y a o ¥ oabe

. 38.28+7.05 31.79+6.41" %  3151+588" %  2526+6.63 ™ 38.88+4.83
at 1C°(°)

Max.! hip Ab%(°) -4.55+4.12 -4.74+3.51 -2.52+4.62" -3.83+4.98 -5.05+3.25

Min.? hip Ab®(°) 7.04+4.31 7.62+4.01 5.76+4.40" 5.34+5.69' 7.67£2.95

Max." hip ER'(°®)  -16.48+7.83 ~12.33£7.08 -13.40+8.12 ~12.44+8 48 -14.96+5.80

Min? hip ER"(°) 14.31+7.11 13.88+8.23 10.56+7.14" 14.14+8.41 17.33+7.12

1. Max; maximal, 2. SW; swing, 3. Min;, minimal, 4. ST; stance, 5. IC;

nitial contact, 6. Ab; abduction, 7. ER; external rotation

Values are mean * standard deviation

*; p<0.05(between four groups),t ; p<0.05(vs. normal group)

a; p<0.05(vs. group 1), b; p<0.05(vs. group 2), c¢; p<0.05(vs. group 3)
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O @A 2edde Ax v

271 AAAN 8- F3 AR 1, 2, 3welA Hd 1979%, 13.14%,
216252 Aol Wt 10365k wle] FAGHoZ fugiA Flom,
, 4ol Wit 13.14%, 11.74% 0l
A7l =dde] Al =% 7
= AT Hi 2000=0] wE 2, 4wrellAE W 1153%, 897TER
SAAom gu oA A%k, 1, 3wellA e Far 2729%, 28122 A4

]

=
o
o
X
M
Lo
o,
=l
(@)}
o1
i
a1
k1
=
2
Lo
=

°
)
R
32
rlr
=

, 1ol S 60.66
= 9 Wt 49.23%, 39.27%, 24.08% 0 Hvl&] 9w A =k, 4
o] Wit 2408=% wE ol M| FAGH R U A YA HFigd).

JZt71el Hol 34 ¢ Rk(valgus) Zt=+ 1, 3ol A Hd 6115 (L "k
6.11%), -580= (& Rk 580%)= HAFv"e] i+t -3.30% (2] 3.30% )0l H] )
BAgA R gu A Fow, 43t0] Ht 2445 (LW 244%)= 1, 37
of ma] TAStH o ou YA 2HUH(p<0.05)(Fig. 4, Table 10).
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Fig 4. Knee kinematic data.
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Table 10. Comparison of kinematic data in knee

Groupl(n=50) Group2(n=23) Group3(n=45) Group4(n=51) Normal(n=24)

Knee flexion

. 19.79+7.84"  1314+429" " 2162+756" " 11.744.75™ 10.36+4.79
at IC (°)
Peak knee flexion ¥ o P Foac
0 27.29+6.04 11.53+5.95 28.12+6.95 ° 8.97£6.33 20.00+4.92
at MS™(°)
Knee flexion at + B t b b oabe
TOYe) 54.33+6.89 39.17+8.79 31.17+6.84 "7 14.14x852° 38.83+6.59
Peak knee flexion 4 o *oab +oabe _
i Lo 60.66+6.55 49.23+6.89 " 39.27+6.68 7 24.08+7.48 *” 65.75+4.23
in SW(°)
Min.’ knee + a ¥ Foac
. 6 o 15.17+6.59 4.34+4.69° 15.26+8.31 - 2.15£4.80 6.32+2.98
flexion at ST(°)
Max.” knee varus + + a Y
6o 9.23+6.28 6.68+7.54 3.92+5.21 4.37+5.91 2.33£2.95
at ST(°)
Min.’ knee varus ¥ _ + ac
6oy * -6.11+4.27 -4.68+3.19 -5.80+4.52 -2.44+2.76" -3.30+3.49
at ST(°)
Max.” knee ¥ e
4 -4.04+5.21 -3.38+4.29 -3.08+5.34 -0.21+4.27 % -2.48+3.08
valgus at SW'(°)
Max.” knee varus + b '
15.29+7.47 14.53+7.91 9.36£6.59 11.82+6.99 16.84+6.73

at SW'(°)"

1. IC; initial contact, 2. MS; midstance, 3. TO; toe-off, 4. SW; swing,
5. Min; minimal, 6. ST; stance, 7. Max; maximal
Values are mean * standard deviation

%, p<0.05(between four groups),t ; p<0.05(vs. normal group)

a; p<0.05(vs. group 1), b; p<0.05(vs. group 2), c¢; p<0.05(vs. group 3)

2t FHde LFEPAA Ax v

z27] HAA7] Fulage At Wt 268%0 vl A B A
TATS oz fFosA wokow, T Ul MW Al 2, 4tolA] Hat
-941%, -789% % 1, 379 Wi -045%, -257%° vl EAH o7 H
ofstA vtk 41 HAd FuiE dee 1
Aatel Hat 16.12%0 wlE FostA =k, 2
12.38%, 54252 Aol vs FASH oz FojshA vt

At el A s 1ato]l o el Wl oAl E:al, 4wte] thE el W

lo
W
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3l FoaA otk BaAF)e 98% A MM FulEt Adn= AT
o Hit 260%° nBlal 2, 3, 4ol Wt -921%, -221%, 81l1==® &
doz ou A vgtew, 172 Hy 04552 AT 9u s
o] E Kolx] gFokrh. A Ul HlW Al 2, 4ol A 1, 3ol HE EA
st o2 oum A urgkth Wbt w7 A FAFH e AN AT
HA @ 882%)0] vlE] AT ellA BF FATH oz oug)
A skom ) 33l A Hit 406= (Sl 406%2)2 1, 2, 4079 Ht
-3.84%, -2.32%, -049% 0l M3 FATH R U YA FolA FA=
o] #radE & F ATk 2 1, 2, 475 WolME BATGHoR 9N

U= Aol E Hol A= & UtH(p<0.05)(Fig.5, Table 11).
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N ‘grgup1
2 ¥ o
o 2 0
e 0
o w ¥ o
[} 2 <1
T of S 1
0 % ~
2 §1
; o ,
- b t
Gait cycle(%) o Gait cycle(%)
=3

Fig 5. Ankle kinematic data.
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Table 11. Comparison of kinematic data in ankle

Groupl(n=50)  Group2(n=23)  Group3(n=45) Group4(n=51) Normal(n=24)

Max.! ankle

DF? in STHE)" 18.82+4.55' 1171582 ¢ 12.38+516" " 542+622" *"  16.12+3.10
m =
Ankle DF? ta b *ac
© 08% GO -0.70+5.80  -9.21£9.73" ¢ -221+7.71" " -8.11+7.80" * 2.60+3.03
a o
Ankle DF’ . ‘. . t e

5y -0.45+5.57 -9.41x876" *  -257+737' " -7.89+7.38" 2.68+2.78
at 1C°(°
Max." ankle PF° + + *ab e
L PO ~3.847.20 -2.32+10.76"  4.06+657 " -0.49+7.39" " -8.82+4.95
a

1. Max; maximal, 2. DF,; dorsiflexion, 3. ST; stance, 4. GC; gait cycle,
5. IC; initial contact, 6. PF,; plantarflexion, 7. PO; push-off
Values are mean * standard deviation

*; p<0.05(between four groups),t ; p<0.05(vs. normal group)

a; p<0.05(vs. group 1), b; p<0.05(vs. group 2), ¢; p<0.05(vs. group 3)

Azr7] Hd 234 =F3 EUEE A4 e Hi -0.64Nm/kg(== =2l
E 0.64Nm/kg)ol wl&) Aot RFolM FAsHoz ou A ki, 1
ol A Hit -040Nm/kg® 2, 3, 479 H+ -0.38Nm/kg, -0.29Nm/kg,
-0.16Nm/kgoell W3l A o2 om A Hck 427 Hd nadd 2l
A RUEE AT Hi 082Nm/kg(Ad EWE 0.82Nm/kg)oll H] 3
FAT B A FAA R U Al Zek o, AT W Blul Al 1+
oA HF 057/Nm/kg® 2, 3, 479 H 0.26Nm/kg, 0.35Nm/kg,
0.28Nm/kgell Hls om A 4 A ZAEZ ZAth(Fig 6).

oft
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Hip extension moment - .
Hip generation power

0.6 control

Nm/kg
-0.6 0.4 -0.2 -0.0 0.2 0.4 0.6
Watts/kg

Gait cycle(%)

** Gait cycle(%)

Fig 6. Hip kinetic data.

A7t nd A& AANA AT Ht 0.69Watts/kgel ¥l 3l 2, 3,
A4tol A H it 0.36Watts/kg, 0.29Watts/kg, 0.17Watts/kg® S A gtz o=
Au| A Fkom 1w A= Hir 0.63Watts/kg= AT HhE o)
& HolA e AERE Zvh 283 AT ol vl AlE 3 4700] 1k
vl A A o m gu A Atk 447 n@d dEY Fre AAAT

o At -027Watts/kg(d &2 & 027Watts/kg)oll Bl 1, 2304 o
o -0.37Watts/kg, -0.30Watts/kg= Z o, 139 gkvto] FAg Ao =
zfol o 4ol M= Wt -0.13Watts/kg= At 1] 1L 3
TAgH oz ogn A FFgrh. aEla A W "l Al 47t0] 1, 2309
vl e Zokar, 3w 1wtoll wls) AFgkeh. A2 (preswing) L ¥Hd A E 9
AT At Hat 052Watts/kgell  Hl&l 2, 3, 4vtol A H Lt
0.26Watts/kg, 0.12Watts/kg, 0.06Watts/kg= TA A o2 ou] A =%k
om 1T E Hir 0.52Watts/kg= A HY2 Aol7t g, A}
o Wl Bl Al 4ol 1, 23t HlE| FAIEA 0w w9l A ekt (Fig 6).
A7) Ad mod 9" EWEE 3 47olA W 0.68Nm/kg,
7TINm/kg= A9 H 0.87Nm/kgell B3] FAstH o=z 2ofn
I, 1, 292 H1 0.81Nm/kg, 0.82Nm/kg= Ad w3 HEorE Zol7t ¢l
Qo gt W vla Al 9u gl Aol Holx ¢kokth 17br] Hu)

A
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ad Fd RUEEW WId ZUE)E 1, 3, 470 Hit 0.04Nm/kg,
0.04Nm/kg, 0.06Nm/kgo.2 A9 Hit 0.09Nm/kgol B8] & A4 o
2 9u A Fa, 27 HF 0.07Nm/kgZ AATI udE A=
ofUdth. AT W HlW Al 3o 2, 4ol Bls) ou Al Zkoh
(p<0.05)(Table 12).

Table 12. Comparison of Kkinetic data in hip

Groupl (n=50) Group2(n=23) Group3(n=45) Group4(n=51) Normal(n=24)

Max.' hip flexion

Mon? gt ST Nm/ke) -0.40+0.21" -0.38+0.23" -0.29+0.20" * 0.16+0.14" *"* -0.64+0.13
om~ at ST (Nm/kg
Max." hip extension s = ta ) ot a . At a o
Mom? at ST (Nm/kg)" 0.57+0.30 0.26+0.15" " 0.35+0.27" " 0.28+0.20" " 0.82+0.21
om at o
Max." hip Gen® at . . ¥ oa ta ta
N . 0.63+0.46 0.36+0.23" * 0.29+0.42" " 0.17+0.12" 0.69+0.25
ST (Watts/kg)
Max.' hip Abs® at + R t b
o . -0.37+0.28 -0.30+0.18 -0.21+0.19° -0.13+0.13" * -0.27+0.13
ST (Watts/kg)
Max." hip Gen® at g +oa +oab
PSW(Watts/ka) 0.52+0.36 0.260.20" * 0.12+0.10" " 0.06+0.10" * 0.52+0.21
N atts/kg
Max." hip Add’ Mom” . .
¢ ST (Nm/ke) -0.05+0.08 -0.04+0.08 ~0.06+0.12 -0.04+0.15 -0.100.08
at ¢ m/Kg
Min® hip Add" Mom® . '
. 0.81+0.21 0.82+0.27 0.68+0.29 0.71+0.40 0.87+0.23
at ST’ (Nm/kg)
Max." hip Rot” Mom® . . ot b ' e -
¢ ST (Nm/ke) 0.04+0.04 0.07+0.06 0.04+0.03" 0.06+0.06" 0.09+0.05
at ¢ m/Kg
Min.® hip Rot” Mom® ' . ‘e
-0.15+0.07 -0.06+0.07" " -0.10+0.75° -0.03+0.04" ™ -0.13+0.08

at ST*(Nm/kg)*

1. Max; maximal, 2. Mom; moment, 3. ST; stance, 4. Gen; generation,
5. Abs; absorption, 6. PSW, pre-swing, 7. Add, adduction, 8. Min;
minimal, 9. Rot; rotation

Values are mean * standard deviation

*; p<0.05(between four groups), ¥ ; p<0.05(vs. normal group)

a; p<0.05(vs. group 1), b; p<0.05(vs. group 2), c¢; p<0.05(vs. group 3)

g s@de $EYRA AR
Ao 294 27 wlE: 4479 BF 03Nm/kg(2S ZuE
0.34Nm/kg) °l ®la} 1, 2, 3ol A F -0.24Nm/kg, -0.23Nm/kg,



0.14Nm/kg® EATHOR v Ak, 4TS T -0.30Nm/kg
2 ATl ve uQE Aol Atk A o) )
H

:—‘
=~
=
=2
=
:(u)l‘_',
lo,
=
%2,
X

C
Mo
|y
r o)
i)
M
1
td
=
[m
et

b
Ao E#d Ad ZuEE ZA4Te Hd 0.17Nm/kgol v& 1, 370l
Al 3 0.40Nm/kg, 0.33Nm/kgo = Z A2 oz on 9 A i, 472
F# 0.08Nm/kg= AGwweh ouglAl zhokvh. At W vl Al 43
o] Tt ol vls u A E#HH AW BAEZ Fgka, 1, 330 2,

4ol mis o w A A (Fig 7).

Knee extension moment Knee generation power

Nm/kg
-0.2 0.1 -0.0 0.1 0.2 0.3

control 0.6 Gait cycle(%)
Gait cycle(%)

Fig 7. Knee Kkinetic data.

d77] HAd €34 dEY AL ANTY H 041Watts/kgoll 1] 3l
2, 3, 47ol A HI 0.19Watts/kg, 0.27Watts/kg, 0.11Watts/kg= = A -5
o7 ougA HAowW, 1++& HiF 040Watts/kgo & AAFI HuE

Aol 5 Holx eFskvh. Zelar Sk Wl Wl Al 4ol b Apgtow ]

3ol wal BAFHOR JgEA ATk Q2] A FwH AE F
S AT WE -095Watts/kg(UES FF 0.95Watts/kg)l 13} @
Agold W BAfHoR eugdA Agted, 2, 3, dzdd B

-0.30Watts/kg, -0.21Watts/kg, -0.15Watts/kg= 1729 -0.55Watts/kgoll
Hl gl AT A o= ofn A 2 skth(Fig.7).
Ho &34 9nk(valgus) EWEE A9 H 0.61Nm/kgel w3 3+
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Ao A B FAS A o w ou A Zgkow, 45to] Hit 0.31Nm/kg >
2 7P Ak, ol 1w9 et 046Nm/kgell Hl&| FAI8A o= ofn] gl
3, 47t Ftoll= oJm &= Aol &= gl tH(p<0.05)(Table 13).

Table 13. Comparison of kinetic data in knee

Groupl(n=50) Group2(n=23) Group3(n=45) Group4(n=51) Normal(n=24)

Peak knee F!'

) -0.24+0.17" -0.23+0.12" -0.14+0.13" " -0.30+0.19° -0.34+0.12
Mom”(Nm/kg)
Peak knee Ex’ + a s b oabe

) 0.40£0.19 0.20£0.19 0.33+0.19" *  0.08+0.08" " 0.170.11
Mom“(Nm/kg)
Max." knee Gen® ¥ oa b oa toac

. 0.40+0.22 0.190.17" - 0.270.18" 0.1120.97 = 0.41£0.19
at ST (Watts/kg)
Max." knee Abs’ ' ‘ ‘o ‘o

. . -0.55+0.31 -0.30£0.25"*  -0.21£0.18"*  -0.15£0.13" -0.95+0.54
at ST (Watts/kg)
Max." knee valgus + + + toa

0.46+0.21 0.35+0.21 0.39+0.25 0.31+0.23" 0.61+0.23

Mom®(Nm/kg)"

1. FL; flexion, 2. Mom; moment, 3. Ex; extension, 4. Max; maximal, 5.
Gen; generation, 6. ST; stance, 7. Abs; absorption

Values are mean * standard deviation

*; p<0.05(between four groups),t ; p<0.05(vs. normal group)

a; p<0.05(vs. group 1), b; p<0.05(vs. group 2), c¢; p<0.05(vs. group 3)

Hol Sz EWE+= AT #Hd -0.08Nm/kg(Ful=3 EWE
0.08Nm/kg) ©° W3] 2, 3, 47olA HIF -0.04Nm/kg, -0.02Nm/kg,
-0.02Nm/kg= FATA o2 ou A #gkow Zapat Ul vl A] 3 43"
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2, 3, 4ol Wi 066Nm/kg, 0.69Nm/kg, 055Nm/kg=z 19 %3t
1.0ANm/kgell vl&l] oJul QLA 2hokar, o] F 472 1, 3ol uls] < u| A
Atk (Fig 8). Al a4 UEg9 A AT Ht 2.39Watts/kgol
Al 8 gkt REe A BAS A o2 ou A Zgkar, At W HlaL A
2, 3, 472 Wit 044Watts/kg, 0.27Watts/kg, 0.16Watts/kgZ 1] 33t
1.21Watts/kgell v]3l] FASA o2 ou A 2gkon 472 713 2o
A1, 29 o9l AFolE B TtH(Fig 8).

Ankle generation power

Ankle plantarflexion moment

1.0

Nm/kg
0.5
Watts/kg
1.0 -0.5 0.0 0.5 1.0 1.5 2.0

o
° 100

o) Gait cycle(%) ' Gait cycle(%)

Fig 8. Ankle kinetic data

Ay =34 ¢ d(abduction) ZWES AATol Ht 0.14Nm/kgell 4] &)
gapatoll A ¥t 0.07Nm/kg, 0.05Nm/kg, 0.04Nm/kg, 0.05Nm/kgl = X
FATH R gu YA Aoy, AT el EHE AolE HolA
okt A F9E 94 EuE(FHy F3E A 2ue)s AN @
bt W o ml= AFolrh glloem Sakat el Ak gl Aol E Ho
A ekokth Hu £34 3 A (rotation) EWME(HY H3HE yId RWE)
v AT e i 0.26Nm/kgell vl #apat EFolA FATAHOR 9w
DA FARorm 47 Hi 0.07Nm/kg= 7HE #Aow 174 HA
0.11Nm/kg® ot} EA1ex oz gn g A ZAtH(p<0.05)(Table 14).

29



Table 14. Comparison of Kkinetic data in ankle

Groupl(n=50)  Group2(n=23)

Group3(n=45)

Group4(n=51)

Normal(n=24)

Peak ankle DF'

) ~0.06+0.09 -0.04+0.04" -0.02+0.03" %  -0.02+0.02" * ~0.08+0.05
Mom~(Nm/kg)
Peak ankle PF’ + g *a *oac
Mom (Nl )’ 1.04+0.25 0.66+0.27" * 0.69+0.26" * 0.55+0.23" 1.28+0.15
om (Nm/kg
Peak ankle + + g ta toab
Gon® (Watts/ka)" 1.21+0.56 0.44+0.49" 0.27+0.24" * 0.16+0.18" 2.39+0.66
en atts/kg
Peak ankle + iy t t oabe
. -0.69+0.28 -0.40£0.30" *  -0.33+051" " -0.14+0.11" *>¢  -1.08+0.32
Abs’(Watts/kg)
Max.’ ankle Abd’ . . . .
Mom?(Nm/ke) 0.07+0.08 0.05+0.05 0.04+0.06 0.05+0.06 0.14+0.10
om (Nm/kg
Min.* ankle Abd’
) -0.08+0.08 ~0.10+0.09 -0.08+0.07 -0.07+0.08 -0.06+0.08
Mom”(Nm/kg)
Max.’ ankle Rot’ . + + o
Mom(Nm/ka)* 0.11+0.10 0.10£0.07 0.08+0.06 0.07+0.05" * 0.26£0.13
om~ (Nm/kg
Min.® ankle Rot’ + + +
Mom(Nm/ke) -0.05£0.05 -0.04£0.05 -0.04+0.04 -0.03+0.04 -0.02+0.02
om (Nm/kg

1. DF; dorsiflexion, 2. Mom; moment,

generation, 5. Abs; absorption, 6. Max;

Min; minimal, 9. Rot; rotation

Values are mean * standard deviation

3. PF; plantarflexion, 4. Gen;

maximal, 7. Abd; abduction, 8.

*; p<0.05(between four groups),t ; p<0.05(vs. normal group)

a; p<0.05(vs. group 1), b; p<0.05(vs. group 2), c¢; p<0.05(vs. group 3)

6. A A= vl

Oy 2R E(0, rate)2 4ol A H 9.14ml/kg - min® & 7} #ar 1449
A 1052ml/kg - min® = 7Fd 3oy FAA 0w ou|gle Apole ofy
Atk Oy 2XH](02 cost)= 3, 474 H3t 0.8lml/kg - m, 0.90ml/kg *+ m
21, 279 #H 0.32ml/kg + m, 0.43ml/kg - moll B3] ZEAsH oz 2n

UA T (p<0.05)(Table 15).
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Table 15. Comparison of energy consumption data

Groupl(n=50) Group2(n=23) Group3(n=45)

Group4(n=51)

05 cost(ml/kg * m)" 0.32+0.23 0.43+0.21 0.81+0.57%"

O rate(ml/kg * min) 10.52£5.06 9.39+4.84 10.50+6.03

0.90+0.53*"

9.14+4.61

Values are mean * standard deviation

*; p<0.05(between four groups),t ; p<0.05(vs. normal group)

a; p<0.05(vs. group 1), b; p<0.05(vs. group 2)

Table 16. Summary of results

Groupl (n=50) Group2(n=23) Group3(n=45) Group4(n=51)
Speed fast moderate slow slow
. L L T 1 anterior
Pelvis T anterior tilting 1 anterior tilting .
tilting
i I VEx® in TS® JEx® in TS’
. . i ) )
Kinematic b L FI" in SW*® } L FI* in SW*
data < T FI' in ST’ TEx® in ST T 1 FI" in ST® TEx” in ST’
nee X . ) )
normal SW° JFI" in SW° stiff-knee pattern J LFI" in SW°
. . | LDF" in ST®
Ankle 1 DF in ST® | | DF" in SW° . .
| | DF' in SW
Power X X X
1 , high intermediate low low
Gen.& Abs”.
MMT? good moderate poor poor
Spasticity low intermediate high high
Oy cost moderate moderate high high

1. Gen; generation, 2. Abs; absorption, 3. MMT; manual muscle test, 4.

Fl; flexion, 5. ST; stance, 6. SW; swing, 7. DF,; dorsiflexion, 8. Ex;

extension, 9. TS; terminal stance
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Abstract
Gait pattern classification of hemiplegic patients

focused on knee kinematic analysis

Soo Kyoung Cho

Department of Medicine

The Graduate School, Yonser University

(Directed by Professor Deog Young Kim)

The aim of study was to classify gait patterns using kinematic
data of knee in hemiplegic patients and investigate the differenece
of clinical, kinematic & kinetic data and energy consumption in
each group.

169 hemiplegic gait and 24 control data were recruited.
Non-hierarchical cluster analysis was used to classify the gait
patterns based on the kinematic parameters of affected knee. Four
clusters of patients was identified. The temporo-spatial, kinematic
& Kkinetic parameters and energy consumption were analyzed
between groups.

Four groups were mild flexed group, genu recurvatum group,
stiff-knee group and extension thrust group. In stiff-knee group
& extension thrust group, their knee flexion was more decreased

than other groups, walking speed were significantly decreased and

41



asymmetry of gait & O: cost were significantly increased. Also,
difference in clinical, kinematic and Kkinetic parameters during
walking were identified between groups.

We classified gait patterns, that reflect relatively homogeneous
level of function, using Kkinematic datum of knee in hemiplegic
patients. This classification would provide a baseline reference of
understanding of hemiplegic gait.

Key Words : gait analysis, hemiplegic gait, energy consumption
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