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Abstract: Gait is the most basic means of transportation in daily life. In addition, it is one of the essential
movement forms of various means of activity. However, in the case of people with chronic stroke,
extensive neurological damage causes gait disorder due to gait asymmetry or instability. It is difficult to
accurately evaluate the gait of people with chronic stroke because of various and irregular. However,
using a 3D motion analysis system, gait assessment can provide quantitative data and identify functional
ability. Therefore, the purpose of this study is to use a three-dimensional motion analysis system to
identify the asymmetry type and characteristics of gait and kinematic variables on the affected and
unaffected side when gait in people with chronic stroke. The unaffected side was supported on the
ground longer than the affected side in the gait parameters, and gait characteristics with a higher cadence
were confirmed. As Participants for the kinematic variables were able to establish the gait characteristics
of lifting and moving the affected side through the abduction of the hip joint. This is due to the instability
of the affected side, weakness of muscle strength, and reduced movement, which compensates for the
foot not being attracted to the ground. Therefore, it can confirm the asymmetry type and characteristics
of the kinematic gait and lower limb for people with chronic stroke. Based on the results of this study,
it is thought that it can be used as objective data for rehabilitation exercise and therapy intervention
programs for the recovery of symmetry gait function for people with stroke.
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Examination), MBI(Modified Barthel Index) s©] 7} %o] AF8#t}, ’S}X]‘ﬂ' olelgt H7t
T = ﬁ§7].x}g] $347<4 o]/dg] oo g o3t E_q]ﬂ. })\gtq 1, wHE= %Poﬂq_]g]
AAAQ B BEAS Fshy] ojefd Sl Atk H3, Ho] &4 Jd wel T4
R Ao AE7F vE=7] wZe] By sjee vgFetar wEqfFstr] wige] o=
il 4 1 W7h7 AgstetA s ook ZhRdel A
g AReE P AE FAE 8% 5+ Atk o ng Poh gy F 494
Alete AHgse 3 B4R Azge dny 2 Asygor APd BPAA
B3 HF7hE skt BFEE(gold standard) 2 ZE A AATH10][11].
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seltt
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[Table 1] Characteristics of the Subject

Stroke (n=36)
Age (year) 61.611£11.94
Height (cm) 164.4+7.65
Weight (kg) 68.41+11.54
BMI (kg/m2) 24.83+2.94
Male 28
Gender
Female 8
) Hemorrhage 28
Disease name -
Infarction 8
Left 18
Affected side .e
Right 18
Leg length (cm) Affected 0.83+0.04
eg len cm
g lengt Unaffected 0.831+0.04
Onset (year) 11.44+6.69

BMI : body mass index
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22 2¥4dx 9 HolY 3

PAAES 8m K3 F2E H4A e £52 dJdsi A dEF gl WA 1w
T2 oJFald F JEF AF HIPAE T8 FoJd & 1 HutE HAAIESlTh
HGr7l= F 43 st Ao, F g/ B HolgE TRkt 8719
He) F He &% Wl P4 o= 13 HaA By oE 2ol YERd A
Aol A AQlsle] It W 4702 B dolHE Mgt AElE 43 Wy F
Z3F 4709 B F7](gait cycle)= A A slo] BAS AT

23 dolg 3 & A

g W ES Adelde]l ®a Al whH]S(Affected) H]PHH] S (Unaffected)] Bl H A S
gotstr] el 3Akd FAREA] A 2ES ARESEih 10tie] 29 7hH| 2R(VICON,
Oxford, UK)7} AP o= HA ¥ 8m K3 FE7 = APHAA WAgegitt. MEH
FIFE 100HzE AAeglon, 3ad Fx AAS fdl T-wands  ARE-5fo
Calibrations A A3 dAAE 7|Fo2 HAWSES +vY5F, 5 WIS +XF,
AAANA RG-S 1252 AASY. RAgS fEd 14mm WA RRAE
AL-&3F 1, Plug-in-Gait Lowerbody model= Wasle] [2¥ 1] o] x4
Fastdch REAE s 9k 9L mbA = 3959 /g =(Anterior Superior Iliac Spine;
ASIS), S/} = (Posterior Superior Iliac Spine; PSIS), UJE|(Thigh), W-¢|5 &=
74 §-7](Medial-lateral condyle), 3}%|(Shank), W-2]5 H-AH(Medial-lateral malleolus), &= =
2th(Second metatarsal), ¥ 35 *|(Calcaneus)®ll -&L3tAl HF-2stHh. F=HE  HolH =
AAGE AT AXZEQ O] Visual 3D(C-motion Inc, Germantown, MD, USA)E A}-&3}o]
AT WAL mhA Y wol= A|AE HEl AFET3H(Cut-off frequency) 6HzS] 4th
Butterworth lowpass filterS A}F-&3}3 T}

[Fig. 1] Marker Attachment Position(a) And Lower Limb Model(B) For Motion Analysis
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=ZHUAOFF), v o] F3F HE7[(AMS), HvHH|S o] e 2= =IHUAON),
vpn]S dlo] x|WHolA WolxE  =IHAOFF), H|mH|Z¢ F37F td7|(UAMS)C.2
golalgitt. He] F3F YEriMS)= -] FAo] RS s AYrte St =
ottt T {k(phase)> ol AWl W= EIHON)FEH o] A Hox "Hojx &=
TZHOFF)7HA1 & ¢4 Zt7](stance phase), o] X|Hol| HojX] = IHOFF)SF-E o] X|Ho|
+= TIHONMAE 7 7](swing phase)Z sttt B Al AolE so Ay
gl fgAdel 7k 7] wiEe] W #del FF EolE Yolrux F3t

2 Aelsginh

- Y
: L,ﬂ\\ \ e < Y\\i\\\’
\ UACFF \ [ AMs | | AOFF | [ uAMS |
Stance phase | Swing phase

Gait cycle
[19 2] B3 248 93 =1{HEvent)?} T-7{H(Phase)
[Fig. 2] Event and Phase for Gait Analysis

232 A ¥4 4= F9

PP S 2p vlEe] S shA ] e etA Wele] wlals gl [1E 3] o] Aejsl.
Zukat o 7E olF= AUl Axs ﬂ%@(hip join) = A efshalth. OXFol A
Uepvhe ke Sl @yFelA dehve k] gAgle R Fiste] 7k
A= Stk HiEe stETE ol il Z.‘E% T2t (knee joint), 3FF| <}
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[Fig. 3] Define of Lower Limb Angle
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233 B8 H A9 EFTF #l
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2 A e FEEA Wl [ 219 Erh B W T

B 3F7](gait cycle)®] 2@ Agbol]l o &
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[Table 2] Variables of Gait Parameters and Lower Limb Kinematics

Variables Parameters Unit Note
Gait velocity m/s
Gait time S
Step time S
. ) Stance phase % Y%gait cycle
Spatiotemporal gait - -
Swing phase % Y%gait cycle
Step length % Y%leg length
Foot position of Z-axis cm Mid-stance
Cadence step/min
Hip deg XY
Kinematic Angle Knee deg X
Ankle deg X
24 FAEA
THE AH= SPSS X Z13(Version 21.0, IBM Corp., Armonk, NY, USA)S ©]-838}¢]

sAAL st A 54 7IEEAE AHEste]l Wy xEdAE AAEES

;Z
id

FHE B 2 534 Wl SAA vHuE 3 A AF Ay At %557}
YUERA] eFsktt whebA] B RSEA HESHHQ] Wilcoxon signed rank fH5S A A1
ke S 3 vwpE] 5o B B sk o] 2wt Wl HlwEA S AT 2 A9

AN foFFEe 05 nwon Hgsg

2 ATE Y SAREA AZES AREste] WEF Focle] mhuS3 vlwH] =]
wne 54 A At B B4 A didEdA Here SRR HstEs
ot RE gidtE Hd 031+2011mse S£EE Bgsgon, B =@ ax9
SETA WMo Ade thgy 2o

264 Copyright © 2023 KCTRS



Analysis of Affected and Unaffected Side Gait Characteristics for People with Stroke: Focusing on 3D Motion Analysis System

3.1 "v}H|=3) v)epd|=9] B3 ¥ 8w

T W ET el ®E A miH| S v|uiH| S B W A (1R 3] 2
Gait time®] 23} Ht A FLSA YHEIEAT FAHS
U e THp<.05). Step timeS PFH]S0] 0.8240.16s, H]PFH] 0] 11
o3k Al 71 AlZFe] YEFSTH(p<.05). Stance phase(%gait cycle)< P}H] S 0] 66.66i3.75%,
Hluke] 0] 7443 +£4.17%%  B|pH|So] FootAl 2 H]E0| LJr‘:/}/\/\dr(p<.05) ]
Swing phase(%gait cycle)< PIH] 0] 34.05+£4.08%, H|vlH]=0] 26.1413.84%= vlH] S

|

o o
AN
+ H+
O

o]
T3 =2 vl &o] YEFSTH(p<.05). T2 2 Step length(%leg length)®] 74§ w}H] 9]
42.481+12.0%, W|vFFH]So] 37.931+14.78%= vlH]Fo] Hl&o] A YeERRA|TE {23
zFoli= YERYA] 2F94TE Mid-stance 37F el 4% Tolo] gt A= wpH] S|
10.69£1.27cm, HvFH]Z0] 10.99+1.19cm=z 2 }o]7F I o {old Aoli= e
okt g 2"l S(cadence)™ U]-H]%O] 76.49+15.19 step/min, H|v}H]Z0]
95.74+17.23step/min &= H|PpH]F0] FoJ3HA FA UEFLTH(p<.05).
[ 3] whol53} o) Se) 13 Wi A
[Table 3] The Result of Gait Parameters on Affected and Unaffected Side
Variables Affected(M = SD) Unaffected(M £ SD) Z p
1 Gait cycle time 1.47%£0.25 147+0.24 -2.195 .028%*
Step time (s) 0.82%0.16 0.65+0.11 5216 | <001%**
Stance phase (%ogait cycle) 66.66£3.75 74.43t£4.17 -5.232 <.001%**
Swing phase (%gait cycle) 34.05+4.08 26.14+3.84 -5.232 <.001***
Step length (%leg length) 4248+12.0 37.93+14.78 -1.461 144
Foot position at Mid-stance 10.69+1.27 10.99£1.19 -1.225 220
Cadence 76.49+15.19 95.741£17.23 -5.216 <.001***
*p<.05, ¥*p<.01, ***p<.001
32 349 2% Wl A3
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2o, WA I3AHip) XFA vHH] S 19.47+17.39deg, H|VFH| S 24.43
HluiH|So] o Zad Zo® UBEEU(p<05). YFAAA = wiR|Se] 0
HlmpH]Zo]  0.55+8.13deg®  HHH|S  EA7F AdFor UyH®E Aew Uew
274 (Knee)> wHHZo]  19.714+10.59deg, H|WHH]Z0] 13.93+17.22deg®  m}H] =0
=58 A2 YETHp<05). & W(Ankle)ﬂ PSS -7.07 £ 14.34deg,
=0 939+7.63deg® H|mPH]Zo] A o8 EAFFo] ¥ AOR e
© 2 Mid-stanced| W A= oS3} Zz“?}. T HHIp)Y XFA whH|=E
26.521+12.70deg, H|7}H]S 2778+20.01degf—’-_ 2 zol= JEhbH Lot yELe
vhH]Z0]  -2.53+4.99deg, HIVFHI S -039+8.08deg® vVIHIZo] AHHF oz oAdH
Aoz yegt tEoz F58H(Knee)ol 75 vHHIS0] 30.62119.62deg, H|7HH]| S 0]
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rr

B3 A (Ankle)©] PHHIZ=S -9.01%11.08deg, HIWFH]ZE -10.94+7.70deg® X}o]
YER] gk ok

wpA] ek ko] 1Ud°ﬂ JojA = EIHTO) ot %ﬂ—t— o2 2k a3 Hip) <
XFo| e vhH]Eo] 23.85+£10.02deg, HUHH]Eo0] 15.92410.00deg® mHH|Zo] -R-2] 37|
= JAcz  Yeuthp<o05). YZFolMe  vhHFo]  3.06+6.24deg, H|THH]So]
0.85+6.31deg®  wHH[So] FostAl dE FHoE YEFSTHp<.05). 534 (Knee)
upH] o] 32.31+16.13deg, BIWFH|S o] 29.17+£27.83deg® F Aoli= §IAANE wpH] o]
FHom Fad o= urhdth BEdd(Ankle)o] - vHHSE -11.51£10.14deg,
HlmpH]50] -14.13£9.77deg® HupH|So] FHA 0% o] FAE o] © o E vrERT

[ 4] oh) 23 vlohul 5] olWlE ¥ Sk £E3HH Az

[Table 4] The Result of Kinematic for Lower Limb on the Affected and Unaffected Side

Variables Joint Axis Event (i‘/[fficé%i) I(JI?; gescl';e;i V4 P
. X 19.47+17.39 24.43+20.28 -2.608 .009%*
Hip
Y 0.9815.00 0.55+8.13 -220 826
ON
Knee X 19.71£10.59 13.93£17.22 -2.294 .022%
Ankle X -7.07+14.34 939+7.63 -1.178 239
i X 26.52+12.70 27.78 £20.01 -283 777
1]
Angle p Y 2.531+4.99 -0.39+8.08 -1.477 .140
MS
(deg) Knee X 30.62+19.62 33.66+33.90 -330 741
Ankle X 9.01%+11.08 -10.94+7.70 -1.430 153
i X 23.85+10.02 15.92410.00 -4.745 <001 %**
P Y OFF 3.06%6.24 0.85+6.31 -2.529 O11*
Knee X 32.31+16.13 29.17427.83 -.896 371
Ankle X -11.51£10.14 -14.13+9.77 -1.807 071
*p<.05, **p<.01, ***p<.001
4. =] 2 2E
& olF Awb], ¥, Ev|eA Tz sk Rma Folz= I3
mold A B sfEe] vehdth o EAle 51 78 o, 24 #a, G
AR S7F B BWTow olojd & gtk ma % #¥ v e HEF
Foiel AAE BEI AYYL SHFL IFaE 2RHA adow yrE £
ATH14]. o]} #AH3 ] E AFe= T HEF Felde B V)T 3ES 9§
TAEA A2e ARl B 54S delstad s THEN Axue
229 A B3 39 H EAo] glrk 2k H Ao B4 igRtel shdlEhele] A
AX D Zmel we dozrow A oA YEda, A#Hd MEATE G
Aoz Aegk gAQ] Ao ool Ak & Jheet szt YEbe HHE A
FAd O B :

7hsetth W 3xkd EAHEAY AS- 24 oo FhHetE
o] Zksetth. Eal Hd =9 2,000
ZYA7MA BV etr] el Bok A3 HolHE 3T 5 Ak

shil b ulvhu o] B el o W #Y R SFE chu S vehe e
wa Az B9 BEe BAA dEkAT BAA feldatelst tehuth ol
Pt A7re BARAR g Ao vhEt vk Se] wa Azbe] ol QU]
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HiEo] frold Apolzt yehd Ao AzbEYh whH|So] HwiH|S wT} oyﬂ@w%
phase):= ZtiL, {rZ}7](swing phase)= & W& o] HEtv= Ao ® Yeidn =3 vin|=

HlwkH) S Zhzbel Qztr) ek fzhvle] Mlge] ME tEr dewt. AR v H&o
1 0] B Kol Aoz HWAHAH o] yvhude How AlgEn o
vpHj o] Ao A x|k wf  Eekst o] Bt el ud Felw
CEX kel H‘Rﬂ%“»ﬂ]&ﬁ 5 s AdoE

wa_ﬂL

| Wil $hEE(cadence)?] A $-ol%= wiH| S H T}
Hlukr]So] o =4 Yeht ddides weE Hejo] yehue o= AlsEnh R
2 A"

Step length(%leg length)®] 7d-- W] =< = ] et HlmH] S A5 WA Rat]
w0l HjupH] Sl S X|ste] mpH|SS HeE] EY] wjEe] diFow A uEhd
oz AZHEY. ®HI weo A9 754 =% Foldlel Hge] AHF
HATMER Y AR QA8 wHH|SE 7 7](swing phase) &Rt Wo]F= jlo] F-Fal]
ol BlEbH] =9 4Zb7|(stance phase) AlZFe]l HoJA] il {-7Z}7)(swing phase) A]7FO]
Fropxivta Barg Agef A=Atk Ao HAITHIS5][16].

aEel Ae we] AWe] HEFF= FIHON) HmpH|So] whH| S W] s}

B R E3Eo] YR FEHEY AS mpH[So] Ao %lﬂ‘ﬂ
Uelskth o= wR[S9 A ¢do] AlFEo =Rk HAE &&ete] mpHISE 59
w715 FHY HaAs 7] wjitel] Hmpp]S nybdo] FdjAo®w FZ=rEal, WS
FEHHdo] AUdoer Faxo YEhd Aow ALz ¥t MS(Mid-stance) —:*7}4 Hho]
5019} st Ao AxE o] BAs u o] FAFole mHH| S H|uiH| 59
= A YEhA AT iAo g HepE|So] A YEsTH MS +1F T &
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(eld) HEdd sl AR AlmETh o]dfd WYy B
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