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Effects of Robotic Gait Training with Lower Extremity Restraint
on Static Balance, Lower Extremity Function, Gait Ability in
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Objective: The purpose of this study is to compare the effect of static balance, lower extremity function, and gait ability between a
lower extremity restrain robot gait training and a general robot gait training in subacute stroke subjects.

Design: Two-group pretest-posttest design.

Methods: A total of 12 subacute stroke patients were randomly divided into an Experimental group (n= 6) and a control group (n
=6). Both groups were performed for four weeks, three times a week, for 20 minutes. To compare the Static balance function, the
center of pressure (COP) path-length and COP velocity were measured. The Fugl-Meyer assessment lower extremity (FMA-LE)
were evaluated to compare the Lower Extremity function. 2D Dartfish Program and 10 Meter Walking Test (10 MWT) on Gait
ability were evaluated to compare the gait function.

Results: In the intra-group comparison, Experimental groups showed significant improvement in COP path-length, velocity,
Lower Extremity Function, 10 MWT, Cadence, by comparing the parameters before and after the intervention (p <0.05).
Comparison of the amount of change between groups revealed significant improvement for parameters in the COP path-length,
velocity, Lower extremity function, 10 MWT by comparing the parameters before and after the intervention (p < 0.01).
Conclusions: The Experimental group showed enhanced efficacy for variables such as COP path-length, velocity, Lower
extremity function, 10 MWT as compared to the control group.
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Recruitment of participants (N =12)

Exclusion (n=0)

Randomization (n=12)

Experiment Group (n=6)

Pre-test
O Static balance ability
O Lower extremity function
O Gait ability

Intervention (4 weeks)
Robotic gait training with Lower
extremity restraint

Post-test
[ Static balance ability
O Lower extremity function
0O Gait ability

Control Group (n=6)

Pre-test
O Static balance ability
00 Lower extremity function
O Gait ability

Intervention (4 weeks)

Robotic gait training

Post-test
[ Static balance ability
O Lower extremity function
O Gait ability

Data Analysis

Figure 1. Flow chart

Figure 2. Robot assisted gait training using the Locomat®)

x| Mot 22 =l =T

SIA| AlRE 25 Ky ERidte] A83t sHA] Algte] &
2 9] Lokomat®2] oFA A|AENS ZFEA7]|R] 9kl
Ao 2B VRS fEskEs Agellr. A &
oA |y o RE v nhH] S six|o] JYuE
A FEHE g9, Holl et ety SAds 27st

okl 2 shAle] PR W TERE §9, Bl o
‘6‘]— Zgte] &39S AASIPGLE BE AT 205
SA e AT A 30~40%, = 9 100%, H3PL

i

& 1.5 kmh= FUsH 283t 17].

ol gy 2
Aubd 2 we Feisel A8 B4 WHe Aad
FollA] A4 Lokomat®e] 78405 Has ooty



Kang et al : Effects of Robotic Gait Training with Lower Extremity Restraint 273

Y e Ao by =y ud TAL A
o, Lokomat®o] 7|E& oz HAw Aa|shz
e Y 45°, FEUE 60°= *éxéo} ol
22 205 A B AF XY 30~40%, = 9

100%, R3P&= 1.5 km/h2 FUsH| 28Rt 17].

401'

o F
o
Ol
-

rln j{‘
Jﬂé o xR

NintendoAFol| A 7HEbgE QJ(Wii) & ZHWii Balance
Board, Nintendo, Japan)+«= 7148 A=A 2oF AlY7|=
A2k el 7t mAE a7he] g ALE o)) AEE
22} 9+ =Xl(Center of pressure: COP)E =4 4=
O‘E]- PAAES 30 cm x 45 cm 27|19 Y(Wii) +F

o floll T S g e 5 4709] mAfe]o) iR }F
HAME B3] g 24 ARV 23R EZEX 0| o
A HFEE X, YFof et AFHE, ol Ad 2 &
= 59 Ay AR yehdth 2 AFolk= ols A
(mm)9} F FHEE(m/s)S ANSHY, ST RE
HebHAl A Sl AAE FABHEES sl AJA1S] Hato]
g} sk A4 F8E AlRIs] fl8 A9l Sl
S FABHEES shaL Mg AAI7E =9 139 30%
H, & 33 S5kl Badks ARSRITH20]. A4 W
AlFEE ICC=0.92~098% =7 UEPFTH21]. HetA|
o} g7 (Balanacia software ver.2.0, Mintosys,
Korea)& F3ll COP o5 Az] ¥ £=5 4o K
A 100Hz2 A3 sto] FE3I9ch A4 Akl
247} Y AR ICC=0.79~0.965 =& AFES 1
Q2]

S ZI5

Fugl Meyer Assessment Lower Extremity(FMA-LE)
< HEF ] Fe dEd E6, s & 7ls
Aollo} wA1E H7lelt] AT Ut FMA-LES %
347 W 177 gRos TAHe] glom, 7t g
o 0~270o]lc} < 1738L 2R, 18~223-2 FATH A
ofl, 23~28%- Z‘:E Aol 29~33742 ZJu|st Apofl, 34
He Aoz HEHEry23]. AR AFEE ICC=
0.83~0.95% %g—% AF|ES HRITH24].

w5y e
1. 2DCIEL|S 2273
He 4o tEu|gy| 2 I3(Dartfish Pro Suite

5.5, Dartfish express, Swiss)S ARSI tjAkAle] Ry

F71E EZ9Aoz Zoste] & H(pre)dt &£
(post)oll 25 (step/min)e} vHH| = TH2|9] F2¢
7P AR B 3715 Agele] BEm)E 2489
. TS G W=E ARl AukE AR (Apple |
phone 12mini, Apple, USA)E 7]A|5}%] 3 m AZ|ofA
%5 60 FPSE od#te] 10 m H3PS AFHo|A 2
st ew, elE3IPC(I pad pro 2, Apple, USA)Q} thED]
4 mROBg olgsl] AE SRS B
tED2e] AFzs 0812 Ho|w[25], 32 =z

B3 vEsie ) A 6% FEe ek giekn
1 E91EH26],

ofN o

2. 10 m 27| ZAK10Meter Walking Test; 10 MWT)

10 m 27) AAE HEF BT 23S sl 59 2
7] 59 W) glel ARSEm, SEUNe nrey
T 22AL] B8, ZH=dlo] Howsk & %
Z 14 m 5 A2 2 me} upx|e} 2 m‘:— 7, OAaE
eqo}o% 4 miz SO Aof3isich. o Al{ 24

5 nel nzs wAs] 8 1% 5 54 5
ukE SAsle] WGk AMESIATHT). AR 2k 4l
T= ICC=0.87, &A3A Y AlF= ICC=0.89~1.00=
WS Lo 4zolT2s).

I

A= 24

2 12 Ea) 415 AE= IBM SPSS(SPSS ver.
25.0, IBM CO., USA)Z AMaste] EAEAL AAJ5HY]
o} Aol dHHy EAE 7 SAE ol8ste] Bt
#2A2E Akteiint I W A5 BlaE ffste] BlR
4 Aol Y=L B35 49 AHA(Wilcoxon signed-rank
test)@} 155 7+2] zjolE H|walr] Ysto] Hlma HA
W-3EY U #H%A(Mann-Whitney U test)S /\]-%o]—gill}.
e FARRANA o) 0.05= SH3Th

S+ Zuat

Aol Frefgh giREe] gukEd
ZtHTable 1).

A2 #4358 W3] thsk COP HaA2o 15 U
A5 ol Ae ARy g BE o5 Zo7)
et o w(p<0.05), 7185 7F A-3 vuoAl= Nz‘sq;Lo]
2ol vls) -f-2let 2pol7F Lrebstth(p <0.05). T1&
wseke] vlulofi= AFro] diztel Hlsl f-2f5h x}—
ol 2RI 4= AP 001) COP Fa&mwo] ot
IF W -5 v A dixdt BE |t

/3

o=t

A|m
rlo



274

Phys Ther Rehabil Sci 10(3)

Table 1. The General Characteristics of subjects (n=12)

Variables Experimental group (n=6) Control group (n=6) p

Sex (M/F) 4/2 5/1 0.523

Hemi-side (Lt./Rt.) 4/2 5/1 0.523

Age (years) 60.33 (15.59) 58.67 (11.78) 0.872

Height (cm) 165.50 (8.31) 165.17 (3.06) 0.808

Weight (kg) 68.83 (18.33) 61.51(7.92) 0.470

Onset Duration (days) 107.33 (40.38) 112.17 (33.61) 0.631

MMSE-K (scores) 25.67 (1.63) 26.00 (1.67) 0.742

FAC (scores) 1.17 (0.40) 1.00 (0.00) 0.317

Values are expressed as Mean (SD)

MMSE-K: Mini-mental state examination-Korea, FAC: Functional ambulation category

Zol7h UERG M (p <0.05), T55 7 HekEFe] wlao)A
+ Aol Hiz=te] Bl COP Fa5moll A frofet #f
ol AT 4= AAUTHp<0.01). SHA7Isol ek &
W -5 vlalofis iyt dizat B folRt 2ol
7F UeRgom(p<0.05), 155 7+ Helge) vlaojld= A
Fto] il vlsf sHA7]ee ot ApolE el

%= 2)9lth(p <0.01)(Table 2).
Baseo] B Sof igt 1F W A ulmelds

R

ARZA M RelR AolE BHeIg S UATHp<0.05).
10 MWT®] wistel] ojgh 715 ] %5 ulae] i A1
2} oz B Gofat Zol7h trehgtom(p<0.05), 1
= b A-3 Hslre] vjaoas Aol tixtol H]
sl 10 MWTE] 23t 2to|7} YeRgti(p <0.01). 15
b odslEe] wlnoAe Adto] tizakol Hls| 10
MWToA fofet zlolE &9l = USUthp <0.01)
(Table 3).

Table 2. Comparison of Staticbalance,LowerExtremityFunctionwithin the group and between group (n=12)
Variables Experimental group (n=6) Control group (n=6) V4
COP path-length (cm)
Pre 117.05 (14.17) 114.90 (19.55) —0.320
Post 80.05 (11.33) 96.78 (12.00) —2.166"
V4 —2.207" —2.201"
Change —37.00 (6.77) —18.12 (9.79) —2.887"
COP Velocity (cm/s)
Pre 4.57 (0.73) 4.29 (0.59) —1.121
Post 2.88 (0.69) 3.58 (0.47) —1.761
z —2.201" —2.201"
Change —1.70 (0.42) —0.71 (0.39) —2.882"
FMA-LE (score)
Pre 20.67 (2.66) 20.17 (4.36) —0.080
Post 27.67 (1.97) 24.00 (4.56) —1.636
z —2.214" —2.232"
Change 7.00 (1.67) 3.83 (0.75) —2.842"

Values are expressed as Mean (SD), p<0.05, "p<0.01,

COP: center of pressure, FMA-LE: Fugl-Meyer assessment lower extremity
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Table 3. Comparison of Gait parameters within the group and between group (n=12)
Variables Experiment group (n=6) Control group (n=6) Z Effect Size
Cadence (step/min)
Pre 20.17 (2.48) 20.67 (3.93) —0.081
Post 26.50 (4.41) 24.00 (3.16) —1.129
zZ —2.214% —1.897
Change 6.33 (4.41) 3.33(3.98) —1.457 0.751
Steplength (cm)
Pre 48.50 (8.12) 49.33 (5.61) —1.121
Post 56.83 (14.78) 57.00 (8.08) —1.761
V4 —1.363 —1.782
Change 8.33 (14.73) 7.67 (7.81) —0.321 0.058
10MWT (sec)
Pre 86.73 (5.83) 84.40 (6.44) —1.288
Post 54.57 (8.20) 72.78 (5.67) —2.882"
z —2.201" —2.201"
Change —38.83 (12.91) —14.95 (6.63) —2.722" 2.444

Values are expressed as Mean (SD), p <0.05, "p <0.01,
10MWT: 10 meter walking test
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