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A Convergence Study on the Effects of functional electrical
stimulation with mirror therapy on balance and gait ability in chronic
stroke patients.
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Abstract The purpose of this study was to investigate the effects of functional electrical stimulation (FES) with
mirror therapy on balance and gait ability in chronic stroke patients. Thirty-five subjects who met the inclusion
criteria were randomly allocated into three groups: the functional electrical stimulation with mirror therapy
group(FMT group, n=11), mirror therapy group(MT group, n=12), and control group (n=12). The exercises were
conducted for 30 min per day, five, per week for four weeks. Balance and gait ability were examined at baseline
and after 4 weeks of intervention. After training, the FMT group showed significant improvement in berg balance
scale (BBS), center of pressure (COP) length, affected step length (ASL), Cadence and average gait speed (AGS)
compared MT group and control group(p<0.05). This findings show that FES and MT convergence can be an
effective intervention for stroke patients balance and gait ability. Continued development of convergence
interventions for stroke patients with balance and gait ability in practice, are suggested.

Key Words : Convergence, FES, Mirror therapy, stroke, balance, gait

«This paper was supported by the fund of Gimcheon University in 2017.

#Corresponding Author @ Kyung—Hun Kim (huni040@naver.com)

Received August 16, 2018 Revised  Ocotober 2, 2018
Accepted October 20, 2018 Published October 28, 2018



110 #Hgashele

2] A9H A10E

2
-
e

oX,

iy
fupy
oly
rlo
® o
gk
rJ
fo
e
(o
o
2
fr
rO
> B
lo

N B
ol
ol
o
ofy
i
i
K3
M
Y

i
Y
i)
>,
i
RO
o
i—’a

ﬁ
o O‘I’n

X

e

2

2

X

e

>

N

N

_‘>i

s

o
2
M o
RUAN
off K
RS

i
(1
lo
Ho
oot oy

X

o

==
¥ o doooff ox LN

ot
o
=)
r

a8 o wE 1o e
Ju)
NN

o ot o
ol
RO
o o
ox ofN

r

Ay i
=
fr

e
l-fO
s
i)
H
s

off =L 7

szt o
AT PABVE-! ,] 7]
TH3l sHAIRE, ole gt

o}z w3ty e

Tl

i
s 2
=
S

{
|

feoam oo

L
ﬂgél&

2
o o W
S
i
=oog o
o2

2
o2
N,
e
>
&
Y
ox
N
=
o NN
=2,
o,
ol
o

o) ) sl A S E A A 498
279 ARA QA Fo FHE T el 84
B MEFoR Qlste] AN, £EANY, AX7]59)
Ast 5oz 71A S BAZ e BAES 4
A2 A Felol Aok e 5 glom, o) el
olEAel A7k WEE Qo Al bl LA}
A7) A, FEED) I8 Sg4S Frhek A 5 9
=g o Bkl AA $49 glo] A M e B
B3 % T 5 9E ARA S PEEel A2 ol
AAE I QI WEFS] HBe 17 haiel o8] &
253 NGRS HEF o F /)58 A% ARE
H315t0] Z/HATE. MEF @A AF BAe @A)
Mg 714E Shgaks 2 wek oldel gHda &
$71%% AT Ro]7] o] A5 EA oA

AENADE AR sz 52T (motor imitation)&
Wo] A&t vk

ALAES AL 2 3k Q1A
A WS ARgsle] Ramachandran©] 4% X852

FdS AAEA 7%=

Y

il

Al A
& &l &
HH{lo® ARgste] ”}H]—f— =2
A FAZ[10] o]t 2
A EAEE A 2ol ﬁi’é}é— Els
st Aol A SHE AT
7139— “H7ﬂzﬂi 0}01 5&

270 HATHYL HEF o] A
Q)= H) ulH] 2 &7 9] &2]e)S A1 7HA

T

il
¢
o

B
)
ofr
ol
X
=l
i
rir

4
(o3 lo
fru

2, rﬂ
>

rir

rp

112

i

>,

N

5}0}71] ]Ed T ﬁlJ— "ﬂzﬂ Aogell A 54l
H 3AES Yo s ALt gon Hro
FA7F R3] ghol AL vlgo=2 Z U|UE &
= ArH12,13].
ASAEFHLE AL 2= S0 2AE F
I Al AA o]zt 71%i]§i T o] Hgd
EEE Radajewska =
T A0S UG E 1= % E]r"oksi —%%—Er

ae 53 wwu &

oM,

ko
=
30 oo o AL B Y0 (W oy HU

+

= Aol

i 7]* Pl AEXEE AHE-St frolek P
< I8 rHI5].

7152 7] A=) F(functional electrical stimulation,
FES)& Aol A &9 584 O]_’ HHEZ Q] 23
3 EHS AYst 5 ATFS AR
U=E A|Fshe AFEHY M[IG], &4 79 o
BAERE Flo $F ANAA HoE 7}

| S-S0 Al Qofrld 7159 355 =okEtH17].

N
o

ATE 3

B 7)5H A7) AFARE B oS ae] 22
9o 27 A7 & YrHIS. Sabuts (201Dl
FESE AwA470] 4 8alo] faje] na A 45 7

%Z] o HL;(] o]—j!_ tlhj]_x:l_ e 2

1 =13
@ A4 wa z%wﬂ WM

> & ﬂz}oﬂﬂl 7%32] = 133’5"011
Jom TAE A8l P eH

2] Ve Gl thal ol AT PEE A
Aolul, w3k 754 A4S A EE Aol Fuel A
§alo] ATE AT o) B2 Aol

ool & AN WY HEF B Aol 7%

a =
B35 M3lE dolBovn HES Fxle] 7Y



752 A7 WA Aexwr)t W HET Fel ¥ B BasEl vAs g3l B9k 34 A 111

BsHe] TS 91 T4 Al FuARE A8t

4 @,

1.3 A7
B o FAHS M Tt 2k
7 1L 716 AAASE AT ALA REU]
W HEF B0 #9 9 waEe] mA 9
g Fopirl,

M2 ARA R FHol Wy MEE e 3 2
BT v)E G gohirh,
M 3 715H A4S SR

2. A
2.1 A7
T FESE 399 AeARe 20 19l
7] 1% FARRATEA B $5A vaE AFHAR

2.2 A7

A7 A71E K Aol 93 i HEF
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2.4.3 FEA ] E(OptoGait)

HalA b BAke] Bl f3o e FH B £
Ao AsE FH57] Hste Ba #471(OptoGait,
Microgate Sr.l, Italy, 2010)& AF&3FIth B3 H47]
= % 4 mAe)Y F Y &4 ukek 9478 (Logitech
Webcam Pro 9000) 2.2 F45]o] glom 4% ule] 2
1 mZ Ao A&t 42k u} ko= 1 enitE
o2 ghgt}o] @ =(Light Emitting Diode, LED)7} A 2]
Ho] glom FAl nlellA Fale] viR A& HfA]

= A9 om FATL FAST Qi &l Al

oA HAe A F 10 mE ﬁL?}@ HYP&EE=2 A7 349
A& 3 me PRA T 3 mE S AQsta 4 mE A
v & gAY wo] A H a1 Bl gk K
7V R AR 594 ARE AAst didak
9] Zabe o A9 I FHALRE o= 914
2F 5 FAE 2IAS A 5715A1717] Y3l A
|3t

—’F?‘ 33 WHarol] 8k A K= OptoGait, Version

1500 Edojz Aot 2 Ao B &
Hoz= 5&7 1 Haffected step length, ASL), &1 7
(stride length, SL), 3= b X]2]7](affected single

support, ASS), F3HA A A 7](total double support,
TDS), #&<(cadence), M H3&T(average gait

speed, AGS)E 24 3I9ith B 54 7“}2}” tﬂ—r
s AAs] fls dl =
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3
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o] %‘.Oﬂ}*ﬁ ]*5} Itk FEST thEANFZ A5
(quadriceps distal part), #7&(tibialis anterior
muscle)ol] F-2ste] A7|2A=4& F3Uch & A4 4
|3 7154 AR X87]E Microstim(Medel
GmbH, Germant, 2008) AF-8-3F$At}. 3+ 40 Hz, 2

2 250 ps® AE3ATE WSS 2Fo
% A TFo] FEA o He) A 2=
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Table 1. The general characteristics of the subjects (N=35).

) Control grou MT grou FMT grou
Variables (n:12)/MgiSI§ (n:12)?Mi§D (n=1 1)/?\JAJ:SDD F P
Age (year) 5375 £ 9.50 55.75 * 8.08 5409 £ 8.79 191 827
Height (cm) 16278 * 5.64 16371 =+ 3.88 16540 + 4.06 .945 399
Weight (kg) 6267 * 7.74 66.17 * 511 6628 * 8.52 .955 3%
Onset (months) 1075 =+ 3.77 11.50 + 297 10.91 * 3.18 .168 846
MMSE (score) 2708 = 0.90 26.92 + 1.16 2655 * 1.63 546 585
Gender

(maleffamale) 6/6 7/5 7/4 446 800
Diagnosis(I/H) 8/4 5/7 417 2458 293
Affected side

(Left/Right 7/5 6/6 6/5 .168 919
BBS(score) 4283 =+ 3.81 4317 * 3.07 43.73 * 2.65 1.583 221
COP Length (cm) 1610 =+ 4.04 17.93 + 3.77 16.67 * 4.1 226 79
ASL (cm) 3978 = 542 41.72 + 781 41.89 * 6.20 511 605
SL (em) 7678 * 11.24 79.88 + 11.24 80.45 * 9.01 276 .760
ASS (%) 3265 £ 5.96 33.56 + 3.78 31.72 + 5.55 1.801 181
TDS (%) 3257 £ 8.30 34.16 + 7.14 33.07 + 8.60 71 843
Cadence (sec) 0.51 + 0.15 0.50 + 0.11 051 + 0.15 1.317 282
AGS (m/s) 069 + 0.21 0.70 + 0.19 0.70 + 0.19 .185 836
MMSE=mini-mental state examination; I=infarction; H=hemorrhage; BBS=berg balance scale; COP length=center of pressure length;
ASL=affected step length; SL=stride length; ASS=affected single support; TDS=total double support; AGS=average gait speed; MT group=mirror
therapy group, FMT=functional electrical stimulation with mirror therapy; General characteristics and dependent variables are calculated by one
way ANOVA and Chi-squared test.
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55.754, FMT 540041 & Qb 523 =}o]7} ¢
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Table 2. Comparison pre and post test among three groups (N=35).

) Control group MT group FMT group
Variables (n=12, AYM+SD (n=12, BYM=SD (n=11, C)/M=SD F P
BBS (score)
pre 42.83 * 381 4317 * 3.07 4373 * 265 1.583 221
post 4517 + 3.07 46.00 + 2.76 48.73 + 3.00
change -2.33 * 1.15 -2.83 * 1.53 -5.00 * 253 6.986 C.?OA:\SB
t -7.000 -6.425 -6.555
p .000 I .000
COP Length (cm)
pre 16.10 * 404 17.93 * 3.77 16.67 * 4.1 226 79
post 15.09 * 3.94 15.98 * 3.90 13.40 * 3.00
change 1.01 * 044 1.94 * 1.32 3.26 * 1.46 11.041 C.?OgB
t 7.977 5111 7402
p .000 .000
BBS=berg balance scale; COP length=center of pressure length; MT group=mirror therapy group, FMT=functional electrical stimulation with mirror
therapy.
2 M 273 Fo3 Zol7) I3, SRl A= U cmoll A A8 F 1598 et 7348 1.94 cmZ 2] $F A

Z+ 39.78 em, MT 41.72 cm, FMTL 1.89 cm® Al
OF FoE Zol7) gidlen, FRAM = 2T
7678 cm, MT* 79.88 cm, FMT+ 8045 cm& Al 1§
2 frolg Apolzt gidith #5 g (X7l A= Ul
T 3265 %, MT 3356 %, FMT 31.72 %& Al 1%
g 2ol 7} AL, FaHA] A A 7oA = 3257 %,
MT 34.16 %, FMT 3307 %= Al 257+ 23k 2}
o7k flglon, B&FoA= tlZat 051 see, MT
050 sec, FMT 051 sec® Al 287 9138 zlo]7} ¢l
Atk Wit BaEEo e 2t 069 m/s, MT 0.70
m/s, FMT 0.70 n/sZ Al 153t 1213 2ho] 7k §191
tH(Table 1).

BBS9| #EH oAtz A=
oA AF F H17-0] S 2BHOE Fo T 2ol
2 Ueha(t=-7.000, p=.000), MTZlME 28 A
431740l A F 46.0050] S7He 28308 o3t
o3 YER oM (t=-6.425, p=.000), FMTZoll A& 2
3 A 4373%elA A F 48737 0] T3 ho0H o=
F93 2ol & B THt=-6555, p=.000). F¢t 7+ A-F
Zpo] HlaLel| Al FMTwro] th& 5 “Lgoll B3] f-olek 2}
017} YEbtH(F=6.986, p=.003)(Table 2).

COP9] olsAg oA o= 28 # 1610 cm
o AF F 1509 em7b 743 1.01 ecm® Fro) 3 2ho]
2 YeRHaL(t=7977, p=.000), MTZol & 28 A 17.93

A4 A 28 4

&)
ol5 Yepdlen(t=5111, p=.000), FMTT o= A
7 1667 cmell Al A8 % 1340 cm7} 2443 326 cem=z
o3 2ol & B TH(t=7.402, p=.000). F& I+ -3 =}
o] ulaLell A FMTwro] ThHE 7 250l v]a {23 o]
7} YEREHEF=11.041, p=.000)(Table 2).

Rl st
GrAgA izl A= A3 3978 cmell Al
AE 4277 et 5718 299 cm o2 f-2) 3k Aol
UERRAL(t=-4.736, p=.001), MTellA= A % 4172
cmoll Al A8 $ 4483 em7}F S718E 316 em 213k Afo)
£ YeP o m(t=-3678, p=.004), FMTol A= 28 2
41.89 cmoll A A8 ¥ 4880 cm7t S7Fe 691 cmo.2
frolgt 2HolE RATHE=-7589, p=000). ¥t 7+ A-F
Zko] vlalol A EMTe] o F+ 5ol vlah #9 ¢ 2}
o] 7} YERITHE=7.637, p=.002). RN A] tZTtol Al
= A" A 7678 cmol A AE £ 8248 em7t S7Fe 379
cmZ F2$k zpelE YERAIL(t=-4.778, p=.001), MT
e A3 A 7988 cmel A AE 3 8470 e} 57138
482 em= {ro)gh 2ol & YER S (t=-3593, p=.004),
FMT#oll M= A8 A 8045 cmeollA A& $ 8871 ecm7t
7kt 827 cmZ Y3 AolE HATHt=-6.406,
p=000). & 2+ H-F Zpo] H]alo] A FMTwro] thz
o w3l frelgk 2pol 7k YR THEF=3.955, p=.029). ¥=
gk A7) A tlzd AE d 265 %ol A F
36838 %7t F71eE 323 %= A%k AolE HYx

3

=
=
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Table 3. Comparison pre and post test among three groups (N=35).
) Control group MT group FMT group
Variables (n=12, AYM+SD (n=12, BYM+SD (n=11, C)/M=SD F P
ASL (cm)
pre 39.78 * 542 MN.72 * 781 41.89 * 6.20 511 .605
post 277 * 5.09 44.88 * 9.72 48.80 * 5.28
change -2.99 * 2.19 -3.16 * 297 -6.91 * 3.02 7.637 C?OEB
t -4.736 -3.678 -7.589
p 001 004 .000
SL (cm)
pre 76.78 + 1124 79.88 + 11.24 80.45 * 9.01 276 .760
post 82.48 * 9.67 84.70 * 1.1 88.71 + 6.74
change -3.79 * 275 -4.82 * 465 -8.27 * 4.28 3955 c0|23\
t -4.778 -3.593 -6.406
p .001 004 .000
ASS (%)
pre 32,65 + 5.9 33.56 + 378 31.72 + 5.55 1.801 .181
post 35.88 + 6.02 37.19 + 3.98 37.75 + 5.23
change -3.23 * 373 -3.63 * 564 -6.03 * 3.80 1.280 292
t -2.999 2232 -5.265
p 012 047 .000
TDS (%)
pre 3257 * 8.30 34.16 * 7.14 33.07 * 8.60 A7 .843
post 28.98 * 6.94 29.75 * 7.65 21.72 * 9.09
change 3.58 * 3.39 441 * 492 5.35 * 6.39 .360 .700
t 3.664 3.105 2.780
p 004 010 .019
Cadence (sec)
pre 0.51 + 0.15 0.50 + 0.11 0.51 + 0.15 1.317 282
post 0.64 + 0.10 0.64 + 0.09 0.76 + 0.14
change -0.13 * 0.15 -0.13 * 0.04 -0.25 * 0.12 4284 C.?ZEB
t -2.968 -10.704 -7.207
p 013 000 .000
AGS (m/s)
pre 0.69 + 0.21 0.70 + 0.19 0.70 + 0.19 185 .836
post 0.76 + 0.24 0.80 + 0.20 0.93 + 0.27
change -0.07 * 0.09 -0.09 * 0.13 -0.23 * 0.15 5.453 C.?OA%B
t -2.708 2476 -4.993
p 020 031 .001
ASL=affected step length; SL=stride length; ASS=affected single support; TDS=total double support; AGS=average gait speed; MT group=mirror
therapy group, FMT=functional electrical stimulation with mirror therapy.

(t=-2.999, p=.012), MT ol A= A& A 3356 %A A
% 3719 %7t 7Fe 363 %= frolgk AfolE HYlo

A—

p=.010), FMTolA= A8 A 3307 %A Ad &
2172 %7} 7443 535 %2 Y3 AolE HY

Dﬂ(t -2.232, p=.047), FMTol M= 28 A 3172 %ol (t=2.780, p=.019). A%+ Fek 3k A-F 2Jo] vl A=
A A 377 %7F SFS 603 %2 Fofs Aol B F 3F s Aole e UTHTable 3). &
ATHt=-5.265, p=.000). 3FATF At 7+ A-F- zfo] Hlal oA PRl E A A 051 secollH 2E 3064
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