el o) ets]A] Al6d A3E, 20113 8
Vol.6, No.3, August 2011. p.277~286

Wy HNEF DA PRI F15H WIS 2 o)
2R $715e WAL 3

The Effect on Ankle Joint Movement by FES Application on
Tibialis Anterior Muscle in Chronic Stroke Patients

Mi-Suk Cho, PT, PhD

Department of Physical Therapy, Korea Nazarene University

<Abstract>

Purpose : This study was to investigate the prevention of spasticity with modified Ashworth scale(MAS) and
range of motion(ROM) increase with goniometer in ankle joint by functional electrical stimulation(FES) and
exercise for 4 weeks in chronic stroke patients.

Methods : 60 chronic stroke patients participated in this study. The subjects were divided into 3 groups, FES
group(n=20), FES+exercise group(n=20) and control croup(n=20). After FES application on tibialis anterior
muscle by 35Hz for 4 weeks, the change of ankle joint movement was measured by goniometer.

Results : The spasticity in ankle joint was decreased greatly in FES and FES+excercise groups(p<.05), and the
ROM of ankle joint was increased greatly in FES and FES +exercise groups(p<.05) than control group(p>.05).
Conclusion : It shows that FES made the angle of dorsiflexion in spastic ankle joint increase with functional
improvement of tibialis anterior muscle in chronic stroke patients. This show that the FES is avaliable for

facilitation of ROM and decrease of spasticity as a therapeutic tool.

Key Words : Spasticity, ROM, FES, Ankle joint, Tibialis anterior

I.M = ]38 P}l (ischemic stroke) = EH3}+E(hemo-
rrhagic stroke)ol] J3l 9] dA-FFo] AFHUS
= &Z(stroke, cerebrovascular accident)2 7o w] WAYETHGranz 5, 1996). HESFTOE s =
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5715 35 ALl u
4] o7 AT g A FHE
T A Bneet A 9 35S 98
51 Aok 1 F #EFH 1y
I Yehv= Bagwols w77 <%

itz Ag" & e A

ooy i &

myo R my ot

O{N r?-ll‘ O{N Olﬂ
e > 9
o

o2
o
L
o
u
_&i

2 L2 o
Lo
o

X g L9 Ho ox o @
i
2
N
r]I
o
—r

2o

A7} 71552 A7) A= (functional electrical
stimulation, FES)o|™, A8 o]&3 7}l4A(task
dependent plasticity)S +43t7] g GAE &
AEHo] ojxpH o7 HL=H = rkBajd 5 1985,
Yan 5 2005).

HEFORE QI R HAve] A= HE
(extensor muscle) ¥&+5< AYil K}t F
T TS dUTE A, 4FIA, FEHAE 3,
dko] Wl Fl(plantar flexion), o] & WA
(inversion) 5= Z Tt o] F XX (foot drop)
& WEFHE] 7F(spasticity) &= YERJH HYPS
oA ske 84 T shE e Ade] B5E
=8 Xdorsiflexor muscle)?] B&Ao] 23l oF71E
THBohannon®} Larkin, 1985).

HEFoR AU Skl 84%olM Ha 3 &
A o] Aol WAHY, 1 F 76% v LEHE
o] ZAZe] FWEIH L B JthEEE T,
2004). FEHH] AL A9 oy S5
ShEA AHE3E0 A (deep tendon reflex)e] 3,
73 HukAKextensor reflex)2] S/l EFHo=
Uehtbed Avie] 8259 S8 7P
A RS et 5 & v Jou o
FEe #He5S Walstd oA B FEE
o En AvAgl A1) 71EdES AAl
AHHADAL -5, 2003).

A NaATle FA PHoEE xR
A= A&7 BAA R P glom, 7]
A= e AAEE A ASshe wHE B3
9] ti&H(antagonist) = A=3s= F 7HA| ‘ﬂ}“\j&E
TEEHARE A2 g X538 A7

- of)

el M= obd =gho] itk Ade] A

X5
4 AAAFo| FFAAA 4 BB B4

I~

Pl
=3

d
4 8 7R aaE el v RaElon
(Robinson 5, 1988), 23|18 <3tAzIth= AT 2
IEE HIAEI )0 (Monaghan 5 2010), ol T

Sk W33l o) AlESH /éz«lo]gdq.

o= FESE F-&3l % 29 71
B2s NdsiHe B2 %1*01 Bu=y 9l
(Baer2} Wolf, 2008). FES= A9 52174
E3Eo A2s el 3o 2429 F5L
s 7158 5SS oE ¢ Aeu(dHEr
LA™, 2002), A= BEE FAAFToE BHER
T RS o3 YAk o] dASEE A
2o #af ofA = =] HA)7} itk

TS FESt HAFS wAs] H% Ba A
of AMgEE WY 9 stuE dEdde] UsE
438 FEAZE 4 JthHausdorffe} Ring, 2002).
Age] AFELS FESE Bl WEIH HHo=
A AR o] i EAE BRaskglovt of
2l FESY A&aA9} 435y /s BT
71l F=3ho] AtiLamontagne 5, 2002). E3h
FESE ©|&3 7|&9 dAFEL 93 HEF &
Egdoel A2 M By oy §3 Zdx A
3}l Sl gk &9 5& HS3AthBajd 5, 1985,
Monaghan 5, 2010). 184 94 HEF 5 54
A EEAEE dE@Ee Ao MAEHA Fe
S WoE T4 &5X 8T, FES A&+
9 FES+EA& HL&Tog pro] oA
FES®| 734 M m3s 249 =22 719 gle
Aot webs B A Y HEFes O
E@de Aol A 54 LEXEE BYr)F
o] MAHA e AolA 71548 A7AS AL
o] WrEHEe] AHA et #E JEEH i
X YFs BN A= 9] Ut duE
4E EEAET
Atole] MAS o
olgkar ATk

o mln
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O
FES A&7 % FES+% ]iﬁj
ROM Hg}lol= =ol7) e A
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] At TSttt AT Ak
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& fFAS U2 Y

#S 71X 3 QI(MMSE-K 247 o],
el ZHzo] £HE Ashworth #=(modified
Ashworth scale, MAS)7} 2.5014%1 H&EF sz g2
Akt on, FHH 7S NSk Hs)
e 55 FYIA A8k
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A9A APAE] DTS B0 A8 Z4F
3} F4E AT F AR,
e 7183,

7429] A=E Yelll= MASS} Z=A|(goniometer)
e s
o

dAs A0 5 FIAAU AP AAE
FES X RE, Ad72°| -+ FESS +5A8E Hﬂﬁﬁ
ST, tERFdME S5XEE ANEEE F

AstAtt X577 190 2084 23] @A]S}Oﬂl 4
I AEKFIHeH, A3Fs F Wi ARE 15
o AT AESAHL ASREE Fo|7] Y5ty
MASe} HETE ROM =42 38E AT
IO BIES SHFCE V=39,

¢lo=m gt

l..

> o
=240 &

e

1) 7153 A7|A= X S(functional electrical stimu-
lation, FES)

=2 A7|AZ Hgo] BEDAH SLEV|50 nx= gk

A EAA 7158 AR X572 B
Q1 A7 (tibialis anterior muscle)= A=
: ZA2E WHE dmleEgdse] o
90 AT TYFol WA AFE wxs
ML AR A7 wiAEIAok FES
(MICROSTIM, MODEL, 5¢)9] 1388 whgatgo
2 XEAEE 30~70mAE BA ¢A A HS
T e HHoA Ay WEEFIe] HUE o
AUEE 3¢, BAZL 250um B2X FIFE
35HzZ s th A=A 7%, FAAE 222
ARsle] WHESIATE 1Y 2088 23] 283k 4
FZF AR, X8 T8 F 1537 5 MAS
9} ROM H3}lE T3S

2) +FAE
SEAEE T HEFOE QI %EJM.J_OH
Zlo] S

oA EuteEEdel FA=E JHdAIT7I ‘l’IOH Z“&

O
=

A gastrocnemius muscle)2] &
Ao #5& FHe= ;‘4%’3}5’3\1—/}

GEEU
= ‘QE«] 01'7‘ Eﬂéﬁé 52 £o =
FHa dulgs X BARY] F QIEZRE o uby
A AlEATE EEXEE 1A 5 F
3 dxoA AH RS 523 A 3 &
A2 FHAA S 1023 FHSF vpA
o2 AT =S 523 AT ?r*'
40% oS FU, 103] WHE A =
o2 AL e 229 4oy 3’4—%%"3 5
T 9o o] X7 HEA = ARE
3] vlwEtHA FHY] oA At daae
Y-S 43} 3t
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1) MAS(modified Ashworth scale) =4

7AZe] WS 93 Ashworth HEE Fo7
Aol o A=t WHe R 27 ]°ﬂ 5GEoE EF
HAey AlE 655 =E Uro] 4% Ashworth
A ARFEAT 0552 X0 A o
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, 152 oty 2304 7P o,
T-H Al FEAY v e A
L.

04 FPE da, WaE wEe 598 A &

WA 112 ol kel AFE Al e
ot} 25F WAZFEHS] Aol AAH 21|
ZrkEglon wEe 47 Aol e, 35
Fe AT 2 09 2 £5eF0 oge
gulolr, 45Fe WNE BAe FHY A 23

2) WEHEe] HH7HE S (range of motion, ROM)
A

E57](protractor)?} Zarm)e] + /A €Y 7+
Al(double armed universal goniometer)S ©|-&3}
HERde] #d JFsHAE SAHskTE TEwd
o] AFEFY A=E SAste YHde o= 7t
A7F SARE B AT AT EAEC] HEF
o= Huprl FRkEo] e/ o) A7 F
AolBg FEF IFo] ol F5FoRE A
oz IR e Al (extensibility) S
= o] A Ldotry stk wakA S (axis),
5 Z(moving arm)°l Tl
3] <A SFTR2(sagittal frontal transverse method)
o] AT ANES =zt A Fsiih

53], 54 ¥5&5EY Al EEwEe @Es
TR FRGA SAHEA REE AR &
gt o2 gxte] WHAE WHA 2] deEy
o] HEE =43t £54 H5E5TY AlY
2o} S22 W] AErin FUQIoZ .

7B A TS A FEHCA EHEXE DA
o 2ol AXAA T AAE FHstar SHET+=

£

173 (stationary arm) L

Table 1. General characteristics of subjects

N

ST

TS (goniometer) & AMESIATE ZTEA] AFRH-2
ALs Folwo] FsHA s, 5T IH
TR w2} sHA ES 2] ™ 2(metatarsal head)
o} A Aol FPstA S8t Ach

3) 24 U

A2 Aze] FAAZE SPSS-PC ver 17.0
for windows ZEIHE o]&ste] A T4
A ASES HElAe dYnlA] EAHEA(one-way
ANOVA)$H MASSH W7 9le] ARTE st
#Zs Q8 RHEESAEAHEM(repeated  measure
ANOVA)S AAEFEH. AF374-2 Least Square
Difference(LSD)E ©|-&3t5oH, & A9 FASH

2 foFFEe p<05E SITh

AFtdAs WA HEFoR <l WmigEd

o] = IAEZ YHkHA EAo=
Z 9 AAS Table 13 2tk 70
AR HEFT WY YA HEHo] 25%(42%)°]
A1, H7AHo] 357 (58%)0]%1th v H9l= o
Z o) 2Pt 389W(63%)°10 3L, 9Z FHupy)
7Y 32%M3B7T%) 01N HEF I 5 ke
17.4£8.37] o1tk AdAG ko o

2

A Ak

Eg, 1o =
AFe dduiA] B A 3AF frelAdol
HEEA FRAp>.05), AT A H HBH A=
= BAF frelde] dEHA Gob Al Hd 31
Aukx B0 tigk 24 HIolA F3E Aol

Control (N=20) FES (N=20) FES+Ex (N=20) F p-value
Age(years) 61.37+6.9 63.57+8.0 62.56+07 19.46 43
Weight(kg) 59.86469 60.58+10.9 59.68+9.3 2325 .54
Hight(cm) 162.25+11.6 161.61+9.9 160.78+7.8 41.62 .29
Mean+SD

FES: functional electrical stimulation
FES + Ex: FES+exercise group
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o 1l X
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—_ =

A=A 7s

=z
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AAZ A go] WERY £57)50) VA

3k

3) LA BT

AZE A wEy AA i veEkA e
o As T8 F A5 Ao FFoE F43] I
HE FgoR #AAFUY & Am AW HAF F
FAEE 20 A=A, A7 1F F o= 20, 2F
ZolE 1.9, 35 Foll= 1.8, 45F ToE 1.6°1%
o, A7 F3 ¥ 1F Fd= 189 245 Yeld
ot AIZE Aol wE RS REAHEAS AAS
vl A7 A3l Alololl A BAIEHAE ool §l

ITHF=23.34, p>05)(Table 2)(Fig 1).

Table 2. The changes of MAS after FES application on tibialis anterior muscle in chronic stroke patients
(unit: score)

Group Pre- 1wk 2wk 3wk 4wk Post F P
Ex 2.0+0.4 2.0£0.2 2.0+0.2 1.840.2 1.6+0.2 1.8+0.4 23.34 18
FES 2.1+0.3 2.0£0.3 1.6+0.1 1.3+0.3 1.1£0.1 1.4+0.3 34.25 .03
FES+EX 2.0£0.2 1.840.1 1.5+0.2 1.1+0.1 1.0£0.2 1.2+0.4 43.71 .02
MAS: modified Ashworth scale
FES: functional electrical stimulation
FES + Ex : FEStexercise group
Fole 149 ABE UEpith A Aol me -
HER 2 AR A S AAEH) AZE s Aol
. 2.5
A BAEE o] BEEJTHF=34.25, p<.05).
v 2
s
2) FES¢} +-5X5 WL S 15 —e— control
FES X&ad AR 3oz MASe| Zhavt : =
a1
Uebg oy 1 24 A5+ FES A&7 Hoh 53
Al Aow FAHUTE F A5 Mol H 55 0.8
AEE 20 AR, X8 1F F o= 18, 27 & 0 -
A= 1.5, 3F Zol= 1.1, 4F Fol= 1.001%1oH pre 1w 2w 3w 4w 5w
A% T8 F 1F Tl 129 AxE Ueith
N7t At wWE HlERz=guaBEde AAF u} MAS: modified Ashworth scale
_ o _ Control: exercise group, Expl: FES group,
ARRIE W} Afololl A FAISHE Fo)4do] #EAEH Exp2: FES+exercise group, *: p<.05, **: p<.0l

ATHF=43.71, p<.05).

Fig 1. The change of modified Ashworth scale

Table 3. Tests of between groups effect on MAS change in spastic ankle joint

Type III SS df MS F p
Group 9.65 2 6.35 13.62 .046
Error 15.39 24 .86
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Table 4. The changes of ROM of ankle joint after FES application on tibialis anterior muscle in chronic

stroke patients

(unit: degree)

Group Pre- Iwk 2wk 3wk 4wk Post F p
Ex -18.63£7.8  -17.45+9.2  -10.78+49  -6.05+2.8 2.46+0.8 -9.36+4.8 54.29 18
FES -18.5949.5  -153845.6  -8.45+3.2 -1.20+0.3 10.35+3.1 5.32+41.3 74.93 .04

FES+EX  -18.72+6.2  -14.64+8.1  -7.21+3.7 4.35+£1.1 14.45+5.2 9.42+0.4 81.67 .02
Mean+SD

FES: functional electrical stimulation
FES + Ex : FES+exercise group

4) A¥HG] AN &3 HA

g% B, FES AZ7 P FES+&EXF79
It &3 AAS Blas) B A SAsHHow

ot Zo)7t AATHp<.05)(Table 3).
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LER o] ATFERSE
2 7T AR F85 F H7FEENTE oA
sk s #EEI
15 Folle 15389 EngEEgE, 25 Fole
18.452] HMEEEE,

Ll
EHdE, 47 Folle 1035’«] LeEEge AL

é_é

T"i‘

_{

5
= ;z]f—L £8 3 1F ZoE= 5379 dulek
< B2¥Th A7 Ae] ©E dE=4R
2 J
%]

il

Ak vl AIZFE ®is) Afo]ofx
T Y THF=74.93, p<.05).

2) FES} &5X5 Wl

FES A&a3 AR Fdos wadde] o
7FeLlel 7P UEbo v 11 S A=E FES
AJTHG tha G| &, A7 A 18.77
A H‘HW&;?‘Q% 2P, Ag 15 Fele
14.642] %hﬂ} ZH9S, 25 FolE 7219 Wi
EHds, oﬂ—t— 4359 SERIS, 45
o= 1445"«] WMEZAS Hylon X8 £8
17 $oll= 9479 H5EHIYS BTk Azt A3
o wg YHESPEEAS |
3} AtoollA] BAIEH
p<.05).

10

Dorsi flexion

" M control
FExpl
DExp2

-10

Plantar flexion

-20 A

L.

pre 1w 2w 3w 4w Sw

-30 -

Control: exercise group, Expl: FES group,
Exp2: FES+exercise group, *: p<.05, **: p<.01

Fig 2. The comparison of ROM of ankle joint
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Table 5 Tests of between groups effect on ROM change in spastic ankle joint

Type 11T SS df MS F p
Group 19.78 2 13.73 34.87 031
Error 29.65 41 98

v.o F

53] Z(motor cortex)°| L} FAHPZE (extrapyra-
midal tract) ¥ A Yele 3044E FElQl A
Z(spasticity) HWFAFILE](extension reflex loop)
of APgHoR FEFE A &5 ELEFAANH
(complex regulating system)e] ZAES ST
(Burridge &, 2001). gRbog =& & Holy)
A A =2 NERE Uil AL ARYE
Akl g1, 2R F7L Feesol
271 A9 2 HE7] vhAke] g A
AL RS FEkeE 5ol 2 EdEF Tt Monaghan
S, 2010). BAe] A Hrp PHoEE Adet
2 wPEQl RAAL, 715471, 5
o] o]&=|31 9J3(Robinson &, 1988), T2 H7}
WO Z Fugl-Meyer H7H =9} 2-5%71 Z(motor
assessment scale)’} H&EF A AAF JsE
HrkeE] flste] aRbEo] A2 FAQ IEAHEE
Frrskedl wle f8sHAl AMEEIR JTHGregson
5, 1999). =3 HEF A TEHoE Ao A=
£ #E3= =79 MAS(modified Ashworth scale)
< T2 ARSI YE olfE AQHE
Aztol #al, da rdskAl v ¢ 7] wEol
THBohannon 2} Smith, 1987).

AAE ST A HHOEE HEH

N
T
X5, WA FEAE % BNt A8E S

o, AAe DEdew Aashs PEe ok
gom WA FAe ol HE PEAA FolHel
2ES FASTL oA EASE mdo] Y3}
Bl 1 B3o] k. olo] A9 Pat BHUXE
s Zwold W R, BABLE 9l
a, W43, D o, o, AEAS, e
0 g 2AE AR 5L 018 TR A7

7h olold gtz 249, 2002).
FESE WA ¥ ARADEe B, 0

AFS] ZH4s, Ta fiber®] AEZ IHES, A A4
717 A3 =
A7) 2 Z(Davis %, 2008), 217
HEE DA E4dglo] Ao 2
He D A, 2AnSE, FEgAE 59 o
3F Fofol| A o] &H 1 glrh E3h HupH] A4
3}—% NN BAHo=z unn|g :Lou]. AE) A
2 Aulghz A &5 (motor point)= 2
TautE stelA FARE o] &ste] AFE
A AYstd X5l &85+ FESE WHE
olg] AlZ(peroneal nerve)oll Z-& Al §Z7]2] ]
e A= AREI 2 H(Robinson 5, 1988),
Gl Bz7]e] 7S 45 tAE 4 93, B
A B5EERT T o MAS NANA T
g347}F lth(Popovic} Keller, 2005). &y THY
HEFOE A% AA L A AR o AEH
SAE FESS} 34 &SRS Hlu #ET AT
+ 1 PEe Aotk wEk B AFelAe
Y HEF Ao RIS MAHAE FHOFE FES
A5, FES9F 2548 BT B 2eARToR
T-E5td MASS dEde] ROM ®H3kE Hla
Aste] AGIANA LA e <«
He dgEEddY A T AR
ANgd FAE E%i@r“o‘}ﬂ H18) A=A
FESS| A& Ndr7le As A gk A
= goeluldei(quadriceps femoris muscle)
of Azl e Huv] At FEARE FI 2l
g 23 3083 AAEE @ A e &
Rajo] FAEYTHE B I(Schmid 5 2007), A 32o]
A N2 Aol s0ms= 108 T A&
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ORAAEE FEAZITE Bal 5] Uth(Popovic
9} Keller, 2005). =3, HrpH] $x1e] 72| g}
o1 3 g Z5o AA49E 20-30msY] FF
N7V} 50Hz FI4E 2% A, 2% FA9 3
F7\(duty cycle)Z AFH=E AFoZ A%k F3F
o] MAIEA] e HAWE 3t 10~158FE 24
A 2] 90%0A 72 o] ZAgthE Buk
2 THThomson®} Stein, 2004). L&y} A4l =&
A7 AF o) i oige] daAd
Agox] om Z8e AT O IFe
wok oflEr 1 259 tiEge dAE fd
g2 Aoz fiE 75 5531
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STAAE AZE Al wet A=
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