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| Abstract |

PURPOSE: This study aimed to compare the impact of
exercise with that of functional electrical stimulation (FES)
and transcutaneous electrical nerve stimulation (TENS) on
muscle tone, calf muscle stiffness, and balance ability in
patients with stroke.

METHODS: Thirty patients with stroke were randomly
divided into an FES group (n=15) and a TENS group (n=15),
and a progressive task-oriented exercise was assigned to
them. These exercises were performed non-synchronously
from December 5, 2016 to January 31, 2017. Patients underwent
TENS and simultaneously exercised for 30 minutes daily, 5
times a week for 4 weeks. To determine the effect of the
interventions, muscle tone and stiffness of the medial and
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lateral region of gastrocnemius muscle were measured using
the MyotonPRO instrument and balance was assessed using
the Berg Balance Scale.

RESULTS: Both groups revealed a significant decrease in
muscle tone and stiffness of the medial part of gastrocnemius
muscle before and after the interventions (p<.05). Berg
Balance Scale scores increased significantly (p<.05).
However, none of the other parameters were significantly
different (p>.05).

CONCLUSION: Our results prove that progressive
task-oriented exercise along with FES and TENS decreases
muscle tone and stiffness of the gastrocnemius muscle in
patients with stroke and improves balance. TENS could serve
as a complementary replacement for functional electrical
stimulation for in-house training, as TENS poses less risk of
muscle fatigue and has lesser contraindications than does

functional electrical stimulation.

Key Words: Functional electrical stimulation, Gastroc-
nemius muscle tone, Stiffness, Transcutaneous electrical
nerve stimulation
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THDe Vlugt 5, 2010; Sheean} McGuire, 2009). 74 2]
50] A A bl I WSt mE 45 AR

o A3sh= 57}% L% EHE S3ttK(Sheean 1}
McGuire, 2009). £71%0] 7]ojaliz 7] Hol = 8%
WL 28 R% T9le) AR A, $3 ARo] A
A ARo] gETHDe Viugt 5, 2010; Mirbagheri 5,
2007; Sheean¥} McGuire, 2009). o] 2]t 7 2] o] Hh&of
walshA S e A7, T, F wao] WAl
A BT ol 0.2 ANEET] F/IsHe FaRe
of w2 w3 A] Wmgo] 7hEL Mg ue)
£ of7]3kcKLin &, 2006; Niam 5, 1999; Park 5, 2010;
Vattanasilp 5, 2000). whe}A] 271739 A& olafslar
AHol Qk WEF BAE AT BIHA Bkt
(Chuang %, 2012), 2 2Hso] = aa}c}.
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]71— XLOH’ = ZPoH T, o o ?é}oH
oz olelat 448 A7) Sl LA
MAA71= A71A & SA7E A3 E o] Seh(Kumar}
Kulkarni, 2014). &% $H22] Z2& 7 AA17]7] fIet
Ao g AAE A7|IA 7 A A7A R T A8
o] ohd 25329} Aste] 4852 UriCho 5,
2013; Park g, 2014; Sabut 5, 2011; van der Salm %
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HEF B9 ¥Rl AT ) 3H P
2 chel 7l F200) 7} B ek(Sabut 5, 2011)
715 H A7 o B2 Qe BAReEY 3
B2 Z7HIA FFARA 7k WEE Hezos
F0T 4 U, TS AL 58 A4 289
FHe 3% A% 2B ATASE 93 A

1“, ) E(Slukaf’—]— Walsh, 2003) ABS’—} Q% =+
2 25l AV FE ZA 4ol thLevin
ui-Chan, 1993). TENSE 23+ 72+¢l8] =2

o] $EHRS PN 5 9T Laufers)
Elboim-Gabyzon, 2011), Z-2>AX|HELo] 35719
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TENS--2 E(hand) 2t oFef Zforearm) 250} -5
A% A4 (motor map representation)©] E-E]= Ax}

£ B3} tHMeesen 5, 2011). A13§ Lo A TENS
£ HEFA] A Al A85haE o HA9
HAas Bk (Potisk 5, 1995), QF7}& Awkz] L
11 A [P R R e ) e B i v R = v
(Cho £, 2013; Park, =, 2014).

AF7A] Ao AFEL SFAEet At 764
A7 1453 A9AR A7 A= Fo] HEF B9
A 9 )75 AT Ao HiER
5 Z(placebo) 7|44 A7} Tzt Hlwgh A7t
B0l it Cho 5, 2013; Park =, 2014; Sabut =,
2011). H]= Kumar®} Kulkani (2014)2] 27| 4}=2] 5.9}
A AFA7AFARE Hwgh A7t YA o]

T 24L 25 -T Aol 89S o) FR A}
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o7, Al AHA|fl Al oE7], Aol A SAp= o] Fs)
71, ARl 360° 3 Ha17], AR ole] Wt 9
o] BS W E 7] A4 HEl ggoz LA E o]
ZIthBerg 5, 1989). ZF BHA &) 7P W& o= 04,
W =8 AL 47 oF HE THA|9] 23RS 5674 0]
o W55 Aol et W 1gE A HALA)
HAF AFEs B2 1o 7k A#4de Eid
(Liston2} Brouwer, 1996). & Lo A& P42
24 3 5UA ool Bel A=A} BT B
Az 158 A,

HRS. ol

A AL A9, g

o HS

3. B Wy
RE AR 2] ZAE £3F ARA A28 &
F(Progressive task-oriented exercise)¥} A7) X7 A&

FA ol AABHATHGo, 2015). 25 A A ZpAof A

o 4TOR B Bl HubA SOl o3l
ot solollAl gsket dojAlyl, itolg 24 @
% Gl TR WS 9kl o GOR ],
912 LehA7]R o) ROIHT, 54 el o],
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1) 7]1%52 Z7]A=A(functional electrical stimulation)

B o] A/ R EBE 5] 98] 7%
2 7] A=7](Microstim, Model GmbH, Germany)7} A&
A3 % 719 43 8 & A3 ok ol
ZFore] AR e A2 $7 5% (motor
point)°] HXLO}ME} AR 552 WHEA] A9F
£ S TFEAVE 2 i S2EE 513lA(Go,
2015), F=3b4(frequency) = 35Hz, W5 Z(pulse with)>
28048, A== AR AY 4 Q1= 3 7](tolerance
level) = A8t Aet. A 7137 4 AIRR 30&
o2 AlgYst&itH(Sabut 5, 2011).

2) 739417 A 7] AF=transcutaneous electrical nerve

stimulation)

2 oo W73 7 anE gelap] gia) 244
Z7]AF=7](Novastim CU-FS1, CU Medical Systems,
Korea)7} AF&-E Qi) AdR] AAL A28 Bzjog
5o A2 F o WIS k% Habl o] RAsh,
th2 AZe Fojelw w2l ZAw Ao|(l0om £
Bolo] RakalgTh(Potisk 5, 1995). AF BEL
ak4=(frequency) 0-100Hz, "5 Z(pulse with) 20-700s
o] 9] okl 2AE= X273 mEe] TENSES
AARERT, Ars 289 JHAFQ SE(visible
contraction) EQ15}o] =30] AR wWj7hA] A7) =
AAstalon, A4 A71A 7 SHAIRS 30722 Al
Y5 tHCho 5, 2013; Park, 5, 2014).

Table 1. General characteristics of subjects (N=30)

4. Xt=E2N
2 A 2E glo]E £4]-2 SPSS 20.0 (window
version) Z 2 12 o]-§-5FGiTh ALeARe] UrtA

S48 Aol AT SURE 1 AL o831l Bt
EEUAE Uehgn, Buaen A2eE 45
(Kolmogorov-Smirnov Test) E-3] AFAS &2ls}4ch
AT dAel el 23 v S vl me} F4) A7
3 3 20HE 0 WE 2EE ol tjeRE
7 (paired t-test), 7|52 7| A=1} A A1 A A7 =}
=+ X7 97 237} ZFo)(postpre)= EHIFE t HA
(independent t-test)2 o]-8-3}H Tt EAA Go4+F9

o 052 AAsto] Aelalgic

J2H] duba) 5442 v Zei(Table
s O] 66.2011.234], A4
< EA 1078 OWS‘%,‘ BE 68.33£5.10kg,
o 7]= 164.33+7.78cm SAFE KOl 022 (11
Z 41, H K-MMSE A4+ 26.07+1.28%, B
7|7k 11.80+2.96701 Y o]it}. AW A A A7 A=
Sy

Hat Uol= 67.4046.974, A GA} 137, oz}
, Wt B 71.67+6.86kg, Tt 7] 168.26+6.30cm
F5 e LEE 7Y, 9% 89, Bt K-MMSE

Variable FESG (n=15) TENSG (n=15) P
Age (year) 66.20+11.23 67.40+£6.97 72
Gender (male/female) 10/5 13/2 .19
Weight (kg) 68.33£5.10 71.67+6.86 .14
Height (cm) 164.33+7.78 168.26+6.30 13
Affected side (right/left) 11/4 7/8 13
K-MMSE (score) 26.07+1.28 26.47+1.51 44
Time since stroke (months) 11.80+2.96 12.80+3.28 38

Value are means + SD, *p<.05,K-MMSE: Korean version of mini-mental state examination
FESG: functional electrical stimulation group, TENSG: transcutaneous electrical nerve stimulation group
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Table 2. Comparison of muscle tone and stiffness of before and after
Before After Before After
Affected Side P Non-affected Side P
Functional Electrical Stimulation Group
Medial "15.82+2.74 14.71£3.14 02%  16.02+£2.48 15.3942.48 20
gastrocnemius b
muscle 287.87+54.63 268.73+46.49 .04%  296.13£70.56 278.47+52.05 .15
Lateral 16.26+3.61 16.18+3.52 90  16.90+2.65 16.53+£2.39 .60
gastrocnemius
muscle. 306.13+50.03 309.00+60.56 .82 310.07+58.72 314.20+56.21 .81
Transcutaneous Electrical Nerve Stimulation Group
Medial 16.48+1.32 15.29+1.91 01*  16.49+1.55 16.21+2.19 52
gastrocnemius
muscle 306.60+35.39 280.534+24.20 01*  302.26+37.61 294.07+39.93 .08
Lateral 16.85+2.47 16.35+2.15 45 17.9243.76 16.85+2.25 .26
gastrocnemius
muscle. 316.47+31.15 314.07+33.56 .84 333.60+67.42 321.67+42.36 .50
Value are means + SD, *p<.05, *: muscletone (Hz), ®. musclestifness (N/m)
A 264761514, Bt W71 12808328708 5 A7) uhe|E Qs AT gEE 5
ollth F w3k Rt Aol7t glong A4t 5 A A 158242740z A SA 5 14.7143.14Hz 2 725}
A5 TH(p>.09). Al 43R 3(p<.05), B 2|4l 517 HL% A+

[e]
g “E“EKFM ©.0]3} 7FAE WY THp<.05)(Table 2). 7]

chpens). 715 A A AR 2 o)

H 3 Qb

AR L Musle 747} 287.87+54.63N/m o]

A]268.73+46.49N/m Z(p<.05), 306.60+£35.39N/mof| 4]

Table 3. Comparison of muscle tone and stiffness of both gastrocnemius muscles

Before test After test
Affected Non-affected p Affected Non-affected p
Side Side Side Side

Functional Electrical Stimulation Group
Medial "5.82+2.74 16.02+2.48 .68 14.71£3.14 15.39+£2.48 23
gastrocnemius b
muscle 287.87454.63 296.13£70.56 44 268.73+46.49 278.47+52.05 .18
Lateral 16.26+3.61 16.90+2.65 .36 16.18+3.52 16.53+£2.39 .64
gastrocnemius
muscle. 306.13+50.03 310.07+58.72 75 309.00+60.56 314.20+56.21 .65
Transcutaneous Electrical Nerve Stimulation Group
Medial 16.48+1.32 16.49+1.55 .98 15.29+1.91 16.21£2.19 30
gastrocnemius
muscle 306.60+35.39 302.26+37.61 72 280.53+24.20 294.07+£39.93 21
Lateral 16.85+2.47 17.9243.76 .16 16.35+2.15 16.85+2.25 34
gastrocnemius
muscle. 316.47+31.15 333.60+£67.42 34 314.07+£33.56 321.67+42.36 46

Value are means + SD, *p<.05, “: muscletone (Hz), ® musclestifness (N/m)
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Table 4. Comparison of berg balance scale of before and after

Group Before After p
BBS FESG 33.40+4.08 35.60+5.60 .04*
TENSG 33.40+3.89 35.07+4.45 .01*

Value are means + SD, *p<.05
BBS: berg balance scale (score), FESG: functional electrical stimulation group, TENS group: TENSG: transcutaneous electrical
nerve stimulation group,

280.53£24.20N/m (p<.05)% 92|53} 7hastAch Y

o T AgEY anto|glre A ANt o) F
A Hjope| S vhe] S 0= Y %%%E Hadhe P P P K= d i i i i B R e
e B ol Aol §f >.05). 71 9] Zsto] Wt AME Qs Agol7o] & AtellA
nhd| S} vjopH]| 0] S24E g 4Et e 53l HES A dellA E3) AeEe BAAIRF
=4 23} 75 A A7AS 2 Bl 1A= SARE VIS AAIAST AR

2

2 W5 92 the] Aolel Solgt o]z} §lelep>05)

oo N oY e mY Mo rr dr @ W
_o‘j

oto] 2= 9 wweh FFsHol viAle 9%
Blastala} hiek 2 o] 715 A A7 A=
3. M Hut M = 2Y¥YSH Hst YRS S S ANk o R o] 2
A AF T £ 2% BBS Wt fo3 717t A7t A A LR faste FdE EAAL vHS
AATHp<.05)(Table 4). 7524714 2 33.40+4.08 5 A = Mok} BBS Aol Al 2]
oA A 5 35.6045.608 2= o3t St kAL Male HAT
(p<.05), B ANZ A7 A2 33.40+3. 89%;1011 A 35.07+ 7158 71ROl gt v Al HeE S vt
4452 Fogt 7 QAT (p<.05). AT g e dedd it w2 A UehiaL
(Do -5, 2011), =3P A] 2Fof2| 417 ol FES 282 S
4. WXz YR SH = HalE Hluw Aol e e A& S 77 e Thompson 2}
7153 A7\ AL} A AA A7) A2 vl Stein, 2004). Sabut 5(2011)2 ¥ Z5 g} nje|= o
Z 9 Hjuke|S 20 e Hake vjae) A & ol FESE Fafsto] duba 52wt 2sto]
27 9018k 2pol7} QA Tp>.05), FB5E wskey 21851912 1] Fugl-Meyer H7FH 29| the] &% 7%,
Hlaof A e 23k Aol 7t gl alek(p>.05). TS wT = T, MASO|| frefet iAlE EAA,
Cho (2011)2] Ao A= FUE H o Haksl &

ST BEUS F719L MAS 4S5 o] B 47

o

v, o1 & Ao} O AFBHAT) M) SRS tharoa A7)}

=715 ol&sto] FEL v, A3k wiA, w5

HEF ApolA A EE= 7 AR 7 A= 7 o A A S iRt vt At e
NARAZ| AL AR AMT} A 7)% 2R 0] G2 A1) BiA S 2t Kok MASO] s HGlo

ol B2 AAA R W olth(Cho 5, 2013; Kumar®t AF(QAZT) HjA WL AL Buk A 7HS £

Kulkarni, 2014; Park 5, 2014; Sabut 5, 2011). 7|52 & AR E A 2= Uehl= ek 1] WRARAIR

] A2} ATAAA7|AGZL LET| 0] A5lE X Zof| A th e} gashs A Hof A

% SAA A dEE Bl A RsE dod Zo] Aol dhgh vIztEE SRIE 4= 9= B}

# A7) wiol theket A7E AP Qlal 1 AR gegt W o2k AQksllth(van der Salm 5, 2006).
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Ngd 280 JIs™ M=l BINEH)INS 2

0 HEF 2ol 22T 5! WH, FIsH0 0Kz Y | 49

o|N

7HA e daAlzled, FE HiA
%ﬂ AT AT Z95s fEsh] w7
Zrast Aol2} 81 thvan der Salm %,
2006). wi<Zoll -5 =k At FES SA7F (A
SR Z7MIA vhilS oHE A B W
o 748 Ho|T o] Qg WETA S5 S}
BBS 7o) Qg v2l Zlow Az
L Ho0] oA ABAT 2
Aol Zup-ofu] - HE] 2 AHGamma aminobutyric acid,
GABA)S-2]2 271471t Maeda 5, 2007). 282 &
5% Bl A8 AR G WA
Mo H& AR B5o] Aol Aol

©O:

7

—_

sto] A 2 aE =T 4 QAL 295
SHA] gFEole Eetal uiH S 57152 |
2> 9)th(Potisk =, 1995). Potisk 5(1995)& ¥ ¢13L9]
A T} B iR o2 W& Sl A TENSE
Agsto] e oR WES FAY o Ve A3
ESZ EMG 422 7|53 A% BE Faipo) 274
2 Zhadiat ofyel 158, 3050 AA 7hav} o]ofx]
S B sHick Eek Qh71E AuR] o] X—i%
TollAlE MAS 24, TUG 24, 9%, 2,
ZFaokPark S, 2014), dhalchdl o) Xiﬁo
efell Al AAAlER Al
3HIHCho 5, 2010). Al3%ito] o]a}H TENSSI
Al w2 o] EAfstar, 2k wij A 5o] FAe
A71e AS A|A] A olu &Fote] A7l Al
old A& F7Iste] A A]o] AAaH kL sHrt
(Cho -5, 2013). wiZol] 2 AL A= T} 2k AmA|
27T 2 sk A Ry L= 2ot
A7|1A=l o3 A4l e S717F chejoll ot e
doA #3852 Z7lol(Lee} Jang, 2014), A A <l
S 7l AR AR
2%

)1,
i
“o ol o
Yy

>~

¢

H

%

]_

Ao e g
)

@
B

i ﬂ

™ -
oD e

o
[Da va B O
N

e oY

294 @r7+~ AFo & PN

AHE o] Epo
(2012)2> MAS7} =&
Ak ol4e] AFES
A2 71X e 9 wiw

KD
T
ol

ofN Bl
N,

e %% 3@

f ok
_T(_‘ N
olN
N
3
luj
Rl
o

o
%

N
2,

O:
N
-r‘

d

g]. MAS ul HH;]]_EP
g 7j4lo] 7Hs3H

o
o
]
fo T
RO
¢
)
oy
o)
2
4

ol
olr

g M

oA ARERE TR 97 o Al
N o2 23t sto] 71 W Wk
78] o] tHChuang
A= bl T AP AT A= A
U}H]z.u]u]—u]z LEEEIF D 712l wws)

. A & Feg Zpo|7t vrEhtA]
%%% = &48 &5 2 st s S ettt
1 3} tHChuang 5, 2012). FA|9F 2 L] whu] S
Hluhe] S 27785 9 S 1 aof|A] % T 15 A
A S 5 Fofgt Zol7h gisieh. 253k HArR
opH] Z-ajupe] S WE Qloiel &) WAS v
3t AFolA] HEF A= HAE FES A
U A] g o3t o] 7k gl slthPark 5, 2010).
A Aol A A7t 594 2y, Al Faf,
éﬂ 250] 7Hse B, HEAE Bo o5 oA
& Y AR A7) wizel ol2igh EAje
Al vebd 4= 9l Axfet sk & Ao] oAt
2 RE Wolgtd dqiAel7] wiiel 2
5 e 9 %%ﬂ 2ol 7k UA] kot Ao g

B 1of| A Hlu}‘f‘l 20| ot

PO
o~ lo 1 l“_a

)

o
L
=~ o ﬂllﬂl

[\
S
—_
S°]

= oon e 1o

H



50 | J Korean Soc Phys Med Vol. 12, No. 2

1 9J5L0) FEST} TENSSE 7hof Auka] L 714 =
) sk BBS 40l ole Aol gielek 4714
3719} TENSE 7H7H 9570 Wi a A Ao,
3lo] v 13t Kumar®} Kulkarni (2014)9] ¢1Lof|A] &7
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o X“’Hc’ﬂ/\1 A7 mhul ot AER| T A o]
Fet=d(Lin 5, 2006), & -2 H
L8-0F Q]—Q]- o]5te] MAS 5Ho 2 = 3
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