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The Cortical Activation by Functional Electrical Stimulation,
Active and Passive Movement

Yong-hyun Kwon, M.S., P.T.
Dept. of Rehabilitation Science, Graduate School, Daegu University

Sung-ho Jang, M.S., M.D.
Dept. of Physical Medicine and Rehabilitation, College of Medicine, Yeungnam University

Bong-soo Han, Ph.D.
Dept. of Radiation Science, College of Health Science, Yonsei University

Jin-ho Choai, Ph.D., P.T.
Dept. of Physical Therapy, Gangneung Yeongdong College

Mi-young Lee, B.Sc., P.T., Jong-sung Chang, B.Sc., P.T.
Dept. of Physical Therapy, Graduate School of Rehabilitation Science, Daegu University

We investigated the activation of the cerebral cortex during active movement, passive movement, and
functional electrical stimulation (FES), which was provided on wrist extensor muscles. A functional mag—
netic resonance imaging study was performed on 5 healthy volunteers. Tasks were the extension of right
wrist by active movement, passive movement, and FES at the rate of .5 Hz. The regions of interest were
measured in primary motor cortex (M1), primary somatosensory cortex (SI), secondary somatosensory
cortex (SII), and supplementary motor area (SMA). We found that the contralateral SI and SII were sig-
nificantly activated by all of three tasks. The additional activation was shown in the areas of ipsilateral
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S1 (n=2), and contralateral (n=1) or ipsilateral (n=2) SII, and bilateral SMA (n=3) by FES. Ipsilateral M1
(n=1), and contralateral (n=1) or ipsilateral SII (n=1), and contralateral SMA (n=1) were activated by
active movement. Also, Contralateral SMA (n=3) was activated by passive movement. The number of
activated pixels on SM1 by FES (1244 pixels) was smaller than that by active movement (18 4 pixels)
and nearly the same as that by passive movement (13+ 4 pixels). Findings reveal that active movement,
passive movement, and FES had a direct effect on cerebral cortex. It suggests that above modalities may
have the potential to facilitate brain plasticity, if applied with the refined-specific therapeutic intervention

for brain-injured patients.

Key Words: Active and passive movement; Functional electrical stimulation; Functional magnetic

resonance imaging.

(Carrﬂ- Shepherd, 199%). ¢]&
A% A4 FHY L5As 3
3t % 9%, 5 2H 5 22 EoklA o5
17t BEFH} $F(behavior and movement)dl] tha+ 4
g9} oJslE npgo = kal gk

T8 YHBES 7SR she e A '/
AzA dF(investigatory behavior)¥ 457 ddF
(adaptive behavior) .2 FE& 4 tKSilver, 1985).
o] 7kt &84 WFL Az AlA|e} &F-o FEF
3ol 45 F8sh= 7154 s (functional behav-
o AFF A AHIse AFFH  dF
(communicative behavior) .2 o]Fo)xt} E3| -7
2A 9] f1xe} 1 WskE Fotstar St o R 3
o] MgtE fr=stal olol A3 vhgale 7154 BE S
3 €] (action), "Jﬁo-‘%i A A
(neuromotor process)8] Al 7FA] oA B F R
E]- Carr®} Shepherd, 2000). GALA Oi olg]sl A%

Z QA9 71-L Sherrington(1906)°] X3 wkALo]
Z(reflex theory)S 27102 %o tish 2174488
2l o]&3 Edi7} o]FoHi, 1 ¥ von Holste}
Mittelstaedt(1960)7F Ak 274143 2] (principle  of
reafference)= YHAd +F BWH, & 75 € 744
2 AR Ay 1] BAE WS =4sstath
olglgt ABEF AA o) e £E S oF g
B As Agste] 5Z A3FA P 9)(goal-directed
action) 2 UEhIA FHtt

el £ FLHE adde A, EAY 17

=

$% (movement),

9 a8 A A7 AP E EEkete] 59 Al
B3} F3)(planning and execution)oll &J8l ALz o7
o]F)AE 557 % (active movement), =&, I
= X33 %17—'} AARE Fofate] 9FA<1
54 5 (passive movement),
QH +5°] ArMima 5, 1999;
Rausch 5, 1998 Zaman ‘5, 2000). °o]H3 TS -‘r’r‘:'aL
sk Al 7 FHIR] 5% 2 584 5 AR
&g 3RS g EYR|BlA 7P Bol *F%OFC
A5 o, B AT 1 a3t dSEHL AT
(Duncan -5, 2003, Jang &, 2003; Jang &, 2004;
Lindberg 5, 2004; Miall®} Christensen, 2004; Moreland
5, 2003; Nelson %, 2004; Yan %, 2005). ©]Z o]&3t

FEAEE W ks W99 %7(]9} X“““ﬂ i)
AA A &=
AZ3sEAL, ALl A
o] X}.H]—FQC)]'—I =]
3] AFslal AtiLindberg &, 2004). =3+ 7%

A= X E2E HERAUHE 713 HEA) )9
23l 289 Aus H AF(spasticity)d] FHAE
ALE3 JHYan 5, 2005).

H 7154 X}7]*‘:‘3oﬂ’“*(functional MRI), &2}
FAL ALksl @5 Z2YQPED), A5 A7 AF(TMS)
< o]&3 HAES 7S o)L HAAHAske] AT
E 341747} (neuroplasticity) AT ¥ ¥ oz} &
FRABZAA ] g i mde] AT s B AT
7} AP E)z QokCallan 5, 2003; Jackson %, 2003;
Jang &, 2003, Jang -5, 2004, Nelles -5, 2001,
Vandermeeren 5, 2003). ©]2]3F A= eI de] Z+
P A AAEEA AN el oS HEg o]&
2 ZAE ARATHL i’yﬂ AA 5ol dig & He o

[

siet 2= AYe 5

T
REE F 75 Aol @

S2x0) $=9 £ 757 FHS

TR T T T

Y

17

_74_



=t Ewe| A 5e s A Al2d A2E
PTK Vol. 12 No. 2 2005.

X72A MYl &g 417714 (therapy-induced
neuroplasticity)2] A7olA %, FE, AV|A=, Hlo]
e JAFEAE 5 22 FF 247 93
o2 AFEe dAMsta A" AFES AFshe A
o] axtdolgtar A5kl UtHFeeney %, 1982 Kim
S, 2004; Nelles &, 2001, Schaechter <&, 2002; Yan
5, 2005; Yoo$}t Jolesz, 2002).

mebA 2 dAFe BARIE R QEE dAY

EEPA AA2O SESEN A9A AF $ELE

2o oor sl
0,
oL
on
[‘u:
&
of
ol
2
AL
r
rﬂ
Y
2,
X
N
N
o
2
o
o
oo
m

1 A7gda
AT AASHA olgade] gl 4Rl =
A A8E 50k gon, 28% Eo] 4ol
T oIk 27412 A 49 WA 59 }
3 A7 el lof To }i il

3

m e

9

&2 ARAo D AgHE APL
s Agel s A AT Bz J

2. 4% WU

7). A Q] 53

A AFH AP 152 Be] FA7)9h gL
17M 227171 3 HEoldE B2 st (block

1?4_ %% 17‘3%"“ ojgte] AFthdAte] FEs =Y
(scanner)®] Aol wks] nAAZ T M= H 2
o=z Ao Wyl HA e WY oA weks
FPNFLH e NE olgdtel £ JHth o2
Z g A IHERZ 1IN Solle FEE
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2) Vision, Siemens, Germany.
3) CMR, University of Minnesota, U.S.A.
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