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Lee(2004 Y Auhe| o] 2|7 E3] AZ o tst A&
MOR oA, AVAR, FeAr, v, 27 5
o o] AREHAL 1AL, 53] o] A= WS o8
sjo] 271G olgAZ A SEH0| L WA BEL
AAstz Aol 715 8] & aTE 7hA 2okl B
sk, 22l Wole] gt dEFo2 st wop

] Sef 2 trpe] F3A7A e A, A
0% Q8] SEHo|TL WEHe LES AT 5 gl7]
miofl A7) ARE Foll FAE AR F, 7154l

3% ﬂ»‘% 9T AR T YW OR 912
SAHAE 402 vh) 343 ehil B4E0) B2
NS Aol Mg 5L S

FEHoJtHKim, Oh, Kim, & Park, 2002), Hunt, Gollee2}
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Jaime(2001) 9] SHA|utH] SARS ti/f oz oF Al ZpAof
A1} FES 2ol Bt AtollA= OPE'rEL A71AF=0]
2-GEA] o2 ol Hlﬁﬂfﬁ W&o 7 7]EO|Z ApA ol A
1714FE 73, HEoR 7180
A A LB B 74T 2 2
oA HE & dEEY FAYS Husklth
Postans, Hasler, Granati} Maxwell(2004)2 1475 9]
Y BO A A4 BAE GROE 7, B A
st =el=9 o] slof 47 F210) FES 482 25
AT W £5 Sxof 9lof foI7 571 ehcin
wusgd, Ten 449 753 BAR Aol
Gritsenko®} Prochazka(2004)= H&EF 02 Qg
ube] 34} 6L Ao 2 3k od ko] FES &80 H3t
ATl A, 25 Aol tiet FESS] A8-0] 4A¢] 7]
ol olo] folt /b8 masect
Lee(2004)% 714 H7]x}=o] Wk wuba] sixjo]
Wlst Bl £ 7l el AL ST HIS
I, Kim, Yoon¥} Chung(2008)2] &7toA HA] qkA]
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Egtuld] wAab gl Hoate] A 37 58 dol A & e Y ol TomAS FA] BEE sHHEA
q AT A AxEe] 7hsdt Are SR Hof go] dojues AEsgieh 7154
A W27]7} 7HsSt obs, 22 671 dxt 1HE oY A71A=E 2 o Atell Al 2027, 5= 33], 87t AA|
A A3HE 913t FEARE WA 2 ok, A9 7F SFETt
B7HE 96l =9 4717 7heRt obs S AAVIELR
sto] g2} 167, o1&} 57, F 208 tte= Sk 3) 5L
o 2E AR RS2 WA 4 RS ol8ste] (1) Modified Ashworth Scale(MAS)] 2%
AATSHET, tAbe) A Hme] 24< 98 Kim 5(2002)0] A}
83t Modified Ashworth Scale(MAS)E ©]|-&38}%ith,
2. ATt R A= H T MASE] 248 AR Ao e Aol A 2L, 7]
2 AT 4G R, A 2%l 2 ) vt 4
o] A1t 20169 TH AURE 0 2k g 58 B Mg F 1F 52 63 2L Ak,
AJo]aLl 7154 A7|A=9] A& 857k = 3314 AHA|
SHATE, 7154 H7A=e] A8 W Hrkel 4 A5 (2) Jebsen Hand Function Test
Aol A 1919] AGA7E AASE L, ool HAbe] A5 ARe] AR 715 B71E 9J8f Jebsen Hand Function
o 4 Qe 280k, TR A a4 AlYA g TestS AAJ5}9ITH 2 Tl 19694 Jebsen S0] o]3)
oA AAJBEAT. TOFEQI, T7HA| 9] B1Y) A} W oz LAE AARAY
Gof| A o] thefet 9] 75 H7tohe EESHAE
3. 2Edd & Ut A 2 Aol A el YA Aot 3270
et k<5 529 ApolE Aeste] 227] S A9
1) =T o Al 67H4] ke 7HA] AL B AASHH
ZAZo| Q= AR Fal1o| tglLo] 4By Hlo] H7he ddA7E SEolzh Sl oAte] ok ApAoflA
71524 A7|A=A77] Neuromuscular Stimulation AL, ZF 0l B sAe eEe aE S A
System(Models 6800s, USA)E #A-8-3}3ic}, 5t7] 9lsto] FA9R =AE AR skl AAISHTE 2
F=o 4 Alolofl= 1029 FAE FsHA skl
2) Ay SHeIAA FEoRE 7tE FAY], A2 24 A7,
A% tAAe] 2B W) 7153 A7|AES A 971 FW, 71 A7), 23 7hE s %717), 23
Sk, S O] gk AANA T gole) T AT S7PIE TARO R, e A8
ARWE Qo] 4G LAFAT, WIAFA g IF Flsecond) TS VISSIB, Jebsen Hand
RS 93] §Iste] g X ofehZe] 4 g Function Test®] SAL 7l AN 8 A, 18
o}olt} 715A H7A2e] HE-E Kim(2014)9] =4 “M 7 o) mpAjuh - A g 58 & A g TR 1T
o] oF§-S tho R e 12} Lee(2004)8] THYHr} @ 69 5SS AR
W B4 O R 3 Q7S HFOR 43S A g
ofF k= W= o] X2 ARt gArRte] A2 (3) 32 TAEAE B3 A 7159 AFH Bt
SYAIZ Aol A AR R £EEE 32 g A 715 AEH kS f18tel SIMI MOTION
ez SEHII HOoL R AHHI XL O] 7.2(HOSPI, Co., Germany)?] 32} E2HEA71E o]
BRE| g AL 7k WA ek, BAATL Fotqiet. 32k SAEAS flsto] ARgE HAE 7
WEso| 242 ATt ZHGR-DVL 9800,, JVC, Japan)= A%< 9Jate] AL
H8o Ao a1, ARAEE A} g Elo]EolA 1m 2 X 24 HiA st AR
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A3t Hgol 2t o o 2 4chE WRSlolT), BE
7hHlEke] #<Lr= 7508 /sec, T5frame/secE 53}
stk 23 AREE tAE shdEke] LeD(liquid
crystal display)S £5}o] H2E MarkerQ} &o| 7}
PAL RS H2E] 95 500 A F 100 <] 7]
o AE foistl e DA, 4 ) 3
FA H7HE Sl AT Ve fae {\—H}E} FEg7]
(hand tap), A7) %Eam finger tap), otzte] 3l
-3]9]- &%= (pronation—supination) & AAs}R 7+ 4

usiolrt, £3) ofefzel Fy-slole
7} eSS

2 Jebsen Hand Function Test@] Z} 8128 433}
7] HOH “‘el—/[\—zioi -/F—HH?J‘HOF s o;‘L 17] wi&oll

Hg A7) mE A g
e = %7%‘}7] fIste] SPSS Ver. 21.0 for
WindowsS AMEsHETH $AE Ashworth HE=2}
Jebsen Hand Function Test W 32} FA-EA 9] 7}
€ flste] At de AAskla e 54 AR
A AEEE Eolekint. 4 ¥ Ashworth &=t

Jebsen Hand Function Test®] Z+ 7]|7teof| W2 HIE
BH7] 9sto] dYufx] 24HEA (one—way ANOVA)S
MAlSk, AR EAEAGA S o3 Ro]7} et

= 92 Duncan9 thEH A A (Duncan's multiple
range test)& AA|5to] A& 7|7to] WE AtolE 24l

sttt 3xH FAEALS fl3EE t X (paired t-
test) & AAJele] 44 Wit 2 Fol WS Bl
of Okl duby 542 VlesAE AAs T B
= A9 F95F @ = 0.052 AHsHATh

. o7 Zat

1. ATCHARIC] Ui S

\_/

Ao Z71s gAAts 209 (A 151, o=k 51
o AA wAnh] opgol ek, chgate] B Ae
Al 0o]QaL, o5 £ 127(60%)& EYHYo] 7}
obsoln, 8 (40%) S YR Po| B3t ol

5
Eis
Aok, A2 2 8E0] 17(85%), o] 3% (15%)
olod
S

2. 718 HIIA= AHE 7|0l TE oA

O 1 L=

7l Hl

7ISA ANAS A 717 e AR Ve

Table 1, General characteristics of the subjects (N = 20)
General characteristics Rate(%)
Gender
Male 75
Female 25
Age 13.5 2.13%
Dominance hand
Right 85
Left 15
Both hand 0
Gait
Independent gait 60
Disable independent gait 40
Total 100.0

* Mean * Standard deviation
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Jebsen Hand Function Test?] 67] 3¢ &2 HTof A
7|17¥o] Aatete] wet 715 e $1%h AlZto] HAk 2
2 FEE Ui, 7|7l g fode o
517] el A FAREAS AARE A3t A 79
oF IAE YeERNATHp 05). Jebsen Hand Function
Testo] 67} 519] AH=o] wlmol ] A& 2 57]9} o
7 B 1S BANAE ASH AT 5 g AR
B H8ER 1745 A 7 A&Ee A7l gast Lt
BHRE, i) 47 AR 7 1714 A
ARE A SR B 1S S AL
a7F UEhaL, A8 8 3 157F A A A=

7kshe MBS YER ${th(Table 2).

oy dy

3. 7|88 HIIX=E HE 7|70 mE
2=l Ashworth T H|

7154 A7 A2 AL 717k W2 424 % Ashworth
Ho] w4 7|7ko] Aakgol et Ao Zha

S S UeRol, BASHCRE SOl HolS
LR A Th(p<.05). 3% Ashworth Z{%=9] H|Lof A
A A B W A s 712 4
fofl wje} A4 E S0l v} Ueit, 4458 T
24A)7k0] At Aol A= ot F7kshe WEkE U
I tH(Table 3).

4. 3R EXEMS S8 AX| 7|50
My Bt
P15H W74 A 717 vhe AR 33 B
wa0) vlmoA] 7154 A7 A Aol Hle) A8
8373 3 dube FE7|oh P47 FEel7lol4E B
Asta e %i(p(.05), ofeh

Sole 7H4g vehy
S A7 2 e v

o &g 839 At Fol= FANHORE ST F7H

Table 2, Changes in the functions according to the application period of functional electrical stimulation

(Unit: sec)
Applying electrical stimulation period
1 week
.. 2 weeks 4 weeks 6 weeks 8 weeks
Variation Pre—test after F p
test test test test L
application
Mean + Standard deviation

) 11,85 11,30 10.70 9.90 9.15 9.25
Flip Card at | . ) 8.339 000

+1.75 +1.62° +1,78” +1.77 +1.59* +1.74%
Lifting small 17,75 17,00 16.50 15,90 15,15 14,35
. d cd bed be ab a 6504 OOO

objects +2.61 +2.00 +2.23 +1.97 +2.13 +2.03
o 31.30 29.80 28.40 27.70 26.70 26.45
Eat imitating b ) ) 5,819 000

+2.92° +3.25™ +3.20° +£3.77% +3.62° +3.95°
Building a 8.30 7.90 7.30 6.60 6.10 6.15 .
. 7.986 000

board pieces +1,30° +1.51¢ +1.62™ +1,46% +1.33° +1.49°
lifting light 11,90 11,10 10,55 9.80 9.10 9.25 .
d cd be ab a a 6744 OOO

and large can +1.94 +1.99 +2.01 +1.76 +1.83 +1.80
Lifting large 13.70 13.10 12.35 11.60 10,95 11,10 5489 000"

and heavy can +1.83" +1.97° +2.00* +2.39° +2.21° +2.26° ’ ’

* Statistical significances were by one—way analysis of variances among groups
t The same letters indicate non—significant difference between groups based on Duncan's multiple comparison test

5d WANFFo] FAY A oFES ¥4 sl mAE 9% 5



Table 3, Changes in the MAS according to the application period of functional electrical stimulation

(Unit: score)

Applying electrical stimulation period

1 week
Lo 2 weeks 4 weeks 6 weeks 8 weeks
Variation Pre—test after F D
test test test test o
application
Mean + Standard deviation

2.55 2.35 2.15 2.00 1,70 1,90
MAS ot | . . . 5,717 000

+0.60 +0.58° +0,48 +0,56™ +0,57° +0,64°

* Statistical significances were by one—way analysis of variances among groups
T The same letters indicate non—significant difference between groups based on Duncan's multiple comparison test

MAS: Modified Ashworth Scale

Table 4, Changes in the 3D motion analysis according to the application period of functional electrical stimulation

(Unit: cm)
Applying electrical stimulation period
Variation Pre—test 8 weeks test t D
Mean * Standard deviation
Hand tap distance 22.60 + 4.71 21.15 + 4.42 6.175 .000°
Finger tap distance 24,20 + 4.42 23.20 £ 4.43 4.156 001"
Pronation—supination distance 113.80 + 24.65 122.85 + 27.25 4,782  .000°
* Statistical significances were by paired t—test of variances among groups
V.o # 7104 & 71%& ulag ATAE Jebsen Hand
Function Test 21}, Z-2 EA(small object) S F+= 7]
B o1l 71-3 A7) Fgo] ARA wAupy] oA FE] AF A el FefstA et ARt
obEe] AX 7)ol WAL AR Uobry] gfste 3 TS SRS UL S IVE A feleit
24 ¥ ubH] o} 208G tjAFe @ 827) 7| A7 Huskglet, ofof wpgt & Ao Frofgt AFd A=
A=-& 83 & Jebsen Hand Function Teste} 7% = SRl Zheth didAt 60%, SRRl w7b
9 Ahonth A 3346 EAAS o] AA e ST AL 4052 ek B3R 71 1143
Hale sl o] A A 719 BIHE ST AAE A} et
sl of 2] AH] Wae] e 4 A5 gy PIS A BE AEs wdskas.
3 1504 Jung, Park, ChunT} Shin(1996) %24 Kim(2014)2] A= o] oks= didoR
oFs}R] W] Aubr] olE-S tjAbo. 2 ol 9by). A7), Hleh x| AFE QoA 7|8t 7154 A7) A& AAE
o7 Zo] AW B W AFR] 7]%-S vlwst Adt = A}, W2 F7tet i &9 7)eu B et
Ro] 5T oA A 2 & A5 EHY LATHEEE dustel WA ofg S o
Aolg Holx| gigkon], ByRgo] Bhse o S T 7leH A7) A5l Anu & £ Al
o} S| AR 2L P BTk BT, ofof & dtold= AAA HAduhH| ofsg tFe=
Noronha, Bundy¥} Groll(1989)9] 7 ZA] dju|o}=2 71 A7) Aol Ao} s BA A=Y wst
o oH AW BIAET 339 54 4] ofulgt Gk

Aoz A= A7) ZFA|(prone standing)9} &JA}
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VIHOR 715 AANTE 4N 52Y P
2 9lsh GAPE| TS A AHgE T et H2
FAHE 7152 AT Bkl B1sk W7, o5

A F719F A HAEH S
717 jlol JﬂLXﬂ-@Eﬂ” Hs AAIRE

A 715 BEE UEigletal HashitHKim,
2002; Lee, 2006). :La A 228 Zote| BHxbo] 2}
Aol ] gAel FHo] A A743
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AQAS RHiET th(Mangold, Schuster, Keller,
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5 32 He At e HuslEd, 2 gl A
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Aupd] ofES gjaro @ LA 27 A2 5 o

AAHE Aol 715 A A
agRT o o

mlm B rlr o
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Abstract

The Effects of Functional Electrical Stimulation on Hand Function of Children
With Spastic Cerebral Palsy

Bang, Hyun-Soo", Ph.D., P.T., Kim, Dong-Hyun™, Ph.D., P.T.
*Dept, of Physical Therapy, College of Nursing and Health Science, Gimcheon University
MDept, of Occupational Therapy, College of Nursing and Health Science, Gimcheon University

Objective: This study aims investigating the effects of functional electrical stimulation (FES) on hand function
of children with spastic cerebral palsy.

Methods: The participants of this study are 20 children with spastic cerebral palsy aged between 11 to 16 years
old, All the subjects underwent 24 sessions of FES during 8 weeks, Each FES was 20 minutes per session,
and 3 sessions of FES were provided in a week, Measurements used to assess hand function are Jebsen Hand
Function Test, Modified Ashworth Scale and 3D Motion Analysis, After establishment of the baseline for each
client by all the measurements, reevaluations were performed every 2 weeks using Jebsen Hand Function
Test and the Modified Ashworth Scale, The 3D Motion Analysis was performed only before— and after the
8 weeks of FES treatment,

Results: After the FES, there was significant decrease in completed time for the all 6 subtasks of Jebsen Hand
Function Test were (p{.05) and also significant decrease in spasticity score of Modified Ashworth Scale as
well (p{ 05), 3D Motion Analysis showed that the hand tapping and the finger tapping has been significantly
improved (p{,05), and the pronation—supination movement of lower arm has been significantly improved as
well,

Conclusion: Based on the results of this study, it is evidenced that functional electrical stimulation is effective
treatment for hand function of children with cerebral palsy, For future research, it is recommended to

examine various protocols of FES including impact of long—term application,

Key words: functional electrical stimulation, spastic cerebral palsy, hand function
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