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| Abstract |

PURPOSE: This study aimed to investigate muscles
activation relate to core stability during 5 therapeutic exercise
in children with spastic diplegia.

METHODS: The subjects of this study were 8 children
with typical development and 12 children with spastic
diplegia who have been treated in Bobath children’s hospital,
all of whom agreed to participate in the study. All subjects
were measured to see their muscles activation of rectus
abdominalis, external oblique abdominalis, elector spinae,
gluteus maximus, rectus femoris, and semitendinosus with
surface EMG.

RESULTS: The results of this study were as follows : 1)
There were statistically significant difference in the root mean
square(RMS) of all muscles according to 5 therapeutic
exercise in children with spastic diplegia. 2) There were

statistically significant difference in the RMS of all muscles

tCorresponding Author : ibobath@hanmail.net

according to 5 therapeutic exercise in children with typical
development. 3) Significant differences of the RMS between
diplegic children and normal children were found in elector
spinae and rectus femoris only curl-up exercise.

CONCLUSION: As the above results, we suggest that 5
therapeutic exercises could be used for a core stability or core
strengthening program. Depending on the individual needs of
children with cerebral palsy, some of exercises may be more

beneficial than others for achieving strength.

Key Words: Spastic diplegia, Core stability, Therapeutic

exercise, Muscles activation

I.LME

bl ofe] 7bA) elo] Sfstel wAlsH: B4
4 o] uAIayg Wl e Aol ofFt H7)5o] Aol
2 ol QAEAC] e aaEFEelt



584 | IPtEQYX| HigH M4%

(Ingram, 1984). A Q] Z3= 1A 0] Ak High
A% RS B 2 28, W, A 5o R
A of7] 8 Gage, 1991). o] 2 213t T oFs} &
Zejo] Bz wAuh) ool glo] Fadh Aol
(Damiano &, 1995). &4 = /Adud] o} Fofl 7]59]
F& A90lE HAIET VI A sixle] 2ot}
Yeldtty 514 S H(Damiano 5, 1995; Wiley 2}
Damiano, 1998), o]jt 1) gubu] o}%0] 28} obsh
F2 9RolA ngon, ned FHaw 9
A2gaoe Aaael uistel 2elo] ZekElolA 9)
ot 215kt Brown 5, 1991). o= /dutH] oks-9]
o7 259 Bid WS RojFe 277} ), wal
wgop] ofge) 4 Trie) 5] ofst 2 ofjzh Azt
59| ool LERdthBurtner 5, 1998). of={gk A3t
289] okl <la) 2 9l 97le] ol#go] ehtn
TBHAE ofHA st Hajolut mg vk Al Aol
o] F&of] BAS of7|3HHLee@} Kim, 2011).

ol Y AAAE Zo|A] thefst A 8|57
SJstol Azze] A 2T A7) $E o)
Fashy, B2k A7 A QHY A (core stability)
I FAZE 1o, o]t Al oS ARt b
2 AT, AR 28 AN Bt ek
(Kim 5, 2009). 3] obg Al L= zo] opAAo] :LIT
o FA FHOE AHEH, dF B, FH&El=
3o £, gl A, ofdBdls A
Z(pelvic floor muscle)T} FA]H(hip girdle) L0 2
o) o124 Felol 2850 28l BeloloHKim
I} Cho, 2013). 4] OFAAS o8t $E o7 Ul
A eE Yurly] &%, EE thy]7)(abdominal
hollwing), 17} 25 5o YW 02 AAJH1L glom
(Hubley-Kozey 2} Vezina, 2002), A3} Ao} X 7o A
&= @o] ARgE oA AL Qltk. 53] ool A 2
W o] £ o] =8 371918 S850] AL
wojn], B, ot d AA|2ES FYAIZIE ofy
o} AT 220 E S ZrHDodd 5, 2002).

A2 sl ohE S £F e 15 Ae
SAANZI7] S5 A A= FEAgste] sl 2
SHA o] Fo1A|aL ‘Zl% A7 o] thLee 2t Kim, 2011). 2}

Aol 28 A3t EFo] vALE 259 =S
AASH= ZAof tist =820 91312 WKSemans, 1967),
2 A= oldt A4 THEA gkgtom,
48 73t £dHo] 259 & A4S S7HI7IH, HA
utH] ob5-9] 7|5& S-S A 1 ok

(Damiano®} Abel, 1998; Dodd 5, 2003; Macphail 2}
Kramer, 1995).

oleiat 22 45E g A ZRIRe 54 28
#7) a0l g B4 AN 4go] AgEolof Tk
Qo] 7|22 =1 9JthEkstrom S, 2007). okshel L
%9 Tel3 7Y S Slal nokE 54 &%
Qo] Zolmrt ot Qe 27 Hel, A
ARlo] S o] o5 ZRIBL ABIHAT
5t IckEksiom . 2007). o]} o] x|t o}
of el B4 v T2l Bl Sl 5 5ol A
o Ao 2 Aol

ool 3 Ao A= W 4uhu] o}F Aol 4 2
g3 28 A5 £F % 94 QAT e
A&7 &5 S7THAIE AEsto] 4 oMo BElE &
Q1 AR B okA] K0 2 AeE A= V7S
ARgSEo] HlmERo R 7t S50l MY & B EE
StaL, 3t dolsate] ZEAE AfolE Blughe =N
oFg0] Taof Bh= Hrt Al &5 T=IHS Al
st 7|12 AREA Y FAE vpdstaLA}; i
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2N QA s U oFE FY 52 K 2 oFF
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2. A g 3 "R}
1) WL = (surface electromyogram) =3 7} 7] &
Al B

=A = WEMG-8(LXM5308,
LAXTHA, Korea)i input 1mpedance7} 102Q, CMRR
(common mode rejection ratio)2 110dB2 A A43s}o] LA
T AZE £ 2A4E FHIAE Al (sample
rate=1,024Hz)+= TeleScan(ver 2.0) 2 T3-S o]-g-3}0
EHIAE XS QA =RE AFESHE D, IR bandpass
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(1) A5L27]7] 5(Curl-up exercise)
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Fig 1. Curl-up exercise
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Fig 2. Bridge exercise
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D ob5S vk -8 AAE Fh aek o] o
2o Jled §AslES 4P Rtk
@ ARAK= ok5 o] RES FielA Huteo] ujet
o =S §H AR ofu) FHEA7} Aol
o gelz §A Bk
@ sjelof Qeols Sof & Aol | Al
1027F §X5) Sk

7} -2-5(Modified unilateral bridge

Fig 3. Unilateral bridge exercise

@ oMs-& vl =2 AN s Btk o] wf 7
29 7led $A3EE AP gk}
@ A BAR= o]E0] 31% thaji 2wl AlASE A
253, NS el RS RN SEA
9} dhujto] migto] Y=g §2|A|7Ich
@ 3% Feiot Yol Sof Lo A M| H
Ayeol A 1027 S48 ek,

4) 849 A= w7z SF(Modified prone bridge

exercise)

Fig 4. Modified prone bridge exercise
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quadruped position with lower extremity lift)

Fig 5. Modified quadruped position with lower extremity lift
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3. B

Atz 2] B2 SPSS for Windows(Ver. 19.0)9] FA|
229 olg3dm, BANY felEe 052 3
sk A8 oot of5t 39 b el 43
A%, Agol UE Baes BEAE P
2 20 /1) 5ol M 7} TRES| 78 B4 A%
£ v walr] YolA] o Luf 2|24 (One-way ANOVA)S
ARgsEg o B2y 4= (Bonferroni’s correction)
S olgato] AR 2t wlole] WstE vl malelt &
2o] 57hA] 2% Al RMSgol that 2 zke] dpolS
v wsh7] YA =5 t HAA (independent t-test) S ARE-
aheiet.
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Table 1. General characteristics of subjects

119.08cm, A= 21.42kgo] Q1o Wal7}l 71, oz}
7} 9ol ik, A4k ol ERol A Bt AHL 7254,
A 11638, BEAE Dkgo] Lo, W7} 37,
o7t sEolgleh. £ A ko] A, 7], BRAL
EABH 02 oI5 Aol7h §13lcHp>.05)(Tabe 1)

Diplegic children

Normal children

Variable t P
(n=12) (n=8)
Age(years) 8.17+1.19 7.25+0.89 1.852 0.080
Hight(cm) 119.08+9.09 116.38+8.73 0.114 0911
Weight(kg) 21.4244.1 224+4.28 -0.224 0.825
Gender(male/female) 7/5 3/5

324
a4 QAo HHlE 2559 S8 Hlasy] 9
R J

3 RMS S43t& Ad 23, &5 wet 71-d2,
e S SARL G dEATY 284
I SLFo A frof gt Aol 7t QL Ath(p<.05)(Table 2). 7]
Ho 45w e S8 vE7I7|oA &=
e E7] EEolld 2BAETE HkeH(p<05), e
T2 ood HE77IoA 5 Helsr] E0lA 7t
T BYETE =AUTHp<09). FATE Sud o)) &

Fol A 71 BHES} 3k or(p<os), BAEE] A
S8 Y7ol B Sy 5T} 98

ko, w7} FEME £ B EE HATHP<05).
HE AL B S8 A=Y 7 59 S8H
77194 5 HeE7] &eolld 2 24=E

)
SR EERREEET PIEEE

Cpehglet.

Table 2. The mean difference of RMS of core muscles during 5 exercise in children with spastic diplegia

Curl-up Bridge = Modified unilateral bridge Modified prone bridge Modified quadruped position — F p
ES  6.24+1.52 56.73£16.38 25.00+16.28 17.36+11.64 45.07+16.49 26.91 0.000*
GM  4.90+3.50 15.20+9.24 18.48+11.55 18.48+25.43 32.18+18.18 4.73  0.002*
RA 66.29+£33.25 6.06+2.45 5.25+1.14 6.37+4.95 5.36+1.98 38.53  0.000*
EO 18.39+11.12 10.60+3.44 11.20+5.20 13.96+8.40 25.97+8.10 8.11 0.000*
ST 4.47+1.37 21.35+8.63 20.10+8.62 10.35+4.46 54.42424 47 29.21 0.000*
RF  8.62+4.19 7.19+2.82 8.64+4.95 36.00+£22.59 27.93+£15.34 13.47 0.000*

Mean+SD. * p<.05

ES: extensor spinea, GM: gluteus maximus, RA: rectus abdominalis, EO: external oblique, ST: semitendinosus, RF: rectus femoris
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Fig 6. The comparison of difference values in core muscles
during 5 exercise in children with spastic diplegia

3. Zd 052 57H| 230 ME 2t 2259 28

A'IE H|I'|_
4 otk 57}x] Sxo w2 a4l okA Ao
e 1959 28 vl wsly] $J8] RMS 247k

A3}, 25l E}ﬂ} 71%% 1’415% %Z‘%,

i
=)
(Tork

gk 2ol 7k %l (p<-05)(Tab1e 3). 7] do Bzt
2t & U704 3 telE7] FlA
T 2o (p<03), e S8F I
71004 w2 TrelE7] el 7V BAETt Bt
(p<.05). HATE SIFLe7]7] EFolA 7H A=
7F &8k om(p<.03), FARLS] A9 58 vlE7|7]ol
A B2 T E7] 504 2 BT =9 THp<05).
NPT S48 WETl7lolN B ThelsY] &%
oA 7H —r—r%-‘lml(p<.05), =2 2o] BS 58
ded W7t A B BHEE HATHp<09).
STHA] Fol A9 7t 50 B9 Al 1
g sl AR HAE Aabe Fig 7o) UER LT

Table 3. The mean difference of RMS of core muscles during 5 exercise in normal children

Curl-up Bridge = Modified unilateral bridge Modified prone bridge Modified quadruped position ~ F p
ES 12.28+4.48 73.47+21.31 27.78+14.19 22.58+15.89 52.22428.17 14.31 0.000*
GM  3.90+1.29 13.76+10.10 15.60+15.30 6.86+5.15 30.28+15.88 6.82 0.000%*
RA 82.55+71.98 4.65+0.86 4.56+0.95 5.04+2.08 4.58+1.10 9.34 0.000%*
EO 33.83+31.26 9.19+3.95 10.81£5.50 9.90+7.27 19.28+13.93 344 0.018*
ST 8.114828 18.15+10.46 18.19+10.97 10.49+3.69 59.40+33.13 12.42 0.000*
RF  456+2.71  5.82+1.92 7.24+7.85 43.22+19.57 19.33£16.54 14.58 0.000*

MeantSD. * p<.05

Fig 7. The comparison of difference values in core
muscles during 5 exercise in normal children
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Table 4. The mean difference of RMS of core muscles during 5 exercise between spastic diplegia and normal children

Curl-up Bridge Modified unilateral bridge ~ Modified prone bridge =~ Modified quadruped position
t p t p t p t p t p
ES -436 0.000* -1.99 0.062 -0.39 0.699 -0.85 0.407 -0.72 0.482
GM 077 0454 032 0.746 0.48 0.637 1.27 0.222 0.24 0.813
RA -0.69 0501 156 0.137 1.41 0.177 0.72 0.484 1.02 0.321
EO -159 0.130 085 0407 0.16 0.878 1.11 0.280 1.36 0.190
ST -151 0148 075 0464 0.44 0.668 -0.07 0.944 -0.39 0.703
RF 242 0.026* 120 0.247 0.49 0.629 -0.74 0.471 1.19 0.249
MeantSD. * p<.05
v, 1 & T ol2fRt A5 Aol =etE At HiF
ol A Axotef 28317 }Oiﬂir d7golt}. ol
ZWQP =AY 2ol tigt B2 A-=0] o] FoiA] & AdFolM e hotE de R S7HA ARA 255
on, 53] 4 A (core-stability)of] 2T AL, 2 5ol A A wed 2% 24
EP F AEol B2 WS AL rh(Akuthota} off ot Fe vA=A| dotiiA} s on, F3
Nalder, 2004; Page, 2006). 2J5A{3o] st Azkel Sl A oA njH] opEak FAloLEL ] walo] ol
o GBIl 3 SYAE fASKII A2l & 2R A ASEAE o Rl
o] BATO] 29 4T AA By B} 1 AT A% iR wh] obgel 9E Yo
o9 FAFEE FEAA AN LR A EolMe BAZAAM B s HlJLOﬂ A A
shvl, B0 BASH: Takd D850 YUl el BHHOR IR Ahol7} Qlglom(Table 2, Fig 6), A
desto] Bk QPES A7) Glo WA e obBe) A HAZI BAZo|A Aolrt Asieh
2 A4 op, SHko] A E Aol M Azl wA| (Table 3. Fig 7). ©]71& 27et 4919 Slmder]717t
€ USe DU A2 HRAOE YKL, HA R oS 8 AWYol A58 20l
2012). o] &3t o] &5 Hig o & wZhFo] A|7ke ¢t Kaveic 5(2004)9] Aajlt Aztel A3t} T3t §l
o Al 9 ?% off ™t A-HArokoski <5, 2004)<} & do77] L& LTl At 2= dA S
o] o] ol =AY g el e ARt 1 F5 GAR R, A =25 DAl 2
sHAe] 550l nAe gl tel dekdh . oR B 53] 5T 50 A fEEaL 1
29 9 £8P B £5 SEI B TR 24T T2 SR, A
e Eol B3 283 ohA 2&o) WAL wAgle] vwA WA Uekthn shechKaveic £,
gkl sl O“‘—TLQ%*E(L% 2012), 42| 7HA] ARAl 2004). o]&} Zro] & Aol A9 SlEd 077 &5l

A BHReE-S ANl Huhy] 3210 AN 24
sho] ofg] 7}R] AAjol| A Q] TrESEo] Hl HZokAl
nAE Y A78HE 0w (Jang 5, 2010), LA
oyt 23 Zhze] w2 w7t &5A] A7k 289 B
o} 28T ZALGTEO] FAE) HeS YdolRgr
THKim -5, 2010).

ARk 22 SA R ARSI o] BAe) 28
A7t 7P 7 vehd Ao' AtmE aey
2|4 oFs}A] upH] o}E 1t AAroFETRO] H WO A AA}
oks 7]§:L°ﬂ/\ﬂ, A A oFslA] npn] of= L tiE|A
oA YT} 7 Uehdlg), o] Eilo]
TR ostE A9 QE o7 AlFsHE A

il

o,
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o awd Z=529] EFol PAISH ehdthal B
25k Neumann(2010)9] ¢1--¢} Zro] H=3F E19] &
9 WAl Slal A4 s olse ey
ao

&2, Adored HAREI 7™
(co-activation) gt A o]2} AlmE )
07t SFOIAE A el o] ol AT
obsw HiFoll A thE 5o vlaloflA 7]HZolA
FABH R S5 ol7t glon, dE
ool THAE vl go] liLH ErhTable 22} 3,
Fig 67} 7). 491 tjAko & 3t Ekstrom 5{2007)%L0]
HE 71%020] W 0, FED dES 282 so
2 BIAE} A eh} 2 A7e} gAR v
sglou, Z1dae] FHES} e 8ol Hle) 2u)
B Ao]7} o Magele] Azel we] B oA
= 340) e TeHE0] et ol w7k 254
A% 289 FASE0] WA 440 B4 ghow vk
Ao gk L3 ATto] AL T AT
(Richardson} Jull, 1995)0f| A&} o] & &tof|Af w2}
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Aol A= = Adute] obso] GMFCS 1Aof sfgst
L olEolgl oL} iR Eo] wE 7|3 w9} Boly o
MF o= Qla) g Yol RSl on], K u}
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S A 50] Y wEE ST 4= gloma Qo
A e AREEAL QUTh(Lee, 2010). o] ¥ o] wizof
& AFoIAE o] &F2 AEstl o, ARt Al
& HEA AZbE ofstR st 1 AAE HE
A Aol A =gt B R o] U= A uf
H| opgol| A Bt5=o] 3-8 ud7]7] AAollA gtk
£7] 85 Nl AES Wmskch 49
& Ao o ABATIAE BED A% 719,
SU7, QEATY A TRHET Egou
(Ekstrom &, 2007), & o] A= HbASLe] 284
E7 M gron A3 719 g, osael
SAZ AT oIt ol W) obgo]
Aoz FHHZ 1 Y3 A E H3(crouched, internally
rotated gait) st o] A= WSS L Ao
5ol &3t Zlofekar 7%t Chong 5(1978)9] A<}
o] o] 52 4 wollE 41 TREHL v
29 ALgsio] SN 5T STEe] AL §A319
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< AAT FAA R Fo7t Aol A
(Table 7). o]= & Aol 7Iet BA4d FsHAl vyl
ot W7k SHEFY Y AT L2 E AE
7Fs @t GMFCS 19|10 gk ofsoloiA g4 of
I 7ls FELR 2 Aol7E jlolA ofdt 2t
Uehd Aoz Al & At A= B9 2e)
Lojdog o] Rl oFs 2R A glom, 43
7 F3hA mplof 127, ok 879 A2 et
AYdE A7 L2 34307] m2ol A2t
SFs7|ofls Aldtol Atk FoRof dFolb=
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