creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

20199 84

Aedea oeg
CEEEE

-
7=

Ho

o



=
T

CER

-
[e)

HET SR AA 7]

G

pi
ull

M)
K
Jjo
=

N

p—

3

TR

o

(s
E
H

20199 549

Aeeta e g

__oT_
W

TR
N
0

o
il
A

o
o

el

o)
__oT_

20199 64




mr
N
sl

=
T

HEE 8o A4 7% B o

oy
G

b
s

M
EK
Jo

N

_—o—ﬂ_

1

Jl

o
Tor

g
Tor

ofy
T

AIA 7]

=
=

5, A szl ol

4l

o} A7

Xe
T

.AO
4

4

o wje}

b & 4w A

AT

5)xo] Upeprbtha Hasw

ool thi-Ee]

6714 o]

-

-

o 3] P, HEF DS 3

<
T

o
o
el

ioh
B

o

7V HEE

23}, of

Tzl wEt

1
[€)

A 7]

bl 72 H2e] glek

-
s

5

F 81

E

Aell wet

o> A 7he HHF T Gl, drol: 62143344, 417 161.29+9.93cm, A

AA 7s BE T

o w&

3}
=

2l

=

=90

HZ;
=

ki3

o

7, %71 A7 7vs

712k 371422170, n

1E15
=

: 60.14+7.29%g,

==
5.



G2, Yol: 581010584, 217 167.90£9.92cm, Al 66.30+14.00kg, = 7|3k
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I. A&

& (hemorrhagic)®} o] w3 Mo Fol FFo] Fuyi= ¥ A
(ischemic) & Tt HEE3 HAGMO R Qg Ho &L ¥}
AAd 5, 7F2 T2 ZelE WA YH(Sharp & Brouwer, 1997).

ET2> A FolE fdste HE £ A T stdolH, HES F

2k 70-85%+w= HwhH] Aol & FWkETH(Dobkin, 2003). H&EF o= <Ig

B Aol ks u I tHE. Mayo et al., 1999).
Stroke
onset
- _I Spontaneous neurclogical recovery
2 | — )
2 | iy gy
-
g vl
2 /
= | Fd
£ |
3/
el 1/
A

(s} D:Irys W('Ieks Mo‘nth 3 molnths 6 m:;nths

a3 1. AA 7% 3]E H " (Langhorne et al., 2011)

=5 T AAY FELS vAYE4d #ds& HEAdth(Langhorne,
Bernhardt, & Kwakkel, 2011)<1¥ 1> ¥&%F 3T i 3E 3
% 5 3/E ol dojytar(Wade, Langton-Hewer, Wood, Skilbeck,
& Ismail, 1983), o]Fol= HZI A FErto] YEdTH(Carey, Matyas,



& Oke, 1993; Hatem et al, 2016; Yekutiel & Guttman, 1993). ¥ &%
67/1do]l Aot A Tl oF 60% A 7M7), 7P Ag o
¥ 2o A (ADL: Activities of Daily Living)oll A 7]%5 % 3
o] Yyebdtt(Jorgensen et al, 1995; Patel, Duncan, Lai, & Studenski,

2000). olAH &4 671 4E o] Foll e HET s &2 AFEHA

o i

N

ZEH, HEF F Fdo] Auk A £ 7lsel AREHATE AT
7} B ¥ Ao (Carey et al., 1993; Yekutiel & Guttman, 1993).

HAD &4 F ASAA A7 e HAE dEEe AdA
(rewiring)=  <Qlste] YeEhvE AA3E dAde AAE7IRA

(neruoplasiticiy)©] 2} 3FcH(Dobkin, 2003). AA7tA2A L HEF 3HA19]
AA 71 FAEE AHstE ol F stveolth. 532174 (CNS: Central
Nerve System)oll A& AMZ& 7]&Eolv 7]9& 35T of A28 27F
gt o] WA E =4 (Hihara et al, 2006), & +£A4to] WHAIES wiz &)

H o 9g9s Hestele MR HAA d4 Fxrh AAdEn
(Dancause et al., 2005). &% gxto] AlA] 7|5 3|&5E o]zt 47
TZ29 AuidE Qlste] vEuY, HEFT A Qg A Ads

2787] 99 ole Were At geletn ¥

i

S

HES T V% B AFHoAE go}d o
(Langhorne et al., 2011). A7 35 &4 A% A4 Ad 5, 3
H 71ZF ol wet gE2A YA R 1Y dFe A dREE HES

gAsel A4 V)% e AT WA BE ¥EF A5 A4

FEsETL, ol F UM g7 Bate] AbsalAn, Y, nael @A e

2 bsal A oA BE HEF A4} 59 S A% 808 4



o
£
=
<
D
%
@)
.’:‘>
9]
=
o
@]
=
.’:‘>
=
@]
=]
wQ
e
an
o
(@)
=
(N
(@)
o
x
iy
M
o ol
riot
_|>i
lo

Fole HAAA HEHS 7HA A JAEHE. Mayo et al, 1999). =3
AF9 a4y ALY FAFTAHE 7IAH(base of support) 9ol A
2l A Ao HQask A Hk-S-(posture alignment), 3 ¥ WS-
(equilibrium)& ZFAaA1A AAAEe] 7)Ho] Hi= A x4 Alz}tst
Zoff = @A Al 71 th(Ikai, Kamikubo, Takehara, Nishi, & Miyano, 2003).
=3 =S A ZHo] ofstE = EAS Holed, ol #d 9

HAHAdES Aststar, AAl Aol Al AL Tse A fle] Hr
(Karatas, Cetin, Bayramoglu, & Dilek, 2004). H &% $AE50] 529

ol e FHsta 4SS T E3etr] fEAl e ATke] A Lol
1} - % 2 3}t (Bohannon, 1992).

<o A T2 NAZA] Hd SAS

N

JY 3 A tH(Cresswell,
Oddsson, & Thorstensson, 1994; Dickstein, Shefi, Marcovitz, & Villa,
2004; Pereira et al., 2011). H&EFTL2 A =3/24 4 rectus
abdominals®] EMGf(electromyography) A ZolA H| A=Al &4
W37 e, o) wrbalE Qg HAaAA] ASls By
= w5 Aol dEre] W3t wEo] YEtu= Aotk (Pereira et al, 2011).
HET  SAtEel e EolZde A AAE W Az
APA (anticipatory postural adjustment)”} tEFL}oF A 9F  latissimus
oF

dorsi, external oblique, rectus abdominalsol]l A ¥A %A & H] A AMA

£ o] ¥ 5 2 th(Dickstein et al, 2004). W] A34 & AAE 53}



, 2004). 19 A+
52 HEY FAE MR A ES AL sEo] HASAH SR YERY
o, olef A 5 Alojol WY mek debxS AJAFSHEH(Clark, Ting,
Zajac, Neptune, & Kautz, 2009).

oHo® A 7] it S-S Aol w ALE-
st 459 AHE+= Wl ZtH(Ferdjallah, Harris, Smith, & Wertsch,

N
Ho
rot
)
i)
o,
&
i
of\
=2,
x
e,
1:0
ol
ol
=
)
(@)
o
w
—t
@,
=]
(@)
—t
&

o

As v

2002; Latash, Scholz, & Schoner, 2007; Woollacott, Shumway-Cook, &
Nashner, 1986). <17+e] 21785 Al (neuromotor system)t &2 43
g ¢ g2 IS5 £ T 54T v £FAS AEste] &4

S Aojete Aow 7rFHtvi(Latash et al, 2007). FES 84%
(elements), & 52 Alojstr] fAsA +2Y Ao F-(controller)+= &
2ol EAd wgt 24E5S I TSHgrouping) $HHH(Krishnamoorthy,
Latash, Scholz, & Zatsiorsky, 2004). 1A A|Z=®lo A J21Qd A|AE ¢
a Jdastd eA4s, = Jdstd 2555 25 EE(muscle mode) 2t

3L St} (Krishnamoorthy et al., 2004)<-1¥ 2>.

| Controller |

~

- \ = muscles
\\ E -~ \\

N \\< o
~ \ e
\\ P TN P
@ e modes
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analysis),

ICA (independent component

o5 XEE=% PCA(principal component analysis), NMF(non-negative
factorization),

SVD(singular value decomposition) <] Tt

matrix

o

e 2 o
o= o A

=

=

e NMFeF PCAgta H 1%t (Tresch, Cheung,

& d'Avella, 2006). NMF¢} PCA

S|
o

&) gkt (Roh, Rymer, Perreault, Yoo, & Beer, 2012).

Torres—Oviedo and Ting (2007)+= 719 AAlH-A Z}HA|

ol g o
= =1

e
T
o

=
3

1t} Roh et al. (2012)2
NMF (non-negative matrix factorization) #41 =%

o

[e)

&% B4} H

2 5

[©)

;._':
-

R

7N o]
(muscle module)

A7 Az

=
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A2k 74 W%

Ha Al HE&EF
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tH(Roh et al., 2012). Clark et al. (2009)
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]32 ) tH(Tasseel-Ponche,

Yelnik, & Bonan, 2015).
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ojt}<2¥ 4>(Palastanga,

Soames, 2006).

1) == Rectus abdominis, External oblique, Internal oblique, Psoas

minor, Psoas major

2) A1 #: Quadratus lumborum, Multifidus, Semispinalis, Erector spinae

11



3) 3] A: Multifidus, Rotatores, Semispinalis, Internal oblique,
External oblique,
4) =W =3 Quadratus lumborum, Intertransversarii, External
oblique, Internal oblique, Rectus abdominis Rectus

abdominis, Erector spinae, Multifidus

Trunk Motions

Trunk
Muscles

Rectus abdominis

External oblique

Internal oblique

Psoas minor

Psoas major

Quadratus lumborum

Multifidus

Semispinalis

Erector spinae

Rotatores

Intertransversarii

I 4. A 229 25 59 H " (Palastanga, Field, & Soames, 2006)

Ao EE st 9SS 5| E dhtp(Prentic, 2003; Ryerson &

Levit, 1997). Granata and England (2006)% #7F 59 §A] 52

e A S
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Td, By, Y/

No

b
G

B

a1 Qdth(Davies, 1990; ¢t53l, AHolAH, & vhAIA, 2010).

1]
o

¥

el

B

A ¥ th(Bernstein, 1967).
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oJstAl FHW Alo] A Al(control system)ol] &5 I (motor redundancy)
%27] AW ES CNS(center nervous system)”}

o EAL 2

XK
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253
a3 9k L Gelfand (1966) B2 &
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J
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™

e
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A5 wA
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194 o} (Prilutsky, 2000). 22t} o] ¢h= o}
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ghol Aozrgo] ot oldg Y& vHE R 5 AYo HAE
4 JTtHI. M. Gelfand & Latash, 1998; Latash et al., 2007);

Latash, Scholz, & Schoner, 2007).
e A% A= wA4
-Santos, Slomka, Zatsiorsky, & Latash, 2007, 4 A<, &=

H, ARF, & A% 2011). 5 Alo] FokllA = olydt &5 AYS
]_

FHQL AT W AFsol T BAZ Q4w FFA

B=)

gol FAE AR gl

Aol QAzb w49 Ao 71de Bre gek(Chvatal & Ting, 2013; L M.
Gelfand & Latash, 1998; Krishnamoorthy et al, 2004, Ting &
Macpherson, 2005). o]¢} #HE A&4Q0 AF AR50 HuHHA &
B A (RHA Aol FF F4 F)9h BAE 5 B LAS(EF, W,
AL, @ 5)e ARez AojE: Aol ohue, FFARANA &5

% Zg(motor synergy)(I. M. Gelfand & Latash, 1998)& %3&f o] &

AT 5 Jdoe FHol & Wi ) tH(Krishnamoorthy et al.,

O

A
2004; Latash & Zatsiorsky, 2009; Shim & Park, 2007).

ABAE 25 &5 A48 Fd8 A& AAE 3 I5S AT
(d"Avella, Portone, Fernandez, & Lacquaniti, 2006; Torres-Oviedo &
Ting, 2007). +5% &5 282 ZF oAl 548 E o8 59 &4
st e Ao = AR Aol et v2d Vs T A
© 2 yYEyth(Krishnamoorthy, Scholz, & Latash, 2007). Al Z4dS

g3 A A AAns] A5 2% TEAEL ATH ATE0|

il

B %Atk Torres-Oviedo and Ting (2007)= ¥
o=z oy g A Aorjds dud 5 ok s AT
of M=w Zt7] o oA A AAE FAEE JAE SRS HF

pd A nwd AYS eI sgEd, olue Ade Az

et
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62144334 5810+10.58 54.679.98 47.20+13.60

161.29+9.93 167.90+9.92 167.25+6.00 169.20+9.77

AF(kg) 60.14£7.29 66.30+14.05 63.755.93 65.20£10.56

(/) 6/1 8/2 10/2 7/3
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Marker name

Marker placement

FHD approximately over the temple
BHD back of the head, horizontal plane of the FHD
C7 spinous process of the 7th cervical vertebrae
T10 spinous process of the 10th cervical vertebrae
STN Xiphoid process of the Sternum
SH Acromio-clavicular joint
UPARM between the elbow and shoulder markers
ELB lateral epicondyle approximating elbow joint
MELB medial epicondyle approximating elbow joint
FARM between the shoulder and wrist markers
WRTA epicondyle of lateral wrist
WRTB epicondyle of medial wrist
ASI anterior superior iliac spine
PSI posterior superior iliac spine

-
- 23 = A =51



Muscle name EMG sensor placement
PM Pectoralis major
LT Lower Trapezius
RA Rectus abdominis
EL Erector spine lumbar
EO External oblique
10 Internal oblique

2) 44 A

RE g A ke RAAE AT F AL A RAAE
WP ARRE 7GR FFvE T2 oo ol F e
A ol Selrm, el AWt Dol FUE ARES 59

YPat= AAgkE 7)o eks w I F x| o) A (greater trochanter)?l]
A Aol 80% A H7FA €]
= vgxte] gk AN YA E HFEF YT Azt
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A #H7beE AA #HY(static balance)¥} HIE EE57)
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HA Sz FFS AASIY H(Latash, Scholz, Danion, & Schéner,
O

2001; O’Sullivan, O’Sullivan, Campbell, O’Sullivan, & Dankaerts, 2012).
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< Arkeu<E 3 1> TIS FR(TIS total) 23H 02, k2> AA| A4

~

& H7F A4(TS, TIS Static sitting balance) 73, k& 2 Al T2 o
& %7} A4(TD, TIS Dynamic sitting balance) 103, §¢ #H7} A4

(TC, TIS Coordination) 638 2.2 A %o it}

@ PASS
PASSE HEF @49 Aze #38 FUL S =P A4H

A 58E, AAWE 795 F 1285S FUth<d 2> PASS FA



=

A 36
o}

H

PN
T

3|

=

=

o

g el ol A
20%7F COPAL= 9

slo] A B

A= (073%)

1- O [e)
e g

3|
“

al

sttt 3

7} A4(PM, PASS Maintaining
[e)

7t a4

—O
&

3
]

hy2

HZ 2 (COP: center of pressure) At

AL
=

=

R

7} A<(PC, PASS Changing posture) 21

AR v €

3

| 7ke] 7]

bl ek,

36Ho = ZAFA
[}

Ea)

[}
A A A e

[e)

Al EFH A (COP Standard Deviation)

}HSD: standard deviation)

1o

A

Ay

=
QLN

posture) 1574, #}A|H 3k
Ho g A=Fs)

(PASS total)

Ay A
it

7}
o]

ojn A BN
oy " o
ol I z
. T <
MA_.M ﬂﬂ_ o
? E) el
Hﬁ_ S CUNE
< o
o ) P
2 o 3
) A= o=
N 2l m Ty
2= I > " =&
: Dla Eo a, o
) 3 ~ =
BR O N ]
T T . s P g
lis D Z < =
2 sl a 63
it < o)
il I F I L
ﬂm SN .__/| T Mm
Br T P W o
N Ak e Y -
=] o) B ~o X° Ho
e N ™ § N
) T o
1oy g Al ~
™ s T W
2 o ., 9 L o
5 e MYOTOZ
W g e K o® T K
ol o W S O m o
o & 7

A7+

-
R

o

A

A 9]

=

s}

7

=

=

A

1

9
yul

Al A

o,



shofo

S

bol o

S

&

=

=

XJE_

© ul
— 1

b

1

7_1

]

FoA

A

]

A

o R W o o) or W A M % R
X " od NN om0 R Mo -
g B W e : .~
(- S =) o Y wh = W X
Er o M g - om KOF W o
oW o oo o wom %o M a o=
o K T o X "o B .
_ sl o el . Y ~ N == H o
ME TN 5 0% Y o w o)
° F R g W m o — M o
T E N oE M o ﬂv_Al = ©° =] 3
g7 % T g gL g T W
o, o W o o8 B w g o qpp X

K ~ Jo { o ®° 1 —o My
T T oW U E T
" e o BT RN K o

do N T T W 2 5 T W

—_ T T T R ~+ e o e
W = ™ DRI < oM - 0 ©
o P o M T R ox N o
RONOL ®OWOE CaT 2}
— o OC - 2 En_ fonind
~ o o '@ X RT =R BR
— o o = my! T
o o 9 T oo Mo WO
I A T R TR 7=
TN o MR /.nw o T w{ G

Orv ‘HAll H ﬂ_Al 0l ‘_a 0 X
I S
R 1 B S
~o NoK - G Y ol m_ S W
" of o B o~ o re S
- g 54 Ve B g ¥e g )
1; ] B o X — S _ = EE
~ o o o o X oo 7 N g
T W N R . MH_H o o oy S~ O v B v
F oo ® T U LR I
o~ o L ol ay el

I O R o) B <
T O Mo RN O o T T G XN

2
\/(x/ ~ Limean )

2
\/(x/ - xtar'get )

1
1

]

19] 70% A& o]t

=

71
n

Precision
Accuracy

S X © 2] 0
—‘EL’ xtargetL— J’]EHE_Z‘

=]

(e}

Aelel =

o]
k=i



X
target

dta.rget

i abs (

movement error(%) = — !

A Az o]t

—~
file)

—~
file)

I

I

—_
o

~,

= = -
g olF+= 7

e

I
>

W

o
S
< ||
+ |2
.
T
~| +
o /SIS
< ||

a

g

>

I
ﬁBﬂB
ZZ
T

wn

o

(&)

I
)



7y BAel %YL = - AAFE: flexion/extension), €A - WA
(ADB: adduction/abduction), 3] A(ROT: rotation) & At&3stich A&

Ao 2w wah Aol A Pkl 4 g@d 2 gH9e A

5 2% EZ(muscle mode)

O PCA 4

e 1 F718 A48k 8538 EMG 4s = dE 9 (filtering) 7 7
W BH(rectification) & A&tk Al Al%(trial) W Hdl EMG A3 &
A ARE 2 AT olE TSR HA cycled 1%l sjFst= wlof
Blo] FiEfgS Ab=sisinh dhed HAdgs xesE A A 7

#k(peak reference)= # €]} STt

N

MN

10 cycles®] AP sway 52t A EMG A& E AE31 1, Aojw

M
1%

TZF W EMG A1&E 100 samples Zol&2 Aukstaldc}. zF cycle

o
o

12 channels(12709] &5)9 EMG 213 E 100 719 5= d¥tsisl 12
channel x 100 sample®] matrix’} 107 AF=EEA oS tA] 12
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channels x 1000 samples matrix® A &3Pt &% E =+ varimax
rotated PCA #4S& F3 ZAA 53 th(Krishnamoorthy, Scholz, &

Latash, 2007). ©]

i

12 A9e] 284 N5E o 4 AA0R 7HaA

A A4 (similarity index)= PCAZFEH F& ¥

g
ofX

814 ]

2% mes ugelel HGHe 2% Hro SAMS FFae sol

)

S B9 =2 WE(central vector)$ HEF A}
So 7 WE Aloleo] FAFQl ZtE=E AAFSle] F non-zero vector A}
olo] FAME S A= “IARR] FAE ol &7 7|1ttt PCA 4] 9

Aol M, T4 ME= G4 o8 =9 HdEd T4 EE WH(central

mode vector)(C)e]az, FefQlEe]l 7B WH= 12 A Sd= 57t
ol = Frol A Y 2§ R WE(Melth o7]A, iE 93
Ao F= ouEth C9 Mi Alolel zZhmol mARel = Al A=
obel A& ARESto] EH A

AA, Cok Mio] ZARRIZ WE Atolo] F3d= WHa ARSSte] 7

gac sy

M;-C= |IM]l1[Cl[coso

oA FAE ASE F oREe gA L 278 okde] 42 Fa A
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A72 %
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Folldes HES T A7 mE &2 A #F A e, At

29 7% Wk ARE LS olF A AW A% Wk =T A
-

1. 9443 H71 23

1) TIS #7F A%

&S 3xto] A7 &% £4(trunk motor impairment)S H7}dl7]
Al TIS HAAFE AAsEATE AgHe 5 &4 H7FE Sl b2 244
AA #J(TS: TIS static) H7F, &% Al &4 T (TD: TIS
dynamic) #7}, €-3-(TC: TIS coordination) H7}S A AstAch 2 23}
AA 7% ol mobde wEl BE HUb g ApUt EolA e A
ol uetutt. SAA Ass i o
ANOVA)E AAlstRda, 7 A3 TIS total(F=21.866, p<0.000),

Lo

o

waF 2AHEA (one-way

TS(F=6.947, p<0.01), TD(F=16.742, p<0.000), TC(F=16.185, p<0.000)<]
F7h FHNA Fo% Aolsk hekukeh. A A Scheffed A 3%
om 1 A3k WA A% FEe] Eobdel MeHGI<KG<GIBF A&
FOA FobAE Ao dehgri<E 5><19 10>,
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TIS total

TS

D

TC

829415

457223

243207

1.29+0.76

12224286 17.08+1.83 21.866***
6.11+1.29 6.92+0.29 6.947
4.33+1.49 6.42+1.00 16.742%**
1.78+0.92 3.75+1.22 16.185***

G1<G2, G2<G3*,
GI<G3**

GI<G3*

G2<G3*,
G1<G3**

G2<G3*,
G1<G3**

TIS total=TS+TD+TC, TS(Static sitting balance): 2 24 A& 78 %7} A4, TD(Dynamic
sitting balance): 22 24 524 w3 37}
*p <005, * p < 001, ™ p < 0001

A<, TC(Coordination): g-g- H7} A4

TIS(Trunk Impairment Scale)

30

25

20

15
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TIS total

HGl mG2 mG3
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o ]
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2) PASS #H7} A3

WA ) FEel wel MEF AAEY AM FAGE S A4
W] W w8 e Wrhely] 96 PASS WAE AAE AT A
N szl Be Fojol WAFE PASS F57F BA vehie A

S Btk BAA A2 98 d9dF B2 (one-way ANOVA)S
AAleFAR AL, PASS total(F=45.176, p<0.000), PM(F=35.138, p<0.000),

PC(F=28.025, p<0.000)°1 4 f+¢]%k zto]7} Wepytth. A9 4 Scheffe
E AAskslen O 23 QA 7ls ol mobdel weH(G1<G2<G3)

Q7 A4 5984 =olA e Ao w YJEYT<E 6><18 11>,

(e}
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6. ¥ ¥ PASS Z7}

o GL<G2*,

PASS total | 16.57+5.09 27.22+3.76 32.67+2.06 45176 Q<G GL<G3™
GI<GZ™,

PM 4711111 878+1.87 11.75+1.96 35138 Q<G+, GI<G3™,
o GL<G2*,

PC 12.004.32 18.44+2.31 20.83+0.39 28.025 Q<G GL<G3™

PASS total=PM+PC, PM(Maintaining posture): ZHA-5-# H7} <45, PC(Changing posture):
AR F7} "G
*p < 005, * p < 001, ** p < 0001

PASS(Postural Assessment Scale for Stroke)

50 40
35
10
30 PR
*%
30 25 a:a:a:
20
20 15
10
10
5
0 0
PASS total Maintaining Changing
EGl mG2 mG3 HGl mG2 mG3

13 11. PASS H71 Ay}

-39 - 25 A= 8}



HEE AAse A4 7% 4 Aol W 44 g A #4 5
dol ojwad Aol7} YEbEAE SAa] flatd AH ke AH 7
==

A(COP) 499 xFARE 4

0%1
ri
_O|L
R
o =

34 e A F4 BA Y A E WS
ek fel @ Aolsk Vet @gtovt we A% AglE A% &

Fol woldol weh A4 #@ 4 ol Fay

ScheffeZ 2 A1&te] Ak 7k vl S AAE 23 APE G1>G2(p<0.05),
G1>G3(p<0.05), G1>G4(p<0.05), ML G1>G4(p<0.01), G2>G4(p<0.05)
oA €23 xFol7} YEFGTIE 7T><1812>.

— 40 — .-;';-u: -::li- 'I_']i



X 7. 484 3 FAl Al COP xFHA

GI>G2, GI>G3,

. AP | 275191 | 113053 | 124058 | 051026 | 8627 s
ML | 160072 | 125:061 | 093038 | 045£030 | 8181 e
AP | 177+127 | 1406087 | 1594125 | 068+030 | 2187

O
ML | 1584170 | 113:077 | 077:041 | 045:024 | 2777

CE: close eyes, OE: open eyes, AP: anterior/posterior, ML: medial/lateral
*p <005 * p <00L ** p <0001

COP SD

#*

AP with CE MLwith CE AP with OE ML with CE

BGl mG2 mG3 mG4

19 12. COP %% #Hx}

o- ALY



71(AP sway) =3¢

umO
o
yze)
o
umO
=

O

X2 ApAl =4 A

54 ¢

Gze] ool e

7%

2459,

=
=

#d (precision) 2 4 g+ (accuracy)

ol

x
o

\A
)
o

N
I

o

ﬁo

o

fvzel

%0

\A
)

< AdET G2 fHdelA

343;
=

23!
el

7
Gl
0

—_
file)

el

[e)

I

<19 13>, AFgA &

ZFo] 7k wrERsEHH(F=3.215, p<0.05)<

A T

Aol7t GEUA o

ki3

9]

ol A

9><19

Ay A
it

3

AA Scheffe

<
T

14>. A}

15] 91 tH(p<0.05).

slo
1 =



Y

%8 &

o)
T

o ey

ANT
AML

PST
PML

32.78+34.50
6.27+2 61

13.31+7.01
8331415

27.92+18.25
12.08+6.70

19.57+10.37
7.61£7.84

11.51+8.65
6.90+2.37

19.29£10.96
5844341

1348+413
521+281

17.40+9,08
440+1.79

3212

- | e,
5562 ’
0705
1209

ANT: anterior precision, AML: medial/lateral precision at anterior movement, PST: posterior
precision, PML: medial/lateral precision at posterior movement,

*p <005
mim o
) Precision
80
70
B0
50
4an
30
20
1 ﬁ i i 1
’ T
Arterior Armerior ML Posterior Posterior ML
Bl mGI mG3 mid
I3 13, A.3u oxe] dg B Az
o _ﬂ,_ ‘”
T [y f'ﬂ = L



o
>

15961496 | 2339+16.85 | 17.66+1857 | 1528+7.82
15.08+13.25 | 18.02+11.75 | 1932+10.71 | 11.76+842
13.94+717 | 1870+11.10 | 2006+14.10 | 1071£391

914+359 | 11.97+855 828+6.38 5.64£3.64

0.651
0.988

1.804
1.828

ANT: anterior accuracy, AML: medial/lateral accuracy at anterior movement, PST: posterior
accuracy, PML: medial/lateral accuracy at posterior movement,

*p <005

{mm)

45
40
35
30
2
2
1
1

L= L I = e

=]

Anterior

19 14,

Accuracy(mm)

Anterior ML Po=erior

EGl mG2 mG3 mGe

AE oA Ay B 2

_II
e

&

o

i“i i il i

Po=terior ML

o}



4, % - 3% A FE E249 JtF B9

A A FAY FA FH A AA 7 Fol mEk A - sk Az
3 FRo £x59 ol nlmdlr] 9lFe 7+ Ao @2 . AH,
d- 9, 3d hsHsE AAEsk

) 75 24 7FsW 9

7% o] =g w2} ABD(Abduction/Adduction) & Z do] ZHA

yEbar, ADB$F ROT(rotation) =2 ¢! Et} FE(flexion/extension)
Z]lol A Yette 43S Bt 24 Jdd 24 E ZolE S
o7 HAFd7] Yt dYdawE EAHEA (one-way ANOVA)S
sttt 1 Ay Ha Fhel= ADB(F=3.211, p<0.05)l A <]k o] 7}
vebwa, fHd il 2Ee 544 A3 Gl Al <] g
G2(F=16.904, p<0.001), G3(F=24.498, p<0.001), G4(F=19.617, p<0.001)
Aol A Fog ztolE Btk AFS A Scheffes AAITH 23 G2,
G3, G4 F<e ADBe ROTE FE X2t folshAl #A velht= 2y
g HAu<ad 15><E 10>,

A A]

H] 2 qd=

121

10, A5 571 2 A W 22 HEus

FE 13.54+8.10 2391073 | 16891828 | 20.54+1225 1.306
ABD 4.58+3.34 504222 2.76+1.27 3.04+1.07 3.211*
ROT 947+9.34 8.46+546 5.77+3.36 348+1.11 2493

F 2579 16,904+ 24498+ 19.617++*

ADB<FE**, | ADB<FE**, | ADB<FE**,
post-hoc
ROT<FE** ROT<FE“** ROT<FE**

FE: Flexion/Etension. ABD: Abduction/Adduction, ROT: Rotation
p <001, ** p < 0.001

*p <005 *



2) &5 A FHE 7S

A AR A Tt E B4 A9 Vs ol 2 AU
ADB®F ROT #W&go= 4 4Rt FEAA S 4 549 W7t
A Yeye= A%e ®Beloy, Vs FEo] ¥ A7 4% ADBe
ROT Waoe=z 7Mswflet FEZ9 4 7tsHee Afol7F Aujxe=z
2he- Aol yElwth Hd ol EAe] sbeHele vHuEs g8 ddd
ZF iR A (one-way ANOVA)S AA|ste] BA4 HASS AA S

G3(F=18.101, p<0.001), G4(F=7.964,

SR EE

w1 Ay G2(F=4.335, p<0.05),
p<0.0DollA  AolE HAT. A W3 H Aol
Scheffes  AAlstdet. 2 A3 G3
ROT<FE(p<0.001), G4 &2 ADB<FE(p<0.01), ROT<FE(p<0.01)¢l A]
FEc 29| 7hs W7 ve WwIdFeg =2 yeds glsdod, G2
o= ROT<FE(p<0.05) oA " =}o]7} veyar ADB®F FEIIAM =
o gk Apol7F YEhubA] St<d 15><3E 11>,

Jee  ADB<FE(p<0.001),

fKl

FE 7.51+2.68 9.83+4.58 10.91+4.96 14.50+10.98 1.622
ABD 6.24+518 6.32+2.95 425+254 3.63+3.73 1.438
ROT 4.61£3.63 5.16£3.35 3.301.76 3.184.50 0.848

F 0.944 4.335* 18.107** 7.964**
ADB<FE**, ADB<FE*,
post-hoc FE>ROT*
ROT<FE*** ROT<FE*™*

M. AFY E57] B4 A ARAL

FE: Flexion/Etension. ABD: Abduction/Adduction, ROT: Rotation
p <001, ** p < 0.001

*p <005 *



et o
yF 0

2=

% HAA ScheffeZ

post-hoc

s}

G 298 9

ek s

=)
ot
mln
offt

8.61+
111+ 046
121+ 075

16.303**

ADB<FE*™**,

ROT<FE***

=

4
M
s
i
o
&
Jhu
Hu
X
T
o
T
ld

OT¢]

13.07+ 844

135+ 052
180+ 111

18.204**

ADB<FE-**,

ROT<FE***

=
El

#4971

G2(F=18.204, p<0.001),
BE folg Aolrt ehg
1, G39] SRA FAAe] Ganch =
Qs T@ A - T

1330+ 6.84

164 098

145 127
33.599%*

ADB<FE-**,

ROT<FE***

H}&f o

ALA

L E b

17.84= 11.17

079 031

080 038

23241+

ADB<FE-**,

ROT<FE***

-

= AA YeR}A

B
)

s T

e A

1727
3.247*

1.849

& A% A3 FEQ 7Fs HH7F
i, ADBi Aolx = A el vERy
FoR Jhs Wevh 2A
#1919 Aol
A (one-way ANOVA)S S8 Jo
Alustdon, o1 Ax
ADB(F=3.247, p<0.05)°1 4 =}o]7} vjebyk

G1(F=16.303, p<0.001),
p<0.001), G4(F=23.241, p<0.001)el 4]
A8

=
=4

w} e}

%S Wl u}
G3(F=35.599,

A}

1A 8t= &

G3>GA*

FE: Flexion/Etension. ABD: Abduction/Adduction, ROT: Rotation
p <001, ** p < 0.001

*p <005 *



ROM of Head ROM of Upper Trunk ROM of Lower Trunk
(degree) (degree) (degree)
45 45 45
40 — 40 40
35 L] = 35 35
T e s
30 T I 30 = 30 r I
vee - -
25 ] 25 . i 2 25 - I []
,— - -I-_ T
20 20 ] 20 l‘“
15 T 15 +
10 - 10
5 - 5 -
0 A 0

Gl G2

mFE

G3 G4 G1

ADB mROT

G2 G3 G4

BFE WADB mROT

G1

G2

BFE

FE: Flexion/Extension; ADB: Adduction/Abduction; ROT: Rotation

a9 15, T4,

A}

P, 8 Az 24 bE W

G3

ADB EROT

G4



= o B Ao 545 Welr] flste]l PCA 45 AA
ST B AFo e 28 R 7 FAREPC)EY eigenvalue’t 1

Z Aoz Aot} eigenvalue”’t 1Et 2 PCe Gl19 459
v 22 YERt o, g x] JEELS 3709 PCrF 1H T 2 eigenvalue’}
eI T<a2d 16><3# 13>. A= PCol o3&l 70%°]49 AH=Hs 7}
A 7] 91k HAFSY PCse & Gl 4719 PCs, G2, G3, G4+ 5719
PCs® uetyth & dAgolxes 543 PCsel tidk sids 98 Gl=
57§¢] PCsz2  Aostdtt. Ao PCsel oig AW=ES Gl
79.19+£4.26%, G2 73.37£8.45+, G3 74.36+6.20%, G4 75.71+491% = U E}
SE<2" 17><E 14> A 2 7 PCe] A8 tha3t #o] YEst
ok G19] PC12 9F 44%, PC2% 13%, PC3+ 9.24%, PC4+= 7%, PCHe
6% =2 YEFST G29 PCle 33%, PC2& 14%, PC3+& 84%, PC4+
8%, PCo= T%AEZE YEWT. G399 PCl 32%, PC2& 17%, PC3+
10%, PC4+= 8%, PCohw 7T%AHEZ YERSTE v & o1l G4 PCl
33%, PC2%& 17%, PC3+ 10%, PC4+= 8%, PCoh 7%= LEFWL

— 49 — .-;';-u: -::li- 'I_']i



O B N W kR U N D

Eigenvalue

1 2 3 4 5 6 7 8 9 10 11 12
EGl1 G2 mG3 mAB
a9 16, FAR ARFE A4S A nfa
13 FYEO| IR
1 621178 4444148 439:079 437:079
2 1.59+048 1.95+049 214061 2204059
3 096034 120024 120£021 110011
4 0.79+0.27 0.90+0.23 0.94+0.13 0.86t0.16
5 0.62+0.24 0.74+0.20 0.78+0.14 0.70£0.17
6 047:02 063019 063014 060015
7 035019 055020 056015 051013
8 029012 046019 045015 045015
9 0.25+0.12 0.39+0.18 0.35+0.13 0.38+£0.13
10 0.21+0.09 0.32+0.16 0.26+0.12 0.35£0.14
1 017007 024014 019+0.10 028012
12 009003 018013 013009 019+0.09
’ )
~ 50 — S ;H 2 l:ﬂ



(%)
100

Mode Explaination

Mode Explaination

5

HGl "G2 WG3 EG4

Y 7. B4 P Poel A

3 14. PCO] A d

1 43.93£13.90 33.40+9.78 31.53+4.46 33.24+5.03
2 56.56£10.45 47.36+10.08 48.99+6.91 50.14+6.04
3 65.80+7.52 58.16+10.29 59.38+7.07 60.42+5.39
4 73.20£5.58 66.5719.65 67.47+6.68 68.75£5.20
5 79.15+4.26 7337845 74.36+6.20 75.71£491
6 83.89+3.08 79.00+7.04 80.365.75 81.14+4.23
7 87.98+2.30 84.14+5.76 85.39£4.89 85.77+3.71
8 9148+1.78 88.59+4.54 89.68+3.96 89.66+2.94
9 94.34+1.33 92.34+3.34 93.20+2.85 93.01+£2.30
10 96.78+1.06 95.41+2.26 96.14+1.73 95.98+1.57
11 98.61+0.50 98.03£1.15 98.31+0.82 98.18+0.72
12 100.00+£0.00 100.00+0.00 100.00+£0.00 100.00+£0.00

- o

-1 ¥ A=



2) PCA -3} Al4=(loading coefficient)

<18 18>2 PCA BEAS E3 w&% 7F PCsol X&HodE nE

£ PC1€ LRA, RRA; PC2+= LLT, RLT, LEL, RELE &% 2t7} 3§
AEAnt HEF 34 A Gl PC1Y 4$ ARA, URA, APM, PC2
AEL, UEL, PC3¥ UIOY loading®] 04Xt} =LA YeERFHA 2zt

i

PCs® muscle modeE T3t G2 PClelA UEO, PC294 UEL
T 25FAAN 045 25t FY % loadingo] #HEFSITH G3&= PCI
o 5l URA, ARA, UEO, AEO°|A 045 Z %3} loadingo] #&HSlT).
PC2e M= ULTS ALT 5ol M 213 loading #to] #2=A}.
z} PCo 9%ty PC W& ofgfjel 2t
» PCl(Backward PC): % &2 Ao 5 E=
» PC2(Forward PC): 2% 24 Aol &5 2=

» PC3(Anti Rotation PC): A$ &&7] &2 A A7te] A, 7%

— 52 — .-;';-u: -::li- 'I_']i



Naming of the PCs

B PC1: Backward, BPC2: Forward, BIPC3: Anti Rotation, Il PC4: Support,

8] (0]
APM; Affected Pectoralis Major, UPM; Unaffected Pectoralis Major, ALT; Affected Lower Trapezius , ULT, Unaffected Lower Trapezius, ARA; Affected Rectus Abdominis, URA;
Unaffected Rectus Abdominis, AEL; Affected Erector Spinae Lumbar part, UEL; Unaffected Erector Spinae Lumnbar part, AEO; Affected External obligue, UEQ; Unaffected
External oblique, AlO; Affected Internal oblique, UIO; Unaffected Internal oblique; G1,G2,G3= I8 2S£ Affected, Unaffected2E 72 Gd= THE 2= E Left, Right £ 72

% .
SULT  UEOL
P> | 'R

G2

URA
0.8

AED.
s
0

e

| e
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ulo

o918 fAd 28 B 7

et S

Vo

Lo

LPM"X}\\,L'._
RIG




¥ 15. G13<+e] PCA F-3l A4

s PC1 PQ2 PC3 PC4 PG
(MeanSD) (MeanSD) (MeanSD) (MeantSD) (MeanSD)

APM 0.29+0.29 0.23+0.33 0.15+£0.30 0.23+0.33 0.23+0.31
UPM 0.55+0.33 0.14+0.07 0.14+£0.35 0.16£0.10 0.16+0.10
ALT 0.17+0.08 0.14+0.19 0.09+£0.35 0.12+0.06 0.12+0.06
ULT 0.27+0.21 0.23+0.07 0.12+0.40 0.38+0.30 0.38+0.30
ARA 058+0.32 0.13£0.08 0.10+0.40 0.11+0.04 011£0.04
URA 0.61+040 0.10+0.11 0.25+0.24 0.11+0.04 011£0.04
AEL 0.160.09 052035 0.20£0.11 0.11+0.09 0.11£0.09
UEL 0.11+0.06 0.7310.34 0.28+0.13 0.08+0.06 0.08+0.06
AEO 0.18+0.10 0.09+0.13 0.26£0.09 0.24+0.32 0.24+0.32
UEO 0.30+0.27 0.03+£0.15 0.17+0.14 0.15+£0.05 0.15+0.05
AIO 0.19£0.06 011018 0.19+0.11 0.27+0.30 0.27£0.30
UIO 0.29+0.19 0.19+0.08 0.13+£0.29 0.28+0.30 0.28+0.30

UPMV; Unaffected Pectoralis Major, APM; Affected Pectoralis Major, ULT; Unaffected Lower Trapezius, ALT; Affected Lower Trapezius
, URA; Unaffected Rectus Abdominis, ARA; Affected Rectus Abdominis, UEL; Unaffected Erector Spinae Lumbar part, AEL; Affected
Erector Spinae Lumbar part, UEO; Unaffected External oblique, AEO; Affected External oblique, UIO; Unaffected Internal obliqueAIO;
Affected Internal oblique

¥ 16. G23wt+e] PCA F-3l A4

Minde PC1 PQ2 PC3 PC4 PG
(MeanSD) (MeanSD) (MeanSD) (MeantSD) (MeantSD)

APM 0.30+0.41 0.10+0.11 0.64+0.40 0.07+£0.10 0.10+0.17
UPM 0.31£0.35 0.16%0.27 0.16£0.15 0.07£0.09 0.18+£0.25
ALT 0.09+0.09 0.22+0.26 0.20+£0.25 0.19+0.27 0.27+0.36
ULT 0.06£0.18 0.21+£0.11 0.16+0.27 0.29+0.34 0.16+0.24
ARA 0.52+0.38 0.06£0.10 0.09+0.09 0.09+0.16 0.18+0.29
URA 0.48+042 0.05£0.06 0.10£0.11 0.07£0.16 0.07£0.06
AEL 0.05+0.08 0.76£0.28 0.14+0.20 0.10£0.08 0.10£0.13
UEL 0.08+0.08 045039 0.10£0.11 0.20£0.28 0.07£0.08
AEO 0.29+0.36 0.07+0.12 0.25+0.32 0.17+£0.31 0.13+0.09
UEO 0.38+0.40 0.01+£0.08 0.14+0.15 0.13£0.25 0.11+0.13
AIO 035040 0.09+0.13 0.05£0.06 0.08+0.10 0.35+0.43
UIO 0.18+0.20 0.07£0.09 0.19+0.29 0.43+0.46 0.16£0.25

UPMV; Unaffected Pectoralis Major, APM; Affected Pectoralis Major, ULT; Unaffected Lower Trapezius, ALT; Affected Lower Trapezius
, URA; Unaffected Rectus Abdominis, ARA; Affected Rectus Abdominis, UEL; Unaffected Erector Spinae Lumbar part, AEL; Affected
Erector Spinae Lumbar part, UEO; Unaffected External oblique, AEO; Affected External oblique, UIO; Unaffected Internal obliqueAIO;
Affected Internal oblique

i
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¥ 17. G33wt+e] PCA F-3l A4

s PC1 PQ2 PC3 PC4 PG
(MeanSD) (MeanSD) (MeanSD) (MeantSD) (MeanSD)

APM 0.23+0.29 017+0.26 0.06£0.09 0.51+£0.46 0.07+0.05
UPM 0.15+0.12 0.16x0.25 0.22+0.37 0.18+£0.25 0.07+0.07
ALT 0.05+£0.13 0.51+0.38 0.10+£0.13 0.08+£0.11 0.03+0.08
ULT 0.06£0.21 044+037 0.08+£0.13 0.06£0.10 0.07+0.11
ARA 0.70£0.28 0.02+0.10 0.05+0.09 0.10£0.11 0.05£0.09
URA 0.72+0.32 0.05+£0.12 0.03+£0.09 0.08+0.08 0.13+0.25
AEL -0.01+£0.12 0.18+0.26 0.30+0.42 0.03+£0.08 0.25+0.45
UEL -0.01+£0.16 0.22+0.31 0.45+£0.50 0.03+£0.09 0.19+0.36
AEO 0531043 0.03+£0.10 0.13+£0.29 0.08+£0.05 0.05+0.10
UEO 056044 -0.01£0.09 0.04£0.05 0.07+£0.08 0.20£0.36
AIO 040+0.35 -0.01+£0.06 0.02+0.09 0.12+0.16 0.28+0.40
UIO 0.38+0.39 0.05+£0.05 0.12+£0.28 0.43+0.47 0.13+0.23

UPMV; Unaffected Pectoralis Major, APM; Affected Pectoralis Major, ULT; Unaffected Lower Trapezius, ALT; Affected Lower Trapezius
, URA; Unaffected Rectus Abdominis, ARA; Affected Rectus Abdominis, UEL; Unaffected Erector Spinae Lumbar part, AEL; Affected
Erector Spinae Lumbar part, UEO; Unaffected External oblique, AEO; Affected External oblique, UIO; Unaffected Internal obliqueAIO;
Affected Internal oblique

¥ 18. G4+l PCA F-3l A4

Minde PC1 PQ2 PC3 PC4 PG
(MeanSD) (MeanSD) (MeanSD) (MeantSD) (MeantSD)

APM 0.261£0.22 0.00+0.17 0.07+0.14 0.27+0.38 0.05+0.07
UPM 0.24+0.27 0.00+0.07 0.06£0.09 0.48+0.43 0.09+0.07
ALT 0.03+£0.12 049+0.37 0.02+0.10 0.06£0.06 0.06+0.07
ULT 0.01+£0.06 0.50+0.39 0.02+0.14 0.12+£0.31 0.06+0.07
ARA 0.64+0.37 0.05+£0.14 0.05+£0.07 0.07+0.06 0.07+0.06
URA 0.61+£0.41 0.04+£0.11 0.09+£0.09 0.16+0.27 0.26+0.37
AEL 0.00+£0.04 0511048 0.06+£0.33 0.00£0.04 0.20+0.41
UEL 0.04+0.07 049+0.44 0.11+£0.32 0.03+£0.08 0.24+0.39
AEO 0.23+£0.16 0.03+0.32 0.15+£0.29 0.07+£0.10 0.12+0.19
UEO 0.16x0.20 0.00£0.26 0.20+£0.35 0.07+£0.09 0.26+0.39
AIO 0.11+0.07 0.06+£0.30 0.59+0.47 0.07+£0.10 0.05+0.11
UIO 0.14+0.10 0.05+0.17 0.26+0.38 0.15+£0.29 0.13+0.28

UPMV; Unaffected Pectoralis Major, APM; Affected Pectoralis Major, ULT; Unaffected Lower Trapezius, ALT; Affected Lower Trapezius
, URA; Unaffected Rectus Abdominis, ARA; Affected Rectus Abdominis, UEL; Unaffected Erector Spinae Lumbar part, AEL; Affected
Erector Spinae Lumbar part, UEO; Unaffected External oblique, AEO; Affected External oblique, UIO; Unaffected Internal obliqueAIO;
Affected Internal oblique

i
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3) A A

i

(similarity index)E 2F&E3&A Tt FAR
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H 3 1. Trunk Impairment Scale

Korean version of Trunk Impairment Scale (K-TIS)

B3E
1 Static sitting balance - gt g2 AFESR] ged SofFAHuU 10 S0
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¥H A 2. Postural Assessment Scale for Stroke Patients

Postural Assessment Scale for Stroke Patients (PASS)
Scoring Form

Maintaining a Posture

Give the subject instructions for each item as written below. When scoring the item, record the lowesl response
category that applies for each item.

1. Sitting Without Support

Examiner: Have the subject sit on a bench/mat without back support and with feet flat on the floor.
____(3) Can sit for 5 minutes without support
{2) Can sit for more than 10 seconds without support
1) Can sit with slight support (for example, by 1 hand)
{0y Cannot sit

2. Standing With Support
Examiner: Have the subject stand, providing support as needed. Evaluate only the ability to stand with or
without support. Do not consider the quality of the stance.

____{3) Can stand with support af enly 1 hand

____{2) Can stand with moderate support of 1 person

__ {1} Can stand with strong suppaort of 2 people

{0} Cannot stand, even with support

3. Standing Without Support
Examiner: Have the subject stand withoul support. Evaiuate only the ability to stand with or without support. Do
not consider the quality of the stance.

____[3) Can stand without support for more than 1 minute and simultanecusly perform amm
mavements al about shoulder level

____ (2} Can stand wilhout suppart for 1 minute or stands slightly asymmetrically
____ (1) Can stand without support for 10 seconds or leans heavily on 1 leg
(0) Cannot stand without support

4. Standing on Nonparetic Leg

Examiner: Have the subject stand on the nonparetic leg. Evaluate only the ability to bear weight entirely on the
nonparetic leg. Do not consider how the subject accomplishes the task.
____3) Can stand on nonparelic leg for more than 10 seconds
(2) Can stand on nonparetic leg for more than 5 seconds
____(1) Can stand on ncnparetic leg for a few seconds
(0} Cannot stand on nonparetic leg

Page 1 of 4

Reprodusible Mastor Scoring Fonm accompanying YHI's *Administering Functional Assessment Tests* DV #2.
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Postural Assessment Scale for Stroke Patients (PASS) Scoring Form

5. Standing on Paretic Leg
Examiner: Have the subject stand on the paretic leg. Evaluate only the ability to bear weight entirely on the
paretic leg. Do not consider how the subject accomplishes the task,
____{3) Can stand on paretic leg for more than 10 seconds
____[#) Can stand on paretic leg for maore than 5 seconds
{1) Can stand on paretic leg for a few seconds
____{0) Cannot stand on parelic leg

Maintaining Posture SUBTOTAL

Pape 20l 4
Reproducilis Mazier Scoring Form scoompaning Vs “ddministering Functional Assessment Tests" DV &3,
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Postural Assessment Scale for Stroke Patlents {PASS) Scoring Form

Changing a Posture

6. Supine to Paretic Side Lateral

Examiner: Bagin with the subject in supine on a treatment mat. Instruct the subject 1o roll to the paretic side
{lateral movemaent). Assist as necessary. Evaluale the subject’s performance on the amount of help required.
Do not consider the quality of performance.

(3) Can perform without heip

____{2) Can perform with little help
(1) Can perfarm with much help
{0} Cannot perform

7. Supine to Nonparetic Side Lateral

Examiner: Begin with the subject in supine on a treatment mat. instruct ihe subject to roll to the non par@llic side
(lateral movement). Assist as necessary. Evaluate the subject's performance on the amount of help required.
Do not consider the quality of performance.

(3) Can perform without help
____{2) Can perform with little help
____ {1} Can perform with much help
(D) Cannot perform

8. Supine to Sitting Up on the Edge of the Mat

Examiner: Begin with the subject in supine on a treatment mat. Instruct the subject to come to sitling on the
edge of the mat. Assist as necessary. Evaluate the subject’s performance on the amount of help required. Do
not consider the quality of performance.

{3 Can perform without help
{2} Can perform with little help

(1) Gan perform with much help
____{0) Cannot perform

Page 3 of 4

Reproducible Mastsr Scopng Form accompanying WHI's *Administering Functional Assessiment Tests” DVD 33,
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Postural Assessment Scalo for Stroke Patients {PASS) Scoring Form

9. Sitting on the Edge of the Mat to Supine

Examiner: Begin with the subject sitting on the edge of a treatment mat. Instruct the subject to return to supine.
Assist as necessary. Evaluate the subject’s performance on the amount of help required. Do not consider the
quality of performance.

{3} Can perform without help

____{2) Can perform with little help

—_ (1) Can perform with much help
(0) Cannot perform

10. Sitting to Standing Up

Examiner: Begin with the subject sitling on the edge of a treatment mat. Instruct the subject to stand up without
support, Assist if necessary. Evaluate the subject’s performance on the amount of help reguired,
Do not consider the quality of performance.

____{(3) Can perform without help
{2) Can perform with little help

____{1} Can perform with much help
(0} Cannot perform

11. Standing Up to Sitting Down

Examiner: Begin with the subject standing by the edge of a treatment mat. Instruct the subject to sit on edge of
mat without support. Assist if necessary. Evaluate the subject’s performance on the amount of help required.
Do not consider the quality of performance.

_(3) Can perform without help
____(2) Can perform with little help
(1) Can perform with much help
__ (D) Cannot perferm

12. Standing, Picking Up a Pencil from the Floor

Examiner: Begin with the subject standing. Instruct the subject to pick up a pencil from the floor without
support, Assist if necessary. Evaluate the subject's performance on the amount of help required. Do not
consider the quality of parformance.

(3) Can perform without help
— (2) Can perform with little help

(1) Can perform with much help
___(0) Cannot perform

Changing Posture SUBTOTAL __ TOTAL

Page 4 of 4
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243 3. APF AR Ia

Subject | Group | Age| Height | Weight | Onset | Sex ADH(EZR9))
S07 Gl 61 167 65 5 M | Lthemiplegiad/tRt.coronaradiata&BGinfarction
Lt hemiplegia d/t Rt MCA infarction with
S12 Gl 69 153 50 5 M
hemorrhagic transformation
S14 Gl 58 168 60 1 M | Lthemipleigad/tspontaneousICHthalamusRtIVH,
S15 Gl 62 173 63 4 M | Quadriplegiad/tICH,thalamuscIVHDM
S23 Gl 62 168 62 1 M | Rthemi d/t Lt. MCA infarct
S27 Gl 61 152 51 3 F | Lt. hemiplegia d/t ICH, Rt. BG & IVH
S30 G11 62 148 70 7 M | Lt. hemiplegia d/t Rt. MCA infarction
S08 G2 64 165 67 3 M | Lthemiplegiad/tRt. MCAinfarction
S10 G2 53 173 75 9 M | Lt. hemiplegia d/t Rt. MCA infarction
S13 G2 52 162 59 4 M | Rt hemiplegia secondary to Lt ICA infarction
S16 G2 62 168 53 4 M | Lthemiplegia 2'to pontine hemorrhage
S19 G2 74 172 68 4 M | Lt. hemiplegia d/t Rt BG, PVWM infarction
S24 G2 62 177 84 9 M | Lthemi d/t Rt. MCA infarct
S25 G2 47 177 68 5 F | ruptured AVM on Lt. cbll / IVH and SAH
S26 G2 72 150 46 5 M | Lthemiplegia2’toRt.BGICH
S28 G2 41 180 90 6 F | Rt hemiplegia d/t Lt. BG ICH
S32 G2 4 155 53 11 M | Rt. hemiplegia 2 to Lt. ACA & MCA infarction
S04 G3 45 173 65 12 M | Rthemiplegiad/tLt BGICH s/p EVD
S05 G3 36 162 60 4 M | Rt. hemiplegia d/t Lt. BG, F-T ICH
S06 G3 55 164 63 6 M | Rt. hemiplegia d/t Lt. MCA infarction
S09 G3 62 165 6 6 M | Rt. hemiplegia d/t Lt.cerebellum & medulla infarction.
S11 G3 61 165 69 7 M | Lt. hemiplegia d/t Rt. paramedian pons infarction
S17 G3 76 167 61 5 M | Rt. hemiplegia d/t Lt PCA infarction
S18 G3 61 172 69 6 F | #Rthemiplegiad/tLtCRinfarction
S20 G3 49 170 56 5 F | #Quadriplegiad/tT-SDH,LtF-T-P
S21 G3 56 157 56 4 M | Lthemiplegia2’toRt. BGICH&SAHonRt.sylvianfissure
S22 G3 51 161 58 6 F | Rthemiplegia 2'to S-ICH. Lt. thalamus
s29 G3 53 177 64 15 M | Lt. hemiplegia d/t Rt. BG ICH
s31 G3 51 174 69 15 M | rt. hemiplegia d/t 1t. BG ICH&IVH
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Abstract

Changes in the trunk function and muscle
mode configuration during recovery phases
in stroke survivors

Dohoon Koo

Department of Physical Education
The Graduate School

Seoul National University

Brain damage due to stroke causes disorders in the motor and sensory
pathways of the brain. The damaged motor neural pathways not only cause
hemiplegia but also muscle weakness, muscle rngidity, and abnormal
movements. The recovery of stroke is reported to start immediately after
the injury with most recoveries reported to observe within the first 3
months following an injury. However, depending on the rehabilitation and
Injury severity, recovery can take up to 6 months. Although the rate and
tendency of recovery is different for each stroke patient, all of them go
through distinct stages of functional recoveries, such as sitting, standing,
and walking. As such, stroke-disables show a nonlinear but gradual

recovery of physical functionality. The recovery of stroke patient is

- 81 — A -";'l:- 1_'.;



accomplished through the development of motor control, strength
enhancement training and reduction of joint and muscle stiffness through
rehabilitation training. Therefore, the purpose of this study is to classify
stroke patients based on their physical functional level, ie. from the early
stages of rehabilitation to recovery and compare the difference in movement
and control strategy of the trunk.

The subjects with stroke who participated in this study were divided
according to the stage of recovery of physical function following a
rehabilitation program. Group—1 (Gl) was classified as a group who can
maintain upright seated position (age: 62.14 + 3.34 years, height: 161.29 +
9.93cm, weight: 60.14 + 7.29kg, duration of stroke onset: 3.71 = 2.21 months,
n = 7). Group—2 (G2), a group who are able to sit and stand independently
(age: 5810 + 1058 years, height: 167.90 + 9.92cm, weight: 66.30 £ 14.05kg,

duration of stroke onset: 6.00 £ 2.71 months, n = 10). Group-3 (G3) as a

-+

group who can walk independently (age: 54.67 + 998 years, height: 167.25
6.00cm, weight: 63.75 £ 593kg, duration of onset: 758 = 4.03 months, n =

12). Group4 (G4) as a control group composed of age-matched
non—disabled individuals (age: 47.20 £ 13.60 years old, height: 16920 *
9.77cm, weight: 6520 + 10.56kg, n = 10). In order to compare the function
and the muscle control mechanism of the trunk among groups, the Trunk
Impairment Scale (TIS), Postural Assessment Scale for Stroke (PASS),
Balance test (Standard deviation of centre of pressure), movement
consistency and accuracy, range of motion of trunk and head (ROM), and
muscle mode were used. The measurements of the TIS and the PASS test

were conducted by a licensed physical therapist. The standard deviation of
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the centre of pressure (COP) was evaluated by performing a 20 seconds
static balance task in the sitting position for 3 times. The consistency and
accuracy of motion, the ROM of the segments, and the muscle mode were
computed with the data obtained from the kinematics of the movement and
muscle activation level during an anterior—posterior (AP) sway with a target
set at 70% of their maximum range.

In results, the analysis of TIS, PASS, and standard deviation of the COP
resulted in increase in trunk function from Gl to G4.. The consistency and
accuracy of the movement during AP sway task was lowest for the GZ2..
The ROM test of head, upper body, and lower body showed that the
flexion/extension motion was greatest in case of G3 and G$ than
adduction/abduction and rotation motion. However, G2 showed relatively
larger differences in the ROM of the upper body compared to other groups,
with no difference for the flexion/extension motion from the rest of the
groups. G1 showed no difference in flexion/extension, adduction/abduction,
and rotation movements of the head and upper body segments. The results
from the muscle mode revealed different characteristics such as differences
In supplementary muscle modes according to functional capability of the
groups, differences based on the activity of the surrounding muscles in the
main muscle mode, and the similarities among the main muscle mode which
was required to perform the task.

There are two conclusions that can be drawn from this study. First, it
was confirmed that the function of the trunk is improved with the recovery
of the functional capability for stroke patients. Second, there are changes in

muscle modes related to the trunk as their with the recovery of the
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functionality of the body. Further from the first conclusion, the existing
theory that the function of the trunk improves with the improvement of the
functional capability was confirmed. From the second conclusion, It can be
seen that the three characteristics of functional recovery; similarity of the
main muscle mode for task performance, the action of the surrounding
muscles in the main muscle mode, and the change in the supplementary
muscle mode changed according to the functional capability of the groups. In
conclusion, it is considered that the change in the trunk function and muscle
mode following stroke recovery can be confirmed by observation of change
in supplementary muscle mode but not by the change in major muscle mode

mvolved in the movement.

Keyword . Stoke, Level of physical function, Muscle mode
Student number : 2013-31101
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