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Abstract

Background: Cognitive function in stroke patients is
closely related to activities of daily living tasks and
balance. However, previous studies have focused on
the physical functioning of stroke patients, such as
muscle strength and its correlation with gait or bal-
ance and its impact on functional performance.
Therefore, this study focuses on the impact of cogni-
tion in stroke patients. This is because cognition is an
important predictor of functional recovery in re-
habilitation, affecting motivation and the ability to ac-
quire motor skills. In this study, we evaluated phys-
ical function, ADLs, balance, and cognitive function
in stroke patients to determine the correlation between
physical function, ADLs, balance, and cognition, and
to determine the effects of cognitive training on phys-
ical function, ADLs, and balance in stroke patients.
Design: cross-sectional study design

Methods: This study is the following tests were used
to assess physical function, balance, mobility, and
cognition in 110 individuals diagnosed with stroke.
Manual muscle testing(MMT), range of motion(ROM),
and balance were measured using the Berg Balance
Scale(BBS). Cognition was measured using the Korean
Modified Barthel Index(K-MBI) and the Korean
Mini-Mental State Examination(K-MMSE) to assess
activities of daily living. In addition, to verify the re-
search questions, SPSS and Process macro were used
to check the relationship between the main variables
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and the mediating effect of cognitive ability.
Results: The mediating effect of cognition on the re-
lationship between physical function, balance, and
ADLs in stroke patients was examined, and there was
a significant correlation between physical function and
balance, cognition, and ADLs (p<0.05). There was a
mediating effect of cognition on the effect of physical
function on ADLs (p<0.01) and a mediating effect of
cognition on the effect of physical function on bal-
ance (p<0.01).

Conclusion: This study confirmed that physical func-
tion, balance, activities of daily living, and cognition
were significantly correlated, and that cognition was a
significant mediator between physical function, bal-
ance, and activities of daily living. We hope that
these findings can be used as a basis for therapeutic
approaches in stroke patients.

Key words: activity daily of living, balance, cogni-
tion, physical function, stroke.
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[.A4 &
HEFo|T AR E AL HHeE W[ TAR QS AAOR P HWEFY v 1YY
718 072 A= 28 HEF 07 73 th(Hochstenbach-Waelen & Seelen, 2012). 12 13l A A7]5, 43,
oy, 77t & 1A 7)sell XAl Ff Aol g FHkshs A $ko] th(Davalos et al., 2012; Sun et al., 2014; 732,

2024; 7178AF, 2023; QVERA, 2023; 7
HE% ol %9 AAY5e) Wa), A, 1H484 17t ol Fow 2elo] obg ¥ 1 A3 2o %i“@é
& sl AA19) A4o] Ve 0w AEA T B 0 BAHBalaban & Tok 2014), £
= A EE|
[e)

al,, 2015). AX| & A2}, 719, AbaL, AdE 9l Qo & 2kt
ALe] A Gol= AP, el 9 ko] S SV, 4hel H(Qol)S 7FAAlZItHCumming et al., 2014).

S5 AL A E 42 Ao YA J&FS T, s AA7E el ke 1A Aol
7} FAE 7Fs/d0] = THSun et al., 2014). Askd JAA|7] 5 o2 Ao Hash ¥ 73 U 55Eo] Aoy
o] Aagd o Mo ojEgo] al, AFAYEF2 L= 5 ST JTFS v KO et al., 2013).

Oros 5(2016)<> ¥ &5 75 W OoZ Q1A o7} Q= 82) 547, 1A o7} gl S 21 o= F IF
© 2 o] H715kItE MMSE, RAVLT and verbal fluency test, ADL, IADIE 3713 A3} Q14| Aofj7} Q=
$HA7F Aol o 2]E4 0] ]lth Cho 5(2012)> HEF 607 oz A8 gdds %] 219 #dA
S YobHotTth MBI MMSE M2 278 155 Abolel f2nsk xto]7h dlar, 719 S Al2lskal MBI9}
LOTCA-G®] 99 &5 A5 el @ gk a7t dzs glom, 3924 24} #A7to] ADL d&52 +2
S fgths S BTtk

&3 BAke] AstE AXTselA FoHH 7)o ge YA FA] 538 T8-S AShAI T THLee et al.,

2011; Teasell et al., 2014). YA EEF o2 AA 2AL B8 231-) 8, o]F o] oS ZA=TtHLam et al,
2011; Seo et al,, 2014). ¥ & 8212 I D-s2ol] ol el Tt wAlE YO7NA ¥l tpopr} ARSEAl =
g 7 7] wimel AgA5e] Fa/do] vl QltkPark & Song, 2012). 1B EE QAteA= hﬂzz
FAFe] A2 52 activity of daily living)2] 352 F318te] AFE ¢l kS 3lo] A AL3]o B s=
F=thPark & Kim, 2018).

(e

HE% SRl Qo) AAABEAW oot 7 £ BAH F sholthRoh, 2017). M EF BA 7
A5Ee oitnt o zasl B, 2R A7) AT B WA A5 owA, A B
247} §, DRSS, AR, A7) A5 E FF A4 Qeeln, Haste] AM9) E5Row 1A
(BOS) WelA] A FHL FA S AE QA SHow Foy AAFHH FAFHew THAY

\

(Wang et al., 2016; Nashner & McCollum, 1985). &5 3=} 2 4S Q8= A 75, 21848707,
AR E, A7 8L A5 ] g2 A8-0] 3B 2.5 HH(Wernick-Robinson et al., 1999). B3t ?_X]7]lg—0] A5H
TF 15> 1A (Shin, 2007), 8 Ake} AR A St A2 HEL- XV 5& ASHA
HEF0 e JEFS v TH(Yang et al., 2015).
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HES A WA, S48 EE2 2 FF BANA AA ] wifET 15

el 28-S w5t vk duetd A= A Qlo] o9& 7] 9 5715 55 9 Toll IF
nx] 71524 3ES o Zal= F23 @ Ao]tKDiamond et al., 1996; Lee & Kwon, 2003). 712 A
HE71E] S B A7 o] FoA] SISl o= w7t vyl o2 2hgah=A]of T A5
% QT 2 ATt A= ol s HEs Eﬂé}ﬂx} %l 6”01?3} o] &4 wjAg npgo
A

= A E
Ao S, LLAEA 9 FREANA A9 A ashe ﬁ_olbxr—e— s e, A YE
F A2 A7) APABER, 79 L AA/5S BUse] AV, DIRBES, 79, A9
WS st} 4 FAL AYIAYL W HNEF B AAVE, APADBEL 2 FFol 0] A= JFol

theto] obrm sel, obt MEF B wAAQ ARE AFHIA H

+ G*Power Version 3.1.9.7(Franz Faul, University Kiel, Germany, 2020)& ©]-8-3lo] AH=3}
AR s EAHIHQ SR (AAS VS0 7 k=AAA a7 A= 0.5,

. J— E A
OFF o 0.05, IY= 092 §A 8= A3 THE = 10502 e B Ao A B WA
3k = Qe gEAE aEEte] AUE FUAl A B el 1108S dide® sieith
oo

ol AR 7Tl EE HEFTOE Ak A2 AAsrh Aoz HEFC] ofbd thE A3k

of & A9} #eo] Qle AFtell Fofst Ao UAY Fof F< X} 711
=441 FAE Gk & ATtel tial FEs] Adrgstal FejAlel A 2
A et 713 AR 3] (SYUIRB2-1040781-A-N-012021121HR) #+ 44}
2(KCT0006703)2] %<1 As s T Ao S FoA ol Ao ER PR ¢
zbel T8 E Atk weks A7) dde A A wet 93ae] Agrt REE it
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<8, W 7k H1SE AAlst
o] AbetSith oll#d o] Wl 9 HE L, R dE ] HE 53
*’FE‘—.@*}(Manual Muscla Test; MMT)S ©]-&-3}5 T} o734 w33 ¥

AR 7 A M ol & agsiglom, f1d 7 el o
14 = 0}@;} AMNIHE-E ZH317] $18ke] ZF =7 (Goniometer, Sammons Preston, USA, 2020)
B e S Ztor 22 AF L [CC=0.902 ZH=TKTyler et al., 1999). ¥ &1
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A ke, el Sk Sl ubgs $d g of

& J95H
BN ek SRS, oA Wele) A9, WAKE oA 259 2 b el &
= A

E AFoM = LA F S Frksl] fske] 3t 47 vhEl X Sx(korean-modified barthel index; K-MBI)

T AR AR EE VTR VT FolE Bk S8 ARgE
A 0.95°]tH(Granger et al., 1979; Leung et al., 2007). =72 $-2}2] A
)31, 3kA}o] SAFEAIR AFE AAEA] T & 5 A T Ao|th
Aol & Zlojr wkeke] Atefe] thaf 4A1&ek 4] & Zlo|t 3

et

< W1 3 2% (Berg Balance Scale; BBS)E ©|&3lo] S35t S U A2 Ee

99, = FEE 0982 ¥ A9 WA BFGEE 7HH 0™ (Berg et al,, 1992), 37H4] SHE(AHAIF

A, AR, gl Ut vkeyE nedt Vs dFuA P eEA T 14709 FEoR o gl
QAT 3, AP ALEAR AFE AAEA FTH

& Zoltt. 18l AAE A8 EE Fok B 8AE Dol 912 Aol mkeko] Alejof tha Al&Ek

sk 4= QU
Z] 3 Zlolt}, AY s\ A} o]k EFR|mAbe] o8] AlEEHITth
4) 9IX|

H ATollA JIAZISHARE 54 eAHE HATO R Szt o4k 5 A o)} EYAEAPE SHE 54
Zo A AT 2 Aol AT HS S fleke] sh=d (ko] Al Al HAKKorean-Mini Mental
State Examination, K-MMSE)E A3 TE MMSEE 2 AX|53S FA5= =12 AFEFHo X1 Qo
(Folstein et al., 1975). A=, 719, 2] HF L AXL, 71987, 1o)7]5, ola W Fdoz A= o] glom
A1Z] % Chronbach’s a& 0.98= H.ITHChau et al., 2014).

A

w
HI

A H}
& A5 SPSS version 24.0(IBM, Armonk, NY, U.S.A)2} SPSS PROCESS macro 2.15 22 733 o] &3f 4]
18kl AT JAFEATA S FoHES By} 1A 183 SYATFES] AtES
gat7] Sl st HEg NiwwA 9 7E5AE 88 Bl 2 A9 e -L11elA] 069, =
~1.349014 0.162.% AUzt 21E)et 7(AE)S R o} A HA 71Fol] I Wolux| ¢al = ow
AdetQivk. el o oA AV s, 78, A8 EEA, A9 AFRAAE LotR A} Pearson’s 7T
S8 AAIBFE T vix ko 2 uf g s E91517] $)8] SPSS PROCESS macro 2.15914 A A $F model 42 &
3 wiZladE Bt 1 A e B3 AR A|AISEY tHayes, 2013). Wizl & 233 7P 5379
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7] #l3l F-EAE S (bootstrapping) 2} Sobel tests &3l 15T BE SA4 2

m. 2 3

1. 917 CHAIRJo| QHIM EN
2 Aol ks T F 10907 At 563, o)A sarolict. T tiakRe] d9e W 63964
o], AL 16346 cmo]SITh. AFE 60.07 keo] Lo WH7IHE 264371 Rl Tk HEF HEE 2 58

w37, e 15900, vhe] F9l= = vy 481, 25 Hup] 2 o2 UERgth

B oAge] 7 S Hogy TFEHAE A HE, ROM/SE 37 154.05+30.41, ROM/SA E 1 137.32+36.94,
MMT/SF 4 2.07+1.10, MMT/SA 3+ 2.06+1.11, ROM/AD 3 14.60+7.33, MMT/AD & 1.81+1.09, K-MMSE
o 17.34+10.65, K-MBI 3+ 39.24+30.12, BBS #H 1 16.52+17.55% YEFSti<Table 1>.

Table 1. correlation of variables
ROM/SF ROM/SA MMT/SF MMT/SF  ROM/AD MMT/AD MMSE BBS K-MBI

ROM/SF
ROM/SA 0.742"

sk

MMT/SF 0.174 0.220
MMT/SA 0.164 0.184 0.974"
ROM/AD 0.316" 0.257" 0.253" 0.420"
MMT/AD 0.150 0.193" 0.670" 0.253" 0.420"
K-MMSE 0.360" 0.423" 0.511" 0.222" 0.253" 0.441"
BBS 0.308" 0.346" 0.580" 0.233" 0.222" 0.538" 0.782"
K-MBI 0.264 0.313" 0.418" 0.420" 0.233™ 0.522" 0.677" 0.863"

Notes. ROM/SF=range of motions/shoulder flexion, ROM/SA=range of motion/shoulder abduction; MMT/SF=manual muscle
test/shoulder flexion; MMT/SA=manual muscle test/shoulder abduction, ROM/AD=range of motion/ankle dorsiflexion; MMT/AD=man-
ual muscle/ankle dorsiflexion; K=MMSE=korean-mini mental state exanmination, BBS=berg balance scale; K-MBI=korean-modified
barthel index.

*p<0.05, “p<0.01

3. AH7|S0| YAMEE olxls HE

A7) 50 DGl nAE TS wAst A3 K-MBICl ROM/SF(p<0.01)°] ROM/SA2Hp<0.01),
MMT/SE(p<0.01)°ll MMT/SA(p<0.01)°ll +-2]3t Fas nX= A2 Yelstti<Table 2>
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Table 2. Impact of physical function on daily life movements (N= 107)

Independent variable Pearson Correlation N
ROM/SF 0.264 107
ROM/SA 0.313" 107
MMT/SF 0.418 107
MMT/SA 0.420° 107

Notes. ROM/SF=range of motion/shoulder flexion, ROM/SA=range of motion/shoulder abduction, MMT/SF=manual muscle

test/shoulder flexion; MMT/Ab=manual muscle test/shoulder abduction.

"p<0.05

4. AH7|50] 2ol OjX|l= &t

AA 750 #ol nxE TS B413 A3} BBSO ROM/AD(p<0.05), MMT/AD(p<0.01):= 23 -2
H] j]"i‘ Ziii L]-E]r,x,\‘“/kTable 3>,

Table 3. Impact of physical function on balance

Independent variable Pearson Correlation N
ROM/AD 0.222" 107
MMT/AD 0.538° 110

Notes. BBS=berg balance scale; ROM/AD=range of motion/ankle dorsiflexion; MMT/AD=manual muscle test/ankle dorsiflexion.
*p<0.05, “p<0.01

5 I-_Hjll—ol OIAI-AHQ_EF%E!-O-” EI|X| 4§3l:O-I|A'| OI_IXIQ_I I:IHjH-é-I"I'
1) ROM/SF7} K-MBIO| DX/ 8ol elxo of7fza

L5k o lETFEH Y ATt QS Al A s Gl XY wiAaYE 243
¥ SHHER A7 E s H S v A S AT o v X EIN(H Ra)w SAY SR F5HAl ek
©1(5-0.231, £=3.821, p<0.001), "I7HHFRI Q1A= o] FEHWMFR] L Ls Aol vx= S HEEZb)E &
207 Fol&HA YR 5=0.791, =11.721, p<0.001). B, oA F7EH Y] FE7F A EEZof njx|=
AFANE R SAALE Fo8HA Al VFEFTH5=-0.030, =0.676).

T3 AR AT S 1B EkA] 92 AdH A SHRRICL o= 9]
Ags Ao mx= F atotal effect)s AT HOYTE 1 A3} F EIH(HE)= EAA
(6=0.152, =3.363, p<0.01).

olelst Atz HEF AL opfE e S AETE A SHE Tl QARG EL O R oo A= wia
v SAALE Fostlo, AMErFe M A vt A Fe v AP A folsHAl UERA
U O T MRS AA = A ORE & 4 Qlti<Table 4>.
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Awt %
o= frelshl Lebdteh
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Table 4. Mediating Effect of Cognition on the Impact of ROM/SF on K-MBI (N= 107)

Paths B SE B (p)

Ist step : Cognitive

Shoulder flexion ROM(a) 0.127 0.033 0.231 3.821(0.000)
R(R?) 0.351(0.123)
F 14.599™

2nd step : K-MBI

Cognitive(b) 2.174 0.185 0.791 11.721(0.000)
Shoulder flexion ROM(c) 0.045 0.067 0.030 0.676(0.500)
RR?) 0.783(0.614)
F 81.758™

Total effect : K-MBI

Shoulder flexion ROM(c)) 0.320 0.095 0.152 3.363(0.001)
R(R?) 0.313(0.098)
F 11.312"

Notes. ROM/SF=range of motion/shoulder flexion; K-MBI=korean-modified barther index; B=boot; SE=standard error.
**p<0.01, ***p<0.001

=] I BANOR §onErtE HAEE] 98] F-EAE W (bootstrap) A F TS o] &3l wi/E
3 FoS HE5e Ay il ash I EH )= 02752 FEE A T7H0.125~0.435) WolA 0& E3H6HA] 9
of FAIACRE fFelst Ao SRl gt

7] &3] B A= <Table 5>9F 2ok i/l & FHE a3H) e 7942 Sobel ZHSS Eaf A& A},
Z=3.621(p<0.001)Z (HgaH7} F25k 2o RIF Itk weba] HEFEAlA oA AA==7Hsae A3
TE AAFTEE FaMnt A EE Rl JFS nIvE e o F %E}

1= =

Table 5. Indirect Effect and Sobel Z test of K-MMSE in ROM/SF (N= 107)

Indirect effect

Path Effect Boot SE Boot LLCI Boot ULCI
(X>M=Y) 0.275 0.079 0.125 0.435
Sobel Z test
Effect SE Z )4
Bootstrap
0.275 0.076 3.621 0.000

Notes. ROM/SF=range of motion/shoulder flexion; K-MMSE=korean-mini mental state examination; LLCI=lower level for confidence

interval, ULCI=upper level for confidence interval.
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2) ROM/SA7} K-MBIO| O|xl= F&oM QIX|2| of7isat
=582k oA A7) ATt DD T A el vX = JEFelA IAsH ] mifasE e Bk
on, 11 A¥= vy 2k
FAAD S AL A7FEE L7 v HSl AR FH e WA= EIN(E Ra)i= FAFLE 25
e O M (5-0.419, =4.622, p<0.001), "7 7RI Q1A o] FTEHWFR] U DF 2ol X E¥(H=b)
T EAACR FoskA YEFSTHB-.0.769, =11.395, p<0.001). ¥, o775 H 9 7t LA EE2
A= AR ERHAEZe)ye SAXCE FolshA Al YERFTH 6-0.038, =0.548). B=3F v 7fARIRQI Q1A 5
VA ok AEfelA SHHRAR oA HTbs Y ATt FEHAFR] AL F el vA= F &K (total
effect)= A BT 11 Ay F FIH(A RS EAACE F-93H) YEFETH6=0.360, =3.854, p<0.001). ©]Z]
g Ak HEFEAY] oA ATt IS e S8l A ST LR oo A= Wi E =
ARO R st o, o) e ARt A E A v AR avs FoeHA vEbA] 3

or MRS AAshs A o® & 4 3UUTable 6>.

Table 6. Mediating Effect of Cognition on the Impact of ROM/SA on K-MBI (N= 107)
Paths B SE 5 t(p)

Ist step : Cognitive

Shoulder Abduction ROM(a) 0.121 0.026 0.419 4.622(0.000)
R(R?) 0.413(0.170)
F 21.363™

2nd step : K-MBI

Cognitive(b) 2.174 0.191 0.769 11.395(0.000)
Shoulder Abduction ROM(c) 0.031 0.056 0.038 0.548(0.585)
R(R?) 0.354(0.125)
F 81.557™"

Total effect : K-MBI

Shoulder Abduction ROM(c") 0.293 0.076 0.360 3.854(0.000)
RR?) 0.354(0.125)
F 14.853™

Notes. ROM/SA=range of motion/shoulder abduction; K-MBI=korean-modified barther index; B=boot; SE=standard error.
*¥p<0.001
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ARge] ayrt BAFOR Folu|srtE 7%y 94 FEAE W (bootstrap) A ET-7HS 0] 43 W&
I Fo4de A5 Ay il a G E s 02632 7 A FH7H0.147~0.438) WollA 02 kA &
o} EAAOR {3 Ro=w shelE )

W) E o] B4 J+~ <Table 7>} ek wiZ) & E3H ] £-9149L Sobel 255 B3l 2wl A,
Z=4.269(p<0.001)Z FHEEA7} F25 Aoz IR QUTE weba] HEF 8l A oA o e A
Tl olx g —aﬂxﬁ A2 YIS AT A & 7 Ak

oL

Table 7. Indirect Effect and Sobel Z test of K-MMSE in ROM/SF (V= 107)

Indirect effect

Effect Boot SE Boot LLCI Boot ULCI
Path

X>MY)

0.263 0.061 0.147 0.438

Sobel Z test

Effect SE V4 )4
Bootstrap

0.263 0.062 4.269 0.000

Notes. ROM/SA=range of motion/shoulder abduction; K-MMSE=korean-mini mental state exanmination; LLCI=lower level for con-

fidence interval; ULCI=upper level for confidence interval.

3) MMT/SF7} K-MBI0| O|X|= &M CIX|Q| {7 &t

hﬂé%ﬂx}fﬂ A=Y FE7t ARG E 2o A= el AAsH o] miyfavs EAs A7, 5
HRFRl o7z =29 QX7 mi7iReel Al sl nA = a3 A Ra)= TAIALE Fo A Yebta( s
=0.556, t=6.607, p<0.001), 7R QIAFHo] FHHF] DA GF 2ol v = avHHEZb)E SAX =
Y8l YEFS S (5-0.660, =9.455, p<0.001). A7/l=38 7t AT 2ol vl 28 a7 (d Ze)

— R
T EAAHOR FoHA YEFITH(5=0.234, =3.276, p<0.01). FE3F w710l Q1A 58 e EA] 22 AlE| ol
A EHHQIQl oy ARV FE5HE NS F A n|X]= & ddtotal effect)E AHH YT 1

AW T aHA RN FAFCE oAl Ve O W (5=0.601, =7.374, p<0.001), X—],Zq_s.ﬂr(dlrect effect)(4 =
BT 71 gro] AvkE AME & AT wEbA HEFEAE ol Ear e A Al HE S A
FEzoz olojA = mif s FAIACE Folsh, ol E=ry vt A GE Al v AR ad

5 oAl vebd ez FEmiiRYEE XX ek A o® & 5 Qlt<Table 8>.
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Table 8. Mediating Effect of Cognition on the Impact of MMT/SF on K-MBI (A= 107)

Paths B SE B t(p)
Ist step : Cognitive
Shoulder flexor strength(a) 5.358 0.811 0.556 6.607(0.000)
R(R?) 0.544(0.296)
F 43.648™"

2nd step : K-MBI

Cognitive(b) 1.866 0.197 0.660 9.455(0.000)
Shoulder flexor strength(c) 6.372 1.945 0.234 3.276(0.001)
R(R?) 0.805(0.648)
F 94.997™

Total effect : K-MBI

Shoulder flexor strength(c'") 16.369 2.220 0.601 7.374(0.000)
R(R?) 0.586(0.343)
F 54372

Notes. MMT/SF=manual muscle test/shoulder flexion; K-MBI=korean-modified barther index; B=boot; SE=standard error.
**%p<0.001

AR OE FovertE HEsh] Al FEAE ] (bootstrap) A E TS o] &3l wiviE
1535 A3} vl R 3P Eh)E 99972 FE A FT7H7.132~13.513) Wl 0& iaf;o}x] oF
2 ot Aoz gl i ave] #A A= <Table 9>7 ok Wizl & ¥h((HEa2he] &
H—E— Sobel ZAFS Fal AuE A3} 7=5395(p<0.001)% FHE a7 F23 Ao FlEt) uehd HEF
FApe Al QoA AAZ Y A I AAZE A4S F 2ol TS u A, AATHS TR LI

FEA] JFL VAT S ¢ 5 Utk

=)
;
O
o
o
g
N
N

_4

Table 9. Indirect effect and Sobel Z test results of K-MMSE in MMT/SF (N= 107)

Indirect effect

Path Effect Boot SE Boot LLCI Boot ULCI
X>M=Y) 9.997 1.602 7.132 13.513
Sobel Z test
Effect SE V4 )4
Bootstrap
9.997 1.853 5.395 0.000

Notes. MMT/SF=manual muscle test/shoulder flexion, K-MMSE=korean-mini mental state exanmination, LLCI=lower level for con-

fidence interval; ULCI=upper level for confidence interval.
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4) MMT/SA7} K-MBIO| O/X[& H&M QIX|2| of7f 5}

S5 oA et G E e v GEFelA AA S wiyfantE EAE] Heko
W, 71 Ay vy gk

S5 oY XTIt A E ] v A= Gl AT mianE EA A, 5
HRAFL o] A2 Y=ot miZfzl AR sl vX = A (ERa)E FAIACE FoeHAl YER A B
=0.534, =6.246, p<0.001), " 7HAG<] Q1A o] FERHFR] LB DF 2ol vA= A (HEb)E SAXCE
Fo)EHA LFEb 0 1 (5=0.654, 1=9.635, p<0.001). o7/l E32e FE7F A EEZ o v 2= A 7 IH(E Ze)
T EAH R Fo5HA YERFTH5=0.255, =3.684, p<0.001). T3 w7 1ol 91X]58 S 11efalA] 92 AbE]e]
A ERRRIR A vt FEHEUF IS5 nX s T A (total effect)E AT 1
A3 F GIHAE RN TAZHOE F-o8H A YERE O M (520.604, =7.499, p<0.001), A7 & F(direct effect)(7d =
Xt 71 go] Atk= AMLE o ATh wEbA HEFEALY oY AEE JAATHE Tl 44
2o R o]ojA= HH7H_&J+% FARCR Foah, oA HEY Yt A2l v A= AHay
T YA vebdo® FRu/IRYE S A sHE A OoR B lU<Table 10>,

Table 10. Mediating Effect of Cognition on the Impact of MMT/SA on K-MBI (N= 107)

Paths B SE 5 t(p)

Ist step : Cognitive

Shoulder Abduction Strength(a) 5.082 0.814 0.534 6.246(0.000)
R(R?) 0.522(0.273)
F 39.014™

2nd step : K-MBI

Cognitive(b) 1.848 0.192 0.654 9.635(0.000)
Shoulder Abduction Strength(c) 6.876 1.867 0.255 3.684(0.000)
RR?) 0.811(0.657)
F 98.648™

Total effect : K-MBI

Shoulder Abduction Strength(c') 16.269 2.184 0.604 7.499(0.000)
RR?) 0.590(0.348)
F 55.480""

Notes. MMT/SA=manual muscle test/shoulder abduction; K-MBI=korean-modified barther index; B=boot; SE=standard error.
#x<0.001
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UH 7H 630] G BEAROR FouartE HAEE] 98] F-EAE W (bootstrap) A F TS o] 3l wiE

=3 Az} W) &IHFE EIHE 9.393 ¥ 21 T7H6.321 ~12.931) YlollA] 05 E351A] o
o} %ﬁl@gi Foet oz FASITh i are] A7 <Table 11> 2ok vzl axkzHd a2h el
©]/d2 Sobel ZATS E3 /gﬁii aﬂr 7Z=5.221(p<0.001)= 7H & 7F fre)eh 2o SRIE it wheba] HE
S&AIAl o)A o722 T 1 AARE g TS 1AL, IATHE FAME A

JHEA GTE TG A8 T 5 Ak

Table 11. Indirect effect of K-MMSE and Sobel Z test results in MMT/SA (N= 107)

Indirect effect

Effect Boot SE Boot LLCI Boot ULCI
Path
X—M—Y)
9.393 1.673 6.321 12.931
Sobel Z test
Effect SE Z )4
Bootstrap
9.393 1.799 5.221 0.000

Notes. MMT/SA=manual muscle test/shoulder abduction; K-MMSE=korean-mini mental state exanmination; LLCI=lower level for

confidence interval; ULCI=upper level for confidence interval.

AH7|S0| Zol| O|x|= FoA lX|e| o7 1}
1) ROM/AD BBSO|| O|X|= F&o|AM 2IX|e| oj7f& 2t
S5 8A] WeuE e HS =Tt w3l v A A TH 2 wilaE A% Ay, 534
T BSHAFEHAZE WiEE] AX = e R iﬂr(%ia)% 7411405 FrelskAl L}E}%Sﬂ%(ﬁ
=0.340, =2.659, p<0.01), W7/HHAFS] Qx5 o] F%
UEFSTH820.659, =8.560, p<0.001). HFH, W33 715 9] A =7} 73] o UW% %‘%ﬂ&%(’éic)t sAIA S
2 fFoekA @A YEFSETH B =0.056, =0.954).

stk mizwRl) QIA TS sk o AdElA SR Eeu e AT FEHS 1Y
of HX&= T A INtotal effect)E AHHBSITE 71 A F aHZ)E TAZOE 7 LA HEFSTH B

=0.280, 1=2.475).

olgfgt Avj= hﬂz%iy}fﬂ Uewd7hs e 457t A E S ol 0% o]ofA = mi/lads &
Aoz folspl ot = Al vERA] ko ® bl
NRES AR &= Aoz % < Qlti<Table 12>.

01['1
no*'
N
N
offl
fete)
do
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X
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Table 12. Mediating Effect of Cognition on the Impact of ROM/AD on BBSes (A= 107)
Paths B SE B t(p)

Ist step : Cognitive

Plantar flexion ROM(a) 0.360 0.135 0.340 2.659(0.009)
R(R?) 0.253(0.064)
F 7.069™

2nd step : BBS

Cognitive(b) 1.092 0.128 0.659 8.560(0.000)
Plantar flexion ROM(c) 0.173 0.181 0.056 0.954(0.342)
R(R?) 0.671(0.451)
F 41.850™

Total effect : BBS

Plantar flexion ROM(c') 0.566 0.229 0.280 2.475(0.15)
R(R?) 0.237(0.056)
F 6.126"

Notes. ROM/AD=range of motion/ankle dorsi flexion; BBS=balance berg scale; B=boot; SE=standard error.
*p<0.05, **p<0.01, ***p<0.001

AR G BAZ R FonErtE HFety] Y8 FEAE H(bootstrap) A1F TS o] g3l AR
3 FoAS HEe Ay il ash I EH )= 02247 FEE A T7H0.109~0.346) oA 08 E3H6HA] 9
of FAIMOE ot B oz SR w7 &3] A H W= <Table 13>¥ 2k v/l & a2 &
O)A& Sobel ZASS Eall AR A} Z=3.419(p<0.0)E a7 o8 20w gelw i} b W=
FEAAA AN L HAFEHS A AAFTHE BT dF IS vHTE AE & F Utk

== =

Table 13. Indirect Effect and Sobel Z test of K-MMSE in ROM/AD (N= 107)

Indirect effect

Path Effect Boot SE Boot LLCI Boot ULCI
(X=M=Y) 0.224 0.060 0.109 0.346
Sobel Z test
Effect SE z )4
Bootstrap
0.224 0.066 3.419 0.001

Notes. ROM/AD=range of motion/ankle dorsi flexion; K-MMSE=korean-mini mental state exanmination; LLCI=lower level for con-

fidence interval; ULCI=upper level for confidence interval.
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ko) e w3 ARrE wd el nX e FEelA AT HH7H5:LJ+ WA Ay, S
demdas Jert UH7HtH$°L A5l WA= ad(ERa)y= FAZCE FO sl WERIL(5-0.448,
£=5.058, p<0.001), "I7HHAG2] Q1X]-s& o] FHRGA ol v A= AHHZb)E FALSE F-28kA bt
O H(-0.562, =7.411, p<0.001). 558 JErt 7Fol vA= AHANEZe)E FAHLE FstA
EFSTH(5=0.267, £=3.466, p<0.01). T3t w7|¥IQ1Q1 Q1758 S 1 3tA] 92 AJHlolA] SRl TEewi
8 A7l FH5AQ HFo) v = F G (total effect) S AHEUTE 1 A} F GINHZ) FAKCE
oA YERE S M(5=0.519, =6.109, p<0.001), 27 & IH(direct effect)(d = c) Bt} 1 ko] Ath= ARAS & 4=
AT WA HEFEALY] Yo wd LY Ao A HE S8l 4B OE oojX|= Myl ads BAA SR
e, dew @y A2t 7@l A= AHadE Fosh g e ® FRMANEE S AA s A
E B 7 UU<Table 14>,

Table 14. Mediating Effect of Cognition in the Impact of MMT/AD on BBSes (N= 110)
Paths B SE o) t(p)
Ist step : Cognitive
Plantar flexor strength(a) 4358 0.862 0.448 5.058(0.000)
R(R?) 0.441(0.194)
F 25.586"
2nd step : BBS
Cognitive(b) 0.926 0.125 0.562 7.411(0.000)
Plantar flexor strength(c) 4.281 1.235 0.267 3.466(0.01)
R(R?) 0.717(0.514)
F 55.615™
Total effect : BBS
Plantar flexor strength(c') 8.317 1.362 0.519 6.109(0.000)
R(RY) 0.510(0.260)
F 37.315™

Notes. MMT/AD=manual muscle test/ankle dorsi flexion; BBS=balance berg scale; B=boot; SE=standard error.
*¥p<0.001

=z
|= Yol

2 st slow ﬂolﬂ%lﬂ} HH7H_aJ+4 ‘jﬂéﬂr~ <Table 15>J+ ﬂt} vij 7} & 3} Mj:?-;ﬂr)J s

o)L Sobel ZHFS Eal Avli A3} 7=4.152(p<0.00)Z IFH AT} 53 Ao g EH ) uehb W=

[e)
FEaA A QlojM] MewTE Y I AAERE dP FFS vA 1, A THE TR gl I
° 3
=
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Table 15. Indirect effect of K-MMSE and Sobel Z test results in MMT/AD (N= 110)

Indirect effect

Path Effect Boot SE Boot LLCI Boot ULCI
X>MY) 4.036 0.910 2431 6.036
Sobel Z test
Effect SE Z )4
Bootstrap
4.036 0.972 4.152 0.000

Notes. MMT/AD=manual muscle test/ankle dorsi flexion; K-MMSE=korean-mini mental state exanmination; LLCI=lower level for

confidence interval; ULCI=upper level for confidence interval.

$ U}Hl 5 25 SEEUF AaE L S5l wekea o] Wi Ieks, W S0 A4 9
H] 59| 59 okstE 7MY, S5 d S RISAA s
t= g Z1®HMonticone et al., 2013). &5 22}F2] 86%7F 27]19] A 7]l
A7t *E?%, % *ﬂ%%l.%ﬂ xﬂﬁ% o wM 27 Aol Faslitt
Boodqto| o] AAV sy B EE2 AdATA oA ROM/SF(=0.264, p<0.05), ROM/SA(=0.313, p<0.05),
MMT/SF(r=0.418, p<0.05), MMT/SA(;CO 420, p<0.05)= o3t JgS A= Ro 7 el
Lee 5(2017)> HEF F 2 T1o] AL FZ 585 THATH=(p<0.05) A3 Oﬂ%@r 2EARE ¢
St} Wang & Lee(2014)= MBI 3 H =8} 315 MFT(=0.67, p<0.05)°l14] 2]3t & #AS K3t} Kiper 5
(2014)7} Zheng “5-(2015):> ¥&5 SAtolAl 7PFEAE o] &35 A THS A &9 A YD LE YA
71+ &37F IStk A Kwon 5-(2012)3} Kong 5-(2016), Taveggia 5(2016) &% Aol Al 7M-E@ S 9]
A FEE A8 A g As AT Wt v A9E 919 = e dixdnk
o2 3t A A7) 53 DY EEZ AABA = Province5(1995)2 8 <kt #A7Hs WL AgHe 754
28] SEEE SRR YA BaEgith HE ATl A s A AAV S
5Fal SQltHWang & Lee, 2014; Kiper et al., 2014; Zheng et al., 2015; Lee et

s £
o)
@
—
@
a
Fi.
)
S
f—
8)
S
rlr
o
-

B

o Al AEeA 9 B HE A 919 2 Ags Y vl &

N%F BA) 44715 #740
2 O] DHBTEAE S o) o] ohE TN Evards 2000, HAV5 ] AL A 54
£ Be 9 VAL #YS A4S el AH )50l AgH e, #Pe] By B5E A7 5S U A}
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4317 "rhKwon & Jeong, 2000). ¥ EF & = AJA7]59] %POM S A5 A9 T T A
T2 ddgs 2ol Lol A AFo]lE Holm(Park et al, 2010), 35 A9} £ %5 7s ol £ 47,
58.517], A2 EAE oF7] A|ZItHGresham et al., 1975). H&F 29 A4X 9 AA7 5

= & =)

AL F2E] TS 2 He o9 dE AAA Dol sjdEofof dttta Alm Tk o] s Mgyt A
A5z MES dolA HEF A A AR BT A 4 olof w¢ o
Aolbal Azhstet. wheba] el HES SRt A &F des FSAAA ARE ALt HEF dxte
DL Ea 90 sgAoR 7| & & 9ls Jow AzEn
2. A7 S Fol AL

HEF b= okste vh| S5 ®ASH] 918 AlE Jol ¥] vir] S0 g AFTS AAst] 7e4 &
= T =, 2% Qlel vhH] = 252 v ofshE an, Bl Rl Al 24 ko] @A o] Bt A
wA9E W=o] U= 71do] RESE T Jung et al, 2014). Bt A 5242 <50] Eud@ WA w4, 44
158 AstAZIth(Harley et al., 2006).

o|#] ¥

=
3t FAIHER Udste] 21U Ta, LA 52 AT A, %@_ﬂr e OR}Z*,OL EAE oF7]8
Al FH, o] & 18] AA A, FAA, AL A QS AsE Al Rk ofu gt o] g s
A Q9107 #8375 3K Hendrich et al,, 1995). ¥ &% 5&%}"1 %%31% e A7) 91t

HE A5A71E T8 2}
sHOEAM HHS AA Fedd ml¢ F23T 240 tHEngberg et al., 2007).

B Tto| A AA 753 8] ABEA oA ROM/AD(=0.222, p<0.01), MMT/AD(+=0.538, p<0.05)= 2] 3t
FFE A= o= YETh

2A 9] 1358 HEA S (vestibular system) Tt A7}, ALF873 72 T ohFst ARES S A ClA
o IE o, dEE ) e W ikl l] wA] 258w FallA 28 E o Almeida
et al., 2006). 3HA| Tk HEF Hup] x40 W53 Ao 554 2do] & kv, kA A e
T AT RS A 0w Frelr] Wit Z3akr(foot drop)7} Ao} ghato] A& 28 o} H 7| Stk Burridge
et al,, 1997). Bogh 9P 7 3} kx| o] 28 okgl® Q18| WRIH L] EetgAo] Skt 7167t wetol

Z =, o]Z A JPFAT AFEFY B Ago] futEo] g&2Ql oshd] #3 wkgo] AstHETt
(Yaggie & McGregor, 2002). A1A| 2] P& 218t 8 dol= 2y
UbE 12l o] okslel A|7F QIt(Wolfson et al,1995).

Seco 5(2013)8] AlA| &} & o] A HaA7E lvhs AaAT] Aol |83 Th Vreugdenhil 5(2012) <+
o, 78, F ZEIHo] ¥3e 5 T oA SR EHRE AUk YOM 52015 HEF
32t 207 I OE 65 Ft T 53] 304 A 108 AE TPEAE

= 79k 3 Ego]dg AA|star
iz 1078 ol A= BlYl e Al $ A3 TelA TUG 7F f-2l el 571eF Al (p<0.05), thzxrroll A= ofw gk -2
st A= AL A AFoAME FAAOE Fosh 2fo] 7t W E U THp<0.05). Waldman 5(2013)> ¥&5
A} 247 OO R 67 B T 33] 60H APTE BRES o] &gt fE IR IEIAE Bends

=

[e)

a1, T E13 fojjA] HETE wEwds AEHH FHS AAEY A9Ee
Fswu el 7heH e, 280l foldt 7S HAIth Kim 5(2018) HE% gxfoll Al ¢
W7t vks d9E ﬁ’M iﬁ‘:ﬂr” 253k
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HET A IEAd Ve FFoR Q| dH e el Tl Atk flee kst E =0l
< dEeE ] FHE ohet B fdAdeE vt Barsklth
HEZ IR A A A F L (postural sway)7t AR oF T 8] %= A X] 31(Nicholas, 1997),
A

2
Holl A WA ka1 7 E S RIS el FAFAE ol FE 7 e HUe AgE FoHE M
F2 K Geiger et al,, 2001). 910 2= Wb 5 <50 TET A2 YA olfE
o] ML, 1 Q13 45% o]Ake] Sy} WS #319] Z1=v) 7448k B thBethoux et al., 2014).
o] 9] We Ae| oaby, WEH %Ko HE ZIIN]E RS #HFES ATt W st
(Blanchette et al., 2011; Lam et al., 2011). Obata 5(2012)< WAL 2= A 5tE o] 2}A|

A A
249 A7 debdtial B syl webs s wbg s glo] g AbA 2AA mig- Sagh de

uis
rd
1o
L
o
;g
H

o|A g Wy g o] oFsli= 3] WAgst #AAo] QlrtH(Fukagawa et al., 1995). 55| Trae YA
AdS 771 e AS Azl FeRlo® Agetal gty 18R e 0}7(]«] Tes FIANHoRA
=+, dE7FsHS, AN T2 mEAl(effector system)ol]l &gk WS Lo A WS FLA7IE Attt

3. AHPIS0| B W AMMES| 0jxls FolM 2lxlo| ofrlE}

o] 727} B4 H 0z Ao HEF F
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HEZF ] A FollA T el vl 2 gER 1/}E‘r‘/}7ﬂ 51‘31 o|& QI3 F¥ F&o] I
Q3 7 7HA] ode] FA] Aol Qs A4S Faleh=d ol E w2 F+=THLincoln et al., 2000; Shin
& An, 2014).

Kim(2011) 53 Q1A Q21 & 79 247} ¥&F 8Ate] 8 Ss 2ol B JFFS nHoka Busiginh
T H(attention)> TH A = A= Wolzol A 4] 3= ©| 4 3
58 © Z(Kwon et al., 2008; Rhee et al., 2003), ¥l 2] AW A3y F A dARA, Fgo] Az A
Al FErhd tE IA7 e AlthE 3= 7] o] HtKKim, 2011).
A5t A= ROM/SF, ROM/SA, MMT/SF, MMT/SA S} U dA1852r Aol A #2380 1hgkal, ROM/AF,
MMT/AFS} & #AlNAE fFo)st A3z AA7]so] #@3 dddes2te] dFe vA= Aoz Uebgth
(p<0.01).

o] Kim¥} Suh(2017)<> ¥ &4 $xke] AL 738 sEo] 1A 7]5o] fFo3 dFadS Histgitt
Choi 5(2011)%] A5 AR HZF A} 417 FOZE F IF BF HEXQ EYAEE F 53] 124
F e AgElth A olF HAl TR AR HE YIS o] &% A &% olF WA TR A,
G A FETE B FEE AAEeH, T OF B SRR 450 5 3 3] 15% 53 FUHAQ)
FTHE Ao 7 A oM B FH5 Y TS 7S Aol ] S 9 AT A FQ oA
Folgt @2do] YERGTHp<0.05)(Choi et al., 2011).

2 AT A3l geo] HES 8 AATE, #%, SR BAA A7 wizf w3t 9

T UL A7 EolR oA dojus AEE oldlsta, ke Adtst

Yotk dutdo® QAP ell= FF(attention) ¥} 7] (memory) 2] 7121 <
3]

(planning), # 7l $H(organization), 41| 3| A (problem solving) 2 5= $H(abstraction) -] X &% ™ 7+7}

o [ 117
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9 AAZE AR E] FFs ol I 7|2F ©]FaL ATHWheatley, 2001). &% #2}F2] 1A 7]5 Ask= 719 3ka
2 AlAato] AN, A Adoll, Ak Aofje} o]dj sy ol T& wHkeb gl B s 7R
THRhee, 1993).

ol HEF 3o A 43S FA5] HelAMe ARG JFHol § Q7 H W (Hunter & Hoffman,
2001), #ARs}ol] tfgh -5k wi-g-o] vl & wf flEE= JEE WE S A u Jod A
%2 (selectiveattention) = T3-S 71918 H Q3 @ 4o]tKColledge et al., 1994; Shumway-Cook et al., 1997).

AAZE #BE FABH] A AR, ANAARR, 1G85, 22 a8 A EES] 5
29l 235 2g-0] Q¥ UHorak & Diener, 1994). HZF oL} HEA ol 93t 2575 35S a4 oz &5

|

317] sl 585G (motor learning)o] B Q3td| o] wf] 7|o¥, X4, TANATE T AAH Q47 vl

=

ro
i)

2

ofy
ko
o
12
o

¢

&S s wiEel 1A o] MaE ook sttH(Guadagnoli et al., 2004; Perfetti, 1997).
715 A A B g o AuaAZE o B R AT Rl Vee ATV SIEiA
JNA] 755 Al F Fnh 28 ERE A5 1A 7es ol AEWHORE o] 1A A
& & o] 8 At ) e FAIACE gt whpA el A HET SHAfe A JIAAEE
ghol o)A 2 AEstrbd A2, A Bl £ Ag Vg S A 0E ALt o] F A
& WA} QIA] HAE FAlel d&s] T uf o] Fold 5 Qlk F 7o) IHEHUSA B 1A HA7L
7heE Qe ol ¥ B4 Skxpe} 28 AAAl &4 ALl AN Al 8 s E o] F7FSFATHAR et al., 2014). ©] 3
of Q3 TS st e B & Qt}
(Bradshaw & Mattingley, 2013). = o]F ] T2 73S o83 thakst dA-5o] AaE 1 Q=] o] 3]
xR o] WEF Ao A nx= &E IS ATES AR, An 5(2014)2 HEFT 4 189 dld e
A HA 9} 5 HAE AL o] T A o] #F YW
AAn} Ag o] tixdto| B84 BBS, TUG, =% &% S0l AgRehs
fFolet S717) thal BarsFAtHAN et al., 2014). Lee 5-(2012)2 ¥ <5 3+ 2874 EH“E %%T% S
T2 IS 3 Aol el vlsky oke A 7 F, A 2ol {43 S vk Barskeith
Her 5(2011)2 H &% 34 Ol o2 o534 2 738 AAS 15F°] BBS, FIMOIA #2]3 S717} Qlthar
Bkl o)Al TS A7 FdAe Hlste] 3, B, Qx| el glojA] o mHHolr HEF
ﬂx}oﬂﬂl ﬁlgf& Fd #olgkal AeslSIthAn et al., 2014; Lee et al., 2012; Her et al., 2011).

HEF AL AAV o] HeTE dAAEEE E 7P FHAA I = F o
bS]
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p

i)

y
%3 2
QAN so] ANERE A5 Flek 5 A7) SR AHATEA D el 19H AT Fohe
Rolth & A5 R HEF BAALS QA5 FPAD F Y= ARs} AL
gl B NEF B4 QAT A %
9lo] QAR QA% 715e] AT Axssie] B 5HL Fololol @ Zolth. Q4SS B4 YA
RA)5E HAS) e meiselor & Zelr.
2 Q7] ARYORE A, AT A 57k A3, 5 A9 9 5 Jpe] AR HEF BAS o
2 S307] WEo] AA AET BAA deted LU ARk A, el Aol
A

| kol w13t
AR ned F4

th o] % Q1 Adate] HFo] WIS el = ACR AMRHE HE olH#
A




HES 2] AV, @88 EE2 9 FF BANA Ax e wirfE 3]

BT U5 84 2475, 79, AAABEL Bl AX ) A ETE ol B0 4
AT W55 B2 1109L UoR AAY)E, 73, X, PPBBELS vlw B4 @ Az, A A7)
S3h 9, 914, DAABED bl o8 ARTATE AATHR<0.05). A AR7)%50] DHABED o] 1))
= QoA A9 wiA) Tt AATHp<0.01). A AA7) 0] E ol v A= QoA QA9 wf Er}
ARTHp<0.01). & AT-Z Eato] AAY)%, #8, AFYBED, A7} Fela AR} S & 4 A
=l 3 o i

= O =
T QIA7E ’\Hﬂﬂ‘sﬂr i ‘%‘ RielR e SR I e R ML R
3F X

Ae] A 9] Thaka
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