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Ao, A|2Hel], Aojdelf 52 vheFet o7} g
It} (Duncan et al., 2002; Hochstenbach, Prigatano,
& Mulder, 2005). 5t 4] 29 o}, ARt =44,
7AA 9 HRGT 5o) A Y] W sl TS
T, WEE W7t skl S A Al
gJo] At (Gracies et al, 2000; Lee & Kim,
2011; Pang, Eng, & Miller, 2007). Zf=C 2 HE &
3] Blojuprli= o JARE A15AR A5 E S8l o
o] oA i T AER 35T o] Wi
o] ¥&EF A= AEA, VAR QA EE o}
of &}h(Kim, 2015).

HEF 3] 7N 35S ﬁéﬂ A e AT
A7 A8, 25578718 A7 531 719 (Proprioceptive
Neuromuscular Facilitation; PNF) o 2 AEW
HEo| ARE-E o] ¢kt (Weiss, Rand, Katz, & Kizony,
2004). FH2oll= 33} 7]=e) R Huk gulel B
0| e, ZiE o] &3 X5 7HEE A (Virtual
Reality; VR) el ofe] #Av 255 sk 59
Az AR B Ee] A AR Gl AMEEH
ATt
WA ZE e AT stEdolsh A ES o
o]-g-ato] AREAPZ} A9} vl AE-E steE W
FEAg NEYolMoR, st FH 2
HE2] oﬂ ket =9y, ]ﬂSx]-f)’:] gAFER] 0 7 BRErr)
(Rizzo, Buckwalter, & Neumann 1997). =Y A}
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Fal= naAY A A7A3A 7150t (Stuss & Benson,
1986). A& 7152 3h9] 992 9)A] (volition), AH7]
A& (planning), Y A

-

Q12 (self—awareness),
(response inhibition), W& ¥ (response monitoring),
/0% A (attention/dual tasking) 2 T3 F ) A
& 752 JIAARI A of|Sof| QoM E TRk
AA) FAS1e sk Fag o gk sk
(Miyake et al., 2000). ¢]#] (volition) & #3¥} Kol
Qo] A FrIsE & #Hdo] o, &) Q14
(self—awareness)> K.88 A2 52|23}, 7|¥] (planning)
& w8 GRS BE Al i bEA el kS A
(response inhibition)+= H.&9] £} 9184 ko,
WS 72 (response monitoring) < £33 A4
oA ¥ FA s AR, HAs/ols A
(attention/dual tasking) = @Ot B3-S A|9] sk th
& &Fo] sAlol FREE S W Hejshks 5 A
sk A#o] Itk (Yogev—Seligmann, Hausdorff, &
Giladi, 2008).
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o] qlom, AFre] ApA| ™I} A9 7154 FA4,
By WA duaAr) 3les Baskglt. Hayes,
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& 7% o)A (executive dysfunction)& A7) 3
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s, A e] A Mshs oke- A}
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2008).
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QIkALe] &5 e TXlol o EAARQl Z 0% Wiy
T} Bieryla & Dold, 2013). 7P3ad Ag= <

A7 2082 TA 2§ A on, WA Wi Fit
Plus®] “Rhythm Kung—-Fu"E 10% Aldist & Wii
Fit"'e] “Skiing™& 105 A&al3lth. ARl el o
S 9 WSS AN FAA ol A m el
WA etz 2o B 7 skl (Figure 1).
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(1) wii Fit™ Plusl Rhythm Kung—Fu

Rhythm Kung—Fus WHARE 9o A A2 3}
e opnfel wAE whet A - sHlE SFolH ek
x g ot} T2h} o] S v -goto] A]——QAX]-_/] bl
u]E et whet abrlel SA el BogE sAkE

o] %ZU]%}_—; ] ]6]—1‘4- /\XﬂJ TE 1:11:10 ‘ﬂ'E'T@P_f’;
o] 83H= SEO0FZMN Al o]Z o= AFEAFS] =2F A

he g Ueho] =g 9 4 Qe B A AT
oM d@eE, A Vs sk T4 WHoR
A AEET Itk (Meckbach, Gibbs, Almgvist, &
Quennerstedt, 2014).

(2) wii Fit™el Skiing

Skiinge WA R =of] A Uk 58 2} - $-2 7]80]
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Figure 1. Virtual Reality Program
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S g oR EFEsIe Aatelty, BDSE 94 AtellA
A 7)1 5S Hrrs] sk =tE HIHE] AREE L Q)
om, B3] TFAAA &4 Al A8 75 s} ARE
HAsAY 35 JLE o Fchs Frte 2 ARET

(Barcala et al., 2013; Belanger et al., 2005; Fann,
Alfano, Roth—Roemer, Katon, & Syrjala, 2007; Ho
et al.,, 2004; Myers, Grigsby, Teel, & Kramer,
2009). Al AIZRE 108 A7t AeHn 52 F5E&
Aelet 7 52 33 AR, s 3 H9-(2),
A5t Aok HoldA F3g A% (1), 3l Azet
FolE Hol= B0 2 7238t At 52 &=

o £ 4 g A9 A3 7S getab] A
ETEAE BT Yol HG7T witel] 2 AtellA
AH4-8k5i T (Kendall, 2013). BDS-K9| AlZ|Ei=
Cronbach’s a #te] .75019, AA=AHA} A2 e
.88°|tH(Kim et al., 2007). MMSE in the Korean
version of the CERAD(MMSE—KC) ¢} 74 7ol 32
ARIAE BYoH (=72, p<.001), =toldt 2E
74 A4 5 A3 (Lawton Instrumental Activities
of Daily Living index; LIADL) &} v gt HJEld =
3 15 (=40, p<.001) A (Kim et al., 2007).
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(1) 7155 &7 dA

(Functional Reaching Test; FRT)

e}
2, 9 BAS M B4 5 9 9 FApel
o

78 AARe] ete of7) UnlE il AA S
= A JHE oAE 90° = AR F, EE nieol] B3
ko w Ao okow WA st SHAERE £
o] o5 ATE ST Al AAlM Y AR F
A3 E7A ] AYE 54T 5, U SN A
S

A2 244 ] gk W S %k Bargks 71531 o]
A= AIZE 2ol w18 e o wigl 55 AL
a17] flato] ]l 7R elM e] B2 # &S 3
7}t 4= Itk (Duncan, Weiner, Chandler, & Studenski,

ol o

1990). EFF = (validity) &= 71019, 7AAF A73AH test—
retest reliability), A} 7+ AlFE (inter—rater
reliability) &= 717} 899} 980 % #8S SHsh=d &
g2 AARE E 4 9t (Duncan et al.,, 1990).

(2) oLt ZO{7t7| HA}
(Timed Up and Go test; TUG

)
TUGE o7} Qi ol5 282 7 Sl Al

A7HA BESE 5 Zoloba] ofxte] eb7|7kA 9] ARk
Z7J8h= ]tk Bohannon, 2006; Lusardi, Pellecchia,
& Schulman, 2003). 7|HAAIA S48k= FRTSR=
2] Ry F25 7o g d3ov £ W w7
A A Es Bkt AR R, SR U AlEEE
r=.990]11, SR} 7+ AF|EE =982 A=E qkst
ETo]th(Podsiadlo & Richardson, 1991). A %IA}3]
AT wE T P v vl e e
oA £ &% 37 (Cohen’s d=.86 ~.98)7} H11=3lc}
(An, Kim, & Lee, 2013).

1) o+ &
2 d7e FE9 Uz 93 A1E (Randomized

=
Controlled Trial; RCT) AA|Z 3=t

2) A7 HE}
AT A 6 OrIAd A=
FoARs dpgo R g ondTs G

zto] 2.38; AL 3.14), T A AR ARl &
gpetaty] HallM= I & Hat 237 o)) FeAprt
A&t AAE G-power AZEYo]E ALY
om foFES .05, #HAHE 80.0%014 0 (Faul,
Erdfelder, Buchner, & Lang, 2009).

E% A 6488 U o FFFE Matlab 22E
dloje] 729 = Y 7% (random  number
function) = oJ-§-ato] F2A9IZ 7HFAA A 579 vy

3= 2837 201649 A|24Q A4E 5



9 Lol wjAEIGIT) o) ol &ah=A o tiEk A
g giroll sl 24 Bkt SA AA7t
A g WS BV AL AR & 5 ele S
B AE stk
AP 7R} AFeE 7Y 2 WY BE Al dshe A
= A% W1E Tl FARIE WA e gkt A
AFE AAstal vk AR Algetel o, 7F Bk
YU AR A, F B7HE ARSI 13 9]
Jeet AldE flste] 3akd|e] AFA 819 Fall W
AAFE SUAFE A AL AR BAL 47, EEAR
Al 473 AR 58 S 4mgo] Fofsiqlnt. ARt
]l A7 e ot 2tk (Figure 2).

AHEalITE A¥ =4 X of tha] Kolmogrov—Smirnov
ARS AAsle] HEE] F AES A ST
ZF 7] TA A-F0) A8 Ve, #HeE A W)

HuwE 2 B2 37 (paired samples ¢—test) 0.2

AN, T T 7] FA) A% F 2] B
HwE 59 T2 37 (independent samples ¢—test)

Al
£ AHRISIEL 22 B A

T D A

3% A8+ IBM SPSS Version 21 57 22713 Sl A T o] olnulA AT L e
—% O]%a— 1 7‘:_‘—}:}0]-05\1]- *164?”]- 1’4—]1“?‘./] %_11:111—'1 “‘-ET TZH T TT_L/} 2 “—Tooﬂ EH@ o206 mo=
agom EASE fost zlol7k AATHR>.05)
ol st TAds A8k fleto] Al 2o HE N
s 2 A4S rid 2R s e e .
Enrollment Patients with diagnosis of stroke (n=64)
!
4{ Randomized (m=64) }7
Allocation ‘ VRT group (n=32) VO group (n=32)

y

y

Pre-test (7=64)

l

y

VRT group (n=32)

Conventional occupational and physical therapy
(20min/day, 3times/week)
*  Virtual reality program (20min/day, 3times/week)

VO group (n=32)

Conventional occupational and physical therapy
(20min/day, 3times/week)
*  Video observation (20min/day, 3times/week)

Dropout (7=1)
Discharge

Dropout (7=3)
Not meet the
inclusion criteria

Post-tost afier § wocks (+=60) |

J

Analysis ‘ Analyzed (n=31)

VO :Video Observation, VRT: Virtual Reality Therapy

Analyzed (n=29) ‘

Figure 2. Flow Diagram
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Table 1. Examination of Homogeneity for General Characteristics of Participants Before Intervention (N=60)

VRT group VO group
Characteristics Subjects n (%) or Subjects n (%) or 7t P
() M £ SD () M £ SD

Gender Male 14 45.20 15 48.30 .26 .61
Female 17 54.80 14 51.70

Age 30~39 3 9.68 3 10.34 .04 .97
(yr) 40~49 7 22.58 7 24.14
50~59 7 22.58 6 20.69
60~69 8 25.81 7 24.14
70~79 4 12.90 4 13.79
80~89 2 6.45 2 6.90

Brunnstrom 4 15 48.39 12 41.38 -.63 .53
5 13 41.93 13 44.83
6 3 9.68 4 13.79

Paretic Left 14 45.20 16 55.20 1.29 .53
Right 15 48.40 10 34.50
Both 2 6.50 3 10.30

Vascular ACA 3 9.68 4 13.79 .31 .76
territory MCA 9 29.03 11 37.93
PCA 4 12.90 2 6.90
BA 5 16.13 3 10.34
Multiple 6 19.36 2 6.90
Others 4 12.90 7 24.14

Stroke type  Hemorrhage 12 44.40 15 53.60 46 .50
Infarction 13 55.60 13 46.40

MMSE-K 31 26.61 * 1.87 29 26.62 * 1.93 .02 .99
Total 31 100.0 29 100.0

ACA: Anterior Cerebral Artery, BA: Basilar Artery, MCA: Middle Cerebral Artery, MMSE—K: Korea version
of Mini—Mental State Examination, PCA: Posterior Cerebral Artery, VO: Video Observation, VRT: Virtual
Reality Therapy

Table 2. Score Changes of Clinical Evaluation in Virtual Reality Therapy Group

Pre—test Post—test
Items t D
M £ SD M £ SD
BDS—-K 13.94 £ 2.84 15.32 £ 2.30 —-3.84 00"
FRT 16.76 £ 5.92 18.69 £ 5.87 -3.06 00"
TUG 35.53 * 14.47 30.63 = 13.01 457 00"

BDS—K: Korean version of Behavioral Dyscontrol Scale, FRT: Functional Reaching Test, TUG: Timed Up and
Go test, *p<.05

32837 20169 A|24Q A4E 7



RO (p<.05), FRT, TUGOIA = 523t xfo]

2. JluEM X220 B H-$o| guEIlel ol
= 0;121\‘%(1» 05) (Table 4).

H 3} =

kA Amitel 24 A-Fe) wsk A3 BDSK,

ik
FRT, TUGeIIA {+2]gk Afol& HATH(p<.05) (Table V. i1 =
2.
B Qs A mesle] UEE S A
3. HIC|Q RHEFRO| =R M-50| QUAHET}O) l% @5l PiAls S Lokr it A H I,
sy T oA SRl kA AR Bas
= wwoz e} 245 AT ANk 8-S
2AZ Se] 719 oo MEF BAEE AP
B]r/]—?_ 37(_}‘7:‘—3]‘%9] 75]‘?— E’:E‘ %%}%7}@“}1 %9]@— i]—O] (Corbetta Imerl & Gattl 2015) ]— J;]‘ Oq:fL’_‘ 7]‘}\]‘
7 R5AEH>.05) (Table 3). H4 AR o) AskE APEH v Aol s
_ _ Qo] slate] FA) w3k ol el et WAl 2
4. Jtdeld R EFat HCe HETol M WE 22 QEE RCT AT-2 AA=

(]

i M oX oo

M} & 7k QAEIo| 1| A 2T B9 AR AR PIRRE o]

& Qs T - 92 vl Buslelgk 2
g A5 WIABDE, 795, w5 v
o R EIE AT HY BASe] tasbl i
A

5ol
& 7lsol thek A= FEe AAoY(Kim et al,

Table 3. Score Changes of Clinical Evaluation in Video Observation Group

Pre—test Post—test
Items t D
M £ SD M £ SD
BDS-K 14.03 £ 2.90 13.93 £ 2.64 37 71
FRT 16.62 £ 6.15 16.50 £ 6.00 .07 .94
TUG 33.78 £ 14.66 32.87 £ 14.36 1.04 31

BDS—K: Korean version of Behavioral Dyscontrol Scale, FRT: Functional Reaching Test, TUG: Timed Up and
Go test, ~p<.05

Table 4. Score Comparison on Each Clinical Evaluation in Both of Groups—Before/After Intervention

Pre—test Post—test
Items VRT group VO group t J5) VRT group VO group t J5)
M £ SD M £ SD M £ SD M £ SD

BDS-K 13.94 = 284 14.03 = 291 -.13 .89 1532 £ 230 1393 + 264 218 .03°
FRT 16.76 £ 592 16.62 £ 6.15 09 .93 18,69 £ 587 1650 £ 6.00 143 .16
TUG 35.53 £ 14.47 33.78 * 14.66 A7 .64 30.63 £ 13.01 32.87 £ 14.36 —-.63 .53

BDS—K: Korean version of Behavioral Dyscontrol Scale, FRT: Functional Reaching Test, TUG: Timed Up and
Go test, VO: Video Observation, VRT: Virtual Reality Therapy, *p<.05
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2011; Kim et al.,, 2014; Lee, 2013).

A 7 Ale3h 0*01, 719 715 52 el QA
o7 B elgt
ﬂé?‘c}ii g A3 7
s A AREA Rl A91€]
G} 4k Holl & 93-S vzt Decker,
Li, Losowyj, & Prakash, 2009; Liu—Ambrose, Pang,
& Eng, 2007). wepA £ A= 7HEEA 22 0]
HET A9 e o2t A Vsl miAE
Ve gotRa} etk AF-E 7PEA ' e
Wii Fit™ Plus®] Rhythm Kung—Fugl Wii Fit™¢]
Skiingo|SIth. o5 ZE I AAlel= A7 o] AR
2] &4 Aot E vehle] v Ews oS 5 Q= 7]
5°] o EEshE H7HETTE oh7] wie] 2
T A} SRl ZFAIFIA] it

¥ Qo= A4 715 BDS-KE B8l #4159
on) 1 A%, FA F 8% ke ulel A F e 3
o7 Aol & F ASATHP<05). ik IR A
S8 FA A-55 vlwst A3 BDS-KERE ofyzt
FRT, TUGOHHE tjzarel wlsl SA o oot &
e B T UAAT(pL.05). olegt 2] A= e
7150l 1 AAZ AA L #3571l SAHAR]
&= vAIH, o] 7]59 WL ofof whef HEY et
L 1519 i ool 7]of gkt AadTrel U gt
(Tipton—Burton, Mclaughlin, & Englander, 2012).
Ty B el BDS-KE25 A8 7158 H71e
OFA FAHE AU HAPL o] FolAA ZF AL, T
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Abstract

The Effects of Virtual Reality Therapy on Executive Function
and Balance for Stroke Patients:
A Randomized Controlled Clinical Trial

Heo, Seo-Yoon®, M.P.H., O.T., Lee, Hyo-Jeong™*, M.S., O.T.,
Ham, Ae-Ji*", M.S., O.T., Kim, You-Na™", M.S., O.T.,
Jeong, Si-Nae**, M.S., O.T., Kim, Kyeong-Mi**, Ph.D., O.T.
“Dept. of Rehabilitation Science, Graduate School of Inje University

“Dept. of Occupational Therapy, College of Biomedical Science and Engineering, Inje University

Objective : The main focus of this study was to provide evidence of improvements in the executive function and
balance for stroke patients using virtual reality therapy.

Methods : A total of 64 participants diagnosed as having a stroke were randomly assigned to a virtual reality
therapy group or a video observation group. Intervention for the VRT(Virtual Reality Therapy) group used a
Nintendo® Wii FitTM for 20 minutes, three days a week, for five weeks. The VO(Video Observation) group
watched a demo clip for the same number of times and duration. Both groups were treated with additional
conventional occupational and physical therapy for 20 minutes during the same session. To investigate the clinical
features, the Korean versions of the Behavioral Dyscontrol Scale(BDS—K), Functional Reaching Test(FRT), and
Timed Up And Go test(TUG) were used.

Results : The BDS-K score after intervention was increased more for the VRT group than for the VO group, the
difference of which was significant (p<.05). For the changes after intervention, the VRT participants showed
significant improvements in BDS—K, FRT, and TUG (p<.05).

Conclusion : The clinical features of virtual reality therapy include repetitions of whole—body movements, and
provide positive effects in terms of executive functions and balance for stroke patients. This study suggests an
evidence—based clinical use of virtual reality application for therapists.

Key words : Balance, Executive function, Stroke, Virtual reality
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