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&Y T 5780
371 (Parkinson's  disease)2 &= 35}o] ™ g
Aujet A EAQ P HAgeow, F
2 Ad 9 =dZoa dAggt =7k 29
<o wet T Eo] TdokA wAR *HL
/‘Mﬂ AR oAsHH HEH oz 105
W 1608 &2 LAsk, 804 o] 4] ¢
AN FHE| 422
9l THDavie, 2008). &+ w3t % &3l
Ag7b FEepA vt A2 ARt
ZURAATLY A I DS E o
I+ A5y, bl
289 o], 654 o]’ AHZoA = 16
st Aew Yt ok 53] Ad 2005
WHE 20108704 AZEFREH] A FAE
BA Azlel| 2A3F TH71H é}x = 2005
2

¢
O

N

Py

rir

pau

o

fr

37

=
ot ol

FFI
oz o
ol
ol

S~

N

A8 A (substantia nigra
pars compacta)o]] A THE =IHUA FH
Hy Oz g 71AM-A G- T (basal
ganglia-thalamo-cortical pathway)& 1 ZA3t= 4l
A8 2 T4 e £ A
T 8] deolthAlbin, Young, & Penney,
1989; Alexander, 1990;

QOAREO

Aa=
Crutcher, & DeLong,

DeLong, Alexander, Georgopoulos, Crutcher,
Mitchell, & Richardson, 1984; Saint-Cyr, 2003). &
6—1 0}7@71 ARG WY,

ool =03

tremor at rest),

A, rigidity), =594 E=d

219, akinesia or bradykinesia) X EQFY 8 A}A|
(postural instability)E= ©] FHS EAA= 4]
2EA% A 2golu, olsh el 737
3k Z}A| (stooped posture), H.3Y 5 A (freezing of
AsE 722439 @ 1

g &% 7%

B} th(Clarke, 2007; Davie, 2008; Jankovic,
2008).

oby o] AL WAATIE 99, F 9 5

A9 BabRlA] FaSe] AEsherte we

A2l gkkon, OF o]f uFo| WHulglh X
S gk AR gt 2e o|fE o
Aol At ek oA 247 3ixle] W
At AldE 3 Stk AT old FA
of F4L wH3lz QM= TS wE
o], Aulol 718 2tk o]HA 3}

A EH SRS B3 AHA

A7, LolAY, W Afe
o] FA ZAl(center of mass)©] A& H(base of
support) 9ol FA|Fojof B 7L §x3t

=i
=]

)

Ttk ISR APy F 2] A,
5 5 WS A =T A
A7 RS e, o mEe] zbA
A w0l EdF o Yol AA el
o7 Aggth e s dY 2
a7 g B ooy @Al 93l

0e FEYE HEed 89 BF 9oL
ASAA =M, 22 A8 55 43t
71% @TKSchrag, Jahanshahi, & Quinn, 2001).
TAE FINEAZE AA FA
A ZEE HolA @Ethe FHolthelZs,
2006, Horak, Frank, & Nutt, 1996; Grimbergen,

g A7
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S
3

Pl
=2
i=]
A
rr

Langston, Roos, & Bloem, 2009). Auk 2 ¥l 4es 458 + JE 5F
SolE Brekn slew B Beby 2 ATShe YolAE 2 4TE Holx ¥
gk Al gk olal= :4' &Y SxtEol A S}aL U THGrimbergen et al, 2009). &9l
Uettes e 3¢ Bls) 498 Azxsitt. EAe oIS de] g &8He dF
971" =% 2 Z(Unified Parkinson's Disease

DA olvle] L A TR el
e B o pAAee

AEAAE AN AT TR
ohle} 2% camprocormia:

W A

ZAuloll, €935, 2008), pisaZE-(Pisa syndrome;
$91S 5, 2008), dropped “head syndrome”}
2ol %/‘é 71g oz 9

S(axial muscles)2]
Qo) A48 AL e
(Benatru, Vaugoyeau, & Azulay, 2008). T o}7}
o] o] FutrlolE AAELS AS) HEAL)
A Edel 71984 %4 7ﬂX—].(axial rigidity) %
A3 ARl JAAS FE S Al
o, 22 8] A #FFA v 3
AaeAY O A3 e G

s
H

N

& (postural reactions) A<, APA  AA|
& (anticipatory postural responses) A3}, A|
BAA g Uk-3(compensatory stepping
BAAZ HolA

R

&= (protective

147 el %

responses),
arm movements), 7
g e8 2 &
Hep ofgAjA o
Z1THGrimbergen et al., 2009).
SaE0] FEHAA Yehte
A PQlo g zgstes Aow —T‘@%D}
7B PHATE BT AR A9
Wshe gt 0z s AstEE a2
o f48 i olslE SXAA ek o

=
£
o]

5
Q)

Rating Scale, UPDRS)] 319 #HE9l Zwh&Exl
74 AKretropulsion test)e] FHAFA I} 7} 74 ALA}e
209 e zanie Folth me
o] AAt M A E AT 59
2 gedel el g ASH RS
A oA FE3ttl= A o] tHGrimbergen et al.,
2009; Marchese, Bove, & Abbruzzese, 2003). Z

thekslt 2pA| 7 AKposturography) HPHES -8
alo] mIew SAtEo] A Bk g

oS AAAY] A77F s ok
A A A B A el A

«

)

RUBA
o

@ PEEe FA80w AAE golvh ¥
2 A4 7 AHdynamic postrography)= 7] 8 AFA|
£ AL e @AlA RN AL
7HaaAY, Adle Bas 2 & F
A #7 5Hel we gAtE Aol
g 71sAQ BAlR Bol AleEHA &gt
(Bronte-Stewart, Minn, Rodgrigues, Buckley, &

Nashner, 2002). 1ol Wkl A& =47 Alstatic
postrography)x= 7}9Fs] 71" A El(quiet stance)S
qTX] ShAA o] ZAl(center of foot pressure)

e

ZAl(center of mass)2] ©

o|-&3ato] = Fhforce plate)ol| A 2 21] 5&%%
& 295 wiowA, 3 e 2452
Atk o] W =& AAY =3 e dE A
o AlA E59d FH=E M| w7 YNantel
McDonald, & Bronte-Stewart, 2012), o} Z}A|
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A& @A o] THA A

Bloem, Grimbergen, van Dijk®} Munneke(2006)
7F AA o] 9lEy Sake 7] A
= AedlA dA7] dolAA] eer dRE
o] e #Aso BUE 51 A AR
2ol ofe] HAE Sl FFE o YA
A&y #2450l olFIHAE T (dual rask
performance @ Wl F-FR) Sl T <3td
S AR o A7 Hadd o2
H1E e dskE WAy 719
3 B A B f B2 ol
7 +=HKelly, Eusterbrock, & Shumway-
Cook, 2012; O'Shea, Morris, & Iansek, 2002; Wu
& Hallett, 2009). o]ul] 22} I}Al(secondary task,
st 5 A H 7D FhL 4o &
g ol e A ARE F3 A=A,
T Al(primary task, HIE SH4EH 714
3|28 B9 dHY. O A¥ BII 1Y
Eoe= ¢ 4" ¥ olyZKBrown, de Bruin,
Doan, Suchowersky, & Hu, 2009; O'Shea et al.,
2002), - HES wgk HHAstE o] i
S s8s AsZIA =W, o A3 34
o] HAslE o FHETHPlomik, Giladi, &
Hausdorff, 2009).

1

oo it it
to dlo 2

el

Ae7HA Had A2zt wEd, 971
A AlM AR = olaAl M E
& okt F3Y olFHA FAolA e
s Aoz 984 thBloem et al, 2006 Wu

Halletr, 2009). ©|Z3A] 7t /32 92l

&
HoaAe AA AR BHaEan ok

rlx

3] Smithson, Morris®} Iansek(1998)2 7]H
Al(steady stance)l} HE 7bA o7 okdh-g W]
AAstride stance)ol| A= HdS AEsHAL A
CER . 3
Aoldl Fol® WASA ReAA, Wi

-9 7] AA|(tandem stance)t} g+ HFE A

7] ApAlsingle-limb stance) 2] I}A| 3Pl A
B gl 9 Haey Bagel 3
Zad A} el gle @Akl BlE) ApA
94 S WAL AS WARAD. o
209 e 19 AHAA @ B 5

(arm raise)} 71 ZF7](functional reach) =3} 2+
& olF FAE FAl TR SitE W=

& At SAHATGE Aotk o] 2
k2] = ZIHAA A =

=
=
NAom By fAo FoIE AFee] &
o
=

7Y 2d Ve HedomA A
AE fAGHe ez uzd F ok a4
g dol vt =2 B9 A FolHE I
ok sh= 22 2AI7E Foid Ay dRIEW
H2s, 53 9 4ol e FAe F 3
AGA 524 F38 e e& AA Ha 1
ax Few d2€ Jhs/del Skl H
= Aotk

Al Agetsizel, Hdel =y 2
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S oS

Aot FEYE ALY BAE Hel
A% @A AT AR e B
@40l selow Wy 1 8QlEd v
el s oby viFsth meb e
dyolopiz 4L PAT ¢ Y FU

An) cheret S clg el

S tHBloem, van Vugt, &

Beckley, 2001; Tinetti et al, 1994). SRRt o v}

A Al flaixde G Fos &
s Aw 27] S ddsfol gt @A
el S galor AAsE Eobd
AA 24 =e FHEIRAIR AlgE o
om, weba thekg g9l Wsle Y
& dAFsldle F¢] mlgstth 539 3l
EH Ao A EAsE o] diFR olF
FAE FPske FYlx THIGE Y
FA Fart gtk AN RE o] F3A| 7}
S$E FIATE A ot

g3l mavie #AE
Nyberg8} Gustatson(1997)] 1A Goli} -2
g An Qe w50 v UFE B

A% wa Faol o es Adar

Lundin-Olsson,

E s}
(“stop walking while talking”)= 235 H gt
2R As FdEdT shARE XA A
£o] gle e dAEL By T u
FE Usy B 2 ojzfge] HA FSt
T}Bloem, Grimbergen, Cramer, & Valkenburg,
2000). 1o Wl Bloem (20062 ThE &
TA| o] IS ko] e Mg &
dEdtts 23E st 2" Al
243} Bloem (20062 oi7] 91X W =
HASE sl B A A A

3}

HAE G A Afo] gle AEy @

o,

e R Ho 2

ol
o

'o‘]—oj D}(“posture first”).

"Vé & A Al -

o

2
I
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rﬁr 4 debasel o AHsasthe
W) B7EE Bk A
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=

H
=5

2o N
s

o
o
rr

Ql z] A}

e 9719 AYS W A2
] H|g] AR oz A5

& ehde e o dste

&

*

ol
L%
£

JQL

)

>

oy

o

it

=)

iﬁ

_>,i

tt

D)
ol
o0

= oo
FEE
Jo
)

i

- 127 -



o, 5 A ZF A A
) WEel WS Aow
B
‘J H“Wlxﬂcﬂ ofel M zAEHor SAH
olalsol gt AT A Aol
29 A AR Felge] Jepe o,
e AAFAL A, del, IS
A ee] weh Weke Aoz Huyw
THWoollacott & Shumway-Cook, 2002, 7}3).
old Aol At HE AFelA 3
4E daes IA e 8% W
o] &5 AA frAldll dFE WA=
£ Tttt Al=sk3itHHolmes, Jenkins,
Johnson, Adams, & Spaulding, 2010; Marchese et
al.,, 2003; Morris,

ol F9] A} (attentional

[e)
resources) s &

o 4 & rfr —hj
Jo

s

TN
o of

B
i

Iansek, Smithson, & Huxham,
2000; Smithson et al, 1998). THHE-E2] AFEL
AAY 5 FIAZE Al vl fAE
o) A 7 AHE e Aoz ua
ek AlAle] dR-E ¥ ole % MAe
Q7] %99 o]B0.

= <l
g Fudt B 7Y 44 9 mA
|

[}
B3 A Ee] WABTHE Ao s,
1994; Woollacott & Shumway-Cook, 2002).

ZAABA

AR, e A 28 APt

1Y AAZ FFEE A Qe A A

g 2007 F & A% AFE ANE 9

a2 A% A EEY BUE S5 3
J;f".

oz g o] s}

aHE Aow yehin, et Az
A FASE 2N ARE A

ok AR ARl A, dE B ﬂLoﬂ
MA Z2AH| FARE ZFe] Y& ¢
wEre] FOIEE 7 ﬁoﬁ B 713017%%,

@Al gobsle G SEEAE S0

SHEAY, oA} Atel& 73_01 gyes A
22 PF=S Fsts o UM A 7A

o|FA HAE 28] 95
A EEEE dAH otk
A EEHS &3 A7l Aol A
A9 FFAQ FE7} ofehe Blelth o
o] 54g 2dstedl a7EHe
A FA 9] Z2 ZAE Stoffregen?t FE
S22 2AA| A uprapostural task)ZFal XA gk
ThStoffregen, Bardy, Bonnet, Hove & Oullier,

rr

fodo I o oAr
r
O

m
e}
ox.
do

2007b; Stoffregen, Bardy, Bonnet, & Pagulayan,
2006; Stoffregen, Hove, Bardy, Riley, & Bonnet,
2007a; Stoffregen, Pagulayan, Bardy, & Hettinger,
2000; Stoffregen,
1999).

SFA| R Stoffregen™} &

Smart, Bardy, & Pagulayan,
FE2 A /A4 7
sol A FA9 AR WAR A5
At #doe Wl EcKStoffregen et al,
1999, 2000, 2006, 2007a, 2007b). d& E°] F
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S0| IZIewaxSe] A S0 DjXls B

Ho

9 EAE %"n(visual search)a}7] a4 Al
o o

= 317’1‘4' 9’]3”]"7‘%% Z‘il'— 73‘!‘ xc_]

M 2de FaskA ¥k P /‘M_ z4
o Fagh oA Azl A EEHEES &
AR A e BAFAQ S mA A
ojty. 1o whal G Al xHo] QY]
A Fe AT o Fx AA EE
He 22 BA Fael 2 G mAA
%E Zolth ofd o F g ZA= XA
(perception) 7} &Y 9] (action)7} #2] ¥ A==

Aol ohe,
gHow hg

7]&%43; @z‘slﬂq /\1—3?’}0]] 7§‘
SATE Gibson(1979/1986)2] A e
A2]8t4  #H- (ecological approach to perception
and action)o]] =A3TE AAM A7 2AA
$7o] BAZ DA)st AT
1 294 BAE 94
o ohjel, % A} 5o AR
(functional integration)| o] “F3to| A3 o
salth Aolth webd 244 BRI 2t
A7k o A Ade] zAe eTw
A 2AE 2D | “dEeA” o] o
Aolv, F A7} “=3 Al
g A 2d =3 = A
|tk
Stoffregen 51999, 2000, 2006, 2007a, 2007b)
< o8 d7E T ol T AAske
A%E nasgn. owd 54 RS B
3= HAlGnspection task) 9} TS ¢ O HA
& H B SAE e A (viswal

sl sde W, 2AE 2

SIS
-~

i
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=

]
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%
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N FO

o
=
&

search task)S

E FAd Hlg EAS Bl FAdA 4l
Ale] A -Fancerior-posterior) EEHO| F7I6l=

AFE P53 ThStoffregen et al., 2006).
2 a7

2 AFdM e 22 HAE &
21E0 A9 olFHA ] A
dotR izl Aty A4 fFA] F 3A
(primary task)ol] WEPA|Z F FA|Z Stoffregen
(2000, 2006, 2007b)e] AT £ =

(¢}

(horizontal eye movement)¥A|S X EsI T} &
119 BefellA A7 E5E A5 mElE o
s =1 Ads] w3 A=

3] =
%X—}OW FJD}. ol uj /\Vdgl e e 4l

5 8 bﬂwm% e
A5k A FA P 9B BB
oo $Ee R 98 He A

T2 A shpel Qo] Fez £
E 3 ge FAEsde fidle Aes
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< Aol S-odeE v BdE et
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= 91 Furrh web
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HQlo = AbgatiTh IRt 149 9l
A7 A AFAEY ASH dASA ) T;} 1489 Pl

gt = < FY Fugrh weprviel A rleiith #AES BF

T AA £5¥e HmdE Wb Itk Hmo 2etAldA 3o LEemum =

aE9a st AFAEY] 7P AAZE AR 22, D = 032), A AW

b +ETHe Ha 104dA HA 4o

o
o
fl
120

o,

. = = H
g AR BAS FAS A EEAVE €4 EXHJATWM = 208, SD = 106). IAEL
d w wWr} 2H EEPo] Zvlete Aoz AAA FUIEAS AT “ON” A A
Hetgth S =4S FAS o oo A A rlekilsh AddlETe = At
o E5H2 fadve ARdolth F 3l a&d digu @A 258k B A
Fol F A FYE A wokv= H Adez FAHUNY e @xE
oAFe= S/ el ofele M=o AAAe] ezt fisle
W& @A) FERe) Aol olF B W, EF KU 3 wd)s HAe
Al offl Y Tk

Aol A FAAAME EHEATE AR =S 1A AR5 k] 9
(Holmes et al., 2010; Marchese et al., 2003; A SEREANAE =2d 7ho] AHAIAAEAAL
Mortis et al., 2000; Smithson et al., 1998)< 9 (Korean version of mini-mental state examination;

A AFstIth AR Z& % 3 K-MMSE)?} CDR(Clinical Dementia Rating Scale)

A7t ZT%Z](XW TN Agtd Fo A & Agsidon, FAtzddAs o] A4
= ¥ A5 AAske ARE st Fle AZEHEARE AAESih A A A
2 sMdrt. o Hs) A FAAGHA)  F S F IHMMSE = 11, CDR = I}
T A FAGEHADE 7IsH R AgEHe  FAUET F IBMMSE = 19)°] Au] e
A7 Wl A fAZE 22 A FAE AR JAAGANR il Ho| o] F oz
7M7) oz JEPGTT Stoffregen Bl BEAA Adstdrt. T Y Aue
%E_(Stoffregen et al, 1999, 2000, 2006, 2007a) QA SHERFATE M = 260, SD = 2.3; 33}
52 FAst, 289 A+ 2y E3 ojld HY M = 265, SD = 2.7; 124 = 047, p >
229 AR ZAS Ho =9tk old 057 AFFAAAY M = 67.1, SD = 5.1; 3
2%e e dENSERE F2E At AHYE M = 644, SD = 9.7, 124 = 089, p
ol ol IIEW At W oofel A > 09904 Ae7b lth BEE HAES
dEsddde YehdeAlE & d7eld A ke divtzE 249 hE AlF
= stz A =it ok

v ARET Y XS ARG HAel 73
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a8
2 %) fARIof HMAI=ACt.

ZRAHZRE A gl Al Aol u}
FHE 8 B £ YA AME A5=
AR ZEFE 1.27m 2~ #oﬂ B2 479 %)

LCD RYEdl] AAE 55 Eokth ZzA
B¢} LCD EYE = 1024 x 7689 A=<t
60HzS] FAMEE 1 EomW, ZRAH=
Im gojzl ¥l 1.10 x 0.84m¢] 3PHS A
ko] 57.6° x 45.6°9] AIZt=E, 1ICD RYEE
Im GofZl Aol A 54.7° x 32.3°9] A|Z}EE
sttt g s BdS Aldstn
T ol gddA AAIEAT

A5 WEAE 07 + 0.05mo] ZERIA
(superellipsoid) 7} AHE-E| LD ZEFAAE T,

O:

O
4

q

\l

= -

12 283 4 glod WSl 2
g FA5EAE delde W] a7E
S ahtel dietew wf Agvic olgaA o
AE AN 2 FE &AW

e
{o X
Of

O

Mo & 24

it
il

Aol A2E SAHE(R). EMe THS

x = 1, * cos"(theta) * cos“z(phi) (1)
y =1 * sin”!(theta) * cos™(phi) )
z = 1, * sin"(theta) 3)

714 013} n29] w7fHSE HSAIZ 7]

© tersl el 7skEE 2171 AAEH,

S

2RO ol7b 3F 19 9E sl AAE A
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A2E 771 A A
A el AXER e, 7HEE3E 5—7—01]*1 EA
T A7ARTE 10met 25m Aol AAE )
THH 1 ofefE i)

AA A AS 71 23517] YA Polhemus
G4(Polhemus, Colchester, VT, USA) 6DoF(degrees
of freedom) F-A1-%327](wireless motion
tracking system)7} AREEH AT F7bAke] w e,
B E(cervical spine, C;-T, junction)¥} &|2)(LF
F34, lumbo-sacral junction)ol] AAE U
wastel £EY AEE J1=adn. v &
498 ANE A 22 1, B
Sl 2AE 487 Jsasich Al
Fu0 7 A9l &

FAAARLT A

>,

z]o] 0 /\1/\]7]-oi

6OHzZ ERE T

MH  EAE 05Hz 08Hz 1.2HzS] Fu4¢E
wAReH, 2A7 Yede AAe kAt
ZRH 10mTd 1 okl 55 I 25m
H 1ok 2S5 DR AT A7t
st Sl FAE de SAE] A Al
ST AL 4FT4 0, 05, 0.8, 1.2Hz)
x A9]A]: 10, 25m)E AA AR, 7 20
7 R wHREo] F 16418 0] AAIE T

A e SRR Im dold
A gkl ks e A AN
gl sttt s 3 el

goz\ﬂo /\o—yOI Z 2 A|Hre
[€) =i M-

e > A
o 2

2,
S

7, AR} AlFolekes AA A s
AAE B4 2A Y AS 7}324 =Rk
AN Aeel A A1A WA 9ol
= EAE FHsEE AAESITE o] W &
Aol Feizh vite de FAAR § 2
AlPS uka whR] Jepd Bl [A S22}
£ BustEs AAgth EA7F Ak o
7 FA7AREA A AE fAlstES A
AEgtom, EAZF FHolA e AEA
ANE ANE Bl ngAZ F A7} 6t

2 A% vk A4S EJ_'B‘}C% A 1 2otch

Z}-F-(medio-lateral) ©] &2 % =
o 53] 7ZF £919 A9 Hitgh, xFAA
(standard deviation) 2 H9|(range)S FZE3}
H, o] FE& 23D x 4FTP) x 29129
:éi}éﬁ]bﬁ%—ﬁr*—i o 4 %}04 A8t of
=] Al F919 e dotry] flaA
28D x 339D x AGFTE) x 292D &
FAANZFEN T A AAEAY. o] =
AAEL Nejc, Jernej, Loefler} Kern(2010)3}+
Stoffregen 52006, 2007a, 2007b)e] Aol =
&aclo 2 A grEolth

A5 A A 7 7919 Fp E5HA

7ke] Ajol7} WAHA ko). w

= 5 e
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Al FAlOf 0XlE G

" 20 ARl sl @Ak A7t 17
o & AFelMe] v, wF, slle] Af &
A ARZE g A= AAEHAT ) Alget
o Zb Axe] 9A7F 0o AR E WAR 7
Al HolFe 2R AR A9 S
A RS UEhiE, ZF AlM Abole] AT
A5 Yele AL otk addz B
st 71 Shate] 4l EEdo] A<l

o W} &5 2 AL A A4S 5 3ok

i&‘

1 Ness e
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&5 = = spine
=
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£ o4
2 o0 ; T -
= LTS e [
g 0 WA Y 0 mABO
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< g2 "Nf\"'w "
w
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04 1 mtorso
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=
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=
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o
o
=
m
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nE
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=0 il
N
S
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L 8

PD S3
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0.0
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The effect of eye movements on the

postural control of patients with Parkinson’s disease

Kim, Nam-Gyoon" Lee, Ho-Won” Park, Sangbum®
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The present study compared the effect of eye movements on postural control in 13 Parkinson’s disease
(PD) patients (Hoehn-Yahr stage 2-3) and 13 age-matched healthy adults. Participants viewed, from a
distance of 1 m, a computer display of an oscillating object that continuously changed shape and reported
the number of times the shape changed over each 60 s trial. Four oscillation rates (0, 0.5, 0.8, and
1.2Hz) were presented. Postural sway data (mean position, standard deviation, and range of the excursions
in the anterior-posterior and medio-lateral directions) were obtained using a wireless motion tracking
system via sensors attached to each participant’s head, neck, and cervical spine. The effect of eye
movement frequency on postural sway was minimal in the healthy adults, consistent with the view that
postural control and suprapostural task (eye movement control) are functionally integrated to facilitate the
petformance of suprapostural control tasks. By contrast, PD patients’ showed greater and more variable
postural sway, particularly in the anterior-posterior direction. It appears that PD patients’ impaired
postural control systems are no longer integrated functionally with their eye movement control. This result
suggests an additional factor to consider in PD patients who are susceptible to falls due to postural

instability.
Key words : Parkinson's disease, Suprapostural task, postural control, dual task interference, eye movements
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