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Acute adaptation of sensory dependence for postural control induced
immediately after balance exercises on unstable support surfaces

Atsushi Itaya® and Tomohiro Kizuka®

Abstract

The purpose of this study was to determine whether balance exercises on unstable support surfaces change the
dependence on sensory inputs for postural control. Twwenty-one healthy males were divided into two groups, Balance-
board group (B group, #»=11) and G-ball group (G group, »=10). The subjects repeated 2 min of balance exercise twice
with 1 min’s rest between executions. As the balance exercise, B group executed standing on a Balance-board and G
group executed sitting on a G-ball. The subjects performed 60 s of quiet standing twice on a force platform with three
sensory conditions; eyes open (EO), eyes closed (EC) and eyes closed on a foam (ECF) before (pre measurement) and
after (post measurement) the balance exercises. In post measurement, 20 s of balance exercise was performed just
before the first trial of each condition to maintain sensory adaptation. During quiet standing, the motion of the center of
pressure (COP) was measured and sway velocity and sway area were calculated. To estimate the dependence on visual
input, Romberg ratio (EC vs. pre-EO ratio) based on the sway velocity and the sway area was calculated. To estimate the
dependence on somatosensory inputs from lower extremity based on the two sway parameters, the difference between
ECF and pre-EC normalized by pre-EC was calculated as the increase in sway (IS). In B group, post-Romberg ratios
were significantly higher than pre-values. By contrast, in G group, post-ISs were significantly lower than pre-values. We
concluded that for postural control, the Balance-board exercise increases the dependence on visual input and that the
G-hall exercise decreases the dependence on somatosensory inputs from lower extremities.
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R (RiESR), RVERRR (&2, FEAZH
an, BAMIZAER) ThD. PIARER (central nervous
system: CNS) TOZEHIH BT 2 R H AR T,
FNENOEE AN T 2k GFE (BREEE %
FEHIT DI LIk > T, BESLREOZEMITERL T
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1%, AR—VBFOLEHIEIC BT 2 BRI
IERND T EME, HDBAR—YFHEATD I
I, T OBEATHE L 2 LB G OREICTL I &
N, RARNT 4+ =X AZ5EWTRED1DIELE
EAoN5. Lln->T, EFREZESLMITHHITHEL
= ZEAHIH ORBEITE < FEDH L ST, PRI
BUA—LT v TERDEAS. FOREDO N —Z
DU FREL TSN ONARLZERm L TDOINT >
ALY XTH%.

INET, ALREMETONT AT HHAX
1%, FICROZDOHMMSITONTER. HB11T,
REfTCH T OGETH CTH LS. Zoha, 2
BA HiT R B A E O OB AR OSEITK - T, ke

HHEG O REBRIED & W B ETEE N\ D BT Z & %
Z&, DR L OB DL EME L (Emery, 2003)
MR ELTHIfF I NS, FEBRIZ, NTAR—RzE
HWENT AR =22 T OWGET 70T 55 &
LTCOHEZEDN N> RHE—J) (Myklebust et al.
2003; Petersen et al. 2005), v 51— (McGuine and
Keene 2006; Emery and Meeuwisse 2010), /NZA%7 v
F R — )l (McGuine and Keene 2006; Emery et al.
2007), /N —7R—)L (Bahr and Bahr 1997; Verhagen
et al. 2004) FTHEINTWS. F21T, KHOE
ENEEED, P74+ - AZMEIEEHILET
# % (Anderson and Behm 2005; Behm and Anderson
2006). KREEOZEENEED &, WHITKD D%
HONRDO LN DIRE, BIATRE EFi s T v 7
HIZHBIT 2 5EER O D 12 K2 HIHI A D ) DIRESE
BRDILEREF DR — )L~ D J) DARER] L D AT REPE D 5
INTW5S (Willardson 2007). LU s, Rk
U 7= BTN BT 2 AR GV 2 B il B 1@ &
TLIEZBEHL TALER ETONS P AL HY
A R EFHT 5 FETELHELI N TR,

RLZEEETONT AL HHA XKD, LB
FITENC BT 2 ERAR RO 2 et L2k & LT
Itaya and Hasegawa (2009) N7 655, Z DHIE
3, NI PAR—RIZI YY1 ZERITIZT +— A
Iy R ETORARIALRF DR JEH L (center of pressure:
COP) BZ@EIIMimL, GR—IL T/ ¥ A1 XDH
BIZIE 7 + — L%y R ETOMIRN AR O COP By
HWEIIHAD LI EZREL TWD, INsDZ &
5 Itaya and Hasegawa (2009) 1, N5 AKR— KT
7B g A DT 5 DRV A ST~ OIKFEEZ Bl
REICE D, GAR—IVZZ 381 X3 D 5 Ok
AN NOIRGFEZ IR T S 85 2 & 2R

Uiz, ULILRRING, ZOWFIZRBGEEICERT 5
HEATNDIKEED M EZ R L TWiah o> 7.

T I TAMZER, ALEHETONT ALY
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RIZONWT, TS ORMEEEA T EHEAN
NORGEWICER LU THE L 72, A#F9E Tld Itaya and
Hasegawa (2009) &[EFEIC/NT VAL HH 1 X&L
TN PAR— R ETONNL ONT AR—RIVH
HAR) EGR—)V ETOEEA (GR—ILTZ 831
X) AL
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Eie, AWML, FEKF AR AR AR i B 2

BEDOREZEZITERL 7.
WEEE S T MIINT O AR— RIS YA X%
FFONT O AR— R4 (EE20+2587F, HFE ¢

171.7 £5.88 cm, 1K :62.6 +9.67kg) &, GR—JL
IOYHA X &7 GHR—IVE104 (FEfp 0 193 +
1.427%F, B#EK 1 172.7+6.9cm, {AH : 65.6 £ 6.47kg) &
oL .
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HORTHIEL 27+ — A L — b CEPEH AL
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RS, IR, PARR, 74+ —4/%y K (AIREX
Balance, Airex#:#, [ 1a) L THIE CLF, 7% —
LNy BE) THore. RS EPAIRSHTIE, #%
BMBEIERTEHE I+ — AT — b RICiE, iz
DR THLA, IEmOEEZE R TTESZTENINILZE
6ORRIMERF L7z, 74 —L/)Ny RETIE T+ —X 7
L— b RICEREINZT +—L/%y B RIS DM,
PRIRG M & RIARICER IESIAL 2 MR U 72, R OALEID,
PeBRE BB R MR TE S KD ICED, &
BMa L —AMICEL &0, MEICZE OALE % FH
U7z, MBS EREMT 2 BTV, MBI
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INT DAL YA XTI, #HBEIINT > AR—
K (Marumitsutt#, K 1b) ZHWEI7 351 X
£721XGR—)l (Ladraplastictt8., [ 1c) ZHW/=
I XDONTNNE T/, NT O AR—FT
DHHA ATIE, ISR 6.5cm O ERR O miATEL
O fHF 5 N7z 25cm, JE S 2.5cm DM LT, W
REZZFR D NS > AR — R OBARITAN /2 W K DTS
iz 2 pRIMERF L=, Z OB, BildEMBETHh-o7. 1
DFDOKEDE, HE22HEDONT > AR—RETO
NAIAERF R AT O e, RTOBBEICBNT, NT X
R=RIIZHYHAXPIINT > ZEHRLTNT >R
R—=RNSE T2 &3> 7.
GR—=IVIZ7HHA XTlE, #HBREFIGR—I (¢
75cm) BT, BZEKRICTE 57201 B L5 %
200 L 72, Z OB, EBIELERO O ITRICE %
DNZD, R=JLIZFZD0NED L THIND, A
[EEER 72 72 BITRD 5 R Z2FNE, Rl s F et
TEOIKRDE 1HOKBDOE, HU25HEDOG

A=)V - TOREMZEESE 2 pHEMFEL 2. 1P, miN
T ALY YHA XOERMEERE, T U5 XDk
FEIWZ L TEF LinnZ &, ZBEGIEIC BT 2 B K
T REENEC D ZEBXUa—F > 78
TOUF—LT v TLIHHA XL L TOEZEZE
LCHREL .
PREINT AL T A XD, 3 7 OKEH
&0, FDORIZ visual analog scale (VAS) 124> T,
BHREDFEBICLDNT VALY HH A1 XDO5RE & #
EEEE L.

post HIE T, prelliE LMk DR ZITo /2. 72
2L, NI DALY HHA R K DR D i
EHEFF T A 20T, #HBREIL, SEESLEO—RED
BB IATE AT IC20 I ON S > ZA 798514 X%
fior.

3. T—IPRELT IO
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CHALRIN, PCITRES NG T4—ATL—1
NS DEFENS RJEH L (center of pressure: COP)
Z 3R, M & % ¥ 10Hz O 4th-order zero-lag low-
pass Butterworth filter Zi&fH L7=. 71L& U > L
% OALEIZIE, Scilab ver. 4.1.2 (INRIA : 7 5 > Z[H
SO E a—F R - IR 2R\
IESZAZH D COPENFE Z 39 5 72901T, &ilFicD
T COP BN 2 3 B IRE [ TRR L 72 COP B J%
(CAF, BhEEE) 33X ONCOPEAEED 90 % (35 #E S M i
& (BAF, EhEimifE) (Takagi et al. 1985) Z&FHE L,
pre Epost ZNZENT, FMHEIC2EOHE D5 H
EHEHHLZ (X2).

LT D LB HIH AN D BEOREZ AED 2720
12, PAIRS M T O COPEh iR Z B IR D & @ Tk
L 7= Romberg Z (Romberg 1853) ZatH L 7=, BEhiL#
I E D 72 Romberg % % Romberg V, BhiEmfE 123k
DW/=H D% Romberg A& L7=. BAIES T dCOP
LI pre AIERFDEZ AW, 7+ —L/%y RiZ
KLZEBHIENDOHEOREE BSOS -0IT, #HiE
& (Isableu and Vuillerme 2006) Z=5lE L7z, B
FHEEICE DWW b Oz BhiREEENE (ncrease in
sway velocity: ISV), EWfEdEICH DWW D % BifE
HFEHENE (increase in sway area: ISA) & L7z, ISV
BEUISAI, 74 —5h/%y E E4&f & pre lIERO
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4. fREtaLER

4%, pre#lE KF @ &K R ITH T 2 COPE
(EhFEEE B KRR EE) & VASORRIZDNT,
HEOEZRETH-DICHIEDR VW EREZIT>
7o, BEREMEOCOPEIRICKITTHEEZMAT S
72912, prelE R OB fEHE B X OCEFEHIFEICD W
T3RESEM BIR, PARBIUIT +—24/%y R 1)
IZ KB AGRE BT 27572, BB B R HE
BRUOHEEMEICDOWT, 2HERERH (pre & post)
X 3RS BHIE, PARRBR U7 +—24/%y R 1) 12
KB KERES BN EIT > T2, BT OERIRE
idtEZ AV, HRRE OF /KL Bonferroni
DHFEICEDEIEL 7=. Romberg V, Romberg A, ISV
BIUISAIZDNWTIE, ZRZTh —# ONT > AKR—
K, GAR =)L) X | (pre, post) THE/KIHEZ
Bonferroni ® 5iAIC K VBIEL L tMEZITo /2. H
BRI % ARG E Uiz, T XT ORI FEE £ 5
HEFAETRLUZ.
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m # 8

LRRE DAER, HBRE O SIRICIIREIC R B
BETEDSNBN> . TV A XOBEBIN
X, NT 2 AR—Rvs. GR—)LT, W :34.2
+20.9 vs. 23.7+10.7, p = 0.172 5 # J¥ : 61.1 =225
vs. 55. 41252, p=0.588 &, BEICK DA EEITRD
SR Mmo/z. prelllETO COPEFREDEIHEH D NWT

WWHRICKBAAEEETED SN 7.

JAG N E 73 B AT DFE R, COPEIFEIC
DENRNBO 5N (BIFRHEE 1 F, = 4756, p<
0.001, BEFEMFE : F, 4= 67.62, p<0.001). FHEME
DRER, BFEEE T, SO FIEIIBIIRS,
BIRGEB LT +— L)%y R ETENEN, 114+
0.10, 1.24+0.09, 3.73+1.67cm/s & 72D, &£TDE
A EENSED SNz (FIRvs. BAIR : p=0.018,
BAARvs. 7 + — L%y R k1 p<0.001, BARRvs. 7+ —
LNy R Ep<0.001, X2, 3). BEEHETIEIAS
tOEEMEIZHRRSME, BHIREES I T +— L)%y
RETZENEAN, 148+0.78, 1.57+1.11, 10.82+
541cm?®) &720, T —L/%y R EABEIESME &
Rt aEICREN > (HRvs. 7 +— A4
Ny R E1p<0.001, PAIRvs. 7 #—L4/\y Kk ip<
0.001, X2, 3).

INT > AR — REEIC BT 2 KAEBIE 5 85 T D Fb
B, T R R R S DS AR R AN B S 12 3R
537z (Fy g =15.74, p<0.001). ZLHAFHIZDWTE
BMEEIT > E A, BRGFOBHIREEICBNT

VR A

20 - 20
*
1
15 15
g S
: 5
B 10 * 10 4=
) [ﬁ e
Eﬂ * %
[ i
5 ﬁ 5
ol 1 [ "
BAAR BAER 7# L\ BAAR BARR T4 —AL
ATIN AV
BiRRE EiEEE
* 1 p<0.05.
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pre < post (1.21 +0.07 vs. 1.29 + 0.12 cm/s, p<0.05),
7+ —AL/Ny R EOBFEEEIZB N T pre > post (3.44
+0.50 vs. 3.01 + 0.54 cm/s, p<0.05) THo7= (K 4).

GHR—IVBIT BT 5 AERIE BT DFER, RIE
IRF ] X RS DR BEAE A AGRD b Fz (BhEHE ¢
F, 15=12.88, p< 0.001, Bf % [fi ff : F, 14 =6.70, p =
0.003). ZHIEMIIOWTHEBREZRITOIZET S,
Bl S HREABENTICBNTH 7+ —L4/ y R
- Cpre > post (EFEEE 1 4.04 £2.39 vs. 3.10 = 1.43
cm/s, p = 0.019 ; BHEE@EAL © 11.7 £ 7.78 vs. 8.81 +5.45
cm?, p=0.024) THo7z (M4, 5).

[] pre W post
[ﬁ
6 |
1
4
1
2
oﬂ " " “
BAER BAER  TA—AL BAER BR  TA—
AV /\JM:
NS RR—F GrRh—JL
* 1 p<0.05.
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* 1 p<0.05.

6 BT BUT D Romberg D pre —post [ LLif

Romberg V3 X T Romberg A TlZ/NT > AR — R
D Fpre — post MIZH B ZAENHED Sipre < post (K
6) THOZDITH LT, ISVBIUISAIZ DN TII,
GIR—)VEED H pre — post MIZH B ZNED 51, pre
>post (7)) THholz.
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V. &

HEEOE T O LB BV 2 AR M & B B fd E
ICRIRFIIC IS S /5 BT, AEEW L TONT >
ALY YA REMMAT2FIEEMLT 272D DHIA
1G5 DITARMEZITo 2. AFETIX, REEM
ETONT ALY BT A ALRBHIENTBIT 5 i
S DARTEIES AT EEEATT N OAREEI KIZT R
R R EFET 272017, Bz dEREEMH N T8HIET
O COPHEREZMIEL, TNHENT ALY
P XD/ THER L /2.

1. BRERHOTE

AFETHWZ BT EMEE, PAIR S 1SR T 0T,
74— LNy B RIS ERE &N AR N D SLEL
EEZXDIENTES. HENEN SN D ST
IR AW K EE S £ 5. £ L,
T —LNy RO, BEERE, RIS T
DIMEDEE 2B a5 DEE AT OEEMEZETE
&% (Shumway-Cook and Horak 1986; Patel et al. 2010).
74+ —2L/%y B ETORIRIZ, #REER & T AR

iREME
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20
[] pre B post
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15
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1
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ISV ISA ISV ISA
INGURR—R GR—JL
* 1 5<0.05.

7 BRI 2 HEEEEINE D pre —post i Fifg

AT 2 AMELOMEZNR T, LEHE £ TOPARNAL
L0 HCOPEEIEIKE<L< 725 (sableu and Vuilleme
2006). AFFROFERIL, FITHEE B LTT +—
LNy B ETHRS COPEfENKREL</&>7 (K2, 3)
ZEMS, RMFETHWE T +—L4/8y R EZ&HIT,
BUTEEW & TR ANDONEZ G &N TE
mEEZHND.

2. NSURIOVYH A XDEE

KRR DRER, INT > AR — RL7 U1 Xt%I3H
RS CEfREEN A ZICHEML, 74+ —4/8y KL
OEFEEEIIAERICHE D LUz (K4). F72Romberg
VB L K Romberg AlZEBHITHEITHEMLZ (K6).
—HGR=IVTI YA XBIE, T+—L/)Ny RED
BiEE B X OBIERAEE RIS L (M4, 5),
ISVEISAIFEBITHEREICHA L (M7). InsD
BRI, NFAR—RIZIZHYHAXEGR—ILTY
HH A X, REHIEIC BT DREREEREEICEN TN
BR5HENEHEOLEIEEZRBTHHDTHS.
2.1. NS URR=RIOZHY A ADFE

INT P AR— REIZBWT T +—4/%y R EOBE
HWENL Y JH A XD L2 LI3BNTH- -
(4). ¥Rk, NIUAR—=—RIIZYHA XEF
ARVERETE AT Bk 2 & 5 SRKEL T
MBS THh%. AHFEEELLT, NI AR—RLT
7YY A X ORFit TEIENLALRF O COP BT & it L
FZRATHIZETIE, 74 —L%y R ETOMESMED
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COPEhRIL, T/ HH 1 XBITHmML zEMmEIn
TW% (Itaya and Hasegawa 2009). Z D fTHIZE T
13, R THWENT > ZAR— RTS8 X2
AT, BO2—DOLIYYA X&lTol. TUILEL
ICHHICEN 2 MR OAM O LickzERE, 0k
TN EMRFT DI HH A X Tho7. Ak L
Itaya and Hasegawa (2009) D#5ROZERIL, HED
EWERKBL TWDAREMED B 5.

RHEDORRTIE, NTAR— RV TLY
YA XRICHARE R EEEML 7= (M4). BHIR
FEET =408y R EIRWINBEREER S Nz
ZMETHDBZENS, NTAR—KETOCOPH
fEDpre —postMZDFHK & LT, U7 YA XIT
Fo THREANTHT DIEKEENE LI ENEX
5%, ZHUZDWTIE, BRI Romberg 23 pre —
postiI THML T3 (¥6) ZETHEMNITEND
EEZLNS.

INTG P AR—=RIZ YA XK THEANITH
THIRGENEE S ZEOHHAELTIRUTOZ &
DHRIND. NT 2 AR— REOHBREIL, M
Ko TeAMENERT | EITED I EERkD o5
fo. ZOLETNfIZESEM R TIUL, BRSNS
DIEHENRKENVZEREL 2D, ZDEDITHENS
DEEBEN R ZE VIR OBRENIRES Ko EEX
5N 5. FiRICIRENT 27Ty hik—L4 LD &K
U 72964 719% (Buchannan and Horak 1999) i3, [t
A HE R WIRE) (BXF1.00HZLL L) 12BWT, B
R G& Tl 22 f N D SHER AL IE 2 [E 7E 9™ 2 LB kg 21
WHSNEDIIH LT, HREAETIRET Sy bR—LD
BB & LITHE B RTERBEI T 2 IR H W s N/ &
EHELTVD. 20O &3 HERE W ER R OBk
TIEIHEHOLEDIDIEBEANBHNENL &2
RLUTWD., ZORITIFRORRITIR AT, AW
BWTH, #EEIIHEBEREZNHIT 27201 K0H
RANKGET 2L Do - EfRINS.

22. GR=ILIOYH A XDEE

GR—IVEETIE, 74+ —L4/%y R EEBEFHEB IO
BRI L (M4, 5). £/, 74—L/%y
R QLRGN D EBEORRE % QAL S ISV S ISA DY,
GR—INVIIHHA XDHIEFLEZ (M7). =5
IZ, Romberg ZO#ERN S, FE AT 2 EKF M
WALl EMRENEZ (K6). GR—)
ETCOEBMARFREIIEZ TEDRTRICENRNEK
DWEDHZETHoz. TDREOIT, BEHIEITHBT
RN S DR EA T OEEEMETL, #ijES

KON BLIS D B AR5 5 DARPERR R A D) O B BT X
DE<7Ie5s. ZORE, ZBHEICHBITL TR NSO
IR AN DIREFMIZE T U, TRAREERE
IS 2L TH 2D 7 +— L)y ROZRBHIFEANDRE
VNS L<IxolzEFZEZEN5.

TIARPEREE AR 2K FEDR T Lz &0
WX RIEEA T & FIKES D BARER 5370 & DATERRR A
HOWTND, H2EVEENS DI HITHT DIKEFNE
MEES I ENHRINS. RUFEIEZENS 215
THEDICEFHEINTW RO THE TSI EIITER
WA, FREFNOIHREMIC DO W T RIZERT 5. il
JEAINICNSICE N A OEHZ T 5. GR—
WL HHA XTI, KENSBEFENE, R—ILD
B LICHERELEZRFTD2LESENS, EHANZES
TREHE & U= ZEMIEM N EEIT/IR S, £, M
EIFER D & 5 7afk i DIRE I, Fi#ifEzL<EAT
W5 (Willardson 2007). Z# 5 DOfifld “Kinesiological
monitor” & U CCNSIZ &> CTHEREAKE 7 1+ —
RN 7 aER L TWD ZENRBEIN TS (Nitz
and Peck 1986). ABFZETH W GR—ILI7 4o
R, e, FHZEOERICE > TR—)LD L TH
M. 2602 ENS, R—)LOImND %
EUTZDHE L7720 T 572012, KBOBERBHNS D
BER RIS 2EE NS £ RN H 5. =
512, Pinsault and Vuillerme (2008) 1%, & R8&KH
T2 ST S8 % & TRREROEA KT O @R T
L, ZNEHD LOICEBHHEICBIT 2riER LU0
NS DEMERE AN T 2IKEENES £ 2 2 L el
HLTWS, Yol Ens, RFETHNWEZGHR—
WL HHA XTI, AiEANEERBBERITENS D
MR AT DIRFED S E S T2 RN dD 5 2 &
RTINS,

4. FEHRVA—F L IADTRE
41 £&0

AR, AEERETONT > AT BHA XH
LRI BT B RREARGEE I BIT T RIRERI R IT D W
T, FHED»S ORERE AT EHREATANOEKGEHEIC
EHEHLU R L., ALRE[ETONT ALY 54
AXELTNT Y AR—R ETONfLEGAR—IV ET
DOEMZEZHRALE 214 0@%BEZ, NF X
R—=RIIZYPHA XETIWINHEGR—IV T Y
YA XETIORIOAIT, TOFLITEVES . 1
Loz, HBEARZ=DDEREMHEOTT, 74—
L — bk BITT#IENIAT 2 60 B [E T & 2 721 0 T HE
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Rl 7z (pre#lE). EEELMHIT, BIR PARBIT
T4 =Ly RETOMIRTH 7. DK, HHOD
WBRE I TNTNDNT > AL B A X% 2 53X
2 ETTV, KR OBEOE IEAREEZIT> 72 (post
HE). &Aoo R ESH.L (COP) ZHIEL, £
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