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The purpose of this study was to study the effect of ageing on equilibrium function.
Three experiments were performed, on both young and elderly individuals, and the
results were as follows :

Ageing was found to have no effect on vestibulo-ocular reflex (VOR) gain value,
not only in the pseudorandom acceleration test, but also in centric and eccentric rota-
tion tests. The rate of recognition of velocity change for elderly individuals in a
pseudorandom acceleration rotation test was significantly lower than that for young
individuals.

In centric and eccentric rotation tests, the VOR gain values for elderly individuals
during fixation on near and far imaginary stationary targets in the dark increased
more than during the carrying-out of mental arithmetic, though less so than in young
individuals.

These results suggest that for elderly individuals, a delay in the prosessing of ves-
tibular information exists in the central nervous system and also that control of the

central nervous system on VOR deteriorates in the aged.
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Ageing
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Figure 1. Schema of equiriburium reflex
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Figure 3. Power spectrum of pseudorandom acceleration stimulation
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BELERULTHAL, HHREIZUTOLI R RES5 252
LIZED, HREOHEC &M L ORI HRLE IR (220
BN & ABSE S E T

12 HRAET60cm My b (2[5 L 72 FEBLEE 2 Al L [l
ik m Lied F %{?(lmagmary stationary near target)

s HRRT6m My FIZFEGE U 72z s A & AfE L [lfinrh i

1%] el T 72354 (imaginary stationary far target)

AR A ERNE 2 S L, SRR E LW

45

GO ¢ R

R R 04 E R =1

L

90 cm

Figure 4. Position of rotatory chair in centric and

eccentric rotation
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0.25, 1.0Hz TO.49TH V), FiEHH L ah oM A

RS R X oY YA
(2) H A1 — BB o s ZA b

JPRZE ] & Bl U 2 WIS LA, S AEF B CU
0.64Hz C DA LAk [T i) 850 o) i 1 — B R B O FIA 14




46 47

0.73C, YO PE AR OFGH0.57 12 LA BRI L Table 1. Comparison of mean value and =+ 1SD of @)
7z (p <0.01) (Table 2). w%ﬁ‘m-l" ,0.64Hz T DAL VOR gain at pseudorandom acceleration rotation test
’T"-‘l”['?f"ﬁ'li‘QU)I}fI’ﬂ MN}ULQ-WW'J?”" ).72°C, HLERlER between young individuals and elderly individuals
Rl D FI 0,584 e LA 842 E% L 7= (p <0.01) (Table o kil o s By 1k
3). ate wuul BRI 5 O U5 V85 4 4 B T 120,16 Frequancy (Hz)
(0.73-0.57) TH V), FliETFOFIFE0.14(0.72-0.58) & 1t 06 0.8 1.0 i
it EFE | 335014 | 0232014 | 045%0.16 51 el §
2) BIED NNAAL (n=11) g doo 2y E9F g, gt o
i O LA L O RBHIA] . 6% VE, HE B RO B . E & gy 1 “F
(382.8% & AT KIS F LTU72 (p <0.01) (Figure 5). (nwia) | 935%0.12,| 02520:11 | 0492027 vy A " 28
420.6Hz, 0.8Hz, 1.0Hz O % EEER O ijjiE — BRI oo “
g Mean*S.D. T 1 y \ T
STOFITG & AL D R L OB & Bt L7:. AFEH o 50 100 (%) s0 100(%) © 50 100(%)
BECIE, 0.6Hz COMMREIE r =—0.126201, 0.8z T  Table 2. Mean value and + 1 SD of VOR gain of PAELgRNX RREL AN RAERGREN
it r =—0.0867782, 1.0Hz Tt r =0,350568 &, HijfE— young individuals at centric and eccentric rotation
BHAR S S OFIE & BHHR O M AT M 2 RO % A o 72 during in mental arythmetic, during fixating imagin- (b)
(Figure 6a). e C & ERIZ, 0.6Hz TIIAHPAFRE r = ary stationary near target and during fixating imagin-
ary stationary far target in the dark
* D <0.01, * %k P <0105 1.04 0.6Hz 10 0.8Hz o .le 4
VOR gain #:
100 1 (0.64Hz) § " § g [
o x 051 . x 05 . @x 05 4
o . oD i B K | ReR OB s o o ey o3 2 :
5 q WO RH B 10571011 o.7ato‘|31 - . .
00 . h _;_'——"_j_ J] o 5ro |c‘wo(%) o .':o n‘)o(%) o s'o ;)O(%)
i & 1 AR ER ,109610.12 1J;“-m—(l“‘ * ARTLOBEME AT LOBEE AT O BEME
R . AT 1R AR R 0.95*0.12 I'I‘O'/i'o.l 1 J Figure 6 a, b
x : T (a) Correlation between recogintion rate of velocity change and VOR gain in young individuals
it oo n=10 MeantSD. * P<0.01 ** P<0.05 No correlation was found between recogintion rate of velocity change and VOR gain at 0.6, 0.8 and 1.0Hz
i r & (b) Correlation between recogintion rate of velocity change and VOR gain in elderly individuals
B RO g Table 3. Mean value and = 1SD of VOR gain of elder- No correlation was found between recogintion rate of velocity change and VOR gain at 0.6, 0.8 and 1.0Hz
= 9 ly individuals at centric and at eccentric rotation dur-
(?/:) A 1 ing in mental arythmetic, during fixating imaginary
stationary near target and during fixating imaginary
< stationary far target in the dark * p <0.01 0.348751, 0.8Hz Tix r =0.325274, 1.0Hz Tt r = AEE 2 AHSE L 7285 B OFNEHI S E B BE & e~ B <
; 0.0483658 & 4735 7 AP % 3865 %2 7 - 72 (Figure 6b). (p <0.01), JEACBLER%EALE LYy ORI A 4F 58 &
"(‘;"; y i 3) HRE— WIS K B Wb B OREMEANC & W kR & % 1A% 2267 (Table 3) (Figure 7a).
o EEX DImiZAL LAEGRETLE, 0.64Hz O WLk IR RITI S & 2 il
o mHE fb % E & M E LAEHEETIE, 0.64Hz 0)'{'1L\1"F [l EA L X B RiTRE — —EH IR B ORI, JEIPHZAE ] % BEa L 7 IS BT RE oD
% P<0.01 ——— B A ORI, FEIPHZem % 5k L 2 W SE R 0.72020) LiEf s X OS2 40 L 22 & icid e h g
B0 BN M 0RaL0.10 HTRE040 0.57\ZxF L, ENZB & v‘;_ﬁsz/:mmw,u EICEER h1.21, 1.07 E AR B L7z (p <0.01). fifieR e A
2 R *tO.SStO.I : 1.05to.20L %“no.ge. 0.95& 4;‘?‘1: .11%'. L (p <0‘.01> HET L8 & p{:%.’rf@%f»ﬁ&ﬁ%ﬂm L7 a THMIEIC 1
EOHBEIZ DD 5 LISV % & 5 72 (Table 2) Rz, F 70, IEACAEEAE R ORI AR SR E R O
Figure 5. Mean value and + 1 SD and each one's AT AR 0.82%0.10 0.87+0.07 (Figure 7a). F#bFHBETH, dOMEEEEIHRUC L B00E RIS & A~ A EICK E 225 72 (p <0.05) (Table 2) (Figure
plotts of recognition rate of velocity change in young —BYIR ORI, FIFEZE M % ik L 2 VR TR oD 7b). EEARETD, P DRI X S iE — B8R
individuals and elderly individuals T e 0.581234 L, VERLS & OSERCAUA M5 L7l I3 210 S OORIHE, JIPHZEN % Mk L 2 BE B RE00. 724
(O : young individuals @ : elderly individuals FhO0.87, 0.82-HHIZEH LA (p<0.01). L2L, & HLAMBIUOEMEEZEELLCHEGICIZEREN
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Flgure 7 a, b.
(a) Mean value +1SD of VOR gain at centric rotation
CMA ; during in mental arythmetic at centric rotation

in the dark, CN ; during fixating imaginary stationary

near target at centric rotation in the dark, CF ; dur- .

ing fixating imaginary stationary far target at centric
rotation in the dark

(b) Mean value + 1SD of VOR gain at eccentric rota-
tion ECMA ; during in mental arythmetic at eccentric
rotation in the dark., ECN ; during fixating imaginary
stationary near target at eccentric rotation in the
dark, ECF ; during fixating imaginary stationary far
target at eccentric rotation in the dark

* pr<<0(01, M p0.01

() : young individuals @ : elderly individuals

1.05, 0.87 A BI EFF L7z (p <0.01). LA L, #fith
& Mg L 7256 OF AT FE B & A RIS
<0.01), AR BUE LGOI EFESR LI
Vit % & BN % G2 72 (Table 3, Figure 7b).
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1) e — SR B o hiwi Ak

VBT — BHHIR B & Wit 3 4 ke A C g, %, 1ESX

ORI Td A harmonic acceleration {225 W 5415 %5,
Pl & B SRR AL O T EE — BYIR BRI~ O 828 A5 E S h
TWwA%?  pseudorandom acceleration #:° 132 & 5 7%
ERHAHED PO 2 iR C &, X 0 #ie 7 ke — B IR
K ORGERMETE AL EEZLLNAL. AT,
0.6Hz %*%1.0Hz DR THAFRF & whiier & O BT —
RS DR D 213388 S AL 705 72 (Table 1). @
442 harmonic acceleration (5% Hl 7o 4l [nldinfr s C
Mg L7z — SR ECSClid 2 bid A b e e+ 4
PERDOEE & T 2%, F o, WEIRRRER TV
W7ETH, WE—SHHRECHS 132 7 ) OFSEBIZ 7 & 2\ & N
OB RS el shTnaY.

A — SR 2D Tl Pk [l sk s & H w72,
Heki #7 A lhs D H0 © B L TR 2 b PR [l ol i1
T, MNGEEEC L 5 F R RISz B ds & Ry %
AR DR BE DSHAR EANNA . Z OFER, W Oz
WU & 2 i E — SHIR BT ORI, BUERITL O A O
PRI RI G & 5 i E — B BC O R & e THER S
B, AW & kORI A A TIRE S, WEBACE
W C0.01Hz A2 50.16Hz O K5 By TEFIfF 0% %
<, whIEPERD0.64Hz Tl O PERIERRI B X B RiE —
BhHR S 0 R s e LV Il i S & B R & T 8
ITHRT A EEHELTWA. Thit, SYEEETH
iR DRI & 0, &0 K & R BEAE | C
Hhde, FRCOPEEL RS, HA— 8RS & %KY
PEDRRERE T 75 B — BHIR B2 & A AR IR ER S (=
Y, fikE—BIREGORGAAT 2L LTnA, &
7z, WIS E ) 24 A HIV 7221, 0Hz O AR H O [ s
A TEIEE S 15 i E — BY IR BUH O RIS O3 K AT O 1 44
ORI ERIC X D ST A 2 AW L, WAL
Mk A H et Em s & L T WSS nREME 2 7RI |
Twh., AEEBRTIE, 0.64Hz OHLMERERRAEIZ L 5
W — IR B O FIFHE AR TIE0.57, &l Cl30.58
E D £, pseudorandom acceleration (2 X Bk &
U7 o, HER, @S b IO R
& % e — YR BCHF ORI F A b Lokl - & A FfG &
HARTHEICHAL, Ha -8R O#HEIC b 0% »
bDLEZLNL. 6, WL ERERIE OFFE D &
HLO PRI RIEE O R & 5 W 72515 O B A g5 — BhIR KL g
ORI TOHFEEH LKA L OMIZAEIE R o7
(Table 2, 3).

HTRE — BHHR SO 1 B 2 H A S ONH R EZ 6 8800 5
ATRERNRRAZ, BHIRAIEAS, A% &% 4 L COMIRTS
ICEDL RS TN STV A, Fhdz, il — BIIRC
SHIFEFE SN T RIEZ A e OBRER KM L TV 2 DI Tl
\hS, HiEE — BIHRECR O FHIME 2 AT S e 20 5
TR ZEAE R 6, INH RITEZ A S DN £ B BEARERC T
RO LN EVWEEZ BRLA.

2) [T NG2AL

ZEIEEEC X O B E O ANEEES B &, b
(&0 PBAED RIS A, iR L~V TORiEE — BYIRBSS
(2 & 0 AU RO IR EREB) 75k & 5 & [a] B2 [l eds A HIAE &
D, T AUSFIENGHRATHIE MEAL & #ECHUR RN Cf
I, BN, WL KN B C MR & LTI R
N7 THAH. T TITRN/ L S ICNHFIEZR B £
OV L OV C O RifE — BYIR SCEH I NG O 5D 52 S
o722 &, pseudorandom acceleration {4 C bR &
OFMHAHEETE L Z LA 6, R7E TohlmERE DL
DRANEHIET R ORAMLBFE ) 2 ML T b 2 &
el WHGACIATE R & SRE 2 L O AR A LS
I F LTH Y (Figure 5), T O%S S (65 l6 5 C (LT
DRAPEALPERE SO T v LIGIRAEADSH B b D L g T
&5.

F 7 AEEC b il C b AiEE — BYRR B ORI &
ZALDREAIF L DI I % 28 % 2> - 7= (Figure 6).
ZOZ LidmEwE ORELLORAFEDOK T I, NHB X
O & 0 b 2 SISE RIS BV B HTEEE O LB o I
MDA LEERRELTWAD.,

H .o )AL (ego-motion sensation) (&, #HEE, HIkE,
HHEREE L ) O 65| kR sh Y, HHA
DFEBHHET) T IL, WL OIS HikE%, 5
H, RS R D 6 OESERE I~ E D788 — 2 HffENL
ERTEYH, HEDOZEMITE T B M B4R (212
1) A% 3 RITO RN MEREHE & L CHARAEEIN L RE R S
TWh. M TFER L T2 HHE 4G CORERDMEE) T i,
BB PE 5 TA) SN DIRGENEHIZ/ S8 — v ididE s T
WAHEMGRAIE —F L, Wi kT Ty 7 aI Rk
LRI AN A TV TAT IV SN DY ad ST 1L TR AE x4
ENnw?, &2 A7, ZENER TR OB E X7
L@ mlingt 2k LY. SME TiRIn L) ik
TERROMA, WH, SR80 8 COBGREIN Fd 5 Vidfn
7, WHOWIEDDH B b O L S k.

(TR IR % SN BE 9 B KMo OB V3 PURTIRE RS & I C
WD, ARV R HERIEE % RS A & AR TR G R o W
123 B2V B ROl DRSS, BT & AL ORAT
W B3 B THEBEBMLESNL'Y. b T,
Penfield A5 A KM Hz B2 SN A 4T - 7-WF 78 CTHEGEH
HE L 23T W HA TESE (Broadman 235 CA415F OB (2 [0l % oF
BTELHADBENVI'T. T2, puy—dlfick
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NHFNEBI S5 L2V HOIMGEAMNT 5 Z & A
HEANTVAD™ | g & T I IR A A C R R 5 56
SNTHOFVIRETRZ HHEAM & DKEF & DA
5 R EE TR R RTEE R OBERENS F AN 4T A T fiE
" s,

3) iRE— BHHR B A3 2 $eki O 2B M2 RN & B 5T

D ML

AiEE, BLEE, FEEDHITN UL S A TR S, )
L& LCHIEE NG L &S IZHODOZEMICH T AL
Al (22 IRRA) DT S, EAUID W THREEYR, 1F
WY AN OEAT TN A, DI ETOV-fiidie L€
AT IEE — MR SIS R0 i E — TRRBC O Al 2 X 0 UL 7
NTVAHDTiEZ ., WEOKAEA)) 8 G L TR RS
WIS, S LT 222 a2 A1 & LT 3 koo Eqk
PN 2 & &2, SRR D B Ot OISR % 4 L C T
P 42 e — BHHR SO Re i e — FRfibO AsEf Shah & &
LW RENTUBEDTHE" ., 20w, BIEN#HO
% WHFHICOEERTIE, #RE»EDL I BHC L %M &
DA [ BIAR (22 IERH1) & A GRIR) 40028 b
il E — AR BSOS ek % ik i 2 & 0 st ok il 224 b
L i HE — SRS OF A 2AL S 5.

AFEERT I OES & O PR S BV T, #
IS & S F 2 22 MR A BN S CifE — BHHR B @
R 224 34, RiIEE RO K P2 6 O a0 Lkl A%
RED AL 2 Wit L7z, 459454 0.64Hz O vpuLPE i
(RS & BB — R BT, BRI TR PO 22 &
otk U 2 WKz SO O A OFF130.57 Tdr o 72 LA L,
WA C i LSl L 722 mfirds B W s e & el 3 4 &
IICHHET A LFIIHE EA LTE BT L ITEViliZ & 572
(Table 2). HuLPERIEETE, Wi CIEfrdy A W id sl
BEA T 270 OIROT) X (3L E Ol L 63 %
T, P LIS BUED DY, 7oL ZBIEAD L L
b KA & B BE 6 i L)V C ot PRI L
W% @d7-bDE£EZ bk, & T AHH, Table 21
7R E 2 WA, I C o L [l i b L Bl 4 (S
VZIAI5E L 22 e 2 B A & ) CAE S5 &, il
FITHE0. 382 FHW AL T L7, B C Ok e b2 e
L7t A S B 720 AITHE 0, $%b 6808 —
FHIR BT e 2l S s, ARSI X A i — B
HE B OBl (visual suppression) & WXL, AL AT
FAZ/A % A U CRITEEREREI SRS 7200 Th A, Lo L,
7o ZBAEA D ThH, BT — BHIRBUN Ol 252
P 7R AR 2 B 41 A SR AL R & B et
W X DRI %E FIFAZ e TELLDEEZ LS.

[ B ey e P A A 5 O e B 20 5 A7 — B IR B S &
&%, BFEHO0.64Hz OHCYERIERRIHI X 2 i E —
BRI C UL, R C I PHO 22 M) & Rk L 7 Wik 2 bOR
DHDFGIX0.73Tdy » 7. HLPERERII OIS & H L
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fi R P AR CTRIFFASE NS % DX, Tk ~<7z &
INIH A BRI X 0 a5 S 7 ACEERER B A
B — BHHR B = X 1 G558 = oAU HR ER B < sy &
NLEOTHAH., LA, BEATCHEIZHRE L7 &
BEAME LT AL )ITHERMHIEEA LT 28
Z, PR BELRHT AL 9IS B EfHEESIC
A L7z (Table 2). b LoPERIELTIE, BT T 1R
T A 720020, KREBSM TG EFIEA1.1512
b UEHHY, EBEEX ST 57010133 5ICKE
OB E AW ETdy A, IR D W RAFF T HEfr
& B IER B A ET D 2 £ 12 X BRI OGS
b & BT — BHIRECHFIAS 1 12ED <. & 6I12FIf%
P 2T EAT LI Eh0HA BRI & FRAkIC
TR REHIT & % AR | 2 2 TR 2 AR 9 s LM
DT ET Db D EE 2z HA.

Fo B — W AR RS R I A7 — B AR B S A5 B R i 12
(voluntary) mental set %° frame of references @ERIZ LD
WBRTIHI LS T ST REHRRTHE SR TWEY

G T, TS E 9, KT CRBOZEM %
Fatk L 720 W5 Ok 72 BCg Tl s L B & DR Ol
LS & % AiTE — BYIR B OFIG AT E & A
ol LA L, 0.64Hz o wOERIEERIEC £ 5 B
— W BCHCIE, W Clb E SRR L7230 & & W idsfr
A RS A L) ICET 5 LRI ER T 5 D0
FEF I, 1 # PR Afli% & 572 (Table 3, Figure
7a). 0.64Hz O LPERRRISLC & % e — BB C
b, WEEHTCH E 2R 7o mir e 2 M4 5 & 5 (28
THEMBE AL, EVHEZEHT D L) ICHET S
RIS HICHRL 200, FHER L HTRRIEK
(1% KELSBZ A% LS %D 5 72 (Table 3) (Figure
). SO ERE, kAT, CERE-BIRKS, B
f— IR 2 O b D OBEREC M2 L A LD S e
Y, KR ATZE M RE 1T db A WERE | - 3D v THiTIRE — B
HR B 2 iR 4 2 st ORI HBSRE O BEREIC P A2sh A b D &
£z N5,

4) REIEHEREDNNGIZ DV T

FERIEAEOMAE, BIEIZ BT A oW THE AT &,
BULR TIAMEE, A2 & ONF RO NNG2{Li£60~90
IS A 6 D R B 2R IERE) OIC P OBz LA
EhwekShTsBh™ | BEFEREN, FRMME A
O RBER], RIS OMiGZ bD> &, A TR
DWADERFK E SR TR EERIZBNTYH
e LA RA S TIZA SN A, BIEZEHE RO R,
WH &, BESE(REER, FERAR 04T OBRS ChiBL 455,
Shd. EE O OREFIROEIE T B S ICNED
W) o8z t, IV FRROBITAN, MK, Mm%
DEHi = EIZ XL ANHFONMIATER & SRhTwD, 62

TG EERESPRIRES), WHGHGE, HIEFREER &0
T A& 6 A, F 72 BB e 35 58 % 7 )G (auditory
brainstem response, ABR) (235135 [ 7> 5 Ik D TH i bk
BIICE bR VEERT A L SR THA™. ThAbiEH
WO EYRIET AL DEEZ bNA. RIET
12, BAEHERE IR AT ERTH Y, PR
ik L AR OB REREE 25 AERERE ORI & & 2 5T
W 5 ARG R 22 RN B W IR L 22 & S
2, HERCHEREICEOND &5 7%, PKIZET DAL
DIRHEDS, T8 DR FH2AL, A RSB LT IS
L BHIEFROATIOET L0 &, AR R LPELER
HED) DA T R ZEHIERANC £ 2 5Ll HEE D DK T o £/ &
HhoTwhbEZLNA.

FREND
1. pseudorandom acceleration % % Fl v > TRt L 72 -84
—BYAR BT ORI & B & O PR RIR RIS 35 1)
AR % 3 5 ik w Tt L 72 B A — BB o
FIFHIC RS L s OB 2137 <, NEREZE 8
DEALIZ L ZHREE T IRBO N2 h 5 7.

2. pseudorandom acceleration (2 & % [AI#AIF 0 [m] diz 4
DOEALDRAFE LG T 5 &, WlE CIEEFE &
FBEZEACDBAFEA AT LT/, Ml CILATREN
WOROEIRRE ) DI F 22 LIGBIEDSH B b D E# 2
b

3. dultEB L R LR A S BT, BREIC S
F S F 2 22 MR AR S CRITE — BHIRBU ORI & 42
LS4, RiEERN DK PR A & OBt LG BERE O DG
ZAb & ARES L7z AUt & O H O (e dofil) s | S s iy
T FAZEIE L 70 ds B W it B & A LIS %
L8 L, S CERiE — SRS O FIEA 5
T5HLDDEERELANENMETH -7, ElE Tldek
HIRKASZE ] GRNC 3 % Ma R | 2 352 T HifE — BHIR SO %
AR 3 % 5 LRI RS OBSREIR T A% 5 b D EE 2 H
&

Fa 2 51272 ) g, TRMWAZEFE LK
KPR SRR R R TR I L £ 9.
F MR E 72 & F LA HEIR S, R e,
TV EFE LR SEHAE I CHELR LT

Aaw L O—hiE, 51 bl SRR & B bofze s (K
0, 45 2 [ H BIEERE & B LOZE S (KD, 45 3 [
BIRERL & EALOWFZES (R3T), H5490a] B A i At 2
2 OKE), #5500 H A2 (i), 55 1 [m/hg
L O OfFgE S CRBR) (2 THk L7
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