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Abstract

Off-vertical axis rotator was developed to differentiate each function of the canal and otolith in
the vestibular system and evaluate subjective symptoms during postural change. Eye movement

induced by various types of rotation was measured in normal subjects.

Nystagmus with fast component corresponding to direction of rotation was occurred by sinusoidal
earth vertical axis rotation, and the gain of eye movement in vestibuloocular reflex (VOR) was
lower than in visual vestibuloocular reflex (VVOR) and higher than in visual fixed vestibuloocular
reflex (VFX). Degree of dizziness was proportioned to degree of gain. Off-vertical axis rotation
was produced severe dizziness than earth vertical axis rotation. These results suggest stimulation

of the otolith should be minimized to make a stable and pleasant condition in work and travel.
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H3e ARHSLTAE 237 HE F2F
&g e, Yold fiXEd AAIBRE ArtEEF
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TR J1%E #HMEY AdAME AAY FIEHE
FAo2 IJAAFIA F2 FHRFRE AT
Wkl (yaw rotation)S o] AE3H, o4 r|Hd
71%5< Brlsly) gaMe AEFE oL dAY
A% AR (off-vertical axis rotation)& ©]&
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o 7€ eFAFHS FHE HAAFE Tt
aof sm, ol F FAF JAAANTLS waH-<¢
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718 Ay oltt (Darlot & Denise, 1988; Raphan

18 BN Ho op

et al, 1981; Furman et al, 1992). 134 &3 F
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A&Ao)7 Basitl ol $39 DC machined
AC machine®] Fd& 2z PMSM (permanent
magnet synchronous machine)g Arg34gon, &
Agtel oo WE FIFL Fol7] Y3l Moving
average filter A}& & 7ot (Fig. 1).

HZAA: AA7e0] Aol A HEG A
o]’de] Q& 20 - 30419 WFF A 5
2 3.

AAAST: AHAE JAAFAI 2" &3 F 9
£ Ao R 0= 9 FHYFH] F£HH dX
II=E AR FHIFHRE AdYFHoz AF
3l7] s1sld FAES FAez 1A F 50, 60,
100, 120 deg/secel YA EEZ 90z ¢F %
oz 3MeYtt (earth vertical axis rotation:
EVAR). ° AFL AlgeElE £E  (trapezoid
velocity)2 A= AlE 12 F<F 50, 60, 100, 120
deg/sec’Z 7}&3ld AT EEE AT F A3
AA 12 B¢ AFRH 5L MEE2 2EIY .
olANAL AYHo g AFdr] YA IJAAF
Nzdlg FAZoZRE 30E 7| AEHAA
(off-vertical axis rotation: OVAR) 3@ A2 1338

A% JAATH T3 WPz I

ATEEY 715 R A 45 97439 (lateral
epicanthus) # 99 Ag-AgCl EHAZL P34
o, on GHAFL §F0 FRAFE FZH,
a8 FAAFLE ojut FL FFeAc). <4
FAA ARE FIA $5UFe] IAE, e
el RS0 S Ve A FAHAA
A SEE YR A, FAE, 39 &
A 58 E48ad.
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1. 3% A JAATAR @ ATFEF
Az 32L& FAoR A2 208 A
3 HAAZL JHEd Mol A= Wb
€ 3l gl EFE3tH(Vestibuloocular
reflex: VOR). &, & %39 AT A=
St Mol &g, FHEF W IHAF 9
A Mol &S 3ok 001 Hz ~ 064
Hzel oA JAAFE 78S o 8% ¢
THkES B3l o]5 (gain), Y4 (phase), W3
A (symmetry) g &3} AAAFT FE
thate] Gt $EE FHEE o152 001 Hz
oA 041021 (mean+2SD)Z3E 064 HzolHE
06510352 Hzal F7istdch. a2z 3] AHAF9
Ay =¥ A7 E&FY AgsEH Aolg
ellE ¢4 001 HzolAd -38%25° (mean*2SD)
ZEE 064 HzolAE 1£31° 2 =9 3 AARZA
E Yo A¥gE oy mE 3HAAFAANE 9
Ao xde Bt agdn FF AAZVNBY 75
€ JeldE dAIAHLE BE FHFAAM 0X26%
(meantSD)olAth, 2 AlZto] 93t HA7| %5
< gAE A$ (Visual suppression: VFX)= EE
A AFgGFA o]5o] 02 o|3t2 FAdgern, 9
A3 AL AAAF & g7 2ol YA
ot} £33 AlZo] 93ld AAITE FAAMNAS F
£ (Visual enhancement: VVOR)°]|5<2 ®E5 0.8
olJow Zrlsiglew, YA dAAFL WA
gt o3 FAAF T HAAY FHH 3
Ag ZAE A3 RE FH@ANA VVORY 7§
oAYEE ZA2dFHen, VORIAAME e ofF
HEE, 283 VFXIAE AAEE A =7A
gdia Ao (Fig. 2).
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Fig. 2. Gain, phase and symmetry of eye
movement induced by earth vertical axis rotation
at 0.08 Hz
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£FE AZY FPY ARFE
A% $59 HAATL 02 F YEUL o A
A3 B 24HUY el oA EAsHomH,
HA e HAAT o wejolet.

3. @445 AARIA 4P AT LF
AR71BAN WAL FHol Bge

30° 71€d E5AF9 FeoA & wFoz 90
Z B¢ FE&IANA ANEFHA gdFEFol 2483}
Gt 3ARZF x7|de 3AAZI dboubgke]
AAE Ze wE ooy Ha #AAdHL,
AR} gAY AP gF LT A&45H
o2 Qe FurHEY (Fig. 3).

Fig. 3. Eye movement induced by off-vertical
axis rotation for 90 sec
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A BGol A HEALAQ AAHe] AL AAIH,
ANz, fFedA T FAAQ A0 ARNRE A
Agso] LMo TN 3ld AFEFH
FAZY F£5& Z-%Yd (Wilson & Melvill
Jones, 1979). 53] Wolo] $xg HA7IHS AA
kALY AAHFWALE S, AAAFREAL
FAo] Lol FF37] W AARA7]F
Hrted Hxoz de oj&Hi v} (Barber &
Stockwell, ). AA7|#L Z471&EFo) FAsE vt
TaI A7EEF #dAse oj471Fez2 74
o gler, HAAY FAFHE FHLE IAHAAF
9l  EdHslE ATFEELS O ETHRAL
(Canal-ocular reflex)2 AA7|@oA wifHEe 7]
€ Hrksle Pdyolt. a8y g53% xS
71E ol 43ty A&ZHY F&5IAE MY HEE T
ol o3ty AA7|F o]H7BE AFY F YL
B, o EdFT ATFEFTL oY FBUATRAL
(Otolithic-ocular reflex)2t & 4 ot (Darlot et al,
1988).
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HHF @b kAL A AR T SVt FIH
el ¢rFEEY &EUF FHEE AFY HAQY
F=madl A uti@o] Fojx 3 (F)2 W@ AF
(m)o] ¥A37] Wi FolA 7t&E = (a)d Z7]
vlgigtez A9 £ dvh. 944 =9 IHAF
ol A3yYPL RHelm W IAARFTNA AIE 2Y
<& olE WA AANA T 2HE FF BFS
NAZAA A3 F Jow, gAPLS ¥F ¥t
#o] 7150 Adolgtd @ £ & Bo] e}
k. 28Y4 VFX% VVOReY 7% VOR¥®} ®jng
o 4337 gAZLE Holrt gley o]SelM we
zhol7t B A ZhHAN AAxH TS
Pt A§ o5°] B FaFgS AArgr, A
HEALS] AlZell oj g A9l VFXE AldE 5% 7
AR AZz7F 2HE BFed AFZNBEE AT
o2 (Ito et al, 1975) "l§ ¥ o|5& Holy, o]
S EZE yHAEC] IFAAF gF oA Y%
< 3AFA Gt 2 AlZd 9st AARGF
tAle]l A A Fole ¥ o5& HYon BE
ARG XYL E FA3Y} ol#F AdE
B AR T 93 AAQFFRALAA o] Fo] FHAQ]
AAXNE} BEAFo] USE AlAMST
AR FAZFS FHLE dAYILR 0 F
¢ 5£3A3Y YElg 7S FHoE A
3 AT E IAAFT dE s JFS
7ted = e By F9 sveld, 102 o3l A
$= vAZo R 7Y, FJART AlFe] 93}
o w7 Jebd kXL 30-60% AFo] AAH
o, 3 AAFTE WFHE IJARFTAGE g
¢t TA] & 3. FAEE FHoZ IHHAF
3l AW FZHo FHNFHLE WY
ampullopetal flowol 2|3t FE3AW FEHEATL
ydsde 288 HAAANA HEe @yydd 93t
o YYPXNE FEF o P AT ¥
AL H4E5EAE B g3t 55 FHNIY Y
utol& ampullofugal flowE Z#dte] A=
3 AAF A= wugEe <zle] E&dEH olE
3 AFAolg it
2535 S FACE AAAFTHASE W EET <
FrE-2 o] 7I#e] TS HAY F JE WHe
2 5EEE X877 A% 27] JtEE AEHAAE
ZHH o g ubypdo] xZukx|ql F43Ao] FofR
Fgo] R L&A Hol ojMr|@o] AFE EE
L BAZFANA 2T 57t FUME ot
53 AEo] Frislgen, £AFY FHAAFE
o FJP@AE] =7E oANHEFL Frsa. uet
A vt #Ee] AFRoeE ojyr|@e AFe] B} 7
g oA ES FEEy] W Ed dAE FAFEA o)
U #AA} 4PEAE FF3}7] s o1 #
ol AL HA3E 4 Y weke] AAHA o F
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B9 715E APHoE WART AART) e
FaA B4R BAYE FFH7 A% ge
4z YAAIAE Avsden, A AAAAA
debd FAAIFL ASET W 2 ATFEEL
=gk,

#2352 FHo2 FANIAATS HHAe W
Sao] AAAZT FAF L P Aol &
Asgon, AFHE o5& Az oA I
(VVOR)IA 7173 £, Azl &% 4A (VEX)ol
N AR vt A3 A oAHELS
VVORAIA 713 Z3ta VEXdAE FwEA ¥t
o, 22y @54F AWAIE £AF JAATo
Aug 7@ oNdee FHsgh ol Az
BARTo @ xeAgo] FTASY ol ]
Aam, HRY AV AT AYBFS 7
37 AANE MBS ATE ALY F AT
wheko] AN Folo B} (o] ATFE 19999 E Bt
NER FATE AFH Al Jstal o] FARL)
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