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P& KR RBISAE RN 315 5 B R GIBSRE R o e

SRALEZIMELFUEBFHRE (EAE B —K&)
BN % &

WHAROKAZFEE T2 L5 A EWEBERT L RINT 500, #ROBH =Y+ 52 F BRENEEL (5
&| OBEREISELAH LVEE (B8 = v+ 52 }BfE (contrast threshold for motion perception, CTMP) RlEsEE]
ERFL, REE GUAE) 2 EA L OERRB L SBR L CERBEZHNERR TEROBE L RINTEL 3V F 52 FOBE
fE (CTMP) 2JE Lic. &I ZOMIFfE/MIBRE(L Ui BRI = v 5 A b BIENEEE (N 26EELCE
RAEE, WA LORBRET CTMP 2T L. FERBRETIRBN= Y 5 2 FER X ORER/ N L 8o Tl
EL, Zhbé CTMP & ORBEZ#E L. CTMP DO#EILEAIER - /N & & o BRI 1 LTHERFERCERIE
Brofe. BERFEEO CTMP 12, RIFETIZ100fEHR450R T, NI TIZI0BHI66IET, X 5B RBME 2 2 L\ B
1235\ T B TIISEIRHALIE T, /P TIR 1620 1358 TR CTMP ORAMEREL T\ fo. CTMP & #g=
v 7 A BRfE & ORI RERZED bhieh o 7o dt, CTMP EEMRE/NE (O~0.) JRIB DR, O, TH %S X 0 0,J5s
VB & AARE L7z, APFROKR & D BRI/ MRS LT H 5 VI3 L CRRER D RE O RE K REXH, 2
WX IR R RIS I R EE (diabetic intraretinal neuropathy) O#E&RIRIE Licys. CTMP 0 1513 S RIRHILRE B2 3
TA2HLCEENHEBERE TH Y, CTMP 23R L ThE, BEER O T LARERMH ShB7h - - R 4R

PRESh B TEESR , BRRC BT 5 MESEATRL R L 0 EREN» SBWECRETE S .

Key words diabetes, diabetic retinopathy, oscillatory potential, contrast, neuropathy

EETEHAFREBORRE LT, BEEOERFMIESE,
ZEANEMARREREEE, BRI RA RIS SIRESEE &
DBEF LR D. foh AT ERFMEEE (LT TR &
) MERFRREADOHENE BRFBAECES TR OHNEZ T
FOHEMO—@E I E-TED, SRMK" DRIETHEDS
KRBWTHHAFREBOERDO—2THH, ThPL¥*DR
MRBR - RRRIED THETHS. L LEowck
TERBBRECIIM O EENRBERT IR LA FREDS
T, BN SFAEEESA RN ORE - i, BTFHH
M, Z5(EMELAML TS TRRBFICELTLS. Lz
DBoTID L5 HBRERIFRL T B ENREIREED R
M ESTH B . —F, Yonemura HYE i E I ELEE
AL TDH HFBERX (electroretinogram, ERG) @ 5 & O 4E)
BAEPIERECTIHC BV TTH LIELIEREYETA 2L
RAL, TOMRIMBEECRHBHCERITHB Z LvH
LA Uiz, EHIP)IHMEREENRERE AT TRE
BRA L) OR T < MHREMFBE <L RIRK B M i
ELREFABRE i X 5 IBRFBES (AT Tl RTRBIE
1 EBEED) WL T L BRI E O AERERWCEET
B ERHE LK. ’

A RIRZH 3 5 BB/ N O RE IR T 5 b
DREMFETHZERERTS. Lo LATEEEED W L
HAILEE IS BV 2 BN R B HIE X 2155 B EHEBER

ERL 84 4 H22H AT, PR 846 7 6 HXHE

FHOARHIN T, TOSRBREChR OB TH 1. BB
WORERST = 27 ) v {I A& LB P R M ek [ A
BB EDTFRINTHDNEY, WIAREEEIC 3517 % 2B
NEDBRETIIRBEEIC B TR T < 2 ) vl R ST
PIEE M R R R A E I R T B 2 e RET5. — 57
= 7Y VHREABE O NEIR B I RIS s Bk Rk T
L, 540 (lateral inhibition) ICBIE LT WA EHEHIX AT
WBD, L7cht o THIHMEIE B8 3 5 Ml o &8 % R
ETHLONBBERERABEL TV ATRESE,A DD, ZOH
FWFES &, Kawasaki HY 13, FABAERE I RVT Arden
grating test® TFHHEI LI BRMBEI = v b 5 2 b RE & BT
NEIRIE & DBE A IS, BB NEIRE VNS CERFEES
Rz L BEMBH= Y PSR MREMEVWZ LR R L, #5
BRANBERFECHIGT 5 B EWESERR L 8E L.

AR DRI A EORBERSE & LTRET 5 7cH 08
HDT A — 2 Kawasaki H5Y2EER [HE] = v P52 L
RERRAGL, KRR CRAUSIH KT FE] oRt
ETIRZLEVORBPCESE, BEDOREL FF510HE
HE) TBE9) 2 v b S APRART AL L Lic. ZORDI
AR TR IR IS 5 B S kET o,/ LY
2EE (B =v 5 X M E (contrast threshold for
motion perception, CTMP) JlIEERB] #REL, ZDEELHE
REBEBIVHEERFAECE VT, FOBRAEERIAL

Abbreviations : CTMP, contrast threshold for ‘motion perception; ERG, electroretinogram; OP, oscillatory
potential ; SCT, static contrast threshold ; VCTS, vision contrast test system
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. &bk, ZOEERPUBEELLA 2 Y — = v 7BEBR
LLTOERMEEH L, DY TCHROBENR I OMMER
B OREE & g L.
MERELVHE
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1. BhkBdn= v b 5 A FRRENIEEBEEEE UUTRER
LR, HCOWTIIAROEEYBR) Wk A EG
ERFEREE LT, ERCFEIH 1 ALFR2EILA9H F
TRURHZZ LIERBREDRO 5 b, RERETEID
LA EOREITRE B L OCRBEUA OIRBWEELH XY, B
BHMERB IOERE 10,80 LR (5045, 100HR) % &/
Akt U, AR CIRIBER R 2 BRI wk3wy
BL, FEEFABRERE TR ShVBEE 0 E L.
MBLE DRI ORI, 0 RAS6HR, A THISHR I O'A T
BRTH-7To. WBHL LT, BRFEEIY, RERECTL
SDUFDOEFRYE B L OBE O BIEEIRELAE (Scheie
HS LUF) BAMCRRBREELE &9, BERAI2ERS &
DR & H120.8LL LR (3240, 63[R) R AR(EAW i L7,
SERA O T IH(E T BEHER 2 LB IR RTE T46.6£14. 35K, WBEET
02.6112.2TH Y, MEMCIEESI -1, FHER
BER DO OEYE L EEFEZIERFBREC0.031+
0.074, TFREETO0.052+0.071TCH b, MBI EEER L
otz

2. NHEEBA = v L 5 A FBIENEREE (Y T
B, FMC oW EOHEYBR) & X 5K
BRERE LT, FRIES AI3HLFE64FIIH 2 0%
TR EZS LIERIRBREOIRD > b, RERETE 3D
DAL BE B X ORIRELUAORBINEE 2 H T, B
BAVERB IO R E L120.8LA LD (984, 194HR) % Eff
RCHH Urc. SRHI B2 360 < MEISE O B D IR B
01628, ATHIIIMRR LA THIIRTH - 7. BRKEE

Projector

Optical wedge neutral density filter

EEPICHHa v 5 A2 FRE (B, AERE B
Goldmann B JA 08851 MT-325UD (BAEIER, EH)IcL 5
B ENEBIHE 1T 5 7. F72688Cik ERG (#8E0) 2 &0
L. BIRMmMmE CHIE LA MEEI ST, RER
110mg/dl AT, T5g 7' w7 ¥EA M4 1 B 160mg/dI L Fis &
U2 B 120mg/dl AR 3B TRCETRT 5 AR FER
(FEREIRIR), Z2ME0E 140mg/dl L b ¥ 720k T5g 7 F o B A%

2 B 200mg/dl WL EDWFhmh—F B B It SRR T 5
AERBERFE, EEMD5  ERFHEOGTFRICLE S ey
AESERBE Ui, BREFE LT, BRAEL HUAALHF
BE6HI0A198 ¥ T YR %2 LA ERIEEDOBRD S B
BRIEHLE €+ 3 DEL LR RE & X OB L O MBI BHIREE {LAE
(Scheie H\S, LA F) LA XBBERB*F I, BER D255
REBEIOARE L1080, EDORR (1344, 2508) #ME/EAICHE
L.

RBREE LT, BRFEEYH I, RERETCL 3D Lo
PRE R L OBEOMEBIREE(LAE (Scheie HiS, LAF) Lisbic
IRRMEE Y E ST, BEAINERBIOTE £ $120.8
LLEOR 224, 441R) #8EfF AN Lic. FE O FI9ME 4
HEMG A T B R IRBE C52. 00 16. 7%, SRR C47. 411,658,
SBEETL8.3L 5.8 TH H, IMHEICIAELER ).
FLERBERDONBOTHELEEREIERKEE T
—0.033+0.069, HERMBT—0.010£0.070, M
—0.029+0.067TH v, IWECTHEEEI L -7,

1.5 &

AR, NESSE—BIH & s L3 AafRgESIht
HA180° DS EHRNTICER LT RE T2 DK
(40W, HEERK2M[), F—sPNFCBHEREEFET 519
DB TE RS L OHEABRE TR I (K1), BREEY
BIIHRR OB BB T 5 R 7 4 4 2 — 3 L UBIREERE)
FEEY L. WRCHE, BAREEHE S L OCEEOH
Z (TALBM) WA TH -7, WRIHE T 820cd/m* 1 &E

Illuminated background hemisphere

N

Gratings

Fig.1. Schematic illustration of the author's original device (prototype). The prototype consisted of an illuminated background
hemisphere, a projector to form a moving grating pattern onto the center of the hemisphere and a control unit.
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Thic. BERIZEHBERL.S A 7 A/ EoEHIceEER
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. BB ERE-I VSR MR ETAEBOBE R RT
L, BRECHRR vEHEY, BREVEEFELERLT
WBZERETHR L., DWT, EEREBEOGET 4
F—OFBBREFACTHTHZ LI X - THEDOFIBEE L =
YIFAPRBRACRL, BREIEROBE L HFIHKL L
ThERx R LCEMOTET s v —DOBBYRD, b
L2 LD L TRDTCBEMBCESNTCEOROa Y+ 5
AMPEEHELE., I ADERZCSEIEHEL, Bo5hic3
D=z YT A MMEOPYELFOHBREORIERZ X 286
BH= 5 A ERE (CTMP) L EHE L.

LROWL REBZ TN FRIBORS YRR, SRREHRE
ICHIBEEBRERR: S, Led- TR KT TWieD
T, BECEL B ER L (K2). SEBT AR EH
25X 30X 35cm TEEW Thkg OXG, HRENEET DO
BEAL v F8 L OBRENEEOEB 2 i LEKDO=2 v + 5
A RAETHHDOVE—av e —F—THEREh:.
AEB TR AEREEY SO TWRERSEROrb DI, N
BRI G EK200 OBRIEE R L R EERB O Rl
CHIEICARBRYEE Lz, FREEE L 820cd/m* L& E
Thic, BERIEERERKL.0FA 720/ EOEHKRICZ2HER
EhHBOMRRT, AMHRBIEREFRICHEAS.0C DX
EXITHREII, EREBESAVAE—X— (AT v T E—
£ =) X DESFEIRER 4Hz, RIB0.5° TKREF R =A%
(BIEE) OB &% Uiz, BRRBOGIEL, B0 | R
(250msec) X765 &L, ThENRDRA VP THILRAE—F —
DEFMEY =V be—A Lk, AEBCRZEBHC=V IS

Fig. 2. Photograph of the portable device to measure 'the
contrast threshold for motion perception (CTMP).
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KEZARTFTRTD. BARTFOUNESITHELA/ DL
BIhav.—s—RHIAEhD. 2V — &~ 134k
DB LI OWRDOTFT—2 I ha v 5 b 2BEH LESEL
HETS. T7ebbav b SR MAPIVWBAIHEHEREY
5L, REVBARIELTHL 5 HEAS v ClmT 5
EERHIE LREMEC /e 5% CREXOAE, = v +52 18
M, BREXRBORIHLEIELa VY I3 R 0K YBET
5. HIMWOBEOHRZ7F -2 0, REIBIBIIS. &
FZVE— bV b e— 5 THEEOER S B LS8
DY FAMERACHE U, BRBTIIEEIBHETE2
LOTMBERBEY IR I 15 L CHIBTEEREN b/ A
BHORBELEA I, EEXBV TV E B AR FHS
AL o FERMLET, BRI L BHE LcRRIC 21 o+
HET L O WA Lic. SREBEOIEE, EEOBEH S LUk
DavrIFAML BREOEFESVE-a VB -5 -RER
Ehl. TOXSRLT, HEREVEROBH & I LERL
tolclDa vy b2 MEERRD., | ADBEBERSE3E
DREMDEHELRD, ZhETOWREO/ B L 28
= v b5 R FEMESEH L.

B2 v+ 5 A FBfE (static contrast threshold, SCT) Hig
IZE vision contrast test system (VCTS)-6000™ (Vistech, 5
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Fig. 3. Typical examples of the oscillatory potentials (OPs)
in a non-diabetic subject (A) and a diabetic (B) recorded
with the ERG-recording device (PE-400). Stimulus light
was a 20-joulé xenon flash. Arrows indicate the stimu}us
onset. R: right eye. L: left eye. Upward deflection
indicates positivity of the corneal electrode.
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Fig.4. Log contrast threshold for motion perception in
non-diabetic control subjects () and diabetics (@, no
visible retinopathy; A, retinopathy of stage Al; W,
retinopathy of stage AI). Circles with vertical lines
indicate mean-standard deviation throughout the present
paper. P-value indicates the level of difference in the
means between two groups or between two parameters
throughout the present paper. The thresholds illustrated
in Figures 4~9 were measured with the apparatus
originally designed by the author (prototype).
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Fig.5. Log contrast threshold for motion perception in
non-diabetic control subjects () and diabetics. Diabetics
were devided into three groups, i.e., those with no visible
retinopathy (@), those with retinopathy of stage Al (A)
and those with retinopathy of stage AI (). NS indicate
no significant difference in the means between two
groups. These hold throughout the present paper.
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OIS EERET, NERT-2.2340.27, HERERT
—1.7140.27Ck b, R{EMIc L5 CTMP OO ELEIX
B S\ TR I L CH I B2 » 7o (p<0.005, Student
£ B5E) (® 4). CTMP (2R 1000R R 45IRIC 36\ C Xt B
TOREKELEEL, BB IOATHEATHOEZATH
BETOBRAEYBL T, B2 0 MO L 86/R+3]

Log contrast threshold for motion perception

-3.0 . L
20 40 60

Age (years)

Fig.6. Log contrast threshold for motion perception versus
the age in non-diabetic control subjects. A slant straight
line is a regression line in Figures 6, 7, 12, 13, 14, 15, 17,
18, 19, 20, 21 and 24. The regression line is expressed by
an equation Y=0.013X—2.79 (r=0.58, p<0.001), where X
and Y represent the age and the log contrast threshold for
motion perception, respectively.
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Fig.7. Log contrast threshold for motion perception versus
the age in diabetics. @, no visible retinopathy; A,
retinopathy of stage AI; B, retinopathy of stage AIL.
The regression line is expressed by an equation Y =0.0066
X—2.02 (r=0.35, p<0.001), where X and Y represent the
age and the log contrast threshold for motion perception,
respectively.
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Fig.8. Log contrast threshold for motion perception versus
corrected near vision in non-diabetic control subjects.
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Fig.9. Log contrast threshold for motion perception versus
corrected near vision in diabetics. @, no visible retinopa-
thy; A, retinopathy of stage Al; B, retinopathy of stage
AT.
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Fig. 10. Log contrast threshold for motion perception in non-diabetic control subjects (), those with border-line diabetes (@) and
those with overt diabetes (@, no visible retinopathy; A, retinopathy of stage AI; B, retinopathy of stage All). The
thresholds illustrated in Figures 10~19 were measured with the modified portable apparatus.
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Fig.11. Log contrast threshold for motion perception in non-diabetic control subjects () and diabetics. Diabetics were devided

into three groups, i.e., those with no visible retinopathy (@), those with retinopathy of stage Al (A) and those with retinopathy
of stage AT (H).
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BERFREICH\WTE=22.3). /Nl X% CTMP OREDF
HELEEREE, HBRET—2.50+£0.04, BRAFT
—2.4140.06, BRHBEBRTIE—2.2610:19TH b, IEBZ X
% CTMP DR 0 FHEERBE CRERUFZLLT,
ERARNBNTIINRECL LT, EHRERFE TR
LTHBICE? 21 (3T p<0.005, Welcht %) (K10). /s
g I BRIC KT 5 CTMP OZ B2V & {, CTMP 134
RFERE104R 16608, ERAMUPBBEHIIRCE - CRHBEETO
BAREY#EL T, EHCRALBEIDATIMEATHOR
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Log contrast threshold for motion perception
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Fig. 12. Log contrast threshold for motion perception versus
the age in non-diabetic control subjects. The regression
line is expressed by an equation Y=0.0012X-2.55
(r=0.44, p<0.005), where X and Y represent the age and
the log contrast threshold for motion perception, respec-
tively.
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Fig. 13. Log contrast threshold for motion perception versus
the age in diabetics. @, no visible retinopathy; A,
retinopathy of stage Al; @, retinopathy of stage AIl.
The regression line is expressed by an equation Y =0.0049
X—2.50 (r=0.42, p<0.001), where X and Y represent the
age and the log contrast threshold for motion perception,
respectively.
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Fig. 14. Log contrast threshold for motion perception versus
corrected near vision in non-diabetic control subjects. The
regression line is expressed by an equation Y=-0.19
logX—2.50 (r=—0.30, p<0.05), where X and Y represent
the corrected near vision and the log contrast threshold
for motion perception, respectively.
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Fig.15. Log contrast threshold for motion perception versus
corrected near vision in diabetics. @, no visible retinopa-
thy ; A, retinopathy of stage Al; B, retinopathy of stage
Al. The regression line is expressed by an equation
Y=—0.95 logX—2.30 (r=—0.34, p<0.001), where X and Y
represent the corrected near vision and the log contrast
threshold for motion perception, respectively.
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Fig. 16. Log contrast threshold for motion perception versus
log static contrast threshold measured by the VCTS-
6000™ in diabetics. @, no visible retinopathy; A,
retinopathy of stage Al; B, retinopathy of stage Al.
Spatial frequency (cycles/deg) of the sinusoidal grating in
the VCTS-6000™ was 1.5in A, 3inB,6inC, 12in D and
18 in E.
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Fig. 17. Log contrast threshold for motion perception versus
the O, peak latency in diabetics. @, no visible retinopa-
thy; A, retinopathy of stage Al; W, retinopathy of stage
All. The regression line is expressed by an equation
Y=0.104X—3.98 (r=0.53, p<0.001), where X and Y
represent the O; peak latency and the log contrast
threshold for motion perception, respectively.
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Fig.18. Log contrast threshold for motion perception versus
the O, peak latency in diabetics. @, no visible retinopa-
thy; A, retinopathy of stage AI; B, retinopathy of stage
All. The regression line is expressed by an equation
Y=0115X-4.94 (r=0.72, p<0.001), where X and Y
represent the O, peak latency and the log contrast
threshold for motion perception, respectively.
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Fig.19. Log contrast threshold for motion perception versus
the summed amplitude (ZO) of the oscillatory potentials
(OPs) in diabetics. @, no visible retinopathy; A, retino-
pathy of stage AI; B retinopathy of stage AI. The
regression line is expressed by an equation Y=-0.0013
X—2.17 (r=—0.36, p<0.005), where X and Y represent
the XO of the OPs- and the log contrast threshold for
motion perception, respectively.
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Fig.20. Log static contrast threshold measured by the
VCTS-6000™ versus the age in diabetics. @, no visible
retinopathy; A, retinopathy of stage AI; B, retinopathy
of stage AIl. The regression line is expressed by an
equation Y=0.003X—1.70 (r=0.31, p<0.005) in A
Y=0.003X—1.95 (r=0.25, p<0.02) in B, Y=0.006X—2.18
(r=0.38, p<0.001) in C, Y=0.005X—2.00 (r=0.27, p<0.01)
in D and Y=0.004X—1.60 (r=0.29, p<0.005) in E, where X
and Y represent the age and the log static contrast
threshold , respectively. Spatial frequency (cycles/deg) of
the sinusoidal grating in the VCTS-6000™ was 1.5 in A, 3
inB,6inC, 12 in D and 18 in E.
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Fig.21. Log static contrast threshold measured by the
VCTS-6000™ versus corrected near vision in diabetics.
@, no visible retinopathy ; A, retinopathy of stage Al; @,
retinopathy of stage AI. The regression line is expressed
by an equation Y=-—0.71logX—1.56 (r=—0.27, p<0.01) in
A, Y=-0.83logX—1.92 (r=-—0.23, p<0.02) in C, Y=
—1.05logX—1.80 (r=—0.26, p<0.01) in D and Y=—0.74
logX—1.39 (r=—0.20, p<0.05) in E, where X and Y
represent the corrected near vision and the log static
contrast threshold, respectively. Spatial frequency (cycles/
deg) of the sinusoidal grating in the VCTS-6000™ was 1.5
inA 3inB,6inC,12inD and 18 in E.
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Fig. 22. Log static contrast threshold measured by the
VCTS-6000™ versus the O, peak latency in diabetics. @,
no visible retinopathy; A, retinopathy of stage Al; M.
retinopathy of stage AIl. Spatial frequency (cycles/deg)
of the sinusoidal grating in the VCTS-6000™ was 1.5 in
A,3inB,6inC,12inD and 18 in E.
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Fig.23. Log static contrast threshold measured by the
VCTS-6000™ versus the O; peak latency in diabetics. @,
no visible retinopathy; A, retinopathy of stage AI; H,
retinopathy of stage AIl. Spatial frequency (cycles/deg)
of the sinusoidal grating in the VCTS-6000™ was 1.5 in
A, 3inB,6inC, 12 in D and 18 in E.
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Fig. 24. Log static contrast threshold measured by the
VCTS-6000™ versus the summed amplitude (ZO) of the
oscillatory potentials (OPs) in diabetics. @, no visible
retinopathy; A, retinopathy of stage AI; M, retinopathy
of stage AI. The regression line is expressed by an
equation Y=-—0.0014X—1.44 (r=-—0.28, p<0.02) in A
where X and Y represent the 3O of the OPs and the log
static contrast threshold, respectively. Spatial frequency
(cycles/deg) of the sinusoidal grating in the VCTS-6000™
was 1.5in A,3inB,6inC,12in D and 18 in E.
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FIAMREXIOATREERSRLEEVS . FLAXLVVH
H16/7.5 (5 v FA FBREINCHE L C0.8) ik 6 ADKER
RRESCHBESEELHETL, 2 v b 52 FRE L UERE
BEYREBRLYHE LRETIE, 2V 5 A MERERARET
BHot 3ATRBROEOEM & BHREYZDN, 2V
SAMVREREETH 72RO D3I ARMEBELEY TLRE
RE LD T,

AV, — 2 —HIHTEREES = X — LICHl LIRS
EREEMERRTFEACTRIE L2 v P 5 A FRER
BADEBIBVWTAR VYIIERS v P Ry AV THE
LSRR Th-Th LIZULIERERET 50, BBEN
EECH D, TOREFIESBRRETE 2BIHRIELS, 22
BREEZC OV TOMEBELARERIE LTV
W8 Arden BOF v — MIZFEETH B, EROTLHE
RRBETORBR/BIZPEC L - T ETH b HHHEEE
SMREHBIEETHS. Bz vV IFAL—AF VYT
Fr—bEIBaVLFANREOWEIWETTF +— 1 EH
B S EMTR 52, ERECRT 5 RERHEIZERNE
MERBTFCIS2 v 52 VREANELBERETHIEL
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LWz, Z0X5K, BEOHFIR ARV F TR
FREIDERFCECTAT LA SIBICRELE L. Mk
FORERBE SRV F TR FRERESRCIEBRENE
i, BEIMEME, WIEEEAARLEIMEME S W5 BBERN D
5. —H CTMP BEHOREEEY LNE LT 5 AIERCH
EXRTWAHIVIFSATRBRENBEELRAETHALN, BEH
i LRSI, RECETARBRKT~80 LA
BETHD. DI/ THE I CTMP BRI #1194
AR 1660R (85.6%) WL TRIBIHECORKELXBRLTEH,
FHAEBODAIE A THOLAITHBIH CORKELBL
T e O CHEEEHE AR R EEO = v 7 A M ERERE
BN TR AL EAT NS,

RO < MBI 38\ T ERG DBEIFNEIZE DD T
ML D REERRT. o TRERINNELEFEY#ATE8ER
HEEEATETIE, B RHOWEERE TTORE LR
TAEENBVEEZ DND . BERNEORETIIREANE
WEWLAEBRE, F053bTh7 =2 ) VAR LU Zh
v F I ARBHT SRR OEB A HRCBER T L E
2BRTWBM. 7 =27 ) VRIRERERA TR EREEY
HWEL, TOMEO—ME LCHHFAHEEE LTS LEEL
BRTWA? b, av 52 MMRHCEEKRE T & DRl
HWABEETHEEL LR BHBEEBCT =27 ) villARBES
LTWAAREERBVY. £5ThHs &ThiE, BB IED
BENEDLNLPEBYE TR v F 5 A MRHEER B AR HIEE
METLTWAIREM G EV. o Lk Kawasaki B O #id
Tk, BERNEOIRIEIVN R WIBRIFREERIZ & B RN
2y 5 A MREMEL, BEHRNMNEORIEL Arden A =T &
DN AR % R 1Ay, FOMBIREE~0.40~—0.49BE T
botc., FZTEPFETIE, 2 vt F A RECEERMEY
Bk Lo BBMER BIR L, TheRETHRDOEELYRAFL
THBIEERE CHE Lz, SR AERBER YRR ET
BEREL LTOERAEYED LoD, IO /NS
BRELTETOEDEXRE L.

BB L OVNEEOFhIZ L » T CTMP 128 RBIR
TRBEEE (Fh¥hd5.0% % X 085.6%) CRHBECORK
ExEL, TONKDOFHETHRERCI LT 0 DR RFER
EEWCTLAEBCE - (K5, 11). & Q/NEETIIS
RETO CTMP OZBNT/NE <, CTMP 135 REBE R L OB
RIRBEDOKLH (A TH, A TS WTILf) TRHREED -
Badz 7 (K10). R LT/ EEBcBRECRITS
CTMP OZFI N E o EHE LTRUTORERELD
ha, B—IHAFRORETOBREAENMNIBOZTHR IV K
EDofeD T, MM EWTIE CTMP BB LIt ot
K ERTHORBIZLE > BELX /AR TRBE LLLW S
WHEMREL BhD . BRI TIRAREOEEILTH
hTwicwoies LT, AN TRERR AR ER E B
AVEIFFATOBERB IR HDT, LHEW =T
AMRENEERAB LI LW THEEIEL LIS . =
2, NEETINES BIEIGE 8 X OTREER 0 X FALFAT
H2 DR LT RIS TRIBEGEREIZA Z BRI - T
BEShTna, LicdtsT, RIEECRIEGEREOBES
BRCRIEANI L o TEFHE IR TV WS KD
BETE e\,

NUEER G TRIE Lic CTMP W RFRIR T 0 e B v

THEBET, ATHEATTIZEFAT, HBBETORAME
PEE LT\ (K10). Lichis T/ EBw L5 CTMP RiE
HRIEC L £ ¥ BEFTIXA T LT R & b EBEEORIEEE
EETHAHEERE-. —F, M X5 CTMP BEHE

0 AR CIIRERE CRMAREY 2 Ui T HEEBELRY
RIZLTWB EHHI N, Wi CTMP 38R R 4
EEORHGHCLHEATESS. Lind CTMP BREDOKRE
FIRZLBEWER DT, HECHHR IV 2V M52 PO
B EREDRECESVCTHBMCELEE CTMP 285
Wil sz EbAEETH Y, BEDOL Z 5 HBE T
NI RIFE A THRPTHS . BEHRENERTIE,
CTMP BEDOFREMEHE > THEREORIC L 5 BTHN
LA LA S .

BESE BT 5 CTMP FROBFELTI, UToL s
TRTTHEM R E X B Z LN TE S, MEADEBEER YK
A&, Bk, ekl X ORI (LT T
MEREER) OB I ARORKE, KEMigL7~2 Y v
B S TR IR ABORBAD 5. HORKIEHNRTE
KEBERINIKOBFERY AR L2 L TRNEER
BEEETS. —F, BORR BT, REMETERE D
&5 EMo— T REEFIME MO BRI HE%y, ¥
eI SR A EEL, 72 ) YRS ERzE
BEMEL, fiH0 (F0) 7~ 27 ) vkl S ibidigE
(0, HEASIOMBRCE DD, (MG ORBEMAL,
Bhica v A M RREOBRYBETARNIYEDD LELD
RTws. KFROBRE TR, ERFRECIINRECHELTE
BROHEERHBTHICRING 2V TAMELELLE
(R4, 10). ZOXRBHREBRRC BT 2EBBDER
R~ s ¥ ORBIRE/NE O RAE R 2R T, BERR
DR H KM T < 7 ) vHIlaTe EDRINT L - THS
AHOBENFHBLTWHLHMEIN LS. EROERFES »
b O GBS ST B K=t f YRR EERT
TRt s YRR MR RR R EIT S v T 3 B
HAPVT MY Py TERFEYER LS v R TN
FTHIEN, F—nR3:VvRT7 =2 ) VIO MREEYE D —
DTHDH I EY BIOCNENBMAEOMREMRE b b T <2
) vl BB N O EIRICR S B5 T D LY R )R
ThE, BRFCKEWTED TRIRL 0 A bh s BB O
BENF -0 VREB LI FR Y BT S BEORE L
L, Thbo%kHE) CTMP 0R#E L 5 AEMWEERY
ELTHREZIRB L GCOMRATEETHS. S—F v Y VFE
FETXaV I IAMREMETTAHZLE™, N-2AF-4-7 =
=0-1,2,3,6F I AL FRrREY SVIL L > TERIRY
NDEERRI S —F vV VIFTIREBBNENRE T Z &,
MRBEOBEAIC L - TERIhc A —F VY VRBETL v
FEAMRENMETTAILY, BEAKSTS L- Vs
CEBREEYEAIRDL LY, S—Fv Y VFRERLNT
BL-F—rhlav SR MREYHLIRSZ 905
HTCW5B. Zhd F—o 3 vHIVEREINEE 2 v 5 A MRE
ORFEETH EOBIEERAD . -

HiRAR & SUBHIR D AR ORBE RO LM bR T
5. HHRCIREATROONRRE TA A 7 KBS BINTS
Fvevz-fiaL, BAThr47 ey 2 —fRO_FEND
5. #A0HMBOZEERD-ERBATHE, ZEEPD
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DM TELNDRIG LT, AAL 7KHBRA VLY X —
MRERTREA L, A7 vz —BRTIIENTS. RRCRE
M AT RLOXBHCTRIET 24 v & v 2 — IR
&, BYETAAY vz —NEMRO_BERD D, &4
DOHII D FAFRIZFLORMTELND KIG LR
BEEAEET S, ThIIFL—ALEE (center-surround
organization) & IRITH, ZOBHEICI D a v PSR FAUEAS
h5. Licdi- THMEC B0 RFRIC L - Th CTMP
RERTAHENEY DS . ¥ T IEMAROKBOIERC DL
T#Ex 5. IO BRI vevi BTy
2 —Brkfleh, *OBLKNEHIL ERG b BRI Eh
%, L CHEEEC b BIRERETH L0 5, FHE
[BfEw 315 CTMP 0 LR 2 MR oRIc/TH 2 &1k
REETHB. KCHHAROKROMEREOWTE LS. HiM
Al D RMREERIIS O L Z AW, FEETIIC BV
CHMBROEKFANEL, ThHRERT CTMP B EF LTV 3
AEEMDE L BRI 5. Ly LEHROBEY MENmcE -4
HFRE UTRAEFREML D, AEFRECIEHRS
FUER L VRO EGERO V5 RSOBETLA
HBEELS Db bbb, EZOMBIER Y TIRBEEN
RWTAZ - VHB I EEFREMNNRELETD L
5EAT T, E AR IS BT, AREIRERIC XS
RO EOELD ChE TIRBE IR T WA, Sifilk
D4R CTMP O LR BIS T 5 hE 2 HRM TELITIT
BETER.

it CTMP 8% 5% ATHEHIIEETELL. KR
RETIRBER L OERFBEREDO CTMP 1XRIFH - KO
WThTHEREEORERRLE (K6, 7, 12, 13). LaL
R L ERFEROMBARKIRAERTIIThER r =0.58,
r=0.35, PEKTIRFRER T =0.44, r=0.42TH D
CTMP & EHOMHBEMERFE T v RVWEHER 2 <, 2o
AHECTEROFHECIERELYRDh -0 T, BRR
Bkt sd CTMP BB L TEBELR LS L2k
B TIRRE TR, FR/ BT L. CTMP i
FRETHN L ADMBEY R Ly, MEMTHEIONECEE
Eirfed, BREBRRKETS CTMP 0BERERIC LI E
ZLi3Erbhicy. BREFCBVLCTRBN= Y3 A
ELRE Ly, Nz s CTMP L8z v A B
B wThoEMBERC R T LM Lich - = (X16)
Fhdx (BE| OBEELEIVWREROBH v FSA M
fE& CTMP ki, EWICRLHBEBEERIT L TV A ATEEM: 2
Bl FRBRN=a VIS A NVHELIRERNED T A — &
(Z0, O\ JEA#RE, O, AN & OMTIL, 1.5% 4 2 L/ET
O¥Ha v S A TREL 20 LOMADOHEBENED bR
Pighicik, BELHEBEERED bhich o, —F, BRFEFHC
BTN 3 5 CTMP 12BN B (O~0)) fRIB DT
0, O\ EAHK R LU O, JHARRE LB L. ZO/ELS
RO v P S A PRERL LT CTMP $rEIX, BB
INEDRE L LTRFILR TV BERRBOBELARACEE
PBREZ L DBELTWAEVWLS. ZZERRIC BT 288
BNEORBEWCRIGT 58 LVEBIERE & LCBSRmEMm
BElica v+ 5 A Ml{E (CTMP) OREXRIEI hicZ &%
LB LY. ZOMRIZ, £ X 5 EBRKR/INEDRE
Bz 7 < 2V vl & o5 IR T A i s R 53

)

BEDRBOBIETLH S, MEEICEITS ERG OZ{LE L
T, Yonemura b IARER/NE OIRBESTZME L, Dtk
F™ 3 X ORI 52 XL DTH S BRI RERE O X Tt #t
BESEHEEC X > T AHRENRE SR CEHCTor
EETAZEYBELMC Lz, Z0HMRIIE, BEBCEL-TI
BEBEND 5 IR ESPWICRBIREC &7 LT, MER
FEERR DOLFASE LT WA Z L X RET 5. Mario H™ 1
RRCBCTHEEFERBEORELHEL TR, 5D
BEEI T Cled BRI S WL a2 v e o — 2 —HEIWBHRYS
MEIEEBG EORENEH IR TOB. ZhA 5D ER
BRRCIIFHREERCBWCORENEL > HZ L2 EkRT
B, BER, MEIE, BE, REAEBEEYEREO=KAHHE
ELTWBR, ARERS IV EEOERELHRTIIIE
BRI BCTIEE - itk EomMEBELERE &7, B
EEDIRRERERC O BERTE L KT L HRIhD . KT
FRIZEBT CTMP & BB/ NE O THABRCHEREAED b h
feZ &k, CTMP %8R & 33U X ATHEIEE 1 M E F1 i
BWTIE ERG D& T LAERBH S hGiad - T fBIE s
FakmErm Sh s aEMdAF .

WBUEIT, £FMNEMEED | DORR L LCkBERE
RTER. B, BEERAEREERTE 2 RERE L,
FRIZMESHFEE WG IREBORIEAMEL b, HEENTFHE
G L A AR CRBICE B &> —HDE BRI L
B, ZORBEEIHTHH LD ELLOBEBORATS
5. Tith b BBCREN L B e R HETT 5 2 & TR
DR L B D#EEE™ %, o5 | MRIEHE LS BE
HEBE RS LM FHFRE T35 & CHBEREY
EA X REBEIERAETS™, ULk Linhs, BB IEFR
B X ORPFRL, WEECEB N OEECETH SV xP e k
LEFLTHEORORENFET LI LRI TFRTS. £
ZTHRAR, ERFEEOMETCIRERESCEARELNES
EREC Y - TREIh 3 H/NE D RBEMELICET LT
BB OBEEEN RET A LW A, Thebb
B FR S M B P f#5E (diabetic intraretinal neuropathy) D44
PRIETH. TOREOMEMEEL U TERENEY, BE
BEEEE LT CTMP »FIF 1, 19RAEN S & i 5 R
fE (e bREMK/ NN EE) 2 IEFREBMCEICFCER
TEDAREMLIFH LIV, £ CTMP BT R
B TLETH A HIEEMIC L > THEHETETHD, Lk
LB TSR EFTH D OT, BREBEOLLT AL
HOBINCE N THOA L ER SR, ERRBICIBIT 2 RERE
SFACRPLHCERAEND Z LIRS,

= ]

HAMECRIET 5 BN EBEYRET 2 EE GEIER
RRMEL, BRFNES I ONRBCAIE#EL AT CTMP %
B L. EHKRESY BRI (NS L, BRFEE,
BRAB S X OSBRI/ Ny AT CTMP 2lEL, #f
BCHERBRECIIEBMN =52 VHE - @EKR%E - ERCG &
ML, 2hoE CTMP & DEB% -, UTORREE2ET

1. BfEfx VTR Lz CTMP O iR
B L OERBRCHBCE 1z (p<0.005). RIFHE
FWTERI L7 CTMP (28 REEEL00R - ASHR T BB TO
BAMEEBEEL, ALLAIPOLBECHBECORAELE
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2. EHICHBE M RERE TR Shicw 0T
SeEh3 R TR B CORAMEL L T .

o NER FBVTEH LA CTMP OO FSEx, &
REHCERMBCE LT, SRUNCINBRCLELT,
EREFTIHBRCLLTERCE, » 2 (WThokiic
T b p<0.005). CTMP (ZBERFAF 104RR 1 166/R , B R AR
osRep IIIRIC BV THBETORKELZBLTED, ATLA
OB THIBRECORAMEEEL T, ¥ HICHHBHES
RESE TR ey 0 1T 162 135 THIBRETO
BAEYHBLZ TV,

3. ERFERC BT AEEE AV CGHIL 22 CTMP O %
gr@ma v 7R AL OMTAEREREA DRSS
fo.

4. EERREC SN Y BV TERI L 72 CTMP oxt
B, BEE/NED O THAERR XU O, HABRKOWThE
b EE R (p<0.001) [EDMEY, BEBNED Z0 LRAEER
(p<0.005) ADHBEER L.

5. ERFEICECTEN T v 5 R RETRERNED
0, BAERKE XU O, HABKOWThE L AEHERE
TRieh o tohy, BEE/NED 20 L IXZ2MERERL.5% 1 2
NMETOZEER (p<0.02) ADHBIEZR L.

6. BRBHCBITAEEAERER - B 24 - RXEEH
FRHWBERATIZ8X DR THRITIER &k S hi.

LLEX b, ERFEEZCE T CTMP IZHEEE A RERE
TRRE IR VBT TICEEEC EAT5 2 S AL
7. CTMP o EFIERBHRZICRT 25 LV AENEBRE
REThHy, CTMP E L THIZBEER O 4T Lk
B X hiBieh - o AR L T ORI L 0 FREN
POMEIRILTE, MEEC L ATREPOFHCERATDH
hEFELbRA.

£l &

B2 DA, R, HKMEB % Ui BRI —X &8

CHEEOBEYR LET. oM it LrAR #EiEEe
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Contrast Threshold for Motion Perception in Diabetes : A New Psychophysical Examination to Detect Early
Diabetic Retinal Dysfunction Takashi Matsumura, Department of Ophthalmology, School of Medicine, Kanazawa
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Abstract

The contrast threshold for motion perception (CTMP) was measured with the author's original device (prototype) and the
modified portable device in normal control and age-matched diabetic subjects, with the purpose of developing a new
psychophysical test for early diagnosis of retinal dysfunction in diabetes. The mean of the CTMP measured with the
prototype and the portable type was significantly higher in the diabetic eyes than that in the control eyes. The CTMP
measured with the prototype was higher in 45 out of 100 diabetic eyes and in 31 out of 86 preretinopathic diabetic eyes than
the highest threshold in the control eyes. The CTMP measured with the portable device was higher in 166 out of 194
diabetic eyes and in 135 out of 162 preretinopathic diabetic eyes than the highest threshold in the control eyes. The CTMP
showed significant correlation with the summed amplitude of the oscillatory potentials (O,~O,) and the peak latency of the
oscillatory potentials (O, and O,), though it showed no significant correlation with the static contrast threshold. The present
study suggests that functional disorders in the inner retinal neurons postsynaptic to bipolar cells frequently precede
funduscopic diabetic retinopathy. The low CTMP would be a new measure of psychophysical visual dysfunction in diabetes,
and provide a very sensitive and noninvasive means of examination for detecting early diabetic disorders in the retina,
primarily intraretinal diabetic neuropathy.



