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Abstract
Some psychophysical studies were carried out to improve our understanding of the patho-
physiology of macular disorders. The visual sensitivities of light-adapted central field as assessed by
the Octopus automated perimeter were asymmetric vertically across the fovea, but not horizontally,

in such a manner that the lower field corresponding to the upper retina is more sensitive by approxi-
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mately 0.2 log unit than the upper field. The vertical asymmetry was not dependent upon age, although
the absolute sensitivity decreased with the increase of age, suggesting an unequal distribution of the
cone cell density. The upper retinal dominance was maintained in many cases of macular diseases
thereby the lower retina having a larger loss of sensitivity, implying a relative vulnerability of the
lower retina. Age-related reduction of central visual function was significant after 40 years, the
average loss of sensitivity at 60~70 years approximating 0.5 log unit in terms of threshold intensity
to white light ; in view of an estimate based on the standard observer, only about half of the loss may
be accounted for by the reduction of effective retinal illuminance due to senile miosis and/or light
absorption in the ocular media, and the remaining portion might be caused by decrease of the cone cell
density. A detailed, psychophysical study of the foveal cone dark adaptation with intervals of 16 years
in a healthy adult revealed a significant increase of the time constant of exponential cone dark
adaptation curve, suggesting an age-related decrease of regeneration speed of the cone visual
pigments. The optical densities of the green and red cone visual pigments as estimated by the Rayleigh
equation with the Nagel anomaloscope type I were shown to vary as a function of bipartite match field
size (0.5 ~2.5") ; a larger amount of red light is necessary for the red-green mixture to match the
yellow in a larger field size, and the effective cone pigment optical density is probably the highest at
the center of the fovea. Those macular diseases in which photoreceptors are separated from the
retinal pigment epithelium, e.g. central serous retinochoroidopathy and Harada's uveomeningitis,
illustrated pseudoprotanomalous color match because of reduction in the cone pigment densities, its
extent varying with the course of the disease, but did not demonstrate the effects of match field size
as in the normal. Logarithm of the foveal visual sensitivity loss in various macular diseases was
linearly related to the loss of cone pigment densities, corresponding to Dowling-Rushton relation
describing a linear relation of the logarithm of psychophysical or electroretinographical threshold
elevation to the ratio of bleached visual pigment. A subtle, transient loss of central blue-cone
function, a probable photochemical retinal damage, was observed in a previously healthy 50-year-old
man who had received bright white lights but had no visual complaints or no abnormalities on
conventional clinical tests. (Acta Soc Ophthalmol Jpn 92 : 1081—1103, 1988)

Key words: Macular diseases, Psychophysics, Vertical field asymmetry, Cone visual pigment, Cone
dark adaptation, Blue-cone photochemical damage
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TAHZENARETCHAE, BER BHERR
EEFE  —dp/dit=Ip)/Qe (1)
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L, kBt Q0RE) ZRELFHAELE
HRERTEHETE, BELEZHRSCLTHEEN
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& (5) 26, HEFED kinetics BT 5 EH (Q.,
to) KD T LEOHEC L AHTBHEE LB TS &
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A VK Alpern B & LI FEHRT S LA, ¥
BlHicb L < FE X7 Michigan retinal den-
sitometer 2MEH &he, HIEX L EBBIOEEKN S
DR FXRETFHEHE T CHETRMCHET
0 THBH, BEHER L OGS AED KR
ERBETH o T L ICEH AN D D TEKT 5,
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74 M EEOM)  HPEER(A)  REH(to) Egﬁmm

I3 450 3,59 101.7 —0.969
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530 3.42 101.1 —0.813
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MBS TR BRI (L) b oFHERA
%, BEARMRCE T T KBRERE ac(W)E b2
SR (3R, MM & £ D EERE ax
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BRI T B).,

2. HEEH®R

7 /=wnza—7 18 (Schmidt-Haensch) @47
KR I G E Y7 4 —L FA Y » 7HBREBELT M

(5)



BEFI634 7 A10H

Log (G/R)

-5k

1 1 A
100 80 60 40 20 0

SR R R (%)

7 $FHEeRtFRELT / vrAa—F - T
) - L OBRE RN (5) HHRDIL D,
Hhdh LI IR o S Yt P B A 2L HE (100%) &2 LT
ORWMAEYTT. BEZL 1Y) —H%EES 1ogG/R
R, ERR, ERBORMEERERE X Uk
HHEREEYFhFh0.58 LTEHE. S8R, 8
£#%0.5, BEX0.4L LTHE.

W2 oiFefEokE (BEE #0.5, 1.0°, 1.5,
2,00, 25 HEFBRTEL L SmdiFE L, v ) —
¥ ORIE L Schmidt @ HHEICH - 71238, Tihedbb,
BAEATHED 7 ) —~» #2855, iz, 5~10
B, GeEGXCELS b L, BENRE, 7
(Ref¥) »EEcEEL, BReRToms 2k
RN LEMEEA LS GICEALBNIIT A 0E
DOIEEE RS, BEXNTEER & LTHRHELL,
EEETORE IR TV F ACTRLOSRATELD
oz Lz,

HlIEEE % logG/RCEH L, R (5)hbH#EHA
FHONFBELHE L. Z0BE, 2.0%6HET IS
5k b B R RO EREHBEY T hEh
0.5&&H7cl, ThhboBE Ly witE Lz (LEYE
A9 4 B L2 retinal densitometry 1= & % [EH #EAH,
BENFREOMUEERICEN LD DIESDENLD
h, $X%0.3~0.608HETHA, £XK2EHAER
FHOREI X, REEIBHEAL 0 bbb ThCE
BETHHD, ARERCHTLHHEHEESLENAL
LTHE b fin et BRs e T LEOHEY

2. WEREBICK T 2 OB FEIPEE « KB

13—(1093)
.60
[
6—
4F Lssh
A
s =
#* e ) ®
fa z ¢
4 B d'
i E)
1% .50 7 o [ ]
®
=3}
.45 =A=
-6
L ! L

0.5 1[0 1.5 2.0 2.5
ORI A X (1)

M8 FERckIT»EORAFOLEILLI) -8
£t (logG/R), SEAREAERLEFERE L OBHKRCEY
i+ 1 EHERZE). Axok (5) L hiiERAaED
S EE R 5L

L.

HWEE, EESE STIEILFEBMTEBRBY L
BICHER I, W ohDEFICEVTIE, 2 ¢k
SAABRFHEHERALTRA0.43OAEL -7 v + (H
B R A HEMELFOECHEL, FEHEF0.5
DEEFET AR NFRE L B L,

3. ZBEBTOKE I L HERAEAZRE

B 8 I IEW R ABSE (B38| Lotkl7, E#22~76
) THOLARHERERT, #HEREEXFRERE
EHFOKRKE XIEKELTEL L. BEISKKE
THFBWEIHEAT, 2.5 ETHENAELL LB L L
L ISR Lie, Tiebb, HEHEFALE L
leh L bbic X D ERBOFRENLZLEL L, HIFHE
HHEEE ST EFEFRE I OffEk
Ehhbhi, EEiEEEERZ0.1BETH -7,

Ll bEofER i, i oFmcBGR R BD b hie,
¥, thThoXE SoFEHRTTRWT, #EHE
FAFREOFEREKFHIL - Z D Lich o1,

4, HHMSEBEO#HFEERAFEE

PP g (T4HR), ZY4FLIE MR RIEE (100R),



e

14—(1094) Hip&sE 2% 75

o e JEmE (6, BERFBEEEE (130R), #AMkEN
n MEMAE (111, FENSEREE (31, Fofl
= OEPHMOLIES U< IEHES (8 ox¥XE
g 5 RIS} s R AR FREY LiLo ki
IoTHRE L, MomT Lo, i tEmms,
PR R HE s & R BB o BE T, 12EH
o fhic < SEFRR AN RE CBE LA AL R,
IEHROFHECH T 2 E A RIZ2.9~68.4%Th »
fo. FEPEEVESERSE (20R), SE5EE (28R,
a fEEC At r 7 (1R TL#EFREAELERED
L o O B DI LT, —0, BERF M REEE (R AT,
J ENETEBEEMRE(F 5 14 £ 1 7)), R MRS

-3 ] FETIRWTh b EHEEAN O NEEHE Shi.

=3
000 O 0O

w
T
a
=3
Qo000
@
o

L
T
m
a
b
s o)}
b Do

N

o=

9 WEHEERAICIIT SRR ERITERE, AL
ORI L EFREREFREXHE. N IE
WA LR B 2 LR M A S
C.HHEMK Sy X MA 2.5, =/
1.5 A 0.5, AKMSoEFTL A ) —H%HE T
RlicTFhs Z EERT, ERRERDLAL%6
BEAKEL o5 & &L CEBIFEE,LRIT 5
EL S BRAEETEE TRABRE.

30r
401
i
o
B,
¥ 60F
;‘_:!-,’:
i
% 70k
%
/]
\ L 1 1 1 1 1 1 1 | 1 J
90 100 50 0
etk B2t (%)
100t 11 HHHEEBCSTH#HERAELERE (b,
e ) L \ o H0.5) LHERERE (hOE00.43°) o
" A . Bl | EWROTFHL100% & Lo Ofihig
BaR O (R) ERBOWMIR, fitdh EXROBEME (+2 ¢
F10 BEEMEEOEME L HAHOR L FRE, # A A, FEEE) 250 L8RS D
o IEHEHEN L OEAE (%) RT, *H (W T, EREATR (6) 2, Agek (1) %
AFE AR BT, POEBE S o ERR Ththmrt, R (6) 0BT k=3.2, HAREK

DEE, B,



BEFN634 7 A10H

FROXFXELFERCED ORI IES 1 555
X, ZEETFOAEZ I CIBEALRELRVTEDD
e,

HARAFFRE OB, EHROEIEE &b
EFEBCESFFRAEE S R (K10,

5 BHBERCHE T HERAELFEF LRE

Rl & DR

PiOECEWTAH 2 P ARBEEREFTRERL
THET R FE (KE 20.43) CTHE S h-fERE
&, 0.50%AERTCROMERET L ERE LY
WEe U, ®llic, SO RCT D, AR
BEEUEE (20D, FEMF (26), oo HERES
(4, B2TRCELhERLBIELL (AUE
FlcRAFICEEEINIE LcBa it h T h B
AU AERERIERFEG 2 b ot ABE N
EWFILE) »o0 LRASEMBETERRL, #EREE
FFREREHEE»bOBLRCIFRELTHS, i
FHRAFNEFRE & RERE &£ ol —2 oFER
BT M AL GRS, Tidbb, #AHERLE
REOCELVEETCHLFEAEMES LASELL
ZETHDH, oOFERIoWT, LT 2 o0BER
OFEEWR TS,

log(1/1,)=k(1—p/p.) (6)
o, I M EREAoFOERERE ) 1,
IEEH R OEEERERE  p . PLOEHEEROEERE
0=p=D #xT. X (6) & EFe ro#EER
& & SEORRENEIGAE B BE & o230, 5, } OFf
TR L RIS R b 3 HE & ORI T 5
Dowling-Rushton relation 2 %5 L, # & RRE DR
P L hEERECHENCER TS L2 E%RT
%5, HAER (k) offiil e t OsfEEECI122.5~3.5
vc-% %)23)29)301.

—H, hOERERED EA AR ERREOM )
iz X B XEFRRER OB AT

I [1—exp(—2.38)]1=1[1—exp(—2.38p/p.)]
LIT, BIHGBHARELFRE p #HERAKR
(po ' EFBEFRR) 2T, XREREOKMERLE ]
e, exp (—2.38), exp (—2.38p/po) DREB
ADHE 2 HL T 28T il

log(1/1,) =log(p./p) (17
A (7)) mEhiE, 7o & 2 EREFEN0%ITEL LT
bR EEER 2 6% (0.3logunit) 22 ERTHIEE
7o, WERMEAIER ©10f% (1.0log unit) = LH+

2, WEEEERBICHT L LEYEERIR - KE

15—(1095)

L0, HEELLEEONRCHAL LIBETHS,

RN LBt (6) & (7) &
T E R (6) oFLENRL I REVWE L
LETLWIESD

6. EiR

AR A FEONFPEL, retinal densitometry 35
I ULEBHEEN AR D E S hTERL, FhE
hOHEL M2 SO DI IERE B RS D
B, IEHEROBLE IS B RS L oG ka
FHOWFEE 2 L F0.3~0.6TH D (FHEHEEE
oW TIIRER & U TRAED g\ )3, 2K 2 Rl
BEREEYHA L COBYESH N Tl ER AR
S F R A AL IS Lk R T, FittoaR
BEIMBHEEO TN L DTN HKEWD, Wi
AL TH, SAERRhREOEFRECHIGL TEL
45 £\ 5 self-screening hypothesis 12, ¥ X% 7;
AEFRCRS O TEOFYUHIFEHRIZITHR TS,
ok 2, ERR—FRETRE LT, #ERAEN
Wi DBAET B L 5 A WEEN I X b EFRE L
AT E ZoSERREMBEOREIK BB
REAREYEDL Lk d®, bhbhicHinH
Seror LExFITRT A, UToEZCL AHE
FHF BTG TERSTCHAH. T/ =rA2—FTO
VA ) —EEE, —BicBRETLT, PEEREE
Rifck L FEEKRD DS FESICHEL T, Bt
YRR HIEG L h L EEBrTIERRDR LY
BB THAHH M, BEXFORTE BOEEETHH
HThorY), BEHETECHERLZTHRAKC TS,
WbE RS 1 s Ak RET S, BELTE
Y (3.5log troland, BEESALEET7.5mm) %10~ 15F0R
BEEETE LHAERARET2 ~ 4% ERAETEL
L1, ThHBERTHD LEMTE S FELIEATS
EARZANK s 27+ — FEE2EHEDIN S5
VBB, BEEFEORELGS ATLIEOHRETHES
ThHhHI), F—F A7 /)=rAz—7DHEHFF|®
Schmidt*® 1z Z D k 5 KHEOERBADI-H VD
FRBETDHS.

EFBRcs TR LEBEFRERCFRER, %
BREFOAKE OB L LTELLL., Thbb, %
BB TRAT, 2.5 TR/ TH -1, ZOFRIE
Pokorney 50 hic—HT %, HFEEEFZRONH A
GEHLTLIWTHSH, HEROXFRELHTET
LHEED L, BETTHE XN 5HKERRE IR



16—(1096)

EThhbd, Pric, —EOCORFOLHTEHEBICEM
T okt PR SHREE (Flebbiffkie
FREFE O PR ¥ o RS s Eo FHE
EEXH(H L EWEY), FOEOFLNLBIETRS
CoONTRFANCEDT B Z L 2RBT 5, RIS,
AOHEE cH AR o ERED 5 L% SR D h
i, —EBEe st FEEEIELSTETHS D,
¥ EERENERCS T A #ERARFRED
BAOBHTH D,

BED IR TEIE L A ORI oL
(L, R B SRR AE o rh O M AR A T O HE P O T B
BTB, bic LB, dhuOdmEsS, LR
g, FEHFELSCECT, FERcaxbh5L5
EOHEOAE S L HERBFENLFERE & OFRHN
BIEmEs bhn kb Z L ThHD, BEEHE LEH
LoEEC &b i 5 Rl T OB LrmbhD Zh
HOEBIZETEY, RLED I BTHZoHLHE
SofEERMRATORERS L BB NI
ELEUCBZ EETRETS,

HPLESERH EROEERE 0D & HE T RIE
O _k#H & Ofic—EOB RSN 5 2 LR IEHT 5
Dk, EHEMNILDTTHS., Tiebb, KFERED
BHAREEREY SR R 25, b R,
REFEFERENLTATLELTHE (Tikbb,
HI LR OMEGEMEA S OERL L < %S E
Uhid) MEBREOET2MEMc ke {FEXRS
LnwsZEThHsH MEOBML, EFBRcH-TH
DEH#EERGEEELYREAE L L 2ok A#EEERIME
ER, B2 i v ARZS » bTBITAFFAR
B (r F7vy) ORFR & BRERRELS L0
MiBobhsBfRLiALTHE, COBEREEEL
FRMET DL LBEIhTELERNESRTD
20 FESRIRETCRE LA cmRBIEL T
FEREEL DX, Ripps 542, Perlman 5*¥ 0% He k{8
RGN EEaREERCST28ETH D, Tk
bbb, MA@ 5REITEEERE GFEEER
&) o LRI, FEAAROXFREE L 52XK
RO L oMCESNBERERT [LEEoR
(7) WHY], vwebhzhid, = F7 o v oXFReE
DHEYMEEICEL LT HERES LRI EELDL
iz, EWOIFRTH S, EFOMMMERICKT
AEEMEL - BRsBHETHB, FEHM
fasiEE S h s3G5 isEdgMllorh iz L

HHEF TR T A OME Ly, S50, i
A 2 VX U b #fE (R gl B o Ml (e 38 B Re s BB L 7
WRE 1) 2 dEfE sl o EEEF L, EtEREER
EERENIEIC B 2 TR BEERF Lo &
fedohd Loy,

7. NE

HEARAR (B TR O WA B 2 IR B 2R A B E (1 2 o H
ETHHEOERYEEL, r—rarBl7v/<=n 2
2 =7 . LA ) — S SRR RN A ok
HHHEREf, FEHATOF 1 X20.5552.5
FTERR TV A ) —HREERDB L, ¥4 K
TRV EOREXREZHEE Lz, £LT, ik
HBEEoFHNFRECHLEDOFLTRIALEWC
ETRBEE AL, FOMMEREAR LD X X E HM
MR R TR, £ORE LFMICHIG L CHEH
EBROXFRENEL L TEES1BTFELTOVS
) —#EAR LT, B, RS - T, EFIR
CHbhbEAREEY 1 XKFEHELIED LK
hote, FLECETAHEERERT 50 LF0
B 3\ B SR B TR A K & ORI XERBI RO
WLHERB b,

V. EHET MR O L L RRE

e X B IRESIERE & L CERER DRI X 58
BE-CEBPEE MShH L, TEE, HEREE
FrF < BHELBHE RS 5D H 5 BEREE
PEBEIhTWS, FHEBFILETHTHDH, KX
{LERMERE L FIEh D 20 % 7 OfEESE W,
MR ASHET & P ASTHER & oICHK NI T 5 2 &,
BREMENTHD Z LVEHTH D, Trinl sl
B TR L0BBFR S L < it h bl AL TF
3550, BEIEHEFEHRECILDTHREZRS
TR A D SRR b R TRE B T TE %
T, BADEEICHKE L TILE S L < (33EHY
THBH, ¥, HHTMPEMICH hoF e riest
g LR E THAREDS L RATHETT
RAETH, HETHREERFERODEN L VT
e, BE vUBRTEFEEGEROBREEE ST
AR GiFali%) 2 rofiosERMmE GRiEdkd
Mifa, AEEEEME) X b LEE T, FHERGORE
RBEE R FRT 5 2 & S TTHECH 54017,

Lo X 5 e EERAYAIE O ERIC G LT, KAk
MR I 4 B EERAMB LA E R L T & e,



HFI634F 7 A10H

Tt oo G MR s i BB C O S h 2 BADE
i, LECHYRcTHEEEEYEC TRECE-C
ENDH DY, KHRHOPE LA ShHHEMERED
KA EY S D, X hic, WATHOMBIHES
(o & 2 FZ AP 2R & RIEBS & oRR
AR ARET A FEHOREL H 5,

ChECOERRRESRGL, ThLRBHEREDL
L < R IR S A Tl S h o SR E TS
5, Lal, BRcoKBREE»SE/T LTy 7
7 ) = HAEfeRERICECESRET SRS
A5, 20X 5 kk#EH L LT, Kitahara b o#®ELRD
5. LEFE QRFBHE) rHEERROMKRELLT
MWFEXBHAE V2 LETd L, B®E (PO
A, #3aERER, FH#HEBEERTYEMRFRL
BT H B, bhbhi, REEOB R —BM A
EEYBHC L ) FE L cHEARERLE, S OEF
3, BEEREREAOBEKRRENRICHBREEA
BRTEh oo, B R LEEENREC L ), £
&L THEHRSE O BREE 7 A ER S S B HVHE L7
bOTHB, ZOEFOBIERERICOWTRLT .
1. fEf

EEEY GURBHE) ThHH BEOAHR (HKER
HEIEHE) s, BFwci, RERE HEFREx
CEAoBEFEES L UE ¥ & R OBEHEENEER
(A S & OFFE L BLREEE, Ao SRR IEIE 72 &)
TEGIRE LERTH -, 1987EFL0HE ORIZ16H
Imiotc b R BB RO FRE £ L THERHE
ZF7-, retinal densitometry ® BRI THiEHR BT D
BEOSE, 2/ v 7—2 (500watt) #HFEET
HEEIERWEOAENK (K2 E5°) BEROPL
Wit~ v 7 Ay = AR TRHS I, EEORKEIX5.9
log photopic troland (R MR & B H67), & RFRE)
180~600%), % oRIBHEEFHROERLHERL L.
1 EofIER, BEXRHFR L UCZ0EDI0~155
M s s AR ARIE» OB SR, 1H
w4 ~8EoREX MY RERE BT hhal
to. 16H izt B4 3188 E o Ml f iz e B oo L A3
o RHEOEEE, 23 log photopic troland
second T#H » 7z, BFFEiAflbds L O T i, B0
ke K HEERO BEGEET, EHOBRKREC
BWTHRETRERD bRtk -, DEMEER
BERERXTRY &, LTFoX 5 RE{LAALRTE,
2. H&k

2, WHEE B 5 OB - KEE

17—(1097)

150watt ¥/ v « 7—275 v 7 HKEE L2 R
Fl=y 2 A= ABNFEREHBEHLT, 72 KR
BIOHEHTMETR S, ETholFo
X744 - FA P 7I2ED, BRATFH7 414
(HE, +10nm)ic X b, RFEREIIER> + v £ 12
L, EEZhEER 7 c L 2B X U7 4 LRI
D, FhXh@aZisni, HRER, RENEC
- B FT 4R AR AR S S B2 47 (photopic troland) TFR &
i, SN TR T BN (photon/sec/deg?) TH
RN, WEE OB TS ICHEE S h, B2 XYZ
FgEEM bitebar Ik YEE S, 72 FREE
L OB LB FRCESR TS L OIL, LOMEN
B X hi, LT o BEFE X, fEF A retinal  den-
sitometry E8ic & % E (LIF, ERH]Lv-35)
R ERCZG b L 1 BE LERCThR,

3. BARTSKICH TR OBIRERE

(o]
Q
I : M LS
451 -8 o o 0 .
i Ce, 5 22 Qg *
i oe .
i " %
% 9+ o * e .
s ™
o 803 . gouso 3
[ 2 )
¢ ¥ 5o, s g
_10f . g
° .
- . QQHBOOQBQO% e
s L - R
Nm -11f =) 2“ .8 5 b
¢ ®
o ¥
~ o
8 . §
2 12t 8
g
I, 8
2
B jal-
o
Q
- 1 ] 1
25000 20000 15000

iz (em™)

H12 pfaFEtcsdahLES EHREE, EfL
retinal desnsitometer 1= L % $fE(E R B E PR O =
wicERoRLECHGEEREXE S D 2 LE
Fi=dbel, 7, 12BHBCHE, BE: 72 b o
H (em™'). #iEh #EEE (B2 0 (photon/sec/
deg?) 'Ox#]. WEBEOER (1AE) OAEM
B, R o BEL A8 B ooty T 5210
log unit F*->Ef7HE), AL R B AR,
Eb1l, 7, 12:4.




18—(1098)

HEERE MR Lxx: 8 dE: 1,000
photopic troland) Oz BT = b HIBOE Ok
& 017 PERA00~T700nm W% | FFEE200msec | H
LED 2R h, Ay v SEME BIE SR
o, TOX FRX L OER MERE 18, 7
#H, 12BHB LI ERRBEhEho SR
Rl2iwr+, GROSERBE R VDD, I X F450
nm, 530nm, 610nm (8 K% & 2 3 tE D iR THER
EhTwd, 20k 5 e YEollESLREcEL
NBHERC—HLY, ThZh?, &, FeEtlEyrR
Bt s Lniednsg, —F, EROPEEREILR
T DL, ToORRBHIR LTSS, HAHE
BT MIENE-, TOoBER BB % 18TK
LHAET, A7 P 2RO FHREZE30.110+
0.034log unit (N=30) Thot:. ZDERZELEER
HMie—BThsvHaTthbhdt, EEEHER
(400~480nm) i 10.4 log unit 1= & .55 = & A3k

T (emx10%)
2.5 2.0
-8 f T T T T T T T —
{ o o ©
o s . * -
43 * 8§
i . i)
# .
,.ég -9+ o > Fovea
B ® o
.
. ¥ K & LI
H 4 .
o
_Bn— B 5
-10f+ F . i,
i g
- 5
- 3
B -9} s
[}
o
5] . P
3 Periphery
~ ¥
§
S -1
2 N
o
; »
o [
a
All-
L 1 1 L
400 450 500 550
i#J% (nm)

H13 HEFTRX T 5H0EE L CERL0 D5
FHRREE, B ARPOE B ERGOE
H=A ' BRALE . 2=/ ERELS. KEo
Hf71X log (photon/sec/deg?)~",

HER£EE 928 7%

Haht, R, cokihiEbBRoERIIL
PEWieBA LT, 42 BRElEL -,

EROSKBEEOETREREMKR CHETH L
b, T —BEEE L L Zhs, Toc
L EERT B lcdiciE, HHEAREE O SEERE LT
DI LTS LAKEITH DD, KOBIERTT
ot

4, BBEESXCBUPLESRERE

BEEERYX (EWHE 570nm; KEx X 8°; HE
4.0 log photopic troland) 1ZIES L7z fkfET, il
F#ED 7 = + ¥ (400~550nm) THOE IS #5132 558
REEY EBH] 12 ARCELE, RISER
AT, BRTEB X L4H60mm B AR Lo 1 645
HHRRBE A 2 5 4, Stiles OF AR (n b Lt »
AH=RMNC—HTBIEEETH -0 ME0 L
RToBEER, HEEEFAEOHTHEGEEE SR RE
anlLiz, A, EEREECHBESCLRET, SR
EOICEREOCERNTED LI, Thbb, B
0.1 log unit ZFEBRIVETLTWE (0XR
HAFEFREICHIE S hic BEER KT 5 5L ERE
OEEOERETBIF-R L &, BEGERE
OB L ECHRTHIbO TRV E¥HET
&)

LD RSG, ERPOEICA SR -EHEERE
Bo—&sARRERE TR, FHEREeErShH
SEABMES L < Xz oMhFRE LT oHFHkEEs
FERETHHBAFERBB LM E RS, o
HoZLTHhE, THBH I E L Ehhrate
FROBoEc i B iz io v 2 X HE IR,

5. HBEESNICH 2 EADINDLEBE

FRLAEOBE S WEATEEDO S LT, SHER
E#EML T RS 2 8%cllE L, S2vR
13IcRd, SHAEREE LS L #450nm ok b b,
L LRk, Stiles DFEGKEBIC—FT3EE
BtER R L, B ICET 201, EAROMIZSY
TRERERE T le <, HBRHE & T8 20 2
XBERBALNIL W ETHB, ORI, TER
H1 BEBRoPLECBEROA T b, Bl
{E¥REERE Y -1 Th A D LT oY
HET 5,

LasLigdib, FH#EEMRS L < RroRIGRD
Wbt & 2o TRl A LB L T 500, W
ML b AFRICHAHEBRNOE L LT 2208k




WFI634E 7 H10H

ThbbEME (L LOKEE LEHMERITCLS
KRILORIECH -7z, TR L EEE A5 < RIR
THaMhb, EBba (L IRME) OXFRECE
ARTERESSIE (BEMIE, b eEROK
FEEabRs b kchhul, HruviEROLH
PERL D b/ ThRE), Lk FOREHN AR
EoZERICHAYTE L0 THIUE, FHFRBEIEERE
Tiied T, ®\MRL D FiToGROEI RER LR
W REAFER T2 EMRTHOMNENTHA Y, Th
LOBERDIEHT, BIAED I L5
O HARREEE = b RO T hc b B L b
ATHAHH 0, RUTHEED FERRECEAED
Wk WS FRRFRNS ZOBERIBRETESRTHA
5, ¥, BRAOECHMATONERES R
CEMTBZEbRVTHSL Y, Ldl, &Dldic
LTFoX 5 c#a L Ttare,

6. MG

WHEFE (Fvrv b 74 LEFE) ORFREOHE
IR RS B 505, FERE O DIt LI
HERHEMMFATER S h 5290, FH#EgEO D
KAREE R PO & M AL TH B ERET
5L, FREFROJEMEY RERERCEELL S
B BERFERCET 2 HENNREE-BHETE S,
IO XS HETEE SR REEANOWBAaFE LN
MicRT, DRRNEES X ORFRECEAEY M
EXRBATREALAIE, DI R8s
HEEEA) DR L < —FKL T, LZ460nm i
WA A A bR E R T, JOEFDOSHE,
BRI EF0.8TH D (DL, BEAT
DREME & HET5 L PHOTH LY, HRAL
LA E Y DIERAZLVCOTTRETH ),
foks, MIBERAOMMIAEFEDE, REOFERICL h18E

FERERECES
o
n

400 420 440 4;0 4;0 5(‘)0 520 5‘;0
iz (nm)

H14 HE130ERHLEE S EHAago 5Kk
BEREE oL B BAER EHE
Wyszecki bOFEPIC S £F0T, BKRE).8L
LB & O IR SR 4R,

2, HBEEE T 2 0BT SE - KEE

19—(1099)

Mz BlEShT 572, ToBGLbELRONY
BEoOMIzERIIe L, BA{EIR0.75~0.85TH - 7,
HMORORERBRENELEZT TRV L 2mET
5, LEoFEsb, EROFHRERELECOITE
BERASO S AAREOHENIHETAAbhL, LW
STHHIAT I 5,

7. BEETRSNRRE

FARIZ 317 B RN o FEBLMm () Bk, AT
HONBRE L 2 ¥ 7o v 05 HRIE 2 e huid
e - v BERTR S K HERE % field sensitiv-

# e (nm)

400 450 500 550 600
: 7 :
-4} 0
-
1 =
%, F
o b
B -s5¢ -1 3
g >
s 4
: i
i
S
c / LIS
3t 22
- "
g #
3
L 4=3
1 1 1 1 1 1 1
2.5 2.0
400 450 500 550
T T T
2- -
45
i
o
% 1
13
0 1 L 1 -l 2 .l A 5 8 Ol

2.5 Z.00 %% 3
M (em™'x10%)

15 LENE, BERTEYCREE, L0 AU T
field sensitivity method Ti#lll%E, #dh (ZED - 8
KRG [HfZi2 log (photons/sec/deg?)~'] #FR.
B AR B EIR, iR CLE. E¥ENE
OREFIRFXRRE? CETHEMCERL CE
). £ Dartnall ® » £ 7 5 A BEY (lnax=
493nm) I LicAi s THiW ok ber K7 2 v D45
AL (= & — At f e BER), TR, b
BYEEL ) D EE S N BERE R 0 R
B3 AR BA ER. ERGSUHEERN G
BHSRS0RERRE (72781, BEA) oY
BT EHERE 2T,



20— (1100)

ity method THIE L7z, ASCREIEE LS &, I
B0 s u-THFRET A X117, 500nm, 200msec)
T AEAEEARIE L, wic, 7 A FXoIHE
wHEXTEIE X » 10657217 suprathreshold level (= [#
ELTHEFALCCRRL, T8 BE
400~700nm W%, FEFE)OMEAEEL T 0T A b
AR e W R EE 2 S HERE TR, KIS
HRERT, Ok 5L CROIBEIES LREE
BISEfEY, EHRTERRL LR, EREFEK
EHEWTRCIERFRSEREERS LI e toa ¥
T vogKBRKGE Dartnall® / = 7 5 &
F#, Amax=493nm, BAETEEM BT 5. 2,
BEERECILe ¥ 7y Y OSRRINETH CIE
BEATRCRREE 2  b RHAIR 0 A2 bh s, [
HEREH S CIE BREEEIAIE (20~305%) X » & &5 (50
) ThHrdoBZBLELXBRRNOHK L RETH, I
IR HERE L » ¥ 7o v P HRIN & DR, B
O SEBIRFFME & RleEh b, BRYRISO TR
T, AR 5 IR (X 505% O SIS EE (R

i ! *

i ! L
0 200 400 600

WENAIGHE] (#)

F16 0 5 8 R B E G, R 0 8 6. 0log
photopic troland, 60 # ; 7 = F ¥:¥E  530nm,
o REXANE LD EoNICE T 5 R (7).
fiEtEh © 7 A P ERE CGEXNNMED, B GRB
A ER, A ECRIEEOBENILL Tu L,
SRR R B 328 o R BB B 4

HIR<EE 92% 7%

KRAERD) oxhic—FKL T30,

8. L EEEIEN

Tt~ THEEH ] 37 ABICilE SR 2 R
16124, POEORRBRES T CI@EEE L 2R
THDH, EABROFOEEERIET I, REREE
Bt L UM RRE L St EZR B bR,

9, Eix

C IR LICRESIE, DLEOBE LN~ L, #9
1 A oz Bie i ic e b s BB OB
HEhickiR e LToX FREREY B +5 &
AZELTIWTHSH, FHEEEE (3126 FHE
AR H—BEECTHTITRDEHPEELTR LIS
i3, BN TIDR £ T BBL T
T\ ExRET 5, Sperling 5, Ham iz L 544
DEBHIFE 9% Kitahara Hiz X 5 & F OEEH
FHZ—F 3 5, Kitahara b OEFILEHEIEE
1#fEizh e - THifIc B S hicb 0T, 3%
BHE X EROEFICELT 5, FERICb - TRE
ekt (PR LEIAEHRAEREYRLO
L, ERofEFASERERS o —BTh o1
ZEREFEBLTLIVWTHAS, BE LD AENHE
FKoElE o3 s (Kitahara BOEFIDIZ S 3L b %
R/OF—H RIS i), BIENFEE O
(b (Kitahara HOEFIH265E, = OHMEOIERH
506%), 5 VI EMERONXFREOCBEAZDIZDIZ
WELRAEOEMDECER DT hE LT
Vv, WTTRIRLTh, ChALOEFANLIERE G
4~6 log photopic troland (5 ~104) &5 FHE
BREE Y, Buc X HHEEEHREL b Lk viEL,
BRI L IERHERN TR v LR RET
3.

FEIHE AT D ESRBIRE F i BES A SRR
+% &, 6.5~7.0 log photopic troland & o R 5 &
BHH, ChE60HHEBHT I b OHEHAEE (R
L O GHERAER) 2% ERAIRE0EESTH
B (EREE), RIRES, BB SR ns, B
WELHBPITHAIH), oLk 5
R, RROLEHBELNAE 2T R, BEL
LB LEREL T30+ 504 Ll
WV, B FORVGHEEEAFECK T, B RS
EATHRBORELLRRICS\T, L0 HicE
ZOFAREO > LI bERTE, #EEEMER (&<
CHEEEMRS X OFORIER) T, ZoELL



MEFI634F 7 A10H

e EEREA T AR RN T A0 XRETH A
P
10, /)ME

=EOLERPLEHL, REFROLDIN]L » A
Ml nte b OBEDOHETRNEI Dz LBH IR
7o, BEEIERR B OBAR Ricd RE &R
fo. 1E0Y, Eofodi OEE SR L R R
HHMELFENS &, EREXEBHEEZTeh b
L EEE L Ch T EE RS TREDE TR
L7, ETREEH 1BEcESbA, LEVLICHE
LT4 7 ABicREFE L, LW LEYEENR
Fick b, —BEREEETEHEREMRO TR
BiEL i Ehic, BOTEXRBHCL Y, EHOK
BTERRERENRL TS, L HFH#HERMRD XS
BB R T D ATREME B B,

VI # &

MR RO KRN S L OCREREE A D Db
i, EBcfoRG#ERERONE LERKIGH
e OIFREEE LT, SECEYEYOME L Tk
FIDH L, #EEaREoBEKRMIEI SR
Hgn BB, W OhDHTc b LWER L EENHE
b,

WA ORI, HHEHERCE TS REERE
DB LR BE R BT 500 XB L b E
BARgtTs, o ClRO AP EEDM L, HE
PR R e R AR B T A LB BB SE
HDLEHNDEAS, SHhEd, Tk 5hHRORE
ek -»C, BHSEEOBERFEOBREIMELT S
zEehhsS, LA, EBXIETH e —F
nbBLRANEE, ERMfROLDOFENLFHL
DERETLZLOTRS DD, EFROHACHERICE
BEREUSABEPREBEL TS hB I LT, B
fob L llnssys, Mt HFEEFERLED
HIE L OB AICE 5T, 2FSELEMTERD
ARG, & B TR PR T 5 A R
EhB T ERHFELE,

Ho2E B ARHFEBEC - TEESS ol Y 5 2
bhi- BARBES R, FFEREN, Bak- kR KR
P, BE-BHFRAECEBL 2T, fELEYEEA
PR Ds B4 B £ CO20EMICh h HfFE & EHE A W
FofEnT EFokE 3 o v K% Mathew Alpern #8212 &

2, WHEEE KT 5 LB BRI - KEE

21—(1101)

L # . retinal densitometry =B+ % {L %2 Alpern #
BLokicksb0T, XLEBRNEYEDETFETHD
¥4, (AR RSO PR E B3 5 B,
WR SRR RE (B S8 oduREf—
Bh#EE, B BEOKECEEET, Erdh BIEEAE S L oEWHRT,
M EETETHY . BEERONE R, BRE
KB IR R B GRS IERET, PR aRE, &
IBHEZMFORNCLIELOTHY 7,

AW, WEHEREWRE (—RHRB REES
61480367), EABEEREBEAEWNEE GOEIRGBERIE
FEDSEH  BE, hE EHE), BIUERERERH
HPFREOMINC L b fTbhi,

X Bk

1) Octopus Visual Field Atlas. 2 ed, Switzerland,
Interzeag AG, 1978.

2) Katz J, Sommer A: Asymmetry and varia-
tion in the normal hill of vision. Arch Ophthal-
mol 104 ;: 65—68, 1986.

3) Millodot M, Lamont A: A peripheral visual
acuity in the vertical plane. Vision Res 14 : 1497
—1498, 1974.

4) Skrandies W: Human contrast sensitivity:
regional retinal differences. Human Neurobiol
4 97—99, 1985.

5) Skrandies W : Critical flicker fusion and dou-
ble flash discrimination in different parts of
visual field. Int J Neurosci 25: 225—231, 1985.

6) mIBAF, REHEI, B F . REFORRMEED
FEREEM, (2) MEoARH ., HIR 90: 1044
—1048, 1986.

7) Skrandies W, Baier M : Standing potential of
the human eye reflects differences between
upper and lower retinal areas. Vision Res 26:
579—581, 1986.

8) Adachi-Usami E, Lehman D: Monocular and
binocular evoked average potential field topog-
raphy : Upper and lower hemiretinal stimuli.
Exp Brain Res 50 : 341—346, 1983.

9) $sterberg G: Topography of the layer of
rods and cones in the human retina. Acta
Ophthalmol Suppl 6: 1—102, 1935.

10) Curico CA, Sloan KR, Packer O, et al : Distri-
bution of cones in human and monkey retina :
Individual variability and radial asymmetry.
Science 236 : 579—582, 1987.

11) Aulhorn E, Harms H: Visual perimetry, in
Jameson D, Hurvich LM (eds): Visual Psycho-
physics, Handbook of Sensory Physiology,
VIII/4. New York, Springer-Verlag, 102—145,



22—(1102)

12

L

13)

14)

15)

16)

17)

18

—

19)

20

Nl

21

22)

23)

24)

25)

26)

27

1972.

Weale RA: A Biography of the Eye. Develop-
ment, Growth, Age. London, HK Lewis, 183
—295, 1982.

mil B EBEBoKE BRE 35:
1981.

Jaffe GL, Alvardo JA, Juster RP: Age-
related changes of the normal visual field. Arch
Ophthalmol 104 : 1021—1025, 1986.

BplE  EFRECEILs -1 F=vBOE
BiIRETHETORN. HIE 90: 970—974,
1986.

Werner JS: Development of scotopic sensi-
tivity and the absorption spectrum of the
human ocular media. J Opt Soc Amer 72: 247
—258, 1982.

Ordy JM, Brizee KR, Hansche J:
acuity and foveal cone density in the retina of
the aged rhesus monkey. Neurobiol Aging 1:
133—140, 1981.

Garter S, et al: Aging and degeneration of
the human macula. I. Outer nuclear layer and
photoreceptors. Brit J] Ophthalmol 65: 23—28,
1981.

Keunen JE, van Norren D, van Meel GL:
Density of foveal cone pigments at older age.
Invest Ophthalmol Vis Sci 28 : 985—991, 1987.
LeGrand Y : Light, Colour and Vision. Lon-
don, Chapman & Hall, 107—108, 1968.

van Norren D, Vos JJ : Spectral transmission
of the human ocular media. Vision Res 14 : 1237
—1244, 1976.

Wyszecki G, Stiles WS : Colour Science : Con-
cepts and Methods, Quantitative Data and
Formulas. New York, John Wiley & Sons, 121
—122, 280, 582—587, 1967.

Rushton WAH : Visual pigments in man, in
Dartnall HJA (ed) : Photochemistry, Handbook
of Sensory Physiology VII/1. Berlin, Springer-
Verlag, 364—394, 1972.

Weale RA:
foveal and cone-monochromatic observers.
Optica Acta 6: 158—174, 1959.

KERE - CH - BIHCKRE, KECHH iE
HERELS. Fr, &FHM 57—67, 1988.
Alpern M, Maaseidvaag F, Ohba N: The
kinetics of cone visual pigment in man. Vision
Res 11 : 539—549, 1971.

Alpern M, Pugh EN Jr: The density and
photosensitivity of human rhodopsin. J Physiol

9—26,

Visual

Photo-sensitive reactions in

28

29)

300

31

s

32)

33)

34)

35)

36)

37D

38)

39

40

b

41)

42)

43)

HIRSEE 9% 75

=1

237 : 341—370, 1974.

Dowling JE, Wald G: The chemistry of
visual adaptation in the rat. Nature 188: 114
—116, 1960.

Hollins M, Alpern M: Dark adaptation and
visual pigment regeneration in human cones. ]
Gen Physiol 62 : 430—447, 1973.

Alpern M, Holland M, Ohba N: Bleaching
rhodopsin signals in essential nightblindness. ]
Physiol 221 : 457—476, 1972.

Miller SS: Psychophysical estimates of visual
pigment densities in red-green dichromats. ]
Physiol 223 : 89—107, 1972.

Smith VC, Pokorney J: Psychophysical esti-
mates of optical density in human cones. Vision
Res 13: 1199—1202, 1973.

Young RSL, Fishman GA : Color matches of
patients with retinitis pigmentosa. Invest
Ophthalmol Vis Sci 19: 967—972, 1980.
R, 3T BEKRER BTt MMl bR
R A& RAREAE 1 B BE —Rayleigh #%io\vT, A
fE 88:1364—1368, 1984.

FRE=, B BEKES, dLE 1% Rayleigh ¥9%
&£ B 2D EENR G REBE o SR B %, bbb L
RS 1: 250—252, 1984.

Naka KI, Rushton WAH: An attempt to
analyse colour reception by electrophysiology.
J Physiol 185 : 556—586, 1966.

Smith VC, Pokorney J: Variability of color
mixture data. I. Interobserver variability in the
unit coordinate. Vision Res 16: 1087—1094,
1976.

Schmidt I: Some problems related to testing
color vision with the Nagel anomaloscope. ]
Opt Soc Amer 45: 514—522, 1955.

Alpern M: Lack of uniformity in colour
matching. ] Physiol 288 : 85—105, 1979.
Pokorney J, Smith VC: Effect of field size on
red-green color mixture equations. ] Opt Soc
Amer 66: 705—715, 1976.

Aaberg TM, Machmer R: Retinal detach-
ment, in Garner A, Klintworth GK (eds) : Path-
obiology of Ocular Disease. New York, Marcel
Dekker, Part B, 1351—1381, 1982.

Ripps H, Brin KP, Weale RA: Rhodopsin
and visual threshold in retinitis pigmentosa.
Invest Ophthalmol Vis Sci 17 : 735—745, 1978.
Perlman I, Auerbach E: The relationship
between visual sensitivity and rhodopsin den-
sity in retinitis pigmentosa. Invest Ophthalmol



IEFI634F 7 H10H

44

L

45)

46

g

47)

Vis Sci 20: 758—765, 1981.

Weiter J: Phototoxic changes in the retina, in
Miller D (ed): Clinical Light Damage to the
Eve. New York, Springer-Verlag, 79—125, 1987.
INEBHEE  REtEoBRCRETRE, IREF 24:
723—729, 1983.

Sperling HG: Spectral sensitivity,
spectral light studies and the color receptor
mosaic of primates. Vision Res 26 : 1557—1571,
1986.

Ham WT, Mueller HA, Sliney DH: Retinal
sensitivity to damage from short wavelength
light. Science 260 : 153—155, 1976.

intense

2, EHEEE BT 2 LEMERI - KE

48)

49

N~

50)

23—(1103)

Calkins JL, Hochmeimer BF: Retinal light
exposure from ophthalmoscopes, slit lamps,
and overhead surgical lamps. Invest Ophthal-
mol Vis Sci 19 : 1009—1015, 1980.

Kitahara K, Tamaki R, Hibino H, et al: A
case of blue-yellow defect induced by intense
blue light, in Verriest G (ed): Colour Vision
Deficiencies. Dordrecht, Martinus Nijhoff/Dr
W. Junk Publ, 21—29, 1987.

Bone RA, Sparrock JMB: Comparisons of
macular pigment densities in human eyes.
Vision Res 11 : 1057—1064, 1971.




