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The Assessment of Blue Mechanism by Measuring the Threshold
Versus Intensity Curve under Flashed Background

Hiroko Terasaki, Hiroshi Hirose and Yuko Suzuki
Department of Ophthalmology, Nagoya University School of Medicine

Abstract

The threshold versus intensity curve with brief blue stimuli with a flashing background of the
same wavelength was measured in normal subjects and subjects with several kinds of optic nerve and
retinal diseases. In young normal subjects the threshold curve rose sharply away from the line
measured under the same conditions but without flashing blue background, as has been reported in
measurements with light of long wavelengths . In the convalescent stage of optic neuritis, diabetic
retinopathy, and central serous chorioretinopathy, the threshold curves presented two patterns; one
pattern was shifted upward and the other shifted upward and to the right. We suggest that this
method with short wavelength light is useful in differentiating retinal diseases from the change of
optic media, and for layer-by-layer diagnosis of retinal diseases. (J Jpn Ophthalmol Soc 97 : 986—993,
1993)
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[ s XACHBE L TERNCET TS LIRL<abhT
BH T hFEFCEA D =X AOFHEIIE, VWAWA
EHELOWEREBETHE A=A rORKRENID 2 H = OB BEERTFELIACBRT L3,

il

BURIGE R4 - 466 B EBHEFXEER 66 AHTBEAFEFTBRSEE FH &F

(PREL 459 A 28 A, ERH 543 A 15 HHE[ZED)

Reprint requests to: Hiroko Terasaki, M.D. Department of Ophthalmology, Nagoya University School of
Medicine. 65 Tsuruma-cho, Showa-ku, Nagoya 466, Japan

(Received September, 28, 1992 and accepted in revised form March 15, 1993)



PHES 8 A10H

Gl E, ERAEAMIE, FOl3 32Tl
2B, FEREOEOBIE Lo G A BRI
HaTRE 7o detb 23 L CHlIE L, LR #H & £EofE
BEEAEDL S REBE TR LA,

Figdsh, HGEXEEORBCOMELRE TS
BR, IS & ilic, RABEXENSHE2o0WRTS
FAT s L, BREXOBECE (LR L, #¥Eo
FMELER R e, H28ENLAB LR
THECOIREPAGRTWE, 2oL, &t
Alpern 694 cone saturation” & L TH ML <
DFILTH S & h~7z23, F0#, Finkelstein 59z
X D opponent mechanism # + T ARG THB = &
MAEM & e, ZoX SRR, BEALNERE
DR cRETH D, MEEECHL TR, B
T EEREY B CIoBESEH T H B TTHEM % Hood
BLODLIERML T 55, EEERIIZS  DfEflizowT
BEf & hefiEain,

2, AEOFEXORERACHEKELT, o
BOGE, MEERO L O W oS 2 5l 2 5 T
HBHZEERHFELT, W onhofSEM iR,
BEBCS T, fH0BRHFREMCATELYIT-T
ToOHFAREHEFA L.

987

) b7

BERE® R LIRS, KFEE50W 4+ v 5 v
7T 3 %D Maxwell oYk bied, B1HRLD
I'oFfAET 2 FH(Zh% Hood 59k b T 7 e o
FEGD), BLREIY ZPORBOT T v aT B
st (Zh% Hood bW boT7 7 vi=d s
5), HIKLOBEMAIFOEAEFIEILKE (3.6log
troland (td)) 37V X2 & E B LTEHE A, 220 A
LHESLA A LT Maxwell & huic, ZolESY o E
B, ERBECLBMEBEILENT, F4» =204
ORIGVBHMBIEATALTI RV L RADNET,
Hood 603G Lic L b & @V E O IEE Y2 8 X
LI HDEE Lic i 2l bhve, HEtoTEE:
439 nm CEESE 17 nm), HEEWIEEGXE 2 2 =
A =2 =% H\T 600 nm I3RE L1,
BRI 500ms, 7= ¥ 7O FTEILEERT L 50 ms &
L, 77 v vaé 7o 73APIETETLE (F
2), 759 >abkTry 7OBEIL2BE Lz, &
B ELIHET B ORI YETAEATIIIB L
L3,

MEDL, F¥FFTeos, 75020z FRFh
DEfER KD, WIZ7 5 v v 2 KOWELR, HES

77 wvad

M/ il A M
Monochro YHL_] \/
aND; L
[::PH;}
p
e el —e R
enon SH
[ ] YiE [P e, P':,ZH"::' oL
n el g
AT M
W.ND
M1 RELBELRT.

HEREZ0WF£/, vF vy, £¥ERIEIFrv 20 Maxwell Zibic s,

Xenon: 50w+, v5v7, LivvX, IF. Fihz 4052 —,
sity filter, W : optical wedge, SH: >+ v #—, P: 7V x4, M:

/:_ﬁ,,‘-/fﬁ? = EP ! AIE‘}L.

ND : neutral den-
PH :

& Ty



988
: ]

Zo%7  S0ms

(439 nm)

FIyira

(439 nm) 500 ms

— 1 f—

_J_I E B I8 5E (600 nm)

F2 MERREBAREERT.

hic7 5 v v BIoMEN5#0.25log td 72k
REg, 779 v2X0FWBETO7r 7 7OMIE
(Fmw 7.7y v li{f) REELE,
iy, REARICOWTHSICHEBEL, Bl
B SABEBTV 3,

I =

0EUTO, ER»3D L TFoRHc: &% 5 EH
HEZ6RICOWTIT - e Ra w3 (K 3), HEc
77y v THHFBEREOMEY, Hlhcixr
7y v a2 OEWEORED 7 v v TORGEEOFHE &
BEREREYTT. EEETE, TRO775 > 20
EoERizoht7 ey 7ORERMERY LT LR
L, 77 v a6 1 log td #EE O &
IOEXLKBBIZER LI, 75 v DEEINEL
feb EPloiELTA LT Aoribhi, HED
Bl & A TIREERENPPAE L,

IR AR O RCIEEE 1 BieounT,
2OHFONOMEOLRBEIC LAZE7 T » o2 34
¥, WEEY LB ey FORERXRIELE., C
OB AR TERC LR LA (K
4).

LIF, #hhRiFiefmigss, SOtk
EiE, EREEEcVWTlEL vy 7-7 5 5
v 2 EOHEYRT,

FEM 14 20 5%, Zotk, BEAASER oA BR o 17 migE Pl
KOEEHCRNTL.2, BRATRECS VT, Bl
BEHFEEHETAEFEA (SPP-2) # XU Lanthony’s New

HIREEE 97% 8%

or

’ H

a-1r

7

7

@D

#

- .

%—3- I ““,,é
L1 1 I 1 J
(<)"-5 -4 =8 =g =

HE7 5 v aRihEe (log troland)

E3 WBUATOEEEEEEZNTOIT-75y

L aMENEEERECHAEYE(BR) LB
RE.
R 7 7 v v OMER LA RT, fEic
177 9> 2DFMEORD 7 vy 7 OMFHREY
Tt FREECEWTIE, HRO77 »>a0fE
O FRIEoh T ey 7OMERMEL L TER
Lic, 77 v~ OMENE Ied & FlomELr T
ALTL 300 HBRT,

\

(puejosy o)) HEHHFINION
1
1

I
(<)
T
\%g

L JL L L 1 1 1
= -5 -4 -3 = -1
HR/75 v 2 OEMEE (log troland)

M4 6BREREEND TR T7-7 59 aME (B
). :
FHEF D 20 HF EFZXOME O AFRIC ER 2
H7Fyv2x8Y, BB LB ey 70
BUECRA), #F T, ABc kR Ta MRS
THEHEMZ LR LK,

Color Test (NCT) TiXIEH, Farnsworth-Munsell
100-Hue Test (100-Hue Test) Tk, AHHROERE S



FEE5 48 A108
0r

g -1F }/i ;§ 3

7 !

: i

g T

5 _,| ; i

1 ;

z = F
- N | |
=77 8 = = - .

BER7 5 v 20EMEE (log troland)

B5 fEM 1, 20 Mt
GIR (BA) ofWEFLELORNEY. oy 7, 7
Sy vaDLOREIRRIREALERALRE T
bbby, BB (B i bhicphif & hEg
LR ry 70BLEED EA LR
o

iy
=i 1{
m-=iF ]
7 /
()] l"
B i/
5 // l’/
= 5 Ty
3 3
2 =i I L
1 1 Il 1 | J
A "-5 -4 ~3 ~2 =]

HE75 v 2O (log troland)

6 EM2, 45mict,
ERUEEC L 2WBOMERMEROLEL, £
BRo7ry7-77y v Bl (BIL) X, EEEOH
BMOEBOCHBRL TR0 S LMD kb At -
T B,

242 Thotfe, 7r9 7, 75 42 0HOMEIZIL
REAEENRABhEh T b b, #ET
Boirchf s HE L CRHNG 7 e v o RE
fEo ERFH LR (K5),

REMA 2 13 45 5%, ik, SREE(EC L 5B
BERAMgLroEENc, 8hka1.0, £1.2

A RIREE - el 989

100-Hue Test TR 4 282 s Lt GIR TR, e
T 7ORERFERICERLTWT ey 7, 75y
YathFhoEoaLlLhElETcEhhrat, ER
(% 100-Hue Test THE{RZE4 188, #hix~RH, NCT,
SPP-2 CXE¥THh -1, 7oy 7ORMBRIEESE:
LT EARALRAY, 75 v 2 0MER
RERAh- ERcEF27r 7. 75 o2 B
EREFHOMBGICEE L TlBob Eai b sl b
Azl TWhWBDRLLRT: (6).

lEo X 5z, sl LM io 2 fEfT
X, 7ru7 75y v RERRRECREEECE
B L CHER B <L b BB 2 b o T,

iz, PSR BRI DRI o 72 7
9777y v MEOERELRT. 5EME, B
TR AR M D AFHE T A BREI & BRI R O &
B2HEMS 1 Aol 2 BoBRERIT-72. 5
Bl 5 b 3EFNE, HERMEIBEOFET 2RI IE
Bo7sey 7OMERERCER LT, BEOM
EHMRERDD Z LETE o1, HIEMENED
Nz 2HERNE, BROEHIZE L2 1.0, NCT o498
BETCHRABA 2~ 1 OBREREERF Y " TEMT
Hoteth, 7rnv 7735y v MEMREELTA~E
frlL, EEBALRA XS Al iiaEohi
Motz TOSHD 14 EF3) #RFEL L TR
AT (R T), SRR M RBEREE L 5 EMcEs

3_1— o % 8

3. s e

2 -3/

j\-} »

-2 o

. -

e

g, g

2 °
| ” | | 1 1 ]
R ol = -1 2

HET 5 v aOEKER (log troland)

BE7 fEM3, 41 B,
HER PRI O A7 AE T 2 R MR N8 &t L g
BHEMERERED 7 e v -2 5 » v 2 @O E. #h
WEBEES~> 7 b L, ERECIbAEL 5 o
TR B o e, BIE D B, IR B



990

. ®

, /

o _1L a -] o

L7} . of

7 /f

)]

5

M -1 /e

fiEl gre i

~ . :

s ]

= =3 °

2 3
O P | 1 1 1
= 75 -4 -3 -1 -1

B85 v a@EHEE (log troland)
8 REANEREHSENEE2EMBEICELAL
R,
St ot g — v REE LIS, BEY EH~FETR
BLi-wBrEE L, BB B, BR @ g

1
A
T
\
o
oe
]
o
o

I
[
T
]

(puejou} 30)) FWHBONIDON,
I
T
\
\
o

L | 1 I

1
= -5 -4 -3 =2 -1
HE7 5 v 2 OBSEE (log troland)

E9 fEFI4, 47 BB
o U P I M AR A EEE D BE R M S BE o0 R 2 2 R
R bR HR, ER 3 LRI ETCEICRE LT
W, BHR BN, RRR: E.

WTI, ERAEBRECREBLALERIBECER
BELTTORERLD, 7ro70LORBELETL
foht, RARELTREBLDERED LR, HRZE
Wit 2 —vuEE LR, BREECEF~FTE
BB FE LK 8), BEHEEoNL2E
Mg bhi EFBEIO- 2 — ik, bhrARICHE
B LER 4 T, @R LFECHlRCEL TW (K
9, 10), LHL, #lEEHEORK L K& H - EEFTIE,

HIR%EE 978 85

/

(puejos} B0)) BHBARONIDN

ol e -l 1 1 1
=" -5 -4 -3 =1 -1

BE7S v a0EEE (log troland)
10 EFd4ms5H»rAECBOAT-hE (B=A).
BE (BH) LoEFEDBAILL.

BEREM IR AD VRl vwTh, fit
O 4 FlOBENE XRIch, BENFBOFET R
HitRAgEoRELLLEBEEYR LA, CoEfATR
100-Hue Test 33 L " NCT CTH ZEBH L HFRARE Y=
L, BESHBHEHCLERELL,

BEUFRAE 2 THENLERO —DCERR
WS 5, SENIRIREN, X OSLRERE
ABEEAE A R T\ 2 FED] & BAERENELE 4 FEAl o E
Ttz WO, 2f1.080ETHhHs, BERAER
#FTik, NCT RIEHT, 100-Hue Test TLERER
OFEERBELE 2 2EALD-10D, BEORFE T
H o1z, SPP-2 THEFIVEETH -7,

Fuev7. 735y a BEHRCE VT, BEEOR
HohitWbOTCRERBLEOEXRHSTC LTS
Tedote, BMIBEED > b2 AT, BB ERE
Hicvr7 L, Sl bEny didiclitafc,
D26 REFAKHMARL, EXREERYCE
PEEHEELRDOWREATH S, T05b0D 1
HlchHERS ZrT(E11, 12), o 2fTl7 =
Y S OLRORECEEEDO D L ERICEALLDD
BB otctt, WThIEEEOHBIVL 7T v a
DEEDE EZATT ey 7OMED LAENLBA
., T05 L, EFl6DBREEE LB LhICEERH
R (E 13, 14), ok wERFAEECS T
BT (IZIE= o0 24 7S A REESIT IR
 ruic



SERL 5 4E 8 A108

E11 f#EFS5, HMEEELRTORNA R >~
EREEERFEFANDEXBETH,
WERSEHITIIE BTl b 7oAt I EEE
EAEEH bR,

1
\

1
)

T
4
\,

(Puejo) 30)) HEXHS VI DY,
1
1

e = = = =
HR7 7w anEeEAE (log troland)
12 ERI5 (2185 h-giig.
(BouTr, iR EAERcy7 F LABRIISLE
B iedfeote, AERIEREFE 6 L0FH,

IV £ %

BUXEPTERTHHER, TRYEEXC LSS
ERBEEBAETIIRRS, Thibb, WAL
TWABERXOEEXELER LS, F, BEEA
= X AT, TOHESBMER, Weber @ ERICHE -
THEX 10EKLRES ELWbhTw5b, —F, EHIE
B E X2 oERRE TSR, Thia@s
BB BECRHIEE»LERNCERTABIC LR
THMBRE DY, BAEILKE EOBED SE(icrt
HHSEER, olEEX ETcoRECRTREE LR
eh, EROEXZLITebi s bR TV 509,

HHEAE R - SFEHD

991

B13 EFI6,2BNA > 2 AKEMERBEAND

REFH.
MIER O & BIERE D NERELED 5,

or
Il L]
[
4 /
B op /:
) /
7 ,l
: }/
it [3 :"
M- /7 7
i o
= i —eav P
a ’r
=X P4
] RS
1 :’r L il L 1 l
(- "-5 -4 -3 -1 -1

HRZ7Z v a0#EEE (log troland)
E14 FEH6 (CBSAT-EE (2.
EHEOHBE () Lhd 75> 20lENEL
tc7ry 7oMEDC LA A ALRT,

EHEELXELTHHELRAEGOE 2 OER LT EIFE
¥LiSE0ERTE, HEOPIVERKESZ &
Bibhotz, —Jf, B2OoBERXEARSLH LD
EfL3R2ih, ABC LR TrHBHIELR:,
O RET A ERNCH T 558 EEERRE o B HOE
AR THREEE L, Alpern*iZ X D “cone saturation” & B
¥, {4« o receptor @ saturation D7=d I L %
L#EZ BT, # o Finkelstein B9 D EEIZ &
H opponent process Z&1r, L h [EHEO G EEED
RIGTHB - LRE i, #fE, [ ki L.



992

% 77y va0ffEoRWEIAST, FlofiRs
ALTL B30 Lbhich, chid, HcoB\7k3.6
log td DJEIGIC 3\~ T ik, Hood B9 F e BN
IhhEEREbOD, B, REEA D =Xa%T
SNTHEH LTV B0 TRk, FIEEoOBENS
{tende, thbd, RERAD =X s0iiE~00
AL bh3 EE L bhi, Finkelstein 590 Bk
AHA=ZXACKEFBAETE, BV7 7 v v DEE
CkFAETE, BRI —kitbDT, —2
DAH=RABIFETHLDIZIE, B 7Fvvad
HEOHEBTH 7 » v 7 OMEMR LM< TH
BERRTWS,

COFEXYERMCISHAT 5 ehc b, Hood b0
L oDFIEERRNTWE, FlEHOERX
Xk b BEAY DA L CRERRE L T
T &, #2cREMFENTHRTREh, BEE
DOFEPIcL b2 — v CHETAZLBTETHALT
LTehh, MEEBRCE VTR, FOEED -V
2D FABNMIE R, Tichb, HEXHIRK
EOET L BrEE0LOBETEFTbREEELD
i,

SO Lo SRS O E G T IR & s Fo g 7 U
DEFTAZLH, EREED ERCHEGBEHIZE-
fo. —H, MM OFET B R o T LR
MR EAE TR E o aTcle{ AHicb v 7
LT, B EIhictLEoPROBETHRE S
fo. BRBEBE TR 2024 7 Hbh, —20
2 A 7 TR RIEE O B 5 R o ob M SR AR
IEAELRIU 4 2 — v &R L, e it iR
REE T, BEWE S o 7212 receptor DERFID KA
ML L2, Stiles-Crawford ZhEA L BB M, &
BRI E AR FTRAFET S ebcmBERON
MEELBRINEh D L E 2 HbhH0T, BRHFEBEEC
BUTh 20k 5 B LA R TEMAGEEEEL SO
HeECocRATHA b LB, ULk
b, cDX5kg 4 TOMBOEIE, PHIBLED
etk ThELDZENnELZLR, BBLOL
R TERWL I REEOSEIZ, EEELOLE
ZacE, BN LVWBEELHLLE LR, —
#, ERFEEEE TR ORI 5 —2D 2 % — I,
FIWMTREREOCE THRLL, TREE G
fEVEED EREBRA bR ZALOERIE, fEREE
Baihbhtcd v A ) YIEEEBRHBOEATS -
1.

HERSEE 97% 85

OB E 25 &, HMELe, RIEREHD
2 h A RRBIEE C R, BERTCEECNE
bhrEZLRD, SEOKETE, ZhbOEMC
ik, FiWSREE OE T A 4 bz, Opponent pro-
cess ¥NMT AL vbhTwLaYRFEOBENTE T
%, FEARBOBEE R X RIBE T 5 RIS,
ETTrbnEELLAS,

—1, SRMESIREOGFAET B R O SO MR M
DRAGEIECHBIFERE O H 5 ER T3, RECEICHE
ABeFET S, SEOFERTIE, ZhbofEFTE,
Fimb NI X 5 CHRMEEOE T ERT 2 — v
Zbhi, COXi, FHECEWTL, BEsh
TR R 2 — v RRTAREEDSH D =
Lk, BRIZE & L CoOREEIRE SR,

o THER PR RIS A L o R oo o O P SR
WRAGBEDRE R AE 2 Thb L, ZORMICIETR
EoEToanEimibh, HMELeROtE o
EzbhBERFAMEELRLC A2 —vTholcZ &
DBIEHET S L, RO H B L F AR
OEENBEL, LrbFhREfEoNBoRE
THAHTENENTRE S h:, BREEFEHCE, [
oo el A M RIR AR 12 35 T, MEIEAE OB
MEMEE A R THME D H D, HEHEREL,

DX, —onsf 7D 2 - OE
&, MEEBCHIBRETFRAYOREO 22 =X
ARELZBOICEREBbhi, i, ZOFEKILMH
FTHBILE b bY, BROAERECERCRSE
haBE0EERT CLAEI BN ShATEELD
B Enb, BRMCLFRATSS LEE 2L, AHE
i, HHERBEOEN BB LA L X ERA
BETaboThh, S8 EOAZLOHBERTI A
Bizid, FTTFEEEOMBE(MOEHEE LIl
bt E 2 bhi,

Br#zrschich, THMEERD ¥ LAREE ZHEE
S LET,
X W
1) Greenstein VC, Hood DC, Ritch R, Steinber-
ger D, Carr RE: S (blue) cone pathway vul-
nerability in retinitis pigmentosa, diabetes and
glaucoma. Invest Ophthalmol Vis Sci 30: 1732
—1737, 1989.
2) Marré M, Marré E: Different types of
acquired colour vision deficiencies on the base
of CVM patterns in dependence upon the fixa-



SERC 5 48 A10H

3

4)

5)

6)

7

8)

D)

tion mode of the diseased eye. Mod Prob Oph-
thalmol 19: 248—252, 1978.

Adams AJ, Zisman F, Ai E, Bresnick G:
Macular edema reduces B cone sensitivity in
diabetics. Appl Optics 26 : 1455—1457, 1987.
Alpern BM, Rushton WAH, Torii S: Signals
from cones. ] Physiol 207 : 463—475, 1970.
Finkelstein MA, Hood DC: Cone system satu-
ration : More than one stage of sensitivity loss.
Vision Res 21: 319—328, 1981.

Hood DC, Benimoff NI, Greenstein VC: The
response range of the blue-cone pathway: A
source of vulnerability to disease. Invest Oph-
thalmol Vis Sci 25 : 864—867, 1984.

Hood DC, Greenstein VC: Blue (S) cone path-
way vulnerability : A test of a fragile receptor
hypothesis. Appl Optics 27 : 1025—1029, 1988,
Hood DC, Finkelstein MA, Buckingham E:
Physiolosical tests of models of the response
function. Vision Res 19 : 401—406, 1979.

Yeh T, Smith VC, Pokorny J: The effect of
background luminance on cone sensitivity func-

10

11

S

12)

13)

HHERRBEE - <Pl 993

tions. Invest Ophthalmol Vis Sci 30 : 2077—2086,
1989.

Hood DC, Greenstein VC: An approach to
testing alternative hypotheses of changes in
visual sensitivity due to retinal disease. Invest
Ophthalmol Vis Sci 23: 96—101, 1982.
Greenstein VC, Hood DC, Campbell CJ: The
use of flash-on-flash paradigm to assess sensiti-
vity changes due to retinal disease. Invest Oph-
thalmol Vis Sci 23 : 102—112, 1982.

RIEFFIZ, FPIREF | b O IR EEE, B
B 32:430—431, 1990.

Miyake Y, Shiroyama N, Ohta I, Horiguchi
M: Local electroretinographic
responses in idiopathic central serous chorio-
retinopathy. Am ] Ophthalmol 106: 546—550,
1988,

Pokorny J, Smith VC, Lutze M: Aging of
human lens. Appl Optics 26 : 1437—1440, 1987,
van Norren D, Vos JJ : Spectral transmission
of the human ocular media. Vision Res 14 : 1237
—1244, 1974.

macular




