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Concept and Application of Contrast Sensitivity

Yukiko AKIYAMA™, Naoko YAJI'®* and Sadao HORI!
'Department of Ophthalmology, Tokyo Women's Medical University

*Kiyosawa Eye Clinic
*Department of Ophthalmology, Tokyo Hokubu Hospital

Contrast sensitivity is the evaluation of the ability to identify patterns that are not clearly outlined and with-

out distinct contrast. Visual acuity tests are generally carried out using very high contrast images, which is insuf-

ficient when evaluating the visual functions of daily life (quality of vision). Among various diseases, there are

cases in which a decrease in contrast sensitivity can be observed despite good visual acuity, while in other cases,

contrast sensitivity improves as the disease subsides, but without visual acuity recovery. Contrast sensitivity can

be useful to reveal visual functions that cannot be assessed by the visual acuity test. We explain the concept and

definition of contrast sensitivity, methods for measuring contrast sensitivity, with an introduction to our case

studies on changes in contrast sensitivity before and after photodynamic therapy for age-related macular degen-

eration.

Key Words: contrast sensitivity, visual acuity, age-related macular degeneration

L ®IC

BERNTOBERF L THoTH, BEORZN
CIRERDH L. RFORT EE, ENZTH VY
ZWAITEDD, Thbb2HmEI2Be08L
THATE LR (BADEER) Thsb, BE, #H
DREZABICEXLTFTORKDOIEZ-> &Y L2 100%
W Y MR MBETITbRTEY, BRERED
—HZFHME L TWAICHEEX 2. HEEE TR
RWHDIE->ED LAV E@EA L 2T idks
9, B2 HF DY quality of vision (QOV) # M3 5%
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Fig. 1 Example of sine-wave grating and definition
of contrast
A sine-wave grating is a repetitive number of dark
and light bars. The number of bars per one degree
of visual angle determines its spatial frequency. The
figure above is an example of sine-wave grating
with varying spatial frequencies. The top row (thin-
ner bars) represent higher spatial frequencies and
the bottom row (thick bars) represent low spatial
frequencies. The figure below shows the relation-
ship between sine-wave grating and contrast (C).
Contrast is defined as the ratio of the difference be-
tween the maximum and minimum luminance (L).
C=(Lmax — Lmin)/(Lmax + Lmin) = amplitude/mean
luminance
Lmax: maximum luminance, Lmin: minimum lumi-
nance, Amplitude = Lmax —Lmin, Mean luminance =
Lmax + Lmin/2.

ERIHERO MTF 2lZELTWADTH 5.

) ZEMEwEE

WrRoe &, EREEE (RE HE) oMK
EEZIGR, TOSMERE LTRASLIEDNT
5. BB HICEY BT (ERERTR) O
N — R BERE LTRAEE, OB
AL . EHBRBDME W E YIRS —
YOMRIEL 7Y, ZEEEESEWEHARE S —
ORI 25 (Fig 1), ZREBEHEBIIEMLES
(HBVITHARA) LD ITEITNIMOBTES
N5, HArld cycles/degree THEENA.

2) MTF &

MTF k&, ZMEEHKE a2 M A NOBR%E
ETIDOTHbH. A bFAMLIL, BETLIEE
BELEREEOHBL TH D, HHEED MBI
#bo% (B 230 M5 A MECERTZWT
5. NFEOFEHT, hASOL UV ADFEHEFET
Db TWwz, HERDO MTF 2 KD 5 &
2, ERERFRIEEE LTHYLONS. IE
BRPEAE T &0k, IESRUE AR RIS ZAL S B R
FREC, B & /NEEDOZEDIRIET, RIED
KAADBay b5 A MTHL. T 1 FAHOIE ()
HEEEEETH S, WEICHEOa Y S AN, M
HCZEMEREE LY, 77 LEWSHERD
MTF T®» 5. EEEKRTFREOI L P I A MIC=
(Lmax —Lmin)/(Lmax+Lmi) T&X XM 5. Lmax
13\ A E maximum luminance, Lmin (3&/MNEE
minimum luminance T# 5 (Fig.1). 2 ¥ F5 A b
B O=CZ1DfEZ LD, MRITLETH L7 HNLIZ
W, %Y b AMIOSCH=100 TEYT I &
v, HEEERE, REOER - MR - EE» S
KR 5% 5. HEREED MTF & 4cycles/de-
gree B N IZ¥ — 27 % B O band-pass & (ILE D%
¥ —) THDHH, BEAEFRDAD MTF i3 low-
pass B (HFFHY D% —2) & & 5 (Fig. 2a, b).
i, MEEUBEOBITEHRR < v R (RERE
L) ZEPE/RLTVE VWb TWS. AR
DHEEREEO MTFIZa Y M5 A MNRE LRIER
ThHb.

3) a2¥ M5 A bRE A

MR EL RO LDILEGREDI Y FF A M
a2 b5 A bBME (contrast threshold), ¥ b5 A
FREDOHEZI Y FPSAMERELE V). wWH NS
LEMBERBICBWCa Y NS A MEEEREIEL,
R Ze R v, MEElC o Y M A MEREERER
FRANHTE-oTTI7EL72bDEITI Y FT XL
BEMES LV T A MNEERBEE V). IE
Tl 3~6¢ycles/degree DHEEEBTH o & D
BENR L, €O TREMET LTwL, band-
pass B D75 7127 % (Fig. 3).
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Fig. 2
a: Modulation transfer function (MTF) of human visual
system (contrast sensitivity function)
Optical MTF of the human visual system is the same
as contrast sensitivity function. Contrast sensitivity
function shows a typical band-pass shape peaking at
around 4 cycles/degree. Lateral inhibition and mach
effect lead to a band-pass characteristic of contrast
sensitivity function.
b: Optical MTF
Optical MTF shows low-pass shape. For low spatial
frequencies, the MTF is close to 1 and generally falls
as the spatial frequency increases until it reaches
nearly zero.

Landolt 3¢, WM E2H 5. REML DL DI
Pelli-Robson ¥ ¥ — +® (Haag-Streit £t), CSV-1000
LV® (Vector-Vision #t), CAT-2000® (NEITZ #) 7
EWH 5.

2) Mg bR MRE

HLFEOEEARBICBIZL Y IR MRE
ZWET B72012, #EHLRBERTIE R CIERER
BEkZHVwS, 2 PS5 A PLIBEORE I LEIL
55, FRABERIIBNT, MOBERIEL 2o T
CLEICHEMEBNTER R BRADI VIS
Ab (2¥ IR TMHEME) 2RET L. BEHFENBR
ORI, loga Y FIAMIBELALDOEME
). fREW 2 H DIZ VCTS (Vision Contrast Test
System®(Vistech 1)), CSV-1000E®(Vector Vision
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Fig. 3 Contrast sensitivity function
Contrast threshold is measured among different spatial
frequency and plotted as shown in the graph where
the horizontal axis indicates spatial frequency and the
vertical axis illustrates contrast threshold (sensitivity).
This graph is an example of a typical pattern of a con-
trast sensitivity curve of young to middle age adults.
The normal curve shows a peak in the intermediate
range of spatial frequencies (around 4-6 cycles/degree)
where it becomes less sensitive at low and high con-
trast thresholds.

Table 1 Classification of contrast sensitivity tests

Low contrast letter tests CAT-2000® (Neitz Co.)
CSV-1000LV® (Vector Vision Co.)
Pelli-Robson chart® (Haag-Streit Co.)
SSC-350® (Menicon Co.)

Sine-wave grating tests CSV-1000E® (Vector Vision Co.)
VCTS6500% (Vistech Co.)
MCT-8000® (Vistech Co.)

Low contrast acuity tests 10%EDTRS chart
Wang-Katsumi® (Kowa Co.)

) mENHB.

3) a2 b A MY

YR MIMELS—EILRE, BEOKESE
BALEET, 2OV 5 R MBI LD OBME
ZTRLMETH L. RENL L DI 10%EDTRS
Fx— N ThH5b.

4) CAT-2000® (NEITZ #t) OME

HERBIC v 72 CAT-2000® (Fig.4, 5) &> Xk
F9 5. HEFRIC Landolt 3 GERM) 2 FiWwTE D,
PR 13 log MAR BIIMAE L W CEHETITH
MBTE D, FRIERRHPIE 1.0~ -01logMAR ¥ T
D 12 BRI BN 7 o TV 5. FRIEPIg MR 13
B 100cd/m?, BB Scd/m? D 2 BB IC—E I
RETES. 29 X ME 255 10,25 100%
DS5KRET, HBLED MREEZAHW/ 7L T AR
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B 200lux TdH 5. ML 40cm (BIE L ~ KB
&y ImEH), HE&HEBEEITEVWIETS
AENES S THhLBIEL v X2 H L HHiReE

295, FrIRMEER S TRRBE BT TR IRERR S 5.
f8fE % 3ERR L7z &2 2 MIEATHHI & A% T

Fig. 4 CAT-2000® (Neitz Co.)
This photograph shows the appearance of CAT-2000®
(Supplied by Neitz Co.)
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(a)

CAT-2000 CHART SER.NOD. 40 DATE:

)

CAT-2000 CHART SER.NG.41 DATE:

NAME: AGE: M/F

NAME:: AGE: M/F

MODE: MANUAL DIST

MODE: MANUAL DIST

MEMO: MEMO:
D/E GLARE RL CONTRAST LM (DM) D/E GLARE RL CONTRAST M  (DM)
DAY R 100 0 (1.00) DAY +G R 100 0.1 (0.80)
DAY R 25 0.2 (0.63) pAY 6 R 2% 0.3 (0.50)
DAY R 10 0.4 (0.40) DAY +6 R 10 0.3 (0.50)
DAY R 5 0.8 (0.16) DAY +6 R 5 0.6 (0.25)
DAY R 2,5 1.0 (0.10) DAY +6 R 2.5 0.9 (0.13)
D/E GLARE RL CONTRAST M  (DM) D/E GLARE RL CONTRAST LM  (DM)
DAY R 100 0 (1.00)
DAY R 25 0.2 (0.63) 3:3 8:
DAY 0.4 (0.40) DAY 0,
DAY 0.8 (0.16) DAY 0.
DAY 1.0 (0.10) DAY 0.

% R cs 5

2 PR
5[ 20 5~

19 12 18

25 4 25
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CAT~2000 CHART ~SER.NO. 38 DATE: CAT-2000 CHART SER,NO. 39 DATE:
NAME : AGE: M/F NAME ¢ AGE: M/F
MODE: MANUAL DIST MODE: MANUAL DIST
MEMO: MEMO:
D/E GLARE RL CONTRAST LM  (DM) D/E GLARE RL CONTRAST M  (DM)
EVE R 100 0.3 (0.50) EVE 4+ R 100 0.2 (0.63)
EVE R 25 0.6 (0.25) EVE +6 R 2% 0.6 (0.25)
EVE R 10 0.9 (6.13) EVE +6 R 10 0.9 (0.13)
EVE R 5 1.0 {0.10) EVE +6 R 5 1.0 (0.10)
D/E GLARE RL CONTRAST 1M  (DM) D/E GLARE RL CONTRAST LM (DM}
EVE R 100 0.3 (0.50) EVE +6 R 100 0.2 (0.63)
gé g 3(5) g.g ggggg EVE +6 R 25 0.6 (0.25)
. EVE  # . .
EVE R 5 1.0 (0.10) ek (1).3 go. 0
Cx R DAY:O -0 EVE:w—-u c
a5 "t Ry [ A A R A B R | ;4
sk TR S B T R B A I
so| Wk T b
25"
10@

Fig. 5 Results of contrast sensitivity function measured by CAT-2000®
These figures are examples of a normal contrast sensitivity curve in young adults, mea-
sured using the CAT-2000%. (a} Daytime condition, (b) daytime condition with glare, (c) eve-
ning time condition, (d) evening time condition with glare.
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ZZT, av b7 R MNEEOEILY B REERICEELR
LTWb DTz, PDT MATHIHS OIS
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AT IE R E R KE (greatest linear dimension :
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Mo A MRERZREL, MEIEOELII OV THE
KMead L7z, ok FITEAsgEHEIcIEs
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VI AMNEEHERETH - 25LM3EL). BF
DITIRAET, WHBROENVPAETH IV TR
MR D AR E AR SRR 100% B RIE T 4
MR, 25% BT 3ME, 100% 7 L 7 EFEMET
3R, 25% 7' L 7 A EHH T 3], 100% HEMRT
7THR, 25% MEHT6HR, 100% 7' L 7 AMEEHT
S5MIRTHo7. HNTLFELZDIZ2 Y bT X MK
BT LCTL F o Z2ERIA 100% BT 1HR,
100% 7' L 7 B2 M T 1 IR, 25% BT 2 iR,
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«
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& : Increased (10eyes) O : Constant (10eyes) M : Decreased (leye)

Fig. 6 Results of contrast sensitivity before and after PDT.
This figure shows the changes in contrast sensitivity before and after PDT. The triangle
represents cases in which visual acuity increased, the square represents cases in which vi-
sual acuity was constant, and the circle represents cases in which visual acuity decreased.

Table 2 Relationship between subjective symp-
toms and visual acuity

Subjective No. of Visual No. of
symptoms patients acuity patients
Improved 16 Increased 8
Constant 7
Decreased 1
Constant 5 Increased 2
Constant 3
Decreased 0
Deteriorated 0

2IRESNIZH, T 2 5EB D i #HiBH 2 MR IR 2R
HiEAOESTHolz. 2V bR VEREXED
ZALIIHBERSEMHCTHETH o 72,

PDT TR 0 BEOHEIERE M NI ZEIL %
Table 2 12779, PDT MifTRIZICEEZEOBREIER%E
M#Z Lzl s, BHE o, RR3kol,
FToX)LAhloRBELRITRAL LD DI
1608, ZboHRVEVobD bR, BlLLzL
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TAP (the treatment of age-related macular de-
generation with photodynamic therapy ) Study
Group {2 & % &, minimally classic CNV (choroidal
neovascularization) {22\ THf# 24 » H T, N7
RVT 4 VHREHLE T T RBEO M CHRITMEREC
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THEREFRDOLNLEVIRENSNTED,
I TR MEEEIHRT) TILEHE T & v RE
RMTEX 5 EATRBENTWE®. INESIZL S
PDT fEfr# 24 » Ho#H e a v b7 A PREIZH
THRFOWMETD, HIUE R 21%), ~% 19
iR (50%) xt LT, EEEE (3cycles/degree)
BFBaY MR MREIHE2R (58%), &
Z 3R (8%) &5 EDEE L DOBE & FAkIET >
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