T RS

* %
NS ' |

©
w
r

T EIE (RMS)
o
N

e
o

n=48 n=47
FHHLER FFFER LR

1 FHFEEHEIEREROERINE(S3+54) DI
Mann-Whitney @ U #E 2 C * % #p<0.001, NS : not sig-
nificant,

S5NT 310 RE IS 8\ CIETHIINGE O
EVREINTWEIY, INSHKET L ERINZEDHE
RITRE I N TR,

SEl, HNBEMNELE & ESRINEORER N
2L ST, B EBRINZEDBIRIC DV TRER
L7DTHET 5,

SHREFE o

1. WR

WA E B &R T R DA IC IR BRI B a3
¢, INZE R E I [EFLEE 4 mm DA RHESRCE 72 70
Hlo5 RENRE LTz, 209 bHNBEFMAE
#E1E 36 41 48 (R, 4E#h 6819 % (mean==SD), BR
TH %2 0.11£3.53D, M#EE#—1.35+0.52D, &
EHRIIEYS 1.0 (0.8~1.2) THotz, FMIEEE
B 34 1 47 IR, 4ER 667 %, BRI —0.57
+2.62D, MREEH—1.00+0.56D, FEIEHIFE
1.2 (1.0~1.2) THo7z, MHEFDOEN, HITE
B, BIERAICFEEZET 2D o % (Mann-Whitney
D U BE)

2. A&

IV 22 31 %2 13 Topcon #: 8 KR-9000PW™% F \»
Too S E L CHRERE 10 lux LT OIEE
T, L ERIRICN L 30w = 2 TOVRIEZ T,
3EIOEEEZEHE L7, 2 O lE Hartmann—
Shack DOEHIZ T, Zernike AT L b REHL,
INEBERRT 2, WERBROMBHTICITELR 4
mm TOFER, total (S3+S54) & \wiz,

HAERAEOER T2 o, 028
MIC BV B BRINEE & HEET L7z, S 6ICEN

=R Bl

MERE (a, b)
[ ] BE (c~e)

HER

B 2 FWMEERICNTZITI—hOER

BERMASERICN L TE, RFcBETs 7oy —
FEfTo7, TV — MdEHR, T, WES,
BREO 4 HEICOWT 5 B (a: FEEICH,
bRV, ¢ MHE, d: A LDD, el )

CEAMH L 72, 5BMD S L a, b 2HWER, c~e

PESER L L 7, BUE 2 IE Mann—-Whitney @ U B
Tz v,

R R

1. FHHEREIEREHOERINE

H N R R & IR R O AR R INE 1
BREZZRBD o7 (p=042), Lo LR
ER AR O BRI E T F A LR 0272+£0.122
um, FEFEERE 0.201£0.092 um &, FHiFHERDS
BEICED > (p<0.001) (X 1),

2. FMFER ORI S B RINE

1) Z&HMA

FMAFAERDO R T 71% (34 R) 23R Z
A, M DORKEFFEAM i LB b D> o 7z (M 2), 1
FEREL R R R &, B LEOERNECE
B¢ (p=0.69), RHGERSEDERIN
EIZBWTHREBRPERICE Y (p<0.001) #HHE
Eixoe (X3),

2) BR

FEMAER DO 2T 69% (33 1R) 2EHRE M
CFRZ7: (K2), MEREBERZIENS L, A
JE EoERINEICERZE 2R (p=042), IRER
JEERBRIRDERINZE T B\ CHRIEREIERICH
W (p<0.01) FERERo7 (K4),
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IREER R
(um)
0.4r
® & %
NS ‘

0.1
0
n=34 n=14
B ERAsEER
3 ERICHITDRER - BEHOBERINE (S3+54)
DL

Mann-Whitney @ U #%E 2T * * *p<0.001, NS : not sig-
nificant, &EERINE I3 ZHBEM 0.140£0.038 um, 55
BERENE 0.145+0.039 pm, IRBROGZE R 2RO BIIE X
B 0.3070.089 m, FIEFFIZ 0.18820.067 um TH 2 7=,

°©
w
T

REYE (RMS)
o
N

0.1
0 =
n=20 n=28
RN R HEWREETR
5 HMERICEITZREN - SEHOBERNE (S3+
S4) DL

Mann-Whitney @ U #&TE 2T, NS : not significant, HIEE
SN IS ESIRERE 0.14140.036 um, TERIL 0142+
0.040 um, IRIREEREE O &R 3 3R BB 0279+
0.097 m, FFFERHZ 0.26720.099 um TH > 72,

3) BENR

FMABEEHD LT 42% (20 IR) PEERZ
MR Z (X 2), MER & FEREL LARTH, A
JE (p=0.96), MRBRIEFRLME (p=0.45) L b
BRINEZICEEZ T b ol, F-RER20 R
DM ERUE —1.31+0.40D, FFEERE 28 IRT
13 —1.37£059D ¢H D, EEE (p=087) %
Dixrot (E5),

4) BEE

FMASLEHDO 1T 21% (10 1)) EEER
IR AT (K 2), MERLFEFEERNTY, A
B (p=0.64), RERHHERLEME (p=053) Ldbi

RESeFREHK

* sk
IE— ‘

HEZE (RMS)
o
o

|
0.1
0
n=33 n=15
RRMER RREE AR
K 4 BRICEITZEER - BSEBOERINE (S3+54)
DL

Mann-Whitney ¢ U # % 2 T * *p<0.01, NS : not signi-
ficant, MHRERINZE T ERMETE 0.14110.034 um, 555
FEiZ 0.13620.043 1m, BREREZER SR D ERINZEIZRE
B 0.2900£0.092 um, FEREZ 0.23040.073um TH o 7z,

(] e ] Reessmatst

NS
T NS

I
%]
T

HEIR = (RMS)
=
i

o
o

n=10 n=38 )
EBREBEER BREIBER
B 6 BEREICSITIMERN BEROBERNE (S3+
S4) DL

Mann-Whitney @ U 82T, NS : not significant, k%=
JNE Z BB ERE 0.13420.037 um, FERHT 0.143+
0.038 um, FRERGHEREE D ERINZE I EER 0278
0.086 um, 3T 0.27020.101 um TH o7z,

ERINECEREZ I k»ro7 (J6),
T % }?‘2

HABEERECBIT S TR &) 3Rk, *
N ECTMEENTE, Lo LEBEDIKIK
BT, BHERRIFTH DI »2b 6T,
AERKFFI e RE O AR>S E 2 i 2 W
EET S, ANEEEICB 2HEEEORE
I, £ rOEBREEOEER, S,
BERAANDOFMICNT2HE RS EIETH D,
T L, BHROIAE DI L) BEIE
iR BHEIE B —FTH D, ZDI-D
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BiIC B OB EBEE N T 2 R OFTE & 2 DR
R T 2 Z EMEIC R > TE TS, BN
WHEZ EMClE e <, SEEFBICET2HEOHL
WEMIEE AR I N TE TS, a5 A NEE
COIH, ¥ 7z Barnth-Petersen 1E7% VF-149,
SIRERRDR) 0 Yo7 vy — bl &
nTwna,

Barnth-Petersen & CIIFERR S, EH RN,
T LB EQHEERIES, REFG EHBEORN
D4 B R a7 U758, MIGERE OMRHLY L
BEBERIN TV 2Y, VE-14 CIRERER L
% HEAREICHE L TERNT, JoaiEtd B
SNTED, 7AAIPVWFORICLE, 248»
FLEDRIC E2MHFALEY, @RERRD
R clx, B0 07 Lo RIFHICE LT, 8
LR 2RANE L, FBRIcHAMET
LTwaH &) HRNGRAODRIFRHEIZEFAL
% OBIEEDIA SN ERE L TWw3BY, LaLls
NOEDOT7rr—rETXCHEETH 2L, BR
9 - BERRIHE L WA B, FRIC LB
FiEE LT, BRI D REEOEE &S
Z B HETIREREITE R (EAS-1000) % Fiv 7= k7%
EMERE I N TR BN, R, Ml Vo
BTOMEIICRITITwS L Bbs,

HUBERNITH-TH, BEOHRLL TR
WX WiEbe Y olERH %5, SED7 VIir—
FREICBWTS, AUBERITH D 26K
ZOBEDPHENE - EL2H00% A5
iz, 4B, 7vir—1r%2{To7z 4HE (FEW,
FEM, HEW, BEY) BEECREInTY
r— b EMiliEOEE bR LoD, FERIZERKRIC
BOTHRALDE LD BFIRL 7=,

SR DOWEClE PMAHER IR T, BEEE
FZ bBEOEEVD—FELE o, TOEPIITH
WHORE I LMD RZTTHEL
R, THYH, BRNTOROEEIL L >THEL B &
b, DI 6ER, BHEE VoA Z
W X E LTRBIC X ABELRE L 3T
B, BUEL L ERORNC AR H D, FER
EEDITERINEIIIEMT 253, #EL & RIS
WAIAHBADS A B Ui by o 7o & DD H 21, &
Bl O FMFAERFIIREIVBRIFTH Y, HELIIEN
BT 2 RIETHIERE T EE LoD, 40,

4
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WA A A BE D RKER D 75 0> T b R I 22 I B B
FRRINERICHEVIENL 72, BEMELE LTT
37K, EIRR, BHREE Lo IR ERINE
W&o CTHLR « BAERYICTEfi§ 2 2 L3 T& 5
AREER TR S e, L LSRRI o AN
IR 2 &G L Lo BEICEE L ¢, HEtofk
HiHidh 5 & Bbii,

BEOAPBEE L Lo k2 1E, SRR
TicE &0, BIRTOEBERIZAKRBEDARE
A7 J@ir 2 2RE EE 2 6N 208, SEFME
HoORMEEAFEEEICERZEITRL, /RN
FICBWTH BEMELS S kDo 7,

—IRAVICEE W IR IR T $ R E D 72 O 1 b B e i

B, WREC, BE IR, ERICiTY

EBRBEBEETHALEINTV S, KHEHL VT —
TORERRERELEL, BEE~O&HEL R
{, B> OEENICTHETCE SR THEL T

B EWVZ B, EBXRNERE LY, EELORE

IR AR %2 I 2 2 ESHRECTH % L&
2 6Nlz, S8, FIREEZETsY —LE LT
WL =25 T 9EHZIN, RABTOE,
T 7 b b quality of vision 2 EEILT 52 FED 1
DL LCERINZDSR G S5 WREIRB S 11
720
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High-Order Optical Aberration Changes after Hyperopic Laser In Situ Keratomileusis

Kozo Masuda"?, Yoshiaki Nawa", Tetsuo Ueda", Yoshiaki Hara" and Hiroshi Uozato®
Department of Ophthalmology, Nara Medical University", Kitasato University Graduate School of Medical Sciences®

L LASIK (laser in situ keratomileusis) £ 1 FAEM LB IIH L, FFILE &S APGED BRSO TR
Hefiof, HiEE, =Fy/HBIF <L —¥—EC-5000 ##HEL, F7FH2 AV — /EHES.5mm, P77
Ya v VHEES. 0 mm TEB LASIK % 7o 7z, fRIEHT#% 1AERRA L2 90 16 IRT, 94013 58.6 13,0 i
(37~785) Tho/o, BIEEIE *Fy:H‘B 25D=*1.18D (#ifl : 2~6D) Th o7z, MRIMAENMEITE, P72 1
I KR-9000PW™ 2 I jf L, ﬂﬂiﬁ B N EIREICB Y 22 4.0 mm o (S3) - (S4), BE&H6.0 mm Hio
(S3+5S5) + (S44+56), FiIZD root mean square (RMS) % ROIFMT % 17 o 72, &I LASIK ik 1 -’r]"-L:.Ta‘L\’Q Vi
WRAKE L BB DNERIGESEINT 2 RSN, ZREFNOMEBRIE, 4.0 mm FHTIE (83) @
r=0.269, @IR¥r=0.553, (S4) @ AEr=0.540, &Rk r=0.537 T, —7J7, 6.0 mm #NTIZ (bd+% ) f{JJlM =
0.225, EMREKr=0.696, (5S4 +S6) A r=0.488, &R r=0.571 Th o7/, &, HEEO < HEINGE (S3) - (83+
S5) # IR &, QRERD T HIE LR S U HIE - SIREOIKEHNEE, BEEISEVEZISEMT 2R3 & e,

Purpose . To evaluate the relation between the amount of correction and the amount of high-order optical
aberrations in eyes that underwent hyperopic LASIK (laser in situ keratomileusis). Methods ! High-order aber-
rations were measured using the TOPCON KR-9000PW™ in 16 eyes of 9 patients that had undergone hyperopic
LASIK 1 year previously. The patients mean age was 58.6 years (range : 37~78 yrs). Mean attempted correction
was 3.25D (range . 2~6D}, The NIDEK EC-5000 excimer laser was used with optical zones of 5.5 mm and tran-
sition zone of 8.0 mm. We used the root mean square (RMS) of (S3) + (S4) in the 4.0 mm and ($3+85) - (S4+
S6) in the 6.0 mm central zone to analyze corneal and total ocular aberrations. Correlation coefficients between
each RMS and the attempted correction were statistically analyzed. Results . The amount of high-order optical
aberrations correlated with the amount of attempted correction at one year after hyperopic LASIK. Correldti(m coel
ficients in the 4.0 mm central zone were 0.269 (S3) and 0.540 (S4) for corneal aberrations, 0.553 (S3) and 0.537

{(84) for total ocular aberrations. Correlation coefficients in the 6.0 mm central zone were 0.225 (S3+$5) and 0 ( .488
(S4 +S6) for corneal aberrations, 0.696 (S3+55), and 0.571 (S4 + S6) for total ocular aberrations. Conclusion :
The result of this study suggests that the amount of coma-like aberrations of the eye and the amount of spheri-
cal-like aberrations of the cornea and the eye significantly correlate with the amount of attempted correction.
However, the amount of coma-like aberrations of the cornea (S3) - (S3+S55) did not correlate with the amount of
attempted correction.

(Atarashii Ganka (Journal of the Eye) 21(9) : 1237~1240, 2004)

Key words . JEHFIEFM, =P LASIK, BRINZE, |HEERE. refractive surgery, hyperopic LASIK, high-order
optical aberrations, optical quality,

2 U & MoEELTHTLNAELIIhoTEL, LASIK 2 &M

‘T-?’I"FT‘%}B’Z O & b LASIK (laser in situ ketatomi- T EFMEOEMEORIEE LT, 2XRIGETH S,

leusis) (£, WM OLENR L, ROV LWwWELRY L > X L v AR 3y b T A MEBET B B I
CAIIERALY BERTE S © T 634-8522 BEIETT DU 840 48 BLIEL 37 162 Bl 2t WAL 47 Sms

Reprint requests | Kozo Masuda, C.O., Department of Ophthalmology, Nara Medical University, 840 Shijo-cyo, Kashihara-shi 634~
8522, JAPAN
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flisiTwad. LaL, BIRGERMBEIC, BEMREME
B a 3R 2 5 MBI L COFMBIREECH - 72 LE, ¥
fiit =2 SN, BRIEEMNZEOWEIS L ) RIEHR
OFA R B LD B & T o 721,

PRK (photorefractive keratectomy) < LASIK IZ 81} %3
WRETI, =F 2 b =¥z PREICRET 2D L,
ARG T, RN = RIS 21T S L TR
a2 74— S5, BRGLERHEOAEIRY, AF
P79y v @BREATF 4 —7OBRPREL, TREE
EE LT D JRERImIR R R,

ABRPHBIEFMII BT, RIFRBEMRLEL O
Ly s v, BERERELRNY, Ly sOXL
i, BTES T T IEOREORE E 25%, ik, BR
WML, T3> b7 A MEERRMEIEICRE TSI LS
mshTwa™, Lal, ABRNBEFRNZOARICE
A RINEDEII DWTIEEE SN TVEW 335, &
Rk DB RNEBED LI IHETLEPRERICMLNRT
N,

s 543, MR LASIK # 1 ERBBEITHETH o 2
FlcH L, BRNZEZNE LBLER L OBBRICOWTHRE T
?rot.

I MHRHIUHE

W LASIK OFFEE R (REWIEE | MEHERRR &7
L, #ifk 1EM EORBMEYVWRETH 7= 946 16 BR%E 3
Qe U7, HHE 37~78 5 (FH58.6+13.05). #MHjH
B R TR RO, SR C+3.25£2.75D (0.75~
10.1D) Tho/z (¥ 1), BEOBRIRCHAN, Hiwnc®i

% 1 EMRLASIK OF&

His 8 9116 IR
'I fih ()

58.6 & 13.0
3.25 £1.18 (2~6D)

k2 ﬂh BRI (D)

i +3.27 £ 2,75
o +1.50 & 1.67
{(F39+ SD)

g2 WELASIKICHUDAE - REOE

WA - BITIRA - IRIEEMRE - Schirmer 7 A b - fMIRA R
ﬁ'ﬁ%%%Mﬁ~37%71%@&mﬁ-mmﬂkim
EMELT, SLERND L0, ol Es ok
BHEIH L TREH 21T 7.
ITFRYTU—F—iF, =F v 7 W EC-5000 % 4 B

ERL?, b= - OB, W 193 nm, SR

30 Hz, U106 um/ A ¥ x ¥, *F7F AN/ — Viti]
55mm, FIF4 arS—rEHELOImm. w40
7 h—ald, 27y ZHEMK-2000 2L, 79y I
160 ym, 77 v 71E9.5 mm ORETIT -7,

BIEREIE, FIH-+3.25D+1.18 (2~6D) Th-72. 14
DHEAEIE T FIFICIT o 7228, WO SIZIKINi0 A 04
ZiTofe. LBIOMBEIGIEERIZ0.75D Th - 7.

BORINE O M E I IE, Hartmann-Shack i & > 4 -
(KR-9000PW™, 73 Y3 8) & vz, M )ik
Zernike LA TREBM SN 3R, 4K, 5B LU 6 RS
@ root mean square (RMS) # 3k &, Photopic Vision ¢ 4.
mm FIE T 3RO 2 v L% (S3) & 4 X DR FIG
(S4) %, Scotopic Vision ® 6.0 mm I TI& 3 K & 5 K0
DRI (S34+S5) e b4 K E 6RDER lrﬁ<1l)l7
(S4+S6) #FEL, BOBOORKD LN
DAL AL ST ERB DWW TR & 15 - 7.

EAET OB RN, WA TONEMER T & 2h iz
%, M EyeSys™ THlE Lz MIETR A & & 0w kI
#4727 b VOL~CT (Sarver and Associates, Inc, Florida
USA) 2 LEIEZ 1T - 2.

o i R

WRT o fa Lo @ AN AEL FE 2 1R, 34 LASIK F4f 42
BT epithelial ingrowth (1 #1), it (360, #ifk1
ETOHYm 6F) %D DANHihili % To free flap,
button hole, thin flap, 7 9 v 7D X L ix & O URILED
Ghvhdod.

1. Photopic Vision (25 BT DINGE

4.0 mm S BT B W ARILEOFHRIL, MBS L5 3K
D2 HRINZE (S3) 0 0.139£0.073 um (means £SD), 4K
OFRTEHRINZE (S4) © 0.062£0.044 pm Tdh -7z, AiRBkC

ZIRERMS (um) OZF{L (739 + SD)

4.0 mm zone

6.0 mm zone

] i %

i Al i %
fy B (S3) 0.085 % 0.038 0.139 £ 0.073
(S4)  0.050 £ 0.021 0.062 % 0.044
fIRBk  (S3) - . 0.237 £ 0.151
(S4) - 0.100 =+ 0.058

(S3 + S5) 0.266 & 0,146 0.503 + 0.286
(S4 +S6)  0.244 + 0.085 0.407 + 0.300
(83 + 85) — 0.754 % 0.489
(54 + S6) — 0.551 % 0.489

HWOERILE L, EyeSys™ & AxalMAP 5 & &R INZEMAT 2 7 & VOL-CT % 1 LRI
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- (83)

2 y=0.0388x+0.0126

— 03¢ r =0.269 $

e e e

&2k T e
o S .

01k M (s4)
5 ' y=0.0273 x —0.0266
Wy 'H 1 =0540
O | 1 1 1 1 1
0 1 2 3 4 5 6 7
HER (D)
1 4.0 mm $REO BRI S RIVEERICH D BAR
EDFEAL

HROWEIER OIS NABIIBT 5 4 KO K BRI E
(S4) Aehgn %R+ (p<0.05).

250
¢ S3+S5
5 ® 54+S6
e (S3+85)
(S4+86)
B 15¢ (33+35)
A h y=0.179x—0.08
7 r =0.225 5
= 1
s B e 8
o & s
05} 8§ mo (S4+56)
_______ Py y=01919x—0.2174
a’ =
- r =0488
0 I 1 L ' ! L |
0 1 2 3 4 5 6 7

HiER (D)

3 6.0 mm SEROABICS T 2 EFBERICHAD BRI
EDFEAL

WO IR OBIHIHEWAIEIZ B B 4 K& 6 ROTKIEH

I (S4-S6) FIINZR¥ (p<0.05).

& BANEE (S3) 124 0.237+£0.151 um, (S4) 1£0.100=%
0.058 um TdH o7z, MK L 2L L FGIEE L OMHEBHG
&, (83) LHNEROBICEELIEI D &k o k2,
(S4) LMEROBITHE MM RO LN (K1), £IR
BT & B0 & ARIE R & OMBIBIRIE, (S3) - (S4) & bic
WIEE & OBICH B0 s hz (R2).

2. Scotopic Vision (235112 1ff R OINE

6.0 mm FIRIZ B 2B RNEOH R, ARICE L3 K
& 5RO I HIE (S3+85) 1 0.503+0.286 ym (means =
SD), 4RE 6 RDIMMIBRINE (S4--S6) © 0.407 £0.300
um, EHRIRIC L B IE (S3+S5) 0 0.754+0.489 um,
(S4+S6) : 0.551+0.489 um TH-orz. MBEIZ L HIEL
IR & OMBIERE, (S3+S5) LBFEEEDOBICHEEL
I DSRO DN odzds, (S4+S6) LEERLE OMICE

91)

',

|
8

wr

06 N

e S3 .
05k o S4 (S3)
........ (s3) y=01001x—0.1175
r =0553
odl (S4)
SL $
~ 03
g F L4 A -]
o
0.2+ ¢ P 4
]
ol L A S4)
) B y=0.0381x —0.0233
0 BE g r =0.537
0 1 2 3 | 5 6 7

WIst (D)
2 4.0 mm EHOLRIICH T HEEBERICHIBR
IRZEDEAL
HEOBEE OBV EIRERIZ B 5 3 K0 2 v B
(S3) & 4 ROBKERRNLEE (S4) 230253 (p<0.02).

25+
¢  S3+S5 R
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Ocular dominance and patient satisfaction
after monovision induced by intraocular
lens implantation

Tomoya Handa, CO, Kazuo Mukuno, MD, Hiroshi Uc;)zato, PhD, Takahiro Niida, MD,
Nobuyuki Shoji, MD, Risako Minei, MD, Marie Nitta, CO, Kimiya Shimizu, MD

Purpose: To elucidate the relationship between ocular dominance and patient
satisfaction with monovision induced by intraocular lens implantation.

Setting: Eye Clinic, Kitasato University School of Medicine Hospital, Sagamihara,
Kanagawa, Japan.

Methods: The durations of exclusive visibility of dominant- and nondominant-eye
targets were measured in 16 patients with successful monovision and 4 patients
with unsuccessful monovision to determine the characteristics of ocular domi-
nance. The dominant eye was determined using the hole-in-card test (sighting
dominance). The contrast of target in nondominant eye was fixed at 100%; the
contrast of target in the dominant eye varied (ie, 100% to 80% to 60% to 40% to
20%) using rectangular gratings of 2 cycles per degree that were 4 degrees in
size.

Results: In the successful monovision group, the reversal thresholds (ie, exclu-
sive visibility of the nondominant eye crosses over that of the dominant eye) were
displayed only at low decreasing contrast (80% and 60%). However, in the unsuc-
cessful monovision group, the reversal thresholds were at high decreasing con-
trast (20%) or not at all. The reversal thresholds in patients with unsuccessful
monovision were at a significantly lower contrast than in patients with successful
monovision (P<.05).

Conclusions: Success and patient satisfaction in monovision patients were sig-
nificantly influenced by the magnitude of ocular dominance. The balance tech-
nique seems 1o be a good method to evaluate the quantity of ocular dominance
and prospectively evaluate the monovision technique.

J Cataract Refract Surg 2004; 30:769-774 © 2004 ASCRS and ESCRS

of ocular dominance. Most clinicians are unable to

P 1 onovision is a means of presbyopic correction

in which 1 eye is corrected for distance vision  evaluate whether a patent will be able to adjust to

and the other eye for near vision." In clinical practice,
the dominant eye is commonly corrected for distance.’
This practice is based on the assumption that it is easier
to suppress blur in the nondominant eye than in the
dominant eye. This has not been quantitatively investi-
gated with regard to several factors such as the degree
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monovision correction. Therefore, monovision limita-
tions in refractive surgery have not been clearly defined
in the current ophthalmic literature, although the
monovision success rate with contact lens correction
is high.?

Ideally, the patient with monovision should be able
to see clearly at all distances. The binocular clear-vision
range should be continuous and equal to the sum of
the monocular clear ranges without interference from
blurred images in 1 eye. However, input from the domi-
nant eye produces a greater response to a given stimulus

0886-3350/04/$-see front matcer
doi:10.1016/j.jers.2003.07.013



OCULAR DOMINANCE AND PATIENT SATISFACTION WITH MONOVISION

than input from the nondominant eye.’ Therefore,
ocular dominance may play an important role in tempo-
ral fluctuation in interocular blur suppression? (ie, the
ability to suppress the blur image from 1 eye). For success-
ful monovision, interocular blur suppression should flexi-
bly change in each eye at all distances. Therefore, it is best
that the ocular dominance in patients with monovision be
as low as possible (ie, a high ocular dominance may cause
severe stress in visual systems with monovision).

Binocular rivalry is not primarily viewed as a tool
for measuring ocular dominance (sensory dominance)
but rather for studying the neural correlates of visual
perception. Binocular rivalry usually occurs with dissim-
ilar images in each eye and is strongest when dissimilar
contours are presented, such as with the presentation
of orthogonally oriented grating images in each eye. This
phenomenon is subject to the contrast of the images and
is more likely to occur when both orthogonally oriented
gratings are at high contrast.’ Moreover, a visually
stronger stimulus is less likely to be suppressed during
rivalry and will be visible for longer than a weaker
stimulus.® For example, 2 orthogonal gratings of equal
contrast may be perceived alternately by each eye as
visible for 50% of the time and suppressed for 50% of
the time. However, if a high-contrast grating is pre-
sented to 1 eye and a low-contrast grating to the fellow
eye, the high-contrast grating will be perceived more
than 50% of the time and the low-contrast grating will
be seen less than 50% of the time.

Ooi and He’ designed a balance technique based on
binocular rivalry and showed that directly adjusting the
contrast intensity of the rivalry stimulus in each eye
equalizes the percentage of dominance. They suggest that
the quality of ocular dominance could be quantitatively
evaluated using this balance technique. We developed
a similar balance technique to quantitatively evaluate
the quality of ocular dominance in dominant and non-
dominant eyes.® The technique demonstrates exclusive
visibility and “revessal thresholds,” which seem to be
the best parameters for assessing the quality of ocular
dominance.

Although monovision success in refractive surgery

has been high,’"

it does not always occur. Further
advancement requires elucidating the important factors
in monovision success or a method of measuring patient
satisfaction. Ocular dominance may be an important

factor in the overall success of monovision.'” Several

reposts have considered ocular dominance in relation
to monovision success in presbyopic patients; how-

ever, no study has quantitatively investigated ocular

dominance. 1314

In the present study, the quality of ocular domi-
nance, induced by intraocular lens 1OL) implantation,
was quantitatively investigated in patients with success-
ful and unsuccessful monovision by our balance tech-
nique; the relationship between ocular dominance and
the success of monovision was studied.

Patients and Methods

This study comprised 20 presbyopic patients who pre-
sented to the eye clinics at Kitasato University School of
Medicine Hospital with bilateral cataract and who had mono-
focal IOL (AQ-110NV, Canon Staar) implantation. The
patients, all of whom had best visual potential in both eyes,
were offered the option of conventional monovision through
monofocal IOL implantation (dominant\eye corrected for
distance and nondominant eye corrected for near). All pa-
tients gave informed consent, and the tenets of the Declara-
tion of Melsinki were followed.

Patient Testing

The dominant eye was determined using a hole-in-card
test (sighting dominance) in which the patients were asked
to look at a Landolt C target at 50 cm and at 5 m through
a 1 cm hole in the center of a piece of cardboard.

Patient satisfaction with monovision was quantitatively
evaluated by a series of questions on satisfaction with distance-
and near-vision functional ranges, the presence of asthenopia
problems, depth-perception abilities, and overall satisfaction
with monovision. Patients graded their satisfaction from 0
to 4 as follows: 0 = good; 1 = bad; 2 = worse; 3 = worst.
The monovision patients were then divided into 2 groups:
those who had a dissatisfaction value of 0 on all items (success-
ful monovision group) and those who had a value greater
than 1 (unsuccessful monovision group).

The ophthalmic orthoptic status, including stereopsis,
was assessed using the Titmus stereo test and TNO random-
dot stereo test.

Testing Procedures

Figure 1 shows the device used in the binocular rivalry
balance technique.® Patients sat 50 cm from a display and
were presented with rightward-tilted (45 degrees) and left-
ward-tilted (135 degrees) rectangular gratings in each eye.
Targets were generated by a compiled program running on
a PCG-XR9S personal computer (Sony) and were displayed
on an RDF171S cathode-ray tube monitor (Mitsubishi). Ver-
tically and horizontally, the displays measured 11.3 degrees.
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button

Figure 1. (Handa) Computer screen setup to test
binocular rivalry.

monitor
\1 \d
keyboard \
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disc drive /(
printer

Maximum and minimum luminance values of the targets
were 110 cd/m? and 0.2 cd/m?, respectively. The mean and
background luminance values of the targets were 53.1 cd/m?.
An LS-100 photometer (Minolta) was used to calibrate the
light output of the monitors.

The refractive power in both eyes was corrected for a
focal distance at 50 cm using +2.0 diopter spherical lenses.
Viewing was performed through uncorrected pupils, and the
patient’s heads was constrained with a chin rest and head
rest. The inner surfaces of the box were painted flat black.
Within the apertures for the patients’ eyes were 2 mirrors in
the front of the box for each eye, allowing horizontal shifting
in either eye to facilitate fusion. Patients maintained fixation
in approximartely the center of the field and tracked fluctua-
tions in the exclusive visibility of the 2 rival targets by pressing
a computer button. Patients estimated the exclusive visibility
as a general dominance of the trial target visibility compared
with that of another target. Patients pressed the button when
they determined the target to be dominant and released it
when dominance wes lost.

Patients had only to attend to exclusive visibility of 1 eye
target (dominant- and nondominant-eye target) in several
visibilities seen during binocular rivalry (ie, the exclusive
visibility of the dominant-eye target, the exclusive visibility
of the nondominant target, and the visibility of both domi-
nant- and nondominant-eye targets) because the balance tech-
nique evaluates the total duration of exclusive visibility by
1 eye in the dominant and nondominant trials. Patients were
not told the origin of binocular rivalry or which of their eyes
was classified as dominant (hole-in-card test). The computer
stored successive dominant durations of exclusive visibility.
The durations were calculated as the total number of seconds
the button was pressed during the 1-minute trial.

Targets were diamond-shaped patches of rectangular
2 cycles per degree (cpd) gratings that were 4 degrees in size.
As data from a previous study® showed responses to this
setting are stable and consistently evoked, this was used as
the rivalry target. The contrast of the target in the dominant
eye was varied (100% to 80% to 60% to 40% to 20%); the
contrast in the nondominant eye was 100% in all trials. In
the dominant-eye trials, patients were told to press the button
when the target was exclusively visible as the target contrast

] CATARACT REFRACT SURG—VOL 30, APRIL 2004
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varied. In the nondominant-eye trials, patients were told
to press the button when the nondominant eye target was
exclusively visible when the targer was fixed at 100%. Each
trial lasted 1 minute, with 1 minute between them. All trials
were repeated 2 times.

Statistical Analysis

The qualities of ocular dominance were quantitatively
evaluated as the reversal threshold at which exclusive visibility
in the nondominant eye crossed over that of the dominant
eye. The differences between the successful and unsuccessful
monovision groups were evaluated by a Mann-Whitney U
test. A P value of 0.05 was considered significant.

Results

The mean age of the 20 patients (7 men, 13 women)
was 60 years (range 36 to 74 years). There were 16
patients in the successful monovision group and 4 in
the unsuccessful monovision group. All patients were
followed for more than 6 months after cataract surgery.

The general factors influencing monovision success,
including age, sex, best corrected near and distance visual
acuities, and stereopsis, did not differ significantly be-
tween the successful and unsuccessful monovision groups
(Table 1). However, dissatisfaction values in the unsuc-
cessful monovision group were significantly higher than
in the successful monovision group (Table 2).

All patients recognized binocular rivalry regardless
of the contrast in the dominant eye. Figure 2, 10p,
and Figure 2, bottom, show the influence on exclusive
visibility of varying contrasts in the dominant eye in
the successful monovision group and the unsuccessful
monovision group, respectively. In the successful mono-
vision group, dominant-eye trials showed a general de-
crease in exclusive visibility with decreasing contrast in
the dominant-eye target and a significant difference
between the highest exclusive visibility at 100% and
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Table 1. Postoperative characteristics of patients by group.

Successful Group

- Unsuccessful Group. - S R
: G P Value -

Characteristic (n=16) "o - o =9
Mean age (y) 70 £ 118 58 + 21.9 15
Female, n {%) 10 (62.5) 1 (25.0) .34
Right eye dominant, n (%) 14 (87.5) 1(25.0) .54
Mean IOL power (D)
Dominant eye 18.5 *+ 4.0 225 x 44 35
Nondominant eye 20.6 = 4.0 208 £ 2.0 .68
Mean anisometropia (D) 2.28 = 0.3 23+ 0.2 .80
Mean distance BCVA (logMAR)
Dominant eye 117 113 44
Nondominant eye 1.20 1.20 >.99
Mean near BCVA (logMAR)
Dominant eye 1.0 1.0 >.09
Nondominant eye (0gMAR) 1.0 1.0 >
Stereopsis (s)
TST test 142.8 = 1240 70.0 + 2.6 .34
TNO test 140.0 + 84.0 200 %= 69.0 .16
Means *+ SD

BCVA = best corrected visual acuity

the lowest exclusive visibility at 20% in the dominant-
eye target (£<<.05). The nondominant-eye trials showed
a general increase in exclusive visibility in the nondomi-
nant eye with decreasing contrast only in the dominant
eye and a significant difference between the highest
exclusive visibility at 20% and the lowest exclusive visi-
bility at 100% in the dominant-eye target (P<.05).
In the unsuccessful monovision group, the domi-
nant-eye trials showed a general decrease in exclusive
visibility with decreasing contrast in the dominant-eye
target and a significant difference between highest exclu-
sive visibility at 100% and lowest exclusive visibility at
20% in the dominant-eye target (7>.05). The nondom-

inant-eye trials showed a general increase in exclusive

Table 2. Dissatisfaction values by group.

visibility in the nondominant eye with decreasing con-
trast only in the dominant eye and a significant differ-
ence between the highest exclusive visibility at 20% and
lowest exclusive visibility at 100% in the dominant-eye
target (P>.05).

Figure 3 shows the reversal thresholds (exclusive
visibility of the nondominant eye crosses over that of
the dominant eye) in the successful and unsuccessful
monovision groups. The thresholds were displayed only
at low decreasing contrasts of 80% and 60%. However,
the reversal thresholds were revealed only at a high
decreasing contrast of 20% or not at all (no reversal)
in the unsuccessful monovision group. The reversal

thresholds in the unsuccessful monovision group were

SRR N - Successful Group
Question on Satisfaction

: Meah +.8D =

' Unsuccessful Group

. PValue

(n=16) ‘n=4
Distance and near vision 0 1.50 = 0.57 <.001
Asthenopia 0 0.75 + 0.50 <.001
Depth of perception 1 0 0.75 = 0.50 <.001
Overall satisfaction 0 0.75 = 0.50 <.,001
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Exclusive visibility (s)
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Figure 2. (Handa) Exclusive visibility by contrast level. Top: Exclu-
sive visibility in the dominant eye in the successful monovision group.
Bottom: Exclusive visibility in the dominant eye in the unsuccessful
monovision group. The open circles and the dashed line represent
exclusive visibility in the dominant eye, and the solid circles and solid
lines represent exclusive visibility in the nondominant eye. The bar
corresponds to the standard deviation.

at a lower contrast as the contrast decreased than those
in the successful group. There was a significant differ-
ence in the reversal thresholds between the successful
monovision group and unsuccessful monovision group

(P<.05).

Discussion

Our study demonstrated the differences in the
quantity of ocular dominance between patients with
successful monovision and those with unsuccessful
monovision. In patients with successful monovision, the
reversal thresholds were obtained only at low decreasing
contrasts of 80% and 60% in the dominant-eye target.

—
o
1

The number of subjects (n)

5
0 -
99 80 60 40 20 o reversal
Reversal threshold (%)
Figure 3. (Handa) Reversal thresholds. The black bars represent

reversal thresholds in the successful monovision group and the white
bars, the thresholds in the unsuccessful monovision group.

In contrast, in patients with unsuccessful monovision,
the reversal thresholds were observed only at the decreas-
ing contrast of 20% or not at all in the dominant eye.
To guarantee the reliability of data for each patient,
reversal thresholds were confirmed by obtaining 2 iden-
tical measurements. In all patients, the dominant eye
for sensory dominance, determined by exclusive visibil-
ity, was the same eye determined to be the dominant
eye in sighting dominance, indicated by a hole-in-card
test. Ooi and He’ developed the binocular rivalry bal-
ance technique, and we quantitatively applied the qual-
ity of ocular dominance examination in the dominant
and nondominant eyes. Based on previous findings,?
we clinically applied 2 cpd at 4 degrees in this study.

Ideal monovision requires alternating dominance
and interocular blur suppression? (ie, the ability to sup-
press the blur image from 1 eye) for dependable distance
vision. Therefore, strong dominance may render strong
stress in visual systems, preventing alternating domi-
nance and interocular blur suppression. Sippel and co-
authors’ indicate that strong sighting dominance is
difficult to preserve in successful monovision; that s,
weak sighting dominance (alternating dominance) seems
to be an important factor in successful monovision. Since
the reversal thresholds in patients with successful mono-
vision in our study were at a higher contrast in the
dominant eye than the reversal thresholds in patients
with unsuccessful monovision, it is reasonable to consider
that success and satisfaction in monovision patients ate
greatly influenced by the magnitude of ocular dominance.
The dissatisfaction values of distance and near vision
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in the unsuccessful monovision group were twice that
of the dissatisfaction values of other parameters, which
agrees with the above hypothesis.

Another possibility is that reduced stereopsis has
been considered to be the major disadvantage associated
with monovision."” Jain and coauthors’ found that pa-
tients with unsuccessful monovision had a reduction
in stereopsis compared with patients with successful
monovision. Our results did not show a disparity in a
stereopsis examination at 40 cm between the successful
and unsuccessful groups. However, based on the dissat-
isfaction score for depth of perception, all patients in
the successful monovision group had good stereopsis
at all distances. These results indicate that stereopsis
plays an important role in the success of monovision,

Intraocular lens implantation for monovision may
be advantageous in presbyopic patients having cataract
surgery. However, this option should be pursued only
after careful preoperative screening, especially examina-
tions of the quantity of ocular dominance. Furthermore,
our balance technique seems a practical method for
evaluating the quantity of ocular dominance. In our
clinics, we apply this technique for evaluating patients
having cataract surgery who opt for monovision.
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Effects of Dominant and Nondominant Eyes in
Binocular Rivalry
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ABSTRACT: Purpose. To investigate the relation between sighting and sensory eye dominance and attempt to quanti-
tatively examine eye dominance using a balance technique based on binocular rivalry. Methods. The durations of
exclusive visibility of the dominant and nondominant eye target in binocular rivalry were measured in 14 subjects. The
dominant eye was determined by using the hole-in-card test (sighting dominance). In study 1, contrast of the target in
one eye was fixed at 100% and contrast of the target in the other eye was varied from 160% to 80% to 60% to 40%
to 20%, when using rectangular gratings of 1, 2, and 4 cycles per degree (cpd) at 2°, 4°, and 8° in size. In study 2,
contrast of the target in the nondominant eye was fixed at 100% and contrast of the target in the dominant eye was
varied from 100% to 80% to 60% to 40% to 20%, when using a rectangular grating of 2 cpd at 4° in size. Results. In
study 1, the total duration of exclusive visibilities of the dominant eye target; that is, the target seen by the eye that had
sighting dominance was longer compared with that of the nondominant eye target. When using rectangular gratings of
4 cpd, mean total duration of exclusive visibility of the dominant eye target was statistically longer than that of the
nondominant eye target (p < 0.05). In study 2, reversals (in which duration of exclusive visibility of the nondominant
eye becomes longer than the dominant eye when the contrast of the dominant eye target is decreased) were observed
for all contrasts except for 100%. Conclusions. The dominant sighting eye identified by the hole-in-card test coincided
with the dominant eye as determined by binocular rivalry. The contrast at which reversal occurs indicates the balance
point of dominance and seems to be a useful quantitative indicator of eye dominance to clinical applications. (Optom
Vis Sci 2004;81:377-382)

Key Words: binocular rivalry, exclusive visibility, eye dominance, sensory eye dominance, sighting eye dominance

ye dominance has been evaluated by several methods since
initial studies were performed to establish methods of assess-

|

tions. 2 Evaluation methods for eye dominance can be divided

ment of eye dominance and the associated clinical implica-

into two major classes that are based on the presumed origin. The
first method is based on motor origin eye dominance and is pop-
ularly known as sighting eye dominance and is determined by the
hole-in-card test. Walls® defined this sighting eye dominance to be
a one-cyed expression of an asymmetric but binocular phenome-
non. The second method is based on eye dominance derived from
a sensory origin; that is, sensory eye dominance that is preferred for
a perceptual visual task that is related to the visual neural system.
Berner and Berner? defined sensory eye dominance as the control-
ling eye in binocular perception, for example, that which can be

determined by binocular rivalry. The difference berween these def-
initions can lead one to hypothesize thar sighting and sensory eye
dominances are caused by different neural mechanisms. Moreover,
several studies®® have shown that sensory eye dominance could
not predict motor eye dominance, and it is still unknown whether
sighting and sensory eye dominances are caused by the same mech-
anism, Ocular dominance was documented by Hubel and Wiesel,?
who reported finding ocular dominance columns within the pri-
mary visual cortex. Ocular dominance columns were even seen in
primary visual cortex (V1) of a newborn and no visual experience
animal.'® However, ocular dominance columns of newborn ani-
mals are not specific separations of the right and left eye columns as
seen in adult animals, and they have a large overlap between the
right and left eye columns.!! Separation into right and left eyes in
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overlap columns is greatly influenced by visual experience after
birth. The sighting eye is established in early life and is stable® 12 by
the middle of sensitive period in the visual development of hu-
mans. It is quite likely that the development of ocular dominance
{ocular dominance columns) of the infant is greatly affected by the
sighting eye in terms of visual experience. If ocular dominance
(sensory dominance with origin in ocular dominance columns
within the primary visual cortex) has been established by the influ-
ence of sighting eye dominance, we would greatly expect a relation
between sighting and sensory eye dominance,

Binocular rivalry'®'® is not primarily viewed as a tool for mea-
suring sensory eye dominance, but racher as a tool for studying the
neural correlates of visual perception. Binocular rivalry usually
occurs with dissimilar images in each eye and is strongest when
dissimilar conrours are presented, such as with the presentation of
orthogonally oriented grating images in each eye. This phenome-
non is subject to the contrast of the images and is also more likely
to occur when both orthogonally oriented gratings are of high
contrast.'® Moreover, a visually stronger stimulus is less likely to be
suppressed during rivalry and, in fact, will be visible more often
than a weaker stimulus.!” For example, two orthogonal gratings of
equal contrast may be perceived alternately by each eye as being
visible for 50% of the time and suppressed for 50% of the time.
However, if a high contrast grating is presented to one eye and a
low contrast grating to the fellow eye, the high contrast grating will
be perceived more than 50% of the time and the low contrast
grating will be seen less than 50% of the time. Clinically, eye
dominance evaluated by a hole-in-card test for sighting eye domi-
nance is the most facile investigative tool of eye dominance. How-
ever, this test is unable to quantitatively evaluate eye dominance.
Qot et al.? designed a balance technique based on binocular rivalry
and showed that by directly adjusting the contrast of a rivalry target
in each eye, they could equalize the percentage of dominance. It
was suggested that eye dominance could be quantitatively evalu-
ated by using this balance technique. Because it is based on binoc-
ular rivalry that directly adjusts the contrast of orthogonal gratings
in each eye, it can provide a comparison of exclusive visibiliy
between dominant (i.e., target scen by the eye that had sighting
dominance) and nondominant eye targets.

[n the current study, we investigated the relation between sight-
ing (hole-in-card test) and sensory (binocular rivalry) eye domi-
nances and used a new balance technique based on binocular ri-
valry to quantitatively examine eye dominance.

MATERIALS AND METHODS
Subjects

Fourteen subjects (six men and eight women) between the ages
of 19 and 23 years participated in the study. After all subjects had
provided written informed consent, both eyes in each subject were
measured. All participants had unremarkable ophthalmic exami-
nations except for minor refractive errors in several subjects. None
of the subjects used contact lenses. The dominant eye was deter-
mined using a hole-in-card test (sighting dominance) in which the
subjects were asked to look at a Landolt C target at 50 cm and at
5 m through a 1 cm hole located in the center of a piece of

cardboard.

Methods

Subjects sat in a darkened room at a distance of 50 cm from a
display and were presented with rightward tilted (45°) rectangular
gratings to the right eye and leftward tilted rectangular gratings
(135°) to the left eye. Targets were generated by a compiled pro-
gram running on a PCG-XR9S personal computer (Sony, Tokyo,
Japan) and were displayed on an RDF171S cathode-ray tube
(CRT) monitor (Mitsubishi, Tokyo, Japan). Vertically and hori-
zontally, the displays measured 11.3°. A LS-100 photometer (Mi-
nolta, Tokyo, Japan) was used to calibrate light output of the
monitors. Maximal and minimal luminance of the targets were
110 and 0.2 cd/m?, respectively. Mean and background luminance
for the targets was 53.1 cd/m?.

Viewing was performed through natural pupils, and the sub-
jects’ heads were constrained with chin and head rests. Inner sur-
faces of the box were painted flat black. Within the apertures for
the subjects’ eyes were two mirrors in the front of the box for each
eye, allowing horizontal adjustment in either eye to facilitate fu-
sion. Subjects maintained fixation in about the center of the field
and tracked fluctuations in the exclusive visibility of the two rival
targets by pressing a computer button. Subjects estimated the ex-
clusive visibility as a general dominance of the trial target visibility
when compared with that of another target. Subjects pressed the
button when the target was determined to be dominant and re-
leased it when dominance was lost. During a trial, subjects could
perceive the exclusive visibility of the dominant eye target, the
exclusive visibility of the nondominant target, and the visibility of
both dominant and nondominant eye targets. Subjects had only to
report the exclusive visibility of one eye targer because the current
balance technique evaluates total duration of exclusive visibility by
each eye in the dominant and nondominant trials. We did not
explain to the subjects the origin of binocular rivalry or which of
their eyes had been classified as the dominant eye (hole-in-card
test). The computer stored successive dominant durations of ex-
clusive visibility. The durations were calculated as the total number
of seconds the button was pressed during the 1 min tial.

Study 1: Effects of Dominant and Nondominant
Eyes in Binocular Rivalry with Decreasing Contrast
in One Target

Targets were diamond patches of rectangular gratings, and were
2,4, and 8° in size. Spatial frequency varied in trials, ranging from
1, 2, and 4 cpd. Contrast of the target in one eye was varied from
20% to 100% in 20% steps, whereas that in the other eye was fixed
at 100%. For the dominant eye trials, subjects were told to press
the button when the dominant eye target (i.c., the target seen by
the eye that had sighting dominance and in which the contrast was
varied) was exclusively visible and the nondominant eye target was
fixed at 100%. For the nondominant eye trials, subjects were told
to press the button when the nondominant eye target (in which the
contrast was varied) was exclusively visible and the dominant eye
target was fixed at 100%. Each trial lasted 1 min and was followed

by an intertrial interval of 1 min. All tials were repeated three
times.
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Study 2: Effects of Eye Dominance with Decreasing
Contrast in the Dominant Eye Using 2 cpd with a
4° Target

Targets were diamond-shaped patches of rectangular 2 cpd grat-
ings that were 4° in size, because data from study 1 showed re-
sponses to this setting were stable and consistently evoked. The
contrast of the target in the dominant eye was varied from 20% to
100% in 20% steps, whereas that in the nondominant eye was
fixed at 100% in all trials. For the dominant eye trials, subjects
were told to press the button when the dominant eye target was
exclusively visible, and the dominant eye target was varied from
20% to 100% in 20% steps. For the nondominant eye trials,
subjects were told to press the button when the nondominant eye
rarget was exclusively visible. All trials were repeated three times on
a different day after study 1,

Data Analysis

The differences in measured target-related variations were eval-
uated by an analysis of variance (ANOVA). Measured contrast-
related differences were evaluated by Friedman test, and the differ-
ences between the dominant and nondominant eye were evaluated
by a Mann-Whitney U test.
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RESULTS '
Study 1: Effects of Dominant and Nondominant
Eyes with Decreasing Contrast in One Target

All subjects could recognize binocular rivalry regardless of target
size when using a spatial frequency of 1, 2, or 4 cpd, and they could
recognize binocular rivalry regardless of the varying contrast. Vari-
ations on the total duration of exclusive visibility with regards to
varying contrast ate shown separately in graphs plotting the three
warget sizes and spatial frequencies (Fig. 1).

Dominant eye trials showed a small change in the total duration
of exclusive visibility with decreasing contrast in dominant eye
targets (i.e.,, the rarget seen by the eye that had sighting domi-
nance). The total duration of exclusive visibility at 20% tended to
be somewhat shorter than thatat 100%. However, these variations
in the total duration of exclusive visibility were not statistically
significant (ANOVA, p > 0.05). Nondominant eye trials showed
a small change in the total duration of exclusive visibility with
decreasing contrast in dominant eye targets, with minor fluctua-
tions. These variations for the total duration of exclusive visibility
were not statistically significant (ANOVA, p > 0.05). The total
duration of exclusive visibility of the dominant eye target was
longer than that of the nondominant eye target. When using rect-
angular gratings of 4 cpd targets, mean total duration of exclusive
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FIGURE 1.

The total duration of exclusive visibility with decreasing contrast are shown for three spatial frequencies (1, 2, and 4 cpd) and three target sizes (2, 4,
and 8°). Solid circles and dashed lines represent the total duration of exclusive visibility of the dominant eye target, and open circles and solid lines
represent the duration of exclusive visibility of the nondominant eye target. For dominant and nondominant eye trials, contrast for the other eye target
was fixed at 100%. Bars correspond to standard deviations (SD). When using a rectangular grating of 4 cpd, a statistically significant difference in the
mean total duration of exclusive visibility between the dominant and nondominant eye targets was found (Mann-Whitney U test, p < 0.05).
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visibility of the dominant eye target was significantly longer than
that of the nondominant eye target (Mann-Whitney U test, p <
0.03).

Study 2: Effects of Eye Dominance with Decreasing
Contrast in the Dominant Eye Using 2 cpd with 4°
Targets

All subjects could recognize binocular rivalry regardless of the
varying contrast of the dominant eye when using 2 cpd with 4°
targets. Variations in the total duration of exclusive visibility with
regards to varying contrast of the dominant eye target are shown in
Fig. 2A. Dominant eye trials identified a general decrease in the
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FIGURE 2.

A: The total duration of exclusive visibility seen with decreasing contrast
in the dominant eye is shown for the 2 cpd at 4°. Solid circles and dashed
lines represent the total duration of exclusive visibility of the dominant eye
target, and open circles and solid lines represent the total duration of
exclusive visibility of the nondominant eye target. in the dominant and
nondominant eye trials, contrast in the nondominant eye was fixed at
100%. Bars correspond to standard deviation (SD). B: Data for the rever-
sals, where the total duration of exclusive visibility of the nondominant
eye target exceeded that for the dominant eye target, are shown for 2 cpd
at 4°.

total duration of exclusive visibility with decreasing contrast in the
dominant eye target, and these decreases for the total duration of
exclusive visibility were statistically significant (Friedman test, p <
0.05). In contrast, for the nondominant eye trials, a general in-
crease was observed in the total duration of exclusive visibility of
the nondominant eye with decreasing contrast in the dominant eye
target, and these increases for the total duration of exclusive visi-
bility were statistically significant (Friedman test, p < 0.05). At
100% contrast of the dominant eye target, the total duration of
exclusive visibility of the dominant eye target was longer than that
of the nondominant eye target (Mann-%hitney U test, p < 0.05),
At 20% contrast of the dominant eye target, the total duration of
exclusive visibility of the nondominant eye rarget exceeded the
total duration of exclusive visibility of the dominant eye target
(Mann-Whitney U test, p < 0.05).

Reversals were defined as the pointat which the total duration of
exclusive visibility of the nondominant eye target became longer
than that of the dominant eye target, as contrast to the dominant
eye was decreased and varied between 20% and 80% contrast,

depending on the subject (Fig. 2B).

DISCUSSION

The most important findings in this study were the observation
of an equivalence of sighting eye dominance, identified by the
hole-in-card test, and sensory eye dominance, determined by bin-
ocular rivalry, and our balance technique based on binocular ri-
valry could quantitatively evaluate eye dominance. To guarantee
the reliability of the data for each subject, exclusive visibility was
confirmed as being identical in three repeated measurements and
studies 1 and 2 on different days.

The balance techniques based on binocular rivalry have previ-
ously been shown to be able to equalize the sensory dominance in
each eye by using the addition of neutral density filters in front of
the dominant eye.'” '® Recently, Qoi e: al.® designed an original
balance technique that directly adjusted the contrast of rivalry
stimulus in each eyc to achieve equal percentage of sensory domi-
nance, instead of adding neutral density filters. Moreover, the
present balance technique has an advantage over these previous
balance techniques in several aspects, for example, the elimination
of the inclination for one rarget (rightward tilted or leftward tileed
rectangular gratings) per subject, the elimination of the bias of
visual attention toward one target over another, and an easy re-
sponse for determining the perception of exclusive visibility, be-
cause the present balance technique evaluates the total duration of
exclusive visibility by one eye (through the use of separate domi-
nant and nondominant eye trials). Thus, sensory eye dominance
determined in the current study appears to be more reliable than
that captured by previous studies. In our studies, a fluctuation in
perception between dominant and nondominant eye targets is
evaluated as dominant duration of one eye target, because domi-
nant duration is likely to be perceived more easily than suppression
duration.

Previously, there have been reports on the relation between
sighting and sensory eye dominance.*~% ' Blake et al."® inferred
that there was a relation for sighting and sensory eye dominance
during binocular rivalry. Moreover, Porac et al.?° reported that
dominant periods during binocular rivalsy of the sighting eye were
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longer than that of the nonsighting eye, although they did not use
sophisticated methods applying various contrasts, spatial frequen-
cies and sizes, or our balance technique method. Conversely, other
studies®=® support the opposite viewpoint (i.e., sensory eye domi-
nance cannot predict sighting eye dominance). Our results show
equivalence of the sighting shown by longer exclusive visibility in
the dominant eye trials and the sensory eye dominances and did
not show any discrepancies between the sighting and the sensory
eye dominance, similar to the ﬁndings of Ooi et al.8 and other
investigators.>~ In the study by Ooi et al., they did not measure
exclusive visibility in separate dominant and nondominant eye
trials and they also used different methodologies (i.e., color, spatial
frequency, and multiple targets) and a different retinal location of
the rivalry target in displays. Moreover, Dengis et al.'> 2! reported
that sighting dominance determining by the hole-in-card test de-
veloped from the center of visual direction for egocenter localiza-
tion until 5 years old. Thus, the controversy over equivalence of
sighting and sensory eye dominances remains unresolved.

In the current study, only when using a rectangular grating of 4
cpd was the mean total duration of exclusive visibility in the dom-
inant eye target significantly longer than that of the nondominant
eye target. Blake?? reported that the contrast sensitivity function in
binocular rivalry is similar to that in monocular viewing, with a
peak at middle spatial frequency rivalry targets of about 4 cpd.
Moreover, Movshon et al.?? reported that loss of sensitivity is
apparent at middle to high spatial frequencies in amblyopic eyes,?*
but not at spatial frequencies below 2 cpd. These findings are
consistent with our result that the difference berween the domi-
nant and nondominant eye in low spatial frequencies targets at 1
and 2 cpd are not very marked. In other words, the difference
between the dominant and nondominant eye is seen at spatial
frequencies of 4 cpd or higher.

Until now, eye dominance has not been quantitatively investi-
gated. However, eye dominance can be distinguished based on the
dominance of visual function. If the dominance of the dominant
eye in binocular rivalry is decreased by directly adjusting the inten-
sity of the rivalry target in the dominant eye, our balance technique
may be able to quantitatively evaluate eye dominance. Qur study
quantitatively examined eye dominance with techniques that doc-
umented items such as reversals in the exclusive visibility of the
nondominant eye target (study 2). In the visual system, adjusting
the intensity of rivalry targets, similar to that seen in our studies,
exerts a great influence on the duration of suppression, with lictle
effect on the duration of dominance.?® Suppression phases in bin-
ocular rivalry might be accompanied by temporary distributions in
temporal patterning of activity in populations of neurons in the
primary visual cortex (V1).2° Moreover, Sengpiel et al.?’ physio-
logically reported that switching dominance and suppression dur-
ing binocular rivalry occurs between each eye’s ocular dominance
columns in V1. Recently, several IMRI studies®® ?° confirmed that
neuronal events in binocular rivalry occur in V1 and nearby visual
areas. Moreover, Polonsky et al.?® reported that activity in V1
increased when a subject perceived the higher contrast pattern and
decreased when the subject perceived the lower contrast pattern.
Hence, it presumed that the reversals in study 2 have represented a
point at which suppression duration of the sighting dominant eye
is longer than that of the nondominant eye in V1 and associated
visual cortex.
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An important clinical finding shown by the current study was
the large individual variation seen in the quantity of eye domi-
nance. Berner and Berner suggested that sensory eye dominance
could be shifted with changes in or training of vision and implied
there was a plasticity of eye dominance. Eye dominance appears to
be determined by adaptability from neurological plasticity. There-
fore, itis not surprising that there is large individual variation in the
quantity of eye dominance, These findings are consistent with our
assumption that the current balance technique may be applicable
for use in estimating the magnitude of eye dominance.

Our study may provide evidence of equivalence of sighting and
sensory eye dominance, and our balance technique seems to be a
practical method for the evaluation of the quantity of eye domi-
nance. Recently, monovision in refractive surgery has been widely
used in presbyopic patients.?* 3 Eye dominance may be one of the
important factors in monovision success.” > Several reports®® 4~
36 have considered eye dominance in relation to monovision suc-
cess in presbyopic patients; however, no studies have quantitatively
investigated eye dominance. Hence, our balance technique appears
to be a useful practical method for evaluation of the quantity of eye
dominance. Further studies are needed to clarify the role of ocular
dominance columns in the primary visual cortex between sensory
and sighting dominance.
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