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S 55 H|7H 2IB4HA A & Double—pass

EX = Z20| UH|E HAH OIZANHS MQUsH BILHA A2 XIS JAOE Double pass H2|2 X8t HA7|Z 0|50
UMNANE H|mStDX SHACH
CHAYZ} 4 2A0lM 2009 10RO A 2011 27IX| WK 428 AR e 250t9] Tecnis® ZCBOO (AMO, Inc., Santa Ana,

CA, USA) &l 21t 169+9] Acrysof® IQ SNBOWF (Alcon, Inc., Fort Worth, TX, USA) & S HMNOCZ = S 67EM LIQtAI
| = 7H fSX|E =H5t Double pass 2l2[E XHZ5t Optical quality analysis system (OQAS, Visiometrics SL,
5t HEAME 7|S(MTF cutoff), Strehl H|€(Strehl ratio), ZHZt& AM2EX|4(08)) 2/2 SX6tT X[0|E H|wsf 2Lt
Zuk ZCBOO /%] =1t SNBOWFH Y oM o= & LICHAIR, 2|tHu @A, 1 iSX], Double pass 0[0|X| EA10] M2 242
A AMEEX|2(1.60 + 070 vs 276 £ 2.33, p=0.27) &4 EAHCZ F9olot XI0|E EO0|X| LULCt BtH = 2 7t Double pass
0|0|X| EAM0f 2 HEFMLI|5(28.0 £ 7.79 vs 20.4 £+ 9.51 c/deg, p=0.025)1} Strehl H|E(0.14 = 0.04 vs 0.12 + 0.05, p=0.042)
oF XI0IE ERULCH
Aele dzo 57 E EHol met a2

P

AR YUY A Y el $ EX9 N2 Hof YFES OIF= HOR MZED, 00ASE
YU 42 § He AZSFYORE MHO| 0f2i2 AN Yot Wals Mo Mofl tfst BTt AT NES MIHEO T=of
710

Z|o) W} el Tt AlE ol s HAlE]e] FHE 3605k squared edge® ~+/dstglom —0.27
2y sk glon o]E 93 4 ume] FH5AE 7k v, Acrysof® 1Q SN6OWF-&

2 A Y| e Fad 5

& 719 R AF5AA ] WAL o2 Yt w3} > o) S 7 —-0.20 umé] SRS 7F

of wet A 2dE 9 FHPATE SR =54, ZcH(Table 1).

Y F7F 59 S0l WAske] Alge] AR AsE 7t gk 71 de] A8l 44| (aberrometer) §1 Hartmann—

Ao Hret. FZoll= vl Qleag Aol AR i Shack wavefront analyzing device= ¢+ WA E St

FE T FHPA G wAske] A Y S EY ohegt A1 o] ool sRbiol A HhALE= Hlo] Helw =

S2H A7ISS AL S A Heh AeZ oy 7|9 1AEgaxH(charge coupled device,
@A Qe 2ol AAF AF4AA e Tecnis® ZCBOO CCD)& QIAJ8) 42215 BAFHL” o]of w8 Double passE

(AMO, Inc., Santa Ana, CA, USA)Q} Acrysof® 1Q SN6OWF 0]8-3} Optical quality analysis system (OQAS, Visiometrics
(Alcon, Inc., Fort Worth, TX, USA)x I d|31H olF SL, Spain)-& dtof o] EAlE]o] W] ARmual ol g}

FAA R g of2d A-oln PR o] 9 X|x|R gato 2 BE wHRAbE o] - A S wiAE AXA L2
=3t ARLo7t 2L EEHS 7M1 gk TECNIS® o4& ©0]-83t second pass IS AH A BT
ZCB002 A v|GtH mHo| $¢oekg Fo|ua} sl Double pass A A9 ¥g]& AHEH, 780 nm laser diode

£ ARESE o] 3AEAE ] (beam splitter, BS)of| 4] HEAL
H ok 2709 Mt B4 At Z(achromatic doublet
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Table 1. Characteristics of the 2 aspheric intraocular lenses used in the study

Characteristics TECNIS® ZCB00 Acrysof® IQ SN6OWF
Lens 1-piece 1-piece
Optic type Monofocal Monofocal
Optical material Hydrophobic acrylic Hydrophobic acrylic
Refractive index 1.47 1.55
Optic size (mm) 6 6
Overall length (mm) 13 13
Haptic material Hydrophobic acrylic Hydrophobic acrylic
Haptic angulation 0 0
Design Biconvex anterior aspheric and posterior square edge Prolate posterior surface
Blue-light filtering No Yes
Spherical aberration -0.27 -0.20
L1 Laser Diode tion, MTF), Strehl v]&(Strehl ratio), A& Akgbz|4=
V I (I (objective scattering index, OSI) ZF& =Ast1L z}o]&
o ulawsh Al shelr.
CCD Camera L4

(aerial image)

CCD Camera
(pupil image)

Figure 1. Experimental diagram of the double-pass system.
(AP1 = artificial pupil 1; AP2 = artificial pupil 2; BS =
beam splitter; C1 = camera 1; C2 = camera 2; CCD =
charge-coupled device; L1, L2, L3, L4, and LS = lenses 1, 2,
3, 4; FC = focus corrector; BS = beam splitter; PC = per-
sonal computer).

a7 E CCD 7hdet7bx] dlo] viAbe]= 14 eld],
gatol| A HRARE W2 oA et 271 2] Aot =t PR
2715 oA 7§ AR ojuf, WO 50% Hw=rt 4~ E
ot AL E Bt We Diaphragm wheel 2 53 =
717} 23 7153t exit pupil A2 (Artificial pupil, AP2)E
o yoA = CCD 7hwgte] 23l PSF (point
spread function) AH(image) 0.8 7|2 = H(Fig. 1). o]|2H
AA| ol WEl Aol Hop 7PgA| FAs AL Sk WA
O g vhato A WRAME K= upho] Wl QlAlstRE o
AF2k(light scattering) ©Ju} 1194=2}(high—order aberra—
tion) 9] JFL WAL 5 ek’

2 Ae F Y 4AE v eeAAE AY
WY =% SAHE AT 2 & Double pass 2
OQASEA7IE ol-85to] Alg9] AS Zaha o

5t QAR F 82 WZA D7) 5 (modulation transfer

oot e

—h

unc —

CHata} HiH

2009 10014 2010 297kA] W 2-gukG-3k
2 AT eSS AlY B 3kx; 5 257(25
oF) 2] Tecnis® ZCBOO (AMO, Inc., Santa Ana, CA, USA)
Aol 23k 167(169H) 2] Acrysof® 1Q SN6OWFE (Alcon,
Inc., Fort Worth, TX, USA) 4¢] #<& iAo s s
Alstct. ZrahdAl 1.5DE |A] ¢ el AW g
A5 gz stglon Zhatae, okx|, =), gubddt

[=aul
T ol e A 7R ARt oo EAsES
W2 Abgr W oA kg 5o b Eo] Ay
g A= Aol ALY e TY SR
ofsf Al gl om Fetg = e Brgziabd
NE Alget & det 524 ol 3k 26 gauge B}
52 o] &sto] YFAGENE Astct BFHAS A
goto] YR EY FYRESES AT & 223033
712 FAARERES AldstaL IS AAE S8AE W
of Akt Hordld HeEEdS ARIZTU7IE AASH
I FY NG ARESto] Qbte] TS FA|SHE BH2
w EPZEN = 7 ASRE Aldekelal B Alds)
A gkokth HE b= & T 67 dAE yekA =T
A ZFHAHAAIR A3 (spherical equivalent, SE) %
YA H-E 545192 double—passe] =& A&

3} Optical quality analysis system (OQAS, Visiometrics
SL, Spain)& ©]8-35le] HMzxAE7])5(modulation transfer
function, MTF), Strehl v]-&(Strehl ratio), A2 Alehx]
Z=(objective scattering index, OSI) ZtS =A3s}gch &
= SAOA] exit FF27]= 4 mmE AT & AR E

-
2 =4stec
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BAEAL FAZE13] SPSS 18.0 for Windows (SPSS
Inc., Chicago, IL)& ARE-3}3oH, 574]@@‘ Lolx9] 7]
2 p<0.05Z 39t F 7t & & A& 7H& H|n
517] $J8ll Mann—Whitney U #A& o]-&3}3ith

Z2

Z 4199] 41018 thato g sl om Tecnis® ZCBOOS
Ahedet 257 25%F & HRF 109(40%), AA7E 157
(60%) 91, Acrysof® IQ SN6OWFL AFlst 16 169t
= 7} 7H(43.8%), SIX7} 98 (56.2%) 0] At} Tecnis®
ZCB00& AFQleth 259 9] Bt A% 69.9 + 10.141%2
o Acrysof” 1Q SN6OWFS ArQIgh 16W9] i AL
67.0 £ 8.3M|= F o 7t I3t Aol 7} YLATH p=0.118)
(Table 2).

22 T 67097 2R3 oA (p=0.89), H A A|
2 (p=0.56), TN (p=0.68)= F FollA F23t 2}
o]2 Ho|x| otth(Table 3). & & 67194 OQASE
2731 double pass ©|u]A] EAlo| wE HRAGI|S
(MTF cutoff)& Tecnis® ZCBOO ojlA 28.01 + 7.79
c/deg, Acrysof® IQ SN6OWF oAl 20.41 + 9.51 c/deg
2 T 37 EAR R 893t 2jo]E B (p=0.03),
Strehl W]&-S 7F2} 0.14 + 0.04, 0.12 + 0.052 =H =0}
Al SAF SR [t Apolg HATHp=0.04).

Rhd double pass oJw] 2] Ao whE AA ARRkA|4
(OSI) Zke Tecnis® ZCB0OO ol 4] 1.60 + 0.70, Acrysof®
IQ SNGOWF ol A] 2.76 + 2.332 ZA=]o] = 7k &
o5t zpo|7} A p=0.27) (Fig. 2).

Table 2. Demographics of study groups

Distribution of MTF

1oL
Acrysof IQ

SN6OWF |

Tecnis

5 Gl

T T T T
10.000 20.000 30.000 40.000
MTF cutoff (c/deg)

Distribution of strehlratio

1oL

Acrysof 1Q | |
SNBOWF | I 1

Tecnis

T T T
0.100 0.150 0.200
Strehl ratio

Distribution of OSI

1oL

Acrysof 1Q |
SNBOWF

IR i
Tecnis
Ze | e

T T T T
0.0 20 4.0 6.0 8.0

osl

Figure 2. Comparison of MTF cutoff, Strehl ratio, OSI be-
tween the 2 groups measured using OQAS 6 months after
operation. MTF = modulation transfer function; OSI = ob-
jective scattering index; IOL = intraocular lens.

IOL groups
TECNIS® ZCB00 Acrysof® IQ SN6OWF

Number of eyes 25 16
Sex (male:female) 10:15 7:9
Mean age (years) 69.9 + 10.1 67.0 + 8.3
OD:0S 12:13 5:11
Values are presented as mean + SD.
Table 3. Visual acuity and refractive errors of the 2 groups 6 months after operation

TECNIS® ZCB00 Acrysof® IQ SN6OWF p-value’
UCVA (log MAR) 0.12 + 0.21 0.12 £ 0.15 0.89
BCVA (log MAR) 0.06 + 0.21 0.06 + 0.10 0.56
Refractive error (SE) -0.22 + 0.43 -0.57 + 1.03 0.68

Values are presented as mean + SD.

UCVA = uncorrected visual acuity; BCVA = best corrected visual acuity; SE = spherical equivalent.

"Mann-Whitney test, p < 0.05.
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lyzing device@t= & entrance $&317|E 2 mm= 114
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Al SAH peake] Hlo] R Lol SR Blo] La7tol
v]&E2HR ok W Ak(intraocular scattering)?] AEZES
F2|8ket gholth. OQASoflA OSI= 0 oA 58 25.07H4]
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=ABSTRACT=

Comparison of Optical Quality Between Two Intraocular Lenses Using
Double-Pass Based Optical Quality Analysis System

Ae Young Kwak, MD1’2, Moonjung Choi, MDI, Kyoung Yul Seo, MD, Pth, Ji Min Ahn, MD*

The Institute of Vision Research, Department of Ophthalmology, Yonsei University College of Medicine', Seoul, Korea
Siloam Eye Hospitalz, Seoul, Korea

Purpose: To compare postoperative optical qualities between two types of 1-piece aspheric intraocular lenses using the
double-pass technique.

Methods: Uncorrected visual acuity (UCVA), best corrected visual acuity (BCVA), and spherical equivalent were evaluated
in the subject groups; the first which included 25 eyes implanted with Tecnis® ZCBO0O and the second which included 16
eyes implanted with Acrysof® IQ SN6OWF. In addition, modulation transfer function (MTF) cut-off, Strehl ratio, and ob-
jective scattering index (OSI) were measured 6 months after cataract surgery in the 2 subject groups using Optical Quality
Analysis System (OQAS, Visiometrics S.L., Terrasa, Barcelona, Spain) which is based on the double-pass technique.
Results: There were no significant differences in the spherical equivalent, UCVA, BCVA, and OSI between the 2 groups.
However, both the MTF cut-off, and Strehl ratio showed statistically significant differences. The MTF cut-off (28.0 + 7.79
vs. 20.4 + 9.51 c/deg, p = 0.025) and Strehl ratio (0.14 £ 0.04 vs. 0.12 £ 0.05, p = 0.042) were higher in the Tecnis®ZCB00-
implanted group.

Conclusions: The difference in characteristics of intraocular lenses subtly affects the vision quality as measured by values
such as MTF cut-off and Strehl ratio after cataract surgery. OQAS based on the double-pass technique is considered use-
ful in more objective estimates of the real retinal image quality after cataract surgery which is difficult to explain simply by
measuring visual acuity.

J Korean Ophthalmol Soc 2013;54(12):1818-1823

Key Words: Double-pass, Optical Quality Analysis System, Visual quality, 1-piece aspheric intraocular lenses
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