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Measuring Defocus Curves of Monofocal, Multifocal and Extended
Depth-of-focus Intraocular Lenses Using Optical Bench Test
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Purpose: To determine the through-focus optical bench test performance of monofocal, bifocal, and extended depth-of-focus in-
traocular lenses (IOLs), and to measure their defocus curves.

Methods: A model eye was placed on an optical bench to test three different IOLs (TECNIS ZXR00, ZMB00, and ZCB00; Abbott
Medical Optics, Santa Ana, CA, USA). The focus was changed by inserting trial lenses from +1.00 diopters to -4.00 diopters, in
increments of +0.25 diopters. The 1951 United States Air Force Resolution chart was used to determine the quality of the
images. The degree of similarity with reference images was given by the cross-correlation coefficient, and defocus curves were
drawn and compared.

Results: Bifocal I0Ls showed lower image quality with the addition of minus diopter trial lenses, but showed good image quality
at near distance. Bifocal IOLs also showed a ‘double peak’ in their defocus curve. Monofocal IOLs showed a lower image quality
and cross-correlation coefficient with addition of lower-diopter trial lenses. The extended depth of focus IOLs showed a single
peak in their defocus curve, but had a wider range of diopters and better image quality than monofocal IOLs.

Conclusions: Bifocal IOLs showed a double peak defocus curve, and extended depth of focus IOLs showed a wider diopter
range and better image quality than monofocal IOLs.
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Table 1. Intraocular lens specifications

st3|x| 20204 M 61 # H23-

CHef a2
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T2 Q1344 A(TECNIS® ZCB00, Abbott Medical Optics,
Inc., Santa Ana, CA), ©]|% t}x 3 9l 22=4 3 (TECNIS”
ZKB00, Abbott Medical Optics, Inc.)Q} ALEZH 44
A(TECNIS® Symfony ZXR00, Abbott Medical Optics, Inc.)
7F o] Aol AHgH U FTAAES] A constant@}
Refractive index= FU5}H Z+ Q1 FLAHA S AL
Table 17} Zth o]F thxHele+4AY S| =492
275 %E 9tk Aol AHLE RE Qgaege) v
= +20.00t)2-E Ak

oH

Optical Bench System Measurement

Optical Bench system-2 1] g+ 1951 A= EHAE 2}
E(1951 United States Air Force resolution test chart)@} <1
3-5-5(artificial pupil), trial lens, =2 =, Complementary
metal-oxide-semiconductor (CMOS) 7} 2(DCC1240C;
Thorlabs Inc., Newton, NJ, USA)Z o|Fo{ %t} A= ]
AE ZIEE H|RL 2ozl x2M09] LED Z9Yo| A}
ar9on ol =10 37 3.0 mmych =Y -9
wet cell-> N-BK7 (Optical borosilicate-crown glass)= ©|%

TECNIS ZXR00" TECNIS ZKB00®

Parameter TECNIS ZCB0O'
Type Monofocal Extended depth of focus Diffractive, bifocal
Asphericity Aspheric Aspheric Aspheric
A constant 118.8 118.8 118.8
Add power (IOL plane, diopters) N/A Extended depth of focus +2.75
Refractive index 1.47 1.47 1.47
IOL = intraocular lens; NA = not applicable.
= ”| .w{- Fkat Wet
Sl 3 Artificial windows { °el
= pupil
,ZM’ |||— I 4
Resolution l w
target CMOS
10L camera
Model
eye
Laser FUp
camera

point source

Figure 1. Schematic diagram of optical bench system. Optical bench system is composed of resolution target, artificial pupil, trial
lens, model eye and complementary metal-oxide-semiconductor camera. [OL = intraocular lens; CMOS = complementary metal

oxide semiconductor.
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%l =22 o, S Fash, A2l AdeE sk
Aol ARSE A= vt A28 o] HE|(aspheric
lens adapter)S o]&3lA ¢HAoR TAHAIZ] & wet cell

of &zttt 7IGtE9 WigL shvetet Y =S XYZ
translation stageol] AX|3t &, o|F o] ;M=o F4
(centration)S 9r311, % Z(focus)o] 7HH|2to] AlAjof dh=

= sk

HjFo] Bh=%] 2Hls}7] 9J3f AHF-ulZ o)A (Helium-
Neon Lasen) & ARE-3l 3Hls}gict Fig. 1-2 optical bench
system®] L2 E ¥HF WALo|n, Fig 2= 1 o] A}
4% optical bench system®| HA]=9} AR AFAo|t).

Data analysis

T, o) TR, ASEHABLHAE 27 wet cell

Figure 2. Photo of optical bench system. Optical bench system
is composed of resolution target, artificial pupil, trial lens,
model eye and complementary metal-oxide-semiconductor
camera.
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Figure 3. Captured images of 1951 United
States Air Force resolution test chart using bi-
focal intraocular lens (TECNIS® ZKBO0O,
Abbott Medical Optics, Inc., Santa Ana, CA,
-4.00 USA). Minus diopter represents near distance.
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bench test) Aol A thabol s SR, o]% chA,
AL&2HRJNTTAAZR oA = A9l A& modulation trans-

fer function (MTF)& AASIL, QAFLAA R S Hok
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Bifocal
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3 G2, olxxH, A&2HATFHAY g2 AS
Az Yok dolA olul7h ek Eat st A A
Ho.z A ojnx|o) At 4 F A Aelo] ]
gAY BAS Hol ofd ARe" njRo] B ), Y3}
A AEWORE o 50 AlZS o] AE oAS5T 4=
UTH= A& & Aol 9u|E Hgich

~— Monofocal

— Bifocal

-— EDOF

Cross-correlation coefficients

+0.5+0.0-0.5-1.0 -1.5 -20 -25 -3.0 -3.5 4.0

Far ) Near
Defocus (diopters)

Figure 5. Through-focus correlation coefficients of the three
different intraocular lenses. Bifocal intraocular lens (TECNIS®
ZKB00, Abbott Medical Optics, Inc., Santa Ana, CA, USA)
showed double peak appearance but monofocal (TECNIS®
ZCBO00, Abbott Medical Optics, Inc.) and extended depth of
focus showed single peak appearance. Extended depth of focus
intraocular lens (TECNIS® Symfony ZXR00, Abbott Medical
Optics, Inc.) had a wider range of diopters with a cross-correla-
tion coefficient of 0.7 or greater than monofocal intraocular
lens. EDOF = extended depth of focus.

-1.25 150 -1.75 -2.00 -225 -250 -2.75 -3.00 -325 -3.50 -3.75 -4.00

Near

Figure 4. Captured images of 1951 United States Air Force resolution test chart using monofocal (TECNIS® ZCB00, Abbott Medical
Optics, Inc., Santa Ana, CA, USA), bifocal (TECNIS® ZKB00, Abbott Medical Optics, Inc.) and extended depth of focus intraocular
lens (TECNIS® Symfony ZXR00, Abbott Medical Optics, Inc.). EDOF = extended depth of focus.

156



Ruiz-Mesa et al'*&
QF EAR} Ftof| <
Ao 2 4 A8 1 39] Lot YA 2] A2 (uncorrected
distance visual acuity, UDVA), U2t Z7172] Al (uncorrected
intermediate visual acuity, UIVA), Ut A2 A]Z(uncor-
rected near visual acuity, UNVA)E &43lF o, d&x
AAFFAAE AHES 22 UDVA 0.01 + 0.02 logMAR;
UIVA 0.09 £ 0.08 logMAR; UNVA 0.17 + 0.06 logMAR
2 RE 7oA 2L AZe Bt Kaymak et al®2 oF
Qtof] ALHZHAFTEAE AHS SRS e R &
= AF 37d 9 AlgS 43 em, UDVA -0.05 +
0.11 logMAR; UIVA 0.09 £+ 0.02 logMAR; UNVA 0.19 +
0.09 logMAR=Z LA 8o} Ao 22 A8ES BY
o}, Attia et al’'= A2 HATHAS ARLEE 309HS B
A3l em, UDVA 0.03 logMAR; UIVA -0.03 logMAR;
UNVA 0.20 logMAR=Z A 2|e} F7tA oA AR
o} o 22 A8S 29} Pedrotti et al'®2 WAL &
RE AL BEZHUREAA LA

o $ NSl asieia sisle. ol A2
A R WS A e 2] et o
A9 2 el Anele KA Mol

Gatinel and Loicq' -2 X oltol| AMSH 4z 9l%
AA(TECNIS® Symfony ZXR00, Abbott Medical Optics,
Inc)Sh o]% tha, A ThRHBSAA ] MTFE 4|
Arsto] lmakelth. B3] 2717k 2 mme s B e}
WM E AS2AATSRA Sk 5 MTF peak
£ BgA 539 27173 mm, 375 mmel W ol
chE B4 Ae) W% % 7o) TS MTF peak
£ wol i o] Azel Aol go] gk, ol NE w}
of oJs) Fgo] Hobds- QAT MTF peakrt A4
WHA ] §e MIF peakr} W51 A, 530 7
A 0E B7h Bolso] WAlsks Aol om AErh
570 275 3 mmz T4ol] YRURAS 12 2
7o} v oA A%2AABLAA Shtel e
MTF peakES HFA|TE, ko2 715 ZAsfo] o]
of We gzATA WsE T2 A
B 7o Ans o new & _Euw

B A daelel Bt Aszns
AL 1) o 8A oS olsfahe
% 9lek shA)u Aol A A7} Thstol, BR-5o)
Wi ATl B ofe] 79 Az Eel Y ofsA) 2
QAL d|25}7] ojgich Eak B ol Aojd Ao}
ATH 52 B 47 olasta wobsel] ofg

v o=
Rk

o2 r

O
0

Jo[-n
of
]
W

_1
9]
tlo
sy 1
lo

®

i
215
b
BN
Y
SO
kY £

Y

=
1
o
tijo

]
=
gx4

A EE R AT AHOR B 4 otk o)F

=3

o

REFERENCES

1) Maxwell WA, Cionni RJ, Lehmann RP, Modi SS. Functional out-
comes after bilateral implantation of apodized diffractive aspheric
acrylic intraocular lenses with a +3.0 or +4.0 diopter addition pow-
er Randomized multicenter clinical study. J Cataract Refract Surg
2009;35:2054-61.

2) de Vries NE, Webers CA, Touwslager WR, et al. Dissatisfaction af-
ter implantation of multifocal intraocular lenses. J Cataract Refract
Surg 2011;37:859-65.

3) Weeber HA, Meijer ST, Piers PA. Extending the range of vision us-
ing diffractive intraocular lens technology. J Cataract Refract Surg
2015;41:2746-54.

4) Kohnen T, Bohm M, Hemkeppler E, et al. Visual performance of an
extended depth of focus intraocular lens for treatment selection.
Eye (Lond) 2019;33:1556-63.

5) Cochener B; Concerto Study Group. Clinical outcomes of a new
extended range of vision intraocular lens: International Multicenter
Concerto Study. J Cataract Refract Surg 2016;42:1268-75.

6) Attia MSA, Auffarth GU, Kretz FTA, et al. Clinical evaluation of
an extended depth of focus intraocular lens with the salzburg read-
ing desk. J Refract Surg 2017;33:664-9.

7) Kim MJ, Zheleznyak L, Macrae S, et al. Objective evaluation of
through-focus optical performance of presbyopia-correcting intra-
ocular lenses using an optical bench system. J Cataract Refract
Surg 2011;37:1305-12.

8) Hwang HS, Lee CS. Analysis of autofocusing evaluation functions
of intraocular lens. J Inst Contr Robot Syst 2017;23:758-63.

9) Carson D, Hill WE, Hong X, Karakelle M. Optical bench perform-
ance of AcrySof((R)) IQ ReSTOR((R)), AT LISA((R)) tri, and
FineVision((R)) intraocular lenses. Clin Ophthalmol 2014;8:2105-13.

10) Gatinel D, Houbrechts Y. Comparison of bifocal and trifocal dif-
fractive and refractive intraocular lenses using an optical bench. J
Cataract Refract Surg 2013;39:1093-9.

11) Montés-Mico R, Madrid-Costa D, Ruiz-Alcocer J, et al. In vitro
optical quality differences between multifocal apodized diffractive
intraocular lenses. J Cataract Refract Surg 2013;39:928-36.

12) Yoo YS, Whang WJ, Byun YS, et al. Through-focus optical bench
performance of extended depth-of-focus and bifocal intraocular
lenses compared to a monofocal lens. J Refract Surg 2018;34:236-43.

13) Plaza-Puche AB, Ali6 JL, MacRae S, et al. Correlating optical
bench performance with clinical defocus curves in varifocal and
trifocal intraocular lenses. J Refract Surg 2015;31:300-7.

14) Ruiz-Mesa R, Abengozar-Vela A, Aramburu A, Ruiz-Santos M.
Comparison of visual outcomes after bilateral implantation of ex-
tended range of vision and trifocal intraocular lenses. Eur J
Ophthalmol 2017;27:460-5.

15) Kaymak H, Hohn F, Breyer DR, et al. Functional results 3 months

157



- Cistotatets|x| 20208 61 B M 2 & -

after implantation of an “extended range of vision” intraocular
lens. Klin Monbl Augenheilkd 2016;233:923-7.

16) Pedrotti E, Bruni E, Bonacci E, et al. Comparative analysis of the
clinical outcomes with a monofocal and an extended range of vi-

sion intraocular lens. J Refract Surg 2016;32:436-42.

17) Gatinel D, Loicq J. Clinically relevant optical properties of bifocal,
trifocal and extended depth of focus intraocular lenses. J Refract
Surg 2016;32:273-80.

Wtz MBS S6t HEH,
JEx e

CHafnt S &of #ix[o] 22 =0f Ml &7 AS+EA

2 Ut HIX] MES Eoll X, 0|5 OhxF, d4aXxH(extended depth of focus) Q124
L
A

—4.00C|SE{DHX| 2] =2 +0.25C] S ©

= A DA X%
E-|'ZF_§||, X MolZ+HxH|e
AN =X
- —m O
HHE dlusty ExdEME M6t

(TECNIS ZXR00, TECNIS ZMBO0O, ZCB0O0; Abbott Medical Optics, Inc,,

Santa Ana, CA, USA)E ZtZt RISt = Trial set0f] +1.002E

BREH0! 62 Sl st YHS HTSISLCL 71 OI0Iil e
H

TIRIZ ARSI s
d2E HYUSIA| 4 HHS 0[0|X)Q} HIer H=E Xt

.’E‘Ef Ols Etzﬁ‘ﬂ%#g Nl DfOILﬂA CIZSE 7t Hall 242 40| S2HX|Ct 27=2|0lA 40| 7HREHX |1, EEFIMME W
FI(double peak appearance)E ECH HEHISHHH = Oro|HA CIZE 7L HoHé‘#i 0| SHX|H IA-HEALE ZA
SICt XIS TA = HSELE HO|X| fUeL), 7R 42 H0|1 52 ux-AEUA+E 20|z CSZE et Hx
HolZ=HA ol dlsh HACt

42 0|5 xS EM = EYe Soll YoX Aot xFF MM HMYHRl 015 =9 YMS Hlol, HEHASSTA
= OI0|HA CjZE7t el 25 40| SNt HAExHISsTAM e 015 2T Yo2 HOIX| tueL), HxFelg-XH ol

off o H2 #Helo tEHM 7Re 4= 20,
(TSRt ItStS| X| 2020;61(2):153—158)

158

2235 / Yong Ho Koo

SRS us HLAYY Ofnsny
Department of Ophthalmology,
Chuncheon Sacred Heart Hospital,

Hallym University College of Medicine




