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[ Abstract] Objective To determine the impact of the change in the position of the toric intraocular lens
(IOL) on visual quality by implanting toric IOL in the physiological capsular bag in a model eye and simulating its
rotation. Methods Using the optical analysis software Zemax,four Liou-Brennan model eyes with pupil diameters of
3.0 mm and 6.0 mm,with or without the angle k,were created. A +22.0 D ArcySof toric T4 I0L was inserted into the
Liou-Brennan model eye. The toric IOL was then simulated to rotate 5°,10°,20° ,and 30° in the physiological capsular
bag (tilted 4.90° temporally and decentered 0. 21 mm nasally) . Changes in wavefront aberrations, residual astigmatism,
and modulation transfer function (MTF) curves were examined among the different groups. Results The tilt and
decentration of the toric IOL in the physiological capsular bag caused increases in both higher-order and lower-order
aberrations, as well as an increase in residual astigmatism and a reduction in MTF values. Additionally,as the degree
of rotation of the toric I0L increased,the aberrations and residual astigmatism increased gradually (for model eyes
with 3-mm pupil diaters and no angle k,rotating the I0L from 0° to 30° increased the residual astigmatism from 1. 41
to 7.74 D). The rotation of the toric IOL primarily caused changes in lower-order aberrations ( for model eyes with
3-mm pupil diaters and no angle k, rotating the IOL from 0°to 30° increased astigmatism from 0.054 um to
0.909 pm) ,with an increase in oblique trefoil aberration (for model eyes with 3-mm pupil diaters and no angle k,
rotating the IOL from 0° to 30° increased the oblique trefoil aberration difference from 0.000 pm to —1.481 pum),

while the changes in coma and spherical aberrations were not significant. Furthermore, as the pupil diameter and
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angle k increased, greater lower-order and higher-order aberrations were introduced, and the MTF values

decreased.  Conclusions

When the toric IOL is centered, it provides good optical quality. When the toric IOL

rotates in the physiological capsular bag,its ability to correct astigmatism gradually weakens and the imaging quality

deteriorates. Additionally, pupil diameter and angle k also affect the visual quality after toric IOL implantation.
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Figure 1
B : Astigmatism of model eye with angle k
E: Vertical coma aberration of model eye without angle k
without angle k  H:Horizontal coma aberration of model eye with angle k

aberration of model eye without angle k

Wavefront aberration of ArcySof toric T4 IOL after rotation in the capsular bag
C: Spherical aberration of model eye without angle k
F: Vertical coma aberration of model eye with angle k
1. Oblique trefoil aberration of model eye without angle k

K: Vertical trefoil aberration of model eye without angle k

A Astigmatism of model eye without angle
D Spherical aberration of model eye with angle k
G : Horizontal coma aberration of model eye
J: Oblique trefoil

L: Vertical trefoil aberration of model eye with angle

k IOL:intraocular lens;PD:pupil diameter;1 represented the centered toric IOL without tilt, decentration or rotation;2-6 represented the toric IOL in the

capsular bag (tilted 4.90°,decentered 0.21 mm) with rotation of 0,5,10,20,30°, respectively
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Table 2 Comparison of wavefront aberration of the Liou-Brennan model eye ( pm)
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Note: M1 to M4 represented model eyes with a pupil diameter of 3 mm without angle k,3 mm with angle k,6 mm without angle k,and 6 mm with angle k,

respectively. Center represented the centered Toric IOL without tilt, decentration or rotation. Rotate represented the toric IOL in the capsular bag (tilted 4.90°,

decentered 0. 21 mm) with rotation
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Comparison of residual astigmatism in four groups of
Liou-Brennan model eyes M1 to M4 represented model eyes with a
pupil diameter of 3 mm without angle k ,3 mm with angle k ,6 mm without
angle k, and 6 mm with angle k, respectively. Center represented the

centered toric IOL without tilt, decentration or rotation. Rotate represented

the toric IOL in the capsular bag (tilted 4.90°, decentered 0.21 mm)

e s
—— Tt 048 3PD
e JiiE% 5°7E 3PD

with rotation

0 2040 60 8010012014016018020022024026028030.032.034036.038.040.042.0 440 46.048.0 50.0 520 540560 58.0 60.0
22 (eycles/mm)

—— i % 20° 1 3PD
——JiEl% 30°7£ 3PD

Jaith
—— JiE}% 0°7E 6PD
TiE4% 5° 1 6PD
——JiE#% 10°7E 6PD
—— JiE#% 20°7E 6PD
——JiE#% 30°E 6PD

JiEd% 10°7E 3PD

W R B, Had 30% 9 11 P B 8 3 R 9 fR s
BOE' BT 0.75 D B fA RO £ 5 P RO X
FeAEAE R, 5 3 R AR B o S O 52 i GRS AE T T
TR TN B R JE G T, P R TR B0 B
S, RFTHE L 0. 75 D I PEBOE HAE A 15 00
I B SR A F1 P B R AT A% A A Toric TOLM
SR, ARG Toric TOL A} i /0> 1 4k A7 THE 5% 1 R 52 il
MY B 2 K &, Toric 10L FEHR N 1Y 37 B 52 2 F
R 52 m, 46 A 2R R AR & IR B B IOL %3,
FEASTK IR R A BEAERT SR B, N B R
HEARJG RN M TOL — xR B 0.2~0. 3 mm [
LR 2~ 3R, 25 10% () % 2 H3t 0. 4 mm 1y
i Uy AT TOROABUARE T BRI, AR T X 5 R AR O 4 3T
VLR A G TOL {37 5 1 T 58 % F %,

AWFFERD T B Toric 10L FH A MR N J5 76 £ 48
AT 4 157 A 6 R B R 4 R 0, B A BT A TR 2 R
Toric TOL ZERL TR AR P Jai otk 28 F & 4B i % i 1L 3 I
A R AR S Toric 0L 75 AR A 5144 . fii
JU FHE B 8 [R) AR AE o REAE I 9%k 300t DR A4 A A DR
AN I8 H AL — 8 TR B R i O, HLAR HI b R AR A7
B 5 ARG 10L i B B A B A a0 . Kimura 41
WFSE L % BL, bk fR i TOL i 3850 F 150 4% 4.22 ~
5.30°, fff 0> K 0.03~0.12 mm, Wang 2" % B 5%t F

1.0
038
JE
- 0.6 e
JiEh 0° 16 3PD
e —— ik 545 3PD

—— i 10°7£ 3PD
—— il 20° £¢ 3PD
——JiE4k 30° £ 3PD

(BJ

Jath
—— JiEk% 0°7E 6PD
e JiiEl% 5°7E 6PD
—— JiEk% 10°7E 6PD
—— JiE#: 20° £ 6PD
—— JifEf% 30°7E 6PD

3 Liou-Brennan X Z/fR i Toric IOL &} R 0 BEE TH MTF fiZk A3 mm fEfL EAEAN G I « MEEIRIERL /5 19 MTE {14k B:3 mm i
LEHREAIE « MBI BERS J5 1) MTF ik C:6 mm L HAAN G I « MEARIER: 5 () MTF 14k D:6 mm [@EfL B2 G « MEBRIREH 5

B MTF fhk o A3 Torie 10L JEfiift L € Fe , 7EHR N J& b s HES% AR Toric TOL 75 /L B A% N (BUF} 4. 90°  fi.C> 0. 21 mm) Jig 5%

AR s MTE : 38 1] 4% 18 08§50 PD il L ELA2

Figure 3 MTF curves of toric IOL after rotation in the capsular bag in the Liou-Brennan model eye

pupil diameter without the angle k after rotation

of the model eye for the 6 mm pupil diameter without the angle k after rotation

k after rotation

4.90°,decentered 0. 21 mm) with rotation

B:MTF curves of the model eye for the 3 mm pupil diameter with the angle k after rotation

I0L: A

A:MTF curves of the model eye for the 3 mm
C:MTF curves

D :MTF curves of the model eye for the 6 mm pupil diameter with the angle
Center represented the centered toric IOL without tilt, decentration or rotation. Rotate represented the toric IOL in the capsular bag ( tilted

IOL:intraocular lens; MTF : modulation transfer function ; PD: pupil diameter
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