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Fig. 1 Definitions of coordinates, decentration, and tilt. (a) Definitions of coordinates; (b) Definitions of decentration and tilt
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Fig. 2 Schematic diagram of the pseudophakic eye

®1 PESH
Table 1 Parameters of the pseudophakic eye

Surface Type Conic constant Radius/mm Thickness/mm Refraction index
1( Anterior cornea) Conic Q,=——0.26 R,=7.72 e, = 0.55 n,=1.3777
2(Posterior cornea)  Spherical Q,=0 R,=6.5 e, = 3.05 n,=—1.3391

Stop Plane 0 Infinity e, — 0.264 n,=1.3391

3( Anterior IOL) Conic Q;(According to IOL)  R;(According to IOL) e =0.8 o, = 1.493 2
4(Posterior IOL) Conic Q,=0 R,=oo e;(According to I0L) n,=1.3377

Retina Spherical 0 —12.00 0 —

AExk T IOL /Y9 2% i JUAT T AR B 2 3k =00
T= o + a,r’ + art + agr® + - (1)
1+J1—(1+Q)cr
Ao, e R AR Bk i L vEBR Al - AR I R s vau a2 IR R G B e, = 0) , QW S ik il
[IE%:i
& 302 PE i il il S ot 2 Rl il =50 2 a8 il n R . &1 3 (a) v i 416 2k B AR 3R O Al il ot 2k
(Paraxial Marginal Ray, PMR) , [& 3 (b) # i) &% 5 28 Bt 1t 3 T % 32 )% £k (Paraxial Principal Ray, PPR) ,
kappa = 5°, PMR 45 PPR 15 £ . 2 1 38 mi 55 B WLl 3. HAZRA L N4 L) 2 CHASSAGNE B 45 i #f 5¢
Al F IR PE ) PWACs, JFAE B a0 R ekt (1) 78 7H 5 R 2 S 50md 25 18T A AT TOL JE B 19 52
(2) i 2 s, L PR &4 T IOL BU R A O ] BN S AT B E A MR A — 8 MR B B . X BE B 4

M3 PEWAEHAEASHTEE ()l L% (b)EHE L
Fig. 3 Schematic diagram of the paraxial ray in the pseudophakic eye. (a) The paraxial marginal ray; (b) The paraxial principal ray
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Fig.4 Schematic diagram of the distribution of the aberration field decenter vector o;, the field vector H, and the effective field
vector H ,; on the image plane
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2 ANI@ERREEit5iEn
Wi IOL My L [F 15 TS 8000 F < 25 [ 43 3 %8 100 cycles/mm, i fL B 4% 3.0 mm , ¥ 8N iE B, 5 35 1
-1
21 ANI@&REi&it
XF T ACTOL T &, % 1l 2 T8 fh 824 42 A0 Y Ty 22 80 oy 28 5, 1 NI Jd 40 R PP Hr ek 80, A R 42
FIMTF . AWF5E M MTF #2148 4 MTF iR MTFE (97 ¥1E
Fi=w,(MTF, — MTF, ;) (20)
Korf, MTF W HFMEMTE 58 4 0.8 A E R A w, & E N 1.
A8 ACIOL B 24, W3k 2. KT ACIOL B9 285, ¥4 1 2 1 il 5 2 A2 A — et o R B0 & A8 &
FE4NR VEA R B I ek 22 1Ak -
Fo=w,(Wyo;— Wooo) + ws (MTF, — MTF, ,; )* (21)
A AE R B w, 5w, BN 1T, MTF M HAMEMTE,, 0 B8 0.80 W, o 1 Wy, J1Y BEBH WL 2 3, A5 2
AFIOL F¥k G ZW TOL 1Y Wy s F1 W o, KT -

®2 FRRHKETHIOLSH
Table 2 Parameters of IOL at different axial lengths

Model number Axial length of eye model/mm Type Q; R,/mm es/mm W, ,/wavelengths Diopter/D

ACIOL  —0.763 6.140 25.10

1 21.92 17.256 0.049
AFIOL —0.320 6.178 24.94
ACIOL  —1.553 8.733 17.65

2 23.92 ) 19.256 0.036
AFIOL  —0.271 8.808 17.50
ACIOL —4.899 13.348 11.54

3 25.92 21.256 0.027
AFIOL —0.433 13.515 11.40

*3 SHIEH

Table 3 Explanation of parameters

Parameters Explanation Parameters Explanation
\DE Decentration along the X—axis of the local W Wavefront aberration coefficient of the primary
. . 131
coordinate system of the optical surface coma of PE
Tilt around the X-axis of the local coordinate Wavefront aberration coefficient of the primar
ADE W 101 p y
. 040 . . -
system of the optical surface [ spherical aberration of IOL
- Wavefront aberration coefficient of the primary — Wavefront aberration coefficient of the primary
040 . . 131
spherical aberration of PE coma of IOL
- The aspherical contribution by the anterior surface - Wavefront aberration coefficient of the primary
o™ . . 040, 3 . . .
of IOL to the aberration field decenter vector spherical aberration on the anterior surface of IOL
The spherical contribution of wavefront aberration The aspherical contribution of wavefront
Wb, s coefficient of the primary spherical aberration on Wit s aberration coefficient of the primary coma on the
the anterior of IOL anterior surface of IOL
The aspherical contribution of wavefront aberration The aspherical contribution of wavefront
Wb s coefficient of the primary spherical aberration on e aberration coefficient of the primary coma on the
the anterior surface of IOL osterior surface of IOL
p
The X-component of the aspherical contribution
Wavefront aberration coefficient of the primary ] . .
W, s ) ) ) 05" by the anterior surface of IOL to the aberration
spherical aberration on the posterior surface of IOL !
field decenter vector
kappa Kappa angle H Field vector
PD Pupil diameter H, Effective field vector
Ab o feld d The normalized vector describing the position in
o erration field decenter vector o .
’ the pupil
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SR T WFSERT TOL JE DGR A 3E FIE , e 8% = AN IR B UEA T TOL B3, 43 R B A9 IR 4l model 1: 21.92 mm
& T A IR Bl model 2:23.92 mm \U\&’-ﬁﬁckﬁ‘]ﬁﬁ?ﬂi model 3:25.92 mm . H 1, model 2 2% [7 Navarro—Escudero
MR AY  model 1 #1 model 3 B9 H Ath 2 %17 model 2,15 3] IOL 28135 4 i 7R .

AR SR MTF 58 5 20 JE TG i ek H0 iy e i A B 208 46 O 27 8 G2 00 D16 I 8 1301 — 1> I A% i
17 R FE, RRS (9 RSF ] L 32 X 32,64 X 64,128 X 128,256 X 25614 K 512 X 5124, 11 't B 1Y R #E R~ e
FEAMTE IR ME R 2 ERE . Bk, FHEFAFRMRAER ST T 2RO E ., 2R nFER AR, E R
FERSE 2T, MTFE (9315545 38 FAa0E , il - X F 4.5 mm B £L 19 model 310 5 , KA R 1R 32 X 32 B
B MTE R 0.73, 1M 24 R e R SR 64 X 64 B MTE 45588 0.72, FRR TR FER S MTF 45 R S a1
0.72. HJEFRAE R ST KA T30 0], [ 4 7 PR UE MTE 35083 P BUAR A 58 19 MTF Sl i ok A
RFoh 128 X 128,

R4 HERSETABXERERTTH MTF(ACIOL,543 nm, 100 cycles/mm)
Table 4 MTF under different pupil sampling sizes in aligned state (ACIOL, 543 nm, 100 cycles/mm)

Model number PD/mm 32 X 32 64 X 64 128 X 128 256 X 256 512 X 512
3.0 0.69 0.69 0.69 0.69 0.69
! 4.5 0.79 0.79 0.79 0.79 0.79
3.0 0.66 0.66 0.66 0.66 0.66
. 4.5 0.76 0.76 0.76 0.76 0.76
3 3.0 0.62 0.62 0.62 0.62 0.62
4.5 0.73 0.72 0.72 0.72 0.72

22 JHERETHXZ4HHE

Sy SAH PAT FINT 5335 219 PWACs W13 5~7 Ff s, 1 LG 2 W6 093 H 5 25 R 3 AR — 50,
T PAT BT MM . B, 7T LIE S ACIOL i Wy Fl Wy, 4L T — AR B K, Al R PE
BIR 22158 THFIE . X AFIOL I & , H Wi KSR F AR, 338 F 0,06 T 2 MRAR 25 JL-F %A R, i W,
M & F ACIOL.,

&S5 Model 1HJ PWACs
Table 5 PWACs of model 1

PD/mm Type Method Wit /wavelengths  W{"/wavelengths ~ W,,/wavelengths ~ W, /wavelengths
) PAT —0.333 0.104 0.006 1.095
ACIOL
9.0 NI —0.333 0.105 0.005 1.098
’ ) PAT —0.003 0.117 0.335 1.107
AFIOL
NI —0.003 0.117 0.335 1.110
) PAT —1.686 0.352 0.028 3.696
ACIOL
L5 NI —1.686 0.353 0.027 3.707
’ ) PAT —0.018 0.393 1.696 3.737
AFIOL
NI —0.016 0.394 1.697 3.748

%6 Model 289 PWACs
Table 6 PWACs of model 2

PD/mm Type Method Wt /wavelengths  Wi\"/wavelengths W, /wavelengths W, /wavelengths
PAT —0.336 —0.082 0.002 0.909
ACIOL
50 NI —0.336 —0.082 0.002 0.911
’ PAT —0.004 —0.067 0.335 0.924
AFIOL
NI —0.004 —0.067 0.335 0.926
) PAT —1.702 —0.277 0.011 3.067
ACIOL
L5 NI —1.702 —0.278 0.012 3.075
h PAT —0.019 —0.227 1.694 3.117
AFIOL
NI —0.019 —0.227 1.695 3.126
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*7 Model 31 PWACs
Table 7 PWACs of model 3

PD/mm Type Method Wit /wavelengths  Wi"/wavelengths W, /wavelengths ~ W, /wavelengths
PAT —0.329 —0.140 0.009 0.851
ACIOL
2.0 NI —0.329 —0.140 0.009 0.854
’ PAT —0.004 —0.123 0.334 0.868
AFIOL
NI —0.004 —0.123 0.334 0.870
PAT —1.668 —0.472 0.045 2.873
ACIOL
45 NI —1.668 —0.473 0.046 2.881
’ PAT —0.022 —0.415 1.692 2.929
AFIOL
NI —0.021 —0.416 1.692 2.937

SRS T, PiZE TOL (4 iR 520 B4 45 B 18 5~7 Fir s ,MTF {5 B 45 B 8 s . i1 T ACIOL
AT DU IE 4 IR A% 22, HLAEIEFL ELAR 3.0 mm AT 4.5 mm T A0 90 (%) ' B 25 7 38 BB P w25 s ol 2ot 38 L B 2
2,8 MTF 3k 2 T 7 565 4% PR 5l 35 43 B2 30 AT A B, 7 100 cycles/mm AR L T 0.6 (L B 42 4.5 mm) .
AN, T AFIOL, 3.0 mm HARRESL T, MAR AN BEHF IE 42 MR AR 22, (H G BE 48t 5 2 s o o 38 L B 42
HCMTF 2  fir SRR o e 5~7 Fis % F AFIOL i & , KWL T R Bk 2 W K T/ fL T Bk 2
HANF — A3 K, B0 : 3.0 mm B AREEFL N REMER 2R 0.334 1 K (AFIOL, model 3), 4.5 mm E#&
fEfL T RGEMER2E M 1.692 K (AFIOL, model 3) . Bk 22 25 mi AR MTF (95 22 R ™, H ik, 4.5 mm
HEEMAL T 1 AFIOL B4R MTF # 2, 78 100 cycles/mm FACA A E 0.3, WE 8 iR .

OBIJ: 0.0000 (deg) ~ OBJ:0.0000 (deg) OBJ: 0.0000 (deg) OBI: 0.0000 (deg)
(a) (b) (c) (d) :
g S 8 g
S g = g
" IMA: 0.000, 0.000 mm ~ IMA: 0.000, 0.000 mm ~ IMA: 0.000, 0.000 mm ~ IMA: 0.000, 0.000 mm

Airy radius (um): 2.999 2.002 2.995 1.993
RMS radius (um):  0.059 0.486 1.549 8.670
GEO radius (um): 0.140 1.068 3.448 17.510

5 Model 18 47| H,(a) ACIOL, B L # 42 3.0 mm; (b) ACIOL, 8 3L & % 4.5 mm; (¢) AFIOL, # 3. & 42 3.0 mm; (d) AFIOL,
I AF45mm
Fig.5 Schematic diagram of model 1. (a) ACIOL with PD of 3.0 mm; (b) ACIOL with PD of 4.5 mm; (¢) AFIOL with PD
of 3.0 mm; (d) AFIOL with PD of 4.5 mm

OBJ: 0.0000 (deg) OBJ: 0.0000 (deg) OBJ: 0.0000 (deg) OBJ: 0.0000 (deg)

@ () ©
=3 =) o ol
3 S 3 S
S (=) e S
o — - <+
" IMA: 0.000, 0.000 mm ~ IMA: 0.000, 0.000 mm ~ IMA: 0.000, 0.000 mm " IMA: 0.000, 0.000 mm
Airy radius (um): 3.335 2.228 3.330 2218
RMS radius (um): 0.081 0.764 1.755 9.697
GEO radius (pm): 0.197 1711 3.900 19.553

H6 Model 2t & 7 F ,(a) ACIOL, B 3L 5 42 3.0 mm; (b) ACIOL, # 3L & 42 4.5 mm; (¢) AFIOL, i 3, & 42 3.0 mm; (d)AFIOL,
i LA 42 4.5 mm
Fig. 6 Schematic diagram of model 2. (a) ACIOL with PD of 3.0 mm; (b) ACIOL with PD of 4.5 mm; (¢) AFIOL with PD
of 3.0 mm; (d) AFIOL with PD of 4.5 mm
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OBJ: 0.0000 (deg) OBJ: 0.0000 (deg) OBJ: 0.0000 (deg) OBJ: 0.0000 (deg)
(a) (b) (© (d)
(=3 (=l (=3 o
g g 2 :
o ~ IMA: 0000, 0.000 mm ~ IMA: 0.000, 0.000 mm ~ IMA: 0.000, 0.000 mm ~ IMA: 0.000, 0.000 mm

Airy radius (um): 3.669 2451 3.664 2.440
RMS radius (um): 0.171 1.441 1.964 10.733
GEO radius (um): 0.406 3.172 4357 21.611

K7 Model 3t &7 K .(a) ACIOL, # 7, # 2 3.0 mm; (b) ACIOL, i 7, # 42 4.5 mm; (c) AFIOL, # 7, # 42 3.0 mm; (d) AFIOL,
i 7L A 42 4.5 mm
Fig. 7 Schematic diagram of model 3. (a) ACIOL with PD of 3.0 mm; (b) ACIOL with PD of 4.5 mm; (¢) AFIOL with PD
of 3.0 mm; (d) AFIOL with PD of 4.5 mm
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Spatial frequency/(cycles/mm) Spatial frequency/(cycles/mm)

H8 FRBEHKETHMIFHAELE R, ()#I 4 3.0mm;(b) I E4E4.5mm
Fig. 8 Simulation results of MTF at different axial lengths. (a) PD of 3.0 mm;(b) PD of 4.5 mm
2.3 RIS TR Hl 1535 5E 5
AT IE H S — R0 54, B XDE 5 ADE . 8%, IOL R0 0.3 mm A R ABUAY 376 45 85k 0L,
0> 0.7 mm DA S A4} 777 A7 — A B S B i g0 1.1 mm AR 1T E 8 T K O R,
LT TOL B9 7R SR 2 Ik op i PRS2 B R AR D B, Bt ARS8 SR B S80I F RO S 80h
0.3.0.5.0.7.0.9 % 2 1.1 mm, Mgt =80k 3°.5°. 779 LI K 11°,
i £L A2 3.0 mm GRS T A MTF 5 ELE5 RN E 9 FrR : % XDE = 0.3 mm i, 9 3% () MTF #H 22 4
Z s i 45 O i A 3 K, ACTOL (1 MTF 233 ik /s, 1 AFTOL 8 MTF A AN 32 {0 1) 52 1)
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1.0 T T T T T T T

0.9 0.9 _(b)_._ AC-1-100 cycles/mm - - & - AF-1-100 cycles/mm
0.8 08k —— AC-2-100 cycles/mm - - e- - AF-2-100 cycles/mm |
’ ’ —e— AC-3-100 cycles/mm - -e-~ AF-3-100 cycles/mm
0.7 1 0.7
i 0.6 ‘\. . . 0'6
Sost = £os
04} . 0.4
0.3F 1 0.3
02} —e— AC-1-50 cycles/mm --e-- AF-1-50 cycles/mm | 02
i —o— AC-2-50 cycles/mm --e- - AF-2-50 cycles/mm '
0.1F —e—ac-3-50 cycles/mm --e-- AF-3-50 cycles/mm ] 0.1 T
0 1 1 1 ' 1 1 L 1 1 1 1 1 1 1
03 04 05 06 07 08 09 1.0 1.1 00.3 04 05 06 07 08 09 1.0 1.1
XDE/mm XDE/mm

WO ARBRHKET,#IEEIOmm. KA T MTF.(a)50 & #]/% % ;(b)100 F # /% %
Fig. 9 MTF under decentration with PD of 3.0 mm at different axial lengths. (a) 50 cycles/mm; (b) 100 cycles/mm
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MEFLEAR 4.5 mm R COR A F A MTFE 45 B 45 541 % 10 s £ XDE = 0.3 mm B ,ACIOL 8 MTF & F
AFTOL ; {H B 25 U 12 B9 38 K, ACTOL ) MTF 23 i /Iy , 1 AFIOL 9 MTF 3% sh %/, 7E 100 cycles/mm .
XDE = 0.9mm#1 1.1 mmi}, AFIOL ¥ MTF & T ACIOL,

1.0 T T T T T T T 1.0
a b
0.9 ( ) . 0.9 ( ) B
—e— AC-1-100 cycles/mm - -e-- AF-1-100 cycles/mm
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0.6} 0.6F
= 0.5F = 0.5F
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0.1 o AC-3-50 cycles/mm --e-- AF-3-50 cycles/mm ]| 0.1p \=
03 04 05 06 07 08 09 10 1.1 03 04 05 06 07 08 09 1.0 1.1
XDE/mm XDE/mm

H10 ARB\HKET,EILEZ45mm FHORSTHMTF,(a)50 & #/%Z kK ;(b)100 A # /= X
Fig. 10 MTF under decentration with PD of 4.5 mm at different axial lengths. (a) 50 cycles/mm; (b) 100 cycles/mm
i FL AR 3.0 mm HADIRZS T B9 MTFE £ B4R A 11 Br7R - PIZR TOL 9 MTF #8023 B 4 (54 &k i 1 K
1117328 T e, AELTE A [ 5UR S 8O, 2 9 MTF {EAHGE .

1.0 T r T T T T T 1.0
(a) (b)
0.9F T 0.9F —e—AcC-1-100 cycles/mm - -e-- AF-1-100 cycles/mm T
0.8} —e— AC-2-100 cycles/mm - -e-- AF-2-100 cycles/mm A
07}k —eo— AC-3-100 cycles/mm --e-- AF-3-100 cycles/mm |
0.6 J
E0s NN
S0.
04} 1
. 03t . .
0.2 f —e— AC-1-50 cycles/mm - -e-- AF-1-50 cycles/mm 02F ST T b
01k— AC-2-50 cycles/mm - - - AF-2-50 cycles/mm | 0.1k .
‘O —e— AC-3-50 cycles/mm - - e~ - AF-3-50 cycles/mm ‘O ey
3 4 5 6 7 8 9 10 11 3 4 5 6 7 8 9 10 11
ADEI(°) ADEI(®)

H11 ARBEHKET,EILEZ3.0mm MARSTHMTF,(a)50 & #/%Z %k ;(b)100 A # /= X
Fig. 11 MTF under tilt with PD of 3.0 mm at different axial lengths. (a) 50 cycles/mm; (b) 100 cycles/mm
ML B AR 4.5 mm RDIRZS T B9 MTE f7 B8R AN 12 7R : P 2E TOL f9 MTF A #8 23 il 4 6R} i ) 43
K2, LR ZHE BT, ACIOL i MTF &+ AFIOL.

1.0 T T T T T T T 1.0 T T T T T T T
0.9 (a) —o— AC-1-50 cycles/mm (b)
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0.2} e,
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0 1 1
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ADE/(°)

M12 FRBHKET,BELERLS mm AR STHEMTF.(a)50 A #/Z XK ;(b)100 A #/2Z %
Fig. 12 MTF under tilt with PD of 4.5 mm at different axial lengths. (a) 50 cycles/mm; (b) 100 cycles/mm
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Tecnis Monofocal 1-Piec (Johnson &. Johnson Vision, Santa Ana, CA, USA)JE— & H THIEHZ2Z/ 8
U TOL, AR BRI 51 7] B 1E — 0.27 pm 19 PSA 625 8 42 6.0 mm , HAT 1.47 (47 5 28 LL & 55 114 By 1L
. ACIOL # A 1SO IR AL b, 23 51 75 TOL Ja b ffi 0> 1 mm BL B 60 A% 5° 9 4% £F T X L Tecnis
A ACIOL (model 2) /) MTF 28, W 3£ 8 i /n o R £ An i J2 20 5 7€ 3.0 mm Ml 4.5 mm [ fL . 7 HF R h
50 cycles/mm Bf () i £ MTF, f BBk 22 8 +0.28 pm. 3.0 mm i FLE : J& HURZE R, ACIOL (i MTF 7] 4
i % 0.80, Tecnis IOL /) MTF A] LLik 3] 0.75; 2Z A2 W, ACIOL B MTF 23 g i N [ % 0.74, Tecnis IOL
B MTF 23 i 5T B2 0.73 5 DO X5 W 2 19 52 Wi 28400 &4 B2 R, ACTOL i MTF 23 [ 31 0.49, Tecnis IOL Y
MTF 2% 0.38, 4.5 mm [ fLI 2 J& IR ST, ACIOL 8 MTF ] LA %) 0.58, Tecnis IOL # MTF A LA ik
2 0.77; Z WA, ACIOL B MTF 23l i F %] 0.53, Tecnis IOL B MTF 23 F K3 0.51 5 4 /L % 1 % 1
SR AR R, ACTOL i MTF 45 [45) 0.14, Tecnis IOL B MTF £ %]0.07., 1 T ACIOL #il Tecnis #5 )&
TAR 229 IE A L MTF 52 OO ABTRE 9 52 0 28 {00, B 35 19 D16 27 P 8 AR BL, 2 17 156 ) 4 BF 90 45 0 1 3t
SEIR

%8 ACIOL #0 Tecnis B MTF
Table 8 MTF parameters of ACIOL and Tecnis

PD/mm Type Centered MTF MTF of 1 mm decentration MTF of 5 ° tilt
ACIOL 0.80 0.49 0.74
0 Tecnis 0.75 0.38 0.73
ACIOL 0.58 0.14 0.53
- Tecnis 0.77 0.07 0.51

24 RITGERSTHELR K

T i — 2205 AFTOL 1 ACTOL 7E AR X MR AR (P68, U8 0 1 2R % o IR A A () BT 40U R 1%, H bR &
B2 41T EF AR AR AT B E 52 R/h—30, N BEAET EFRST#8.

i O IR 25 R BB ABL A5 i 18] 13~18 T /i, i L 4% 3.0 mm i, AFTOL fE 7% M7 1%, ELAS [l f 0 5 F 10
TS o WEFL E A2 4.5 mm B, AFTOL (9 8505 Wi BE 25 °F B BT AS 52 O £ (9 52 0, 33K R MUTF 19725 £k
B2, N T AFIOL M Hi O P fE . 11 ACTOL 7E /M0 5 (41 0.3 mm) T AT LAV B i A% , 15 2k
1501 W7 B2 2 B2 O B 04 38 R I 8 R B R AOBDIR S X S B R MTF 28 b 5 — 38, ARJELETT
1) ACIOL 1 AFTOL 14 BUAZ ¥ i B2 M ARk ka # sl .
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13 Mmook A T B4 Lk R 4 2 (3.0 mm B 3L, model 1)

Fig. 13 Simulation imaging results under decentration (PD of 3.0 mm, model 1)
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Fig. 14  Simulation imaging results under decentration (PD of 4.5 mm, model 1)
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MEMUWE
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15 ROtk AT HE SR % 2 R (3.0 mm B 3L, model 2)

Fig. 15 Simulation imaging results under decentration (PD of 3.0 mm, model 2)
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16 ff kA T B4 Lk R 4 & (4.5 mm B 5L, model 2)

Fig. 16 Simulation imaging results under decentration (PD of 4.5 mm, model 2)
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H 17

T 0K A T B A LR R 25 R (3.0 mm B 5L, model 3)

Fig. 17 Simulation imaging results under decentration (PD of 3.0 mm, model 3)
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0 A8 e A /N (Can 3°) Bk ] AT BT R A%, L it o A0 ARk e ) B8 K, T A G A% 2 B AR L X R MTE B 28 Ak 34

F18 ik A T B4 LR % 4 £ (4.5 mm # 7L, model 3)

Fig. 18 Simulation imaging results under decentration (PD of 4.5 mm, model 3)
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Fig. 19 Simulation imaging results under tilt (PD of 3.0 mm, model 1)
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Fig. 20 Simulation imaging results under tilt (PD of 4.5 mm, model 1)
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Fig. 21  Simulation imaging results under tilt (PD of 3.0 mm, model 2)
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Fig. 22 Simulation imaging results under tilt (PD of 4.5 mm, model 2)

9o

mMEWE

SwEsmSs

MEWE

BuEamne

B 22 MAACRA T B4 PR R 4 K (4.5 mm B 7L, model 2)

0222001-14




PR A R PRARZS TR AR BRI AR 5N T bR AR PR O 2 R P F 5

AC

AF

AC

AF

.
MEWE
EwWw3am

.
MEUWE
EW3m

MEMUWE
S wE3IMS3

.
MEWE
EWw3am

.
MEWE
Ewsam

11°
meE WweE
EwWwam

T

B 23 AR AT B9 B % 4 K (3.0 mm B 3L, model 3)
Fig. 23 Simulation imaging results under tilt (PD of 3.0 mm, model 3)
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Fig. 24  Simulation imaging results under tilt (PD of 4.5 mm, model 3)

. WL E AR 4.5 mm, FEARHE B/ (40 3°) B, ACTOL Y A% 1 M 2 2 i35 T AFIOL , {H 9 & i il A%
T b 3 S 2 b 2 (0 AR e 1) B T R R, 3% S L I MTF 28 (b iy a3 —3 . A REDEE T 9 ACIOL i AFIOL
B RS AG T O R HLAR AR R A

3 RWMAERTTAIRREN LD

JUE W o AN 52 K [0] Qi 0o AT S B SE ), HL W5, 23 32 SRS (7] fi o0 T4 5 0, R B PCFC A7 75 i
o P, RAHDR ST, 2S MTFE B384 £ 552 PCFC Z8 (LAY 520 .
31 KRXNERESTHEZEFHO

AN WEIRZS (L B4R 3.0 mm T, 23 B 5T NAT A1 NIAS 2] 9 2R PCFC 318 45 R sk 9~10 iR,
PR 7 A5 B 0 235 SR AR — B0, A7 70 1% 2 1 D RO T A ) TR D R A A A T XA - NS 3l o Y 25 30 75 3
G0 AR 2% 40 A, T A BIR 22 3 oD AR bR TR X LA AT R AR o LTI R AR L R AR A R
Y e R R A RST 2 20X 20, 48 NTAHRS B2 A7 BR , 1 NAT &5 T L[ ik B8 PCFC U T
NAT (38 5 Bk B 5 o

R 9 pron AR O i, AFIOL B PCFC M % B K8 —0.46 °, M XF ACIOL B A A4S | A A
AFIOL (43 MTF At iR 28 T A 22 A K, R, AFTOL i MTF JEA R 2 f 0 S 502 . 1 ACIOL 1

PCEFC B IRH 2 Bl 2 R0 12 B0 388 A 8 3 1 450, 40 0.3 mm B PCEC % — 1.11 *(ACIOL, model 1),
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figL> 1.1 mm Bf PCFC i # —4.27 “(ACIOL, model 1), H It RG ) MTF &Rp£2% 4k, te4h, & 10T LIFE
F & AFTOL # PCFC (19 5% M & K T 0 B9, 0 2, f o0 1.1 mm B PCEC i #% — 0.44 *(AFIOL, model
3), i i 4% 11 “Bf PCEC i # 1.78 “(AFIOL, model 3) , H PCEC fli # £ B % fiil 48} £ 9 389 K i 36 K, ik
AFIOL (Y MTF £ #r2: F . [/, i T ACIOL (9 PCFC 1 1 %t 23 Fifi 25 5 434 2 0 19 i 48, Btk R 42
B MTF Bl 2 100 a2 04 38 K2 #i B AK . & PCFC R R, R4 MTF 8k . i FRESL B2 4.5 mm 1)
4R PCFC AL 4% 3.0 mm A — 2, SO #1901

x99 ARERMKET,HWORSPERNPCFCH X AR (HAL:°)
Table 9 The X coordinate of PCFC in a decentered pseudophakic eye at different axial lengths (unit:°)

Model number Type Method XDE = 0.3mm XDE =0.5mm XDE=0.7mm XDE=09mm XDE=1.1mm

) NAT —1.15 —1.91 —2.68 —3.44 —4.21
ACIOL
) NI —1.11 —2.00 —2.67 —3.33 —4.27
NAT 0.06 0.11 0.15 0.19 0.23
AFIOL
NI 0.06 0.11 0.17 0.22 0.28
NAT —1.55 —2.58 —3.61 —4.65 —5.68
ACIOL
5 NI —1.67 —2.67 —3.56 —4.53 —5.60
NAT —0.07 —0.12 —0.17 —0.21 —0.26
AFIOL
NI —0.06 —0.11 —0.17 —0.22 —0.28
) NAT —1.67 —2.78 —3.90 —5.01 —6.12
ACIOL
5 NI —1.67 —2.78 —3.89 —4.98 —5.96
NAT —0.13 —0.21 —0.29 —0.38 —0.46
AFIOL
NI —0.11 —0.22 —0.28 —0.39 —0.44
F10 AEBREKET, MRS PERPCFCH Y & 4R (B L)
Table 10 The Y coordinate of PCFC in a tilted pseudophakic eye at different axial lengths (unit: °)
Model number Type Method ADE = 3° ADE =5° ADE =7° ADE =9° ADE =11°
NAT —0.39 —0.65 —0.91 —1.17 —1.42
ACIOL
) NI —0.33 —0.67 —0.83 —1.17 —1.42
NAT —0.37 —0.61 —0.86 —1.10 —1.35
AFIOL
NI —0.38 —0.57 —0.94 —1.13 —1.51
NAT 0.25 0.42 0.59 0.75 0.92
ACIOL
) NI 0.22 0.44 0.67 0.78 0.89
NAT 0.26 0.43 0.60 0.77 0.94
AFIOL
NI 0.26 0.40 0.53 0.67 0.80
NAT 0.51 0.84 1.18 1.52 1.86
ACIOL
3 NI 0.44 0.89 1.11 1.56 1.87
NAT 0.50 0.83 1.16 1.49 1.82
AFIOL
NI 0.42 0.84 1.11 1.48 1.78

TR AR B AR E AL N R G MTF R — 225301 3.0 mm AL T B & (.0 5 A9 35 K, ACIOL
B MTF £/ i AFTOL A9 MTF A R AR | H X RS N P A9 MTF 22 B4R /N ol O RS,
AFIOL By MTF 4T ACIOL ; i TAH A&} &= &, W% PCEFC B & 2 A2, EXTHERES T P 19 MTF 2
BIAR /N B MTE 8E At 22 AN £ 5 th T % PCFC IR & & Bl TOL i & i 1% 728 1kt 3= A R 09, Bt v 25 1)
MTF #52x BE % 100 &4 B A0 388 M &2 8 0/ o 4.5 mm i FL R f 0 B2 38 /N (XDE << 0.7 mm) , ACIOL i
PCFC I # 3/, I BF R 48 1 MTF 340 T8 & K P e s i 3 MTFE & T AFIOL B9 1% B0 5 fi o0 & 88 K I
(XDE = 0.9 mm) ,ACIOL ) PCFC i B8 %% K , LB 32 45 (14 19 MUTF AH XS % iR A8 25 1 35 F %, 1 AFIOL 19
MTF FEA A 3Z O B 5200, S0P 2 1) MTF 22 88 2 848/, B 2 AFIOL B9 MTF # # ACIOL ; it #p Atk 2
TWE R MTE (928 fb #3555 3.0 mm [EALET 2S00, H il T xR, AFIOL i MTF 28T ACIOL i, ik
AFIOL f§ MTF &% F ACIOL.
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3.2

KR AEIKE X & Z 35 H 0

T B AR X HOIR AN ACIOL #1 AFIOL YERE 22 S5 i JE N, 75 B06 PCFC 43 iy BR 1T o3 ik 12 Al
AEEk A TTER S B AL 542 3.0 mm T 45 B UK 25~28 I 7 o

(a) Aspherical contribution (b) Aspherical contribution (©) Aspherical contribution
Spherical contribution Spherical contribution Spherical contribution
1.11-7.70 3.49 1.1| -6.56 0.89 L1 -6.19 0.07
09 -630 2.86 0.9 —5.37 0.73 0.9 -5.07 0.05
g : :
0.7 -4.90 222 E 0.7 -4.18 0.56 0.7 -3.94 0.04
S S S
0.5 -3.50 1.59 0.5 -2.98 0.40 0.5 -2.81 0.03
0.3 -2.09 0.95 0.3 -1.79 |: 0.24 0.3 -1.69 [ 0.02
-10 8 6 4 2 0 2 6

-10-8 6 4 -2 0 2 4 6

-10-8 6 42 0 2 4 6
X coordinate of PCFC/(°)

X coordinate of PCFC/(°) X coordinate of PCFC/(°)

FEBHKEET,BOKAACIOLHY PCFCHERE FHR @ 7Tk &.(a)model 15 (b) model 2; (¢) model 3

A 25
Fig. 25 Spherical and aspherical contributions of PCFC for ACIOL with decentration at different axial lengths. (a) model 1;
(b) model 2; (b) model 3
(a) Aspherical contribution (b) Aspherical contribution © Aspherical contribution
Spherical contribution Spherical contribution Spherical contribution
11 —1.42|: 0 11 0 ]0,92 11 0 1.86
9 —1.17[ 0 9 0 :|0,75 9 0 11.52
5 7 - g 7 0 5 0
8 0.91|: 0 E :|0.59 EJ 7 :|1.18
= = =
5 -0.65 [ 0 5 0 } 0.42 5 0 :| 0.84
3 —0.39{ 0 3 0 }0,25 3 0 :]0‘51
-10 8 6 4 -2 0 2 -10 8 6 4 2 0 2 8 6 4 2 0 2 4
Y coordinate of PCFC/(°) Y coordinate of PCFC/(°) Y coordinate of PCFC/(°)
26 FEBEHKET, HARAACIOL # PCFC 8 5 % .4 3k 1 7 # & . (a) model 1; (b) model 2; (¢) model 3

Fig. 26  Spherical and aspherical contributions of PCFC for ACIOL with tilt at different axial lengths. (a) model 1; (b) model 2;
(b) model 3
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AR PCFC R 1, BEE DO e 19 38 O, A 33K 10 57 MR-k 246 0 (B 1) $2 T2 K T Bk 5T ik £, 2 MR 1 PCFC
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2.54° ARk vk AR T 5.61°. B 27 AT AR AT c AFTOL B9 PCFC 1Y lE BR 1 o1 #ik &2 4 £, 3K 1A
DUk N IE, B A XE 25 A 2 i IR PCFC 88 5 A % /)y, 640« f 0> 0.3 mm B ) model 1, AFIOL
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25 .27 AT i CoRZS TR, 2R TOL % PCFC # BRI 57 ik 5 22 5042/, i ACTOL B AIF BR 1t 53 ik i 2
8% KT AFIOL 1Y, Kt ACIOL #y PCFC i #% & %2 K T AFIOL , # f : model 2, f > 0.3 mm I , ACIOL F
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Fig. 27 Spherical and aspherical contributions of PCFC for AFIOL with decentration at different axial lengths. (a) model 1;
(b) model 2; (b) model 3
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F28 FERi#KET, A% A AFIOL 8 PCFC 83k @ 4F 3k @ 5 #t & . (a) model 15 (b) model 2; (¢) model 3

Fig. 28 Spherical and aspherical contributions of PCFC for AFIOL with tilt at different axial lengths. (a) model 1; (b) model 2;
(b) model 3
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2ARZ, WEFLEAE 4.5 mm A 2R PCFC M ER I AE Bk 1 57 8k A1 FL ELA% 3.0 mm (915 B0 — B0, MO I8 .
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gL F R B o3 AR 60 204 0> 0.3 mm 25 4 15.4, L 0.7 mm I 25 4 35.9. 1 F 9 1 o2 A, Kt
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@ NERT T

KT PWACs X PCEC 1Y 52 M, IF 58 480D\ — K il 18 3 500 £ B2 i — 25 fi B ol A ACTOL 45 3] AFIOL.
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FA Wow, o 1Y, R T 4T TOL B AR BR 225 0, 50 0 2 AR TOL if 8 T AU 3K 25 Wow, 50 ARTIAR IR Bl
ACIOL I AFTOL i & fi 3K 22 1 3K 1 57k 5 W ol o 42 25 A 2 19, ]tk HUR 3 i F IR TOL au%ﬁml&ﬂ@)\
R W3k, o S B0/ RIS TAD 14 35K 22, o 50 2t R PR T 9 T 19 — Wt T R AR Q. AR AR S TOL Y BR 220 0. MK
L (DATLUE 1, — B Q, B, 3t & 53 IOL i 18 PCC M IEBRE# 4r Wit s AL, 1Ml IOL J5 % 1f PCC 3k
BRI 2 WSt #6017 3 B 0o N PCFC B R K 1A D7k 1 B A . PRk, D/ DN i 2 THT — ok i 1T 3R 4K
Qs MAS BT R, S e AL i 2 T 1% I R 1D 3 40 T 400 20 8 22 1 B ik, DA T 410 ) O o 25 5 1 5 22 3 b R D %

25 PRI i R S T, R ACIOL FT AFIOL f PCEC fi B2 2 22 5 B MR AS J5 PR J& — v ot 17 22 %07 A
ZE St

R 11 KA. KB IOL ) PWACs B 5 it (model 1)
Table 11 The spherical and aspherical contributions to PWACs of IOL (model 1)

W()4UA 3/ W(T-;(')) 3/ W(;]ll). 3/ W[).’l(), 4/ Wldglf 3/ 1’1;[1‘ 4
PD/mm Type
wavelengths wavelengths wavelengths wavelengths wavelengths wavelengths
50 ACIOL —0.382 —0.569 0.187 0.049 —0.030 0
‘ AFIOL —0.052 —0.234 0.182 0.049 —0.012 0
L5 ACIOL —1.933 —2.882 0.949 0.248 —0.101 0
. AFIOL —0.264 —1.187 0.923 0.246 —0.042 0

#F12 IKE.IEBRET IOL 1 PWACs B3 #k (model 2)
Table 12 The spherical and aspherical contributions to PWACs of IOL (model 2)

p— W(M(J, 3/ W(‘l‘«;(‘; %/ W(;E(). 3/ W()i(‘, -1/ Wld;l]) %/ Wl“i\[i) 4/
PD/mm Type
wavelengths wavelengths wavelengths wavelengths wavelengths wavelengths
20 ACIOL —0.372 —0.403 0.031 0.036 —0.021 0
' AFIOL —0.039 —0.069 0.029 0.036 —0.004 0
AS ACIOL —1.884 —2.039 0.155 0.181 —0.071 0
. AFIOL —0.199 —0.347 0.147 0.180 —0.012 0

%13 IKE.IEBRESS IOL 9 PWACs B9 52 ik (model 3)
Table 13 The spherical and aspherical contributions to PWACs of IOL (model 3)

W()-l(). 3/ W(;:(); 3/ W(;'l)(l. 3/ W()i(). 4/ ll;Il) 3 Wldzll’. 4/
PD/mm Type
wavelengths wavelengths wavelengths wavelengths wavelengths wavelengths
20 ACIOL —0.356 —0.356 —6.03e-04 0.027 —0.019 0
' AFIOL —0.031 —0.030 —7.52e-04 0.027 —0.002 0
L5 ACIOL —1.804 —1.801 —0.003 0.137 —0.063 0
. AFIOL —0.157 —0.153 —0.004 0.136 —0.005 0
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RN 14 T8 o Model 4 F1 model 558 T 3T 55 5 F1 model 2 A8 —#E4k, Hofth 2 80— 2, #1155 /K R B 2 14
it F 2% Navarro-Escudero IR . TOL B PMMA , 3 §F R 250k B B0l 50 .

122 14 77 LU S, 5 BRI P9 2548 1 53 256 25 I U 4 3 388 i s/, 33O A9 B P e B A . Bk
I TR 11 T B R K, AT S SR AE 4 D (0 458 nm W 6) B L 7E K Ik (40 632.8 nm 2158 ) B .

F14 TR TRAEHEHTHE

Table 14 Refractive index of intraocular structures at different wavelengths

Refraction index Refraction index Refraction index Refraction index
Model number Wavelength/nm )
of cornea of aqueous of vitreous of IOL
4 458 1.382 8 1.3445 1.342 8 1.499 4
543 1.3777 1.339 1 1.3377 1.493 2
632.8 1.374 7 1.336 1.3347 1.489 2

AN Te) T R A HIR A5 AR (1% 5 B RN e 81 L 40 8] 30 IR, ACTOL A HR A5 A PWACs W&l 31 frw . i F
ACIOL J& 3 F 543 nm BT, BLE, Y2 TE 15 an 18] 30 (e ) BT 7 A9 422 300 T foe A SR AR S B 76 0 99 51 I 1l
& 30(d) 7R 1) RMS 242 0.081 pm (1 fie /NG EE o AHXT T 543 nm , HR N 454 X 458 nm G4k i) AL BE ) B i
A R TE L I BT il 30Ca) it s, e 2 76 AL I RS 18 Jl— A W &1 30(b) il 75 9 RMIS 242 4 11.772 pm
BRI, 2 TR PWACSZE K, WE 31I/R o 632.8 nm KT, R Y 25 4 X6 2k 10 I AR 58 J1 555,
HoAB A ISy, Rt 2 70 R B T Jl— S 9 BB, an 300 (D s o anEl 31 i , ACIOL A
B () PWACs th 2 B 2 I K 02028 i & A sk 248 . ACTOL 78 458 nm R () PWACs fix &, H Al 9% K F (19
PWACs# /N, A AL 3.0 mm [ FL RS, 4.5 mm [ fL 2 3 2 A RSt 2 iF AR BEAY , B 4 IR PCC 51
K, 31 R .

@) Retina —_— (b) (© (d) (e) ®
Focus Airy radius (um): 2.785 Focus Airy radius (um): 3.335 Airy radius (um): 3.91
RMS radius (um): 11.772 RMS radius (um): 0.081 RMS radius (um): 7.389
GEO radius (um): 16.414 GEO radius (um): 0.197 GEO radius (um): 10.102
(2 (M) ) (k) (1

F Focus ; ;
ocus Airy radius (um): 1.861 Airy radius (pm): 2.228 Airy radius (um): 2.612
RMS radius (um): 18.288 RMS radius (um): 0.764 RMS radius (um): 10.535
GEO radius (um): 26.146 GEO radius (um):1.711 GEO radius (um): 13.772

30 AR AT ACIOL #y 5% # F1 5 7 . (a) model 4 8y F %, 1 7L & 42 3.0 mm; (b) model 4 & & 7| i , i 7L H /£ 3.0 mm;
(c) model 2 & % % , 8 L E 42 3.0 mm; (d) model 2 87 & 7| | , 8 3L H 42 3.0 mm; (e) model 5 & & % , B 5L & 42 3.0 mm;
(f) model 5 & % | , 8 7L EH 4 3.0 mm; (g) model 4 & 5% % , 8 7L & 42 4.5 mm; (h) model 4 87 & 7| i/, 8 7L H 42 4.5 mm;
(i) model 2 # o % , % 3. H 42 4.5 mm; (j) model 2 # & 7| |, 8 3L & 42 4.5 mm; (k) model 5 89 X % , 8 7L H 42 4.5 mm;
(1) model 5#7 & 7| A , # 7L € £ 4.5 mm
Fig. 30 The optical path and spot diagram of ACIOL in aligned state. (a) The optical path of model 4 with PD of 3.0 mm;
(b) The spot diagram of model 4 with PD of 3.0 mmj; (c¢) The optical path of model 2 with PD of 3.0 mm; (d) The
spot diagram of model 2 with PD of 3.0 mmj (e) The optical path of model 5 with PD of 3.0 mm; (f) The spot diagram
of model 5 with PD of 3.0 mm; (g) The optical path of model 4 with PD of 4.5 mm3; (h) The spot diagram of model 4
with PD of 4.5 mm; (i) The optical path of model 2 with PD of 4.5 mmj; (j) The spot diagram of model 2 with PD of
4.5 mm; (k) The optical path of model 5 with PD of 4.5 mm; (1) The spot diagram of model 5 with PD of 4.5 mm
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W31 FRE¥EK THANACIOL 8y RAZ A 8 PWACs
Fig. 31 PWACs of eye models implanted with ACIOL at different wavelengths
AR N A A AFTOL 19 MR AR Y 1) 't (8 70 s 51 L G 14 32 fr s, R B Y 1) PWACs a8 33 s T
AFIOL /2 T 543 nm i, [7] ACIOL , JE 48 s an 1] 32 () it s i 42230 T e A3 3R AERAS B il 32(d)
Fi s B RMS 248 1.755 pm W /B BE . [7 ACTIOL —#¢ R PN 4 5 X 458 nm Y628 19 58 £2 68 T e, HLAE A
5 9 BT 7, A0 1 32 (a) B, 023 7E LI B L8 J— A~ 4n 181 32(b) i 7R 19 RMS 2422 12.980 pm 1Y 9K HL
VS HAIRE PWACs 28 K, 18 33 fr 7k o 632.8 nm P KT, R Y45 4 X6 48 i B AR Bk J e 5, HL AR
TEAL IS O, TR R, A 2 70 R0 P9 JBE 8 e — > R IR, an 18 32(F) (D Frzs o W 33 Fr i, /] ACIOL , #E A
AFIOL (IR B AYAE 4.5 mm il fL 1 23 1 3.0 mm [ FL A T 2 B s G &k AIRBIA 232 IR PCC &gk,

(b) (d)

@) Reting =

Focus Airy radius (um): 2.781 Focus Airy radius (um): 3.33 Airy radius (um): 3.905
RMS radius (um): 12.980 RMS radius (um): 1.755 RMS radius (um): 6.375
GEO radius (um): 20.112 GEO radius (um): 3.900 GEO radius (um): 7.228

(8) (h) (1) (k) 1)

/

Focus . . F
Airy radius (um): 1.852 ocus Airy radius (um): 2.218 Airy radius (um): 2.6
RMS radius (um): 26.667 RMS radius (um): 9.697 RMS radius (um): 4.975
GEO radius (um): 43.983 GEO radius (um): 19.553 GEO radius (um): 7.228

K 32 B A TAFIOL ¥ f 5 9 B . (a) model 4 By & %, # 3L & 42 3.0 mm; (b) model 4 87 & 7| B , # 3L & 42 3.0 mm;
(c) model 2 By X # , i 3. B 4 3.0 mm; (d) model 2 B & 7| &, 7L & 42 3.0 mm; (e)model 5 # ¥ % , # 3L & 12 3.0 mm;
(f) model 5 & % /| , 8 7L B 4 3.0 mm; (g) model 4 & 58 % , 8 7L & 42 4.5 mm; (h) model 4 87 & 7| &, 8 7L H 4% 4.5 mm;
(i) model 2 # ¢ ¥ , B 3L A 12 4.5 mm; (j) model 2 89 & 7] &, B 3L & 42 4.5 mm; (k) model 5 #9 5¢ # , i 3L H /£ 4.5 mm;
(1) model 587 & 7 B , 8 3L £ 42 4.5 mm
Fig. 32 The optical path and spot diagram of AFIOL in aligned state. (a) The optical path of model 4 with PD of 3.0 mm;
(b) The spot diagram of model 4 with PD of 3.0 mm; (c¢) The optical path of model 2 with PD of 3.0 mm; (d) The
spot diagram of model 2 with PD of 3.0 mm; (e) The optical path of model 5 with PD of 3.0 mm; (f) The spot diagram
of model 5 with PD of 3.0 mm; (g) The optical path of model 4 with PD of 4.5 mm; (h) The spot diagram of model 4
with PD of 4.5 mm; (i) The optical path of model 2 with PD of 4.5 mm3; (j) The spot diagram of model 2 with PD of
4.5 mm; (k) The optical path of model 5 with PD of 4.5 mm; (1) The spot diagram of model 5 with PD of 4.5 mm
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Fig. 33 PWAC s of eye models implanted with AFIOL at different wavelengths
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Optical Performance of Aspherical Monofocal Intraocular Lenses in
Misaligned States

LIANG Qing, FANG Fengzhou
(Laboratory of Micro/Nano Manufacturing Technology, State Key Laboratory of Precision Measuring Technology
and Instruments, College of Precision Instrument and Opto—Electronics Engineering, Tianjin University,
Tianjin 300072, China)

Abstract: Intraocular Lens (IOL) is a medical device implanted into the eye, commonly utilized in the
treatment of ophthalmic conditions such as cataracts. In clinical practice, implanted IOLs frequently exhibit
varying degrees of decentration and tilt. These positional deviations from the ideal alignment can
significantly compromise the eye's optical performance. Among the widely adopted monofocal IOLs, which
are primarily designed to restore distance vision, two main categories exist: spherical and aspherical
monofocal IOLs. Aspherical monofocal IOLs can be further subdivided into two types: Aberration—
correcting Intraocular Lens (ACIOL) and Aberration—free Intraocular Lens (AFIOL). ACIOL is
specifically designed to neutralize the cornea’s inherent positive spherical aberration, thereby enhancing the
quality of distance vision. Under perfect centration conditions, these lenses are capable of delivering
optimal optical outcomes. In contrast, AFIOL, while not altering the overall spherical aberration of the
eye, demonstrate superior performance in the presence of decentration or tilt. Under such non-ideal
positional conditions, they are usually superior to ACIOL. However, while numerous studies have
evaluated the optical performance of misaligned IOLs, the underlying causes of performance variations
among different aspherical monofocal IOL types remain inadequately explored—a challenge that persists in
the field. Some investigations have focused on compensating for refractive errors resulting from IOL tilt or
axial shift, whereas others have derived analytical expressions to estimate the specific aberration terms that
require correction under given decentration conditions. Despite these valuable efforts, a critical gap
remains: the absence of a comprehensive theoretical model capable of simultaneously characterizing the
aberrations of the human eye's optical system in the presence of both decentration and tilt. This limitation
ultimately hinders a systematic analysis of the factors responsible for optical performance differences among
misaligned IOLs.

To address these challenges, this study introduces several key improvements. First, the
computational model incorporates the thickness of both the cornea and the IOL. Under realistic
implantation conditions, the anterior surface of the IOL may not be perfectly aligned with the iris and can
exhibit a measurable offset. This misalignment significantly increases the complexity of aberration
calculations, requiring repeated application of the pupil-shift law to both optical surfaces. To enable
efficient computation and analysis, the wave aberration coefficients corresponding to primary spherical
aberration and primary coma in the pseudophakic eye are explicitly derived. Then, based on functional
differences, different axial lengths, and functional principles, three types of ACIOL and three types of
AFIOL were designed respectively. The validity of both ACIOL and AFIOL is confirmed through a
comprehensive analysis of their Modulation Transfer Function (MTF) , spot diagrams, simulated
imaging, and aberration characteristics. The accuracy of these aberration coefficients is subsequently
verified using numerical software. During the development of the misaligned pseudophakic eye model, we
clarify why the primary spherical aberration field remains invariant under lateral misalignments.
Subsequently, we establish the relationship between the primary coma field and the aberration field
decenter vector. A mathematical formula for determining the coordinates of the primary coma field center is
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derived, revealing that under misaligned conditions, the pseudophakic eye possesses only one nodal point
for primary coma—a position that is demonstrably influenced by lateral misalignments. Moreover, a
comparison was made between the designed IOL and a commercial ACIOL , which showed similar MTF,
thus demonstrating the universality of the conclusions drawn in this study.

Based on the misaligned pseudophakic eye model, this study investigates the primary coma field
centers of both ACIOL and AFIOL under misaligned conditions. Analytical results indicate that a larger
shift in the primary coma field center is associated with a lower MTF. Under decentered conditions, the
primary coma field center shift of ACIOL is significantly greater than that of AFIOL. Since the posterior
surface spherical aberration is consistent between the two types of IOLs, and the absolute value of the
anterior surface spherical aberration in ACIOL is significantly higher than that of the posterior surface,
reducing the anterior surface spherical aberration becomes necessary to achieve zero overall spherical
aberration. However, as both IOL types share the same dioptric power, their spherical contributions to
anterior surface spherical aberration are comparable. Consequently, the reduction of anterior surface
spherical aberration must be achieved by decreasing its aspherical contribution, specifically by reducing the
conic constant of the anterior surface. This adjustment ensures that the total spherical aberration of the IOL
is zero for AFIOL. Once the conic constant of the IOL anterior surface is reduced, the aspherical
contribution of the primary coma coefficient of the anterior surface decreases. Given that the aspherical
contribution of the posterior surface’s primary coma coefficient is zero, this reduction leads to a diminished
aspherical contribution to the primary coma field center under decentered conditions. Then, the accuracy of
calculating the center of the aberration field is verified through numerical software. Furthermore, by
discussing the differences in refractive index between corneal and intraocular structures at different
wavelengths and their impact on aberration calculation, the rationality of eye model selection can be
enhanced. Finally, by discussing the potential impact of a single parameter such as corneal aberration and
thickness, the applicability of the conclusions drawn in this study is demonstrated.

By integrating nodal aberration theory with primary aberration theory, we establish a mathematical
model that systematically relates IOl misalignments to the primary aberrations of the entire eye. This
analytical framework offers a clear advantage over purely numerical approaches, allowing for a principled
evaluation of how IOL decentration and tilt influence overall ocular aberrations. Consequently, the model
provides a theoretical basis for explaining the performance differences between the two types of aspherical
monofocal IOLs under misaligned conditions. The following conclusion can be drawn: 1) Decentration and
tilt of an IOL cause displacement of the primary coma field center from the field center. This displacement
is collectively influenced by factors such as the magnitude of IOL. misalignment, geometry of lens surface,
and refractive index. Moreover, the magnitude of the primary coma field center shift demonstrates a
negative correlation with the system's MTF; 2) In the design of aspherical monofocal IOLs, appropriately
reducing the conic constant can significantly diminish the primary coma field center shift induced by
decentration, thereby enhancing optical performance under misaligned conditions. When the primary coma
field center shift is sufficiently minimized, the system’s MTF can be maintained nearly unchanged. In
summary, the misaligned pseudophakic eye model provides a comprehensive framework for understanding
how decentration and tilt influence the performance of aspherical IOLs. This approach offers valuable
theoretical guidance for future IOL design and evaluation criteria.
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Primary coma field center
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