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Aberration Analysis on the Central Deviation of Corrective
Lens on Hyperopic Amblyopia
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Abstract; The + 6. 00 m~' hypermetropia models and correction models were built by changing axial
length and corneal curvature of the anterior surface using optical design program Zemax. Based on the
correction models, the aberrations which were due to the central deviation of corrective lens were
analyzed. For the +6.00 m™' axial hypermetropia, when the lens offset is more than 4mm, the spherical
aberration, astigmatism and distortion are beginning to affect vision. Because of the central deviation of
corrective lens, the spherical aberration is obvious in the model which is high percentage of axis changing,
while the distortion and astigmatism are no significant difference in various models. These aberrations
will reduce the treatment of amblyopia. During the correction of the hyperopic amblyopia, it is necessary
to measure the anterior surface radius of cornea and the eye axial length. According to the composition
proportion of the refractive error, aspheric lens is designed individually for the hyperopic amblyopia in
order to ensure the treatment of amblyopia.
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1.1 #REEMERRIEE
1985 4E 74 BE 2F St 24 B 5 HLAG A Navarro'™ 45 3L F

AT IE AR B AN E AT LB = A Ty L 3 R O B R
Le Grand f52 78 SLaf £ 1 7 A B8 i 2 10 L wfobR A4 L S5 36
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Table 1 Parameter of Navarro eye model
Surface Radius/ Conical surface Thickness
Surface ..
shape mm coefficient /mm
Anterior surface . _
Conical 7.72 —0. 26 0.55
of cornea
Posterior surface .
Spherical 6. 50 0 3.05
of cornea
Pupil(Aperture
P ! Plane Infinity 0 0
surface)
Anterior surface .
Conical 10.2 —3.1316 4
of lens
Posterior surface | .
Conical —6.00 —1.0 16. 4
of lens
Retina(Image
' '8 Spherical —12. 00 0

surface)

EESFE K N 486. 1 nm.550 nm,587. 5 nm.
656. 3 nm, H A7 AR f RS 550 nm S F K.

FIH TR 13 ] rb B AL 0 Ja8 56 A J50 0% 9 5 o Hc i
AT A L AE Zemax £ Herzberger 24 3017
I BT i AR5

Herzberger AN

n=A-+BL+CL*+Dx*+EX +FA° (D

1
h L=o——~ E.F4 Al SR LR 2.
Al ¥ —0.028 E.F%T 0, HAt =1 WLk 2

% 2 Herzberger AXSE
Table 2 Parameter of Herzberger Formula

arameter
A B
Structure

C D

Cornea 1.374369701
Aqueous 1. 33600257

Lens 1.41542086
Vitreous 1. 333143975

0.000895858
0.000872922
0. 001550854
0.001272629

0.000174281
0.000179428

—0.008402524
—0.009000744
0.000221638 —0.007287329
0.000135139 —0.00705244

Fa 4 0 JeR 5 A 5T AT 5 FEAE 550 nm B f R
KL AR BB A G AT 5 2R 4 S Dl 1,377 41,338 8,
1.421 8.1.337 4. Z AR BB 4l S K B 24 mm, 7 30
9 16.483 7 mm, i JH ) F7 60.66 m .
1.2 EZMHEARKEENHEE

RSO T Bl R R MR A R G &
BRI AT L TGRS AR S AL E
TS PR M B 4L e R 6% &R 4, Y 12 A% 1
Do) JOEE AN 5 0 R O R 5 A S 1 B AR A7 A DL R B
S BRI, B B AL OB AR IE & T
18T 7 R O FR G O 1 B et R 06 &R K i T

JI 23 A AR AR D« 1) A0 19 IS ) 57 S e IS ) S RS
By, B AR Ao K B 0 5 2) i O AR G 0 i O o B o
I EUR SR

T RS2 i A 7 PR SRR S B RSP A O 2 A R o
Ja 7 T A R R T R P DG A BT S R A Al
AR PRI s S SO F 98 A 3 25 28 4 B 47 Of 1 i D't 5
WG 2R Gt A5 AR IR A5 R i A R T B O A A
ALl 3 S L S P R A T e
— i ey O 1 B S ¢ 1) T RS s BT SR gt R S
T R D't 22 48 HP AT A e 6 AR Y 3 TSt R D L ol R
P W 2 A 5 R 2 TET % AR AR BT L R I 7
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Table 3 Result of Refractive error with cornea curvature

AD

(2

changing based on Navarro model

) 2R G0 6 B BE AR AL R ). LA sl R 42 R 7. 72 mm
) Navarrofs B Sy 4] , il 1 A8 4k 55 0% £5 B A8 Ak i 11 ¢
RZINE 4.
1.2.3 A A4MHZAERME

026 e T A 2 A I g Rl AR AR KR A K A i e [
G, LLE S AN IE B +6.00 m (%2 AR A
TR0 Ay B8] e R gty 6 A8 Ak R0 b K AR Ak T R 1 A [ O £i
JE AR A HE ) e B T R S R A A R0 AR R R T RO 4
BT FGE B 8 5 A6 o 4 Tl 1 A5E 78 R 4 ity e P A5 7R 05 Oy
O A M ALASE AR ) T R R R 5K T O B R R A
AR L Al AR Ak T A R B O £ AR Ak E 4 B R
100% .70 % .50 % .30 % 0 %. 7E TL Fh 45 4 v , £7 JE fily o
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Table 5 Parameter of +6.00 m™'-hypermetropia model

Corneal Object focal Image focal Defocus Refractive

radius/mm length/mm length/mm distance/mm error/m™’

Model Configl Config2 Config3 Configd Configh
(100%  (70%  (50% (30%  (100%
Axial Axial  Axial Axial Curvature
Errors model) model) model) model) modeD
Corneal

. 7.720 8.035 8.285 8.580 9. 146
radius/mm

Eye model

21.517  22.08 22.516 23.016 23.937

axis/m !

7.720 —16. 484 22.046 0. 000 —0. 000
7.920 —16.793 22.459 0. 457 —1.188
8.120 —17.097 22.867 0.908 —2.233
8. 320 —17.398 23.268 1. 352 —3.157
8.520 —17.694 23.665 1.791 —3.975
8.720 —17. 986 24. 056 2.223 —4.703
8.920 —18. 275 24. 441 2. 650 —5.352
9.120 —18.559 24. 827 3.071 —5.929
1.2.2  4hiki AR M 7

e A R A S e R R BB A B ) W AR B
BI85 /NP P BSE 55 etRAR Z T A B S . e R AR,
P 0S5 T BRI AN 1] G A% Bl 23 5 | R I A T DR
1E. XTI AS [ 9 A T il 232 2 42, A ) 9 i A8 40 BT 5 | R

F4 ET Navarro REIHKTUHNEXAREE

Table 4 Result of refractive error with Navarro eye

model axis changing

1.2.4 S #ABEA L Zemax P89 £

T 75 B I3 B LA R AR 22 X L L AE Zemax
I 22 0 45 Fg Ay s T b J RS R, T R B R 22 454
SN 6. CRVT Dy ff 5 i 2 T il 4, J2 il %
AR Y B0 THIC Sy A0 100 J5E A0 5, 2 400 ) I8 22 bR A
JF 42 T 10 B 5.

£6 TAEZNENNSEENSE
Table 6 Multi-configuration parameters of

hypermetropia models

Model Configl Config2 Config3 Configd Configh
(100%  (70% (50% (30%  (100%

Axial Axial  Axial Axial Curvature
Parameters model) model) model) model) model)
CRVT/mm™ ' 0.1295 0.1244 0.1207 0.1166 0.1093
THIC/mm 13.917 14.480 14.916 15.416 16.337

Corneal Object focal Image focal Defocus Refractive

radius/mm length/mm length/mm distance/mm error/m ™'

7.720 —16. 484 22.046 0. 000 —0.000
7.720 —16. 484 22.046 0.500 —1.345
7.720 —16. 484 22.046 1. 000 —2.632
7.720 —16. 484 22.046 1. 500 —3.865
7.720 —16.484 22.046 2.000 —5.046
7.720 —16.484 22.046 2.500 —6.179
7.720 —16.484 22.046 3.000 —7.266
7.720 —16.484 22.046 3.500 —8.312
7.720 —16. 484 22.046 4.000 —9.317

1.3 SE&EgeE

FEXT+H6.00 m ' I I8 HE AT IE I, 26 R AE 4R IR
BB R P AN 1. 60, BT DLHCH 43,9 198 7 MR B
PEBEBEN IR N 1.2 mm, 8 BHAZH 60 mm, # R
BE A 12 mm, 55 E90 R —4. 50 m™ ", W3 oo 32 vy 15
J5 A M 2ok 7200 133, 33 mm. i F R Y
Wi S TT A5 O SRR R 6. 55 mm [l 2 1 A4 il R 2
K 55. 71 mm. 38 3 % B IE AR AT B AR AT, N A
MET R B TR OE A IE E X /N T 0. 01lm ™ R T
I A I 2 S, e 7.
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Table 7 Defocusing and residual refractive error

of the correction models

Defocus

Corneal Retinal .
Refractive

Image
Model

distance/

radius/ position/ focal B
error/m

1

mm mm length/mm mm

100%
Axial 7.720
model
70%
Axial 8.035
model
50%
Axial 8.285
model
30%
Axial 8.580 15.416
model
100%

Curvature 9.146 16.337

model

13.917  22.046 2.420  —6.000

14.480  22.694 2.573  —6.001

14.916  23.198 2.695  —6.000

23.783 2. 841

—6.001

24.871 3.124  —6.001
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Fig. 1 Longitudinal Aberration-lens offset relational

function(3 mm pupil diameter)
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Fig. 2 Longitudinal Aberration-lens offset relational

function(6 mm pupil diameter)
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Fig.3 Astigmatism-lens offset relational function
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Fig. 4 Distortion-lens offset relational function
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Table 8 Coefficients of hypermetropia correction models

(4 mm lens offset,3 mm pupil diameter)

Model Configl Config2 Config3 Configd Configh
(100%  (70%  (50% (30%  (100%
Axial Axial  Axial Axial Curvature
Parameters\_ model) model) model) model) modeD
Z, 0.756 0.597 0.478 0.337 0.078
Zs 0. 000 0.000  0.000 0.000 0. 000
Z3 0.769 0.658 0.580 0.496 0. 359
Z, 0. 485 0.386 0.313 0.226 0. 069
Zs 0.000 0.000  0.000 0.000 0. 000
Zs —0.725 —0.748 —0.763—0.777 —0.795
Z; 0.272 0.232 0.204 0.174 0.125
Zs 0. 000 0.000 0.000 0.000 0. 000
Zy 0.016 0.011 0.008 0.005 —0.001
RMS 1.184 1.084 1.020 0.967 0.876
3 #ig
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