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Abstract

Construction of Individual Eye Model Considering the Orientation
Wang Yan®

" Institute of Modern Optics, Nankai University, Tianjin 300071, China
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* Refractive Surgery Center, Tianjin Eye Hospital, Tianjin 300020, China

Individual eye model capturing more anatomy properties and structural features of human eye has
important experimental and clinical value. Based on corneal topographical maps., the angles between visual axis and

optical axis of 8 human eyes are identified. The horizontal average value is 4.23°+1.51°, and the vertical average
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depth is calculated. and the result is compared with the depth calculated from optical path difference (OPD) method.
At the center of optical zone, the difference of the two depths is slight, and the average value is (0.09=0.04) pm;
surgery
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value is — 0. 40° == 1. 27°. With the angle, corneal topographical data, eyes axial lengths data and wavefront
aberrations, individual eye models considering the orientation of visual axis for eight normal eyes are constructed with

5l

the optical design software Zemax. Based on the constructed individual eye model, wavefront-optimized ablation
=]

the difference increases with the increase of radius. In our eight examples, the greatest difference in the periphery of
profiles to precompensate for the wavefront aberrations of human eye.

the optical zone is 0.59 pm. Individual eye model provides a useful tool for calculating wavefront-optimiaed ablation
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Table 1 The RMS values of irregular parts of corneal anterior and posterior surfaces corresponding

to spherical surface and ellipsoid /pm

Corneal anterior surface

Corneal posterior surface

Eye number -
Spherical surface

Ellipsoid surface

Spherical surface Ellipsoid surface

1 5.84+3.99 2.73=F2.
2 4.5943.53 2.10+1.
3 7.0546. 50 6.98+4.
1 5.65+3.84 5.60E3.
5 5.94+4. 84 3.5843.
6 5.3644. 17 1.6441.
7 6.0945.12 5.00E3.
8 6.86+7.23 4.16+3.

50 13.39+10.42 10.0748.48
91 12.1749.54 4.9243.95
66 9.84+38.18 8.76+£7.49
62 11.8649. 79 7.88+38.62
12 10.04+8.75 8.8847.55
38 14.374+13.17 14.08411. 00
69 11.16£10. 49 8.01+£6.31
23 10.72411. 70 6.66+6.22
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Table 2 Horizontal and vertical angles between visual axis and optical axis /(%)
Eye number
1 2 3 4 5 6 7 8
Horizontal direction 3. 20 2.21 6.72 6. 04 3.06 3. 10 4. 24 5.23
Vertical direction —0.81 —2.48 —1.59 1. 14 —0.94 0.13 1. 63 —0.24
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Table 3 Eye's axial lengths /A

Eye number

1 2 3 4 5 6 7 8
Cornea 0.55 0.57 0.52 0.57 0.57 0. 56 0.58 0.58
Anterior chamber 3. 64 3.33 3. 66 3. 60 2.93 2.99 3.25 2.54
Crystalline lens 3.52 3. 60 3.951 3. 89 3. 37 3.78 3. 44 3. 60
Vitreous body 19. 00 18.91 20. 24 18.52 19.01 18.90 18.16 16. 75
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Table 4 Zernike coefficients of wavefront aberrations in software Zemax /)
Zernike coefficients
Eye number
C4 C5 C6 C7 C8 C9

1 32.7870 0.4332 0.0578 —0.0736 0.1016 0. 2553

2 28.5530 —0.5915 —1.5114 0.0254 —0. 4492 0.6188

3 21.6220 —0. 8563 —1.4151 —0. 3355 0.0438 —0.2842

4 21.0740 0.4621 0. 3667 —0.4347 0. 2567 0.3749

5 16. 5380 —0.8024 0. 3854 0.2468 0.7938 0.2756

6 13. 4090 —0.3218 —0. 1506 0.3175 —0. 1494 0.0245

7 10. 4440 —0. 9489 —0.1977 —0.2161 0. 8365 0.8058

8 6.7099 —2.4150 0.3188 0.2224 0.4971 0.4097
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Table 5 Anterior/posterior corneal radius and Zernike coefficients of irregular parts /mm
Zernike coefficients
Eye number Corneal surface Radius
C4 C5 C6 C7 C8
Anterior surface 7.71 —0.0072 0. 0026 —0.0002 —0.0011 —0.0002
! Posterior surface 6. 27 —0.0195 0.0019 —0.0056 0.0024 —0.0033
Anterior surface 7.76 —0. 0060 0. 0027 0.0023 —0.0038 —0.0005
- Posterior surface 6.29 —0.0180 0.0139 —0.0076 0. 0069 0. 0050
Anterior surface 8.23 —0.0057 0. 0098 —0.0019 —0.0034 —0. 0004
’ Posterior surface 6.59 —0.0155 —0. 0064 —0.0028 0.0046 0. 0052
Anterior surface 8.02 —0.0073 0.0022 0.0002 —0.0032 0. 0006
! Posterior surface 6.56 —0.0174 0.0100 —0.0027 0.0056 —0.0009
) Anterior surface 7.74 —0.0030 0. 0074 —0.0016 0. 0004 0.0032
Posterior surface 6.49 —0.0126 —0.0115 —0.0081 0.0033 0.0102
Anterior surface 8.30 —0.0044 0. 0057 —0.0002 —0. 0007 —0.0010
6 Posterior surface 6.55 —0.0176 0.0136 —0.0059 0. 0015 0.0073
Anterior surface 7.93 —0.0058 0. 0057 —0.0012 0. 0004 0. 0040
! Posterior surface 6.38 —0.0110 0. 0089 —0.0152 —0.0054 0.0023
Anterior surface 7.85 —0.0033 0. 0085 —0.0002 —0.0012 0.0028
; Posterior surface 6. 04 —0.0092 0. 0051 —0.0062 —0. 0005 —0.0047
6 FRAHT T KA RIS 19 e 5 R AL /mm
Table 6 Zernike coefficients of irregular parts of lens anterior and posterior surfaces /mm
Zernike coefficients
Eye number  Crystalline lens surface -
C4 C5 C6 Cc7 C8
Anterior surface 0.0012 —0.0047 —0.0017 0. 0098 —0.0061
! Posterior surface 0.0013 0. 0085 0.0041 —0.0202 0.0028
Anterior surface —0.0019 —0.0039 —0.0150 0. 0005 —0.0001
- Posterior surface 0.0034 0.0037 0.0196 —0. 0004 0.0013
Anterior surface —0.0681 —0.0335 —0.0196 0.0219 0.0104
’ Posterior surface 0.0443 0.0463 0.0126 —0.0180 —0.0133
Anterior surface —0.0086 —0.0010 0.0116 0.0183 —0.0051
! Posterior surface 0. 0150 —0.0050 0.0032 —0.0343 —0.0061
Anterior surface —0.0360 —0.0278 0. 0004 —0.0053 —0.0083
: Posterior surface 0.0767 0.0279 0. 0047 0.0023 0.0025
Anterior surface —0.0298 —0.0130 —0.0001 —0.0029 —0.0009
6 Posterior surface 0.0323 0.0193 0.0023 0.0114 0. 0004
Anterior surface —0.0214 —0.0225 —0.0034 —0.0127 0.0191
! Posterior surface 0.0918 0.0121 0.0155 0.0076 0.0117
g Anterior surface 0.0122 —0.0243 —0. 0085 0.0034 0.0022
Posterior surface —0.0189 0.0315 0. 0050 —0. 0005 0.0019
Temporal
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Fig. 1 Layout of the eighth individual eye model
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Table 7 Difference of ablation depths at the center and in the periphery of the optical zone, calculated from

the two methods /pm

Eye number

1 2 3 4 5 6 7 8
Center 0.08 0.15 0. 04 0.09 0. 04 0.10 0.06 0.17
Periphery 0.59 0.43 0. 40 0.48 0.29 0.13 0.28 0. 37
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