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Abstract

The theory and procedures of the Ray tracing error correction method (RTEC) which performs
various refractive calculations in ophthalmology is explained. Calculations for the different corrective
methods ; i.e. glasses, contact lens, refractive corneal surgery and IOL are determined in the same
manner without any simplification or approximation of the optical model. RTEC consists of two
procedures ; a ray tracing determining whether the ray originating from infinity focuses on the fovea,
and an error correction formula that varies the curvature of the glasses, cornea or IOL when the ray
is not focused at the fovea. These calculations are continued until the values for the ray focused at the
fovea are obtained. The refraction of Helmboltz’ schematic eye at relaxation and at accommodation,
the desired postoperative corneal curvature with a -2D postoperative refraction and 28mm axial
length, and the IOL power determination with -2D postoperative refraction and 24mm axial length
are presented. (Acta Soc Ophthalmol Jpn 93 : 569—574, 1989)
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Fig. 1 Principle of RTEC method in calculating the refraction of Helmholtz’
schematic eye. A ray parallel to the optical axis originating from infinity is
refracted on the surface of spectacles, cornea and lens and crosses the optical
axis at the second focal point (SFP). Using ray tracing technique, D (m), the
distance between anterior corneal surface and SFP is obtained. If the optical
system is properly corrected, SFP should be on the fovea and D (m) must be
equal to the axial length DO. If D (m) is different from D0, the anterior curvature
is varied according to error correction formula 1/R (m+1)=1/R (m)+ (1/R
(m)—1/R (m—1)* (1/D (m)—1/D (m—1))/(1/D0—1/D (m)) (m=3, 4, 5....).
Corresponding D (m+1) is obtained by ray tracing. {for m=1, 2, R (1) is
arbitrarily determined. R (2) is determined by a formula R (2)=1/ (1/R (1)+(1/
D (1)—1/D0)/(n2—nl), where nl and n2 are the refractive indices of both sides
of the varied surface.; As the calculations proceed, D (m) will eventually be
equal to D0, and the corresponding curvature R0 obtained is the curvature of
spectacles that corrects the refraction. All calculations is done automatically
with a personal computer.
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Fig. 2 Optical model of calculating the refraction
of Helmholtz' schematic eye, the desired
postoperative corneal curvature and the refrac-
tion after refractive corneal surgery. Optical
parameters are shown in Table 1 & 2. The ante-
rior surface of glasses and anterior corneal curva-
ture are varied in calculating the refraction and
after refractive corneal surgery respectively.
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Fig. 3 Optical model of calculating the IOL
power and postoperative refraction. Optical
parameters are shown in Table 3. The curva-
tures of anterior, posterior or both surfaces of the
IOL are varied in determining the power of
convex-plano, plano-convex, and biconvex lenses
respectively, The anterior curvature of spectacles
is varied in calculating the postoperative refrac-
tion.

Table 1 Optical parameters in calculating the refraction of Helmholtz' schematic eye at
relaxation and after refractive corneal surgery. Initial curvatures of spectacles are infinite.

Spectacles
Curvature (mm) 1. D +100 1. D+100
Location of —13.0 ~12.0

refracting surface
Refractive index

1.498 1.0

Spectacles Air Cornea A/C and Vitreous Lens

1.376

Cornea Lens
7.7 6.8 10.0 7.911 —5.76 —6.0
0.0 0.5 3.6 4.146 6.565 T2
cortex nucleus
1.336 1.406 1.386
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Table 2 Optical parameters in calculating the refraction of Helmholtz' schematic cye at

accomodation. Same refractive indices as in Table 1.

Curvature (mm)
Location of

refracting surface
Refractive index

Spectacles Cornea Lens
1. D+100 1.D+100 7.7 6.8 5.33 2,655 —2.655 —5.433
—13.0 =12.0 0.0 0.5 3.2 3.3725 6.5275 7.2
Spectacles Air Cornea A/C and Vitreous Lens
cortex  nucleus
1.498 1.0 1.376 1.336 1.406 1.386

Table 3 Optical parameters in calculating an IOL implanted eye. Refractive index is
1.49 for IOL and other indices are the same as in Table 1.

refracting surface
Refractive index

1.498 1.0

Spectacles
Curvature (mm) 1. D+100 1. D+100
Location of —13:0 —12.0

Spectacles Air Cornea A/C and Vitreous IOL

Cornea IOL
i 6.8 1. D+100 1. D+100
0.0 -0.5 3.6 4.6

1.376 1.336 1.490

mm & L7, R A28mm € 3 #i5thiE i © o Helm-
holtz RO EHES RTECHTEtH LA, 7r 75 A
1. FORTRAN s, L, NEC @ personal computer
CTEHELL, HEcELLRER—EoMBIZ2\T
ZHRBRETH T,

I # S

Table 4 3% Table 9 K HZRIBEIC2WTOFHED
BEEERYR T, MBS CTHEEXERmM) &
Fo o diopter & D(m) DfE %7~ L 7z, Error Cor-
rection 1= & b fifE o g EELZE L T, D) AR
MEIE L okt ATHERHBMKTL
#z. Helmholtz @ # #I [ o> JB #7 B \x A B vh A2 B T
0.9948458 diopter ¢ & b, 7 Hi B T—11.16966
diopter Th -7, BA LV v AEEIZ S W TIZRER

T fii # o JE 47 [ & —2diopter & T % %5 £19.62855
diopter Thofe, Tz OBAHLV v ARHA IR
{8 T B oo A R 97 BE o0 R ELAS S 13 —2.000000diopter
Th T, BEhRE28mm OEER O SRR O E 57
B 12 —9.046401diopter TH -7z, T OB O EITE
% — 2 diopter i T 5 7= D ik o I R
8.812753mm Th -7z, T ZOFii EhicBOMmE
DO RITEE X —1.999998diopter T - 7=,

v % %=

HEOBESMIT 2T Table 6 & Table 7 & U
Table 8 & Table 9 DFtHIZ T h LT h—ofED
oIt 5T\ %, Table 6 Tliifitk —2diopter
DEIE 5 IOL OEHAR KD LRET, Table 7
BEDIOL #FEA S hBoMBEETEYRD S

Table 4 and 5. Refraction of Helmholtz’ Schematiceye at relaxation and at accommodation.
m is the number of iterations. R (m) is the anterior curvature of spectacles. The diopter is
the power of spectacles. D (m) is the distance between anterior corneal surface and second

focal point. The axial length is 24mm.

m R(m) Diopter D (m) m R (m) Diopter D (m)

1 1.0D+100 0.000000 24.38541 1 1.0D +100 0.000000 21.01384
2 —1756.2216 0.6585371 24.13003 2 84.10723 —5.921013 22.59906
3 —498.3905 0.9992165 23.99831 3 44.64868 —11.15375 23.99576
4 —500.5898 0.9948266 2400001 4 44.58515 —11.16964 23.99999
5 —500.5801 0.9948458 24.00000 5 44.58506 —11.16966 2400000
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Table 6 [OL power determination for Helmholtz’
schematic eye. Axial length is 24mm. The desired
postoperative refraction is -2 diopter. R (m) is the
anterior I0L curvature. The diopter is the IOL

power.

m R (m) (mm) Diopter D (m) (mm)
1 1.0D +100 0. 00000 32.62415
2 13.98154 11.01452 27.056605
3 8.007412 19.23218 24.12296
4 7.848916 19.62054 24,00247
5 7.845719 19.62854 24.00000
6 7.845716 19.62855 24.00000

Table 7 Postoperative refraction after IOL
implantation. IOL power as obtained in Table
6 is 19.62855 D. R (m) is the anterior curva-
ture of spectacles. The diopter is the power
of spectacles.

m R (m) (mm) Diopter D (m) (mm)
1 1.0D +100 0.000000 23.26035
2 —375.8650 —1.324944 23.74933
3 —248.4803 —2.004183 24.00156
4 —249.0011 —1.999991 24.00000
5 —249.0000 —2.000000 24.00000

Table 8 Desired postoperative corneal curvature
after Corneal abration surgery. R (m) is the ante-
rior corneal curvature. The diopter is the refra-
ctive power of anterior corneal surface. The axial
length is 28mm. The refraction before surgery is
—9.046401 diopter.  The desired postoperative
refraction is —2 diopter.

m R (m) (mm) Diopter D (m) (mm)
1 7.700000 43.05319 25.16731
2 8.390726 39.02481 26.94542
3 8.812130 36.87731 27.99846
4 8.812752 36.87429 28. 00000
5 8.812753 36.87429 28.00000
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Table 9 Postoperative refraction after corneal abr-
ation surgery. R (m) is the anterior curvature of
spectacles. The diopter is the refractive power of
spectacles. The axial length is 28mm. Same ante-
rior corneal curvature as obtained in Table 8.

m R (m) (mm) Diopter D (m) (mm)
1 1.0D +100 0.000000 27.03816
i —391.9800 —1.270473 27.64704
3 —251.3050 —1.981656 27.99110
4 —249.0212 —1.999830 27.99992
5 —249.0003 —1.999998 28.00000
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