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Abstract
Aims—To assess the contribution of the
four major operational variables in the
radial keratotomy operation (RK) to the
correction of myopic eyes. To study the
deformation of the cornea after the opera-
tion and provide some valuable references
for clinical practice.
Methods—The expression of the correction
ratio has been deduced, which can be
directly represent as the deformation ratio
of the corneal radius after the operation.
This allows for the numerical simulation of
the RK operation. On the basis of the
known biomechanical property of the cor-
nea, by means of the finite element
method, a series of computerised geomet-
ric and biomechanical models for the
simulation of refractive surgery have been
established. Some operational variables in
the RK operation were analysed, and their
influence on the operational outcome has
been computed and systematically ana-
lysed.
Results and conclusion—All of the four
variables have a positive eVect on the
operational outcome. The greater the four
variables are the more correction eVects
of myopia can be obtained. Because the
four variables are interinfluential, the
operational variables can be optimised to
get the best result in order to meet
patients’ diVering requirements.
(Br J Ophthalmol 2000;84:651–653)

Radial keratotomy (RK) is a widely accepted
surgical procedure to correct myopia. In the
operation, sets of 4–12 evenly spaced radial
incisions are made in the treated cornea, which
extend from the boundary of a central optical
clear zone of specified diameter to the outer
periphery of the cornea. The intraocular pres-
sure causes the weakened peripheral region of
the cornea to bulge outward and flatten the
central visual region by stretching it like a
drum head. The central flattening reduces the
refractive power of the anterior corneal surface,
and the focal point is shifted posteriorly to the
surface of the retina producing corneal defor-
mation after the operation. The eVectiveness of
this procedure depends on the surgeon’s ability
to select surgical variables that lead to the
desired reduction in the refractive power. In
order to predict the eVect of the operation
many statistical models have been developed in
carefully controlled medical studies. Russian
scientists did this work many decades ago and

gained a successful eVect that can be utilised in
the clinical operation.1 But statistical studies do
not provide a complete understanding of
corneal mechanics, preventing further research
work. Therefore, a study of corneal biome-
chanics is the first step in the construction of
biomechanical models for the myopic eye. The
biomechanical properties of the cornea utilised
here are provided by other researchers in the
same laboratory, who have been doing this
work for many years and have gained very sat-
isfactory results.2 3 In this paper, computerised
biomechanical models of the moderately my-
opic cornea for the simulation of refractive sur-
gery were established, many of which were
optimised with the help of ANSYS finite element
software.

Methods
According to ophthalmological refractive op-
tics, the expression of refractive power D is

where r is the curvature radius of the cornea,
n2 and n1 are the refractive index of the cornea
and the air respectively.4

The diVerential of refractive power D is

in small deformation condition,

which means the correction quantity of the
refractive power at the specific change of the
curvature radius r of the operated cornea. The
percentage correction ratio ç is

This expression means that the correction
ratio ç only has a direct relation to the change
ratio of the curvature radius r of the cornea
after the operation, which denotes that, if the
change ratio of the curvature radius r can be
calculated, the rectification value of the refrac-
tive power can be obtained.

To model the corneal radial keratotomy by
finite element method (FEM), the corneal
geometry must be simplified and the corneal
characteristics must be specified and approxi-
mated according to the experimental study.
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This study is based on the following assump-
tions: (1) the cornea is elastic and non-linear;
(2) it is isotropic; (3) it is basically uncompress-
ible. Continuous media hypothesis and shell
theory are the basis of the model and the
computation.5–7 Many important factors aVect-
ing the outcome of surgery have been taken
into consideration and have even been opti-
mised. The boundary condition and load type
have been studied, a suitable set of which is
applied to the mechanical models for
computation.8

In order to study the eVect of each of the
variables on the operation outcome individu-
ally, a series of points are selected at the

reasonable value of each variable, which is
combined with that of other variables to
construct a series of geometrical and biome-
chanical models of the cornea. The adopted
variables of the cornea and the values of the
variables selected are listed in Table 1.

The computation work in this paper was
done on the Sun working station with the help
of ANSYS finite element analysis software (5.3
edition, USA Swanson Co Ltd).

Results and conclusion
Through the construction of the geometric and
biomechanical models of the radial keratotomy
operation, the simulated computation by FEM
can give the diVerent eVects at the diVerent
operation variables.

After each model has been worked out, we
can compare and analyse them on condition
that one variable increasingly changes and the
others remain constant. In order to reach a
more comprehensive conclusion of the relation
of the operational variables with change ratio of
the curvature radius r, two models of other dif-
ferent conditions in the same controlled condi-
tion have been studied and plotted in the same
figure (Fig 1).

From Figures 1–4 we can learn that all the
four variables have a positive eVect on the
operational outcome; the greater they are the
more correction can be gained. Therefore, the
operational variables can be optimised to get
the best result in diVerent condition and diVer-
ent patient requirements.

The refractory system of the cornea com-
prises nearly 82% of the total refractory
requirement of the eye’s optical system. The
other 18% is provided by other organs such as
lens. The eye is a biological organ, not a pure
optical device; hence, in constructing the mod-
els and computing, its physiological features
should be noted.
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Table 1 Corneal variables and their values

Average thickness of cornea (mm) 0.620 Incision number 4, 8, 12
Inner radius (mm) 6.580 Incision depth (of the thickness %) 60, 80, 90, 95
Outer radius (mm) 7.200 Radius of optical zone (mm) 1.3, 1.8, 2.3
Young’s modulus (MPa) 1.800 Intraocular pressure (mm Hg) 15, 20, 25, 30

Figure 1 The eVect of incision number on the change ratio
of curvature radius r after the operation. L1 shows a 95%
incision depth at intraocular pressure 25 mm Hg and L2
60% incision at 20 mm Hg.
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Figure 2 The eVect of incision depth on the change ratio
of the curvature radius r after the operation. L1and L2
show the depth-ç relation at four incisions at intraocular
pressure 20 mm Hg and 12 incisions at 25 mm Hg,
respectively.
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Figure 3 The eVect of the optical zone radius on the
change ratio of r is positive. P1 and P2 are in two diVerent
intraocular pressure conditions.
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Figure 4 The eVect of intraocular pressure on the change
ratio of r is positive. L1 is 12 incisions at 60% cut depth,
and L2 eight incisions at 90% cut depth.
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