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Abstract. The three-dimensional (3D) finite element model of human eye was established, and the
intraocular pressure (IOP) was loaded to simulate refractive surgery. The biomechanical properties of
human cornea after SMILE and LASIK surgery were studied from the stress, strain and induced wavefront
aberration. Our results showed that SMILE had less impact on the biomechanics, having less stress and
strain changes than LASIK. However, the stress and strain of the cornea increased with the increase of the
diopter and were concentrated in the central region. We also investigated the changes in wavefront

aberrations of the cornea after surgery, and the results indicated that the defocus and vertical commotion
were significantly affected by SMILE and LASIK surgery, while the remaining aberrations were
approximately unchanged. In conclusion, both SMILE and LASIK sergury procedures changed the

postoperative corneal biomechanics, but SMILE had less impact on the biomechanics of corneal.

1 Introduction

The rate of myopia is on the rise in China, which has
become a prominent public health problem[1]. Myopia
glasses allow people to see things, but other ways to treat
myopia. Then there are also a growing number of
treatments for myopia, including corneal refractive
surgery, which allows myopic patients to remove their
glasses. SMILE and LASIK refractive surgeryare a
widely chosen method of refractive surgery. The main
difference between SMILE surgery and LASIK
refractive surgery is that SMILE surgery only requires a
small incision to remove the corneal lenticule to
complete the SMILE surgery[2].

The biomechanical properties of cornea have
important reference significance, especially for the
visual quality after refractive surgery. Abhijit et.al [3]
found that the disadvantage of SMILE was that
postoperative visual recovery was slower than LASIK.
Kaiwei et.al [4] showed that corneal biomechanics were
significantly decreased during refractive surgery. Guo
et.al [5] studyed that SMILE was superior to LASIK in
terms of biomechanical stability after surgeries. Osman
et.al [6] also thought that LASIK and SMILE
substantially decreased the corneal biomechanical
properties, and the LASIK group had greater reduction.
In addition, the cornea is the main refractive functional
tissue of the eyeball[7], and it is important to maintain
the completeness of corneal biomechanics[8].

Finite element analysis is a commonly used method
to study ophthalmic surgery, which analyzes the
mechanical characteristics of objects by mathematical
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methods [9]. Kaluzhny et.al [10] focused on the 3D
corneal tissue models and the model studied in
ophthalmic. Asher et.al [11] reviewed patient-specific
modeling of the human cornea that can aid the clinician
treatment of disease. Yan-Hui studied the mechanics
application of the bovine eye finite element model [12].
In a word, the finite element analysis is very useful for
the analysis of ophthalmic diseases. In our study, the
biomechanics of cornea after SMILE and LASIK were
compared and analyzed by establishing a 3D finite
element model of the human eye.

The objective of this study is to construct a human
eye model using finite element analysis to simulate
conventional refractive surgery. The biomechanics of
cornea were studied in terms of postoperative corneal
stress, strain and induced wavefront aberration after
SMILE and LASIK refractive surgery.

2 Methods

2.1 The finite element model of human eye

The siemens NX (Siemens AG, Munich, Germany) was
used to build the model of human eye, which consisted
of cornea and sclera in our model. And the geometrical
structure size of the eye model was as follows: the radius
of anterior surface curvature of the cornea was 7.7mm;
the radii of posterior curvature of corneal was 6.8 mm;
The corneal central thickness and refractive index were
0.5 mm and 1.376, respectively. In addition, the
boundary conditions of the model were that a fixed

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).


https://core.ac.uk/display/440367652?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

E3S Web of Conferences 271, 03045 (2021)
ICEPE 2021

https://doi.org/10.1051/e3sconf/202127103045

constraint was placed at the bottom of the sclera and the
cornea was trapped in the sclera.The eye model was as
follows:
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Fig. 1. The 3D whole-eye model

Due to different surgical methods, SMILE surgery
only needed to make a small incision of 3mm in the
cornea surface, while LASIK made a corneal flap. At the
same time, the mesh division of the model was also
different in the ANSYS software. The cornea and sclera
were divided by tetrahedral and hexahedral meshe in
SMILE surgery, but they divided into hexahedral meshes
in LASIK refractive surgery. Figure 2 showed the
schematic diagram of different surgical eye models.
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Fig. 2. (a) The SMILE surgical eye model. (b) The LASIK

eye refractive surgery model. The black dotted line on the red
area in figure a is the small incision, and the colored ring in the
center of image b is the corneal flap.

2.2 Material Properties

Based on the cornea and sclera are anisotropic,
hyperelastic and incompressible materials, we used the
Ogden strain-energy function to set up the cornea and
sclera materials in ANSYS. The specific expression is as
follows:

N _ _ _ m .
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b and d are material constants.
Then, the shear modulus o is defined by:
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The bulk modulus J is as follows:
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In the process of material fitting, the convergence
was the best when corneal fitting parameters was N=2
and scleral fitting parameters was N=1. And the corneal
fitting parameters were as follows: pl1=0.0034801 MPa,
al=104.06, u2 = 0.0034801MPa, and a2=103.94. The
scleral fitting parameters were as follows : pl=

0.030224 MPa, and al=182.73.

2.3 Simulation of the refractive surgery

Assuming the cornea is approximately spherical, we
created the corneal stroma according to the principle of
refractive surgery. The depth of corneal lenticule can be
obtained by Munnerlyn approximate formula:
[=1+1,+1, “4)
Then,/;,b,l5 were defined by:
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the preoperative radii of curvature of the meridians of
the anterior corneal surface are Rix and Riy. OZ was the
X-axis diameter of the optical zone. Rf is the
postoperative radius of curvature, it was expressed as:
1000(rz —1)R,,
R =)+ D.R
g R (8)

Ds and n were the refraction in diopters and the
refractive index of human cornea.

3 RESULTS AND DISCUSSIONS

3.1 The changed of corneal stress

Loading the IOP, the stress changed on the surfaces of
the cornea were calculated at intervals of -2D from 0 to -
15D. Figure 3 shows the curve of the relationship
between the stress and myopia diopter from SMILE and
LASIK.
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Fig. 3. (a) Relationship between stress and myopic diopter
from SMILE surgery. (b) Relationship between stress and
myopic diopter from LASIK refractive surgery. IOP was 15
mmHg. The diameter of the optical zone was 6.6 mm.
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On the whole, both Figure 3a and 3b showed a
regionalized distribution of stress in the central region,
and it increased with the increase of diopter. When the
diopter was -15D, the stress value in the central region of
Figure a and Figure b reached the maximum. As could
be seen in Figure 3a, the stress at -3.8mm and 3.8mm on
the Y-axis had a tendency to protrude upward and
downward, respectively. In -3.8mm, the value of stress
was 0.019 MPa, and the stress value is approximately 0
at 3.8mm. This phenomenon was caused by the
construction of the corneal cap and cornea. It could also
be seen from Figure 3b that there was a jump at -3.8mm
and 3.8mm on the Y axis. Different from Figure 3a, the
latter all were small peaks upward, which stress values
were 0.021 Mpa. In addition, we observed from the
above results that the change of corneal stress after
SMILE surgery was significantly smaller than the
LASIK surgery.

3.2 The changed of corneal strain

We used the same method to calculate the corneal strain
changes after SMILE and LASIK surgery under different

myopic diopter, that the diopter ranged from -1D to -15D.

The results were as follows.
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Fig. 4. (a) Relationship between strain and myopic diopter
from SMILE surgery. (b) Relationship between strain and
myopic diopter from LASIK refractive surgery. IOP was 15
mmHg. The diameter of the optical zone was 6.6 mm

In general, the strain after corneal surgery also
increased with the increase of myopic diopter and was
concentrated in the central region. According to Figure
4a, a small peak appeared at -3.8 mm with a value of
0.18, and the sudden drop of strain value is
approximately 0 at 3.8mm. Figure 4b showed that there
was a small peak at both -3.8mm and 3.8mm. And the all
peak was caused by the fact that the cornea and the
cornea cap or flap were constructed separated forms in
the model components. In a word, with the increase of
diopter, the change of corneal strain was more obvious,
and LASIK had greater corneal strain after surgery.

3.3 Induced wavefront aberration introduced by
displacement of cornea

In this part,we converted the displacement of corneal
surface into the wavefront aberrations by wave surface

fitting, investigated the changes of wavefront aberrations
after SMILE and LASIK surgery. The result was shown
in Figure 5.
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Fig. 5. (a) Relationship between induced wavefront
aberrations on corneal surface and myopic diopter from SMILE.
(b) Relationship between induced wavefront aberrations on
corneal surface and myopic diopter from LASIK. IOP was 15
mmHg. The diameter of the optical zone was 6.6 mm.

As could be seen from FIGURE 5, defocus and
vertical coma changed the most, while other aberrations
remain approximately unchanged. And compared with
LASIK surgery, the defocus changed were more obvious
with the increase of diopter after SMILE surgery, while
the vertical coma changed were smaller. According to
Figure 5a, The maximum values of defocus and vertical
coma were approximately -6.2 and 0.6, respectively.
However, at the diopter of -15 D, the value of defocus
was about -5.3 and the value of vertical coma was about
1. In conclusion, the effects of SMILE and LASIK
refractive surgery on defocus and vertical coma were
significant, and the remaining wavefront aberration
approximation did not change .

4 DISCUSSIONS

Corneal biomechanics is an important parameter to
measure corneal tissue and can provide reference value
for postoperative visual quality. Previous studies have
compared the postoperative outcomes of SMILE and
LASIK surgery, Majid et.al [13] showed that SMILE
was efficient and safe, but the latest generation of
LASIK surgery was better; Marcus et.al [14] thought
SMILE may be a better refractive surgery and may
replace LASIK in clinical practice. In this study, we
studied the biomechanical changes of cornea after
SMILE and LASIK refractive surgery by finite element
analysis. And our result consistent with Hui's research,
the biomechanics of SMILE surgery was superior to
LASIK surgery. Although the clinical application of
refractive surgery has achieved good results, there are
still many areas to be improved. In order to better
evaluate the biomechanical properties of the cornea after
surgery, Our next work is to establish a 3D finite
element model of the human eye that is closer to the
human eye, to study the biomechanical of cornea after
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surgery, and to provide better theoretical knowledge for
the clinical application of ophthalmology.

5 CONCLUSIONS

A 3D finite element model of the human eye was
established to simulate SMILE and LASIK refractive
surgery. And we compared the biomechanical changes of
cornea after SMILE and LASIK refractive surgery from
three aspects: stress, strain and induced wavefront
aberrations. The results showed that the stress and strain
of corneal changes presented regional concentration and
increased with the increase of corrected diopter, but the
postoperative stress and strain changes of SMILE were
smaller than those of LASIK. In addition, the results also
showed the changes of cornea induced wavefront
aberrations, in which SMILE and LASIK surgery had
significant effects on defocus and vertical coma. And
SMILE surgery had greater defocus changes than
LASIK, but less vertical coma changes. In summary,
SMILE and LASIK refractive surgery had influence on
the biomechanics of corneal.
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