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Abstract: The three-dimensional finite element model of the postoperative whole human eye after small
incision lenticule extraction (SMILE) surgery and the axisymmetric air-puff model were established, the
influencing factors in the Air-puff test were explored from the displacement nephogram on anterior corneal
surface. Our results showed that the maximum depression displacement was positively correlated with the
corrected diopter when the peak pressure of ejection and air-puff center location were constant, but the
highest concavity radius of concave curvature was negatively correlated with the corrected diopter. At the
same time, we also found that when the decentration of air-puff center position was 1mm, the maximum
depression displacement of the anterior corneal surface was reduced by 8.3% under the condition of
constant correction diopter and peak air-puff pressure, compared with the maximum depression
displacement of the anterior corneal surface when the decentration of air-puff center position was 0 mm. In
conclusion, the corrected diopter and decentration of air-puff position have an important effect on the results
of air-puff test after SMILE.

pressure and air-puff eccentricity on the eyes after
SMILE.

1 Introduction

With flapless and small incision, SMILE has high safety,
effectiveness, predictability and stability in correcting
visual acuity. However, the refractive surgery makes the
cornea thinner and leads to changes in biomechanical

2 Materials and Methods

properties, postoperative patients are at risk of refractive
instability and corneal dilatation[1]. Therefore, it is of
great significance to study the biomechanical properties
of human eyes after SMILE, and it can also provide
theoretical basis for clinical practice[2]. IB Pedersen et
al.[3] used Corvis-ST comparison to analyze the
biomechanical changes of 29 eyes after Smile and 31
healthy eyes.

Air-puff method is a non-contact dynamic
measurement method, which can avoid secondary
damage to eyes and is widely used in clinic[4]. At present,
ocular response analyzer (ORA) and Corneal
Visualization Scheimpflug technology (Corvis-ST) are
commonly used in clinic, both of which use air-puff
method to deform the cornea[5, 6]. In addition, there
have been some studies on simulated corneal dynamic
parameters. MontaninA et al[7]. studied a numerical
model of non-contact measurement to explore the
biomechanical properties of human cornea through
fluid-solid coupling, but his model only used cornea and
did not take into account the effects of other structures
and tissues.

In this paper, based on the 3D solid model and
axisymmetric air-puff model of human eye, the finite
element analysis software ANSYS was used to explore
the biomechanical effects of corrected diopter, air-puff
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2.1 Material properties

L-YWOO et al.[8] shown that the material properties of
cornea and sclera were nonlinear which could be
represented using the super elastic material model of the
ogden strain energy function[9,10]. Its strain energy
functions are as follows:

N T —a; —a; N 1 . . 1
W:Z}:%(ll Ry _3)+;E(]_l)ﬂ M

W represents the strain energy. A1, A2, A3 represent
elongation at each main direction. J represents the row of
deformation gradient matrices. N, w;, a;and d; represent
various material parameters, super elasticity and
compression of materials.

Considering the irrecomability of the corneal tissue
material, its strain energy function can be expressed as:

ik M e —a, —a;
W= "4+, +4 -3) 2)
i=1 i
With the fitting analysis of experimental data, the

fitting parameters of cornea are u,;=0.035357MPa,
0,=103.61; 4,=0.026728MPa, 0,=100.58.
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2.2 Three-Dimensional eye model and air puff
model

Since the jet process in the experiment is faster, only the
flexible characteristics of the cornea and the sclera is
considered to ignore the viscoelastic characteristics[11].
Select a shaft symmetrical dynamic air-puff model[10].
Air-puff pressure can be expressed as follows:

P (X,)=P,, exp(—dr2)exp[—b(% —%)2],72 <R* ()

R is a radius (mm) of the front surface jet range of the
cornea. R is the distance (mm) between the front surface
and the air puff center of the cornea. Ppe. is a peak
pressure (KPa). T is the total air-puff time (ms). b, d is
the pressure distribution parameter of the control time.
Here, R=1.5mm, T=30ms, d=0.44, b=25.

The grid division adopts the hexahedral dominating
method, of which the number of nodes of the cornea is
74385, the number of mesh cells is 18891; the number of
nodes of the scleral is 65352, the number of mesh cells is
18704. The fixation constraint was set at the posterior
pole of scleral model. The air-puff results were shown
below:

Fig. 1. Post -6D results after application of air-puff pressure

2.3 SMILE surgery simulation

The refractiveness before the initial surgery is S, the unit
is D, and the postoperative is 0D and their mathematical
expression is as follows:
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R1 represents the curvature radius of the anterior
surface of the preoperative cornea, L is the curvature
radius of the anterior surface of the postoperative cornea,
and N is the refractive index of the cornea, which is
1.376.

According to the geometric relationship of the
postoperative and postoperative corneal surface, the
depth of corneal lenticule was calculated.
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O is the diameter of the optical zone.

According to the cutting principle of SMILE surgery,
a 3D finite element model of the postoperative eye was
constructed to simulate SMILE refractive surgery[12].

3 Results

3.1 Effect of corrective diopter on the test

A numerical air-puff model was constructed and the
material parameters of cornea and sclera were set. The
intraocular pressure was 18mmHg, the peak air injection
pressure was 40kPa, and the corrected diopter was -1D to
-10D. According to the nephogram of the anterior corneal
surface displacement results, the corneal morphological
parameters after SMILE under different corrected diopter
were obtained by using the curved surface fitting method.
The results were shown below:

Table 1. The corneal morphology parameters under different
diopters when the intraocular pressure was 18mmHg and the
ejection pressure was 40KPa

Highest
Diopter Maximgm Maximum apical Conc}avity
D) depression corneal Radius of
time(ms) | displacement(mm) Concave
Curvature(mm)
-1D 15.5 1.8557 3.257
-2D 15.5 1.9084 3.0517
-3D 15.5 1.9572 2.8588
-4D 15 2.005 2.7446
-5D 15 2.0435 2.6451
-6D 15 2.0767 2.5382
-7D 15 2.1054 2.4495
-8D 15 2.1304 2.4057
-9D 15 2.1528 2.3269
-10D 15 2.1752 2.2949

From Table 1, the analysis of air-puff test after each
diopter shows that the maximum corneal deformation
occurs near 15ms. With the increased of corrected diopter,
the maximum depression displacement at the top of the
anterior corneal surface increased gradually, and the
maximum apical corneal displacement of the corrected
diopter -10D was 17.2% larger than that of the corrected
diopter -1D. And the highest concavity radius of concave
curvature of the anterior corneal surface decreases with
the increased of corrected diopter. When the corrected
diopter was -10D, the highest concavity radius of
concave curvature decreased by 25.9% compared with
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that of -1D. The results showed that refractive surgery
has a significant effect on the biomechanical properties
of cornea after operation. There were significant changes
in corneal morphological parameters after air-puff test
after operation.

3.2 Effect of air-puff eccentricity on test

Based on the 3D finite element whole eye model after
SMILE with corrective diopter of -6D, the axisymmetric
air-puff model was used to set the peak jet pressure to
40KPa. The lateral offset of the air-puff center was set to
0.2mm, 0.4mm, 0.6mm, 0.8mm and 1mm, respectively.

Table 2. Corneal morphological parameters under lateral offset of different jet centers when corrected diopter -6D and peak jet

pressure 40KPa
Lateral offset of air-puff | Maximum apical corneal Highest Concavity Radius of | Maximum depression
center (mm) displacement (mm) Concave Curvature (mm) position offset (mm)
0.2 2.067 2.4222 0.0959
0.4 2.03333 2.4488 0.1921
0.6 1.9842 2.4931 0.2839
0.8 1.9128 2.6008 0.3662
1 1.9032 2.6154 0.49514
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Fig.2. Corneal apical displacement with time variation curve during transverse offset different air-puff center

According to figure 2, under different lateral offset of
the air-puff center, the corneal apical displacement
increased at first and then decreased during the air-puff
process. And the largest depression appeared in 15ms in
all tests. From table 2, the maximum depression
displacement at the top of the cornea was negatively
correlated with the lateral offset of the air-puff center.
The maximum apical displacement of the air-puff center
lateral offset 1mm is 8.3% less than that of the offset
Omm. However, there was a positive correlation between
the highest concavity radius of concave curvature and the
lateral offset of the air-puff center. The highest concavity
radius of concave curvature increased by 3% when the
air-puff center lateral offset Imm compared with the
offset Omm. The maximum depression position offset
increased with the increased of the lateral offset of the
air-puff center.

4 Conclusion

In this paper, based on the 3D finite element whole eye
model and air-puff model after SMILE, the influencing
factors of air-puff experiment after SMILE were
analyzed theoretically. The results showed that corrective
diopter and air-puff eccentricity have important influence
on the results of air-puff test after SMILE.
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