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Abstract—In this study, the wave-front aberrations of medium and high myopia with different 
CCT after SMILE were studied by the finite element method. Then, the various trend of 
wave-front aberrations with clinical significance was obtained. When CCT was the same, the 
wave-front aberrations of myopia with different diopters were different. When CCT increased, 
the variations of wave-front aberrations of myopia with different diopters were different. 
However, regardless of the degree of myopia, the variations of defocus and primary spherical 
aberration were the most obvious. The larger the CCT, the smaller the absolute values of 
defocus and primary spherical aberration. 

1. Introduction 
In SMILE, the laser is used to cut the cornea. Then, the lens tissue is separated to achieve the 
correcting vision[1,2]. The thickness of the lens tissue depends on the actual condition of the eyes, such 
as SPH, CYL, EOZ, and so on. In the normal conditions of the eyes, the higher the degree of SPH, the 
thicker the lens tissue to be cut. In addition, the cornea with too small CCT cannot be cut to obtain too 
thick lens tissue. Otherwise, the remaining cornea will be too thin. It affects postoperative recovery 
and visual imaging quality. However, within the range of safe cutting thickness, myopia with different 
CCT leads to different wave-front aberrations. The various trend needs to be further studied and 
analyzed. 

Finite element analysis is a perfect analysis method. By this method, the complex region is divided 
into several simple sub-regions. Then, the sub-regions are solved to produce stable solutions. Finite 
element analysis is also used in ophthalmology: Grytz R et al. used the finite element eye models to 
study complex anisotropic materials[3]; Vivek Suganthan R et al. conducted finite element analysis on 
intraocular pressure of human eyes[4]; Osmers J et al. used adaptive finite element eye models to study 
intraocular pressure[5]. 

In this study, the postoperative human eye finite element models with different CCT were 
established. Then, the wave-front aberrations of medium and high myopia were studied. Finally, the 
various trend of the wave-front aberrations with clinical significance was obtained. 

2. Methods 

2.1 Human eye finite element model 
The steps included establishing the 3D finite element models of personalized human eyes, defining 
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material parameters, setting intraocular pressure and other boundary conditions, and selecting meshing. 
After these steps, the finite element method was used to analyze the wave-front aberrations caused by 
the displacements. 

The clinical data of myopia before and after SMILE was obtained from the eye hospital. Based on 
the data, the six kinds of personalized preoperative and postoperative finite element models were 
established, respectively. 

In this study, the models were divided into three groups by the degree of SPH: Group One (-4.75 D 
and -5 D), Group Two (-6.5 D), and Group Three (-8 D). It was worth mentioning that the degree of 
CYL of each myopia was small (within -0.5 D). In addition, the CCT studied included 520 μm, 550 
μm, and 580 μm. The maximum difference was 60 μm, and it made the comparison of results more 
obvious. 

One of the postoperative finite element models of the personalized human eyes as shown in Figure 
1. The surgical simulation data of six kinds of personalized models is shown in Table 1.  

 
Fig.1 the postoperative finite element model of the personalized human eye 

 
Table 1 the surgical simulation data of six kinds of personalized models 

Group Case Lens Thickness/μm Cap Thickness/μm SPH/D CYL/D 

Group One 
Case One 107 120 -5 -0.5 
Case Two 103 120 -4.75 -0.5 

Group Two 
Case 
Three 

136 120 -6.5 -0.25 

Case Four 136 120 -6.5 -0.25 

Group Three 
Case Five 160 110 -8 -0.25 
Case Six 160 110 -8 -0.25 

2.2 Material parameters 
For the human cornea, the Bowman's layer has the strongest biomechanical strength. Moreover, the 
biomechanical strength of the front corneal stromal layer is better than that of the rear corneal stromal 
layer[1]. This study was to control the distribution of material parameters by programming. It improved 
the simulation degree of the finite element models of human eyes. More specifically, Young's modulus 
of the cornea changed regularly with the depth of the cornea. It decreased from 1.6MPa in the front 
corneal stromal layer to 0.8MPa in the rear[6,7]. 
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In addition, the ratio of Young's modulus of the cornea and the sclera is fixed[8]. This study kept the 
ratio unchanged at 1:3. It is worth noting that physical conditions such as intraocular pressure must be 
considered in human eye simulation. In this study, the intraocular pressure was 15mmHg[8,9]. 

The distribution of corneal Young's modulus through the XZ plane as shown in Figure 2. 
 

 
Fig.2 the distribution of corneal Young's modulus 

2.3 Biomechanical analysis 
The wave-front aberrations caused by the displacements of the anterior and posterior corneal surfaces 
are partially compensated for each other. In addition, the values of the two differ by an order of 
magnitude[8]. This study aimed to study the influence of different CCT on wave-front aberrations. The 
focus was on the various trend rather than the specific values. Therefore, only wave-front aberrations 
caused by the displacement of the anterior corneal surface were analyzed in this study. 

3. Result 
 

 
(a) Low-order aberration                    (b) High-order aberration 

Fig.3 Aberrations caused by the displacement of the anterior corneal surface of Group One 
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(a) Low-order aberration                 (b) High-order aberration 

Fig.4 Aberrations caused by the displacement of the anterior corneal surface of Group Two 
 

 
(a) Low-order aberration                   (b) High-order aberration 

Fig.5 Aberrations caused by the displacement of the anterior corneal surface of Group Three 
 

Regardless of the degree of myopia, the larger the CCT, the smaller the absolute values of defocus and 
primary spherical aberration. In contrast, the values of other low-order and high-order aberrations 
were small and showed little change. Therefore, the CCT had the most significant influence on the 
defocus and primary spherical aberration after SMILE. 

When CCT increased, the various trend of wave-front aberrations of myopia with different diopters 
was the same, but the variations were different. When CCT increased from 520 μm to 580 μm, the 
absolute values of defocus of Group One, Group Two, and Group Three decreased by 0.2879 μm and 
0.2568 μm, 0.3926 μm and 0.3742 μm, and 0.4845 μm, respectively. While, the absolute values of 
primary spherical aberration decreased by 0.0681 μm and 0.0625 μm, 0.1077 μm and 0.1042 μm, and 
0.1440 μm, respectively. 

In addition, at the same CCT, the values of the wave-front aberrations of eyeballs with different 
myopia degrees were different. For example, when CCT was 550 μm, the values of defocus of Group 
One, Group Two, and Group Three were -0.9517 μm and -0.8322 μm, -1.3078 μm and -1.1553 μm, 
and -1.4802 μm, respectively. While, those of primary spherical aberration were 0.1611 μm and 
0.1365 μm, 0.2648 μm and 0.2261 μm, and 0.2890 μm, respectively. The biomechanical response of 
the cornea might be affected by the lens thickness, the cap thickness, or the astigmatism degree in 
different diopter groups. Thus, the numerical difference between aberrations was resulted. 
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4. Conclusion 
When CCT was the same, the wave-front aberrations of myopia with different diopters were different. 
When CCT increased, the variations of wave-front aberrations of myopia with different diopters were 
different. However, regardless of the degree of myopia, the variations of defocus and primary 
spherical aberration were the most obvious. The larger the CCT, the smaller the absolute values of 
defocus and primary spherical aberration. 

These conclusions had specific clinical guiding significance. When myopic eyes undergo SMILE, 
the lens thickness should be considered in combination with the CCT and refractive states. Because 
different CCT and refractive conditions will lead to different corrective effects. The postoperative 
corrective effects of SMILE can be comprehensively studied by using the finite element method 
combined with the CAP thickness and CYL. 
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