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Preliminary study on determination of mechanical parameters of cornea after refractive
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Abstract: Objective To explore a method for determining the mechanical parameters of cornea after refractive surgery with the
use of finite element method based on the data of the corneal apex and the pressure obtained by in vitro inflation tests. Methods
The left eyes of 4 New Zealand rabbits were the surgical eyes and their right eyes were the controls. Two rabbits were treated
with standard laser in sifu keratomileusis (LASIK), and for the other 2 rabbits, only LASIK flaps were created. The in vitro corneal
inflation tests were performed at different time points after surgery. In the inflation test, corneal apex displacements, inner corneal
surface pressures and corneal front profile images were obtained by displacement sensor, pressure sensor and microscope,
separately. The inflation test was simulated by finite element method. In the simulated calculation, the corneal geometry model
was constructed based on the obtained corneal profile images, and the second order Ogden model was used to describe the corneal
constitutive relation. Finally, the corneal mechanical parameters were determined by comparing the experimental data with the
calculated results. Moreover, the mechanical properties of the cornea were studied after the refractive surgery. Results Corneal
apex displacements were nonlinear with the pressure. Under the same pressure, the corneal apex displacements of postoperative
cornea were smaller than those of the controls. The second order Ogden model provided a good description of corneal mechanical
properties after refractive surgery. The elastic moduli of the experimental eyes were larger than those of the controls. Conclusion
Based on the experimental data of inflation tests, using finite element method to simulate corneal inflation tests and obtain

mechanical parameters of cornea after refractive surgery is feasible.
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Fig.1 Schematic map of corneal thickness measurement
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Fig.2 Corneal inflation tests platform
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F1 BAFAFEABEFREE(CCTMAERLIER (PCT)NEE
Tab.1 CCT and PCT before and after refractive surgery

CCT PCT
No R/L
Preoperative/pum Postoperative/um ~ RBT and CCT ratio/% Preoperative/pum Postoperative/pum
1 R 347 347 - 339 343
L 337 225 31 335 338
2 R 336 324 - 315 312
IL 324 232 35 304 305
3 R 376 388 - 362 379
L 372 260 70 358 363
4 R 360 368 - 346 359
IL 363 286 79 349 354

CCT: Central corneal thickness; PCT: Peripheral corneal thickness; RBT: Residual stromal bed thickness
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Fig.3 Comparison of experimental results with simulation results in 4 rabbits
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Tab.2 Determined Ogden model parameters

No. w/MPa all] 1/MPa a[l] R 11/MPa
IR 0.090 8 2163932 0.1797 205.833 8 0.8152 02705
1L 0.2857 201.238 4 02833 191.977 3 0.826 4 0.569 0
2R 0.071 4 201.238 8 0.044 4 192.071 0 0.919 1 0.1158
2L 0.150 5 188.597 6 0.171 0 160.953 1 0.962 7 03215
3R 0.076 6 144.036 0 0.171 0 65.535 6 0.9267 0.247 6
3L 0.045 4 144.161 0 0.171 0 135.111 5 0.898 3 02164
4R 0.060 1 82.003 7 0.0110 213.639 8 0.967 0 0.071 1
4L 0.2857 147.161 0 0.195 0 136.361'5 0.911 6 0.480 7

wo: Tnitial shear modulus; g1, 1, au, 02: Material parameters; R*: Goodness of fit
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