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Abstract

Objective: To investigate the differences in the biomechanical effects of aspheric orthokeratology
(OK) lens design on asymmetric corneas and to elucidate the mechanisms by which OK lenses influ-
ence corneal reshaping. Methods: A three-dimensional finite element model of aspheric OK lens-
asymmetric cornea coupling was established based on the asymmetric structure of the cornea and
the OK lens design parameters provided by MicroVision Medical Technology Co., Ltd. (Shanghai).
This model was used to explore the biomechanical effects of OK lenses on corneas with different
curvatures. Results: The maximum stress concentration on the anterior corneal surface was pri-
marily distributed in the peripheral zone, exhibiting a significant asymmetric distribution trend in
both horizontal and vertical directions. He sagittal height of the base curve of the OK lens decreased
with increasing corneal curvature, with maximum stress values of 2938.96 Pa, 3203.27 Pa, 3419.34
Pa, 3036.08 Pa, 3749.45 Pa, 3766.77 Pa, and 3685.22 Pa for corneal curvatures ranging from 40D to
46D. Conclusion: The base curve of the OK lens contributes to the flattening of the central cornea
and the steepening of the mid-peripheral region. Moreover, the flattening effect becomes more pro-
nounced with higher corneal curvature. This finding underscores the necessity of considering the
asymmetric biomechanical properties of the cornea in the design and clinical fitting of OK lenses to
achieve more precise refractive correction and optimize visual quality. The results provide im-
portant theoretical insights for the personalized design and clinical application of OK lenses.
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ARk, AR A S TR B A BE Lo 2 BaE (1], % 2050 4F, imMLA NECKA )
47.58 12, HAERNIIM) 49.8% [2]. (R, UEARR 4 RO IL R DCE AL 2 . A BT (HIFR OK
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Figure 1. Schematic diagram of the anterior surface profile of an asymmetric cornea
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Table 1. Geometric parameters of the OK lens

= 1. OK /L&

I 5 mm N
KFETHE mEIA Rec/mm Rrc/mm Rac/mm Rec/mm esc BC/E;J?'%
(F K) (BE K)

40.0 40.5D 9.22 7.17 8.26 10.71 1.387 0.446
41.0 415D 8.98 7.05 8.06 10.35 1.325 0.459
42.0 425D 8.74 6.93 7.88 10.00 1.278 0.473
43.0 435D 8.52 6.81 7.70 9.69 1.228 0.487
44.0 445D 8.31 6.70 7.53 9.39 1.181 0.500
45.0 455D 8.11 6.59 7.36 9.11 1.138 0.514
46.0 46.5D 7.92 6.49 7.21 8.85 1.097 0.527

JEiL SolidWorks # -1t “ i FENIRh 2R Thie, BN BN B RIE XK, Ak OK 5%
YR ED, SRS “HEEERIE T DhERK % dER BRSO e, TR e B = 4ESTARRE R, Jf
%455 STEP # .
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W, OB OK i J5 # THI 48 52 v I (slave surface), A ik A 2% [ & XA 3 i (master surface). A 1 86 5 24 b2
fitk 73 BT (AU SRR R, FRSEHI N T AN A (FE A3 A8 1 ingk 0.001 mm (A8, FESr AT 2 FhiEEk
BT A% ) LA A PR AR BLAE 43 Bt Bl RO 2 ST 4

2) MRHEMEE X
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Table 2. Material properties of the finite element model
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Figure 2. Finite element model of the OK lens and cornea
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Figure 3. Stress contour plot of the anterior corneal surface for flat K values ranging
from 40 to 46 D (unit: MPa)
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Figure 4. Stress distribution curve along path A on the anterior corneal
surface for flat K values ranging from 40 to 46 D; S1 to S4 represent
the four characteristic points marked by red boxes in the figure
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Figure 5. Displacement contour plot of the anterior corneal surface for flat K values
ranging from 40 to 46 D (unit: pum)
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Figure 6. Stress distribution curve along path A on the anterior cor-
neal surface for flat K values ranging from 40 to 46 D
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