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Finite element simulation of high myopia for the identification and study of retinal
pathologies
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Abstract

We perform a computational simulation of myopia using a human eye model, and analyze the effects on several
structures to identify related pathologies. Myopia is a relevant and common clinical condition caused by an increase in
the axial length of the eye. Such elongation is correlated with several pathologies like retinal schisis, detachment and
posterior staphyloma. Some theories suggest that high myopia is associated with a higher deformations and thinning of
the sclera, particularly at the posterior pole of the eye. Highly myopic eyes have decreased amounts of scleral tissue
and a reduction of collagen fibril diameter resulting in a thinner sclera. These biomechanical characteristics, combined
with the axial elongation are associated with posterior staphyloma formation. Of particular interest, retinal schisis is the
result of retinal stretching caused by scleral growth. We use a known eye geometry from the literature to construct an
axisymmetric finite element model using ABAQUS. The elongation of the eye is simulated using prescribed
displacements according to axial length data from 3 individuals. The simulation results were consistent with the
literature, showing scleral thinning and retinal thickening at the posterior pole of the eye. These effects play a role in the
formation of staphyloma and retinal schisis, respectively. Moreover, we compared the simulated retinal thickness with
the clinical data and observed errors in the range of 2.7%-5.2%. The results showed good approximations and we
believe that the model can be useful to study myopia and its associated pathologies caused by mechanical loads. Also it
would help identifying patients with potential retinal pathologies, aiding ophthalmologists to predict the onset of these
pathologies and consequently have more precise estimations for preventive surgical interventions.
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Introduction

A published and validated eye geometry1 was used to construct
a finite element model with material properties obtained from
the literature and a specific set of boundary conditions was
used to simulate the eye growth. There is no development
regarding the simulation of pathological myopia itself and its
influence in the course of retinal pathologies comparing it with
real cases for model calibration. So this work focuses on
analyzing the effects of the growth on the structures at the
posterior pole of the eye and compares it with real patients’
cases to understand the retinal pathologies associated with
myopia.

(a) Entire eye

(b) Retina at the posterior pole

Results and Discussion

We performed two analyses with the elongation of the eye:

e Quantitative analysis: an elongation of 2mm was imposed
and we analyzed the variation of retinal and scleral thickness
in the posterior part of the eye comparing it with the
distribution of the strains (Image 1). As studies suggestedz,
we observed that the retina is more mechanically requested
and thicker at the posterior pole and thinner in the periphery
of myopic eyes comparing to emmetropic ones.

e Qualitative analysis: specific elongations according to
patient-specific eyeball lengths were imposed and calculated
the error between the simulated and observed retinal
thicknesses (Chart 1). The approximation errors showed a
good estimate for a problem involving large deformations and
nonlinear constitutive relations with material parameters
identified from complex materials.

Chart 1. Magnitude of the strain on the macula, observed macula

thickness from the patients’ exams and simulated macula thickness.

’ . Observed Simulated
. Logarnhmlc Macula Macula Error
Patient strain X : %
magnitude thickness thickness (%)
(mm) (mm)
1 0.254 0.281 0.295 4.98
2 0.310 0.295 0.303 271
3 0.479 0.307 0,.23 5.21

Image 1. Maximum principal logarithmic strains (LEMax) in the eye with
2mm of displacement. We observe in (b) that the highest strains at the
posterior pole are located in the retina, with strains up to 0.16.

Conclusions

e The adapted model reproduced the myopic eye consistently,
since the mechanical behavior in the posterior region of the
eye due to axial elongation was compatible with several
studies and with the real patients’ cases.

e The retina is the significantly strained and highly susceptible
to complications caused by mechanical processes.

e The model can be improved by adding structures of the eye
especially to understand the mechanical factors driving
degenerative changes, such as staphylomas and retinal
schisis.
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