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Introduction: The growth of research in computational
models and data that these provide has added to
understanding of lens function and ageing, notably the
processes of accommodation and preshyopia. However,
models are dependent on the parameters used in their
construction and can give different data depending on
material properties and how these are distributed, lens
shape and zonular insertions. The parameters that affect
shape change and stress distributions have been
investigated as have software packages.

Methods: Finite Element models were developed from
measurements of refractive index made on in vitro
lenses (Figure 1). Modelling and simulated stretching
was conducted using ANSY'S based on biological lenses
from four different ages: 16, 35, 40, 57 years old.
Further models on a 35 year old lens were also
constructed using ABAQUS software to compare to
ANSYS modelling. Models considered varying
distributions of elastic moduli based on refractive index
profiles [1] and longitudinal modulus profiles taken
from mechanical analysis [2] (Figure 2). Various
combinations of zonular insertions were tested and
simulated [3].

Results: The internal stress distributions depend on the
modelling of elastic moduli in the cortex with a more
even spread of internal stresses and fewer
discontinuities in models that have a gradient of
modulus than those with a uniform equivalent modulus.
Greatest stresses are seen in the nucleus of the lens
regardless of model type. There is no difference in
optical power between models with gradient or uniform
elastic modulus. Inclusion of equatorial zonule appears
not to have an effect on lens shape change with
simulated stretching but does affect stress distributions.
Comparison of different software for the same lens
indicate that shape change with simulated stretching are
similar but there are variations in stress distributions.

Discussion: Modelling can provide data to complement
experimental measurements on lens function and can
relate optical and mechanical properties of the lens.
Account needs to be taken of material property
distributions, zonular insertions and different software
packages.

Figure 1: Refractive index contours for a 16 year old
lens used in developing biomechanical models.

Figure 2: Contours of elastic modulus based in
refractive index measurements.
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