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* Corneal swelling is critical for the health of the eye.

 To develop reasonable models to predict corneal
swelling behavior under normal/pathological
conditions.

* Obtain the material properties via inverse finite
element approach.




Motivation
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 Many of the parameters are
determined indirectly from old
models based on “optimal fit”.




Corneal equations
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Governing equations
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Flux boundary conditions

On the epithelium and endothelium the boundary

condition will be flux-type (Natural)
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Where Jris the volume flux for 1onic solution while Jx 1s
the molar flux for species k

J,=L,AP-L EO(RTAC +z,C FAQ)
=(l-0,)J, C +a)k(RTAC +sz FA¢)+J

E s i Cop D, | AC

Oe * O # 0 | = 2, ,
e s Conpn @, -’ &N AD
5 p VO=""=0,-O,




Model parameters

308 Corneal transport processes L. Li and B. Tighe

Table 1. Parametric values employed in the numerical studies for figures 3-6. (pa=1.49g em ™ ? and £,,0,=0.007 cm.)

parameter Na* K* Cl™ HCOz
2, charge number 1 1 -1 -1
my, molar mass (g mole ') 11 19 17 31
C}s, concentration in tears (mole cm_a) 130X10°°¢ 15%107°6 110X10°6 35%X10°°
=== L, hydraulic conductivity coefficient at epithelium 5.8X10712*®
(cm® (s dyn) ")
=3 O} reflection coefficient at epithelium 0.800 * 0.610° 0.580 ® 0.800®
=== RTw,, permeability coefficient at epithelium 0.99%X10° 7"  145x10°7° 1.50X10°7* 0.82x10° 7"
(cms™ ')
w3 Ji; active pump rate at epithelium (mole (s em?) ™Y 0 0 —1.2x10" "2
Py, hydrostatic pressures in tears (dyn cm ™~ 2) 0
Cig, initial concentration in stroma (mole cm™*)  145X10°° 15X10°° 120x10°° 40%107°
Wi, initial stromal hydration 3.40
K,, ﬂopv conductivity coefficient in stroma 8.63X10 Pwile
(cm? (s dyn) )
=== D,,, diffusion coefficient in stroma (cm?s™!) D.=D, "
k K0 Witpr/pa
0.591X107°" 0.867X107°"  0.900X107°*  0.489x10"°"°
Cis, concentration in aqueous humour (mole cm ™ %) 135X10~° 10X10°6 110X10°6 35%107°¢
, hydraulic conductivity coefficient at X
=== L, hydraulic conductivity coeffici 53X107 12"
endothelium (cm® (s dyn) ')
= g, reflection coefficient at endothelium 0.685° 0.467° 0.450 * 0.828 °
w3p RTw;, permeability coefficient at endothelium 5.25X107°" 7.71X107°° 8.00X10 % 4.35%107°"
(cms™ ')
=== J,, active pump rate at endothelium 0 0 0 —4.0Xx10 10 ad
(mole (s cm?) 1)
P,, hydrostatic pressures in aqueous humour 12.67X10%*

(dyn cm ™ ?)




Problem Statement

To find sets of material parameters such that the predicted Ah
matches the experiments closely;

Constraint: the equilibrium state has to be consistent with the
physiological condition.
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Questions?

Thank you!



