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•  Corneal	
  swelling	
  is	
  criEcal	
  for	
  the	
  health	
  of	
  the	
  eye.	
  	
  

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

•  Obtain	
  the	
  material	
  properEes	
  via	
  inverse	
  finite	
  
element	
  approach.	
  

ObjecEve	
  



•  PredicEons	
  from	
  current	
  
model	
  deviates	
  from	
  the	
  
measurements.	
  

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

MoEvaEon	
  

Nonlinear	
  coupled	
  PDEs	
  

Model	
  parameters	
  
(material	
  properEes)	
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Corneal	
  equaEons	
  

•  There will be interactions 
between solid, fluid and 
ionic species 

500μm	
   40μm	
   4μm	
   

•  A two-membrane, three 
compartment flow 
model for Cornea 



Governing	
  equaEons	
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Flux	
  boundary	
  condiEons	
  
On the epithelium and endothelium the boundary 

condition will be flux-type (Natural) 
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Where Jf is the volume flux for ionic solution while Jk is 
the molar flux for species k 
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Model	
  parameters	
  



Problem	
  Statement	
  
•  To	
  find	
  sets	
  of	
  material	
  parameters	
  such	
  that	
  the	
  predicted	
  Δh	
  

matches	
  the	
  experiments	
  closely;	
  	
  

•  Constraint:	
  the	
  equilibrium	
  state	
  has	
  to	
  be	
  consistent	
  with	
  the	
  
physiological	
  condiEon.	
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PDEs	
  
Parameters	
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  Shock	
  

s.t.   W =
1
V

Wf dΩΩ∫ t→∞ =Wphysiologics

min.  Δh(t)−Δhexp (t) ,   Δh(t) =
Wf (t, x)
ρ f (t, x)

−
Wf 0

ρ f 0

#

$
%%

&

'
((ρd dξ0

ξmax∫



QuesEons?	
  

Thank you! 


