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Problem :
The characterization & predictive simulation of soft
hydrated tissue is extremely complex nevertheless hos
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B.L. Boyce, M. Grazier, R. E. Jones, T. D. Nguyen

Proaiim & ApproAcH

proach :
A dlosely integrated experimental & computational pro-
gram, unique fo Sandio, to evaluate the microstructural
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numerous biomedical & bomimetic applictions origis of ornea anisoropy & viscoelsficty

EELEETER oy Uniaxial fensile strip fests and

constitutive modeling (FY05-FY06)

— Creep & constant-rate fests fo characterize nonlinear

B vistoclsicbehoir:

— Guide development of anisotropic, viscoelasfic
consitutive model.

— Exdsed fssue. Requres precondifoning.
Non-physiological response.

— Limited to central omea region

Pressurization tests and finite element

modeling (FY06-FY07)
~ Intact fissue and physiological loading.

Citiary body !
Vitreous humor

hitp://webyision.med.utah.edw/anatomy.html
Team : B. Boyce (1824), M. Grazier (1824),
T. Nguyen (8776), R. Jones (P1:8776)

— Finite element model of pressurization experiments.

— Guide refinement of anisotropic viscoelastic
consttutive model.

— Obtain physiological properties.

StRuCTURAL ANATOMY OF THE CORNEA
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cross-section of cornea showing interleaved lamellae
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of bovine comea’,

Joural of Biomechaics, 2007.
~Fresh, untreated tissue in saline
bath to best replicate in vivo properties.

~Stress control to accommodate
material remodeling after excision and
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Resutrs: NoN-LINEAR ANISOTROPIC VISCOELASTICITY MODEL
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Resuerss Uninar Crep & Rate Simutations

Traditional QLV cannot predict behavior Novel robust opimization procedure

— Fit elostic parameters fo averaged stress-strain
curve for high rate 350 kPa/s.

— Fit linear viscous parameters fo 100 kPa creep
by decades

— Fit nonlinear viscous parameters fo 500 kPa creep

— Use parameters fo predict cyclic fests and
350 kPa creep fest.
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Resuurs ¢ Invact Tissue Burce Experiments

Procedure:

« Intact comea affixed by sclera & pressurized

by saline solution on the anterior

@) Dol mage corelaton (DIC) gves a ul
field displacement map of the surface

- Statistically relevant numbers of coreas are.

tested extract population trends

Fixure for intact comea

i DIC setup showing
binocular cameras and
\ back ilumination of the

E Apex displacement

Ful field displacement map versus time shows
repeatabilty across

specimen population

Resuers : Buige Simutaions

« Needed to model complex geomety (direlly from DIC)
& fibril distributions (from X-ray scattering)
 Simulations show that :
(a) the fibril distribution is optimized fo maintain the
shape of the central cornea, used in vision, during
pressure excursions
(b) despite the strong anisotropy in the central region,
under pressure it behaves very close to isotropically

Displacement map of the central comea
P

Fibrildistribution map across comea
Differences in displacement with isotropic
comea : note scale 1/100 of above
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