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IOP (*0.776) and deformation amplitude (*��������1R�VLJQL¿FDQW�
GLIIHUHQFH�LQ�,&&�ZDV�REVHUYHG�LQ�ERWK�JURXSV��S!������
&RQFOXVLRQV��&RUYLV�67�VKRZHG�DGHTXDWH�UHSHDWDELOLW\�IRU�
measuring CCT, IOP and corneal deformation amplitude in normal 
and keratoconus eyes. It may be employed to further understand the 
etiology of conditions associated with altered ocular biomechanical 
properties.
&RPPHUFLDO�5HODWLRQVKLSV� Vishal Jhanji, None; *LOGD�/DL, None; 
Marco Yu, None; &KULVWRSKHU�.��/HXQJ, None

3URJUDP�1XPEHU� 3713 3RVWHU�%RDUG�1XPEHU� A0227
3UHVHQWDWLRQ�7LPH� 3:45 PM–5:30 PM
1XPHULFDO�5HSUHVHQWDWLRQ�RI�&ROODJHQ�)LEULO�$QLVRWURSLF�DQG�
'HQVLW\�5HODWHG�6WLIIQHVV��7KH�,QWDFW�+XPDQ�(\H�*OREH
Ahmed Elsheikh1��&KDUOHV�:KLWIRUG1��6KHULI�+DVVDDQ1, Ashkan 
Mohammadvali1, Ricardo Magalhaes2, Craig Boote3. 1School of 
Engineering, University of Liverpool, Liverpool, United Kingdom; 
2'HSDUWPHQW�RI�(QJLQHHULQJ��8QLYHUVLW\�RI�/DYUDV��/DYUDV��%UD]LO��
3School of Optometry & Vision Sciences, Cardiff University, Cardiff, 
United Kingdom.
3XUSRVH��'HYHORS�UHOLDEOH�QXPHULFDO�UHSUHVHQWDWLRQ�RI�UHJLRQDO�DQG�
directional variation in mechanical stiffness across the whole surface 
of the human cornea and sclera.
0HWKRGV��7ZR�LQWDFW�H\HV�ZHUH�WHVWHG�XVLQJ�DQ�LQÀDWLRQ�ULJ�
previously presented at ARVO; providing relationships between 
intraocular pressure (IOP) and deformation; while also providing 
WRSRJUDSK\�PDSV��7KH�H\HV�ZHUH�¿[HG�DQG�DQDO\]HG�E\�ZLGH�
angle X-ray scattering (WAXS) to determine the density, isotropic 
DQG�DQLVRWURSLF�GLVWULEXWLRQ�RI�FROODJHQ�¿EULOV�ZLWKLQ�WKH�VWURPD��
Material laws were developed representing: stroma matrix stiffness; 
dilation; collagen density; and both isotropic and anisotropic 
FROODJHQ�GLVWULEXWLRQ��%HVSRNH�VRIWZDUH�ZDV�GHYHORSHG�WR�DQDO\]H�
the data from WAXS analysis. This software was able to match 
the experimental data to numerically accurate geometric models of 
WKH�VSHFL¿F�H\HV�LQ�WKH�IRUP�RI�¿QLWH�HOHPHQW�PRGHOV��)(0���7KH�
VRIWZDUH�XVHG�SURFHVVHV�RI�QRLVH�¿OWUDWLRQ��=HUQLNH�VXUIDFH�¿WWLQJ�DQG�
VSDWLDO�LQWHUSRODWLRQ�WR�GH¿QH�PLFURVWUXFWXUH�UHODWLRQVKLSV�IRU�HDFK�
element within the FEM. Once geometry and microstructure was 
QXPHULFDOO\�GH¿QHG��PHFKDQLFDO�VWLIIQHVV�ZDV�REWDLQHG�WKURXJK�DQ�
inverse modelling process. This combined regional IOP-deformation 
UHODWLRQVKLSV�IRU�WKH�VSHFL¿F�H\HV�ZLWK�WKH�QXPHULFDO�UHSUHVHQWDWLRQV�
5HVXOWV� Results revealed stiffness variation consistent with variation 
in collagen density and arrangement. Stiffness (measured using 
tangent modulus) was highest at the limbus in the annular direction 
where collagen arrangement is responsible for preserving the bi-
radial topography. The area around the optic nerve was also found 
to have relatively high annular stiffness able to restrain excessive 
deformation of the lamina cribrosa despite the low stiffness of this 
tissue. Lower stiffness was observed in the peripheral corneas and the 
posterior sclera.
&RQFOXVLRQV� Representing collagen arrangement from WAXS within 
FEMs has produced an important advance in accurate simulations 
of global and microstructure behavior of the intact human eye 
JOREH��)RU�WKH�¿UVW�WLPH�LW�KDV�EHHQ�SRVVLEOH�WR�FRPSDUH�WKH�HIIHFWV�
of microstructural arrangement in both the cornea and sclera for the 
same eye under the same IOP and IOP history. These advances are 
expected to lead to improvement in developments of diagnostic and 
treatment processes for numerous degenerative ocular conditions.
&RPPHUFLDO�5HODWLRQVKLSV� $KPHG�(OVKHLNK, None; &KDUOHV�
:KLWIRUG, None; Sherif Hassaan, None; $VKNDQ�0RKDPPDGYDOL, 
None; 5LFDUGR�0DJDOKDHV, None; &UDLJ�%RRWH, None
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3URJUDP�1XPEHU� 3714 3RVWHU�%RDUG�1XPEHU� A0228
3UHVHQWDWLRQ�7LPH� 3:45 PM–5:30 PM
7KH�(IIHFWV�RI�&URVV�OLQNLQJ�RQ�WKH�6WDWLF�DQG�'\QDPLF�&RUQHDO�
9LVFRHODVWLF�3URSHUWLHV
Nandor Bekesi, Andres de la Hoz, Sabine Kling, Susana Marcos. 
Institute of Optics, CSIC, Madrid, Spain.
3XUSRVH��7R�FKDUDFWHUL]H�WKH�TXDVL�VWDWLF�DQG�WKH�G\QDPLF�
viscoelastic properties of the cornea, and their changes produced by 
UV corneal collagen cross-linking (CXL).
0HWKRGV� The viscoelastic behavior of the cornea was studied 
experimentally on freshly enucleated porcine eyes, in 3 conditions: 
XQWUHDWHG��DIWHU����PLQ�ULERÀDYLQ�GH[WUDQ�LQVWLOODWLRQ��DQG�DIWHU�
&;/��7KH�TXDVL�VWDWLF�YLVFRHODVWLFLW\�ZDV�VWXGLHG�E\�LQÀDWLRQ�FUHHS�
tests, where the intraocular pressure (IOP) was increased from 
15 to 30 mmHg, and kept constant for 10 min. The experiment 
was automatically controlled, and corneal images captured using 
6FKHLPSÀXJ�LPDJLQJ��3HQWDFDP��2FXOXV���&KDQJHV�LQ�FRUQHDO�
JHRPHWU\�YHUVXV�,23�DQG�WLPH�ZHUH�DQDO\]HG��7KH�G\QDPLF�
viscoelastic properties were assessed from corneal deformation using 
DLU�SXII�KLJK�VSHHG�6FKHLPSÀXJ�LPDJLQJ��&RUYLV��2FXOXV���7KH�
YLVFRHODVWLF�PDWHULDO�SURSHUWLHV��LQ�D�JHQHUDOL]HG�0D[ZHOO�PRGHO��
were determined by reverse modeling using Finite Element Analysis 
LQ�$16<6��'HK\GUDWLRQ�GXH�WR�WKH�DSSOLFDWLRQ�RI�ULERÀDYLQ�GH[WUDQ�
was also considered in the modeling. The parametric model of the eye 
JOREH�ZDV�EXLOW��DQG�ERWK�WKH�VWDWLF�DQG�WKH�G\QDPLF�WHVW�FRQ¿JXUDWLRQ�
were simulated on the same model with the same material properties, 
with different loads: the IOP time curve for the static condition, the 
IOP and the air puff dynamic pressure distribution for the dynamic 
one. The parameters of the viscoelastic material model were changed 
WR�¿W�WKH�H[SHULPHQWDO�FRUQHDO�GHIRUPDWLRQV�RI�WKH�LQÀDWLRQ�DQG�DLU�
puff experiments.
5HVXOWV� The resulting elasticity of the virgin cornea was 2.6 MPa 
with a relative modulus of 0.3 for the dynamic (0.001 s) and 0.15 
IRU�WKH�TXDVL�VWDWLF������V��ORDGV��$SSO\LQJ�ULERÀDYLQ�GH[WUDQ�
solution increased both the elastic modulus (x 2.15) and the static 
viscoelasticity (x 2.3), and decreased the dynamic viscoelastic 
parameter (x 0.4). Cross-linking increased the elasticity by a factor 
of 4.75, decreased the dynamic viscoelastic contribution (x 0.57), 
DQG�LQFUHDVHG�WKH�TXDVL�VWDWLF�YLVFRHODVWLF�UHODWLYH�PRGXOXV��[��������
compared to the virgin cornea.
&RQFOXVLRQV��5LERÀDYLQ�GH[WUDQ�DQG�FURVV�OLQNLQJ�FKDQJH�ERWK�WKH�
elastic and static and dynamic viscoelastic properties of the cornea. 
The description of the corneal material properties in different time 
regimes is important for the understanding and modeling of corneal 
treatments such as CXL.
&RPPHUFLDO�5HODWLRQVKLSV� 1DQGRU�%HNHVL, None; $QGUHV�GH�OD�
Hoz, None; Sabine Kling, None; Susana Marcos, None
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