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Abstract Glaucoma is the first cause of irreversible blinding eye disease in the world. Glaucomatous optic nerve damage
is directly associated with the intraocular pressure, and tight control of intraocular pressure is still the only therapeutic
approach available for the treatment of glaucoma, while the pathogenesis of glaucoma remains unknown. It has nov
been confirmed that the primary site of glaucoma is the lamina cribrosa: the prestnende between the intraocular

pressure and intracranial pressure respectively exerted on the anterior and posterior surfaces of lamina cribrosa can cat
the change in the structure and morphology of lamina cribrosa, then the deformation of lamina cribrosa squeezes the opti
nerves passing through the lamina cribrosa to make their damages; and finally, the damages produce irreversible visu
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loss. As aesult, the pathogenesis of glaucoma is essentially associated with the mechanical properties of lamina cribros:
and mechanical environment surrounding the lamina cribrosa. Since lamina cribrosa was identified as the primary site
of glaucomatous optic nerve damage, it has become the hot spot of glaucomatous optic nerve damage research. As .
effective method, we can study the deformation of lamina cribrosa under the effect of intraocular pressure and intracranie
pressure by developing mechanical model of lamina cribrosa, and analy#ettteoéthe deformation of lamina cribrosa

on the optic nerve damage. This method has helped us to reveal the mechanism of glaucomatous optic nerve damage a
the pathogenesis of glaucoma to some extent. This review will introduce the research progress and the present existir
problems on the deformation of lamina cribrosa during glaucoma from the related experimental, theoretical, computational
and clinical aspects.

Key words glaucoma,lamina cribrosa,deformation,optic nerve injury mechanical model
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Fig.2 The relations between IOP and ICP. The broken line stands for

Eq.(1), the solid line expresses Eq.(2), andledent figurate points

indicate the different experimental data from Refs.[24-27]
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Fig. 3 (a) Schematic view of the lamina cribrosa (solid lines) showing

surrounding sclera overlain by retl#. Overview of the optic nerve

head region from a normal human eye fixed at (b) 5 mmHg and (c)

50 mmHg; Lamina cribrosa of normal human eye fixed at (d) 5 mmHg

and (e) 50 mmHg
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Fig.4 Schematicepresentation of the changes of lamina cribrosa and

nerve fibers (NF) caused by elevated 5P
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Fig.5 Classification of lamina cribrosa pore shape. The shapes of the
lamina cribrosa pores are qualitatively classified as (a) circular, (b) oval

and (c) striat&®]
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Fig.6 Multiscale modeling approach
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Fig. 7 Detail of the biomechanicattects of IOP from 10 mmHg to
45 mmHg. The panels show the structure of the LC in the SHG image
(top left), as well as the SHG image colored by the magnitudes of
displacement (top right), stretch (bottom left), compression (bottom

center), or shear (bottom rigH!
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Fig.9 Thedeflections of the center of the LC with IOP variation, which

derive from the different mechanical models and experiftfént
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Fig. 10 Free body diagrams of the modeling idealizations

in models 1-658l
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Table 2 Six boundary conditions of LC models

Edge with In-plane

Model ) Other features
sclera pre-tension
. smalldeflection
1 clamped ignored
model
. . small deflection
2 simple ignored
model
. small deflection
3 clamped considered
model
. . small deflection
4 simple considered
model
. large deflection
5 clamped ignored g
model
membrane
6 simple ignored
model
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Fig.11 Left:anatomy of the central retinal vessels, right: schematic

representation of the mathematical md&fl
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Fig. 13 Finiteelement modeling of the optic nerve head reffign
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