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33D FEM PROGRAM FOR SIMULATION OF  D FEM PROGRAM FOR SIMULATION OF  
RETINAL DETACHMENT OPERATION ON EYEBALLRETINAL DETACHMENT OPERATION ON EYEBALL

Available element type:  3D hexahedral mixed element Available element type:  3D hexahedral mixed element 
　　 with eight displacement nodes and one pressure node.with eight displacement nodes and one pressure node.

AvailableAvailable boundary conditions:  nodal displacement, nodal force and pressuboundary conditions:  nodal displacement, nodal force and pressure.re.

Coupling analysis for incompressibleCoupling analysis for incompressible hyperelastichyperelastic solid and static liquid.solid and static liquid.

Available strain energy function for Available strain energy function for hyperelastichyperelastic solid: solid: 

Contact treatment between the deformed body and rigid body.Contact treatment between the deformed body and rigid body.
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New Algorithm for SolidNew Algorithm for Solid--Liquid Coupling AnalysisLiquid Coupling Analysis

)()]1(2),([ 21 ugdVJIIW
V0

−−+=
−−

∫ λΦ

∫∫ =∂∂∂−−+∂∂+∂∂=
V0ijijijV0

uugdVJdVJW 0)/()1(2)]/(2/[ δλδεελεΦδ

0)1(2

)/]()/)][(/(2/[

=−

=∂∂+∂∂∂∂+∂∂

∫
∫

dVJ

rdVXuXW

V0 L

MkiMjkNkjNijV0 ij

ϕ

φδφελλε

Total potential energy functional for incompressible hyperelastic solid:

Variation of potential energy:

Discretized equation for an element:

I1, I2:  reduced invariants of the right Cauch-Green
deformation tensor

　λ:　Lagrange multiplier
J : determinant of the Jacobian matrix

V0 : volume of the deformed body in the reference configuration
g(u): potential energy of the external force

εij :　Green-Lagrange strain 
uNk:  node displacement 

X :  initial node coordinate
φ,Ψ:  interpolation functions of 

displacement and Lagrange multiplier
rMk:  equivalent nodal force
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Nodal force equivalent to liquid pressure:

Liquid pressure at current configuration:

Discretized equation of an element for solid-liquid coupling analysis:

Φ : 3×12 Matrix,  F: deformation gradient,  n0: inward normal,  s0 : element area, 
PL: liquid pressure, Pini: initial liquid pressure,  Vini: initial liquid volume.
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Specification and description of contact surfaceSpecification and description of contact surface
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Contact treatment formulation
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α: penalty constant　
fc: contacting force vector 
D: 12×１matrix
u: virtual displacement vector: 
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Finite Element Model for AnalysisFinite Element Model for Analysis
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Analysis ConditionsAnalysis Conditions

Cornea Sclera Ciliary body Choriod Retina Optic nerve lens

c 0.0333 0.0833 0.01 0.0083 0.0008 0.05 10.0

Material constants for soft tissues except zinn’s zonule

Material model
Soft tissues except zinn’s zonule: neo-Hooke hyperelastic material model
Zinn’s zonule: linear elastic material model
Liquid: static liquid

)3( 1 −= IcW

Zinn’s zonule Young’s modulus: 100MPa

Buckle shape Suture width

6mm

3mm

8.90mm

Liquid buck modulus: 2083.3MPa
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CONCLUSIONCONCLUSION

The new algorithm for the solidThe new algorithm for the solid--liquid coupling analysis and  liquid coupling analysis and  
the new functions of the contact treatment between deformed the new functions of the contact treatment between deformed 
bodies and suture treatment are effective.bodies and suture treatment are effective.　　The improved The improved 
program enables practical program enables practical scleralscleral buckling operation.buckling operation.　　　　　　　　　　
　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　

The simulation of encircling buckling operation performed The simulation of encircling buckling operation performed 
using this program was successful. The results of the stress using this program was successful. The results of the stress 
and  deformation,   including the change in optic axis length,  and  deformation,   including the change in optic axis length,  
the indenting effect, and the reattachment state of the retina the indenting effect, and the reattachment state of the retina 
to the to the choriod choriod was reasonable. This program has the ability of  was reasonable. This program has the ability of  
predicting suitable factors for a satisfactory buckling predicting suitable factors for a satisfactory buckling 
operation.operation.　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　
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