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Abstract

Biomechanical factors affect the design model of glaucoma micro stent (GMS) geometry, material and shape in correcting
treatment of high intraocular pressure (IOP). The goal of this research was to characterize the biomechanics of the GMS using
computational finite element method. In this research, the model for nano-composite materials will be investigated for analyzing
the material behavior of the GMS with check valve used in the intraocular fluid evacuation system which is not made until now to
control the intraocular pressure. It has not been reported about what impacts on GMS with check valve design and material selection
to ensure discharge of ocular fluid in intraocular pressure (I0P), ensuring fluid flow continuity. Finite element Analysis simulation
methodology for realization of accurate structural and aqueous humor (AH) behavior micro model during this analysis provided
valuable results of useful data of GMS material behavior that are time consuming and expensive to determine otherwise. The check
valve provided a control mechanism for AH pressure to regulate the IOP. For this reason, material deformation von-Mises and fluid
flow behaviors model was developed. To achieve these, finite element analysis were employed to calculate compressive stresses
and equivalent von-Mises stress criteria as well as the analysis by the strength of material’s experimental procedure in laboratory
conditions. A finite element analysis (FEA) of GMS under very low cyclic loading conditions is presented. The results of modeling
were verified with experimental data for biocompatible and biodegradable GMS from nano-composite material. This research
provided a data set for preventing glaucoma disease and improving intraocular tension by new design of GMS.
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Introduction
4 Y\ Thedrainage micro stentisanew glaucoma ocular tension treatment
Incompliant sclera compliant sclera . . .
and has been developed primarily to correct the deteriorated
Lamina - - intraocular fluid circulation in glaucoma disease [1]. Glaucoma is
Cribrosa - . . . . . .
- an ocular disease resulting in progressive and irreversible loss of
High 10P Low IOP vision by damaged optic nerve or complete blindness [2]. Currently,
— 4 the only clinically proven treatment for slowing or halting the
20 mmHG > 10P 12 mmHG <10P diseases progress is lowering I0P by surgical or pharmaceutical
= - means [3,4]. Biomechanical models can help understand how the
Sclera - == mechanical changes are transformed into a biological response of
the tissue [5]. LC biomechanics can depend on the compliance of
Excessively Natural . . .
Stiff Sclera Sclera the sclera and on IOP as shown in (Figure 1). An increase of IOP
Figure 1: Biomechanical effect of low and high IOP on in compliant sclera leads to large scleral deformations and a large
scleral and lamina cribrosa. expansion of the scleral canal, pulling the LC taut. A rigid sclera
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distorts only slightly under increased 10P, with related minor
scleral canal growth and slight extending of the LC [6].

The purpose of the research explained in the paper is to evaluate
the changes in aqueous humor dynamics and the efficacy and safety
of the new glaucoma micro stent (GMS) with check valve developed.
The modified new designed implant GMS shown in (Figure 2) helps
thousands of people successfully cope with complications such as
tube hypotony due to IOP [7]. Polymeric microfluidic check valve
is a device that provides opening a forward fluid flow or closing
for a reverse flow in GMS and was used for biomedical analysis.
In this research, polymer one way check-valve for controlling
microfluidic flow was used to control the AH The GMS is becoming
increasingly popular for patients undergoing glaucoma surgery.
Some consider this implant as an integral component of modified
“trabeculectomy.” All trabecular tissue remains in place and
aqueous outflow is maintained through the lumen of the implant
[8]. Although the implantation of GMS is fairly straightforward,
there are some key technical aspects for correct implant position in
the anterior chamber, including adequate tube clearance from the
cornea and iris [9]. This research examines the feasibility of using
factors to examine the position and function of the GMS. Figure 2
shows example glaucoma micro stent developed for experimental

study.
e ~
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Figure 2: Glaucoma micro stent model.
)

Materials and Methods: Biomechanical Models of
GMS

The finite element analysis were employed to calculate

compressive stresses and equivalent Von Mises stresses as well as
the analysis by the strength of materials experimental procedure

[9]. In this study, the Ansys software simulation modelling of the
drainage tube GMS was used as shown in (Figure. 3). A flow model
for pressure and velocity values and geometric shape and material
properties in (Figure.3) was examined by finite element analysis
[9] and computational fluid dynamics. FE models of the GMS
was generated and resolved by the commercially available Ansys
program. Proper fluid passageway geometry within the GMS, an
axisymmetric 2D mesh was employed. The mesh included 10,518
two-dimensional elements. Displacement stresses of glaucoma
micro stent are displayed in (Figure 4). For the GMS implant
tube area, a 3D mesh was formed including 150,937 hexahedral
elements. Aqueous humor was accepted as an incompressible
Newtonian fluid. Aqueous Humor flows in the GMS with rate of 8
uL/minute and was aimed to develop a new check valve which will
facilitate elimination of the discharge of the eye liquid through the
glaucoma micro stent in Figure 2. This check valve will control a
normal mature eye pressure of 11 mmHg and 18 mmHg pressure.
If the blood pressure drops below 8 mmHg, the stent will close and
the eye will check for low aquoes humor pressure. When 21 mmHg
and above ocular pressure is established in the same way, the valve
in the stent canal will be opened and the eye liquid will be ejected. A
study of this kind of approach is yet to be found in the international
literature. This application was done by creating a fully artificial

chamber of flow.
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Figure 3: Glaucoma micro stent with check valve

URES (mem)
5.154e-003

4.7 24e-003

L 4.295e-003
. 3.865e¢-003
. 3436e-002
. 3.006e-003
2.577e-003
2.1478-003
1.7 18002
. 1.288e-003
B.590e-004
4.2950-004

1.000¢-030

Figure 4: Displacement stress of glaucoma micro stent.
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The small tube with overall outflow resistances and
computational fluid dynamics were calculated and verified by the
engineering analyses (Hagen-Poiseuille) [10]. The size of lumen
in GMS is limited to permit adequate resistance based on Hagen-

Poiseuille calculation to avoid hypotony shown in (Figure. 5).
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Figure 5: Hagen-Poiseuille AH flow resistance
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Figure 6: GMS composite material strain.

The IOP amount depends on the tube fluidic resistance.
The fluidic resistance changed due to cross-sectional area and
compression level of the tube. The mechanical response to I0P
depends on the individual geometry as well as the mechanical
properties of the eye. Stress-force per unit area- and strain- relative
linearly proportional deformation is associated to each other
through material properties [9]. In living tissue, however, several
complexities, such as nonlinearity and anisotropy, have to be
considered. Corresponding to the stress, the maximum strain was
also greatest but strain distribution differed slightly from stress
because of variations in tissue Young's modulus as displayed in
(Figure 6). The finite element (FE) method enabled for calculating
the deformation of an object if the geometry, material properties,
the mechanical loading of the GMS. These biomechanical models are
categorized as general or eye-specific models. The biomechanical
reaction of GMS results encouraged to construct the FE model
including the effect of the scleral channel size. The models from Sigal
et al. also showed that the ocular surface tissues are introduced to

several kinds of stress and strain, shearing, compressive and tensile.
In all eye samples of the compressive strains levels are higher than
those have shearing and tensile strains [10,11].

The high stress zones were detected in the junction of the GMS.
In the tube entrance zone, the boundary stress declines from inlet
to outflow, and rises at the check valve area (Figure 7). indicates
that the maximum stress to include the von Mises stress combined
configuration with sclera tissue in the research model was 150 MPa
(ultra tensile strength). A pressure von Mises criterion calculating
anonlinear dependence of the yield stress on the hydrostatic stress
was tested to GMS composite polymer as given in (Figure 8). The
stress conditions affected to a mode of uniaxial tensile stress are

related with a tri-axial tensile stress state.
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Figure 7: Von Mises Stresses on the glokom micro stent.
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Figure 8: von-Mises stress in GMS under different forces.
Conclusion

This study investigates geometry and material under stresses
and its effects on GMS for significant reduction of I0OP without
medication burden in open angle glaucoma. The computational
modelling of FEM with accurate geometry and material properties
was used for a biocompatible GMS. This innovation will create a
unique work by providing an environment for glaucoma micro
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stent to clog and to automatically clean the channel itself. GMS was

designed to improve aqueous outflow and reduce IOP conclusion to

date indicate that the GMS implant is feasible, safe and capable of

significant reduction in IOP.
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