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Eye Diseases Monitoring using Ultrasound
Technology
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Abstract— In this paper, new model implemented based on real images of disc topography and average retinal nerve fiber layer (RNFL)
took from Topcon three dimensional optical coherence topography (Topcon 3D OCT) in ophthalmology institute of Cairo, Egypt, these imag-
es for different cases of normal, mild and severe glaucoma patients, in this model the ultrasound elastography technology applied on finite
element model of human eye produced deformation according to different loads on optic disc region when stress 0.02 MPa applied on nor-
mal case, mild and severe glaucoma cases So the result average strain of normal patients= 0.379887, average strain of mild glaucoma pa-
tients = 0.510037 and average strain of severe glaucoma patients =1.079814 and compressed with stress 0.12 MPa applied on normal
cases, mild and severe glaucoma cases So the result average strain of normal patients= 2.286461, average strain of mild glaucoma pa-
tients = 3.079613 and average strain of severe glaucoma patients =6.478117 to achieve early glaucoma detection and follow-up.

Index Terms— intraocular pressure; optic nerve head; retinal nerve fiber layer; disc topography, Topcon; glaucoma; ultrasound

elastography; human eye model ; stress and strain analysis

1 INTRODUCTION

laucoma is the major ailment leading to blindness
worldwide [1]. The increased of intraocular pressure
(IOP) considered the critical reason for the progression of
a disease. The mechanism by which increased IOP finally
leads to destroy and loss of neural function is still indistinct [2-
3]. Several recent publications have indicated that iop induced
force and deformation (stress and strain) within optic disc re-
gion [2, 4-5]. Several analytical and computational models
have been progressive for influence of optic nerve head
(ONH) with geometry and mechanical properties of tissues [6-
11].
There are factors used to reveal glaucoma as the RNFL thick-
ness. Studies showed the perfect diagnostic parameter was
inferior [12-13] of the average thickness of RNFL for glaucoma
Other studies had the perfect diagnostic parameter was supe-
rior[14] of the average thickness of RNFL for glaucoma. The
target of this paper was design finite element paradigm of
human eye to detect IOP induced stress and strain analysis of
optic disc region using ultrasound elastography technology

2 MATERIALS AND METHODS

2.1 Statuses of patients

The work was done on statuses of patients from the Institute
of Ophthalmology of Cairo, Egypt and collected a medical
reports that determine the type of case normal or glaucoma
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and during the preparation of the patient if the internal pres-
sure of the patient eye is not measured, the doctor pressed the
eyelid eye for diagnosis before using Topcon 3D OCT-2000 FA
plus device. These measures have been made in a number of
cases. The measurements on 4 Normal patients and 4 glauco-
ma patients in details 2 Normal cases, 2 Normal cases Cauca-
sian, one mild glaucoma case, and 2 severe glaucoma cases.
The device with high resolution technique to collect between
OCT & fundus camera properties using IR images of disc to-
pography and RNFL tomography, disc parameters are deter-
mined at the reference plane height of 120 pm from the Retina
Pigment Epithelium (RPE) in this version, the instrument
software then automatically calculated optic disc parameters
arranged as normal, mild glaucoma and severe glaucoma as
shown in Figure 1, 2.

g
(c) Severe glaucoma case
Fig. 1. Parameters for normal, mild and severe glaucoma case
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2.2 Statistical analysis of data

Parameters took from Topcon device for each case were RNFL
thickness parameters and disc topography parameters. Then,
the values of average normal, mild and severe glaucoma pa-
tients of RNFL thickness parameters can be calculated in Ta-
blel and Figure3 and the values of average normal, mild and
severe glaucoma patients of disc topography parameters can
be calculated in Table 2

image parameter abbraviation | Measura Type of
case
Disc area Ca+Fa 3.76 mm normzl
Cup area Ca 1.18 mem® patiant
Fim area Ra 258 mm®
Fim volums v 0.73 mm®
Cup voluma Cw 0.23 mm®
Tatal thickness RINFL T 100 pm
Average superior 3 114 ym
thickness RNFL I 123 pm
Average inferior Caf{Ca+Fa) 0.31
thiclmess RNFL HLH1 0.36
Cup to disc area ratio vIv: 0354
Disc area Ca+Fa .45 mem Mild
Cup area Ca 086 mm’ | glaucoma
Fim area Ra 140m’ | patient
Fim volums v 0.33 mm®
Cup volume cv 0.1% mom®
Taotal thickness RMNFL T TE ym
| | Average superior 5 95 ym
- thickmess RNFL I 70 pm
o Al Average infariar Ca{(Ca+Rz) 038
o \‘-/’ thickmess RNFL HIH2 0.63
Cup to disc area ratio R Ratiel 0.63
Disc area Ca+Fa L8] mem® severe
— Cup area Ca Lémm® | zlaucoma
e H Fim area Ra 022 mrf patient
' d o . Eim volume Bx 0.01 mm®
@ l | e Cup volume cv 035 mm®
i h Total thickness RNFL T 52 um
| Average superior 3 58 pm
. thickmess RNFL I 62 um
_ ~ i = Average inferior Caf{Ca+Fa) 0.28
mr \(/{ thiclmess RMNFL HIH 0.84
Cup to disc area ratio VIV Lol
Fig. 2. Schematic of OCT parameters of disc topography at RPE
of 120pm from reference plane of normal, mild glaucoma, severe
glaucoma patient

TABLE 1
RNFL thickness of average normal, mild and severe
Glaucoma cases
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= BNFL thicimess of averape noml
aws

—— RNFL thidkmess of average mild
plauooens cases

== RNFL thicimess of averape severe
plaucoma cases
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RNFL thickness parameters

Fig. 3. RNFL thickness of average normal, mild and severe
glaucoma cases

TABLE 2
Disc topography parameters of average normal, mild and se-
vere glaucoma cases

disc topog- | unit | disc topogra- | disc topogra- disc topogra-
raphy pa- phy of aver- phy of aver- phy of aver-
rameters age normal age mild age severe
cases glaucoma glaucoma
cases cases
Disc Area mm2 3.3125 2.45 2.577
Cup Area | mm2 1.47 0.96 2.423
Rim Area mm2 1.8425 1.49 0.16
C/D Area 0.4525 0.39 0.933
Linear 0.6675 0.63 0.963
CDR
Vertical 0.6625 0.65 1.003
CDR
CUP Vol- mm 0.5075 0.19 0.89
ume
Rim Vol- mm 0.4175 0.33 0.01
ume
Horizontal mm 2.0125 1.81 1.797
D.D
Vertical mm 2.095 1.77 1.797
D.D

2.3 Geometry of eye model

3-D model of the human eye is designed with the dimensions
of actual human eye using ANSYS 17 software as shown in
Table 3 [15] all data in table took from different sources [15-
22]. The human eye is modeled with nine regions mentioned
as cornea [16-17], aqueous humor[18] ,lens [17,19] , ciliary
body ,iris [20] , vitreous humor [18] ,choroid , retina and scle-
ra [21-22] as shown in Figure 4.

RNFL unit RNFL RNFL RNFL
thickness thickness thickness of | thickness of
parameters of average | average average

normal mild glau- | severe

cases coma cases | glaucoma

cases
T pm 74.25 73 46.33
S pm 115.75 95 54.33 z
N pm 96.75 75 50.67 -}_.
| um 122 70 54 —ma
T Hm 74.25 3 46.33 Fig. 4. Nine components of eye model
TABLE 3
Dimensions used to design model of eye
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Component of eye Dimension(mm)
Thickness of cornea 0.5
Outer radius of cornea 7.89
inner radius of cornea 6.7
Thickness of aqueous humor 3.05
Horizontal extension at lens 16.4
of vitreous humor
Thickness of sclera 0.5
Radius of sclera 11.5
Diameter of pupil 3
Thickness of lens 4.2
Anterior radius of curvature 11
of lens
posterior radius of curvature 6
of lens

2.4 Material properties

Each region of the eye model is assumed to be homogeneous
and isotropic [23]. Structural properties such as Young’s mod-
ules of elasticity (E) [24-26], Poison’s ratio (€) [24-26] and den-
sity (p) [24, 27] for each component of eye model as shown in
Table 4 all data in table took from different sources [23-27] .

2.5 Mesh

Tetrahedral free mesh of the model of eye is shown in Figure5,
the details of elements and nodes for each case generated after
meshing of geometry of eye model represented in Table 5

2.6 Load and boundary condition

Using ultrasound (US) probe as an imaging tool and a com-
pression tool on the eye, respectively. Using the sclera which
maintains the shape of the globe as fixed support

TABLE 4
Material properties of each component of eye
Component of E(Mpa) € p (Kg/m®)
eye

cornea 6.1 0.494 1400
Aqueous humor 0.037 0.49 999
iris 0.5 0.49 1100
Ciliary body 1 0.4 1600
lens 15 0.49 315
Vitreous humor 0.042 0.49 999
choroid 0.03 0.49 999
sclera 48 0.454 1400
retina 0.105 0.499 999
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ﬂ

. element

(b) nodes of mesh
Fig. 5. Tetrahedral free mesh of finite element eye model
where: (a) element of mesh ,(b) node of mesh

TABLE 5
Elements and nodes for each case of eye model
cases elements nodes
Casel 28153 47796
Case 2 29412 49820
Case3 31229 51198
Case4 29790 50278
Case5 36029 58594
Case6 29639 47691
Case7 38060 63253
Case8 37796 60979

3 RESULTS

3.1 Result of statistical analysis of data

From Figure 3 the average thickness of RNFL smaller in aver-
age glaucoma cases than in average normal cases respectively
in table 2 parameters such as disc area, rim area, rim volume
smaller in glaucoma cases than in normal cases

3.2 Result of ANSYS

US probe compressed optic disc with stress 0.02 MPa applied
on normal case, mild and severe glaucoma cases So the result
average strain of normal patients= 0.379887, average strain of
mild glaucoma patients = 0.510037 and average strain of se-
vere glaucoma patients =1.079814 and compressed with stress
0.12 MPa applied on normal cases, mild and severe glaucoma
cases So the result average strain of normal patients= 2.286461,
average strain of mild glaucoma patients = 3.079613 and aver-
age strain of severe glaucoma patients =6.478117 in Figure 6
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(e) mild glaucoma image at
0.12 MPa

(b) mild glaucoma image at
0.02 MPa

3.3 stress-strain analysis

when load is applied using US probe acted as stress on the
proposed portion this occur when optic disc region com-
pressed with different stresses from 0.02MPa to 0.2MPa, the
effect caused strain small in average normal cases and large in
average glaucoma cases from stress-strain analysis the average
data of normal, mild and severe glaucoma patients differenti-
ated (see Figure 7 and Table6)

=
——

(c):severe glaucoma image at

0.02 Mpa 012 MPa

Table 6
Stress-strain analysis of normal, mild and severe glaucoma
patients
stress average strain | average strain of | average strain
(MPa) of normal mild glaucoma of severe
patients patients glaucoma
patients
0.02 0.379887 0.510037 1.079814
0.04 0.761149 1.285266 2.159583
0.06 1.142457 1.640257 3.239303
0.08 1.523784 2.05304 4.318969
0.1 1.905122 2.567318 5.398575
0.12 2.286461 3.079613 6.478117
0.14 2.6 34 7.05
0.16 2.8125 3.575 7.225
0.18 2.9125 3.675 7.325
0.2 3.0125 3.775 7.425

(f) severe glaucoma image at

Fig. 6. Normal, mild and glaucoma image at 0.02 MPa and 0.12
MPa

stress-strain analysis curve

(S - ECNI")

strain

[= TS RTINS

0 0.05 01 0.15 02 0.25

stress (MPa)

—@— average strain of normal patients
—&— average strain of mild glaucoma patients

—@— average strain of severe glaucoma patients

Fig. 7. Stress-strain analysis curve of normal, mild and severe
glaucoma patients

4 CONCLUSION AND DISCUSSION

Finite element modeling of human eye showed that normal
patient can be calculated according to the relation

y = 1.26041In(x) + 49607
Where y represented strain obtained from normal cases and x
represented stress applied on normal cases respectively,

¥ =1.52991In(x) + 6.2302

Where y represented strain obtained from mild glaucoma cas-
es and x represented stress applied on mild glaucoma cases
Respectively,

¥ = 3.13991n(x) + 12.711
Where y represented strain obtained from severe glaucoma

cases and x represented stress applied on severe glaucoma
cases to achieve early glaucoma detection and follow-up.
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