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The ocular prostheses, used for the prosthetic rehabilitation of ocular defects, are generally made from acrylic
resin. As the thickness of clear acrylic over the iris is increased on the ocular prosthesis, the size of the iris is also

increased, due to magnification through the clear resin.

ocular prosthesis eye prosthesis iris magnification clear acrylic acrylic resin

polymethyl methacrylate

| 1. Introduction

Anophthalmic sockets or loss of an eyeball can be caused by various reasons, mainly due to trauma (46%) and
malignant tumor (44%), followed by nonspecific (8%) and congenital (2%) W2, Among malignant tumors,
retinoblastoma and malignant melanoma were the most common pathological diagnoses B4, The prosthetic
rehabilitation of an ophthalmic socket is important, as an eye defect undeniably impacts patient self-esteem and
causes esthetic and psychological problems B, An ocular prosthesis, or fake eye (Figure 1), generally fabricated
from polymethyl methacrylate (PMMA) or acrylic resin, replaces the missing organ and provides esthetics and
psychological comfort to the patient. The ocular prosthesis of appropriate contour, size, and color bars patients

from being handicapped and allows them to pursue their normal lives L&,
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Figure 1. Ocular prosthesis.

The ocular prosthesis can be prefabricated or custom-made 2. The latter provides a better fit to the eye socket,
better cosmetic results, and more comfort to the patients. The custom-made prosthesis can be fabricated by
conventional techniques or assisted with digital technologies 2911 |n the conventional technique, following the
impression of the ocular defect, the base shell is fabricated following curing, and staining is done manually to
match the patient’s natural eye 1. |n digitally-assisted techniques, the base shell can be 3D printed, and staining
can be assisted and printed with digital photography 2223l Following staining, in both fabrication techniques, the

addition and curing of a thin superficial layer of acrylic resin are required to resemble the human cornea =119,

The common problems of fitting the ocular prosthesis are in the proper shape or size of the prosthesis, as well as
the difficulty in matching color, eyelid aperture, and iris size to the normal eye. Rasmussen 24! found that the most
frequent complications associated with ocular prostheses are secretion, lagophthalmos, enophthalmos, rotating
prosthesis, prosthesis falling out, and exophthalmos. Anophthalmic patients are likely to experience problems with
their prosthetic eye, and a survey on patients’ concerns and satisfaction with custom ocular prostheses found that
the most common prosthesis-related concerns were reduction of eye motility, eye discharge, and difference in the

size of the prosthetic eye, relative to the other eye 121,

The larger-than-expected iris size is usually caused by the magnification of the iris during the fabrication of a new
ocular prosthesis and relining of the old ocular prosthesis which results in an unesthetic prosthesis (Figure 2). The
clear acrylic over the iris acts as a lens and causes the magnification of the iris. However, the research on the

magnification of the clear acrylic resin is still lacking. Hence, this research investigated the magnification of the iris
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in the ocular prosthesis with various thicknesses of clear heat cure acrylic resin. Ocular prostheses were equally
divided into six groups with various thicknesses of clear heat cure acrylic resin (polymethyl methacrylate, PMMA)
over the iris; no acrylic resin over the iris (control); and 2, 4, 6, 8, and 10 mm thickness of clear acrylic resin over
the iris. The sizes of the iris among groups were compared. It was found that the magnification of the iris increases

significantly as the thickness of clear heat cure acrylic resin over the iris is increased on the ocular prosthesis.

Figure 2. The iris size of the ocular prosthesis not matching the normal eye, due to the magnification of the iris

from the clear acrylic resin.

| 2. Current Insights

Although an ocular prosthesis can be fabricated from acrylic resin and ceramic, acrylic resin is the material of
choice for the fabrication of ocular prostheses, due to easy handling, adaptation, good esthetics, ability to reline,
and low cost L8I17] Acrylic resin can simulate the natural color of the sclera, while the colorless resin is used to
cover the characterization of blood vessels and artificial iris X281 |y addition, the acrylic resin has good

physical and mechanical properties for the longevity of the ocular prosthesis 1812021122 The disadvantage of
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acrylic resin prosthesis is the material discoloration over time may be caused by intrinsic or extrinsic factors 23241,
Hence, the patients need to change the prosthesis in about 5-7 years. The chemical and mechanical polishing of
acrylic resin is done to reduce the ocular prosthesis surface roughness and accumulation of impurities and

microorganisms 241,

In this research, it was found that, as the thickness of clear heat cure acrylic resin over the iris is increased on the
ocular prosthesis, the magnification of the iris is also increased (Table 1). In addition, Equations (2) and (3) give
the information on the final observed diameter of the iris by adding the amount of clear acrylic resin and
magnification that occurred by adding the amount of clear acrylic resin, respectively. From this research, the
researchers found how much magnification can occur by adding 2, 4, 6, 8, and 10 mm of clear acrylic resin over
the iris. Hence, these results can be used in the fabrication and relining of the ocular prostheses. This information
and guideline on the magnification of the iris with the thickness of clear acrylic resin, provided in this research, will

reduce the error in choosing the size of the iris.

Table 1. Descriptive statistics of the magnification of the iris in various groups.

e . 95% CI
Study Groups (n = Magnification (Mean * 2 - .
60) SD) Lower Upper MinimumMaximum
Bound Bound

No acrylic above - - - - -
2 mm clear acrylic 1.06 £ 0.00 1.061 1.069 1.06 1.08
4 mm clear acrylic 1.01+0.01 1.094 1.104 1.09 1.11
6 mm clear acrylic 1.16 £ 0.01 1.153 1.169 1.15 1.19
8 mm clear acrylic 1.24+0.01 1.236 1.250 1.23 1.26
10 mm clear acrylic 1.31+0.01 1.304 1.316 1.30 1.32

SD = standard deviation, Cl = confidence interval for mean.

Magnification of the iris is due to the refraction of light, with the clear acrylic resin acting as a convex lens.
Magnification depends on both refractive index differences between the medium and curvature of the lens (Figure
3). The refractive index, or index of refraction (n), of clear acrylic is 1.48, which changes the direction of light by a
change in speed. In the case of the ocular prosthesis, when the light from the actual iris passes the acrylic resin

into the air, it bends and causes the visual perception of a larger iris.
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n = Refractive index

Air (ny, = 1.0002)

/ Acrylic resin (Nycqc= 1.485)

Magmf ied iris

Actual iris

Figure 3. Magnification of the iris, due to the refraction of light, with the clear acrylic resin acting as a lens, due to

the refraction of light.

Furthermore, this research provides the information of the final observed diameter of the iris and the magnification
of the iris obtained through numerical calculations. Various factors that can affect the magnification of the iris in the
ocular prosthesis are the thickness of clear acrylic resin, curvature of clear acrylic resin/shape of the ocular
prosthesis, diameter of the iris, and refractive index differences between the clear acrylic resin and air (refractive
index of PMMA/acrylic resin is 1.47 23] with 1.0 for air) [28. In the human eye, the refractive index of the cornea
and overlying tear film are key factors affecting refraction and overall optical properties of the eye, and the normal
refractive index of the human cornea is 1.376 (range from 1.335 to 1.4391) (2, Similarly, the refractive index of
PMMA is 1.47 [23], Hence, the refraction of light in clear acrylic resin is comparable to the human cornea. If the
ocular prosthesis is made from ceramic materials, the magnification results might have been slightly altered, due to

the difference in the refractive index (refractive index of glass-ceramic is 1.55) 28],

In this research, the magnification was studied by taking the same diameter of the iris (10.25 mm) and same
curvature of clear acrylic resin/ shape of the ocular prosthesis in all study groups, as well as the maximum 10 mm
thickness of acrylic. Hence, future studies can be done by taking different sizes of iris and thicker acrylic resin in
more samples, using different optical and geometrical parameters to study the magnification. In addition, it can be
useful to do more specific characterization methods, and different optical and geometric parameters will be suitable
for future investigation and characterizations. Additional methods are needed to study the swelling degree and

thermo-sensitivity analysis of the acrylic resin.
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