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Abstract

An ocular prosthesis is an artificial eye that replaces an absent
natural eye following an enucleation, evisceration or orbital exen-
teration. The prosthesis fits over an orbital implant and under the
eyelids that covers the structures in the eye socket. It is a non-op-
tical device designed only to improve the cosmesis of an individual
with anophthalmic socket or disfigured eye. A normal facial appear-
ance is one of the inherent human traits, if any changed or lost chal-
lenges physical, social, mental well-being, self-confidence and psy-
chological influence on the affected people. The loss of an eye is a
severe psychological trauma with negative impact on the quality of
life of the patient. It is quite challenging to restore the normal look
of the patient for bringing him to normality in society. In this view,
an ocular prosthetic eye helps to improve the quality of life, satisfac-
tion and appearance of affected eye to any injury or disease of the
patient. It is given to uplift the patient’s behavioral, mental status
and improve the confidence especially in children.

Today, most artificial eyes are made of medical grade plastic ac-
rylate (polymethyl methacrylate material) with an average life of
about 2-3years depending upon the way that people use it. It is
commonly known as “Device or Scleral Shell or Glass Eye or Fake
Eye”. The children require more frequent replacement of the pros-
thetic eye due to rapid growth changes in the eye. The construc-
tion of an ocular prosthesis in the case of congenital and acquired
anophthalmia differs in etiology but many concepts of management
for a child are the same as for an adult. An early intervention with
ocular prosthesis can stimulate orbital growth and prevent facial
asymmetry.

Objectives:

e To describe a custom fitting, clinical characteristics of ocular
prosthesis and their incidence over the years.

e To analyze the basic &types of ocular prosthesis, treatment,
complications, post-rehabilitation care as well as the emphasizing
on their impact on quality of life.
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Introduction

The sensory organs play a significant role in our daily lives,
specifically eyes help for communication, movement, percep-
tion and physical attraction [1]. The any disfigurement associ-
ated with absence of an eye can cause significant physical and
emotional problems [2]. The loss of an eye may be caused due
to congenital defect, severe trauma, tumor, painful blind eye,
sympathetic ophthalmia (granulomatous uveitis) or the need
for histological confirmation of a suspected diagnosis [3]. The
surgical procedures in the removal of an eye can be broadly
classified as an evisceration (the contents of the globe are re-
moved leaving the sclera intact), enucleation (the entire eye-
ball is removed after severing the muscles and the optic nerve)
and exenteration (the entire contents of the orbit including
the eyelids & the surrounding tissues are removed [4]. The re-
habilitation of the patient who has suffered the psychological
trauma of an ocular loss requires a prosthesis that will provide
the optimum cosmetic and functional result [2]. The etiology
of inherent ocular deformities could be because of hereditary
changes, maternal nourishment deficiency mainly vitamin A,
and maternal contamination during pregnancy [5-7]. Among all
the eye defects, the condition called phthisis bulbi, demands a
major place in and around the world. It is a condition where the
eye becomes unsightly, small, shrunken and non-functional but
has not deteriorated to a condition that requires evisceration or
enucleation. Artificial prostheses should be provided as soon as
possible to improve the spirit and ease of mind of the afflicted
patients and re-instate them to acceptable normality [8].

Today, the majority of ocular prosthesis worn by the patients
is made out of acrylic materials. Several approaches, techniques
& innovative research have been used for fabrication and well-
fitting of the prostheses. The empirical fitting stock eye & its
modifications by making the impression of the defected eye
socket and custom eye technique are the most commonly used
techniques worldwide [9,10]. In addition, the an ophthalmic
individuals have concern associated with the general well-be-
ing, issues associated with employment, maintenance of the
prosthesis and concerns associated with monocular implica-
tions such as depth perception and reduced visual field [11-13].
These elements can potentially influence the patient’s satis-
faction. The frequent complications faced by ocular prosthetic
users are lagophthalmos, watering, mucous discharge and re-
duced motility of prosthesis [14,15].

Materials & Method

The literature search was performed using following these
headings & sub-headings such as Ocular Prosthesis, Artifical
Eye, Ocular Implant, Bionic Eye, Orbital Prosthesis and its com-
binations. The literature search include 56-publications from
Pubmed, Google Scholar, Research Gate, J-Gate, Crossref, Aca-
demia, world Cat, Publons, Scilit, ICMJE & CORE search engines
have been reviewed.

History of Ocular Prostheses
In 2613-2494 B.C

The evolution of ocular prostheses in accordance with popu-
lar belief, the first artificial eyes were made by the Egyptians “A
golden age of the Old Kingdom of Egypt Dynasty IV” lasted from
c. 2613-2494 B.C. These ancient civilizations such as the Baby-
lonians and the Samarians most likely have also used the art
of artificial eyes in their statues and mummification practices
using precious stones, silver or metal [16-19].

In 2900-2800 BC

The world’s oldest prosthetic eye was discovered in Iran’s
“Burnt City” in 2006. Archaeologists determined that this eye is
from approximately 2900-2800 BC and was found still embed-
ded in the eye socket of a woman'’s skull of 28-32 years [20,21].
It has a hemispherical form and a diameter of just over 2.5 cm,
it consists of very light material, probably bitumen paste [22].
This prosthetic eye should be considered as the first ocular
prosthesis in the medical history. At first, it seems that design-
ing the eye was associated with aesthetic aspects [23].

Ocular Prostheses: The Future of Looking Back
The Dawn of Modern Prostheses (1561)

Ambrose Pare of Paris published a book describing two
types of ocular prostheses; one that was placed under the eye-
lid, named hyplepharon and the other situated on the outside
celepharon [24]. Ambrose Pare, a French dentist is considered
to be the pioneer of modern artificial eyes. A hypoblephara eye
was designed to be used above an atrophic (shrinkage) eye, as
enucleation was not a common practice until the middle of the
1800s. He used glass and porcelain to fabricate artificial eyes
[25].

In the 19th Century

A German craftsmen (later coined Ocularists) began to tour
the United States and other parts of the world, setting up for
several days at a time in one city after another where they fab-
ricated eyes and fit them to patients. In the United States, eyes
continued to be made of glass until the onset of World War 1I,
when German goods were limited and German glass blowers
no longer toured the United States. The United States military,
along with a few private practitioners, developed a technique
of fabricating prostheses using oil pigments and plastics. Since
World War Il, plastic has become the preferred material for the
artificial eye in the United States [26-28].

In 1849

At the beginning of 19 century, France became the center
for the fabrication of ocular prostheses. It was only in 1849,
thanks to Boissonneau, that the term ocularist came to be. Bois-
sonneau was producing glass eyes that were quite popular in
Europe and America [29].

In 1853: Peter Gouglemann, Boisonneau’s student, founded
a studio dedicated to ocular prostheses in 1851, in New York.
During the Second World War, the glass shortage brought on
the use of acrylic, used most typically in dentistry and methyl
methacrylate [1].

In 1853: Ludwig Muller Uri used a new material and a new
method to make glass eyes for human patients. These doll eyes
had a human appearance. He developed a unique method that
could colour the iris. His nephew, Friedrich A. Muller is credited
for developing the double glass prosthesis [1].

In the 20t Century

The American Society of Ocularists was formed in 1957; the
refinements of ocular implants and surgical procedures have
greatly improved the end results that ocularists can achieve.
Many breakthroughs and improvements have been made in the
last five decades, both in terms of material and technique. Pres-
ent day ocularistry has evolved through the invention and tech-
nique of many individuals. The absence of ocular content may
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be congenital or acquired due to surgical removal which can be
indicated in several cases such as traumas, cancer, microphthal-
mos, endophthalmitis and suprachoroidal hemorrhage [30-33].
The ocular defects can be corrected by prostheses which have
many functions such as restore the esthetic, prevent eyelid de-
formation, protect the anophthalmic cavity, orientate the lac-
rimal flux; and avoid its accumulation in this cavity [34]. Fur-
thermore, the ocular prosthetic rehabilitation is associated to
psychosocial improvement, once the prostheses are able to in-
fluence positively the interpersonal relations, which leads to a
positive impact on the quality of life.

In the 21st century: The Next Generation Artificial Eyes

Most ocular prostheses made today are in the shape of a
half shell and are placed on top of an ocular muscle implant. To-
wards the end of the 1940s and early 1950s, many types of im-
plants were developed. Despite the demonstration of excellent
mobility in these implants, the majority would lead to necrosis,
an infection or exposure, which ultimately would lead to their
removal [35]. The first materials used in order to make these
implants were glass, plastic, cartilage and silicone [36-38]. This
material is biocompatible, non-toxic and contains pores that
are of 500um in diameter. This structure would allow tissues
to grow within the implant, which would substantially dimin-
ish the possibility of migration [39,40]. These days, spherical
and porous implants are gaining popularity. The several tech-
niques have been used in the fabrication and fitting of the ar-
tificial eyes such as fitting a stock eye, modifying a stock eye
by making an impression of an ocular defect, and the custom
eye technique. Custom eye prosthesis provides more esthetic
blending and precise match of the sclera and iris of the con-
tralateral eye. Although the procedure for fabricating a custom
eye prosthesis is a time consuming trial and error approach, the
esthetic and functional results justify the extra effort [16,41-
43]. Various techniques such as grid attached to spectacles, grid
graph, pupillometer; and Benson visual judgment were used in
the past for pupil alignment [44]. However, these pupil locator
techniques are difficult to stabilize well and subjective.

The custom-made eye prosthesis is fabricated using a digital
image using digital statutory liquidity ratio camera and iris po-
sitioning was done using pupil alignment technique to enhance
the natural esthetics and accuracy of the ocular prosthesis [45].
The literature reported various artificial eyes based on the ma-
terial used for fabrication and variations in the reform eye [46].

A Digital Prosthetic Eye

Today’s prosthetic eyes look very realistic. The healthy eye
moves naturally, the prosthetic eye has no or limited move-
ment, creating a misalignment that many wearers find disfig-
uring. A digital prosthetic eye serves as a sense organ of sight
and adds to the beauty of the face. The prosthesis, made from
a plastic acrylic, is digitally matched in size and color to the pa-
tient’s remaining natural eye [47]. There are several conditions
such as congenital defects, irreparable trauma or tumors lead-
ing to surgical intervention and unfortunate loss or absence of
the eye [48]. A multidisciplinary team approach & management
are essential in providing accurate and effective rehabilitation
of the ocular defect [49]. The eye is a vital organ not only en-
abling sight but also because it is indispensable element of facial
expression. The loss of an eye has an important impact on anin-
dividual’s self-esteem, equally affecting social and professional
interactions [50]. Cosmetic rehabilitation with custom made
ocular prostheses gives such individuals social and professional

acceptance and mitigates problems of re-integration in society.
For centuries, ocularists and eye surgeons have worked togeth-
er to try to create an artificial eye as close to a realistic one
as possible. Several researchers have proposed ideas to solve
this problem. However, none of these inventions has shown real
success so far.

Dr. Jeremiah Tao, a professor of ophthalmology and lan G.
Harris, a professor of computer science help to design a new
type of prosthetic. They hypothesized that digital micro-screen
technology, widely used in smart phones and smart watches
could be coupled with algorithms that track pupil movements.
In this way, they could achieve a more dynamic ocular prosthet-
ic, one that moves in synchrony with the healthy eye. Moreover,
Organic Light-Emitting Diode (OLED) technology allows for sin-
gle-layer screens that are thin, flexible and lightweight enough
to be trimmed and shaped on an ocular shell. They found that
the neural network captured pupil location with high accuracy
and allowed the prosthetic eye to move with the same am-
plitude and velocity as the natural, tracked eye. The work still
needs to be done to make the digital eye look more realistic,
but Tao and Harris believe their real-time image processing in
tandem with the neural network may lead to viable next-gener-
ation eye prosthesis for patients [51].

Retinal Prosthesis: Bionic Eye

The U.S. Food and Drug Administration approved the bionic
eye in (February, 2013) for use by individuals with end-stage
retinitis pigmentosa. The artificial retina, dubbed the Argus Il
Retinal Prosthesis System (developed and manufactured by
Second Sight Medical Products Inc., Sylmar, Calif.) may prove to
be an aid to those blinded by the disease retinitis pigmentosa.
The Argus Il can partially restore the sight of blind individuals af-
ter surgical implantation. It operates by using a miniature cam-
era mounted in eyeglasses that captures images and wirelessly
sends the information to a microprocessor (worn on a belt) that
converts the data to an electronic signal and transmits it to a
receiver on the eye. The pulses travel to the optic nerve and,
ultimately, to the brain, which perceives patterns of light and
dark spots corresponding to the electrodes stimulated. Blind in-
dividuals can learn to interpret these visual patterns [52].

World's First Spherical Artificial Eye has 3D Retina

Scientists have developed the world's first 3D artificial eye
with capabilities better than existing bionic eyes and in some
cases, even exceed those of the human eyes, bringing vision to
humanoid robots and new hope to patients with visual impair-
ment. The key feature allowing such breakthroughs is a 3D ar-
tificial retina made of an array of nanowire light sensors which
mimic the photoreceptors in human retinas. Prof. FAN Zhiyong
and Dr. GU Leileihave developed a connected the nanowire light
sensors to a bundle of liquid-metal wires serving as nerves be-
hind the human-made hemispherical retina during the experi-
ment, and successfully replicated the visual signal transmission
to reflect what the eye sees onto the computer screen.

In the future, those nanowire light sensors could be directly
connected to the nerves of the visually impaired patients [53].

Eye Print Prosthetic (EyePrintPRO): Prosthetic Scleral device

The EyePrintPRO is an optically clear, prosthetic scleral de-
vice designed to match the exact scleral contours of a patient’s
individual eye which is unique like a fingerprint. Developed to
address the most significant of elevation differences on an ocu-
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lar surface, the EyePrintPRO accommodates patients with the
most severe ocular disease, trauma, and/or ocular elevation
differences. Through the rotational stability, enabled by this
custom fit, the EyePrintPRO also features advanced optics, like
optical prism in any direction, a fully customizable multifocal
and decentered optics. For most patients, this results in supe-
rior vision, a more comfortable fit, and translates into longer
wear time [54].

Application of Ocular Prosthesis

Ocular prosthesis is an artificial eye, which is implanted in
patients who have lost their eye due to various causes such as
Trauma, Surgery, Cancer or in patients with shrunken damaged
eyes (Pthisical Eyes), congenital absence (Anophthalmos), cor-
neal scar or abnormally small sized eyes (Microphthalmos) with
no visual potential. Prosthetic eye implant is recommended af-
ter an eye is surgically removed due to damage or disease. This
implant supports proper eyelid functioning.

There are Three Main Surgical Methods used for Partial or
Complete Removal of the Eye

Evisceration: The jelly-like material inside of the eye is suc-
tioned out. But the procedure preserves tissues in the outer eye
& eye socket (orbit) including sclera, extraocular muscles and
optic nerve.

Indications:

o Chronic Uveitis

o Neovascular Glaucoma
o Corneal Perforation

o Endophthalmitis

Enucleation: The entire eye (the globe-like eyeball) is cut
away along with portion of optic nerve and removed from the
eye socket while maintaining the surrounding orbital tissues.

Indications:

o Intraocular Malignancy e.g. Retinoblastoma, Uveal
Melanomas

o Phthisical Eye
o Ruptured Globe/Orbit/Eyeball

Exenteration: It is a procedure involving removal of all the
tissues within the entire globe and its surrounding structures
including the extraocular muscles, orbital fat, optic nerves, con-
juctiva and eyelids.

Indications:

o Malignant Cancer (e.g. Eyelids, Conjuctiva, Intraocular
Structures)

. Orbital Tumor
Basics of Ocular Prosthesis

There are several methods of fitting an artificial eye. Many
years ago stock eyes or ready-made eyes were fit by trying dif-
ferent shapes into the socket until a satisfactory lid opening was
achieved. This method required the fitter to have a large selec-
tion of stock eyes on hand to simulate the patient's iris color
and fill the shape requirements with the iris in the right position
[55].

Procedure

The bio-eye ocular implant is surgically placed within the or-
bit at the time the eye is removed and the tissues are closed
over the implant. A temporary conformer is then placed over
the implant and under the eyelids to maintain the space for the
artificial eye. The artificial eye fits over the implant and under
the eyelids and will move as the implant moves or "tracks" along
with the natural eye. If further movement is desired, your eye
care specialist can perform a simple procedure to connect the
artificial eye to the implant by means of a peg. In this optional
procedure, a hole is placed in the implant and a peg is inserted
into the hole. The final results in each case will vary depending
on the condition of the orbit, muscles, surrounding tissues and
the skill of the ophthalmologist, optometrist and ocularist.

Materials

The material used is similar to that used for taking dental
impressions and the process takes only a few minutes. This pro-
cedure is not painful although some patients experience slight
discomfort from the pressure of the material filling the socket.
The hydroxyapatite and human bone are the main material and
the natural choice. A remarkable similarity is noticed between
the porous structure of certain coral species and human bone.
The mineral in coral is match to that of human bone known as
hydroxyapatite. This is new natural derived material has both
the porous structure & the chemical structure of bone. Thus,
the tissues of the body will accept even grow into this naturally
derived hydroxyapatite implants, stability, decrease rejection
risk and essentially become a living part of the body.

Common Used Materials

a. Porous e.g., Polyethylene, Hydroxyapatite, Aluminum
Oxide

b. Non-Porous e.g. Silicon & Polymethyl Methacrylate
(PMMA)

Types of Ocular Prosthesis
Artificial eye (Reform Eye)

The artificial eye is a curved disc of plastics having a centre
thickness of 2 mm or greater. It is fitted to replace the lost vol-
ume of the socket and to restore natural appearance and move-
ment.

Shell Eye

The shell eye is a curved disc of plastic having a centre thick-
ness of less than 2 mm. It is similar in nature and appearance to
a scleral contact lens. It usually covers a disfigured or cosmeti-
cally undesirable eye. The device is worn over the eye tissue
and extends over the sclera as well.

Cosmetic Shell

The Cosmetic shell is case of disfigured eye only, if there is no
danger to the patient in the retention of the sightless eye. It is
extensively used after evisceration. It is made of acrylic and it is
lighter and thinner than the artificial eye.

Corneal Prosthetic Lens

The corneal prosthetic lens is a rigid contact lens the approxi-
mate size of the iris of the natural eye. This lens is colored to
match the iris of the natural eye. Its purpose is to cover a de-
formity of the iris, cornea or anterior segment of the eye. The
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application can incorporate optics and a clear pupil as needed.
Scleral Shells

A scleral shell is an ocular prosthesis that is worn over an ex-
isting eye. Typically, one who is a candidate for a scleral shell has
a blind phthisical eye. The shell fits like a large contact lens, cov-
ering the whole front surface of the eye globe. It moves along
with the existing eye and is fit so that the eyelid openings are
symmetrical.

Hydrophilic Prosthetic Lens

The hydrophilic prosthetic lens is a soft contact lens that is
fit to mask disfigurement, undesirable conditions and or handle
visual issues. The cosmetic outcome is to match or change the
patient’s natural appearance. Pupil and or iris cosmesis as well
as optical prescriptions are possible.

Self-Lubricating Prosthesis

The Self-Lubricating Prosthesis (SLP) is a patented modifica-
tion to a new or existing ocular prosthesis. It provides a con-
tinual release of lubricant, eliminating dry eye syndrome as well
as burning and itching. These conditions are more commonly
associated with prosthetic eye wearers who do not have the
ability to close their eyelids over the prosthesis. The SLP has a
chamber built into the prosthesis in which lubricant is stored. It
slowly released on to the front surface of the prosthesis, provid-
ing moisture and comfort to the inner lining of the eyelids.

Facial Prosthesis

A facial prosthesis is an artificial device used to replace
a missing or malformed facial feature. A person in need of a
prosthesis may have lost a part of his or her face due to cancer,
trauma, or as a result of a congenital birth anomaly.

Therapeutic Prosthesis

If a child is born with either anophthalmia (no eyes) or mi-
crophthalmia the eye socket needs to be expanded to ensure
that there is no facial distortion as the child grows up. The sock-
et is expanded by various in house means over a period of days
and weeks, depending on the individual case to a point where
a cosmetic prosthesis can be provided. This process needs re-
peating frequently to match the growth and simulate socket
expansion.

Conformer

Conformers are used after enucleation to conform to the
conjuctival sac formices. They should adhere closely to the sock-
et contour and fill the depths of the formics without stretching
them. Easy closure of the eyelids after the conformer is slipped
into place usually indicates proper fit. Most of the conformers
have 1, 3 & 5 drainage holes to allow mucoid discharge to es-
cape and to facilitate the insertion of postoperative medication.

Processing

In the custom-made prosthesis, no one method is used for
every patient & the approach will vary with the circumstances
and the ocularist doing the work. From the impression of the
socket, a wax model is made for the fitting of the final shape.

Fabrication

Impression: An impression of the socket is taken with an al-
ginate material to provide the posterior (back) dimensions of

the prosthesis.

Modeling: A wax model is fabricated from the impression
and is sculpted to achieve the best symmetry with lid opening
and direction of the remaining eye.

Painting: The prosthesis is hand painted while observing the
patients companion eye. This involves matching the iris color,
limbal blend, scleral tinting and veining.

Polishing and Fitting: The prosthesis is polished and fit to
determine if any adjusting is necessary.

Complications
o Discharge, Dry Eye, Discomfort & Implant Exposure

. Pain, Ptosis, Lid Laxity

o Expulsion

o Adhesion

o Problem associated with peg
Discussion

The fabrication of ocular prosthesis has been known to hu-
man being since times immemorial. The application of ocular
prosthesis helps to overcome many psychosocial problems;
however, there are various consequences and concerns con-
nected to the use of ocular prosthesis [12]. Multiple techniques
have been developed, often transferring in fabricating and fit-
ting artificial eyes. The ocular prosthetic rehabilitation fulfills
aesthetic as well as psychological requirement of the patients. A
correctly placed prosthesis should restore the normal opening
of the eye, support the eyelid, restore the degree of movement
and be beautiful pleasing. The ocular prostheses are either
ready-made or custom-made and are produced from either
glass or methyl methacrylate resin. However digital reproduc-
tion is possible now with advanced photographic methods. The
close adaptation of the custom-made ocular prosthesis to the
tissue bed provides maximum comfort and restores full physi-
ologic function to the accessory organs of the eye [56].

Conclusion

An ocular prosthesis is a device put in place of a natural eye
that has been destroyed as a result of injury or disease. This
specialty aims to provide fellow human beings who have lost
of an eye with emotional and mental assistance. While current
technology doesn’t allow the eye to see, it can help one-eyed
patients to feel better emotional, psychological, physical and
social well-being. The customized ocular prosthesis demon-
strated excellent fit, mobility and comfort. The common preva-
lent prosthetic related issues are mild watering and discharge,
which seems to be concurrent with previous studies. The ex-
cess watering and discharge can be caused if the surfaces of the
prosthesis are rough and the edges are sharp. Therefore, the
patients should have a yearly check-up of the prosthesis and
polish the shell if needed.

Key Message

Satisfaction and comfort of one-eyed patients depends on
the improvement in the quality of life and activities of daily liv-
ing among prosthetic shell wearers.
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