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Chapter 1

INTRODUCTION
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D

In the same year,Kalt was the first to use COor-

neal contact lenges in the treatment of Keratoconus.

In 1933,Dallos made the first contact lens Dy

using prints fram the living eye which does not deform

after its production (Dawoud, 1980).

In 1936 ,Feinbloam utilized a new synthetic pla-
stic in the fabrication of contact lenses. He manufactured
a scleral lens with a central optic portion made of glass,
while the surrounding portion was made of a translucent
acrylic plastic. At abgut the same time the Polymethylme-

thacrylate plastic (P.M.M.A) was introduced in the U.5.4.

In 1938, Muller and Obrig produced the first all
plastic scleral contact lens (Lowther, 1982),

In Egypt, Taher was the first tg introduce and

practice the fitting of contact lenses (Dawoud, 1980),

of lenses.

Kevine Touhy(1947) developed the first all plastic
Corneal contact lenseg which were eventually capsble of

all day wear (Lowther,1982),

In 1960,Witchterle and Lim published an article an

the hydrophilic gels Hydrnxyethylmethacrylate (H.E.M.AL).
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In the same vear,Drifus descrited the use of these

materials for contact lenses.

In 1964 ,HEMA was introduced by the UeS.A. ,and
in 1971,the soft lens HEMA was approved by the U.5.

Food and Drug Administration.

The extended wear of contact lenses alsg rece-
ived a great deal of attention and experimentatiaon
during the late 1970 8. Jdohn De garle of England was
the leader in thisg field with the high water contant
Permalens. The use of extended wear increased with the
development af pther high water content ang high
Oxygen permeable materials such as silicaone (Luwther,

19823,

It is VETY important to the cantact lens Fractitioner
to have an ides of the basig anatomy,physiology of the
cornea znd tegr film, in order tg understand the Fitting,

adaptation and problems that may occur with contact lens

WEHT .
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II- ANATOMY DF THE GORNEA :-

The cornea is a transparent, avascular tissue which
forms the anterior refractive surface of the gye, and is
of direct concern, since the contact lens rests on this
tissue.

Ideslly, =& contect lens should not change the shape of the
cornea or its metabolism, since this can result in discome

fort, damage cr decreased visugsl acuity (Bier & Lowther,1973).

The sheape of the cornea is important since a caontact
lens is fitted to this surface.
Viewing the cornea fram the front, it has an elliptical shape
with a horizontal dizmeter ranging from 11.0 to 12.5 mm. with
an average of 11.7 mm. The vertical diameter is 10.5 mm.
When viewed from the back, the cornea is rounded and averages
11.7 mm. (Wolff, 1973).
The sverage central thickness is 0.52 mm. under 25 years of
age and increases to 0,53 mm. gver 65 years, however at the
periphery it is about g.E7mm.thick.Corneal thickness increa-

ses after prolonged eye closure and decreases in myopia over

5 D,
The radius of curvature of the central portion of the cornea
ranges from 7.0 to 9.5 mm. The anterior surface is mostly

curvecd centrally and somewhat Flattens peripherally (Bier,

13956),
The central part of the cornea often approximates a sphere,

and is called the optic cap. The steepest point on the cornea
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is called the cornesl apex. This may be in the center of
the cornea or displaced from the center. A displaced apex
can result in a poorly centered contact lens, since a lens

will usually center on the corneal apex (Lowther,13982).

—_— e e mm e — — " —

The cornee is composed of five basic layers; the epi-
thelium, Bouwman's membrane, stroma, Descemet's membrane and

endothelium,

The epithelium measures 50.%n (0.05 mm.) and constitu-
tes about 10% of the total corneal thickness. It consists of
five lavyers.

The uppermost two layers are squamous layers. They are non-
keratinized, thin flat polyhedral cells which retain their
nuclei and other organelles, thus retaining some metsbolic
activity.

The next layer of the epithelium is a two or three cells
thick layer, these cells are termed wing cells, They have
many interdigitations and are tightly bound to adjacent
cells by desmosomes,

The deepest layer of the epithelium is the basal one, which
cansists of tightly packed, columnar cells. They contain
nuclel and few organelles in the cytoplasm. These cells

are the most active cells, which divide getively giving rise
to all layers of the epithelium, to reach the surface and

slough off in the tear film in about seven days from the time

of formation.
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The basal cells rest on a very thin basement membTane and
are attached to it by helf-desmocsomes. This membrane con-
tains fine fibrils and mucoproteins and blends into Bowman'sg
layer on which i1t rests. The basement membrane is generated
by the hasal cells and when the epithelium is remaoved, it

usually remains in place.

Bouman's membrane is a modification of the anterior
stroma., It is reletively thin, 8-14_*n, It consists of
ground substance and collagen fibres. It ends at the limbus.
If Bowman's membrane is damaged, it will not regenerate ang
scarring will oscecur. Nerve fibres penetrate this layer and

extend up into the epithelium.

The stroma makes up the major portion of corneal thick-
ness, approximately 90%. It consists of 200-~250 lamellae which
lie parallel to the corneal surface. Each lamella is made up
of small,equally spaced collagen fibrils, with intervening
mucopolysaccharides. The main cells of the stroma are fibro-
blasts, which lie between the lamellse, and make up only 2

to 4% of the stromal substance.

Descemet'!'s membrane is the basement membrane of the end-
othelial cells and is 10 to 12 .*n thick. This membrane is

Very resistant to damage and is elastic. It regenerates after

trauma.
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The endothelium is made up of =a single layer of
cells which have numerous organelles, indicating high

metabolic activity (Bier & Lowther, 1979 jLowther,
1982).
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ITT-PHYSIOLOGY OF THE CORNEA 1=

1. Corneal Metabolism

For the cornea to retain its normal transparency
and thickness, the water content must be maintained at
sbout 78%. This is masintained by the metabolic activity
of the cellular layers; the epithelium and endothelium.
The endathelium is the layer mostly responsible for

corneal clarity (Maurice,2972),

In cases where the endothelium is damaged, there will be
severe epithelial as well as stramal swelling due to an
eExcessive amount of water entering from the agueous
humour. On the gther hand, if the metaboglic activity of
the epithelial cells is decreased, there will be swell-
ing of its cells up to 30% with = lesser extent of

stromsl swelling (Bier & Lowther,1979),

Glucose is the main metabolite used by the epithe-
lium tu produce the ENergy necessary to maintain its
activity. It can be supplied via the tears,the limbal

Vessels and the squeous humour.

Thaoft et al., (1971) reported that the cornes
ohtains glucose,mainly from the agqueous humour,while the

tears and limbal vessels supply 3 minimal amount.
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Under serohbic conditions,glucose is metabo-
lised into carben dioxide and water with 36 units aof
energy being produced,while under snmeerobic conditions,
the end product of metsholism is lactic acid with 2
units of energy. The latter is a very inefficient
system, the cells do not recieve enough nxygen to do

their work with consequent corneal swelling (Lowther,

1982).

The oxygen needed by the cornea is ohtained
from the atmosphere via the tear film (Mandell, 1981).
When a contact lens is placed aon the cornea, oxygen
intske from the atmosphere will be reduced. The amount
of reduction which will sustain normal corneal metsbgl-
ism is of concern to the contact lens practitioner.
Polse and Mandell (1270) have shown that the minimal
critical oxygen tensiom needed to maintain narmally fun-
ctioning corneasl epithelium is 11 to 19 mm. Hg. Belaguw
this critical oxygen tension, there will be @ shift of
the aerobic to anaershic glycolysis that cannct maintain
corneal functiens normally over a lang period and symp-

toms of corneal hypoxia develop (Runge & Friedrich,1973).

Ruben (1975) illustrated that there is a wide variastion in
the individual oxygen reguirements of the cornes related

to its inborn sensitivity to changes in respiration. This
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wide variation makes some contact lens patients more
prone than otherstoc corneal cedema from contact lens

Wedr .

Uxygen supply to the cornes is also reduced during
sleep or prolonged lid closure since the lids prevent
atmospheric oxygen from Teaching the eye. However,
oxygen is availahle from the palpebral conjunctival
plexus of vessels, at a paertial pressure of 55 mm. Hg.

which is above the minimum level required(Bier 8 Lowther,

1979).

For permanent wearing eand without contribution aof lacr-
imal pumping undernezth the lens periphery,it appears
that at least 5 to 6% oxygen transmission through the
material is desirable and 8% for absolute safety(Bier

& Louwther, 1979).
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The corneal temperature is lower than the normal
body temperature (37°C) with the corneal gpex being
the lawest,being about 31.5_350E.This is due to cor-

neal avascularity and evaparation of tears.

A rise of 109 may approximetely double the corneal
metabolic rate. Hill and Leightan (1965) found na
increase in corneal temperature with g contsct lens

in situ under normal 0pen eye conditions. With nor-

mal 1id closure,it increasad by 2.506, while with forced

lid clasure the rise wag 3.908.

The complzint of hot sensation in contact lens
Wearers is not correlated to corneal temperature but g
@ poor fit, which causes & corneal insult resulting in

engorgement of the conjunctival vessels,

Heat receptors are absent fram the cornea but present
in the conjunctiva and lids, snd this may pive rise to heat

sensation (Bier g Lowther,1979),
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