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The evolution of pathological changes in the corneal epithelium may be studied by tissue
culture methods. We have examined the effects of conventional hard contact lenses and
hydrophilic soft lenses, in order to study the effect of the direct pressure of such lenses
on the corneal epithelium and the effect of prolonged oxygen deprivation on cell growth.
We have also observed the time of onset of degenerative changes and the time that elapses
before the cells of the corneal epithelium are completely destroyed.

Material and methods

Four types of contact lenses were used:

(i) Conventional methyl methacrylate corneal lens

(2) Methyl methacrylate scleral lens

(3) Hydrophilic gel corneal lens*

(4) Hydrophilic gel scleral lens*

Adult Chincilla and Dutch rabbits weighing 3 to 4 kg. were fitted with the four types of lenses.
The corneal lenses were I5 mm. and the scleral lenses i8 mm. in diameter. In each group eleven
eyes were fitted with lenses. In Groups I and 2 fluorescein and slit-lamp examinations were carried
out to ensure that the lenses fitted well, and in Groups 3 and 4 the slit lamp was used to check the
free precorneal space and ensure that there was no contact with the covered cornea.

All the lenses were worn for 4, 8, I2, i6, 24, 48, and 72 hrs, I week, and 2 weeks. The conven-
tional scleral contact lenses and all the hydrophilic corneal lenses were worn for up to 4 weeks and
the hydrophiliG scleral lenses for up to I5 weeks. After continuous exposure of the cornea to the
lenses, the corneal epithelium was removed under general anaesthesia (pentobarbital sodium 25
mg./kg.). Using a razor blade under the operating microscope, small pieces of corneal epithelium
were cut from the centre of the cornea. The pieces of tissue were placed in minimum essential
medium-MEM Eagle solution. In the tissue culture laboratory the corneal explants were trans-
ferred to tubes (Leighton) containing chicken plasma, chicken embryo extract, and a medium
(McCoy's 5a) with I5 per cent. bovine serum. The tubes were incubated at 370C. and the fluid
was changed three times a week. The corneae were washed with the MEM Eagle solution instead of
physiological saline and no local anaesthetics were used before the procedure because of their dele-
terious effect on the epithelium.
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Results

The findings in the four groups are summarized in the Table, which shows the growth
achieved by the corneal epithelium in tissue culture after the lenses had been worn for
various lengths of time, and the time which elapsed before complete destruction of the
tissue.

Table Results offour experiments

Experi- Lens
ment
no. Material Type

I Methyl Comeal
methacrylate (I5 mm.)

2 Methyl Scleral
methacrylate (I8 mm.)

3 Hydrophilic gel Corneal
(I5 mm.)

4 Hydrophilic gel Scleral
(I8 mm.)

Duration
of wear

4-6 hrs
8 hrs

12-I6 hrs

24 hrs
48 hrs
72 hrs

I wk

2 wks

4-24 hrs
48 hrs

72 hrs

I wk
2 wks

3 wks

4 wks

4-24 hrs
72 hrs
i wk

2 wks

3 wks

4 wks

4-72 hrs
I wk

2 wks
2 wks
3 wks

4 wks

62 days

I04 days

Growth of corneal epithelium

Normal
Delayed 24 hrs

Delayed 48 hrs in go%
None in I0o°
None in 25%
None in 45%
Delayed 48-6o hrs
None in 65%
Marginal in I5%
None in 85%
Irregular marginal in I50%
None in 85%
Normal
Delayed 48 hrs

Delayed 48 hrs

None in 20%
Delayed 72 hrs
Reduced in 6o0°
Small colonies with fibroblasts
None in 55%
Delayed 84-96 hrs
None in 75%
Normal
Delayed 72 hrs in go%
Marginal in 70%
None in 3000
Marginal in 45%
None in 55%
Irregular in 30%
None in 70%
Minimal in io%

Normal
Delayed 40-60 hrs
None in I0%
Delayed 48 hrs
None in 2000
Delayed 60-72 hrs
None in 30%
Delayed 72 hrs
None in 45%
Marginal in 35%
None in 45%
Delayed 8o hrs
None in 8o%

Degenerative changes leading to
complete destruction

Transient vacuolation of
cytoplasm ist week only
Started ist week complete by
Rapid complete by
Complete by
Complete by
Complete by
Complete by

Transient vacuolation Ist
week only
Transient vacuolation ist
week only
Complete by
Started in first 3 days
Complete by
Early changes complete by
Complete by

Started in ist week
complete by
Rapid complete by
Complete by
Complete by

Complete by

Complete by
Complete by
Complete by

Complete by

Discussion
In the last decade many contradictory reports have appeared concerning the oxygen
transmissibility, water permeability, and metabolism of the cornea in association with
contact lens wear. The following workers have investigated the question whether hydro-
philic soft lenses improve the corneal oxygen supply and metabolic activity: Hill and Fatt
(i964a, b), Takahashi and Fatt (i965), Takahashi, Goldstick, and Fatt (i966), Hill and
Leighton (I966), Hill (I967), Praus, Brettschneider and Dreifus (I969), Mandell, Polse,
and Fatt (I970), Waltman and Kaufman (1970), Burns, Roberts, and Rich (I97I), and
Praus, Brettschneider, and Sulcova (I 971). Oxygen, which is necessary to maintain the
metabolism of the cornea, is brought to the epithelial surface under the contact lens,
either hard or soft, by air-saturated tear-fluid flowing under the lens (Langham, I952;
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Hard and soft contact lenses

Smelser and Chen, 1955). Some workers claim that contact lenses made of hydrophilic
synthetic polymers may be better tolerated by the cornea than the conventional hard
contact lenses: Dreifus, Praus, and Brettschneider (i969, I970); Waltman and Kaufman
(I970); Lerman and Sapp (I97I); Krejci (I97I). Smelser and Ozanics (I953) have
proved that the epithelium is responsible for most of the metabolic activity of the cornea.

The difference between the conventional "hard" contact lenses and the hydrophilic
"soft" lenses is well illustrated by the results of our tissue cultures, as well as that between
scleral and corneal lenses of both types (Figs I-9).

FIG. I Marginal growth of
...... .3 | epithelium round corneal explant on

7th day of cultivation after 4 weeks'
continuous wear of scleral
hydrophilic gel contact lenses. x 50
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FIG. 3 Same sheet of epithelium as in Fig. 2. Haematoxylin and eosin. x 75
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~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~~~~~~~~~~~~~.w

FIG. 4 Sheet of epithelial cells in tissue culture on 7th day of cultivation after 2 weeks' continuous wear of scleral
methyl methacrylate contact lens. x 75

FIG. 5 Same sheet of epithelium as in Fig. 4. Haematoxylin and eosin. x 75

.4

FIG. 6 Sheet ofepithelial cells in tissue culture on 7th day of cultivation after 2 weeks' continuous wear of corneal
gel contact lenses. x 75

FIG. 7 Same sheet of epithelium as in Fig. 6. Haematoxvlin and eosin. x 75
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FIG. 8 Epithelial cells in tissue culture on 7th day of cultivation after I week's continuous wear of corneal methyl
methacrylate contact lenses. x 75

FIG. 9 Epithelial cells as in Fig. 8. Haematoxylin and eosin. x 300

The viability of the corneal epithelium under the conventional hard lenses was signi-
ficantly lower than under the hydrophilic gel lenses. Experiments with tissue cultivation
showed that the epithelial cells received as much damage after 2 weeks' wear of corneal
hard contact lenses as after 4 weeks with scleral hard lenses, 4 weeks with corneal hydro-
philic gel lenses, and I5 weeks with scleral hydrophilic gel lenses (Fig. Io).

Complete destruction of epithelial cells
15 after 15 weeks
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FIG. IO Comparison between the effects of four
types of contact lenses after continuous wear. The
best results were achieved with the scleral hvdrophilic
gel lens
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The scleral contact lens of either hard or soft material-if well fitted has only one
unfavourable effect on the corneal epithelium, i.e. the reduced oxygen supply.

Corneal contact lenses of both types of material have two unfavourable effects: reduced
oxygen supply, and direct pressure on the corneal surface. This seems to be the main
reason for the better tolerance of scleral contact lenses of either material.
Our investigation indicates that the oxygen supply to the cornea under a hydrophilic

gel lens is appreciably greater than with a conventional methyl methacrylate lens.
Our comparison of the deleterious effects of various types of lenses may help in choosing

the lens least likely to damage the epithelium. This may be of importance in the use of
therapeutic contact lenses in eyes with abnormal corneal epithelium, as in bullous kerato-
pathy or neuroparalytic keratitis, and in dry eyes due to various conditions (Gould, I966;
Krejci, I 970, I 97 I, 1972; Lerman and Sapp, I 97 I; Gasset and Kaufman, I 97 I; Takahashi
and Leibowitz, I97I; Leibowitz and Rosenthal, I971; Ruben, I971).

Summary
The effect of four types of contact lens corneal and scleral, hard conventional methyl
methacrylate and soft hydrophilic gel-was studied in rabbits by tissue culture methods.

It was found that the tolerance of the corneal epithelium after continuous exposure to
corneal hydrophilic gel contact lenses was twice as good as with corneal methyl metha-
crylate lenses.
The tolerance of the corneal epithelium after continuous exposure to scleral hydrophilic

gel contact lenses was found to be four times as good as with hard scleral methyl metha-
crylate lenses.
The tolerance of the corneal epithelium to scleral lenses, either hard or soft, was found

to be significantly better than that to corneal lenses.
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