










JPG Bergmanson, C Montague Ruben, and L W-FChu

Fig. 7 Thick contact lens wearing eye with epithelial denudation. In the areas ofepithelial stripping the basementmembrane
(triangles) remained intact. Superficial stroma appears normal. (Owlmonkey wearing a 0-4 mm thickHEMA lensfor48
hours, closed eye, x 34 000).

deprivation, and the consequent changes could
involve the water metabolism both of the epithelium
and of the deeper corneal layers. On the other hand
loss of surface cells, flattening of the layers, and
dragging apart of the cell pattern with the develop-
ment of intercellular spaces may be ascribed to direct
mechanical trauma.
According to Polse and Mandell7 the minimum

pressure of oxygen, below which stromal oedema
occurs, is in the region 11 to 19 mmHg. These figures
are a guide of the limits of normality. For a contact
lens on the eye the lens Dk/L for both the open eye
state and the closed eye state can be calculated from
Fatt and St Helen's figures.4 Thus the open eye lens
needs a Dk/L of 5 to 10x 10-9 and the closed eye lens a
Dk/L of 20 to 40x 10-9 respectively. Table 2 shows
that the thin lenses used satisfy these normality
criteria for the open eye state only. The experiments
with the open eye and thin lenses show, apart from a
mild surface cell disturbance, no cellular abnormali-
ties. This would confirm the criteria of Polse and
Mandell. When the Dk/L for the thicker lenses are
considered, one must expect according to Fatt and St
Helens4 for the 0-2 mm thick lens a contact lens
interface oxygen tension of 8 mmHg and for the 0-4

thick lens a tension of 1 to 2 mmHg for the open eye
condition, but for the closed eye state both lenses
would produce a zero oxygen tension.
The wearing of medium to thick hydrogel lenses

(0.2-0-4 mm) for periods up to 15 hours with open
eyes resulted in significant morphological changes in
the epithelium. The epithelial thinning observed in
these corneas was due to loss of cells and a flattening
of the remaining ones. The cytoplasm of the surviving
cells was normal except for the surface cells. The
absence of epithelial oedema and the lack of abnor-
malities in organelles such as mitochondria suggest
that anoxia has not greatly affected these cells.
However, Hamano and Masaki8 have shown that
mitosis decreases in the anoxic cornea, but reduced
mitosis can hardly be the explanation to the loss of
cells that occurred in the relatively short experi-
mental period. The deformation of the remaining
cells and sometimes also their nuclei suggests that the
lens weight and lid pressure are factors in contact lens
wearers, and in the absence of cytoplasmic abnor-
malities and oedema it is quite possible that the loss
of cells is best explained by such forces. In contrast
the rigid non-gas-permeable lens produced oedema
and cytoplasmic changes in the epithelium.3
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Whether the loss of epithelial cells in hard lens
wearing corneas is due to trauma or anoxia may be
settled only by experiments with hard gas-permeable
lenses. Alternatively, it is possible that irritation
induced by a rigid lens causes reflex tearing, which
owing to the hypotonicity of such tears results in
epithelial oedema.9 Another possible cause of
epithelial oedema may be the presence of stromal
oedema. Bergmanson and Chu3 reported significant
stromal oedema in rigid lens wearing eyes after 24
hours, while none was seen in the open eye part of the
experiments in the present study.
The thick (0-4 mm) HEMA lens under closed eye

conditions caused large areas of epithelial stripping.
Spaces were found between cells in the areas where
epithelial cells were still present. Such spaces are
interpreted here as indicative of oedema. The
appearance of small separations between the basal
cells and the basement membrane suggested that
these cells were less firmly attached to the underlying
cornea. Significant oedema of the stroma was noted
in this cornea, and this may explain the presence of
oedema among surviving epithelial cells. The base-
ment membrane remained intact in all regions,
including the areas of epithelial stripping. A similar
resistance to damage of the basement membrane was
also noted in the rigid lens wearing monkey.3 10 The
regrowth of epithelial cells is greatly facilitated by the
presence of an intact basement membrane, since
migrating cells do not have to secrete a new mem-
brane.
As reported previously, the epithelial nerve fibres

were observed in the basal cell layer, where they
remained close to the internal aspect of the cell." In
contrast to stromal fibres the epithelial axons were
without Schwann cells. Unless the epithelium was
severely insulted by a soft lens, its nerve fibres
remained present in apparently normal numbers.
Although large terminals are not a common finding in
the epithelium, they were nevertheless observed in
the 0 4 mm thick HEMA lens wearing cornea and
open eye cornea. Since nerve fibres of an origin other
than sensory have not been proved to be present in
the primate corneal epithelium, we conclude that the
observed axons are somatic sensory. The large
number of mitochondria present and the absence of
synaptic vesicles in these terminals support this view,
though we recognise that an accumulation of mito-
chondria in a terminal does not allow a positive
identification of origin. 12 The favourable response of
epithelial nerve fibres to soft lens wear correlates well
with clinical experience.'3 Polse'4 showed that the
corneal touch threshold is not related to the avail-
ability of oxygen. It is therefore likely that the
dramatic loss of sensitivity experienced with rigid

PMMA lenses is associated with trauma and oedema
as well as adaptation to mechanical stimulus.

CONCLUSIONS
1. Thin (0-07 mm) hydrogel (38-43% water) con-

tact lenses worn under open eye conditions in the owl
monkey caused no significant epithelial insult.

2. Medium to thick (0-2-0-4 mm) hydrogel contact
lenses worn under open eye conditions resulted in a
thinning of the epithelium from loss of cells and a
flattening of the remaining ones. Since this thinning
of the epithelium occurred without oedema, it would
be difficult to discover with the slit lamp.

3. The thick (0.4 mm) hydrogel contact lens under
closed eye condition caused epithelial oedema and in
large areas corneal denudation.

4. In none of the experiments was the basement
membrane damaged. The closed eye experiment,
which in places stripped the epithelium and thereby
exposed the membrane, proved the durability of this
structure.

5. Soft contact lens wear had no detectable effect
on the epithelial innervation as long as there was not
oedema.

We thank Mr Andrew Alpar for excellent photographic assistance.
The lenses used in the present study were kindly provided by Bausch
and Lomb, Rochester, New York and Vistaken Inc., Jacksonville,
Florida.
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