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In normal human corneae in the absence of fluorescein, the pattern induced by massage is
not seen by focal illumination of the epithelium with white light even at a magnification of
x40. However, if the procedure is repeated using retro-illumination through the dilated
pupil, a mosaic may be seen as a dark pattern against the red fundus reflex. This may be
observed with the ophthalmoscope (Hirschberg, 1901; Cogan, 1951) or the slit lamp. It
may readily be confirmed by the instillation of fluorescein that this pattern corresponds
exactly to the anterior corneal mosaic. The pattern may be photographed with the Zeiss
slit-lamp camera (Fig. 7). Cogan (1951) commented that the lines of the ophthalmo-
scopically observed pattern were ... apparently in the basal layer...” of the corneal
epithelium.

It is evident, however, that some surfacechange must occur in the epithelium after massage.
Otherwise the pattern would not be demonstrated by fluorescein. On the basis of his
reflectographic studies, Fischer (1928) believed the pattern to lie in grooves on the corneal
surface. Certainly such an appearance is seen if the tear film is observed after massage over
the area of the catoptric image of the slit lamp bulb. This is seen best with the blue light of
the slit lamp. With focal illumination of the epithelial surface the change is not seen.

An observation apparently conflicting with the above may be made with the applanation
tonometer. In a proportion of applanated subjects a mosaic pattern may be seen over the
applanated surface of the cornea within the half circles of the fluorescein meniscus. The
distribution of fluorescein is the reverse of that seen after massage through the lids.
The polygonal islands are found to be brightly fluorescent, while the intervals between them
are non-fluorescent and dark. Such a pattern would be expected only if the epithelium
were raised into ridges over the lines of the mosaic.

It can be shown that the applanation mosaic is the same as the anterior corneal mosaic.
If a flat plate of glass is pressed against the cornea after the instillation of fluorescein, a
brilliant mosaic pattern appears, identical to that seen during applanation (Fig. 8). How-
ever, when the slide is removed, the fluorescein runs into the centre of the previously

FiG. 8.—Mosaic corneal pattern seen during
applanation of cornea with a glass slide. The eye

Fic. 7.—Retro-illumination of corneal mosaic is anaesthetized and fluorescein instilled, and the
seen against the fundus reflex in a normal eye. pattern is viewed with a blue light. (Zeiss photo
(Zeiss photo slit-lamp picture. Black and white slit-lamp picture. Black and white copy of colour

copy of colour transparency). transparency).
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applanated cornea and the mosaic takes up the form seen after massage through the lids;
that is, the lines are fluorescent and the islands less so. At this stage one can only speculate
on the course of this reversal of appearances.

The occurrence of these epithelial phenomena after pressure on the cornea does not imply
necessarily that the structure giving rise to them lies in the epithelium itself. Certain other
possibilities exist. It is possible that a sub-epithelial structure could produce the same
effects by reason of its attachments to the deep aspects of the epithelium. Such a hypo-
thetical structure might lie in the basement membrane of the epithelium, in Bowman’s
membrane, or in other sub-epithelial structures such as nerve fibre networks or tissues
connecting the epithelium to Bowman’s membrane.

Certain of the observations made in diseased corneae support a sub-epithelial site for
this structure.

The anterior corneal mosaic over a healed abrasion site can be seen with fluorescein as
soon as the epithelium has ceased to stain. In fact the pattern is seen patchily while the
epithelium is still taking stain. At this stage the new epithelium is only a few cells thick.
This would imply that the mosaic structure lies at least in the deepest part of the epithelium.
Also, the fresh pattern is similar to that of the neighbouring cornea with which it is con-
tiguous. If the mosaic structures were in the epithelium this would imply a remarkable
ability on the part of the re-surfacing epithelium growing in, to reproduce the general
morphology of the previous mosaic pattern. It seems more reasonable to suppose that the
epithelium is growing over a mosaic structure just deep to the epithelium. This is supported
by observations in three subjects with large abrasions, in whom it was possible to induce a
mosaic pattern in the base of the lesion visible by retro-illumination. These abrasions were
still staining densely at this time so that it is clear that epithelialization was incomplete.
However, in other abrasions, no definite mosaic pattern has been seen and in no instance has
the pattern been induced on the first day of abrasion. An even stronger argument in favour
of a sub-epithelial structure responsible for the mosaic pattern, is provided by the findings in
corneal grafts. The pattern is present on a clear graft even when it is absent from the host
cornea. Since the graft button is epithelialized with host epithelium within a few days of
grafting and since the host shows no pattern itself, it is unlikely that the pattern seen is of
host epithelial origin.

The effect of a corneal nebula on induction of the mosaic pattern is very different. If
Bowman’s membrane is affected, whether the cause be herpes, interstitial keratitis, kerato-
conus, or foreign bodies, the induced mosaic is absent or distorted over the site of the lesion.
This contrasts with the failure of pure epithelial lesions to interfere with the subsequent
induction of the mosaic. It provides indirect evidence suggesting that the mosaic arises in
a subepithelial structure.

Further support for the concept is provided by observations in dlsorders of Bowman ]
membrane. The anterior mosaic may be completely absent over portions of a band-shaped
dystrophy. It may be added that after removal of the band with versene the mosaic pattern
remains absent despite re-growth of the epithelium. It might be argued in these cases that
failure to induce the mosalc over the lesion is due to secondary epithelial changes. How-
ever, the anterior corneal mosaic may also be absent over irregularities of Bowman’s
membrane (Kaufman and Clower, 1967) in which, in the forms examined in this study,
secondary epithelial changes would be less likely. The absence of the mosaic could be due
to the absence of a structure in or related to, Bowman’s membrane. In keeping with the
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above findings, the pattern was found to be absent in the eyes of two patients with Reis-
Biicklers’ corneal dystrophy, and difficult to induce in the eyes of two other patients so
affected. Reis-Biicklers’ corneal dystrophy is predominantly an affection of Bowman’s
membrane though marked epithelial changes do occur.

The observations quoted above may imply a subepithelial origin for the structure giving
rise to the mosaic pattern. But it cannot be excluded that the structures lie in the deepest
. part of the epithelium. The point must await histological study. It would be of great

interest to know whether the mosaic pattern over a healed abrasion is identical to that
present before the abrasion. The opportunity for confirming such a possibility must be
infrequent in clinical practice, but it may be provided by a long-term follow-up in patients
with recurrent erosions. The monkey cornea may provide an appropriate model system
for animal experiments along these lines. This paper is devoted mainly to the normal
anterior corneal mosaic and to alterations known to be produced in it by disease. How-
ever, other mosaic patterns have been described in diseased cornea, and it will be of interest
to discuss these briefly in relation to the present study.

Vogt (1921) described in his slit-lamp atlas a senile form of mosaic degeneration occurring
in both corneae of an 80-year-old man. This anterior crocodile shagreen is made up of
polygonal, grey opacities in the axial region of Bowman’s membrane. The drawings are
very similar in appearance to the patterns made by the anterior corneal mosaic. Juvenile,
hereditary, and post-traumatic forms of this condition are described (Duke-Elder and
Leigh, 1965). Vogt (1921b) also described a polygonal pattern developing in herpetic
scars, certain corneal dystrophies, and in band keratopathy, giving a honeycomb appearance
to the lesion. It is tempting to suggest that these patterns arise on the basis of the structure
responsible for the normal anterior corneal mosaic. This is strongly supported by the
observation of an exact correspondence between the fluorescent mosaic pattern and the
pattern in both eyes of one patient with anterior crocodile shagreen and in three eyes show-
ing the peripheral form of the disorder.

‘The condition of keratoconus and its effect on the mosaic pattern is still being studied, but
one interesting observation may be noted here. In one patient with marked keratoconus, a
reticular opacity was seen near the base of the cone infero-nasally in each eye. When the
fluorescein mosaic pattern was induced, it could be seen that the part of the mosaic overlying
the opacities corresponded exactly in position and form to the opacities themselves, which
were just subepithelial.

Until the anatomical basis for the mosaic is known, it is impossible to speculate on its
physiological significance. It may be hoped that further study will yield this information,
and perhaps shed some light on the natural history of certain obscure progressive corneal
disorders such as keratoconus and band keratopathy.

Summary
A mosaic pattern may be induced in normal corneae by pressure through the lids. The
term anterior corneal mosaic has been used to describe this, and embraces both a groove
pattern seen on the surface of the epithelium and the same'pattern seen deeper in the
epithelium by retro-illumination. Photographic study shows that the pattern is constant
in a given eye up to a period of months. The alteration of the pattern by a variety of
corneal disorders has been studied. These include abrasions, recurrent erosions, corneal
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nebulae, band keratopathy, fingerprint lines and irregularities in Bowman’s membrane,
keratoconus, and interstitial keratitis. From such observations it is suggested that the
pattern arises in a structure just deep to the epithelium or in the basal layers of the epi-
thelium itself. In pilot studies a similar mosaic pattern has been seen in the cynomolgous
monkey but not in the baboon, cat, or rabbit. The relationship between the anterior
corneal mosaic and certain mosaic corneal disorders is discussed.

I am indebted to the Surgeons of Moorfields Eye Hospital for free access to their patients and to Mr.
C. M. Ruben and Dr. P. Hansell for advice and encouragement.
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