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tissue structure with age. Other evidence in
support of this includes the in vitro incubation
of rat tail tendon and lens capsule with
glucose, which has demonstrated an increased
mechanical stability as determined by an
increased thermal rupture time and thermal
denaturation temperature, respectively.3® The
mechanical stiffness of collagen has been
shown to increase in experimental diabetes.3°
In both these cases the increased stability is
thought to be a result of an increase in
advanced glycation products.

In the lamina cribrosa it is not known if the
very small amount of pentosidine present will
have any significant effect on its mechanical
properties. Investigations by Dyer et al4® and
Sell and Monnier3¢ 37 confirm the presence of
pentosidine in other tissues in trace quantities.
A strong relation between increases in pento-
sidine and collagen linked fluorescence in
aging suggests that, despite its low concen-
tration in tissues, pentosidine may be a
generalised marker of accelerated tissue modi-
fications and protein damage by the advanced
glycation/Maillard reaction. The apparent
increase in cross linking, suggested by the age-
related decrease in collagen solubility, may
possibly be explained by the rise in pento-
sidine.

In conclusion, biochemical alterations in the
collagenous matrix of the aging lamina cribrosa
— that is, age-related increases in total collagen
and pentosidine and a decrease in type III col-
lagen, are consistent with our observations of
the change in mechanical properties with age,
which indicate a reduced compliance and
increased rigidity.4! 2 In infants, glauco-
matous optic disc cupping is reversible,32-3¢
whereas in adults the optic disc cupping is
rarely reversible.¥3 This is consistent with our
biochemical findings in suggesting that the
young lamina cribrosa is a more resilient and
compliant structure.

Misalignment of the cribriform plates of the
lamina cribrosa occurs in glaucomatous optic
neuropathy. The more rigid plates of the
elderly will create larger forces on the nerve
fibre bundles than those in the compliant
plates of the young lamina cribrosa, thus
increasing the susceptibility of axons to
damage.

Further investigation is needed to determine
whether the connective tissue in the glaucoma-
tous lamina cribrosa%* is abnormal in nature or
a result of injury or pressure induced remodel-
ling of the extracellular matrix.
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History of ophthalmology

The discovery of accommodation

The story of accommodation was pieced
together over three centuries, by workers using
only the most basic investigative tools. Knives,
paper, muslin, candles, and blunt instruments
are the only materials used in the experiments
described below.

To set the scene, Aristotle and Galen had dis-
sected animal and human eyes. From their
drawings the basic anatomy of the globe and
lens were common knowledge. Telescopes and
the need to focus them had also been dis-
covered. From this arises a first principle of
optics: to vary focus, either the dioptric power
or the length of an eyeball/telescope must
change.

In 1619, Scheiner published the results of
an experiment proving that the eyes’ dioptric
power changes. Observing a near object
through a paper screen with two tiny holes
close together, the object is single. But focus-
ing on any far object, the near object becomes
double. Although Scheiner’s conclusion was
valid, it was disputed.

Some believed that the eyeballs focused by
changing their length, elongating and shorten-
ing within the socket at need. This was refuted
beautifully by Thomas Young in 1801. Young
noted that a blunt object pressed on the pos-
terior part of his eyeball produced a scotoma,
which increased in size on increasing the
pressure. Doing this during accommodation,
Young saw no increase in scotoma, and con-
cluded that the bar did not press more deeply
on the back of the globe, therefore the eye
could not have lengthened. Because he pub-
lished his results in Philosophical Transactions,
ophthalmologists took little notice.

Others accepted that the lens was involved
in accommodation, but thought it changed its
position within the globe. Many denied that
accommodation took place at all. Haller, in
1743, asserted that the pupillary constriction
seen on converging for near objects in some
way altered the depth of focus, and that no
other explanation was required.

The controversy persisted. Donders, pub-
lishing his book on accommodation around
1860, found it necessary to stress his own
version of Scheiner’s experiment. This involved
holding a veil some inches from the eye, and an
open book at greater distance. Either the tex-
ture of the veil, or the print could be seen accu-

rately, but not both at once. ‘Ergo, accommo-
dation must exist,’ reasoned Donders.

To appreciate the first proof that it resides in
a change of form in the lens, an experiment
performed in 1823 must be considered.
Purkinje looked at the reflection of candlelight
in someone’s eyes and noted three reflected
images. One was large, one small, and one
inverted, and he correctly attributed them to
reflection off the cornea, and the anterior and
posterior surfaces of the lens.

This was initially applied to the diagnosis of
cataract, but in 1849, Langenbeck realised
that the images reflected from the lens could
be used to investigate accommodation.
Langenbeck published the right result in the
wrong journal and was ignored. Thus it was
left to Cramer to promulgate the following
findings — that, holding a flame in front of an
eye, the image reflected from the anterior lens
surface becomes smaller when the subject
accommodates. For the image to become
smaller, the surface must increase in convex-
ity. Therefore, the lens does change shape in
accommodation. Helmholtz went a step fur-
ther in noting that the image reflected from the
posterior lens surface also changes, therefore
that surface also increases in convexity.

The controversy lasted into the 1960s, when
textbooks quoted two rival theories of accom-
modation. Helmholtz believed that ciliary
muscle contraction relaxed the zonule, where-
upon the elastic lens became more curved.
Tscherning believed that contraction tensed
the zonule, which compressed the lens capsule
to increase its curvature. Both theories
depended on the lens being elastic, which was
accepted by Donders in 1860, and confirmed
in rabbits’ eyes by Kikawa in 1963.

The acceptance of Helmholtz’s theory over
the next years ends the story, but the initial
discoveries (that accommodation exists,
involves the lens, and that the lens changes
shape), made with the aid of such simple
materials, make a very impressive tale of
deductive reasoning.
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