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Not only do their numbers contain initially a considerably
hiigher percentage of myopes, but the number in which the
refractive error increases towards myopia is also higher. More-
over, the percentage suffering from a considerable amount of
muscular imbalance is higher.
These figures suggest that the occupation which entails the

greatest degree of eye-strain has the most deleterious effect upon
vision; and that one of the results of such an occupation is to
encourage the. development of short-sightedness. It is to be
noted that some of the members of this class do complain of
inadequacy of the illumination in the room, especially when
working with artificial light.

It is to be remembered, of course, that the age period over
which observations were taken represents a relatively labile phase
in the refraction of the eye: and it is not to be expected that the
same degree of progression will be evident later in life.
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IT will be recalled that a paper was read by F. Ridley in the
session of the Ophthalmological Society of the current year on
the mechanism of the drainage of the intra-ocular fluids;
appearing now in print (Brit. Jl. of Experimental Pathology, Vol.
XI, p. 217, abstracted on p. 633) its contents can be adequately
followed. The arguments which are brought forward in the
attempt to re-establish an old hypothesis that the greater part of
the drainage of the aqueous humour occurs not through the canal
of Schlemm but through the cornea into the conjunctival sac,
merit some comment, even at the cost of some repetition of what
has been already published.

Ridley, after considering the anatomical relations at the canal
of Schlemm in the light of the work of T. Henderson (1908) and
Arthur Thomson (1911) [most of the questions raisedareadequately
answered in the classical work of Maggiore, 1917] concludes that
" since minute particles such as those of Indian ink do not pass
into the lumen of the canal from the anterior chamber (Nuel and
Benoit, 1895), there is evidence that no such direct communication
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DRAINAGE OF,THE INTRA-OCULAR FLUIDS

between the anterior chamber and the canal exists." Many other
authors (Duke-Elder, 1927, p. 83) have shown the same thing, but
the failure of particulate matter to pass through the endothelial
cells of Schlemm's canal has no possible relation to the passage
of fluid. Ridley has failed to show that particulate matter is
delivered out of the eye through the cornea: this argument,
therefore, denies his main thesis.
The theory of the drainage of the aqueous humour through the

cornea is based upon experiments which show:

(1) That the cornea of the dead eye acts as a permeable
membrane under the influence of the osmotic pull of a solution of
cane sugar: this applies to almost every tissue.

(2) That substances can diffuse from the conjunctival sac into
the anterior chamber: this has been accepted since the work of
de Ruiter (1853), v. Graefe (1854), and others.

(3) That substances introduced into the anterior chamber
diffuse through the cornea entering at the site of the filtration
angle: this has been generally accepted since the work of Laqueur
(1872), Gruber (1894) and Leber (1889-1903). It is to be
remembered, however, as was observed by Parsons in discussing
the same hypothesis in 1904, that the phenomena of the diffusion
of foreign substance need bear no relation to the normal flow of
fluid.

(4) That the rate of drainage through the cornea equals the
rate of formation of the intra-ocular fluid. The first of these
measurements was obtained by measuring the rate of flow under
a pressure head of 20 cm. water through a dead cornea, a
measurement which must have merely a hypothetical relation with
the conditions in life. The second is taken from Friedenwald
(1930), quoted as unpublished experiments " wherein the time
required for the evacuation of the. aqueous could be measured."
Such experiments have been done since the time of Hovius (1702).
On this point my remarks (p. 85 et seq. 1927) still hold good:
the conditions of experimentation on the evacuation of the aqueous
humour are completely artificial and, involving a complete
dislocation of the pressure equilibrium in the eye, can bear no
relation to the normal conditions.

Against these experiments I would put forward one only, which
to my mind is conclusive. A needle connected to a reservoir is
inserted into the anterior chamber of an anaesthetized dog. The
system is filled with methylene blue and the pressure equilibrated
by means of an air-bubble. The reservoir is raised giving a
pressure-head of 1 to 2 mm. Hg: coloured fluid slowly flows into

621

copyright.
 on M

ay 16, 2023 by guest. P
rotected by

http://bjo.bm
j.com

/
B

r J O
phthalm

ol: first published as 10.1136/bjo.14.12.620 on 1 D
ecem

ber 1930. D
ow

nloaded from
 

http://bjo.bmj.com/


THE BRITISH JOURNAL OF OPHTHALMOLOGY
the anterior chamber: in one and a half minutes the episcleral
veins are deeply dyed: there is no evidence of any colouration of
the cornea nor the minutest evidence of dye in the conjunctival
sac. Admittedly the circulation here is an artificially induced
pressure circulation, but the available channels of exit are
obviously via Schlemm's canal and the episcleral veins and not
by way of the cornea.
With regard to the mechanism of the intra-ocular pressure,

Ridley shows that the sclera is distensible and thereby corroborates
the work of Weber (1876), Ischreyt (1899), Koster (1895-1900-
1901) on pig, rabbit, and human eyes, but his conclusion that
changes in the intra-ocular pressure are determined by changes in
the vascular bed of the uveal tract to the exclusion of changes
in volume of the ocular media does not conform to facts. No one
denies that changes in the circulation influence the intra-ocular
pressure profoundly, but 1 have shown (1926-29) that hypotension
can occur with maximal vaso-dilatation. He denies a swelling
of the vitreous [without producing any evidence to refute
its proved occurrence (Duke-Elder, 1929) ], and considers that
the clinical appearance of an eye in glaucoma is due to a
turgescence of the uveal vessels pushing the vitreous forward.
Admittedly such a mechanism may exist-but not exclusively.
Commenting on a similar suggestion put forward by Magitot
(1917), I wrote (1927) that section of an eye with chronically raised
tension frequently shows a thin and atrophied choroid, ciliary
body, and iris, the whole uveal tract being obviously pressed
almost out of existence by sometlhing else (the vitreous).

Finally the conclusion is reached that the conditions of experi-
mentation employed by me (1927) are unsatisfactorv because in my
chemical analysis pooled samples of aqueous humour and serum
were employed. He appears, however, to have failed to note that
this rough estimation, of which it was stated " that it cannot lay
claim to quantitative accuracy " (1927, p. 13) was followed by
micro-analyses of the principal constituents of each class of
substance of which accurate chemical estimation in quantities so
minute is possible, and that these showed the same relationship.
In these cases the estimation in the aqueous humour was compared
with the corresponding concentration in the arterial and the venous
plasma of the same animal taken at the same time. He appears
also to have failed to observe that my measurements of the osmotic
pressure were taken under the same conditions. In conclusion,
the argument that the theory of Donnan, being strictly applicable
to infinitely dilute solutions, cannot be applied to biological
problems challenges so intimately an enormous amount of work
done by physiologists and biochemists for the last two decades
that its answer can be left in their hands. No biological problem
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will be found to conform with precise mathematical accuracy to
any law: all the conclusions of biology are approximations.
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TORIC SPECTACLES
BY

A. S. PERCIVAL, M.B.

THE outer rim of an inflated motor tyre tube presents a toric
surface; on transverse section a small circle would be seen, but on
longitudinal section the outer rim would be represented by a much
larger circle of much less curvature. A small area of this tube
would present the toric form of a convex spherocylinder where
its two principal powers are worked on the same surface with
their axes at right angles to one another. A convex toric very
roughly resembles the side of an egg seen from the outside, and
a concave toric the side of an egg seen from the inside, but an
egg is only circular in transverse section.
Toric tools are made to bases of +3O D.,+ 6,0 D. and + 9 0 D.,

the base + 6'0 D. being the commonest, although for exact
periscopic work many others are needed. The base (B) is always
the lower power of the cylinder required, in this paper the
higher power will be represented by B'.
A toric lens should be prescribed in the form of crossed

cylinders, or if not, the toric base should always be specified.
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