
COLOUR VISION

ABSTRACTS

I.-COLOUR VISION

Wright, W. D.-Recent work on colour vision-a review of
papers published in 1935.*

The problems of colour-vision are being attacked by both
physicists and physiologists along four broad fronts: (a) by the
measurement of the colour vision characteristics of different types
of observer; (b) by various psycho-physical experiments; (c) by
examination of the structure and the chemistry of the retina; (d)
by the measurement of retinal action potentials and the recording
of nerve-impulses.
Heading (a) concerns the measurement of those characteristics

of an observer's eye which determine the properties of his colour
perception mechanism. These characteristics include the colour
mixture functions and the hue and saturation discrimination data.
The information regarding normal trichromats is now fairly com-
plete, but there have been some wide gaps in our knowledge of
the so-called " colour-blind " observers. Two papers published
in 1935, one by Pitt' and the other by Trendelenberg and Schmidt2,
have helped considerably to fill in the gaps. Pitt's work was
largely confined to dichromats, and his report provides very com-
plete information for a relatively small number of observers. The
luminosity curves, dichromatic coefficient curves, and hue discrim-
ination curves are given for six protanopes and six deuteranopes.
The two groups appear to be well defined and comparatively easy
to distinguish from the trichromat by their reduced hue discrimina-
tion in the green-red part of the spectrum, and from one another
by having very different luminosity curves. Ihe data obtained
have been used to subdivide the trichromatic colour triangle into
a series of isochromatic zones, where any zone represents the locus
of colours that, although seen by the trichromat as quite distinct,
are indistinguishable to the dichromat when adjusted to the same
intensity level. Introductory data on 3 anomalous trichromats are
also given. The paper by Trendelenberg and Schmidt is in a
sense complementary to that of Pitt, in that they made a simple test
with Nagel's anomaloscope on a large number of observers (129
colour defective persons) and were able to subdivide them into the
four broad groups of protanopes, deuteranopes, protanomalies and
deuteranomalies. In addition to the relative distribution of the

* This article is reprinted by the kind permission of the Council of the Physical
Society, from Reports on Progress in Physics, Vol. III, 1936, published by the
Physical Society.
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THE BRITISH JOURNAL OF OPHTHALMOLOGY

four groups, the important fact emerges that the two groups of
anomalous trichromats are well-defined among themselves and do
not grade into either the normal trichromat on the one side nor
into the dichromat on the other. This is of very great theoretical
interest as it appears to cut across the idea of any gradual evolution
of colour vision, for on this basis a continuous distribution of
observers from the monochromat through the dichromat to the
trichromat, would be expected. The correct explanation must for
the, present remain a matter of speculation.

Section (b) includes all variety of experiments on flicker, adapta-
tion, contrast, interaction between retinal areas, and so on. In a
paper by Graham and Marajaria3, curves are given showing the
relation between the intensity of a patch of light and the time of
exposure for the patch to be just visible, when viewed in the
peripheral retina. As the area of the field is reduced, the curves
tend to approximate to similar data obtained by measuring the
electrical response from a single cell in the eye of limulus. It is
concluded that the statistical distribution of the~characteristics of
a number of cells is responsible for the experimental curves and
for their change with area. This conclusion is interesting, among
other reasons, as an illustration of the part that statistical variations
of sensitivity and response must play in visual perception, where
large numbers of nerve endings are acting simultaneously.
Hecht and his collaborators have obtained results on the critical

frequency of flicker and its variation with field size4, and the results
provide still further evidence of the separate activities of rods and
cones. This group of workers have also been responsible for ex-
perimental and theoretical work on adaptation and intensity dis-
crimination5' 6, but experiments described by the present writer7,
do not support Hecht's photo-chemical theory of intensity dis-
crimination. These experiments demonstrate that there is no
direct connection between the concentration of the photo-chemical
substance in the retina and the increase of a stimulus necessary .to
produce a just noticeable intensity difference.
Among other contributions that should be included under head-

ing (b), some very suggestive work by Bouman8 may be men-
tioned. Results on the electrical excitability of the eye have led
to the conclusion that the origin of the excitation is not in the rods
or cones, but in the nerve fibres either in the retina or in the optic
nerve. He has found no evidence for two thresholds, and the level
of excitability is determined by the state of adaptation. Flicker
phenomena were observed and gave a fusion rate of 120 per sec.
Although little has been published during 1935 that might be

included under heading (c), Tansley9 has reported differences in
the chemical constitution of the light and dark-adapted eye of both
the frog and the rat, while Hosoya and Saito'° have confirmed
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the production of visual yellow from visual purple, and claim
to have produced a visual white which they regard as a very pure
visual yellow. It is obvious that all information about the consti-
tution of the light-sensitive substances in the retina must have a
very direct bearing on our ideas of the visual processes, but at the
same time the difficulties of isolating sufficiently pure material in
any but very small quantities, make this method of approach to
the problem arduous, though attractive.
Some exhaustive work by Osterberg" on the topography of the

human retina, has added considerably to our knowledge of the
relative distribution of the rods and cones. He found, for ex-
ample, that the number of rods increases to a maximum at a
distance of about 5-6 mm. from the fovea, and that the upper and
nasal parts of the retina are better supplied with rods than the
lower and temporal parts. The total number of receptors in the
human retina was found to be between 110,000,000 and 125,000,000
rods and between 6,300,000 and 6,800,000 cones.
The work in heading (d) on, retinal action potentials has been,

perhaps, the most fruitful of any. The researches of Granit and
his colleagues12' 13, have resulted in a further analysis of the
different components of the potential. The relation between the
components for different conditions of adaptation has been ex-
amined and the increase of inhibition with light adaptation
established. Two types of retinae have been found and named
E-retinae and I-retinae, which are characterised by several dis-
tinctive features, of which the chief is the direction of the response
when subject to intermittent stimuli. There is the possibility that
E-retina, of which the cat's is an example, may correspond to
rod-retinae, while I-retinae, as exemplified by the pigeon, may
correspond to cone-retinae.
Graham and Hartline14 have recorded the responses of single

cells of limulus, but have found no variation in the type of
response as the wave-length of the light stimulus was varied.
Small variations in the luminosity curves of different nerve endings
were, however, detected.
Graham, Kemp and Riggs15 have experimented with a pigeon's

eye (a colour-discriminating eye) and have recorded the responses,
using both white and coloured stimuli. They found that the type
of response for one wave-length could always be matched by the
response for any other wave-length, when a suitable intensity was
used. This result is in disagreement with similar work by
Kohlrausch and BrossaM6, and no final conclusions can be arrived
at yet, especially as the magnitude of the responses seems to have
been rather small. The question is, however, of vital importance
since, if any specific effect were found, it would be the first direct
clue to the individual character of the different colour responses.

COLOUR VISION 383
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It is to be hoped that further work on these lines will be carried
out.

In this review reference has been made to papers that seemed
to the writer to be typical of the work in progress and it is in no
sense an exhaustive survey. The bibliography includes only those
papers directly referred to, and as these have been selected from a
list of over 80 papers published in 1935, it will be appreciated that
much work of value has had to pass unnoticed.
One point especially should emerge from this review, namely,

the necessity for the close co-operation of physicists and physiolo-
gists, and the importance of each group of workers keeping in
touch with the progress made in other fields.
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II.-MISCELLANEOUS

(I) Manolesco, Lazaresco and Schmitzer (Bucharest).-Tumours
about the sella turcica. (Contribution a 1'etude des tumeurs
de la region sellare). Rev. d'Oto.-Neuro.-Ophtal., September-
October, 1936.

(1) Manolesco, Lazaresco and Schmitzer refer to
reports which they have published in earlier numbers of this
review; they have come to some conclusions in the matter of
practice which they summarise as follows; in the case of a sus-
pected tumour of the sellar region, it is absolutely necessary to
examine the colour fields; and to examine the variations of light
perception over the whole field. In all cases of oculomotor
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MISCELLANEOUS

paralysis the visual fields should be examined; where the diagnosis
of a tumour in this region has been made, radiotherapy must be
used; they have noted after radiotherapy a recovery of the visual
fields by separate islands. The two cases which they record now,
confirm these points.

HAROLD GRIMSDALE.

(2) Pergola (Sassari).-Ocular manifestations in xeroderma
pigmentosum. (Alterazioni oculari nello " xeroderma pig-
mentosum "). Rass. Ital. d'Ottal., May-June, 1936.

(2) Xeroderma pigmentosum is a disease affecting primarily
those parts of the body which are generally exposed; pigmented
patches appear on the face, neck and hands; these patches often
become the seat of malignant growth. Pergola has observed
three cases, two brothers and a cousin, in whom the patches were
noted within a few days of birth; it is often discovered after some
acute exanthem; here there could be no question of its being due
to such cause; it was noted that in these children the patches
seemed to lessen in the summer and specially after sea bathing, and
to reappear in the winter. The situation of the lesions would have
suggested that the direct action of the sun and the ultra-violet rays
were an important factor. The author thinks the disturbance to be
due to some fault in the endocrine glands and especially in the
thyroid.

HAROLD GRIMSDALE.

(3) Thomson, Sydney (London). Poikiloderma congenitale.
Brit. JI. of Dermat. and Syph., Vol. XLVIII, pp. 221-234, 1936.

(3) In this paper Thomson reports cases, and reviews the
literature of a rare dermatological condition appearing in female
infants as a pink swelling of buttocks, cheeks, later lateral and
posterior aspects of the limbs, eyebrow areas, and external folds
of the ears. Through the pink swellings gradually appears a
telangiectatic network, with a few larger and whiter patches
interspersed. Later, pigmentation replaces the vascu!ar network,
and a fine atrophy of the skin occurs in affected regions.
The cephalic contour is peculiar, the face having a pointed chin,

so that the outline is an inverted triangle with apex below. In
one case this disproportion simulated hydrocephaly, and another
case, in fact microcephalic though with normal mentality, had the
same triangular facial contour. One case had absent metacarpals
and phalanges of the thumbs, while ulnae and radii were rudi-
mentary.
There seems a tendency to associated ocular abnormalities. One

of the author's cases has microcornea, high myopia, and partial
optic atrophy. Lutz has described a case with definite thyroid
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hypoplasia and double cataract. Bloch has described two some-
what typical cases with " juvenile cataract."

Six definite cases have been described in the literature, while
three other cases are more doubtful. The first two cases were
reported by the author in 1923. The syndrome is named by him
"poikiloderma congenitale" from certain resemblances to Jacobi's
disease, the poikiloderma atrophicans vasculare of adult life.

L. H. SAVIN.

(4) Carroll, Frank D.-" Alcohol" amblyopia, pellagra poly-
neuritis, report of ten cases. Arch. of Ophthal., Vol. XVI,
No. 6, December, 1936.

(4) Carroll's paper opens with a series of quotations from
the literature which supports the view that so-called alcoholic
polyneuritis and the alcoholic type of pellagra are in reality defi-
ciency diseases and can be cured by a proper diet even if the
alcohol is continued. He then reports 10 cases of " the clinical
syndrome variously called tobacco-alcohol, tobacco or alcohol
ambyopia which occurred in patients with the alcoholic type of
pellagra or polyneuritis "; all smoked in moderation and all but
one used cigarettes, but they were all heavy drinkers, consuming
between 1 and 3 quarts of alcoholic liquor daily. In every case
the diet had been inadequate and when this was rectified by a diet
high in vitamin B and B2 supplemented by liver extract injected
intramuscularly improvement in vision occurred. A typical case
was a 32 year old negro whose vision, failing for six months, had
come down to 18/200 in the right eye and 10/200 in the left with
a large caeco-central scotoma. He habitually drank 1 pint of
whisky and smoked 4-5 cigars daily. His skin showed the linous
characteristics of pellagra. After 35 days of dietetic treatment,
vision in each eye was 20/40 and a year later was 20/20.

F. A. W-N.

(5) Jeans, Blanchard and Zentmire (U.S.A.).-Dark adaptation
and vitamin A. Ji. Amer. Med. Assoc., February 6, 1937.

(5) A new photometer and a technique for its use in the
determination of ability to adapt to darkness has been developed.
The intensity of the light with which the photometric readings are
made is controlled bv a rheostat, which is calibrated in terms of
millifoot candles; this permits the results of one investigator to be
compared with those of another, a procedure generally difficult for
dark adaptation tests.

Evidence has been obtained for considering the test a useful
means for detecting vitamin A de-ficiency.

A. F. MACCALLAN.
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MISCELLANEOUS

(6) O'Day, Kevin.-A preliminary note on the presence of double
cones and oil droplets in the retina of marsupials. Ji. of Anat.,
Vol. LXX, July, 1936.

(6) Kevin O'Day's work was carried out on the eyes of
Dasyurus viverrinus whose habits are mainly nocturnal.
Ophthalmoscopically, there was a well marked tapetum in the
upper half of the fundus, but no direct evidence of a fovea, although
the arrangement of the vessels suggested the demarcation of a
central strip of retina. Histologically, the cones were found to be
double and in their ellipsoid positions, to contain a globular mass
which did not take Mallory's stain. An eye from another animal
was fixed in osmic acid and sectioned in paraffin, when it was
found that the globular mass was stained a dense black and was
therefore presumably an oil droplet.

Examination of the retina of the ring-tailed opossum revealed
the same conditions-i.e., double cones and oil droplets.

F. A. W-N.

(7) Denti (Milan).-Fundus lesions following severe injury to
the thorax. (Lesioni del fondo oculare per gravi traumi
toracici). Boll. d'Ocul., November, 1936.

(7) Fundus lesions follow-ing indirect violence are not common.
Denti records two cases in which serious injury to the thorax
by crushing, involving fracture of several ribs, was complicated by
gross fundus changes. In both, the patient on recovering con-
sciousness noticed defect in vision.
Both had much subconjunctival and subcutaneous haemorrhage

of the face and neck. In both the margins of the optic discs were
slightly indistinct; the vessels all engorged and tortuous, and the
retinae slightly oedematous. In one eye the disc was pale
from the first and vision was lost, in this eye, there were also
white patches between the disc and the macula. In the second case
vision at first became normal but soon failed to 6/18; at this level it
remained.
The author thinks that the lesions are due to the disturbance of

the circulation in the cranium following the sudden increase of
pressure in the thoracic vessels from the compression.

HAROLD GRIMSDALE.

(8) Nastri (Naples).-The general condition of the patient after
ophthalmic operation. (Ricerche intorno alla fisiopatologia
dell'operato nel campo oftalmologico). Boll. d'Ocul.,,October,
1936.

(8) It has- been shown that after any large surgical inter-
ference the metabolism of the patient is altered; the zsigns have
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been called the post-operative toxic syndrome; sometimes these are
slight only, sometimes very evident. Roughly the intensity cor-
responds to the size of the operation. It was not to be expected
that there would be much evidence of this state after operations on
the eye, since these are for the most part small and short in
execution.

Nastri has investigated the condition of the blood of patients
after ophthalmic operations and finds that in most cases there is a
slight reduction of chlorides and of calcium; these are changes
similar to those which are found after the larger operations of
general surgery, but are much smaller in extent corresponding to
the extent of the operation.

HAROLD GRIMSDALE.

(9) Rindello (Naples).-Experiments with lysozyme. (Ricerche
sul Lysozym in rapporto ad alcune questioni interessanti
l'oftalmologia). Boll. d'Ocul., November, 1936.

(9) Since Fleming in 1922 published his account of this
bacterolytic body, which is tound in many tissues, much has been
written about it. Rindello has paid special attention to the
behaviour of the xerosis bacillus in the presence of lysozyme. The
bacillus is an almost constant habitant of the conjunctiva;
he has found that tears, by their content of lysozyme, are
able to dissolve the bacilli even in dilution. The bacilli in cases of
xerosis seem even more vulnerable than those of the normal con-
junctiva and the question is why they flourish in the presence of the
tears. He finds that in these subjects the amount of ferment in
the tears is smaller than normal but thinks that other factors enter
also; he suggests diminution of the quantity of tears and of the
contact of the tears with the conjunctiva as probable causes.
The author has tried to estimate the bacteriolytic power against

the bacteria commonly found in the conjunctival sac, he has found
it active against staphylococci and streptococci but inactive against
diphtheria, pneumonia and anthrax bacilli, he has not found any
advantage from the instillation of lysozyme, into the conjunctival
sacs of rats suffering from xerosis from lack of vitamin A. The
disease has run its usual course in spite of the instillations.
Nor has it had any success in cases of human trachoma in which

xerosis was beginning.
HAROLD GRIMSDALE.

(10) Magitot, A. (Paris).-Pathological Hypotony.) (Hypotensions
oculaires pathologiques). Attn. d'Ocul., Vol. CLXXVIII, p. 785,
1936.

(10) Magitot gives a survey of hypotony occurring in mal-
formations including myopia, after injuries, in retinal detachment,
in local infections and toxaemias, in alterations of the composition
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MISCELLANEOUS

of the blood, in endocrine disturbances and in affections of the
ocular sensory and vasomctor innervation.

HUMPHREY NEAME.

(11) Fontana (Modena).--Weltman's reaction in ocular disease.
(La siero coaguloflocculazione di Weltman in alcune affezioni
oculari). Rass. Ital. d'Ottal., May-June, 1936.

Rubino (Padua).-Weltman's reaction in ocular disease. (La
soglia elettrolitica in alcune affezioni oculari). Rass. Ital.
d'Ottal., July-August, 1936.

(11) Fontana, in his researches on the electrolytic threshold
in various ocular diseases has found constantly a displacement of
the KB to the left, a condition which Weltman takes to indicate
inflammation. The author concludes that the alteration of the
reaction may show a special change in the colloidal condition of
the serum but cannot give any help in the diagnosis of ocular
disease.

Rubino, on the other hand found the reaction in cases of
cataract usually shifted to the right. He thinks that the shift to
the left which is almost constant in glaucoma is due to the
special state of the tissues and humours in that disease.

HAROLD GRIMSDALE.

(12) Prister (Trieste).-A trap for malingerers. (Una trappola
per simulatori). Boll. d'Ocul., July, 1936.

(12) In this test, coloured letters on a black ground are
illuminated momentarily and shown to the examinee who is
wearing red and green glasses. Since the image is illuminated only
momentarily but persists for half a second, the man cannot tell by
winking wh.ich eye receives the image. In a number of trials he
is certain to make mistakes and to give himself away. The letters
and their colour can be changed at will by the examiner.

HAROLD GRIMSDALE.

(13) Jameson, P. Chalmers (Brooklyn).-Subconjunctival section
of the ductules of the lacrimal gland as a cure for epiphora.
Arch. of Ophthal., February, 1937.

(13) Jameson's operation has been devised as an alternative
to extirpation of the lacrymal gland in cases of intractable
epiphora. The latter, although a simple operation may be fol-
lowed by thrombosis, pressure on the optic nerve, orbital
haemorrhage and ptosis. Up to date, the author has performed
his operation 6 times with complete success. The technique is as
follows. Under local deep anaesthesia, an incision is made in the.
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THE BRITISH JOURNAL OF OPHTHALMOLOGY,

conjunctival surface of the lid; adjacent to and,slightly below the
outer canthus. This must be large enough to admit Steven's
scissors and allow free manipulations. The upper lid is everted,
so that the fornix is'put on the stretch, the scissors are then intro-
duced into the incision and made to separate the conjunctiva from
all the basic tissues of the upper fornix in its outer two-thirds,
from the margin of the tarsal cartilage to the beginning of the
bulbar conjunctiva. The conjunctiva being translucent, the points
of the scissors should be visible throughout the operation, if they
disappear from view it means that they are being passed too
deeply, and the levator muscle may be injured. The after-treat-
ment consists in the use of a compression bandage for a day' or
-two and daily irrigation of the conjunctival sac. The primary
opening in the conjunct.iva remains patulous for 10-14 days and
is useful for drainage. Cure is complete when th'is wound has
closed.

F. A. W -N.

(14) Reiger, H. (Vienna). - On the importance of choroidal
changes for the aetiology of vitreous detachment. (Ueber
die Bedeutung der Aderhautveranderungen fur die Ent-
stehung der Glaskorperabhebung. Arch. f. Ophthal., Vol.
CXXXVI, p. 119.

(14) 'In his research on the aetiological importance of changes
in the choroid, degenerative as well as inflammatory, in vitreous
detachment Reiger examined 182 persons of all ages with simple
myopia of all grades showing fundus changes.
He found that the incidence of vitreous detachment increases

with the degree of the myopia and the age of the patients. This
may be explained by the increase of fundus changes in these cases,
and tables are given to show that there is a very close connection
between these changes, essentially choroidal, and the age and
myopia, and between the changes in the choroid (more so when
at the posterior pole than at the periphery) and the vitreous detach-
ment itself.
A study of the influence of the degree of the myopia alone,

apart from the age, in cases of high anisometropia (over 4D.
difference) gave no conclusive results, but where the vitreous
detachment was unilateral it usually occurred in the eye with the
higher myopia.
The evidence thus obtained affords no absolute proof of 'the

importance of choroidal changes in the causation of vitreous
detachment, but it receives support from a study of other diseases
in which these conditions are associated, viz., senile fundus
changes, retinitis pigmentosa and inflammatory affections of the
uvea.
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* In senile vitreous detachment (68 cases) a relatively large num-
ber of the patients showed only slight affection of the choroid; ap
analysis of the cases seemed to indicate that advanced disease ol
the vascular system must be present if vitreous detachment is to
occur when the fundus changes are slight, but is not a necessary
condition when the latter are more marked.
As regards retinitis pigmentosa the cases recorded, though few

(14), suggest an aetiological connection between choroidal
changes, especially at the posterior pole, and vitreous detachment.
This connection is more definite in inflammatory affections of

the uvea, the risk of vitreous detachment increasing according to
the age of the patient, the presence of myopia, and the duration
and extent of the disease.
The results of examination over such a wide range of cases, it

is claimed, demonstrate the great importance of choroidal changes
in the causation of vitreous detachment.
As to the actual role which they play it is hinted that through

them colloid-chemical changes in the fibrillar framework of the
vitreous ensue; in this altered condition of the vitreous mechanical
concussions, or vibrations, either through trauma or even rapid
movements of the eyes, may act as the exciting cause.

THOS. SNOWBALL.

BOOK NOTICES

La Prophylaxie de la cecite en Roumanie. (The Prevention of
Blindness in Roumania). By NICHOLAS BLATT. Pp. 53.
Bucharest: Published by the International Association for the
Prevention of Blindness. 1937.

This report embodies the reply prepared for Roumania by Dr.
Blatt in response to the questionnaire sent out by the headquarters
of the International Association in Paris, asking for information
on the subject from the various countries included in the organisa-
tion. The report is arranged under the headings:-Statistics
(number and causation of cases), legislation, financial resources,
administration and propaganda.
The population of Roumania is approximately 19 millions and

it is estimated that 0 72 per 1,000 are blind. An analysis of causes
of blindness shows a high proportion of ophthalmia neonatorum,
while syphilitic optic atrophy is also common. Interesting differ-
ences from conditions in this country are brought out by the in-
clusion of typhus, leprosy and pellagra in the list. Cataracts
other than senile also show a high percentage and it is suggested
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