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- The Netherlands Physiological and Pharmacological Society takes

leasure in presenting to active members of the XXII International
Eﬂﬂg!‘("ﬂﬂ of Physiological Sciences a complimentary copy of an abridg-
ed reprint of a physiological classic which was first published about a
hundred years ago, viz. Donders’ ‘On the Anomalies of Accommoda-
tion and Refraction of the Eye’.

That the Society was able to do so is due to a combination of happy
circumstances. The Nederlands Tijdschrift voor Geneeskunde—Netherlands
Journal of Medicine—publishes, among other things, a serics of re-
prints of classics, in the various fields of medicine in the broadest sense,
written by Dutch authors. In this series, called ‘Opuscula Selecta Neer-
landicorum de Arte Medica’, a reprint of Donders’ book was planned
to mark the centenary of its publication in 1864. The Editorial Board
of the Tijdschrift immediately agreed to advance the time of publication
of the new edition, and the Editor of the abridged version kindly
changed his time schedule accordingly. In addition the Tijdschrift
Board generously put the matter at the disposal of the Society which,
thus, could afford to have the necessary extra copies prmtcd This
comphmentary copy differs from the regular copies in the ‘Opuscula’
series only in that it is printed on thinner paper, and lacks the tooled
hard covers which are standard for the ‘Opuscula’.

The Board of the Netherlands Physiological and Pharmacological
Society wishes to express its deep appreciation to the Board of the
Nederlands Tuvdschrift voor Geneeskunde, in particular to its chairman,
Professor J. R. Prakken, of Amstcrd'tm as well as to the Editor of the
present volume, Professor M. Ch Cnl{'nbrander, of Leiden.

J. W. Duyrs
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PREFACE

In the series “Opuscula Selecta Neerlandicorum de Arte Medica’, the
Dutch medical journal Nederlands Tijdschrift voor Geneeskunde, has
published a number of studies on the history of medicine in the Nether-
lands in book form.

In these Opuscula the original text i1s published together with an
existing or new translation in English, French or German, in order to
make the classical works of Dutch medicine accessible to students of
medical history abroad.

The present volume, the 1gth of the series, differs from preceding
volumes in that its subject is not the life and work of a great physician,
or a certain group or pcrmd it is mainly an abridged reprint of a
single work. On this occasion it was not necessary to have a Dutch
researcher’s text translated into English in order to bring it within the
range of a wider circle of readers. F. C. Donders” masterpiece ‘On the
Anomalies of Accommodation and Refraction ofthe Eye’ was published
in English by the Sydenham Society nearly a century ago.

The great length of the original work made it desirable that it should
be considerably reduced in volume. We greatly appreciate Professor
Dr. M. C. Colenbrander’s willingness to undertake this abridgment
and add an introduction as well. To the present-day reader this con-
siderable abridgement, which has left the continuity of the text intact,
is a definite advantage.

A very special circumstance has made it pasmblc to bring this nine-
teenth Opusculum to the attention of a much wider circle of experts
than its predecessors. It will be presented to all those attending the
International Physiological Congress in Leiden in an edition which
differs somewhat from the usual.

By a remarkable coincidence the Nederlands Tijdschrift voor Genees-
kunde also had a connection with an earlier International Physiological
Congress. At the Congress which met in Groningen in 1913 at the
Hamburger Laboratory, then recently completed, all members were
presented with the Donders Medal, which had been struck on the
nitiative of the Dutch medical journal.

The Tijdschrift considers it a privilege to make this modest contribu-
tion to scientific events of international importance.,

J- R. PRAKKEN
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FRANCISCUS CORNELIS DOMDERS
AND HIS TIME

The importance of Donders can only be fully understood if he is seen
against the background of the period in which he lived. What he gave
to suffering mankind by his scientific work is now so much taken for
granted that we do not usually pause to consider the days without this
knowledge, a time when such knowledge was brand-new and like a
revelation.

Let me endeavour to sketch the period in which Donders lived.

Natural philosophy had flourished in the preceding century. The
nineteenth century promised to be the age of natural history. Jordan!
says on this subject:

“There was a time when biology saw its sole task in the classification
of physical forms. Linnaeus (1707-1778) created a system which allows
animals and plants to be classified dh a good librarian will arrange all
books: whatever the contents of a book may be, it has its natural place
in the library. When it is in its proper place it can always be located.

To Linnaeus, zodlogists were only those men who occupied them-
selves with such classification. Those who occupied themselves with
the organization itself were no more than zoophili. This view, which
would be inconceivable nowadays, was by no means incorrect at the
time. The system had to be created; for it is not possible to order the
sum of our knowledge into a science if we have no scheme for classifying
the various organisms. Linnacus’ concept of species in animals and
plants was absolutely rigid. The species had been created and were
preserved as such.

Similarly, Darwin’s and Haeckel’s evolution theories were from the
first influenced by the systematization of animals and plants. The
theory of evolution made an imaginary relationship into common
descent. If we know the genetic relation between various organisms,
i.e. their ancestry, then we know their natural order. Only in the sec-
ond place did the theory of evolution attempt to give a scientific
explanation of the causality of life,

Human effort will always outgrow its original intention. Darwin’s
theory assumes variability, which will produce hereditary modifica-
tions, and natural selection, i.e. survival of the fittest and extinction of
individuals less suited to the struggle for existence. There is no question
of any purpose here. The varieties themselves are not evolved in
accordance with any plan, but causally, that is, as a result of causes
which are totally unrelated to the usefulness of the variety. Only the
struggle for life would turn this suitability of the new elements of the
organization to the demands made by prevailing conditions into the
characteristics of a new species’.

H. J. Jordan, De causale verklaring van het leven (The causal explanation of life),
Amsterdam, 1941.
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It is not amazing that naturalists have never failed to be impressed
again and again by the practical organization of living organisms. It
seems as if the causal laws of physics and chemistry do not apply to
the functions of the living organism. Here, it was thought, a different
force prevailed, the vis vitalis or vital fc-rcc which, unlike the blind
forces of nature, was capable of directing the vital functions along se-
verely practical lines. An Aristotelean distinction was made between
causae efficientes, or natural causes, and causae finales, causes directed
to a certain practical end.

Naturalists were convinced, not only that everything in the organism
was efficient, but also that wcr}'thmg could only be explained from
the viewpoint of efficiency.

Dondershasgiven a striking description of the qualities of this view and
‘les défauts de ses qualités’ in his notes from London and Paris, in which
he reports on the work of the famous Claude Bernard. Donders writes:

“T'o every organ, as if it had been fitted into the body by a workman,
Claude Bernard wants to attribute a strictly defined function. Such
attribution is to him the object of physiology, and whenever we are
unable to do this he suspects ignorance. Thus the stomach is supposed
to serve exclusively for the digestion of proteins, the pancreas for the
digestion of fats. Similarly, as we heard only recently, he wants to
attribute specific functions to each of the salivary qldnds etc.’

For surely, if the functions of all three pairs of glands were 1dcntir:al,
it would not, from the point of view of usefulness, be possible to account
for the presence of more than one pair of salivary glands.

About the year 1840 there were great changes in the world of
science. ‘Bichat, the father of histology, clearly stated that the physiolo-
gist should reduce the phenomena of life to material properties. The
tissues should be to the physiologist what the elements are to the chem-
ist’L,

*As chemistry knows simple elements which combine in different
ways to form a variety of compounds, thus anatomy, says Bichat, has
its simple tissues, which by combining 4 and 4, 6 and 6, § and 8, etc.,
form the organs’.

Here, then, it was clearly stated that the science of living structures
should be analogous to the science of non-living matter.

Later this analogy was to become identity

It is a remarkable fact that Bichat, who lived in the days when the
microscope was coming into its own, was just as loth to use this instru-
ment as his teacher, Stahl. The remarkable progress made by science
was not in the first place the result of the greatly improved aids and
appliances, but of the mental approach to scientific problems.

‘But’, says Donders?, ‘with the naked eye Bichat could not graduate

' Nederlandsch Lancet, 1851-1852.
*F. . Donders, Grondvormen en weefsels (Basic forms and tissues), Nederlandsch
Lancet, 1845-1846.



to that simplicity of tissues and basic forms, such as muscle fibres, con-
nective tissue fibres, nerve fibres, elastic fibres and cells, which he had
imagined’. This was made possible by Schleiden (1818) and Schwann
(1839), who identified the cell as the basic form of life.

In 1844, Liebig pointed out the importance of chemical research
for the physiology of plants and animals. *Liebig’s work’, Donders says
in the Preface to his translation of Liebig’s ‘Animal Chemistry’ (1842),
‘abounded in bold ventures. Recklessly his hand reached into the
innermost mysteries, and with great conviction he stated what could
be found in those places where no human eye had ever penetrated’.

In 1845, Schleiden disputed the existence of the vis vitalis, main-
taining that no transcendental forces could operate in animated nature,

Faraday pointed out the interaction between different forms of
energy. Later, the law of conservation of energy was formulated,
independently of each other, by Robert Mayer and Youle in 1845,
by Colding in 1846 and by Von Helmholtz in 1847. The theory of the
vis vitalis as a special form of energy had been exploded once for all.
The period of scientific materialism had set in.

In ‘Der Kreislauf des Lebens’ (The Cycle of Life, 1852), Jacob Mole-
schott made his well-known statement: ‘*Ohne Phosphorus kein Ge-
danken’ (without phosphorus there can be no thinking). There 1s an
indissoluble bond between matter and life, between life and thinking,
between thinking and the will to make life better and happier. If only
we can nourish our brains on the best food, our thinking and our
volition will be developed to the very maximum degree, and all social
questions will be solved.

Donders was dominated by a similar optimism as regards food:
*“Whoever labours to develop this knowledge with all the strength of
which he is possessed’, he wrote, ‘and strives persistently to find accept-
ance for the results of his studies, will be working for the advancement
of mankind in the widest sense. If he has succeeded in making a single
dietetic truth prevail, he can depart from this planet in the full con-
sciousness of not hawng lived in vain’,

And elsewhere: ‘Apparently not every physician knows the power
which a thorough knowledge of dietetics will give him; many of them
still labour under the delusion that the chief remedies for every disease,
including a multitude of unsavoury and stinking substances, are col-
lected in a certain place which they call a pharmacy, and are supplied
by a certain person in elegant little phials, gallipots or boxes. The very
experience that diseases arise without drugs would, I venture to think,
suggest that most of them do not require drugs to cure them’.

Donders has given an excellent characterization of his time in his
oration at the ﬂpcnmg of the International Medical Congress of 1879,
when he said: "The art of medicine, which is not rooted in science,
not even as regards its technique, is a divine gift, which cannot be
improved by discussion. But that does not prevent discussion of the
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relationship between art and science. My teachers held the view that
general therapy could be the basis for the treatment of the sick. Nature
should be followed, guided perhaps, but never forced. That, then, was
the secret: dlsgmsc ignorance, hide behind your faith in the vital furcc,
and sleep peacefully in the arms of her all too willing daughter, the
vis medicatrix naturae, the healing power of nature.

Then came Henle with his General Anatomy: Allgemeine Anatomie
(Lehre von den Mischungs- und Formbestandteilen des menschlichen
Korpers, 1841). The scales fell from our eyes. The quiet haven of teleol-
ogy was destroyed with witty irony and biting sarcasm. The wvital
force succumbed under Gerrit Jan Mulder’s picturesque stylr: and
Duboeis Raymond’s nervous phraseology, its loveliness faded into a
phantom under the law of conservation of energy. But even if the
sceptre has been wrenched away from teleology, it still remains to be
demonstrated how exactly the object and eflects of the co-operating
organs and their I‘(‘}atlﬁl’lﬁhlpﬁ to the outside world are accomplished,
how that harmony i1s born out of habit, traiming and heredity’.

Thus the time in which Donders lived. A new and fresh spirit was
abroad in science. Great vistas were opening. Did not Haeckel think
that once science would be able to produce living proteins, even new
living creatures? For the chasm between organic and inorganic chemis-
try had been bridged since, in 1828, Wahler had first synthetized an
organic substance, urea.

There was optimism everywhere: “They are happy days in which we
live now,’ said Donders!. ‘Science 13 advancing 1n all directions, and
nearly every day provides new food for our energy!’

Donders had a large share in all this.

Donders was born at Tilburg in 1818. His father died the year after
he was born, leaving his mother with ten children and in poor circum-
stances.

Donders has described his life in a speech which he made in 1888,
when he retired as a professor and head of the Netherlands Ophthalmic
Hospital. Most of this speech has been translated and may be found
elsewhere in this book. He died a year later.

The best biography of Donders was published in Dutch at the cente-
nary of the Netherlands Dphthalmm Hospltal Utrecht, and written
by Dr. G. ten Doesschate and Dr. F. P. Fischer.

This work has two pictures of Donders, of which in my opinion the
first does most justice to the active mind we meet in his publications.
This portrait is an excellent companion to that painted by Prof. Dr.
G. Grijns’ words?,

e voedingsbeginselen. Grondslagen ener algemene voedingsleer (The principles of nutri-
tion, a basis for general dictetics). Tiel, 1852,

*Drmﬁz; ard eetee Ned. Gasthuis voor Dr}g:’uderf (The Netherlands Ophthalmic Hospital :
Seventy-five Years). 1933
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Prof. Grijns writes:

“What pleasure it was to watch him and to listen to him during his
lectures, that handsome man with his lively eyes, his dignified gestures,
his pleasant intonation, his cultured, clear and fascinating discourse.
How he made them come alive, those scientists about whose discoveries
he told us, by a racy anecdote or a personal reminiscence — for he
knew nearly all contemporary physiologists personally. I can still see
him, playing with his lorgnette, demonstrating the physiological ex-
periments performed by his right-hand man, Kagenaar, who was his
instrument maker. I can still recollect how one day Kagelaar was ill,
and an experiment, which had been prepared by his assistant, failed.
Donders watched his vain attempts for awhile, and then said : ‘Gentle-
men, I can see nothing except Kagenaar’'s absence’,

Was there no darker side to his character?

It has been said that a man’s most pronounced qualities are often an
overcompensation of his original defects. The second portrait of Don-
ders is of later date. I regret to say that it has not impressed me as
being that of an accommodating person. Perhaps this will be better
understood when I quote Prof. Dr. C. Winkler (lL.c.) on Donders:

‘As a child of eight or thereabouts I once stayed with the Van Tien-
hovens in Amsterdam at a time when his (Donders’) only daughter
was staying there as well. She was already a grown-up woman then,
and played all sorts of boys’ games with me. I idolized her, that kind
and lovely person, as boys will. Later she married Professor Engelmann,
and when I was at the University she died when giving birth to her
first child. Her death caused much sadness in Utrecht. Some time after
her death, when I was working in the physiology laboratory, I received
a message asking me to go to Prof. Donders’ room. That was quite
unusual. I went there and found him at his desk, which was covered
with piles of letters. “Winkler’, he said, *you met my daughter at the
Van Tienhovens’ when you were quite a young boy’. ‘Yes, I remember
her quite well’. “Then I shall read to you what she wrote about you in
those days. At the end of one of her letters she said : “*Now I must stop,
for Keesje Winkler is looking at me with a question in his eyes. I have
promised to play marbles with him”. The conversation which followed
made a deep impression upon me. The loving father, heart-broken by
the loss of his daughter, wanted to know how a child had admired her.
Then I understood how great was his heart and how grievous to him
the blow of this loss. Only much later did I understand the childlike
naivety with which he tried to hide that accidents of life could hurt
him so deeply. Thus his ways remained strange to many who had not
penetrated into his inner self. And they judged him to be a cold man,
enigmatic, affected, and sometimes downright rude. In fact Donders’
nature was simple as a child’s’.

It was said that Donders would not bear being contradicted. How
great must be our respect for the man who succeeded in guiding his
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difficult character by sheer self-control, and become so excellent a
teacher; who managed to supplement his originally poor education
by ceaseless energy, until he was a master of language. For this, too,
was not due solely to talent, but also to discipline.

Winkler says: “Donders’ speeches were masterpieces. Form and
content were highly polished, but do not ask how much time this took,
for Donders left nothing to chance. No passage would please him until
he was satisfied that no other words would express as briefly and accu-
rately what had to be said. I first heard him state these requirements
when I wished to know his opinion on an article which I had written.
He suggested that we should go through the article together. He then
formulated what he required — and nothing remained of my draft’.

Donders’ work embraced nearly all physiological subjects, but most
important of all has been his work On the accommodation and refrac-
tion of the eye. It was published in English in 1864. It summarized all
that he had published on the subject in various journals in the Nether-
lands and elsewhere. The book was an overwhelming success, and was
soon translated into French, German and Italian.

This book is an edition of Donders’ main work, reduced to half the
original size. No comment has been added!.

When Donders wrote the first few chapters, it was not yet customary
to have cylindrical lenses in the trial case. Donders managed by first
determining the principal meridians with the figure of a star, and then
determining the refraction with spherical lenses independently of each
otherin the two principal meridians by means of a slit diaphragm, the
power of the lens being given in Parisian inches. The difference in
refraction and the focal length of the cylinder required could then be
calculated.

As long as, before Donders’ time, only spherical correction of the
eye was determined, it did not matter whether the power of a lens was
given in its focal length or in its reciprocal value. But when astigmatism
came to be determined, it was found much easier to use dioptres as the
unit of measurement. As soon as Nagel introduced the one meter lens
in Germany and Monoyer the dioptre in France, Donders became a
warm advocate of this idea2.

There were also numerous studies of colour vision, eye movements,
intra-ocular pressure and general physiology.

But Donders’ greatest merit has been that he created order in the
field of refraction and accommodation. No doubt the times were ripe

INowadays everyone knows that lenses must be measured from the principal points,
not {rom the nodal points.
Only a few particulars must be noted:
Calabar — physostigmine — eserine
Iridodenosis = iridodonesis
Iriddesis=iridodesis = iridencleisis.
With a few exceptions, no literature has been referred to.
*Sttzungsbericht der Ophthalm. Verein, Heidelberg, 1875.



for it. But this does not in any way detract from his merit. His own
share of creative work in this field appears from numerous new con-
cepts and terms which he introduced, and which are still the common
property of ophthalmologists everywhere.

n every page of Donders’ work we find wise moderation in evalua-
ting divergent views and relating them to each other. Listen how he
values the qualities of different nations (in his Notes on London and
Paris) : ‘It is the ignorance of foreign literature which gives to British,
and even more to French publications their characteristic qualities. It
explains the bold assertions in which notably the latter abound, where
the wings of genius are so seldom weighed down with the lead — nay,
the gold — of knowledge. Yet we are perfectly serious when we main-
tain that such onesidedness has its particular advantages in science.
In many people the imagination is curbed too much by the formal
claim of unyielding facts, and causes them to trudge on in the direction
they have once taken; but the very absence of such curbs has produced,
among many abortive ideas, a number of fortunate ones as well, which,
first launched in France, then submitted to Dutch and German criti-
cism and experiments, have borne the finest fruits. Thus has French
and British onesidedness become a bulwark against the onesidedness of
German science’,

Donders was a truly brilliant link between the science of neigh-
bouring nations. In all these countries he counted many intimate
friends. I shall only mention two of them: Bowman in England, Von
Graefe in Germany, who with Donders may be called the founders of
modern ophthalmology.

LEIDEN, January 1g6z M. C. COLENBRANDER
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FPREFACE

My essay upon Ametropie en hare gevolgen (‘Ametropia and its Results’),
published in 1860, was confined to the anomalies of refraction, and
treated of these exclusively from the dioptric point of view.

In the preface, however, 1 announced my intention of producing,

subsequently to the appearance of that essay, a complete system of the
anomalies of refraction and accommodation.
When, later, I was honoured with a request, on the part of the New
Sydenham Society, to prepare my essay for an English edition, I felt
bound to endeavour to complete my work on the plan alluded to.
This I have done to the best of my ability. The experience of many
years, the examination of many thousands of eyes, in which I have been
zealously assisted by several of my pupils, have been made available.
I believe that my work has gained by its enlargement. I cannot,
however, fail to regret that its bulk has increased beyond my expecta-
tion, and I feel bound to apologise to the Council both for the delay
in its appearance, and for the inconsiderate manner in which I have
used the liberty allowed me for its extension.

One object I have kept constantly in view, to make the book, notwith-
standing its great size, useful and, in all its parts, easily accessible to the
practical physician.

The work forms, in a certain sense, a series of lesser monographs, u-
nited in a single volume, which is the emblem of their mutual connexion.

For the oculist it is perhaps an additional advantage that I am no
mathematician. I freely admit that I am not competent to follow the
investigations of Gauss and of Bessel in this department, and even the
study of the physiological dioptrics of Helmholtz required an effort on
my part. I have, therefore, sought a way of my own, and, as I believe,
I have found it.

& ® " - -

To guard against the possibility of its leading on any point to error,
I have requested my friend Hoek, our Professor of Astronomy, to look
over it, and to his kindness I am indebted for many improvements in
the form of the demonstration.

In the doctrine of the anomalies of refraction and accommodation,
the connexion between science and practice is more closely drawn
together than in any part of medicine.

Practice, in connexion with science, here enjoys the rare, but
splendid satisfaction, of not only being able to give infallible precepts
based upon fixed rules, but also of being guided by a clear insight into
the principles of her actions.
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Is it then strange that the study and treatment of my subject have
been to me a labour of love? the more so, as I felt proud in having
been called upon to elaborate it for a country in which Young, Wells,
Ware, Brewster, and Airy have pointed out to us the track which we
had only to follow, and happy in being able to offer my work in this
form to my highly esteemed friends and colleagues, whose proofs of
kindness and affection have left with me the most agreeable recollection
of my wvisits to England.

Among the privileges, which my task has procured me, dear friend
Moore, is the agreeable relation into which it has brought me with
you. If I have admired your talent, and highly appreciated your
unwearied care, I have, above all, to thank you heartily for the
interest and the love, with which the difficult task of the translation
of my work has been accomplished by you. I feel that we have become
friends, and friends we shall continue. You will, I am certain, gladly
join me in thanking the Rev. Professor Haughton, for the solution of
many doubtful points, and for his kind revision of certain portions of
the work.

UTRECHT, 27th February, 1864. F. C. DONDERS
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INTRODUCTION

1. On the Conditions of Accurate Vision. Function of the Retina
In order to see an object distinctly and accurately, two conditions
must be fulfilled. In the first place, an inverted, but well-defined,
image of the object must be formed on the surface of the membrana
Jacobi or layer of rods and bulbs of the retina. In the second place,
the local change here excited must be conveyed to the fibres of the
optic nerve, communicated to the brain, and again, in an inverted
direction, projected outwards,

Thmug this double inversion the projected image con'csponds to
the object, and we therefore say that we see the object, although,
properly speaking, only the projected retinal image stands, as it were,
before our eves.

Every disturbance of vision depends on a disturbance in one of these
two conditions, or in both- together. If the projection outwards be
disturbed, by anomalies in the retina, in the optic nerve, or in the
brain, the affection belongs to the domain of amblyopia or amaurosis.
If no image be formed, or if the image be clouded through diffusion of
light in the eye, obscurities in the way of the radiation of light through
the organ are the foundation of the mischief. Lastly, if the image of
objects placed at the ordinary distances of distinct vision, be not formed
on the layer of rods and bulbs, or even if, through abnormity in the
curving of the surfaces, no defined image is on the whole produced,
anomalies of refraction or of accommodation are developed.

The lesions of vision, for each eye separately, may therefore all be
referred to three principal classes: amblyopia, obscurities, anomalies of
refraction and of accommodation. If the power of vision of an eye be
impaired, one of these three species of disturbance must necessarily
exist.

A glance with the ophthalmoscope into such an eye will show
whether obscurity of the light-refracting media be present or not. If
such be not found, we may infer the existence of either amblyopia or of
disturbance of refraction or of accommodation. If now, even with the
aid of convex glasses, perfectly-defined vision can at no distance be
obtained, the case is one of amblyopia. If, on the contrary, the power
of vision be, at one distance or other, accurately defined ; or if, at least,
by the employment of a convex glass, a perfect definition be attainable,
we have to deal with an anomaly of refraction or accommodation,
opacity and amblyopia are excluded.

The difference between lesions of refraction and of accommodation
1s deducible from the words themselves. The lesions of refraction are to
be sought in the structure of the eye, in the condition of rest, without
attendant action of accommodation. The disturbances of accommoda-
tion, on the other hand, have their foundation in abnormal action of
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the internal muscular system of the eye. This will be more fully
explained in Chapter I1.
Note on § 1

Purkinje’s experiment proves that the perceptive layer is situated tolerably far
behind the fibrous layer, This experiment consists in making the vessels of the retina
visible to ourselves. In it, properly speaking, we perceive the shadows of these vessels.
The characteristic ramifications are made to appear, by moving a candle to and fro
beside the eye, opened and directed towards an uniformly dark chamber; and still
more easily are they rendered visible to any one, by turning the cornea as much as
possible towards the nose, and moving the dmptrlc image of a flame, formed by a
convex lens of one or two Parisian inches’ focus, to and %-:ﬂ or up and down on the
exposed sclerotic. In either case an image of llght is formed on a circumscribed part
of the membranes of the eve, which sends out light through the whole eye, but must
necessarily in the deeper layers cast shadows of the great vessels of the fibrous layer.
The shadows now change their place with the movements of the image of light, and
the object (in this case the bloodvessels), which produces the shadows, can therefore
not be situated in the layer which perceives the shadows. From the amount of this

displacement H. Mueller has inferred, that the perceptive curtain actually lies about
where the surface of the layer of bulbs and rods 1s to be found.



CHAPTER I

§ 2. Proofs of the Existence of Accommodation in the Eye

The media of the eye form a compound dioptric systcm, wherein we
can accurately and easily trace the course of the rays of light only by
being acquainted with its cardinal points. But, to clear up a number
of questions, it is satisfactory to consider the whole system as a single
lens, with a definite focus, and the action of such a lens is then sufficient
to givc an idea of the accommodation.

It is well known that when parallel rays of light fall upon a convex
lens, these, at a certain distance behind the lens, unite nearly into a
point, called the principal focus.

Parallel rays of light proceed from infinitely distant objects. From each
point of an object, placed at a finite distance, proceed rays, which have
a diwerging direction. When such rayq fall on the lens, they unite likewise
almost into a point, but this point lies further behind the lens than the
principal focus,

In the normal eye, the retinais placed precisely at the focal distance
of the dioptric system. Parallel rays, derived from infinitely distant
objects, are therefore brought into union exactly in the retina. The
objects are accurately perceived. From near objects, as we have observ-
ed, the rays proceed in a diverging direction, and theéir point of union
in the normal eye, consequently, lies behind the retina, and yet the
organ is capable of perceiving near objects also .m::at:I.u‘atﬁ*lz.,r It therefore
has the further power of bringing divergent rays into union on the
retina. Now, this power of bringing at will rays of different directions
into union on the retina is the power of accommodation of the eye.

We can easily convince ourselves that the normal eye possesses such
a power. That we are able clearly and accurately to distinguish objects
at different distances, everyone knows by experience. We need, there-
fore, only assure ourselves that we cannot at the same time plainly dis-

tmg'ulsh remote and proximate objects, to obtamn a proof that an
acommodating power exists.

C}n“lin.::lr"j.r observation will abi.mci'a‘ntlj,,r demonstrate it. It is well
illustrated by holding a veil at some inches from the eye, and a book
at a greater distance; we can then at will see accurately either the
texture of the veil, or the letters of the book, but never both together.
The circle of diffusion in 1mpcrfect accommodation can be most dis-
tinctly seen at an illuminated point, or at a darker spot on a piece of
ordinary window-glass. The latter is held close to one eye (while the
other eye is shut), but so that the point can still be accurately per-
ceived—the objects situated at a certain distance on the other side of



the glass are then observed without defined contours. We can now,
however, at will, immediately see, in the direction of the point, the
objects at the remote side of the glass distinctly, whereupon the point
appears as a larger, diffused spot. A change has consequently taken
place in the eye.

In uniting, whether before or behind the retina, the rays proceeding
from each separate point formed a round spot on the retina, instead of
a point. The section of these rays has, in fact, nearly the form of the
pupal.

All the little spots, which represent the several points of the objectin
the retinal picture, are now like so many blotted points of an accurate
image covering one another, and it is evident, that the former must,
therefore, lose its sharp contour and be diffused on the surface. But as
the retinal, so is the projected picture, and we therefore say, that we
see the object diffused. In such a state do all objects appear, for which
the eye 1s not accommodated.

§ 3. Change of the Dioptric System of the Eye in Accommodation

That in the eye, in accommodation, a change is produced, has in the
preceding section been placed beyond a doubt. The question now is,
in what that change consists? Since Kepler first attempted to answer it,
the inquiry has been the constant source of much difference of opinion
among natural philosophers and physiologists. All imaginable hypoth-
eses have been advanced. Alteration of situation of the lens, elongation
of the axis of vision, contraction of the pupil, change of form of the
lens, have all in turns been made use of in the explanation, and those
who were satisfied with none of these theories, were sometimes bold
enough altogether to deny the existence of an accommodation power.

It is not my intention to subject anew to criticism the long series of
incorrect views upon the subject. I am not writing a history of errors.
We now know what change the dioptric system undergoes in accom-
modation, and the source of this knowledge alone can here be sketched
in its leading features. The change consists in an alteration of form of the
lens: above all, its anterior surface becomes more convex and approaches to the
cornea.

It is now nearly sixty years since Thomas Young (1801) had satisfied
himself that the power of accommodation depends upon a change of
form in the lens. Nor was he led to this conviction merely by the
exclusion of other hypotheses; he adduced reasons which, properly
understood, should be taken as positive proofs. As an hypothesis the
idea had already existed ; but previously to the time of Young it could
be considered as little more than a loose assertion, to which no value
was to be attached. The force of Young’s experiments was, however,
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not understood, and his doctrine scarcely found a place in the long list
of incorrect opinions and hazardous suggestions, which were con-
stantly anew brought forward. Perhaps the necessary attention was
not paid to Young’s demonstration, because physiologists, not being
acquainted with any muscular elements in the eye, could scarcely
imagine by what mechanism the crystalline lens should change its
form, and they were little inclined to believe with Young in the con-
tractility of the fibres of the lens. It was not until after direct proofs
(within the reach of every one’s observation and comprehension) of the
change of form of the lens had been brought forward by others, that
Helmholtz placed the able investigation of Thomas Young in its proper
light. The direct proofs were given a few years ago, and to our fellow-
countryman Cramer, too early snatched from science, belongs the
highest honour in the matter.

For many years the reflected images of the anterior and posterior
surfaces of the lens were generally known. Purkinje had discovered
them in 1823, and Sanson had made them available in the diagnosis of
cataract (1837).

For the recognition of cataract they lost their value, when more decisive
means of attaining it were discovered. But it was they which could give
an infallible answer to the question, whether the lens in the accommo-
dation of the eye undergoes a change, either in form or in situation.

Maximilian Langenbeck (1849) was the first to whom it occurred
to investigate the reflected images of the lens with reference to this
important question. He examined them, however, only with the naked
eye, moreover at a very unfavourable angle, almost solely with respect
to the depth of their situation in the eye, and we can, therefore, scarcely
assume that this investigation was sufficiently decisive to produce con-
viction. Nevertheless, he announced the most important iact: namely,
that in accommodation for near objects the anterior surface of the lens becomes
more convex. This statement lay hidden in a work, whose title was little
adapted to attract the attention of physiologists. Accidentally the book
fell into my hands. Struck with Langenbeck’s fortunate idea, I imme-
diately endeavoured to satisfy myself of the correctness of his assertion;
but owing to defects in the means I employed, no satisfactory result was
obtained. That on examination with a magnifier the reflected images
should show with certainty, whether in accommodation a change of
the crystalline lens arises, I did not hesitate to predict. I soon heard that
Cramer, led by this prediction, had taken up the question. He com-
prehended its full importance, solved it in the manner pointed out by
me, and so put forward his result, that its correctness was in a very short
time universally admitted.

I have above observed, that from the reflected images of the lens we
may learn both the curvature and the situation of its surfaces. Cramer had
already deduced both from his investigations.
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In the first place, as relates to the curvature, we know that convex
mirmrq produce a diminished image behind, concave mirrors before
the reflecting surface, and that the images are smaller in proportion as
the radius of curvature is less.

}Ic:-w] thr; ant{‘riﬂr s.-ur{'acu: Df thu:r crysialline lens is a convex mirror; the
posterior surface, or rather the anterior surface of the vitreous humour
corresponding thereto, represents a concave mirror. The reflected
images are feebly illuminated, because the difference in refraction
between the fluids of the eye and the lens being small, the reflexion is
not considerable. They are, however, clearly discernible, when we
hold a bright flame at one side of the eye, and look into the organ at the
other side. If a line, drawn from the flame to the eye, forms an angle of
about 30° with the axis of vixiun, and if we look at the other side,
likewise at an angle of about 30° with the axis of vision, into the eye,

the lhTLL little images appear flat, close to one another, in the pupﬂ

(fig. 1

Fig. 1

A represents their situation in the eye accommodated for distancc;
B in the eye accommodated for near ﬂhjl cts. In both a is the reflected
image of the cornea; b that of the anterior surface, and ¢ that of the
posterior surface of the lens. Cramer viewed them magmhed 10 OT 20
times. He thus convinced himself that the image b reflected by the
anterior surface of the lens is, in accommodation for near objects,
considerably smaller, and he thence correctly inferred that the anterior
surface of the lens increases in convexity, that the radius of curvature
diminishes.

Subsequently Helmholtz, who, independently of Cramer, had discov-
ered the true principle of accommodation, has stated that also of the
little inverted image ¢ formed by reflexion on the surface of the vitreous
humour, not only the apparent, but the actual size diminishes a little
in accommodation for near objects, and that, consequently, the pos-
terior surface of the lens, too, increases in convexity, although this
increase is very slight.



As to the change in situation of the curved surfaces of the lens, this
can be determined from the alteration of place of the reflected images.
If we compare Fig. 1, A and B, we shall see thatin B the image & reflected
by the anterior surface of the lens, is approximated much more to the
reflected image of the cornea a, than in A; and Cramer hence inferred

that the anterior surface of the lens, which had become more convex,
now comes also to lie closer to the cornea.

It is, indeed, true that we do not see the images exactly in the direction
of the point where the axis cuts the surface of the lens, because both
the incident and the reflected ray is refracted by the cornea in front.
But in consequence of the symmetry of the cornea... and the sym-
metrical position of the eye and the flame with respect to the axis, the
deviations so produced are equally great on both sides, and the above
inference, therefore, remains quite correct.

Cramer did not observe any displacement of the posterior image. He
thence inferred that the situation of the surface did not alter. This
inference was hazardous, so long as it was not ascertained how far the
change of form of the lens in accommodation might have influence on
the place where the image was seen. Now, however, since the mathemat-
ical investigation of Helmholtz has shown, that in consequence of an
incidental compensation, such an influence does not at all, or scarcely
exist, we are really justified in concluding, from the unaltered situation
of the image ¢, that the posterior surface of the crystalline lens in accom-
modation does not change its situation.

The changes in the dioptric system, observed in accommodation for
near objects, therefore, consist in: 1. That the anterior surface of the
lens becomes more convex and approaches the cornea, both these
alterations taking place to a considerable degree; 2. That the posterior
surface of the lens becomes a little more convex, but, notwithstanding,
remains at a nearly equal distance from the cornea.—Besides the
changes here described, none others occur in the dioptric system in
accommodation. In the first place, Dr. Knapp has proved that the
changes occurring in particular persons in the crystalline lens, are,
in general, sufficient to account for their range of accommodation;
and, in the second place, I have satisfied myself that where the crystal-
line lens is absent, even in young people, not the slightest trace of
accommodating power remains. . . .

Note to § 3

In order to observe the reflected images, Cramer made use of an instrument, by
him called the ophthalmoscope, a term which is now generally and more correctly
applied to the eye-speculum. This instrument I have so modified that it can be used
for measurements, and I have given to it in this form the name of phaceidoscope, which
word fully expresses its object. The most essential elements of this instrument are

(fig. 2):
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1. A horizontal quadrant, divided into degrees; 2. A flame freflected in the observ-
ed eye O'; 3. A microscope m, through which the observer's eye O sees the observed
eye O° magnified from 15 to 30 times, and in which the slit between two movable
vertical surfaces present in the eye-piece, serves as a micrometer; 4. A sight o, capable
of being placed at different distances from the eye. The flame impinges unchanged
upon 0°, the sight and the microscope can turn horizontally around the middle
point from which the quadrant is described ; the observed eye O is so placed, that its
crystalline lens coincides with the middle point of this quadrant. We can thus alter-
nately fix the sight, placed near the eye, and a distant point situated in the direction
of ;]hc sight, after having first given a proper position to the microscope and to the
sighnt.

gThc flame remains, as has been said, in the direction of 0°. If the microscope be
now placed at 60° and the sight close to 30°, we shall usually, on altering the accom-
modation, see very distinctly the displacement and change of size of the middle
image. Properly speaking, the sight ought not to stand at 30°, but at about 5° or 6°
from it, as the observed eye must look 5° or 6° more inwards. The axis of vision lies,
viz., in general, to the outside of the line of vision (that is the line extending from the
yellow spot to the fixed point), and the line of vision must therefore be turned in-
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wards, in order to direct the axis of vision to 30”. If we wish to determine the position
of the surface of reflexion of the lens from the distance between the reflected images
a and b, the direction of the axis of the cornea must first be sought in order to place
the sight correctly with respect to it.

Helmbholtz constructed a peculiar instrument, called by him the ophthalmometer, for
the purpose of determining the magnitude of the reflected images. This instrument
is one of the great treasures for which we are indebted to his genius,

The mode of measurement with the heliometer, which enables astronomers accurately
to determine minute dimensions of the planets in constant motion, suggested its
construction to Helmholtz. These measurements are accomplished by doubling the
images; the same is true of the ophthalmometer. Objects which are seen through a

late of glass, bounded by perfectly flat and parallel surfaces, held obliquely to the
ine of vision, appear to be in some measure laterally displaced, and this displacement
increases with the magnitude of the angle of incidence of the rays of light upon the
plate. On this simple fact depends the action of the ophthalmometer.

The application of the ophthalmometer to the measurement of the clear reflected
images of the cornea is very easy. We observe that in accommodation for each
distance the magnitudes of the images, and consequently the radius, remain unalter-
ably the same.

On the anterior surface of the lens the image is too weak and too ill-defined, to
allow of the measurement of double images thereof with the ophthalmometer.
Helmholtz therefore produced, close to the reflected image of the lens, a changeable
reflected image on the cornea, and made this last equal in magnitude to the first, of
which he could accurately judge with the naked eye. The magnitude of that of the
cornea can then in every case be calculated or measured.

The little inverted image of the posterior surface of the lens is well defined. In this
instance the ophthalmometer was again applicable, and Helmholtz satisfied himself
that the radius of curvature in accommodation for near ohjects here becomes a little
smaller. . . .

In order to ascertain the place of the anterior surface of the lens, Helmholtz
determined that of the margin of the pupil which lies against the lens. The position
of the posterior surface, in the determination of which the ophthalmometer again
rendered good service, was deduced in a rather complex manner, from that of the
reflected image. These determinations of the places of the surfaces of refraction might,
as has been already observed, also be obtained with the phacoidoscope.

E + B - . - B . 0 . e - * & - B *

8 4. On the Mechanism of Accommodation

So soon as the changes which the dioptric system undergoes in accom-
modation had become known, physiologists were in a position to
investigate, with some hope of success, the mechanism whereby those
changes are produced.

But, notwithstanding all these efforts, it cannot be said that any theory
brought forward has as yet been fully proved: the utmost we have
attained to is, that by exclusion, the limits wherein our views may
range have been much restricted.

It has been in general tacitly assumed that the accommodation for
distance, and even for the farthest point of distinct vision, is purely
passive,—that in it only relaxation of the parts which actively produce
accommodation for near objects takes place. I believe that this idea



was in all respects fully justified. But, if we endeavour to explain the
mechanism of accommodation, it is, as a preliminary question, so
important, that it may well be specially treated of, the more so,
because some advocate an active accommodation also for distant objects.
The grounds on which it may, in my opinion, be maintained that
accommodation for near objecs only is active, while that for distant
E}bJLLt‘i is passive, are the following:
. The subjective sensation; for myself this is conclusive.

2. The phenomena pmdutcd by mydriatics. If we drop into the eye,
a solution of one part of sulphate of atropia in 120 of water, the pupil,
after ten or fifteen minutes, begins to dilate, and soon afterwards the
nearest point of distinct vision removes farther and farther from the eye.
At the end of forty minutes all action is destroyed, and the eye remains
accommodated to its farthest point. The muscular system for accom-
modation is now paralysed, and paralysis, that is, the highest degree
of relaxation, is thus proved to be equivalent to accommodation for the
farthest point. Now, did we assume the existence of a distinct system,
working actively in accommodation to the farthest point, we ought to
maintain—1st, That this system is not paralysed by atropia,; 2nd, That
it is by this agent brought into a condition in which it is incapable of
relaxation. This supposition would not be quite absurd. Something of
the kind is said to occur in the action of atropia upon the iris: the
circular fibres of the latter are thereby paralysed, but at the same time
its radiating fibres are said to be brought into the condition of spasm,
so that the pupil becomes much wider than in cases of paralysis of the
sphincter, and is also not at all or scarcely capable of further dilatation
by irritation of the sympathetic nerve in the neck!. But though the
supposition is not absurd, it is nevertheless far-fetched and little
admissible. That it 1s incorrect appears further:

3. From the phenomena attending paralysis of the oculo-motor nerve.
In this affection the power of accommodation is not unfrequently
wholly lost. This condition may occur with paralysis of some or of all
the muscles governed by the oculo-motor nerve; but it may also exist
quite independently. In it the refraction corresponds to the original
farthest point, as cases of recovery have satisfactorily proved to me. The
pupil is immovable and dilated, although not highly so. On instillation
of atropia, the diameter becomes much greater, but the refraction of
the eye remains unaltered. Accommodation for the farthest point
corresponds, therefore, to total paralysis. In imperfect paralysis (paresis
of accommodation) thc nearest point is always removed further from
the eye, the farthest remaining unaltered. Cases of paralysis, where the
farthest point should be approximated to the eye, do not occur: they

‘See De Ruyter, De actione Atrope Belladonne in iridem, Trajeni ad Rhenum, 1856.

Iiiuw per, Gmfer,c_wkmga’n betrekkelijh de kunstmatige .ﬂgnm;:fmg van den cogappel. Ltrechl
1860.



should necessarily occur, did a muscular system exist, actively pro-
ducing accommadotion for remote objects.

4. The lens, enclosed in its capsule, has an important property, which
must here be expressly pointed out. It possesses a high degree of
elasticity. On gentle pressure its form is casily altered, but it immediately
regains its Grlglnal form when the pressure ceases.

Hence, too, it appears, that only the mechanism of accommodation
for near n:-l:-jects is explicable by muscular action, and that the return
to accommodation for distant objects occurs spontancously (with the
co-operation of elastic parts) when the active muscular operation
ceases. The efforts of myopic individuals to see distinctly at a greater
distance, are confined, as we shall subsequently observe, to diminishing
the circles of diffusion, by excluding a part of the pupll they produce
no true accommodation—no chan ge of the dioptric system.

Now the accommodation for near objects must take place through
the intervention of muscular action. The accommodation is produced
voluntarily, and we know no voluntary movement without the inter-
vention of contractile—of muscular elements.

Before physiologists were acquainted with the changes of the dioptric
system, they often attached importance to the external muscles in the
production of accommodation. Now that we know that the accom-
modation depends on a change of form in the lens, this opinion
seems scarcely to need refutation. That with converging lines of
vision, through the action of the musculi recti interni, we are
capable of producing a higher degree of accommodation than is
attainable by parallel lines, proves only that the muscular action of
accommodation and the contraction of the musculi recti interni are
associated: we can by no means thence infer that the musculi recti
interni have a direct influence upon the accommodation. That they
do not possess this, I learned from cases where the musculus rectus
internus was completely paralysed, and the accommodation neverthe-
less had its normal range. The same might already have been inferred
from the fact, that when the near object fixed upon lies to the side,
the rectus internus in one eye is not active, and, nevertheless, accom-
modation for near objects in this case equally takes place. Many
instances further occur, where the accommodation is wholly destroyed
by paralysis, without the external muscles of the eye being in the least
impeded in their action; and, finally, some cases are on record of
paralysis of all, or of n-::a,rl'f all, the muscles of the eye, and of deficiency
of the same, without diminution of the power of accommodation. We
hence conclude that the external muscles of the eye exercise no direct
influence on accommodation,

The contractile elements, which produce the accommodation, must
consequently be situated exclusively in the eye. Now we are acquaint-
ed, in the eye of the mammalia, solely with unstriped muscular fibres
or fibre-cells: there are no striped muscular fibres or fasciculi. These



last, however, replace the former in the eye of birds, and therefore we
may attribute to the unstriped muscular fibres the same signification
and the same voluntary action. Indeed it is as little strange that fibre-
cells should here be subject to the will as that the striped fibres of the
heart should be withdrawn from it. Furthermore, if we consider that
Cramer saw accommodation for near objects supervene on galvanic
irritation of the eye of various animals, deprived of its external muscles,
and that paralysis of the iris and paralysis of accommodation almost
always go hand in hand, there can be no doubt that internal muscular
elements, under the control of the ciliary nerves, by their contraction
produce the accommodation.

Now the muscular elements known to exist in the eve of the mam-
malia are (fig. 3):
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1. The muscular fibres of the iris. The circular fibres (sphincter
pupille (*)) are easily seen and isolated, most easily in white rabbits
or rats. -

Independent radiating fasciculi of fibres are less easily demonstrated.
The vascular trunks (®), which likewise have a radiating direction,

ossess a distinct muscular layer; and it is generally difficult to prove
that the fibrous bundles found do not belong to the vessels.
I have shown with certainty from experiments on white rabbits, that
the bloodvessels of the iris, on irritation of the sympathetic nerve in
the neck, become narrower while the pupil dilates. As to the connexion
between these two phenomena, I do not venture to give an opinion.

2. The ciliary muscle.

That the organ formerly known under the name of ciliary ligament
is of a muscular nature, has been proved, independently of one another,
by my esteemed friends Bowman and Bruecke. The fibres arise in great
part from the outer layers (3) of fibres, in which the membrana
Descemetii (D) subdivides, while the innermost layers of these fibres
spread as ligamentum pectinatum on the iris. The muscular fibres form
fasciculi, of which the most external, connected in long extended net-
works, run backwards parallel to the upper surface of the sclerotic (S)
and pass into the several laminz of the choroid (C). Internally (®) the
meshes of the nets become gradually shorter, and finally, mostly spread
out in a circular direction, so that the fasciculi here acquire rather a
circular than an antero-posterior direction. This innermost portion of
the ciliary muscle is connected with the choroidal tissue in the place
where the corpus ciliare (P) passes from without inwards. If we cut out
a piece of the conjoined membranes, and with a pincers seize the whole
breadth of the portion of the iris near its insertion and tear it off, the
innermost part (®) of the ciliary muscle remains attached to the outer
surface of the ciliary process, while the most external portion (3) con-
tinues lying on the sclerotic and connected with the extreme outer
layers of the choroid, which are not torn off. We can thus divide the
muscle into two parts, as is described in Von Reeken’s dissertation
(1855). The networks of the fasciculi of the innermost portion possess, as
is there also represented, a more circular direction. H. Miiller has
subsequently described these as a separate muscle. He has the merit of
having thereby directed attention to this innermost part. That it does
not, however, deserve to be considered as a separate muscle, is clearly
shown by the above-described gradual transition from the one direc-
tion to the other.

3. In other elements also of the eye of the mammalia, contractility
has been suspected, though not demonstrated. Max. Langenbeck has
assumed the existence of a musculus compressor lentis immediately
around the lens. Others, however, have not succeeded in finding this.
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In the choroid, Schweigger has found cells presenting quite the appear-
ance of ganglionic cells, and it seems that they must really be consider-
ed as such; and Heinrich Miiller appears inclined to attribute contrac-
tility to the choroid. Each of these views is, however, still problematical.

From this sketch it seems most probable, that no contractile elements,
except those of the iris and of the ciliary muscle, can come into play in
accommodation. Accordingly Cramer thought that the change of form
of the lens might be explained by the action of the iris: simultaneous
contraction of the circular and radiating fibres producing pressure on
the lens, and thus giving to the part of the crystalline corresponding to
the pupil greater convexity, and causing it to protrude through the
pupil. Pathology has, however, shown that the iris takes no direct part
in the accommodation of the lens. It may be adherent to the cornea,
leaving a space between the iris and the lens; it may float without
tension in the aqueous humour (iridodenosis); it may be in part
removed by iridectomy; it may even be wholly absent, without the
power of accommodation being perceptibly disturbed.

It therefore remains only to attribute to the musculus ciliaris the
important quality of accommodation-muscle.

Thus far we have arrived by exclusion. But the mechanism whereby
the contraction of this little muscle alters the form of the lens is ...
not vet satisfactorily and convincingly brought to light.

I shall here confine myself to a short statement of the views of Helm-
holtz, who numbers the most adherents, and of H. Miiller. Helmholtz,
by measurement during life, found the lens, in accommodation for
distance, thinner than it occurs in the dead body. It is said that this
may depend on elongation of the lens (fig. 3, L), through tension of
the Zonula Zinnii (7), which is stated to be present during life, certainly
as a result of the pressure of the vitreous humour. It is further stated
that after death, when the pressure ceases, the tension may diminish
and the lens consequently become thicker. But during life the action
of the ciliary muscle may effect the same. It is evident that the outer-
most layers of the ciliary muscle, in contracting, must cause the origin
at the fibrous layers (3) of the membrana Descemetii and the termina-
tion at the choroid (C), both of which are elastic, to approach one
another. According to this, the iris (I}, which is mediately connected
with the anterior part of the ciliary muscle, recedes in accommodation for
near objects; and, on the contrary, the place of insertion in the choroid
will advance a little forwards. Now with this the origin of the Zonula
Zinnii is connected; and as, therefore, the latter at the same time
advances, its tension ceases, and the equator of the lens becomes small-
er, the lens itself becomes thicker in the middle, and its two surfaces
are rendered more convex. Helmholtz supposes that to this may be
added a pressure of the iris, which may make the equatorial surface of
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the lens arched anteriorly, and thus increase the convexity of the
anterior surface and diminish that of the posterior.

H. Miiller’s theory is based upon his anatomical investigations of the
ciliary muscle. He distinguishes, as we have seen, a circular muscle
capable of exercising pressure on the margin of the lens, and thus of
rendering the lens thicker, while it would at the same time draw the
periphery of the iris backwards. Moreover, he attaches, with Helm-
holtz, importance to the relaxation of the Zonula Zinnii. Lastly, he sees
in the action of the most external layers of the ciliary muscle a means
of augmenting the pressure of the vitreous humour, of pushing the lens
forwards, of diminishing the increased convexity of the posterior surface,
and, by the resistance of the simultancous contraction of the iris, of
increasing that of the anterior surface.

Against these two theories I have difficulties which I shall not further
develop. It would, moreover, be easy to bring forward other hypotheses,
but from this too I shall refrain. 1 am afraid of depriving this work of
the character I desire, above all, to see attached to it,—the character
of exact science,

Note fo §4

One point 1 shall take leave to remark upon is. that in the case of acquired
aniridesis with normal range of accommodation, described by Von Graefe, in
accommodation for near objects, no displacement of the then visible ciliary process
was observed; that, moreover, nothing is mentioned of the possibility of a direct
pressure of the ciliary muscle on the margin ol the lens; and, finally, that nothing is
said of any diminution of the circumference of the lens, although the increased
convexity of its anterior surface is proved [rom the reflected images. On l[ormer
occasions | have also in vain endeavoured, alter iridectomy, in which the margin of
the lens became visible, to satisfy myself of the diminution of the circumference of the
lens in accommodation lor near objects,

What we must, in the first place, therefore, endeavour to clear up is the question,
whether the circumierence of the lens, in accommaodation for near objects. becomes
perceptibly smaller? The answer will have great influence on our further considera-
tions.

§ 5. Range of Accommodation
In all the investigations respecting the cause and mechanism of accom-
modation, observers appear not to have thought of defining the range
of accommodation under various circumstances, and of secking a
simple numerical expression for the same. And yet the necessity for
such existed almost still more for the oculist than for the phyamlﬂqist
If it be desired to investigate the accommodation, whether in reference
to the changes observed in the eye, either at different periods of life,
or with respect to myopia, hypermetropia, asthenopia, ﬁtmbnmuc:
paresis, etc., it is evidently necessary to have an easily cnmpﬂrab]c
standard of its magnitude or range.

Had the necessity been felt, it would not have been difficult to have
provided for it. The knnwlcdge alone of the distance R from the farthest
point of distinct vision, and of the distance P from the nearest, is
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suflicient. With the knowledge of these distances the range of accom-
modation 1 : A may be found by a very simple formula.
The formula is 1 1 1

— e — —

A P R

The distances P and R may be calculated from the nearest point p»
and from the farthest point r of distinct vision to a point situated
about 3" behind the anterior surface of the cornea in the eye, called
the anterior nodal point £'. The latter coincides in the eye nearly with
the second nodal point £, both of which may therefore here be con-
sidered as one point. This point corresponding nearly to what is
termed the optical centre, has a very important signification ; the rays,
which in front of the cornea are directed to the node, in the vitreous
humour continue parallel to their primitive direction, and also nearly

exactly directed to the same point; these rays
- may therefore be considered not to have been
refracted. This is represented in the subjoined
figure 4.
If we connect the corresponding points of the
object and image by right lines with one another,
these all, just as ¢" j', pass through the point £,
and they are therefore called lines of direction;
the posterior nodal point K" 15 consequently the point of
decussation of the lines of direction.

The meaning of the formula for the range of

accommodation

A P R

is easily understood. In this formula, A is the focal
length of a lens, which gives a direction to the rays
from the nearest point of distinct vision p, as if
they came from the farthest point r.
Consequently A is the focal distance of the
auxiliary lens, of which the eye avails itself in
accommodation, and as the power of a lens is
inversely proportional to its focal distance, 1: A
expresses the range of accommodation,

It is convenient to represent the value of A in
Parisian inches, especially as the focal distance of
lenses is usually stated in the same, and this ap-
plies also more particularly to spectacles'. (p. 27).

The same form of expression I now apply to all
Fig. 4. lenses. The power mav always be regarded as
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inversely pmpﬂrlmnal to the focal distance F, and therefore find its
expression in 1 : F. If the focal distance be negatwe it becomes —
1: F. Glasses Uf 1/10 of —1/8, &c., therefore mean glasses of
ten Parisian inches positive, eight Parisian_inches negative focal
distance, &c. We shall subsequently see that the degrees of anomalies
of refraction may be expressed in a similar mode, and that it is there-
by at the same time shown, by what glasses they may be neutralized.

We have above seen that the range of accommodation is contained
in the formula

Therefore it is necessary to possess a simple method of determining the
points p and r with sufficient accuracy for practical purposes. The
determination of r is accomplished with a nearly parallel state of the
the lines of vision, that is, by fixing with both eyes an object at least
5 metres distant. We know, namely, that when the lines of vision
converge, accommodation necessarily takes place, and that consequent-
ly the true farthest point in total relaxation of accommodation cannot
thu*; be found. As an object we may use groups of vertical black lines,
each line 2 1/2 millimétres thick and 10 millimétres fro mone another,

and examine whether they can at the distance of five métres be seen
with perfect accuracy with the naked eye, or whether the sharpness of
the object can be increased by glasses. If no improvement is attainable
by glasses, r lies at least 5 meétres distant, which may here be equally
represented by an infinite distance co.

Where nearsightedness exists, concave glasses, with negative focal
distance, are required to obtain perfect accuracy: in this case we deter-
mine what 1s the weakest glass of this nature with which the sharpest
possible vision is obtained.

Let us illustrate this by an example. A nearsighted eye, to see
accurately at a distance, needs a glass of 15 Parisian inches negative
focal distance, placed at a quarter of an inch in front of the cornea, that
is, half an inch before the nodal point £’ in the eye, then R= 15 1/2
Parisian inches.

In place of the above-mentioned black lines we may, in the determi-
nation, make use of definite letters or numbers, whereby, by causing
them to be named, we may obtain still more objective certainty with
what glass they are accurately seen. ... In Dr. Snellen’s system of
test-types, each number corresponds to the number of feet at which a
sharp-sighted eye distinguishes them.

In the boxes of Glasses, prepared by Paetz and Flohr, of Berlin, for oculists, they
are defined in Prussian inches, which are less than Parisian inches. In England,
English inches are employed, one English inch being equal to about o-g4 Parisian
inch, and differing but little from the Prussian. In practice a reduction will rarely be
necessary.
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The determination of the nearest pmnt is effected b:-,f means of a
wire optometer. This consists of a little frame (fig. 5), of the size
represented in the figure, in which some fine black wires are 'o.t"]'[lf_a"\r
extended and wherewith a measure, capable of being rolled up, i

Fig. 5 =

connected, the scale commencing at the frame, and the bobbin ¢ being
applied to the temple, on a line with the anterior surface of the cornea.
This bobbin is, by moving the frame out from the eye, unwound until
the vertical wires are seen with perfect accuracy. It 1s, indeed, possible
to determine by means of such wires with sufficient accuracy whether
they are exactly seen, as by a slight deviation the margins lose their sharp
outlines, and more of these lines appear. The persons examined for the
most part state this very easily. The reading of print, capable of being
distinguished at given distances in due accommodation and by a sharp
eye, may be used to control the result.

Most optometers are based upon the principle of the well-known
experiment of Scheiner: through two openings or slits, placed closer to
one another than the diameter of the pupil, the object, for example a
wire, is seen, and this appears double if the eye is not accurately adjust-
ed to this distance. If we now cause any one to look into such an
optometer and to determine when he sees the wire single, we shall in
general obtain a distance to which the person easily accommodates
his vision, but this distance will not correspond to either the nearest
or the farthest point,
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Only when a person has learned to control his power of accommoda-



tion, and can voluntarily bring it into the condition of the highest action
and of perfect relaxation, can we with such optometers successively
determine his farthest and his nearest point of distinct vision. But such
voluntary control of the power of accommodation is acquired only by
great practice. Ordinary individuals accommodate for their farthest
point only when they actually look at a distant object, and for their
nearest only when they very distinctly see an object approaching, whose
diminishing distance they meanwhile observe and follow in their
imagination. Then, by the eflort actually to see the object distinctly as
long as possible, the greatest possible tension of the power of accom-
modation is excited. Such an approaching object is the frame above
described, while in the optometer, the distance of the object not being
known, no stimulus to tension 1s created.

If greater accuracy be desired, as in observations intended for the
solution of scientific questions, it is advisable to employ another in-
strument, which shall be described in treating of the relative range of
accommodation.

The partial dependence of accommodation on the convergence of
the lines of vision has already been alluded to. In the determination of
the nearest point this should be borne in mind. Theoretically we should,
in order to be able to institute a compatison, always determine the
nearest point at the same angle of convergence, as the farthest point is
examined with parallel lines of vision. This would, however, be atten-
ded with great practical difficulties, and, as I shall hereafter show,
would moreover lead to wholly incorrect results. The only thing re-
?‘uired in this respect is, that in all the cases where the nearest point lies
arther from the eye than 8", the determination should be made with
the use of such convex glasses, that the nearest point should be brought
to about 8" from the eye. It will then be necessary to calculate at what
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Fig. 6.



distance the eye should have been brought into this state of accommo-
dation without the use of the convex glasses.

Lastly, I would here state a method of expressing the ranges of
accommodation by the lengths of lines, which exhibits at the same time the
commencement and termination of the range of accommodation, that
1s the nearest and farthest points of distinct vision. Above parallel lines,
situated at equal distances from each other (fig. 6), let numbers be
placed, expressing the distances of distinct vision, and in such an order,
that the distance between two lines may everywhere represent an equal
range of accommodation, for example, 1/24. It is evident that in fig.
6 the differences of the distances from line to line always amount to
1/24 of the range of accommodation. ...

A single horizontal line now immediately shows the extent and
range of accommodation. In fig. 6 three such lines occur.

I. represents a person whose farthest point of distinct vision lies at

an infinite distance, his nearest point at 4". His range of accommodation
18
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and is expressed by six lines distance, each of 1/24 of this range of
accommodation, consequently 6/24=1/4.
I1. has likewise his farthest point at an infinite distance, his nearest
at 6 inches. His range of accommodation is
1/6 — 1 /o =1/6, expressed by 4/24.
II1. has his farthest point at 6 inches (he is therefore near-sighted)
his nearest at 3 inches. His range of accommodation is
1/3 —1/6=1/6;
corresponding to four lines distance
=4/24=1/6.
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CHAPTER 11
DerecTs oF REFRACTION AND ACCOMMODATION IN GENERAL

§ 6. Distinction between Defects of Refraction and of Accommodation
Hitherto the defects of refraction and of accommodation have been
more or less mixed up one with another. This confusion was an impe-
diment to the clearness of description, which in this department parti-
cularly, 1s absolutely necessary to the correct appreciation of the sub-
ject. The ideas of refraction and of accommodation must therefore in
the first instance be accurately distinguished from one another. . ..

¢ By refraction of the eye, we understand its refraction in the state of
rest; that is, the refraction which the eye possesses in virtue of its form
and of that of its component parts, independently of muscular action,
independently of accommodation. The term, therefore, applies to the
refraction of the eye whose muscles of accommodation are inactive or
paralysed.

The farthest point of distinct vision corresponds to the state of
rest of accommodation. Now, so soon as the action of accommodation
occurs, the eye becomes adjusted to an adjoining point.

The stronger this action is, the nearer is the accurately seen point.
Accommodation is, therefore, the voluntary action whereby the eve becomes adjusted
to a nearer point than is the case in the state of rest of accommodation.

Hence it appears, that refraction is dependent on the anatomical
condition of the component parts of the eye; accommodation, on the
contrary, depends upon the physiological action of muscles.

With regard to refraction, we call the structure of the eye normal,
when, in the state of rest, it brings the rays derived from infinitely dis-
tant objects to a focus exactly on the anterior surface of the layer of
rods and bulbs. . .. If convergent rays are also capable of being brought
to a focus, the eye possesses something which it does not need: for
from all objects proceed divergent or at most parallel rays. If on the
contrary, the farthest point lies not at an infinite, but at a finite distan-
ce, vision 1s indistinct throughout a great part of the space. Conse-
quently the refraction of the media of the eye at rest can be called normal
in reference to the situation of the retina, only when parallel incident
rays unite on the layer of rods and bulbs. Then, in fact, the limit lies
precisely at the mean; then there exists emmetropia (from #uuerpos,
modum tenens, and &¢, oculus). Such an eye we term emmelropic.

This name expresses perfectly what we mean. The eye cannot be
called a normal eye, for it may very easily be abnormal or morbid, and
nevertheless it may be emmetropic. Neither is the expression normally
constructed ¢ye quite correct, for the structure of an emmetropic eye may
1n many respects be abnormal, and emmetropia may exist with difference
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of structure. Hence the word emmetropia appears alone to express with
precision and accuracy the condition alluded to.

The eye may deviate from the emmetropic condition in two respects:
the principal focus ¢ of the eye at rest may fall in front of or behind the
most external layer of the retina. In the former case divergent, in the
latter convergent rays come to a focus on the retina. In the first case,
therefore, in the condition of rest, nbjﬁ:‘ts are accurately seen which are
situated at a definite finite dmtamc, in the second they are at no dis-
tance accurately seen, for the rays in falling upon the cornea must, in
order to unite in the retina, already converge towards a point situated
behind the eye. In the first case the farthest limit lies within the normal
measure : the measure is too short, and the condition might, therefore,
be called brachymetropra. In the second case, the boundary lies beyond
the measure, and I have, therefore, called this state hypermetropia.

Hence it is perfectly clear, that brachymetropia and hypermetropia
are two opposite conditions.

In order to express that the eye is not emmetropic, we may use the
word ametropia (from zperpo:, extra modum, and @<, oculus). Brachy-
metropia and hypermetropia are both, therefore, referrible to ame-
tropia.

Brachymetropia is evidently nothing else than myopia, and it appears
preferable to use the word myopia, dS being an established term. The
word brachymetropia was formed only in contrast to hypermetropia,
to which expression I thought it right to adhere.

Hence it i1s evident that myopia and hypermetropia are opposite
conditions. That myopia is of very frequent occurrence, and is to be
considered as an important condition, has long been admitted. Still
more common, however, and more important in its results i1s hyper-
metropia, which has hitherto been for the most part cither overlooked,
or confounded with other states.

The shortening of the focal distance, whereby nearer points become
accurately visible, is the work of the muscles of accommodation. Under
the maximum action of these muscles the eye 1s adapted to the distance
P of its nearest point. ... The range of accommodation diminishes,
as shall hereafter be more particularly pointed out, with adv'mc:mg
years. At the same time R may remain almost unaltcred and P thus
becomes greater. The result of this is, that in the emmetropic eye the
nearest point is at a certain period of life removed so far from the eye,
that more minute operations can no longer be well performed with
near objects. This condition of the eye is called presbyopia. Presbyopia
therefore exists, when, in consequence of the increase of years, with diminution
of the range qf m:r:ammﬂdafmn, the nearest point has been removed too far from
the eye.



Formerly writers were in the habit of contrasting presbyopia with
myopia. Apparently this was quite correct. ... In myopia they found
‘the mean distance of distinet vision’ to be situated too near the eye, in
presbyopia too far from it.
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On closer examination it appears, however, that such opposition is
illogical. The fact is, that both in an anatomical and in a physiological
point of view, myopia and presbyopia belong to very different catego-
ries. Myopia is based upon an abnormal construction of the eye; pres-

byopia is the normal condition of the eye at a more advanced period
of life.

Myopia, finally, rests upon an abnormal situation of the farthest point
of distinct vision; presbyopia, on the other hand, on an altered situa-
tion of the nearest point. So little are myopia and presbyopia opposite
conditions, that they may both occur simultaneously in the same eye.

Hence we may consider it to be fully proved and demonstrated:

1. That myopia and hypermetropia are to be regarded as opposite
conditions.

2. That it is 1llogical and unpractical to contrast myopia and pres-
byopia with one another.

With respect to presbyopia, this state is no anomaly, but rather the
normal condition of the ... eye, at a more advanced period of life.

Accommodation is, as we have seen, based upon a change of form
of the lens, produced by contraction of the internal muscles of the eye.

Hence it follows, that anomalies of accommodation may be depend-
ent:

a. On disturbance in the lenticular system.

b. On disturbance of the internal muscles.

Of the disturbance in the lenticular system the condition of total
absence of the lens, which I have termed aphakia, comes almost
exclusively under observation.

The disturbances of the muscles of accommodation are of a very
varying nature. Principally we shall have to distinguish:

1. The weakness which not unfrequently manifests itself by definite
phenomena after different exhausting illnesses.

2, The more or less complete paralysis, which, probably without
exception, is connected with a similar condition of the M. sphincter
iridis, and often occurs only as a part of the paralysis of the oculomotor
Nnerve.

3. The spasm, which occurs much more rarely than the paralysis,
and, like the latter, is based upon a direct or indirect abnormal action
of the nervous system.

Besides these rare forms of spasm, we shall observe, as a very ordinary
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phenomenon in hypermetropia, a persistent increase of contraction of
the muscles of accommodation dependent upon habit. This subject
shall, therefore, be treated of in speaking of hypermetropia.

Moreover, it is here to be noticed in general, that the condition of

refraction exercises an important influence on the ordinary use of the
range of accommodation, and consequently upon accommodation,
itself. The modifications so produced cannot be separated from the
states of refraction on which they depend, and they therefore come
with them under consideration. For this and other reasons it was
necessary to give an idea of the subject of accommodation, before
passing to the description of the anomalies of refraction.
From the foregoing, it appears that our principal distinction is based upon the
situation of the [arthest point of distinct vision. Thus we obtain a classification of the
anomalics of relraction. which of itself excludes a confusion of the latter with the
anomalies ol accommaodation.

The question naturally arises, whether a classification resting on the nearest
point of distinct vision, that is upon P, may not also be observed. On a hittle reflec-
tion it will, however, be seen, that this would lead to constant confusion of the
anomalies of refraction and of accommaodation. Indeed P depends upon both factors,
both on the refraction of the eye at rest, and on the range of accommodation, Conse-
quently two eyes, in which P is similar, may, with respect to refraction and accom-
modation, present great differences: it is only necessary that the differences compen-
sate one another in the two factors. A myopic eye with a small, and a hypermetropic
eve with a great, range of accommodation, may have their nearest point at the same
distance as an emmetropic eye, with an average range of accommodation. Now, if
they were classified according to their nearest point, all these different eves should
be referred to the same category.
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Lastly, the same eve should, in proportion as the power of accommaodation dimin-
ished, belong cach time to a different category. This is enough to prove that a classi-
fication of eyes, based upon the shortest distance of distinet vision, is entirely un-
practical, and almost leads to the absurd. A classification according to the mean
distance of distinct vision, which it has been attempted to make by contrasting myopia
and presbyopia, is an illusion; for a mean distance of distinct vision does not exist,
and what does not exist is certainly not to be defined. (Compare relative range of
accommodation. )

On the contrary, a classification founded on the greatest distance of distinet vision
is simple and logical. With the knowledge of R we perceive, in the first place,
whether an anomaly of refraction exists. Taking the time of life into consideration,
we can, moreover, thence nearly determine what P ought to be; and if P does not
actually correspond thereto, we may infer the existence of an anomaly of accommo-
dation.

§ 7. Causes of the Defects of Refraction in general

On the cause of the anomalies of refraction the dioptric defini-
tion laid down does not throw any light. They are defined simply as
disturbances of connexion in the relative position of principal focus and
retina. On what anatomical or physiological deviation these disturb-
ances of connexion may depend, is thus left undecided.

This would seem to be the place to treat of this subject in general.
However, we here state only what is the rule. Deviations, of a peculiar
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nature, which occur only sometimes as exceptions, will come under
consideration first in speaking of each of the anomalies in detail.

The rule is expressed in the annexed three figures. Iig. 7 is an emme-
tropic, fig. 8 a myopic, and fig. 9 a hypermetropic eye. It immediately
strikes us, that in the myopic eye the axis of vision 1s longer, while in
the h}rpermalmpm eye it is, on the contrary, shorter, than in the
emmetropic. To this almost exclusively it is to be attrlbuted that
parallel incident rays in the myopic eye, come to a focus in front crf' in
the hypermetropic, behind the retina. Of this difference in length of
the axis of vision we can even in life satisfactorily convince ourselves.
Thus if we cause the axis of vision to be as strongly as possible directed
outwards, we shall observe the slow alteration of the arching of the

Fig. 7. Fig. 8. Fig. g

oval mvopic, and the rapid change of the direction of the arching in
the anteriorly situated equator of the hypermetropic eye. Moreover,
the other axes of the myopic eye appear to be longer, while those of the
hypermetropic are shorter than those of the emmetropic eye.

Myopia and hypermetropia might also be supposed to be dependent
on many other causes. Anomalies of refraction might depend upon the
curvature of the different refracting surfaces, as well as on the relative
coéfficients of the refraction of light. Theories have not been wanting
in reference to this subject.

The opinion has in the first place been rather generally entertained,
that in myopia the coinea is more convex. So far as hwpcrrmctmpm
was known, it was supposed to be connected with too great flatness of
the cornea, which was positively assumed to exist in presbyopia. And
on external inspection it would really appear, as if in myopic indivi-
duals the cornea was more convex, while in those who are hyper-
metropic and presbyopic it is flatter than in emmetropic persons. This
appearance proceeds from the fact, that in myopia the iris and the
crystalline lens lie far behind the cornea, while in hypermetropia and
presbyopia they are situated nearer to it. An observer is still further
misled to assume a difference in the curvature of the cornea, as in a
myopic subject the entire globe of the eye is more prominent, while in
the hypermetropic it is more sunk in the orbit, as is often seen. But in
truth, the curvature of the cornea in ametropia does not essentially
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differ from that of emmetropia, and the time of life also exercises scar-
cely any influence. Numerous measurements of the curval radius of
the cornea have satisfied me on this point. They have shown me that,
quite contrary to what it was thought should be expected, the cornea
at an advanced period of life rather becomes a little more convex, and
that in the extreme degrees of myopia, on the contrary, a somewhat
flatter cornea is met with

Though in ordinary myopia the cornea is not more convex, it is
evident that, ceteris partbus, a greater convexity of the cornea must give
rise to myopia, and we shall hereafter see that in diseases of the cornea
myopia is occasionally produced in this way.

Morecover, it naturally occurs to us to consider the principal focal
distance of the lens as a cause of anomalies of refraction. In connection
with it both the curvature of the refracting surfaces and the coéfficient
of refraction may come under notice. In advancing years the lens be-
comes externally especially firmer, and thus the coéfficient of refrac-
tion of the outer layers appears to increase. If this actually takes place,
and if the coéfiicient of the cortical layers thus approaches more to
that of the nucleus, the focal distance becomes greater. On this the
diminution 1n advanced life of the refractive condition of the eye
appears really to depend. But beyond this no facts exist, which give us
a right to assume, that definite changes in the focal distance of the
crystalline lens 11.1.311.;1.;1113,r occur in definite anomalies of refraction. In
some measurements of the surfaces of curvature of the lens from eyes
of myopic persons, after death, I found no deviation. :

Now if the lens in myopic individuals evidently lies in general farther
from the cornea than in emmetropic persons, the focus of the dioptric
system must in the former lie even somewhat deeper than in the latter.

. In hypermetropia, the lens being situated more anteriorly, must,
ceteris paribus, bring the principal focal distance nearer to the cornea.
In both cases ... the anomaly of refraction is rather compensated than
promoted by the lenticular system.

As to modifications in the coéflicients of refraction nothing i1s known.
From a theoretic point of view we must say, that the index of the
cornea and aqueous humour being greater, and that of the vitreous
humour being on the contrary less, the principal focus should be
removed forwards.

The final result, therefore, remains what we laid down in starting:
that myopia usually depends upon an elongation, and hypermetropia upon a
shortening, of the axis of vision.

§ 8. Diagrammatic Representation of the Range of Accommodation, and of
the Anomalies of Refraction and Accommodation



py am

| | e I e [ | P .. LT BT U1 SRR ST R (TR SR l._u...-.....r sasmmalensa =

W ey v e cnav a7 sy 2

A ok B Rl B R ey e T DR (00 sl I A 8 R 6

e o o e i e e 5 e s [ e i e i i e 5 e i e s O e o e e

el e s

sssbsalsssssapuas smnfsmmssnksnssnl sscsclamama| s ames|wnans PATSR

EEEEE CERTIET BT TR EETTT FIET Ay Py FE e s i

Bk R %Mﬁv

¥ e Vi

sssssifes sssfissnnshismsalssns s sanmanlssscacliaaaaa

sasnaflsmsmsnlssnmenlaas ssalcns s nnlean annnsf

ey
L
e
o

o AN e R R R R A e R T T

2
ok}
=

9hq

1._“.... L |



In § 5 we have seen what is to be understood by range of accommoda-
tion. We described the faculty of accommodation as the power of the
eye to add to itself a positive lens, and the strength of this lens was for
us the measure of the range of accommodation.

All this is very clear. But it was still a desideratum, by means of a
drawing, to make it easier. An attempt in this direction succeeded
beyond expectation. Not only can we in a diagram express the range
of accommodation, proportional to the length of lines, but the begin-
ning and end of the lines at the same time show p and r, and thus at
once make us acquainted with the degree of myopia and hypermetropia
of the eye so represented. A glance at the appended table will demon-
strate this. The lengths of the thick horizontal lines represent the
ranges of accommodation. Above the slighter vertical lines the distances
from the eye, at which acute vision takes place, are noted: the numbers
exhibit (in Parisian inches) the distances whence rays must diverge, in
order to come to a focus on the retina.

The principle involved in this diagrammatic representation is this,
that by the mutual distance of two vertical lines a definite range of
accommodation is each time expressed; for this 1/24 is here assumed.

If we now have the nearest and farthest points united by a trans-
verse line, we need only to reckon how many intervening spaces of
vertical lines the latter runs through, in order to ascertain how much
» 1/24 the range of accommodation amounts to.

‘ﬂnrcmfcr we observe, that also to the right of o vertical lines
occur, above which numbers are placed. These all belong to the domain
of h}*permt‘tmpm The numbers show, in Parisian inches, at what
distance behind the eye the incident rays must converge to a point,
in order to unite upon the retina,

I have chosen the same mode of expression for the different degrees of myopia and
hypermetropia. To this I was led by the following reasoning:— If we could place in
the hypermetropic eye a positive, in the myopic eve a negative corrective lens, these
might thereby be converted into emmetropic eyes. The optical power of the required
lens therefore represents the degree of ametropia. With the knowledge of R the lens is
given. In the emmetropic eve, R is = o2 in the myopic, R is a finite magnitude; in
the hypermetropic eve this magnitude is negative.

Consequently, 1: R is the numerical expression of the ametropia itsell. The myopic
eye has a lens of 1 : R too much, the hypermetropic has a lens of 1: R oo litile. We
may therefore consider m}'opm M., in reference to emmetropia, as a positive, hyper-
metropia H., as a ne gative LU[ldlllUi‘.l. Therefore, too, as the negative is included in
the word II}IJI. rmetropia, we need not write H—— 1 : R, but for the sake of simplicity
we may use the expression H—1: R, as well as M=1: R.

Against this method of expressing the degree of ametropia by the dioptric power
of a lens, the objection may be raised, that in ametropia the dioptric system is, by a
corrective lens, by no means made similar to that of the emmetropic eye. Amﬂmp:a
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does not, in fact, depend upon a deviation in the power of the erystalline lens, but
rather on a deviation from the normal length of the axis of vision. With a positive
lens we therefore obtain, in hypermetropia, a stronger dioptric system with a shorter
axis of vision; with a negative lens in myopia we obtain a weaker system with a longer
axis of vision.

Nevertheless, I have not hesitated 1o use this measure also for ametropia. In the first
place, it recommends itself by its practical utility: not only is the degree of ametropia
thus easily found by the definition of R, but with its expression is at the same time
given the focal distance of the glasses bg.' which it may be neutralised.

Besides, nothing is easier than to calculate the length of the axis of vision, which
about l:Drlt*ﬁpund'i to different degrees of ametropia, and thence to make tables such
as shall be found in the Chapters which treat of Myopia and Hypermetropia.

Thus I consider the method I have pursued to be fully justified. It is, indeed, new
only in form, not in reality. What I term M= 1 :R would formerly, if it were desired
to express the degree of myopia, have been described as a degree of myopia, for which
glasses of R — x Parisian inches’ negalive focal disiance are requived, in order lo adjust the
eye for parallel rays. The value R — x still needs some explanation. R is the distance
{from r to the nodal point &', Consequently the corrective lens i1s supposed, in ametropia
to lie in &%, as well as the auxiliary lens, which expresses the range of accommaodation.
This 1s done on purpose, in order to admit of the distances of distinct vision of
ametropic and emmetropic eyes being compared with one another, and registered
in the same diagrams. If it be desired to neutralise the ametropia by an actual correc-
tive lens, that is, by an eye-glass, we must always take into account, the distance x
between the nodal point of the corrective lens and the nodal point of the eye, as shall
hereafter be more fully explained.

A not unimportant question still remains to be solved, The range of accommo-
dation we have set down as =1: P — 1:

Now the uer} ausm whether the length of the axis of vision has influence on the
value of 1 : ‘}’ . in other words, whether, on a given change of the crystalline
lens, a leﬂrﬂ'I‘lﬂE in r:ﬁ,ng{' of a{:{:ummndatiﬂn shall be found, according as the eye is
emmetropic, myopic, or hypermetropic. The question is easily investigated. We take
the diagrammatic (schematisch) eve of Helmholtz, in accommodation for distant and
near objects, as our basis, and calculate R and P, and thence deduce the range of
accommodation for different supposed lengths of the axis of vision.

Length of the R P 1:P—1: R
axis of vision in millimétres.
Emmetropic’ . . - . .. 22-291 co 136-62 1: 136-62
Selapies S 25-231 11831 65-056 | 1: 14454
I-I}'p-crmetmplc e e T 20-291 — 177 | 50573 i:131:11

Hence it appears that an equal change of the crystalline lens produces, where the
axis of vision is longer (myopia), a lf:.ss., and where the axis of vision is shorter
(hypermetropia), a greater value of 1: P—1: R. The difference is, however.
but Ellght With the supposed lengths (}F the axis of vision, R was, for lhl: myopic
eve=4"; for the hypermetropic eye=-— 6"; so that the myopia amounted to 1/4,
lhe hypermetropia to 1/6; and with these hlgh degrees of ametropia the deviation
in the values of 1 : P — 1 : R amounted only, in the case of myopia, to about 6 per
cent, and in chat of hypermetropia to 4 per cent. For practical purposes these
differences present no difficulty.

In this comparison of ametropic eyes with emmetropic, we started from the
supposition that the dioptric system of the former agrees with that of the latter. This



is, however, not quite correct. In general the crystalline lens lies, in the hypermetro-
pic eye, closer to the cornea, in the myopic, farther from it. Now a change of form
of the crystalline lens will have less influence on the distance of distinet vision, in
proportion as the lens is situated farther behind the cornea. Consequently this
mfluence will be less in the myopic, and greater in the hypermetropic eye, than in
the emmetropic. In this we have therefore a second reason why a definite change of
the crystalline lens shall represent in the myopic individual a less, and in the hyper-
metropic, a greater range of accommodation than in the emmetropic.

§ 9. Clinical Determination of Ametropia in general

As we have already seen, and as shall hereafter more fully appear, both
myopia and hypermetropia exercise a great influence upon the function
of vision, and both are closely connected with numerous affections of
the eyes of a different nature. Hence it is, that the ophthalmic surgeon
must make it a rule, in every patient who applies to him, to determine
the refractive condition of the eyes.

I have long been accustomed to note this of all mij patients: in the lists
in the Ophthalmic Hospital a special column is provided for the pur-
pose. I have in numerous instances found the great advantage of this
rule.

The determination itself is effected, alter some practice, with rapidity
and certainty. Two methods have been employed. The first consists in
testing the power of vision with glasses of known focal distance. The
second in the determination of the refractive condition by means of
the ophthalmoscope.

I. For the employment of the first method we require, in the first
place, the necessary glasses from 180 to 1/2 and from — 1/80o to — 1/2;
in the second place, the necessary objects for testing.

The pairs of glasses are kept loose in a box, with a spectacle-frame
in which they can be placed. It is also convenient to have a black plate
of metal of the same size as the glasses, which, placed in the frame,
closes one of the eyes; by closing the eye with the finger, the accuracy
of vision is easily lost for some moments, so that we cannot make the
examination of this eye follow immediately upon that of the other.

The most suitable objects are letters and numbers. Dr. Snellen has
drawn up these in a regular system, and has thus supplied a want which
had long been felt. The principles kept in view by Dr. Snellen are the
following :

1. Detached, separate letters, black on a white ground, in irregular
sequence.

2, The letter, large Roman, square, the vertical strokes being 1/4,
the horizontal 1/8 of the breadth of the letter.

3. Exclusion of some letters which are much more difficult to dis-
tinguish than others.

4. Ascending magnitudes from I to CC, the magnitude being pro-
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portional to the number, so that CC is two hundred times larger than
I; XX ten times larger than 11, etc.

5. The several magnitudes ditinguishable by a sharp eye, in good
light, at the distance of so many feet as the number amounts to. Thus
IT at 2 feet, VI at 6 feet, XX at 20 feet, etc., all seen at similar angles
(of 5 minutes), are equally easily distinguishable by the eye exactly
accommodated to the distance.

In the examination for the determination of ametropia, we have to
do only with R, and for this purpose we cause the patient to look at the
distance of about 20 feet: while on the card intended for distance,
even CC still occurs, thus it appears applicable as far as S=1/10. If S
be still less, we bring the card nearer to the eye; finally, reckoning the
fingers may be conveniently substituted for distinguishing letters.

For persons who cannot read, we may substitute reckoning vertical
strokes. By this method, however, it is difficult to obtain results, and
they are, moreover, not capable of comparison with those obtained
with letters. It is therefore better to teach such patients to recognise a
couple of letters and a couple of figures, which is easily done.

® . . " W 0 0 " & * -
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In the determination of R with the aid of glasses, the distance x from
the glass to the nodal point £ of the eye is neglected. In using glasses
with a long focal distance x has less influence; but when those with a
short focal distance are employed, x must be taken into account. If we
have to do with positive glasses, ¥ must be deducted from the focal
distance; if with negative, it must be reckoned wi th it. Thus, if
myopia be neutralized by glasses of — 1/6, and if x=1", M_1,f?, if
hypcrmctmpxa be corrected by glasses of 1/8, and if x=1", then H=1/7.
Thexefore 1 m:: must, as ﬁrml stl:rmmatmn ‘Wlth thc mvuplc alu ayq
try what is the weakest glass, which, held close before the eye, gives a
defined image. In the h}'pcrmﬂtmpic we run less risk in taking a great
value of x into account; but it is better in this case also, to make the
final determination with a glass, which, held close to the eye, gives
defined images. In high degrees of myopia, and where uncertain ans-
wers are given, the investigation is often shnrt{:nr::d by ascertaining the
influence of weak glasses, for example, of 1/40 and — 1 /40, alternately
held before the stronger negative gldss pl.u:ed in the spectacle frame,

IT. In the second place, we may in a certain sense determine more
objectively the refractive condition by means of examination with the
ophthalmoscope. The great inventor of the instrument has not only
pointed this out, but has also communicated the application of this
method. It may be explained in a few words. According to well known
laws, the rays proceeding from a point of the retiina, refracted by the



media of the eye, shall have, on entering the air, a direction similar to
that of the rays which, falling on the cornea, unite in the same point
of the retina.

Consequently the eye of the observer, in order to see accurately a
non-inverted image of the retina of the emmetropic eye, must be
adapted for parallel rays; on the contrary, it must be adapted for
converging rays, in order accurately to distinguish that of myopic
persons; and for diverging, in the case of hypermetropic individuals.
It is best to practise one’s self in voluntarily seeing with accommoda-
tion for one’s farthest point (ascertained by investigation), and to try
what glass we must place before one’s eve, so as accurately to see the
vessels in the retina of another. In order to be able to bring the most
different glasses before the eye, I have had a ring made on the ophthal-
moscope, adapted to hold the glasses of the spectacle box. My eye is
emmetropic and is accustomed, in the use of all optical instruments, to
adapt itself for parallel rays.

If the eye of the observer be ametropic, the degree thereof is easily
taken into account. If, for example, the same glasses as above had been
necessary for an eye with M=1/18, the eyes examined should have
given M=1/g — 1/18=1/18, H=1/9+1/18=1/6. Vice versa, where the
same glasses were required for an observing eye with H=1/18, the M
found should have amounted to 1/g+4-1/18 =1/6,the H=1/g — 1/18=
1/18.

Generally speaking, this method is inferior in accuracy to the deter-
mination of vision with glasses of known focal distance.

1. It is for many observers difficult, in the use of the ophthalmoscope,
entirely to relax their power of accommodation: if they are not certain
of this, the method is inapplicable to them.

2. Without producing paralysis of accommodation, we are never
perfectly sure that we determine the refraction in the condition of rest.

3. It is sometimes difficult, at least when strongly negative glasses are
required, with a narrow pupil accurately to see the vessels of the retina.

4. The vessels which lie at different depths in the fibrous layer afford
no perfectly correctly situated object for estimation. ;

5. Moreover, such a vessel is not a suitable object to determine with
precision whether we see accurately. Consequently, the method in each
case requires a great degree of attention.

6. The determination in the line of vision, which it chiefly concerns,
is for the most part difficult of execution, because the place of the yellow
spot is not well seen, or our estimation of the accuracy of seeing it is
particularly difficult.

If this second method, therefore, is not equal to the first in accuracy



of results, it nevertheless deserves our attention, because it is applic-
able in cases where the first wholly or partly fails us. This 1s, in the first
place, true in all young children, likewise in the blind, and even in high
degrees of amblyopia, where the knowledge of the refractive condition
is sometimes of great importance. Further, by this method we can
better and more easily ascertain the degree of ametropia for indirect
vision than by the first: in many instances I have by it alone succeeded
in satisfying myself that the myopia for indirect vision was less than
when the patient looked in the line of vision. Besides, the want of
fixation of a hypermetropic eye examined with the nphthalmuscupﬁ
sometimes gives rise to more complete relaxation of the power of
accommodation, whereby hypermetropia, latent in trials of vision,
may manifest itself. Finally, this method may be of great use in simu-
lated ametropia.

Nate to chapter 11
In the commencement ol this Chapter much stress was laid upon the necessity of
drawing an accurate distinction between the anomalies ol refraction and those c:f
accommodation,

In my work upon Ametropia and its rvesults (Ametropie en hare gevolgen), Utrecht,
1860, as well as in my papers in the Archiv J. Ophthalmelogie, B. iv., vi., und wvii., [
had prumlnrnti}, put forward, as the basis of a correet description and of a scientific
explanation, the distinction just alluded to. Stellwag von Carion now thinks (Jeil-
sehrift der k. k. Gesellschaft der Aerzie zu Wien, 1862) that I should have mentioned his
merits respecting this point.

In his Essay, enutled die Accommodationsfehler des Auges. . . he opposes presbyopia to
myopia, and subsequently passing over to hypermetropia (N.B., by him termed hyper-
presbyopia), he begins by calling the latter a higher degree of presbyopia.

I regret not to find in Stellwag’s work the merit to which he thinks he has a claim.
Those of my readers who take an interest in the matter will please to consult his
treatise. They may pass over the less sucecessful mathematical introduction (compare
with reference to it: Zehender, Anlettung z. Studium der  Diopirik des menschiichen
Auges, Erlangen, 1856, p. 166}, which deterred so many, myself among the number,
from the earlier perusal of this essay.

The diagrammatic sketch of the anomalies of refraction and accommodation, in
which the commencement and termination of the lines represent r and p, and the
lenghts of the lines the range of accommodation, I first applied in the Nederlandsch
Tijdschrift voor Geneeskunde, D. 11., 1858. The idea of expressing the range of accommo-
dation by a lens of definite focal distance, is to be met with so early as in the masterly
work of Young ( Philosophical Transactions, 1801).



CHAPTER 111

FuLLer DEVELOPMENT OF THE DIFFErRENT MEeanIinGs oF RANGE oOF
ACCOMMODATION

§ 10. Relation between Accommodation and Convergence of the Visual Lines;
Meaning of 1: A, o0f 1 : A, and of 1:A,.

So far as the range of accommodation for both eyes extends, the state
of accommodation of the eye corresponds to a definite convergence of
the visual lines. Thus the emmetropic eye, with parallel visual lines,

is accommodated for infinite distance; with a convergence at 87, for
a distance of 8", etc. Unmistakably, therefore a connexion exists be-
tween convergence of the visual lines and accommodation, to which
Porterfield (1759) and John Mueller (1826) already directed attention.
Both these observers, however, appeared to assume, that this connexion
is absolute and causal; that a definite convergence is necessarily at-
tended with a definite accommodation, and admits of no other; it was
thought that only beyond the limits of accommodation a greater or less
convergence was possible, to which the accommodation, respectively
for the nearest and farthest point of distinct vision, should then still
correspond. Now this is incorrect. Even Volkmann (1836) showed,
that also within the limits of the range of accommodation such absolute
dependence does not exist, and I (1846) gave further proofs of this by
simple experiments, which were capable at the same time of determining
the degree of independence. The experiments were made partly with
convex and concave, partly with weak prismatic glasses. It is easy to
convince one’s self that both eyes together, as well without as with
shightly concave or convex glasses, can accurately see an object at a
definite distance, and that, consequently, without change of conver-
gence, the accommodation can be modified. With equal ease, we
observe that, in holding a weak prism belore the eve, whether with the
refracting angle turned inwards or outwards, an object can be accur-
ately seen with both eyes at the same dlstanCL and that, consequently,
the convergence may be altered, without modlfymg the accommodation.

When, therefore, it is required for the sake of distinct vision with both
eyes, the connexion between convergence and accommodation can
be, at least partially, overcome. I early stated the method of determ-
ining how far the independence Existed. Some time afterwards it was
applied with the requisite accuracy™.

The question is very simple: it is only necessary to know R, and P,
with parallel visual lines and with a series of converging degrees (to
the maximum), and these we find, by a calculation from the nearest
and farthest points, discovered by means of different convex and

'Conf. Mac Gillavry, Onderzockingen over de hoegrootheid der Accommodatie. Dhss. inaug.,
Utrecht, 1858.
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concave glasses. For accurate determination, however, a special opto-
meter is required, which shall be described at the end of this section.

The results of the examination of the emmetropic eyes of a person
aged 15, are represented in the annexed figure 10.

At different points of the diagonal k k', intersection takes place
between the transverse lines, before which, in Parisian inches, the
distances are placed; and the longitudinal lines, under which the de-
grees of convergence of the visual lines -:Drrf'ﬁpnnqu to the distances
are noted. The mutual distance of the visual lines of the two eyes in the
parallel state amounted to 28 1/2”, in ‘u‘u]‘llch case (compare the figure),
at a distance of 12" a convergence of 11° 217, at adistance of 6", a
convergence of 22° 50’, etc., exists. The line p, p, p represents, in the
consecutive convergence, thl‘ course of the nearest point, the line rr,
that of the farthest point. The dots in these lines are the points deter-
mined by investigation.

Now the figure shows that the eyes here supposed with parallel
visual lines can accommodate from infinite distance up to 11", with
22° 50" convergence from about 12" to 4".16, etc. At p,, where the line
of nearest points cuts the diagonal £ £, we attain the shortest binocular
distance P, of distinct vision. With ' still stronger convergence, the
line p, p remains under the diagonal k k', so that accommodation can
no longer take place for the point of convergence. ... The absolute
nearest point p lies ... 3".69, but for this a convergen-::c of about 70°
is required, that is at a distance of about 2", With this maximum of
convergence all space for accommodation is lost, and therefore the
lines p, p; and 7 r, cut one another.
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By the determination of these several distances, three different
meanings with as many values of accommodation are to be obtained.

I. The absolute, il et ol
A P R
; ; 1 1
II. The binocular, — = _ — —
A, P R,
ITI. The relative, B B L
.;'lkl Pl Rl

Now in the foregoing sections we spoke only of the absolute range of
accommodation, comprising the accommodation from the absolute
farthest point r to the absolute nearest point p, for each eve in particu-
lar: in the figure this 1s
1 Tk, g 6l

A 3:6g == 3-6¢
The binocular comprises the accommodation from the farthest point
ry, for both eyes at once, to the nearest point p, for both eyes at once.
In the emmetropic eye, r, coincides with r, and the binocular range of
accommodation, to be deduced from fig. 10, is consequently,

1 1 1 1

:”’-3 39 © 39

Finally, the relative is the range of accommodation over which we
have control at a given convergence of the visual lines. It represents the
degree in which accommodation is independent of convergence, and
is, for every convergence, measured by the distance between the lines
Py ps p and r r. On referring to the figure it now appears that, with
increasing convergence, the relative range of accommodation becomes
at first greater, then less, until at the maximum of convergence, where
the lines mentioned meet one another (in p) it is =o.

It is of importance further to observe, that the relative range of
accommodation consists of two parts: a pesitive part and a negative. The
diagonal £ k' represents the convergences of the visual lines: the part
situated above this diagonal is the positive, that situated beneath it is
the negative. The first represents what, reckoning from the point of
convergence, we can accommodate still nearer, the latter what we can
accommodate still farther off.

A glance at the figure now shows further, that in the emmetropic
eye at o (parallel visual lines) 1: A, is wholly positive, that, with in-



creasing convergence, the negative part rapidly increases, soon also at
the expense of the positive, and that at 36° convergence 1: A, has
become entirely negative.

The distinction here made already acquires practical importance
from the fact, that the accommodation can be maintained only for a distance,
at which, in ?E’fé’?’ﬂtf& to the negative, the positive part of the relative range c_af
accommodation is tolerably great.

It is not in every one that we can satisfactorily determine the ranges of accommo-
dation corresponding to different degrees of convergence. For this purpose two freely
moveable, accurately seeing eyes of nearly equal refraction, and equal accommoda-
ting power, are in the first place required, and, in addition, some talent for observ-
ation. Each of these requisities was perfectly met with in the person aged fifteen,
who supplied the data for fig. 10. The determination requires special care. As object
we may take wires, which are to be finer in proportion as the point to be defined is
nearer to the eye. Accurate results may also be obtained by the use of little holes

(from 17" : Yu' to 1" : 1/’ in diameter) in a black metal plate, with a background of

dull glass turned towards the clear daylight. Soon the accommodation for the holes
is no longer perfect, they lose their round form and rapidly emit rays. With different
glasses of known positive and negative focal distance, at different degrees of conver-
gence, the greatest and least distances of distinct vision are now to be determined.
At the same time, in order to obtain correct results, care must also be taken that the
distance of the glasses from the eye shall remain unalterably the same; lastly, that
at each degree of convergence the axis of the glass shall nearly coincide with the
axis of vision. In order to fulfil these conditions, an eptometer has been constructed,
partly in imitation of that of Hasner, Edlem von Artha .

§ 11. Difference of the relative Range of Accommodation 1 : A, according to
the Refractive Condition of the Eye

We closed the preceding section with a practical result, namely: that
accommodation can be maintained only for a cll'-st.:mcr when, in
reference to the negative, the positive part of the relative range of
accommodation is tolerably great.

In connexion with this pﬂmt it is of special importance to show, that
the relative range of accommodation in ametropic eyes is ‘;nmcthmg
quite different from that in emmetropic. The difference is of a twofold
nature. In the first place, with a given convergence, the relation of the
positive to the negative part of 1: A, is not the same; in the second,
the lines p, p. p and r r;, have another form.
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The diagram fig. 11, will make this plain. It contains the curves of
the nearest and farthest points, as function of the convergence, both
for the emmetropic eye E (the middle ordinary lines), and for the
myopic M (the dotted lines), and for the hypermetropic, H (the striped
and dotted lines); 1: A is, in order to facilitate comparison, assumed
=1/4; and the maximum of convergence is taken at 59° 20’. The letters
E, M, and H are placed before the farthest points, as defining the
refraction; H,, (manifest hypermetropia) stands before r the manifest
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farthest point, H, (total hypermetropia), before r, the absolute farthest
point. Now the study of this diagram shows:

. That with parallel visual lines, the emmetropic eye can bring into
actmn about 1/3, the myopic t}niy 1/4-5, the hypermetropic, on the
contrary, 3/5 of its total power of accommodation.

2. That, with slight convergence, the myopic eye can accommodate
much less, the hypermetropic on the contrary, much more (but also
must do so) than the emmetropic.

3. That with stronger convergence, the accommodation of the myo-
pic eye can still increase much, that of the hypermetropic only a little.

The difference ascertained is practically of great importance. Thence
it follows, namely, directly, that when the ametropia is neutralised by
glasses [r brought to ), the eye by no means becomes equal to an
emmetropic eye of similar range of accommodation. This is easily
deduced from the above figures. It appears still more distinctly on
reference to fig. 12, where the curves of fig. 11 are repeated, ... butso
that in all, r is brought to !, The diagram shows that the neutralised

1As shall appear in § 13, the reduction of the ametropia is not entirely without
influence on the form of the curves. This influence is, however, so slight, that here it
may be altogether disregarded.
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myopic eye has its binocular nearest point at 16, so that 1 : A, amounts
only to the fourth of 1 : A; and that vice versa for the hypermetropic eye
the binocular nearest point p, is nearly {:qual to the absolute. Moreover,
in the myopic, 1: A, even at from 8° to g of convergence, hﬂ{!(}mt"‘i
wholly negative; in the hypermetropic, 1: A; i1s at more than 30° of
convergence entirely positive. Hence procELds for both eyes difficulty
in binocular vision, under moderate convergence; for the reduced
myopic, because, under these circumstances it accommodates too
weakly, for the reduced hypermetropic, because it accommodates too
strongly.

The cause of this difference is at once apparent; it is the result of
practice. The myoplc eye has learnt to converge in a certain degree,
without bringing its power of accommodation into action in the same
proportion as the emmetropic eye. Thereby the binocular farthest
point (fig. 11, Mr,), although seen at a tolerably considerable conver-
gence, remains almost as far from the eye as the absolute farthest point
Myr. But on the other hand, the eye has not practised itself with slight
convergence, to bring a rclatwfl-y great part of its accommodation into
action, because it has no necessity to do so. The hypermetropic eye, on
the contrary, found itself obliged, in order to see accurately, even with,
parallel visual lines, to put its power of accommodation on the stretch
and it has brought itself so far in that respect, that it is no longer in a
position to become completely relaxed, that at least on every effort to
see, the act of accommodation takes place involuntarily. As further,
with increasing convergence, a disproportionately gr eat part of the
range of accommodation must always come into action, it is not



strange, that the relative range of accommodation has been consider-
ably displaced.

That practice really may produce the difference just described, we
have the following proofs.

1. The use of negative glasses has, even alter the lapse of a few

hours, an influence on the range of accommodation of the emmetropic
eye.
On the other hand, the use of positive glasses rapidly makes the power
of accommodation, with a certain amount of convergence, less: it is
well known that, particularly when positive glasses are used too soon,
reading much without their aid quickly becomes more difficult than
before.

2. The relative range of accommodation is displaced in ametropic
individuals when they have for a long time worn correcting glasses.
That of myopics, as well as of hypermetropics, gradually tends to that
of emmetropics.

3. In the diminution of the range of accommodation in advancing
age, even before proper presbyopia has begun, the curves of the
emmetropic eye approach to those of the hypermetropic. Fig. 13 is the
faithful expression of the range of accommodation of an emmetropic
individual aged 44. For vertical lines he has a trace of hypermetropia,
so that r is found beneath. Further, to convince one’s self that, with
the required practice, the curve p, p, p especially has approached to
that of a hypermetropic eye, we need only observe that with a conver-
gence to g°, nearly the maximum of accommodation is attained.
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CHAPTER IV
SPECTACLES AND THEIR ACTION IN GENERAL

§ 12. Different Kinds of Spectacles
In ophthalmic surgery different kinds of spectacles are in use, which
are employed for very different purposes.

I. Protecting spectacles. Of these we distinguish two varieties:

a. Those which serve only to keep off the mechanical influence of
foreign bodies, dust, fragments of metal, stone, coal, etc. They have
nothing to do with the refraction of light in the eye, and call for no
further comment here.

b. Spectacles for warding off light. These consist mostly of coloured
glass, green and especially blue, which is less hurtful to the eye. In
general, however, at least in daylight, the grey, so-called neutral
glasses, deserve the preference. The white sunlight, reflected by different
objects in their particular colours, is the natural adequate stimulus to
the retina, and by good neutral glasses these rays are tolerably uni-
formly diminished. The same end opticians formerly attempted to at-
tain (Fischer) by combining two glasses of complementary colours. It
is desirable in every case that, so far as possible, the whole field of vision
should be uniformly obscured, which is accomplished, with tolerable
accuracy by the use of large, round glasses.

In persons affected with irritation of the retina, or with photophobia in
general, we may recommend the use of light-absorbing glasses, when
these patients are obliged to expose themselves for a certain time to a
bright light. In the house, with moderate light, they ought to lay them
aside.

In women, moderating the light, when necessary, by means of veils,
is to be recommended.

I1. Stenopeic spectacles, stenopeic lorgnetle, stenopaic apparatus. Slight
obscurations of the light-refracting media, especially those of the cornea,
often produce great disturbance of the accuracy of vision. The cause of
this is to be sought not so much in the reflection or absorption of a
portion of the rays, as in the diffusion of the light passing through them.
This 1s easily explained. From the entire field of vision rays fall on each
local obscuration, and from the latter they spread further in all direc-
tions through the whole eye.

This diffused light is very disturbing. Indeed the differences of illumi-
nation of the image formed by regular refraction are in consequence
much more faintly distinguishable. Just as in looking through a real

mist, the diffused light is added to the relatively weaker image, and
therefore also spots give the impression, as if one were looking through



an actual mist: the only difference is, that a mist is more perceptible for
more remote objects, and that misty vision, produced by a spot, affects
all objects alike, independently of distance. It is well known that ob-
scurations produt:t: much less disturbance, when the eye, turned from
the light, contemplates a certain object. If a picture or another object
be hung against the pier between two windows, and if it be illuminated
through a window behind the observer, the latter will see the object
much more accurately, and with more contrast of light and shade
when the two windows are closed than when they are open.
Even if there be no spots, some light is always diffused in the eye, and
thus even the normal eye will, especially if the time of life be somewhat
advanced, perceive, as it were, light crape, when, in the experiment just
described, the windows are opened. We know further, that where
obscurations exist, exclusion of the peripheric light with the hand,
looking through a tube, etc., increases the accuracy of the images.
Again, it is the warding off of the laterally incident light diffusing itself
from the spot throughout the whole eve, which here acts beneficially.
The practical rule hence deducible is this: in order, where obscurations
extst, to distinguish with relative accuracy, let the small portion of the field of
viston, over which the observation 15 to E."l.‘ﬁé’ﬂ(f be properly illuminated, and let
the remaining portion be kept as dark as pms:bffz These reflexions on the
injurious eflect of obscurations led me to the application of stenopzic
remedies. Their object 1s to cut off the light which should reach the
obscurations, and through an opening to give, so far as possible,
entrance only to the light which is subjected to a regular refraction on
the normal part of the refracting surface. The narrow opening is in them
the essential part: hence the denomination stenopzic (from sreves,
narrow, and é¢zx%, a peephole). In order not to limit the field of vision
more than is necessary, the opening must be as close as possible to the
eye, and with a view still better to keep off all lateral light, it may be
surrounded with a wall w idening like a funnel. The opening may in
general have the form and nearly the size of the clearest part of the
portion of the refracting surface corresponding to the pupil: it may,
according to circumstances, be round, oval, or slit-like. Rarely will the
diameter be less than a millimétre ; often it will amount to two or more
millimétres.

The stenopwic apparatus, which is an indispensable item in the
ophthalmic surgeon’s means of investigation, i1s a very short cylinder,
furnished with a handle, open at one end and indented towards the

eye, and provided at the other with an opening, in front of which is a
diaphragm, containing different smaller openings of various diameters,
and capable of turning round, so that each of these openings can be
seen in turn. There are also ﬁtcnﬂpa:ic apparatus provided with a slit
capable of being widened and narrowed. With the aid of this apparatus
we can examine whether the stenopwic principle increases the accuracy



of vision, which is often of importance in a diagnostic point of view;
moreover, we may acquire an indication whether it may be advantage-
ously applied, and what size of opening is the most useful. Of the result
obtained we may then make use in prescribing a stenopaic spectacle,
or eyeglass. To spectacles for use in the streets, the stenopaic principle
is in general not applicable, as the field of vision is too limited. On the
other hand, such spectacles to which the requisite glasses have been
fitted, are sometimes very serviceable for reading.

If the part which has remained clear has an oblong form, a slitlike
opening will be most suitable. In general, it is a great advantage in
reading, when a horizontal slit effects the object; this should, therefore,
always be tried. If the opacity is only on one side, we may obtain a great
advantage by making an ordinary spectacle-glass opaque over the
obscured part (for example, by applying a black lacker). In general the
simplest stenopaic spectacles are those in which the preferable form of
opening is left as the only part of the glass not obscured, in which also
by opaque matter on the outside the light incident from that point can
be warded off. The glass may in ordinary cases be flat, but otherwise
according to the necessities of vision it should have a certain focus.

Lastly, it may be mentioned (...), that the stenopzic eyeglass has
also rendered me very essential service in the highest degrees of myopia,
particularly when the accuracy of vision had at the same time suffered
comparatively much. ... In such cases vision of near objects, at least
with one eye, is attended with no other inconvenience than that the
object must be brought very near the eye, to 3" or less. But distant
vision is extremely imperfect, and is comparatively little improved by
concave glasses, which correct the myopia. If; with their aid, the images
are more accurately seen, they at the same time become so much
smaller, that an amblyopic eye still distinguishes little, and is, therefore,
by no means satisfied. In such cases then, a stenopaic eyeglass with a
small opening yields very good service. It here acts in a well-known
manner, quite different from that treated of above, by diminishing
the circles of diffusion. ... Now in high degrees of myopia the pupil is
usually very wide, and the disturbance in looking at distant objects is,
therefore, relatively very great. Precisely for this reason it is that a
stenopic eyeglass produces so great improvement. If a myopic indivi-
dual looks through an opening of from 1/2"" to 1" in diameter, he
distinguishes at a distance as accurately as through glasses, which
imperfectly neutralise his myopia, and he has the advantage that the
objects appear larger. Ii an emmetropic person wishes to convince
himself of this, let him hold a positive glass before his eye, so that it
becomes myopic, and he will, on looking through an opening, obtain
the effect described, and can estimate the partial neutralisation of the
artificial myopia. In like manner we may also within the nearest
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distance of distinct vision, by diminution of the circles of diffusion, with
the aid of a small opening, distinguish with tolerable accuracy, and
thus view small objects much nearer to the eve, that is under a much
greater angle. However, in cither case we lose both in light and in
extent of the field of vision. As to light, we lose the more, the smaller
the opening is, and in myopia it is therefore often advisable not to have
the opening very small, but with the stenop®ic eyeglass to combine a
glass, which partially corrects the myopia. With respect to the extent
of the field of vision we lose the more, the farther the opening 1s from
the eye. In combining a negative glass with the stenop@ic eye-piece,
the patient will therefore turn the small opening towards the eye, when
his principal object is to increase the field of vision; on the contrary the
negative lens, when he chiefly desires to obtain greater distinctness of
WVIS1O0TL.

II1. Prismatic glasses, prismatic spectacles. Prisms are used, in order by
refraction of the light upon two surfaces, to obtain the well-known
spectrum. The angle, which the two refracting surfaces make with one
another, is the angle of refraction of the prism. For the object mentioned
a large angle is taken : most prisms are triangular, and each of the three
angles then amounts to 60°. They are usually made of flint glass,
order, with considerable declination, at the same time to obtain a
decided dispersion. For ophthalmological purposes, on the contrary,
only slight declination is required, and we therefore use prisms with a
smaller angle of refraction, from 3° to 24°; moreover, it is necessary to
select a kind of glass, which, with reference to its refracting-power,
presents but slight dispersion, for example, crown glass. ... In the
position of least declination, the angles of declination, for the low
numbers, are nearly the half of these refracting angles: for the higher
numbers, they are somewhat more. If we wish to know these accurately,
it is necessary to determine the deviations for each glass separately.

The declination of the light by prismatic glasses is the cause why
objects, seen through such glasses, exhibit themselvesin another direction.
In this, however, the more refrangible rays, those on the violet side,
undergo a greater, the less refrangible, those on the red side, undergo
a less declination. Hence proceeds a disturbance by
coloured margins to the objects, which is greater in
proportion to the strength of the prism, and which,
precisely in powerful prisms, it is hard to remove.
In order to obtain a cﬁclination without dispersion,
the prism must be made achromatic by being com-
pounded of two prisms, C (fig. 14) of crown glass, F
of flint glass, which, acting in opposition, completely
remove each other’s dispersion, but only partially
destroy eachother’srefraction.Suchachromatic prisms,
Fig. 14. however, soon become, when a declination of some
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degrees is required, too thick and too heavy to be worn. This objection
might perhaps be partly met, by having the prisms very small.
So far, however, the achromatic prisms have not yet come into use.

What led to trying prismatic glasses, was a declination ot the visual

lines. The idea of making it possible to look with both eyes, in spite of
this declination, occurred first to my friend Krecke, Doctor of Natural
Philosophy, of Utrecht, whose idea I endeavoured to realize and to
explain physiologically (1847). On experimenting with the glasses,
three remarkable phenomena immediately presented themselves. In
the first place it appeared, that one feels involuntarily impelled, by
changing the direction of the visual lines, to remove the double vision
which has taken place. If we hold the glass with the refracting angle
inwards, then, in order to bring the double images into one, stronger
convergence 1s required, and this is immediately almost involuntarily
effected. On removing the glass, double images again exhibit them-
selves, which, by diminishing the convergence, are once more forthwith
thrown together; only if the prism has been long held before the eye, a
tendency to increased convergence continues for some time. In the
second place it seemed, that the visual lines are usually capable of only
very slight divergence, and that they can scarcely decline upwards and
downwards, even under the pressure of the necessity of rendering the
vision single.
If, finally, the observer has, after long-continued efforts, succeeded in
throwing into one the double images standing (in the last case) above
one another, the double images which now arise on removing the
prism, do not immediately run together again. Thirdly and lastly, we
can convince ourselves of what has been stated above, that under the
influence of a prism with the angle turned towards the inside or out-
side, the observer can converge more or less strongly, without being able
to alter the tension of his accommodation.

These results, obtained with the aid of prismatic glasses, are of essen-
tial importance for the physiology, and for many points in the patholo-
gy of the eye. But beyond this, these glasses serve different useful
purposes in ophthalmic surgery, which, partly previously foreseen,
have been, especially by Von Graefe, practically tested. Thus they may
be applied in the diagnosis of different anomalies of the muscles, and
of the degree of these anomalies. Thus they may be used to correct
slight incurable declinations of the visual lines, outwards, upwards, or
downwards, whereby confusing double images are produced, or to
remove the muscular asthenopia, depending on insufficient power of
the musculi recti interni. Thus we may further, in paresis of a muscle,
so far meet the disease by means of a prism, that in order to make
the double images which have been brought near one another, run
together, the muscles will become powerfully tense, which, for the



alleviation of the paresis, appears to be no matter of indifference.
Finally, what deserves to be here particularly mentioned, these glasses
are also of importance in anomalies of refraction. Thry show, that
hypermetropic individuals distinguish accurately with greater ease,
when they, looking through a prism with the angle turned inwards,
for the sake of single vision, can converge more strongly, a fact bv
which the origin of btrdblsmus in consequence of hypcrmmmpm is
L\.plamrcl and it will hereafter appear that we sometimes advantage-
ously dpp]}- the principle of the prismatic glasses, by modifying the
mutual distance of either the convex or concave glasses of spectacles, so
that the eyes look through these glasses at the side of the axes, which,
just ke the use of a prismatic glass, modifies the direction in which an
object is seen.

(slasses with spherical surfaces, ordinary convex and concave spectacle-
glasses. — Glasses, which modify the limits of distinct vision, are called
lenses. Of these we have two kinds, both of which are used as spectacle-
glasses: converging lenses.

A converging lens has its focal point ¢” on the other, a diverging lens
on the same side as that whence the rays come. The first unites the rays
into a real focus; the latter does not actually unite them, but causes
them to assume a direction as if they had proceeded from the point 2",
... hence this point is called also a virtual focus.

Besides the above biconvex lenses, we have, as converging lenses, the
plano-convex and the concavo-convex or positive meniscus (with shorter radius
of the convex surface), as well as, in addition to the biconcave, as diverging
lenses, the plano-concave and the convex-concave or negative meniscus (with
shorter radius of the concave surface).

To the menisci the advantage is attributed, ... that, as Wollaston
showed, the images suffer less, when the observer looks obliquely
(under an angle with the axis) through them, so that the eyes can move
more freely behind these glasses. They are therefore, also called periscopic
(from wepisxomeaw, to look around). However, we can also see satistac-
torily in an oblique direction through biconcave and biconvex glasses,
provided they are not too strong.

When we add that under some circumstances the periscopic glasses are
more liable to produce disturbance by reflexion on the concave surface
turned towards the eye, and that they are, moreover, somewhat more
expensive, we shall not be suprised that they have not wholly supplanted
the biconvex and biconcave glasses.

Biconvex and biconcave spectacle-glasses are ground with equal radn
of the two surfaces. The optical centre o lies then in thc middle of the
lens in the axis A A;. Now the distance from the focus ¢" to this optical
centre o is usually called the focal distance F. This is, however, not



quite correct; F is, in fact, the distance from focus to principal point. For
ordinary, not very thick lenses, with equal radii of the two surfaces,
that is, for the ordinary biconvex and biconcave spectacle-glasses, this
inaccuracy is of no importance; but in the case of menisci, we must
ascertain the principal points, in order to know the position of the foci,
and to be able to take into account the distance from focus to principal
point as F,

\
.t K L Fig. 16.
P ;};‘@ £ Fig. 17.
T /IEE ¢ Fig. 18.

The subjoined figures (15, a biconvex, 16, a biconcave lens; 17, a
Fl‘_‘}slti\ft, 18, a negative meniscus) show, for these different forms of
enses, the position of the first and second principal points &, and £,
and of the first and second focus ¢, and ¢,
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For a lens standing in air &, ¢, is always =#, ¢, , both=F.
It will be understood that, even for these reasons, it is by no means
indifferent which surface of these lenses is turned towards the eye. In
speaking of the influence of the distance of the glass from the eye, I shall
return to this point.

The power (the converging or diverging power) of a lens is inversely

proportional to its focal distance F. It may, therefore, be expressed
by 1: F for converging, and by — 1 : F for diverging lenses.

Besides the spectacle-glasses above described, there are others with a

difference of focal distance in the superior and inferior parts. Franklin
was slightly myopic and had little power of accommodation; for seeing
at a distance he had need of negative, for seeing near objects he had
need of positive glasses. Now, as in looking at near objects we look
through the lower, in looking ata distance we look through the upper
half of the spec td(‘l( glasses, he combined two halves, the one of a
negative, the other of a positive glass, turned the negative halves up-
wards, the positive downwards, and in this manner provided very well
for his want of accommodation. These spectacles have, after the philo-
sopher who first used them, acquired the name of Franklin’s glasses.
Recently it has been attempted to attain the same object which Frank-
lin proposed to himself, by grinding in the upper part of the spectacle-
glass, the surface turned from the eye, with another radius. The glasses
are prepared in Paris under the name of verres a double foyer.
In general these spectacles answer well. It is indispensable that they
be placed at the proper height before the eyes, so that in looking at a
distance the rays may fall upon the organ only thrc:ugh the upper, and
in looking at near objects, only through the lower part. It is also
necessary that the difference in the direction of vision be determined
more by moving the eyes, than by moving the head. If the pupil be
opposite the boundary between the two parts, vision will, of course,
be very confused.

It is by no means a matter of indifference of what material the
spectacle-glasses are made. Flint glass and especially rock-crystal are
harder, and glasses made of them are not so easily scratched. This 1s
particularly a recommendation in the case of convex glasses which are
so much more liable to be scratched. Against the advantage just men-
tioned as being possessed by flint glass and crystal, must be set down
the disadvantage of greater power of dispersion. Hence it would appear
that for strong glasses the preference ought to be given to crown glass.
This is especially true of concave glasses, and as to convex glasscs of
crown glass, their low price makes it easy, if they are scratched, to
replace them with others.

Achromatic glasses are not available for spectacles; if glasses of short



- focal distance be required, achromatism is attended with too great
weight, and if glasses of long focal distance be sufficient, even with the
use of crystals, glasses do not prevent the dispersion of colour.

As the ophthalmoscope is important for the objective diagnosis of defects of the eye,
so is a collection of spectacle-glasses for their subjective investigation. Such glasses
are at once indispensable, not only for the determination of anomalics of refraction
and accommodation, but also in many cases for that of the accuracy of vision, so
that without them the examination of the functions of the eye is impossible.

The usual boxes contain:—

1. Twenty-eight pairs of biconvex glasses, namely of 2, 2 1/4, 2 1/2, 3, 3 1/2, 4.
4 1f2, 5, 51f2, 6, 7, 8, 9, 10, 12, 14, 106, 18, 20, 22, 24, 28, 36, 40, 48, bo, 72, and
100 inches positive focal distance.

2. Twenty-eight pairs of biconcave glasses of the same focal distances, but negative.

3. Twelve (or sixteen) prismatic glasses with refracting angles of 37, 47, 57, 67,
2% 8% 9%, 10°%, 12°, 14°, 16°, 18° (or to 24°).

4. A frame with clastic rings, in which these glasses can be used.

]5:'. Some quadrangular picces, 6 inches long, 1 1/2 inches broad, of different sha des
of blue glass, capable of being held before both eyes at once.

6. A glass of carmine-red, well adaped, in case of a false position of the visual lines,
to colour one of the double images.

On the convex and concave glasses the focal distances are inscribed with a diamond.
The same is the case with many spectacles met with in trade. With respect to these
last, however, we must not depend upon the mark, but must always determine the
focal distance by comparison with the standard glasses. The method is extremely
simple. We examine with our own eye, with what glass they agree in diminishing or
magnifying power. As object we employ two slight parallel lines. We hold the glass
tolerably far from the eye (about a foot), and so far from the paper, that we sce the
two lines accurately through the glass. We now hold the standard glasses for com-
parison in the same plane with the glass to be examined, and we shall then be able
to determine, with sufficient precision, to which of these it corresponds.

The direct determination of the focal distance of a glass is more difficult. The
simple measurement of the distance, at which, behind a convex glass, the solar image
is exhibited upon a screen, gives the value only approximatively. The same is of
course true of the determination of the conjugate focal distances of a flame and its
image, whence the principal focal distance can then be calculated. Different other
methods are stated which lead to a more correct result. I obtained very accurate
determinations by measuring the magnitudes of an object and of its dioptric image.
both with the aid of the ophthalmometer. As object I employed three small openings
in a very thin blackened metallic plate, behind which was placed, in front of an
opening in a large screen, the globe of a brightly burning lamp.

We now first measure the magnitude of the object. As the reader is aware,
measuring with the ophthalmometer is accomplished by doubling the image and
reading off the degrees on the ophthalmometer, when the double images are removed
from another by the breadth of the object to be measured. Now no object is capable
ol more accurate measurement than three small points of light. Thus we can very
perfectly determine (method of Bessel, in use in astronomy), when, on doubling
(fig 19), 1" of the one image (17, 2, 3°) comes to stand exactly in the centre between

2 and 3 of the other image (1, 2, 3), and the

] L o g distance x y is then measured as object.
x ¥ Now knowing the magnitude of the object
y which we have been able to measure accu-
Fig. 19 rately by the method just described, we

next seck the magnitude of the dioptric
mage formed of it by the lens, whose focal distance we wish to ascertain. For this
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purpose we place the latter in the lens-bearer [, bring this to a distance from the
object (the plate P) equal to the double of the nearly known focal distance of the
lens.

While we see the dioptric image, we at the same time observe, whether it coincides
in magnitude with the object. In this case the points of light will occupy the same
place in reference to one another (fig. 19), as that at which the object was measured,
that is, 1° will stand in the middle between 2 and 3. If it appears that the dioptric
image is larger, we remove the plate xx” from P: if on the contrary it is smaller, we
approximate 11’ to P, until the position of the images is precisely the same as it was
i measuring the object. When this has been attained, we have only with the nonius
to read off the exact distance of the lens from the thin plate P, in order to know the
double focal distance of the lens. Indeed, when object and dioptric image have the
same magnitude, both are at an equal, and in fact at the double focal distance from
the respective principal points of the lens, and if the latter be a biconvex lens, with
equal radius of its two surfaces, likewise at an equal distance from its optical centre.
The focal distance of concave glasses can be ascertained with tolerable accuracy, by
selecting the convex glass, which when combined with the concave, removes all
cflect of the latter,

The nature of the material of which the glasses are prepared can be best ascertained
by determining the coéfficient of the refraction of light. In order to calculate this,
according to the simple formulas, we must know the focal distance and the radius
of the two surfaces of curvature. The mode ol determining the focal distance, with
the aid of the ophthalmometer, has been explained. The same instrument may
serve for deducing the radius of curvature from the magnitudes ol the catoptric
images. The method is the same as that used for the determination of the radius
of the cornea. If in this mode we determine the céeflicient of refraction, we shall find,
that many lenses are considered to be pebbles, which consist of flint glass, or even
of simple crown glass.

§ 13. Direct Influence on Vision, of Glasses with spherical Surfaces
When such glasses are held before the eye, they are to be considered
as an integral constituent of the dioptric system of the organ. We shall
now, in the first place, consider the glass to be centred with this system,
that 1s, that the centres of curvature of its surfaces lie in one axis with
the centres of the surfaces of curvature of the eye. If this be not the
case, certain deviations will result, which we shall consider at the end
of this section.

Now the immediate consequences of placing a glass, with positive
or negative focus, before the eye, are these:

1°. The greatest and least distances of distinet vision, P and R, undergo a
modification.

2°. The range of accommodation is altered. By the use of negative glasses
it becomes greater, by the use of positive, on the contrary, it becomes
less. Much more still does it diminish, with reference to the actual
distance of the objects observed, in using microscopes and telescopes.
In the use of the compound microscope we see an aérial image (formed by the object-
glass) through a lens (the eye-glass). This aérial image possesses, as a simple calcula-
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tion shows, an extraordinary depth in relation to the slight depth of the object.
Since it, moreover, lies very close to the eye, and i1s seen through a lens, the accom-
modation of the eye in relation to the difference in depth, that we can see of the
observed object, is reduced nearly-to zere. The great clvplh of the aénal image pos-
sesses, however, this advantage for microscopic observation, that of the object a
definite surface is accurately seen, and what lies only a little above or beneath appears
very diffused, and therefore has no disturbing influence.

In the use of telescopes also, the accommodation of the eye is almost entirely
removed. For with a telescope which enables us to see an infinitely remote ﬂbjl"(‘l
with relaxation of accommodation, we can, with the greatest tension, see only at a
very great distance ; and this difference requires of the eye without any glass scarcely
any change of accommodation. But even the accommodation, of which the telescope
itself is capable. by altering the distance between the e}*e—giasm and the object-glass,
represents, in the difference in distance of the objects which are distinguished, only
an extremely slight range of accommodation.

3°. The region of accommodation alters in position and extent.

By range of accommodation we undertsand a dioptric value, as being
proportional to the focal distance of the lens, which expresses the differ-
ence of accommodation for P and for R. The region of accommodation
on the contrary, is only the expression of the distance between r and p,
and is therefore=R — P. ... Evidently a completely different region
of accommodation may correspond to the same range of accommoda-
tion, and vice versa.

We now see at once, that, while the absolute range of accommodation
undergoes only a slight modification by spectacles, the region of accom-
modation is quite altered by them.

Glasses increase the region of accommodation, when they make r
approach to e, and on the contrary diminish it when they remove
r from oo,

4°. The magnitude of the retinal images does not continue the same.

A comparison of the angles, under which objects, accordingly as they
are viewed with or without auxiliary glasses, exhibit themselves to the
eye, can without further determination, take place only so far as the
object at the distance at which it is, can be accurately seen both with
and without these glasses.

In all these cases we can easily satisfy ourselves, that glasses with
negative focus diminish the images, while those with positive focus
magnify them. The demonstration of this is very simple. The relation
between the magnitude of the retinal image and the object B, i

dependent on the position of the nodal point £. The more the latter
moves forwards, the larger does 8 become, in relation to B; the more
backwards, the smaller it becomes. What the eye can now do by ac-
commodation, that is, by alteration of its crystalline lens, scarcely
displaces the nodal point, because the latter lies in the crystalline lens
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itself. On the contrary, so soon as an auxiliary lens is placed before the
eye, k moves forwards, if it be a positive, backwards if it be a negative
lens, and the more so for the same lens, according as the latter is
further removed from the eye. The amount of this displacement is easily
calculated.

With glasses of shorter focal distance (common magnifying glasses), the amount of
enlargement cannot be in this manner determined. The object must then be held
closer to the eye than it can be accurately seen without the lens, and the magnitudes
of the images are consequently no longer comparable. In this case we are, therefore,
compelled to start from an accommodation for a definite point, and to calculate how
large the retinal image under the circumstance is; this magnitude we can then com-
pare with that of the accurate retinal image obtained with the aid of the lens, while
the object is brought to the distance of distinctness of the eve armed with the lens.

The determination of the distance, magnitude, and form of the objects
umfﬂ goes a change.

In order to demonstrate the influence which positive and negative
glasses exercise on our estimation of distance, magnitude and form,
it is necessary to trace, in what manner, without the use of glasses,
this estimation is established.

In the first place, we observe that the estimation of distance and that
of magnitude are correlative. Three cases are to be distinguished.
1. We know the true magnitude of the object, and thence form, by
the magnitude of the retinal image, our opinion as to the distance;
2. We know the distance and base thereupon our opinion of the mag-
nitude; 3. Distance and magnitude are both imperfectly known, and
thruugh reciprocal influence an idea is developed, which brings both
into connexion with one another, and thus at the same time more
accurately defines them. The connexion just mentioned between our
estimation of distance and of magnitude is particularly striking when
we project the ocular after image of a flame upon a wall, in which case
we suppose the flame larger, in proportion as we withdraw from the
wall, and smaller in proportion as we approach it, notwithstanding
that the retinal image of course remains unchangf:cl

E.xccptmnally the consciousness of the raqu:rrd accommodation
comes into play, even when we look round in nature, where there is no
want of objects of known magnitude, and where numerous other means
of deciding are at the service of the mind. I observed this, many years
since, in myself (1851). As a phenomenon, namely, of diminished power
of accommodation, in consequence of the instillation of a weak solution
of belladonna, I saw all objects too small, because I supposed them
nearer to me, and Warlomont has also communicatcd an example of
the same (1853). In paresis of accommodation too, produced by other
causes, the same has once occurred to me.
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In the foregoing we assumed a knowledge of the true form of some
objects, and the direction of some lines or surfaces. This knowledge,
indeed, is scarcely ever wanting. In a room we see surfaces, which we
may consider to be nearly horizontal or perpendicular, and numerous
objects which present to us vertical and horizontal lines. From the
angles which these surfaces and lines form on the perspective retinal
images, we deduce our judgment. In nature the ground we walk upon,
the horizontal water surface, ascending trees, houses with their frames
and windows, lastly, man himself, are sufficient starting-points. There-
fore also we judge tolerably correctly even what is seen only with one
eve from one point.

Nﬂw on [hI‘:_]Ung'['It‘l'lt deduccd fmm thf.r pcrspcctwc pm]t:c'tlun the
use of positive and negative glasses exercises an influence. The cause
of this is easily seen. In fact, in using positive glasses, the objects appear
to us not only larger but nearer, and the distance in depth between two
objects ... is thus shortened, there is, therefore, an enlargement of the
object with diminution of its depth ; the reverse takes place in the use of
negative glasses.

Hypermetropics observe this most distinctly, ... and most of all
persons, who replace the lost crystalline lens with positive spectacles.
They suppose all distances to be less, and therefore see objects less deep.

Myopic individuals experience the opposite influence, but somewhat
less distinctly, because without the negative glass t]‘.lf“_‘,-.-’ did not see
remote objects accurately, and the comparison 1s therefore less perfect.

8 & & & . " - - . . " - . " w - " Y 0 " & - . a -

But the phennmﬁna appear much more striking in using the Dutch
telescope, for instance, when we look through an ordinary double
opera-glass with one eye, and close the other. Let us thus look at a
small table. The retinal image of course preserves its form: if the
glass magnifies # times, the image is only n times larger in all its di-
mensions. But we see the table broader and shorter at whatever dis-
tance we endeavour to suppose it to be. Often we have difficulty in
supposing it to be short enough. Then it is, of course, too broad behind.

. This we sometimes correct by, in our thoughts, making the table
rise a little; and those persons also do this, who in aphakia wear a

convex glass so that on flat ground they suppose they are running up a
hill.

The phenomenon is particularly striking when we look with the
opera-glass at an ordinary book, lying at a short distance on the table.
The book immediately becomes square, although the retinal image
retains the same form, it often remains somewhat broader at the upper
edge, loses this when in our imagination it acquires an inclination, and
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the letters of the title are now broad and low, while before they were
decidedly oblong.

If we now turn the opera-glass round: the retinal images, while
retaining the same form, have become diminished, and the dimensions
in depth, contrary to our former observation, are very considerably
increased ; even the leaf of the table and the book appear to become
narrow above.

All this takes place in using one eye.

The estimation of relative distances, in monocular vision, becomes
more correct and certain when the head, or even the body moves, so
that the objects are seen successively from different points. In this
manner, in fact, a parallax is created between objects placed at different
distances, which apparently change their relative places, whereby the
relative distances even of simple free points can be estimated.

67, b!?rwn:ﬂf;zc vision with fwo eyes is modified. From what has been said
under 5°, it is evident, that the estimation of distance and of solidity of
objects, even using mll\r one eye, is tolerably perfect. This must here
be remembered, for the beautiful discovery of Wheatstone has been
found so impﬂrtant that it finally appeared to make us forget what a
single eye can do. Two eyes, however, can certainly do more. At least
when near objects are concerned, the solidity of the object can be
estimated with more certainty, . . . and a peculiar sensation of the solid
is developed in us, which the monocular person seems not to be
acquainted with.

This depends upon two causes.

The first is, that in connexion with the distance between the two
eyes, 1n fixing a definite point of an object, the retinal images of the
two eyes are not equal and uniform, in consequence of which most
points are seen as double images, whose deviation corresponds to the
difference in distance of those points.

The second cause is: the successive fixing of the different points of

the object (Bruecke). In fact we are perfectly conscious (at least, if the
movement does not run through large angles), whether, in passing
from one point to another, single vision requires more or less conver-
gence, according as the ﬁxnd point is less or more remote than that
previously fixed.
We shall best satisfy ourselves of this, if by holding a carmine glass
hefore one eye, it colours one of the double images, and if we now
look in succession at points of light situated at different distances. We
then observe also, that with a rapid movement of the visual Lines, the
required change of convergence is for a moment exceeded, and is then
quickly corrected.

Now the use of convex and concave glasses modifies the two factors
of stercoscopic binocular vision.



As concerns the first factor, we observe, that the glasses modify the
magnitude, and consequently the apparent distance, without producing
a corresponding modification of the difference between the retinal
images of the two eyes. This difference decreases, accordingly as the
distance of the objects increases. While, namely, the angle, under which
an object exhibits itself, is inversely proportional to its distance, the
parallax of stereoscopic vision, and therefore also the difference between
the two retinal images, are, inversely proportional to the square of the
distance.

Thus it is proved, that the retinal images of the two eyes differ less,
accordingly as the distance from the object is greater. With convex
glasses, and especially with an opera-glass, the object is now seen larger
and apparently nearer; but the difference between the two retinal
images appears only equal to what it was in looking with the naked
eyes. Consequently the object exhibits, in reference to its magnitude,
too slight a depth. The reverse takes place in the use of concave glasses,
which exhibit the objects smaller, and therefore apparently at a greater
distance. Thus the first factor is altered.

As to the second factor, it is dependent on the first . . ., and therefore
there is no necessity to treat separately of it.

From these considerations it appears, that, in the use of glasses,
stereoscopic vision with two eyes modifies our judgement in the same
sense, as takes place for each eye separately. An apparent magnifying,
namely, of the dimensions, perpendicular to the axis of vision, in both
cases, causes us to estimate the depth as relatively less, and wviceversa;
on a diminution of these dimensions, we are led to infer a relatively
greater depth. However, in this the modification of the perspective
projection for each eye separately is of much greater importance than
the modification in the binocular vision.

Attention must still be directed to a few subordinate points, relating to the influence
of glasses. | allude, in the first place, to the apparent movement of objects, when the
observer, by moving his head, passes from one object to another. If we see, namely,
through the glass, the objects under a smaller angle than with the naked eye, we
must turn the head to a comparatively great degree, in order to direct the visual
line alternately to the one or to the other edge of the object. and thus the latter
appears to fly before the movement of the head.. .. If the same does not take place
in moving the eve behind the glass, this is to be ascribed to the fact, that a person, in
looking obliquely through the glass, no longer sees the object in the direction in
which it actually is, whereby the want of harmony between the magnitude of the
retinal images and the movement required to make them pass over a point of the
retina, is compensated : without this compensation, we could not have said, on the
preceding page, that the second factor of stereoscopie vision lies included in the first.

In the above (under the 6th head), our views were based upon the doctrine of the
identical or corresponding retinal points. OFf late this has been much disputed. It
therefore appears necessary here to explain myself upon this subject. In eyes whose
visual lines exhibit no morbid deviation, the existence of points which project the
impressions received upon each other into space, is not to be denied. In this sense the
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points in the same meridians equally remote, upwards or downwards, to the right
or to the left, from the fovea centralis . . ., may be considered as sufficiently corres-
ponding. The identity, however, is not abﬁn[ull:, The images of two circles, of some-
what different magnitude, the one received on the right, the other on the left retina
(whether through the stereoscope or by convergence), so that the lines may coincide
in the fovea centralis, project a circle, whose magnitude is the mean between the
two actually present.. .. So far Wheatstone was undoubtedly right, when his discov-
ery made him reject the theory of the identical retinal points. So far, also, the state-
ment made above, that every variation in the form of the retinal images gives rise
to double vision of the points not falling upon corresponding parts, is to be corrected.

But the controversy of the identical points has been carried still further. Some
began by wholly denying the mental projection of the retinal images into space. This
denial would not have been made, if observers had always dlstmgu[shed between two
different things: the projection of the field of vision and the projection of a point in
the field of vision (. ..). The projection of the field of vision depends on the position
of our eve and the direction of the visual line.. .. In what part of the field of vision
we project a certain point, is, on the contrary, determined by the place which its
image occupies on the retina.

In this manner every projection in the normal condition is explained. Thus it is
also understood how, with accurately directed eyes, of which direction the observer
15 CONSCIous, Lﬂrrespunding points of the retinas project the impressions received on
each other. This may still continue under abnormal circumstances. In recent para-
lysis, for instance, of a muscle, we estimate the direction of the visual line incorrectly,
and we consequently project the ficld of vision, and with it each point of the field of
vision, 1n a false direction.

If the th:viation is not gn:at, we speedily find the directly-seen object of the properly
directed eye as indirectly seen on the deviating one, and thus double vision is the result.

But in every case confusion arises also in direct vision, which becomes particularly
great, if accidentally a strongly illuminated part of the ‘field of vision forms its image
on the yellow spot of the deviating eye. However, we occupy ourselves almost alwavs
with the more illuminated parts of the field of vision, and the result thereof is, that
in general the image on the yellow spot of the properly-adjusted eye excels in clearness
that of the deviating eye. This makes it easier to neglect the image of this last eye. . .

So far the law of the identical points holds good. But now it happens, particularly
in cases of strabismus divergens, that we become conscious also of the direction of the
deviated eye. This is the case when one continues to use this eye in its turn. In these
cases, an object is still fixed in general with the eye, whose muscles act normally.
If we now hold a second object in the visual line of the deviated eye, and request
the person to fix it, the eyes sometimes remain completely at rest. The patient can
thus occupy himself alternately with the one or with the other object, which respec-
tively forms its image on the one yellow spot or on the other, and he knows perfectly
in what direction each is. In this case, it is in the first place remarkable with what
certainty he distinguishes with which eye he observes anything : he who has two good,
regularly-moving eyes, is not at all aware of this; we can ascertain in which eye we
have musce volitantes, only by closing one. But, in the second place, it hence
appears most distinctly, that in such a person the corresponding points have lost
their mutual relations. Indeed, what impinges on the two yellow spots is projected in
very different directions, and likewise what touches on similarly directed meridians
in points equally removed from the yellow spot. Now the reason why originally
corresponding points are projected in different directions 1s c]tarl} none other than
that the whole field of vision is projecied in another direction: the projection of the different
points of the same retina has, with respect to one another, continued the same.

me lh(f i‘nregning 1hus has appearcd, that the dcviat'mn n:-f' thc visu:al Iim:, pmduccd
by muscular anomaly, which originally gives rise to false projection, may become
known to us by experience, with which each eye begins its independent projection. . . .



An organically necessary similarity of impression of corresponding points of both
retinas, which should lead to an equally necessary similarity of direction of projection,
is therefore out of the question. But, nevertheless, what we at first put forward remains
true, whether it be congenital or the result of practice, that in eyes whose visual lines
exhibit no morbid deviation, certain corresponding points of the retinas project the
impressions received on cach other into space.
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In the beginning of this section I stated, in investigating the action of
glasses, that I provisionally assumed, that the axis of the glasses
coincided with the visual axis. This is certainly almost never exactly
the case. Firstly, the glasses in a pair of spectacles are not placed
precisely so, that the distance of their two axes should be exactly equal
to that between parallel visual axes, and, moreover, in being placed
before the eyes they easily come to stand somewhat higher or lower
than the visual axes; or the glasses, and therefore also the axes, have,
when the head is perpendicular, a certain inclination. Secondly, every
movement of the eye immedately alters the relation between the visual
lines and the axes of the glasses.

The question now is, what is the result of this deviation?

In the first place, when the axis of the glass is parallel to the visual
axis, but is displaced in one or other direction, we obtain also a dis-
placement of the object seen through the glass. We satisfy ourselves of
this, by pushing a convex or concave glass before the eye, so as to look
always parallel to the axis, but alternately through the centre, and
through the edges of the glass. If the glass be convex, the displacement
occurs in the opposite direction to that of the glass, if it be concave, in
the same direction.

Hence it follows, that, if the two convex glasses of a pair of spectacles
stand too close to one another, the objects are for both eyes displaced
more outwards, and thus less convergence is required ; the reverse is the
case, when the glasses stand too far from one another. The opposite,
of course, takes place, when concave glasses are in question. In either
case the change of convergence required is less, the weaker the glasses
are, and the less they are pushed to the side. For many years I have
advantageously made use of such eccentric placing of the glasses, where
otherwise, in insufficiency of one or other muscle, combination with a
weak prism was indicated. Nor will it easily happen, that, in doing so,
we exceed the limits, whereby the acuteness of the images suffers too
much.

If, however, we desire to encroach as little as possible upon the
convergence of the visual lines, corresponding to the distance, we must,
as had been correctly shown by Giraud-Teulon and Knapp, regulate the
distance of the glasses according to the reciprocal distance of the visual
lines. We have then, as Knapp has remarked, to attend particularly to
the axes of the glasses, for these do not always correspond to the centre.



In order now to find the axis, we have only to ascertain what part of
the glass we have to hold before the eye, in order to see a vertical line,
even when the glass is made to revolve, unrefracted as well through,
as under or above the glass. However, we need not be too careful in
regulating the axis. Whether, in order to see an object, a little more or
less convergence must be employed, is often rather a matter of in-
difference.

We have only to take particular care, that in spectacles worn out of
doors, we have not so short a distance of the axes of the concave, nor
so great a distance of those of the convex glasses, that in looking to a
great distance a divergence of the visual lines should be required, which
might easily cause difficulty. A difference in height of the axes, which
should cause a mutual deviation of the visual lines in a vertical direc-
tion, we must above all avoid.

In the second place, as to looking through the glass under an angle

with the axis, we have already observed that this is unavoidable in the
use of spectacles. The deviation thence proceeding is of two kinds. In
the first place, the object directly seen exhibits itself in another direction
than that in which it actually is.
But, in the second place, the objects are seen less accurately. Besides
the ordinary aberration, in fact, a new and very important one occurs.
Of this we may convince ourselves, by looking at a point of light
through a convex or concave glass held obliquely before the eye, and,
better still, by receiving on a screen the dioptric image of a point of
light formed by an obliquely-placed convex lens. This image has a
clear eccentrically-situated point, whence the light spreads chiefly to
one side in the form of a fan, so that it reminds one of the appearance
of a comet. In treating of astigmatism I shall return to this subject.
Here it may only be remarked, that the diminished accuracy of the
images, especially when strong glasses are in question, renders it
imperatively necessary to attend to the direction of the axes. If spec-
tacles be used only for distance, the axes must be placed nearly parallel
and horizontally; on the contrary, in spectacles used only for near ob-
jects they require to converge proportionally, and to be directed
downwards. This, when strong glasses are required, produces a difficul-
ty of making use of the same frame for every distance, even in these
cases, where the range of accommodation still admits of the use of the
same glasses. The inclination of the axes can be sufficiently modified by
placing the spectacles. But the convergence of the axes cannot be
altered, without bending the frame. Therefore convergence must
correspond to the mean distance, at which the spectacles are used,
whereby, during their use, a certain margin in the convergence of the
visual axes is least excluded.
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Note to Chapler I'V
Spectacles are among the most indispensable instruments for man. For many they
extend the power olgvisian to an inhnite distance, and others would, for want of
spectacles, at a certain time of life see themselves completely shut out from the occu-
pations to which, in a busy society, they are called. If we add that spectacles laid
the foundation for the invention of the microscope and telescope, whose mighty
influence is powerfully exemplified in the development of most natural sciences, we
shall not view these simple instruments without respect.

The use of stenopaeic apparatus was introduced by me (...). It is true, that in
mydriasis use was sometimes made of small openings; but it did not occur to any
one to remove, by their means, the injurious effect of obscurations.






CHAPTER V
Tue EmMmeTROPIC EYE

§ 14. Definition of the Emmetropic Eye; the Diagrammatic Eye; the
Simplified Eye

The emmetropic eye is that, the principal focus of whose dioptric
system is, in rest of accommodation, found in the retina (fig. 20).
Of infinitely remote objects, which send out parallel rays, this retina
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therefore receives accurate images, to be improved neither by convex nor
by concave glasses, and by means of its accommodation it sees equally
accurately at relatively short distances. No other refraction of the eye
is capable of giving to the region of accommodation so great an extent.

That this condition is to be regarded as the normal, we have already
shown. Singularly enough, for a long time the opinion was rather
generally entertained, that almost every eye is more or less myopic;
that at an infinite distance, apart from the imperfect transparency of
the air, it is only exceptionally that objects can be distinguished under
the same least angle of vision as at a moderate or short distance. This
opinion is an error. By far too often does the eye deviate in the opposite
direction from the standard, and can, with hypermetropic structure,
bring converging rays to a focus on the retina.

If the emmetropic eye is to be considered as the typically normal
eye, another question is, whether it is at the same time the ordinary
eye, and whether, therefbrc, ametropia is the exception.

In an absolutely mathematical sense no single eye is perhaps to be
called emmetropic. In the first place, I have never met with an eye
whose focal distance in the different meridians was absolutely the same;
in general, as shall be more fully shown in the Chapter on Astigmatism,
the focal distance is shorter in the vertical meridian of the eye than in
the horizontal. But, apart from this, here, if anywhere, we must allow
a certain latitude to the rule. Slight degrees of M, for example M=
1/120, in which, at the distance of 10 feet (=120") vision is still
perfectly accurate, are almost always unobserved. Slight degrees of H
are in youth not even to be proved .. .: indeed, whenever a deficiency
of refractive power exists in the eye, when in a state of absolute rest,
it is supplied by the accommodation. And even if the eye in paralysis
of accommodation should be emmetropic, the tone of the accommoda-




tion alone effects a slight degree of M. Consequently, the actually
emmetropic vision requires, in a certain sense, a minimum of H, and
that minimum is capable of no accurate determination, because to the
tone itself a certain latitude, perhaps from 1/100 to 1/40, must be
allowed.

In this sense, and it is practically the only correct one, the majority
of eyes of young persons are undoubtedly emmetropic.

Finally, should the question be proposed, whether E is the most
desirable condition: as concerns myself, I should give the preference
to a slight degree of M, and I shall subsequently state my reasons for
doing so.

The emmetropic eye is dioptrically to be realized in various modes.
Apart from the possible differences of the coefficients of the refraction,
a compensating action may take place between

a. The radius of the cornea: the less this is, the shorter is the focal
distance.

b. The form of the crystalline lens: the more convex its surfaces, the
shorter is its focal distance.

¢. The position of the crystalline lens: the more anteriorly it lies, the
more, célerts partbus, has it a shortening influence upon the focal distance
of the whole system.

d. The length of the visual axis: it needs only to correspond to the
condition, resulting from a, b, and ¢, to make the eye in each case
emmetropic.

However, each of the factors mentioned, by itself presents in the

emmetropic eye, comparatively little difference.
Hence we are completely justified in assuming a diagrammatic eye,
and for the sake of different calculations, starting therefrom. The
values assumed by Listing were somewhat modified by Helmholtz,
who considers the crystalline lens to be a little flatter, and its position
to be rather more anterior. . ..

Following Listing’s example, we may go still a step further in the
simplification: it is, in fact, allowable to reduce the compound dioptric
system of the eve to a single refracting surface, bounded anteriorly by
air, posteriorly by acqueous or vitreous humour, and this reduced eye,
where the greatest accuracy is not required, may be made the basis of
a number of considerations and calculations.

The right to this simplification we derive from the minuteness of
the distance between the two nodal points and between the two
principal points of the dioptric system of the eye; this distance amounts
to less than one-fourth of a millimétre. It is evident that neglecting this
will cause only a very slight difference. We thus obtain, besides the two
focal points, as cardinal points, only one principal point, &, and one
nodal point, the latter being the optical centre, £: that is, we retain
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simply the cardinal points of one simple refracting surface, whose
centre of curvature is £. . . . Hence results such a simple position of the
cardinal points, that we can- without difficulty imprint them on our
memory, and make many calculations even without the use of figures
To this I attach great importance, because our ideas thus gain so very
much in clearness.

Fig. 21 represents the reduced eye in its
true dimensions.
k is the optical centre,
e h is the principal point.
k h=5 mm. is the radius of curvature of
the refracting surface.

@, 1s the posterior focus, that is, the focus
of rays, parallel in the air (compare fig. 22).
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Fig. 22 Fig. 23

Fig. 21

o, is the anterior focus, that is, the focus of rays, parallel in the vitreous
humour (compare fig. 23).

h o ,=F, is the posterior focal distance=20 mm.

h ¢ =F, the anterior focal distance=15 mm.

Therefore the coeflicient of refraction #” : n=4:3, as being =F_: F =
20 : 15.

Thnl;Jr meaning of the reduction thus made is this: that for the ordinary
eye we substitute one with a cornea, whose radius of curvature is only
5 mm., while behind this is merely vitreous or aqueous humour,
without crystalline lens, and with a length of visual axis of 20 mm. In
such an eye retinal images would have the same magnitude, the same
distincteness, and the same position which they exhibit in the emme-
tropic eye with its cornea of nearly 8 mm. radius of curvature, its
crystalline lens of a little more than 43 mm. focal distance, and its visual
axis of a little more than 22 mm., and it can, thereforee, really be sub-
stituted for this last.

Note to § 14
The reduction assumed in round numbers scarcely differs from that found by
calculation from the diagrammatic eye of Helmholtz; in place of the

calculated values, we assumed,
F,=15-036 15
F =20113 20

hk=5-077 5.
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In connexion herewith we assumed, as coefficient of refraction, in place of 103 : 77,
100: 75=4: 93, which values stand to am:rlher— 308 : qng

" We can, in reference to the reduced c:}-'r:, furrn a ver}' good idea of the accom-
modation.
We may assume:
¥ =4-5 mm,

F, =135

F, =18.
_ Here, now, g, lies at 2 mm. before the retina: the visual axis has, in fact, maintained
its length of 20 mm. . ... On the other hand, £ has approached to h, as actually

tak::a place in the dcmmmn-dalmn We find the distance to the object fnr which this
eye is accommodated to be (13-5 % 18=243, and 243 : 2=121-5) 121-5 mm. from o,,
and consequently 139-5 from £, that is about 57, so that the reduced eye here assumed
represents an emmetropic eve, using 1: A=1:5.
§ 15. Centre of Motion and Movements. Angle between the Axis of the Cornea
and the Visual Line

It would be going beyond the plan of the present work, here to enter into
the whole doctrine of the movements of the eye. The great complexity
of the subject ... would alone be sufficient to deter us from so doing.
But, besides, there is little application to be made thereof in reference
to ametropia; and only so far as they are modified in ametropia, have
we here to deal with the functions of the emmetropic eye. As to the
mechanism of the movements, a modification with respect to two points
is to be noted, which is of importance for our object: a. with reference
to the position of the centre of motion; b. with reference to the extent
of turning round the vertical axis.

Respecting the position of the centre of motion numerous investiga-
tions have been made, among others by Volkmann, Mile, Burow, and
Valentin. These investigations yielded rather discordant rrsults but as
the eye does not differ much from a globe, and is in great part contained
in a globular cavity, these observers agreed that the centre of motion
should be situated about in the middle of the visual axis. The discre-
pancy of the results obtained is attributable in part to the methods of
investigation employed, but in part, no doubt, also to the difference
of the eyes. Since, in fact, it was shown, that ametropia depends prin-
cipally on a difference in lenqth of the visual axis, it must even d prior
have been supposed, that the distance at which the centre of motion lies
behind the cornea, should, in ametropia undergo a modification, and
I therefore thnught it necessary to investigate that subject. The investi-
gation took plaee in concert with my friend Dr. Doyer, according to
a method described at the end of this section.

In this place I give in the subjoined table only the averages of the
results obtained for emmetropic, myopic, and hypermetropic sybjects.

From the table it appears:
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Position of the Centre of Motion
a b c. d € o

Length Belore the f Angle between
of the Behind the posterior In Behind the | the axis of the
visual e surface of the percentage middle of the| cornea and the
e 2 scleratic. proportion. visual axis. vizual line.
mimn. TnIm. TI. INIT1.

E. |2353 13'54 : 999 = 57°32:42'46 177 B

M. [25'55 14'52 @ 11'03 = 56'83:43"17 1°75 2"

H. |22710 1322 : © 888 = 5098 : gq02 =17 75

1st. That in the emmetropic eye the centre of motion is situated at
a considerable distance (1-77 mm.) behind the middle of the visual
axis.

2nd. That in myopic individuals the centre of motion is situated
more deeply in the eye, but also farther from the posterior surface,
and indeed so that in the eyes of such persons the relation between
the parts of the visual axis, situated before and behind the centre of
motion, is nearly the same as in the emmetropic eye.

ard. That in hypermetropic eyes the centre of motion is situated not
so deeply, but relatively very much closer to the posterior surface of the
eye.

Now it appears thatin the emmetropic eye the visual line cuts the cornea
to the inside of its axis. This had already been ascertained by Senff, and
was confirmed in a small number of eyes by Helmholtz and Knapp
(1859). We found it as a rule in more than fifty eyes. I had, however,
previously (1860) observed, that in myopic individuals the angle ais less
than in emmetropic persons, and that in the highest degrees of M the
cornea may be cut by the visual line, even on the outside of its axis.
The investigation carried on with Dr. Doyer showed further, that, con-
trary to what was observed in M, the angle « is in H particularly large.

This gives, considering the position of the eye in emmetropic sub-
jects to be normal, in hypermetropics apparent strabismus divergens,
in myopics apparent strabismus convergens, which, when once one is
aware of it, is very evident, and contributes much to the peculiar
physiognomy of myopic and hypermetropic persons.
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Noie to § 15

Some years ago I thought I had found, in the measurement of the displacement
of a reflected image on the cornea, a simple and accurate mode of determining the
centre of motion.

In the first place I ascertained, with the aid of Helmholtz’ ophthalmometer
the radius of curvature in the middle of the cornea. Subsequently I endeavoured,
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from the displacement just alluded to of a reflected image, to deduce how far behind
the centre of curvature the centre of motion was situated.

If the accuracy of this determination left nothing to be desired, there was another
difficulty. The cornea is not a spherical surface. Its curvature approaches much more
nearly to the ellipsoid, and the eccentricity of the ellipse, obtained as a horizontal
section, seemed great enough, to exercise an influence upon the position of the re-
flected image. Professor Van Rees had the goodness to calculate this influence, and
it appeared, that in consequence of actually established eccentricity of the elliptical
meridians of the cornea, a deviation arises, which, in the caleulation, may produce,
for the position of the centre of motion, a difference of 2, or even of 3-6 mm. Hence
the application of the method was very limited. Indeed, the ellipse of the horizontal
section must always be determined, and this determination requires so much time,
that it is difficult to apply it to a great number of eyes. The method is here communi-
cated, because in those cases in which the ellipse is determined, it is not unserviceable
in the control of other methods.

Subsequently I succeeded in discovering a method, in using which the form of the
clliptical section of the cornea has not to be taken into consideration. In concert
with Dr. Dover, I have applied this method to a great number of eyes. We were,
in fact, not satishied with knowing the position of the centre of motion in the normal
emmetropic eye; we wished to inquire what differences in that respect myopic and
hypermetropic eyes exhibit,

J!‘hl[: method consists in this:— That we determine how great the angles of molion (with
equal excursions on both sides) must be, in order to make the two extremities of the measured
horizontal diameler of the cornea coincide alternately with the same point in space.

The horizontal diameter of the cornea was measured with the aid of the ophthal-
morneter,

In order further to determine the arc which the cornea must describe, in order to
traverse the lenght of its own transverse diameter in space, a ring was suspended
before the eye to be examined, in which a fine hair was perpendicularly stretched.
It was now merely necessary to try how many degrees (. ..) must be sighted at each
side, in order, while the head was immovably fixed, to make each of the margins of
the cornea alternately coincide with the hair. The number of degrees ascertained
corresponded to the angle which the eve had described from the centre of motion.
It very soon appeared, that in normal eyes, this angle amounted to about 56°.

In many cases, especially in myopic persons, the mobility of the eye was too limited
to make the cornea traverse the required space. In this case we used a ring, provided
with fwe extended parallel threads, whose mutual distance was accurately deter-
mined. This usually amounted to 3-02 mm. The sights were now so placed that the
one thread coincided alternately with the inner margin, the other with the outer
margin of the cornea. In order to know the space traversed, it was now necessary only
to substract the distance of the threads from the previously ascertained breadth of the
cornea, and this value was further made the basis of the calculation.

& 3 2 5 ¥ * * " a a a . 0 . 0 . . ' -

We do not conceal from ourselves, that after this investigation, much remains to
be done with respect to the determination of the centre of motion of the eye. In the
first place, we have not yet examined how far the centre of motion may be regarded
as a fixed, unalterable point. Qur investigations extend only to horizontal motion,
and almost always to an equal amount. We can therefore answer only for the accuracy
of the direct determination—that of the distance between the base of the segment of the cornea
and the centre of motion, in rather extensive movements in the horizontal plane.
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§ 16. Acuteness of Vision modified by Age
With the increase of years, the eye undergoes a number of changes of

different kinds.

With these anatomical changes, different disturbances of function
are combined. The principal of these are diminution of the accuracy
of vision and lessening of the range of accommodation.

We have already seen, that the determination of the state of
refraction must go hand-in-hand with that of the accuracy of vision.

We there became acquainted also with the test-types of Dr. Snellen,
the utility of which has become more and more evident to me.

S=1 was assumed by Snellen as sufficient accuracy of vision. This
held good for young subjects. It was to be anticipated, and indeed was
already known by experience, that even without extraordinary defects,
the accuracy of vision at a certain age begins to diminish. In order to
be able to use it as a standard in morbid conditions, it was therefore
necessary that the accuracy of vision proper to each period of life
should be known. This subject has been recently investigated by one
of my pupils, Dr. Vroesom de Haan (1862). S was determined in 281
persons from seven to eighty-two years of age. Placed at first at too
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great a distance, the persons under examination approached unti
they correctly indicated V, A, C, and L. These letters are the most
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easily recognisable, and De Haan could confine himself to them, because
he usually had to make on each person only one good trial, and there-
fore needed no great variety. Subsequently I determined the relation
between the distinguishing of all the letters adopted by Snellen and of
the four used by De Haan, found that it was as 5: 6, and reduced
accordingly the S found by De Haan, It is to be found thus reduced
in fig. 24.

Astigmatism > 1f4n and amlﬂ‘ﬂplﬁ were careful lv excluded—the
latter so far that M > 1[50 and manifest H > 1/60 are not taken in.
At an advanced period of life, H=1/20 was still admitted, because it
may in great part be considered as hypermetropia acquisita. In each
case the ametropia was corrected by a glass held close before the eye.
All eyes were carefully examined Extt‘rndllv many also with the oph-
thalmoscope; all without exception being so examined in reference to
which any suspicion of anomaly existed. If the slightest defect were
found, they were excluded.

In the first place it was ascertained, that the individual difference
is very great. Cases occur in which, after reduction, S=1:6 to 1-7; in
youth very few where S 1s << 0-8. ... It is not until calculations are
made for each decennial period that the course, as fig. 24 shows,
becomes more regular. Further, we see that at the thirtieth year, S is
still almost unchanged; thenceforward, however, it diminishes rather
regularly, and at the eightieth year has descended to about one-half.

The degree of illumination is, in the determination, not without
influence. In order roughly to estimate this, in his observations made
on different days, De Haan each time determined the accuracy of
vision himself, and found the limits to be 19-5 : 20 and 22-5 : 20. As the
observations for the different periods of life were divided tolerably
uniformly over the differences in illumination, the form of the line of
curvature was not perceptibly altered by a reduction to uniform
illumination. In general, in the experiments of De Haan, the illumina-
tion was something better than it usually is in the oculist’s study. It
therefore appears that Snellen has, for practical use, correctly selected
the rule as S=1, which in De Haan’s observations is a little exceeded
for young eyes. Snellen’s idea is this: that when in youth S is =1, we
have no reason to suppose the existence of an anomaly. Moreover, the
method is quite satisfactory where we have to do only with the deter-
mination of the relative accuracy of vision.

The cause of the diminution of the accuracy of vision with increasing
age rests on a double basis: it is, on the one hand, to be sought in the
media, on the other, in the apparatus of the optic nerve. The first gives
rise to less accurate images on the perceptive layer of the retina; the
second renders perception and conduction more imperfect.

As to the media, even examination with the ophthalmoscope in



general shows that with the increase of years they lose the great
transparency and homogeneousness in virtue of which the fundus of
the young eye exhibits itself with such striking clearness. The cornea
indeed changes the least, if Wwe exclude the arcus senilis, which, on
account of its eccentric position, throws but little diffused light into
the eye, and indeed less in proportion as the pupil becomes narrower
in advancing years. The crystalline lens, on the contrary, by degrees
reflects much more light, which, thrown anew on the anterior surface
of the cornea, returns partly into the eye: on focal illumination, the
separation of its sectors becomes more distinct, its irregular astigmatism
increases, the polyopia monocularis, in imperfect accommodation,
becomes (notwithstanding the diminished diameter of the pupil)
stronger and more irregular, the colour of the crystalline lens is yellower,
and entoptic investigation exhibits, over the whole, more disturbance
of homogeneousness. The vitreous humour also loses some of its perfect
clearness, at least at an advanced period of life; it becomes richer in
membranes collecting into folds, in corpuscles and filaments, as both
microscopic and entoptic investigations have proved to me: in conse-
quence of these we have an increased number of musca volitantes.
Finally, the diminishing transparency of the retinal layers comes
under notice. ... However, with respect to direct vision, this has,
while the bulbs of the fovea centralis lie almost naked, but little im-
portance. The senile changes of the apparatus of the optic nerve itself
have been but little investigated, and it is difficult to estimate their in-
fluence. The best known is the formation of vitreous elevations, globules
and groups of globules (warty granulation), on the anterior surface
of the choroid, in connexion with the limiting structureless membrane
of the same. The formation in question was observed by Wedl (1853)
then I accurately described it (1854), and discovered and represented
the instruction of the globules with pigment into the locally atrophying
retina. H. Mueller (1855) considers these formations as simple thick-
enings of the structureless limiting membrane of the choroid. The
function of the retina must suffer from them ; they occur, however, only
to a small extent in the region of the yellaw spot, and smrcely before
the sixtieth year, after which they soon become constant. Undoubtedly
other less well-known changes in the retina, in the optic nerve, and in
the brain itself, come under observation as causes of diminished acute-
ness of vision at an advanced period of life.

All the foregoing has reference to direct vision, that is, to vision of fixed
objects. Outside the fovea centralis the acuteness of vision rapidly
diminishes. Even the surface, which at the same time is seen with
perfect acuteness, appears to be so small, that its image does not occupy
the whole fovea centralis. The diminution of the acuteness of vision
in the parts of the retina remote from the yellow spot, has been inves-
tigated by Aubert and Forster. At a certain angle (12°.5 to 20°), they
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found that acuteness nearly inversely proportional to the angle of
deviation; at greater angles S diminished much more rapidly. Rather
strange and unexpected is the result, that smaller letters and numbers
are indirectly distinguished under lesser angles than larger ones: in
other words, that in looking at near objects, S is, in the peripheric parts
of the retina, greater than in looking at some distance.

In different morbid states the acuteness of vision diminishes by no
means in equal proportion, in direct and indirect vision. Not unfre-
quently the disturbance is confined to the region of the yellow spot,
with perfectly normal S in the peripheric parts of the retina; in other
cases indirect vision alone has suffered, and even in the periphery limita-
tion of the visiual field may occur, without direct vision having suffered.
I't is therefore of much importance to have formed an opinion also as to
the accuracy of vision in the lateral parts. For practical purposes the
observer possesses the power of comparison with his own normal eye.
On closing one eye, the observed eye looks to the left and the observing
eye to the right, or vice versa, at each other, and taking care that the
observed eye does not deviate, the observer now exhibits, about in the
plane which is perpendicular to the visual lines, in the middle between
the observing and the observed eye, different objects—his fingers,
cut-out letters and numbers, &c.—and thus by comparison in corres-
ponding parts, he soon estimates the degree of disturbance in the
periphery of the retina. In order to obtain accurate knowledge, we
should be able to follow the method of Aubert and Férster.—Limita-
tion of the field of vision is determined by projection on a sheet of
blue or black paper, as shall be more fully described in treating of M.

In the foregoing, the method was stated of determining the acuteness of vision for
practical purposes. The formula S=d : D gives, however, neither the absolute measure
of the distinguishing power of the retina, nor mutually comparable relative values.
The absolute measure we shall learn immediately, when we come to speak of the
determination of the acuteness of vision as a physiological value. That the relative
values are not comparable, Snellen has already observed. If an image has double the
magnitude, it has not at the same time double distinctness. This we should be allowed
to infer only in case the acuteness of vision was equal over the whole retina, in case
the larger letter, used for testing diminished S, was at the same moment equally
accurately seen by the normal eye in all its parts. This, however, is not so. Therefore,
also, when the image must have double the magnitude to be recognised, we cannot
say that the acuteness of vision is really reduced to half. Perhaps it would be correct
to assume that the acuteness of vision is inversely proportional to the number of
percipient retinal elements which are required, in a linear dimension, to the distin-
guishing of the image. But, on the one hand, this prejudges the question, whether
the accuracy of vision diminishing towards the periphery depends actually on the .
greater distance from one another of the several percipient elements; and, in the
second place, the principle could not be practically applied, in consequence of the
difficulty of determining the number of percipient elements. Hence the method
adopted appears to me to be the only one available. The objection we made, based
upon the unequal value of the parts of the retina, on which a larger image is formed,
is in great part got rid of when we consider that this larger image is not seen with
immovable eyes fixed upon one point, but is inspected consecutively in its different
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parts by the fovea centralis: the different impressions thus received by the most
acutely secing part of the retina are then combined, in order thence to deduce an
idea of the form of the whole. The physiological value of the acuteness of vision being
an angular distance, it is evident that the values of § are to be calculated as inversely
proportional to the linear dimensions of the images required for the distinction, and,
consequently, to the squares of their superficies.

In all times letters and numbers have been preferentially employed by ophthal-
mologists in the investigation of the power of vision. A regular system was, however,
for a%{mg time wanting. Stellwag von Carion proposed very useful letter-tests, on
a good principle. Smee (1854) ... adopted a senes of letter-tests. Ed. von Jaeger
{1%54} conceived that the ophthalmologist needs tests on a greater scale, and his
well-known Leseproben, although not based upon correct principles, were soon gene-
rally adopted. But the need of a better system, which should admit of the acuteness
of vision %eing expressed by a number, was still generally felt, and Dr. Snellen has
the merit of having supplied this want. Neither has Giraud-Teulon been behindhand.
He, led by about the same reflections, has devised a similar system, which he lately
laid before the Ophthalmological Congress at Paris.

In contrast to this determination of 5, suitable for practical purposes, I above
placed the determination of § as a physiological value.

The first exact appreciation of the physiological question we find in Hooke's work.
(1705). He investigates the angular distance required to observe two fixed stars
separately, and he found that, among a hundred persons, scarcely one is in a position
to distinguish the two stars, when the apparent distance is less than 6o seconds.
Subsequently, similar invmtiggaliuns were carried on by Mayer (1754) and in our
own time by Volkmann (1846), Harting (1848), Weber (1852), Bergmann and
Helmholtz, for the most part with parallel lines or with gauze. It 15 evident that, for
two minute points of light to be seen separately, the centres of their images must lie

farther (about one and a-half times) from one another than the breadth of a percipient
retinal element.

In using stripes and wires, not only the interspaces, but also the thickness of the
stripes or wires come under consideration, and in the calculation Helmholtz has
therefore assumed the angle, corresponding to the sum of a line and an intespace—that
is, to the distances of the central points of the two adjoining objects: the retinal
elements must then, at least, be less than the retinal images corresponding to this
angle. Harting and Bergmann have some measurements in which the angle thus
calculated 1is less than 6o seconds. Almost invariably, however, it amounts to from
6o to go seconds. By using the extremely thin cobweb filaments, the angle in Harting's
experiments proved much greater (2 to 3 minutes) than when metallic gauze with
thicker filaments was employed. To this cause, no doubt, it is also to be attributed
that Volkmann, who made use of cobweb filaments, found particularly high values.
The cones in the fovea centralis have, according to Schultze, when shrivelled, a
thickness of 0-0020 — 0-0025, in the recent state probably of 0-0028 mm. at the
basis; according to H. Mueller, of 0-0025 — 0-0030. An angle of 60 seconds gives
a retinal image of 0-0044. This is equivalent to the thickness of one and a-half rods,
and therefore completely confirms,in connexion with what has been above remarked,
the hypothesis from which we started, that each cone of the fovea centralis can
scparately project the received impression; the peculiar undulating curves, too,
represented by straight lines, before becoming accurately recognisable, are explicable
from this hypothesis. Hence it follows also that each cone has its distinect nerve-fibre.

For practical use in those labouring under affections of the eyes, the method here
laid down for physiological objects 1s not applicable. In practice it is absolutely
required that the person examined should give a proof that he actually ditinghuises,
as 15 done by the naming of known figures, letters, numbers, etc. I formerly endeav-
oured to attain my object in this respect by causing the patient to determine what
direction the stripes had on a card, which was turned, behind the opening of a dia-
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phragm, around its centre. The distance at which the determination was every time
effected with precision should, as I supposed, present a very simple measure of the
accuracy of vision. It appeared, however, that the inclination of the lines had a great
and insuperable influence on the distinctness of their direction, a fact undoubtedly
connected with irregular astigmatism. This circumstance renducd the method useless.

Ihc ms.pt.c:tmn ﬂ!" nb}u ts Lxlslmg in our cye we t:all sump.!w c:rbsarm.*mn {Lmtmg} [n
ordinary vision, only obscurities which lie close in front of the retina can throw
circumscribed shadows on that membrane. Under certain circumstances, however,
irregularities remote from the retina become definitely perceptible. This occurs, when
homocentric, and especially nearly parallel light, passes through the vitreous humour.

Thus, if we hold before the eye, at a distance of about 13 mm.. a thin black metal
plate, furnished with a small opening of 0-1 mm., and if we look through this opening
towards the bright sky or the globe of a lamp, the retina receives a circle of light of
the form, and of about the magnitude of the pupil, without inversion, and therefore
inv n:w]-f projected, on which all irregularities are represented. Part u:u]al]v shadows
which are formed, but also diffraction-lines are to be seen thereon, and the effect
of the refraction of light by some corpuscles i1s also not to be m:sldkﬁn We can
distinguish:

1. The muco-lachrymal specirion, dependent on tears, mucus, fat globules and bubbles
of air, moving on the cornea; on the edges of the eyelids pushed before the pupil,
whaose lashes are also accurately represented, we see stripes, dependent on the layer
of moisture.

2. The spectrum of the vitreous humour.—Particularly for the parts situated closer to
the retina, the light needs less to be homocentric, and it is therefore advantageous,
in order to be less disturbed by the spectrum of the erystalline lens (see 3), to take a
somewhat larger opening. On an extremely finely granular ground (optical effect of
the granular layers of the retina on the layer of rods?) every one sees with the greatest
distinctness the movable musce volitantes. We distinguish

a. Isolated little civeles,—some with dark, others with pale contours and bright in
the centre, mostly surrounded with a slender ring, from 1/28 to 1/120 mm. in dia-
meter, from 1/3 to 3 or 4 mm. {from the retina. They appear particularly, and, it
would seem, from the under side, on a rapid movement of the eye from beneath
upwards interrupted by a sudden arrest, and they then again slowly descend: in
the horizontal direction they have little, in the vertical they have 1 1/2 mm. or more
mobility, and alter but little their distance from the retina.

b. Pearly strings, from 1 to 4 mm. in length, by from 1/53 to 1/190 mm. in breadth,
the slightest close to, the broadest and darkest more remote from the retina, all
occurring at from 1/4 to 3 mm. distance from this membrane. In the state of rest the
same pearly string has for seventeen years always existed unchanged in form nearly
in the visual line of my right eye. The most of them are, however, in rest, retracted
upwards (apparently downwards), in order with the above-described movement to
appear again, twisting in various modes.

¢. Coherent groups of little circles of various sizes, some pale, some darker, more opaque than
the other forms: these are, in ordinary vision, usually observed as musce volitantes. Many are
connected with short pearly strings, and move with these; some have the appearance
of convoluted pearly strings.

d. Plaits, under the form of bright little bands, bounded by two rather dark, but
not accurately marked, lines. They exhibit themselves either as twisted fibres, or as
parallel little bands, connected to one another in some invisible mode, or as an
irregularly mlled-up membrane of constant form. They hover and move chiefly in
a vertical plane, at from 2 to 4 mm. from the retina. Besides this form, extended
membranes occur, some situated close behind the lens, with plaits, which attain a
breadth of 1/23 mm., some removed only from 2 to 4 mm. from the retina, with
slighter plaits of 1/60 mm., while at a distance of from 4 to 10 mm. from the retina,
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- none whatever are met with. They appear when the visual axis is moved to the side,
but especially on a powerful, suddenly-interrupted, movement from above down-
wards. Hereupon the membranes situated close behind the lens apparently rise
upwards, while, on the contrary, those situated near the retina descend, so that in the
visual axis they pass one another. But we now often see the plaited membranes
become more and more indistinet, without its being evident that they recede from
the field of vision, and yet, on repeating the movement, they each time appear
afresh distinctly. Hence follows what on accurate study is more fully confirmed, that
these membranes have only apparently an extensive motion, and that what, on
superficial inspection, we should be inclined to look upon as a movement of the whole
membrane, is merely the continuation of the folds, which on motion are formed at
the periphery, and towards the extremity of the membranes lose their defined form.
The cause of the difference in direction, in which the movement of the membranes
and the propagation of the folds take place, is to be sought in the fact of location, in
front of or ]El:hind, the centre of motion.—If we look with the pupil artificially
dilated, or hold the illuminating point close before the eye, so that we can see toler-
ably well at the side of the visual line, we observe that, particularly on powerful
lateral, suddenly interrupted movements, still more membranes appear tolerably
close behind the lens, which rarely extend to the visual line, and here terminate with
irregular points, sometimes torn ofl in rays. These membranes increase and become less
Irw}t[spareﬂt in advanced life, especially where myopia exisis.

aving, in the manner to be stated hereafter, determined the position in depth of
these different forms, I succeeded in finding, on microscopic examination, with
Professor Jansen (1843), some, and subsequently with Dr. Doncan, all forms in the
vitreous humour of the human eye. In the investigation the vitreous humour was
transferred with the hyaloid membrane uninjured to a hollow glass; the vitreous
humour soon becomes flat, and viewing it from different sides, we can, with tolerably
strong lenses, search it all. Of the musca volitantes, which every one can see entoptic-
ally in himself, I have not here reproduced the representations. They are micro-
scopically perceptible in the vitreous humour:

a. Pale cells, and débris of cells in a state of mucine-metamorphosis (fig. 254,
close to the visual axis in the posterior part of the vitreous humour; b, more laterally
in the vitreous humour). These correspond to the isolated circles described under a.

f.Fibres furnished with granules (hig. 26), corresponding to the pearly strings;
we found them less generally than the large number of those strings should have led
us to suppose.

¥. Groups of granules with adherent granular fibres (fig. 27), corresponding to
the groups described under .
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4. (Fig. 28) membranes, situated chiefly to the side, close behind the lens, numerous
in the vitreous humours of old persons, corresponding to those described under 4.

Fig. 28.

3. The spectrum of the crystalline lens.—For observing this, more perfectly homo-
centric light, and therefore a very small opening, is necessary. The whole circle is
then less illuminated, and covered, as it were, with a crape (Fig. 29. my right crystal-
line lens in mydriasis). We find here:

Fig. 2q.

a. Pearl-spois, tolerably round disks with accurately circumscribed darker margins,
but brighter internally, nearly universally occurring in every eye; the majority are
situated close to the surface of the crystalline lens, in great part eccentrically placed,
and therefore appearing only when the pupil is artificially dilated. T*cammmg at
different times, I on each occasion found others; they may be developed in a few
days, and sometimes continue a year or longer; in general their number increases
with the advance of years. They are mit.‘r:_:rsr.upir.a]ly visible as large globules among
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the superficial fibres of the lens, which they, as it were, push out from one another.

b. Black, or rather apague spots, usually round, but sometimes of irregularly angular, or
oblong form, not so common as the pearl-spots. I have also seen them, on microscopic
examination, rather superficially, aswhite, granular, opaque corpuscles, almost always
in the boundaries of the sectors of the crystalline lens. They appeared not to be
dependent on fatty metamorphosis.

¢. A radiated figure, more or less regular, usually with ramifications procecding
about from the centre; the rays exhibit themselves, sometimes as black, but ordinarily
as white lines with dark boundaries. If we remove the point of light from the eye,
these lines pass into the well-known rays, exhibited by a star or point of light for
which the eye is not accommodated, and these correspond again to the manifold
images, under which a peint, for example, a fine white granule (. . .). These phe-
nomena are connected with the composition of the lens of so-called sectors, which,
as Helmholtz showed, can be very well seen with the magnifying-glass, with lateral
focal illumination, in the hving eve. All these irrepularities of the lens increase with the
time af life, and partly explain the diminished acuteness of vision.

Of all the entoptic objects observed, we can easily determine the position in point
of depth, according to a method, to which I was led by those of Sir David Brewster
and of Listing. Instead of looking through one, we look through two openings of
0-1 mm., placed at from 2-5 to 3 mm, from each other. Two cylinders of hght,
cach in itself homocentric, then penetrate the eye, under such an angle, that the
circles on the retina cover one another nearly by half. We therefore see them as
fig. 30. In each circle the entoptic spectra are now to be seen.

Fig. 30.

We now see, without further demonstration, that the distance of the double shadows,
is in the same proportion to the distance of the entoptic objects from the retina, as
the mutual distance of the centres of the two circles, to the distance from the plane
of the pupil to the retina=from 18 to 19 mm.
‘The measurement of the projected images is most easily eflected by the method
a double pue, in use in micrometry: looking through the two small openings (which
may for that purpose occupy the place of the object-glass in a microscope-frame)
downwards on a mirror reflecting the light, we can with the other eye project and
measure the forms on an adjoining sheet of white paper.
Taking into account the distance at which we project, we also find easily the magni-
tude of the shadows, which, both on account of the diffractionlines and of the imper-
fect homocentricity of the light, prove somewhat larger than the objects.

In conclusion, a word respecting the history of our knowledge of entoptic pheno-
mena. 11'Jccha!cs (16g0), a Jesuit of the 17th century, saw, as being highly myopic, his
entoptic spectrum in the cirlce of diffusion of remote points of light, and compre-
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hended and described what he saw. He showed, on correct principles, that musca:
volitantes, observed during ordinary vision, must depend either on corpuscles situated
near the retina, or on morbid parts of the retina itself. The observation of the true
motion of musca volitantes by Andreae (1825), Prévots (1832), Sotteau (1842), and
others, should have been sufficient to solve the dilemma raised by Dechales; but,
nevertheless, the truths and errors, taught by Morgagni (1722), were perpetually
repeated, Since 1760, as we read in Mackenzie (1845), observers had begun to study
the musce volitantes both through a small opening, and with the aid of lenses.
Mackenzie himself gave a very creditable description of the muco-lachrymal
spectrum observed in this manner, and of that of the vitreous humour, but without
making use of Brewster’s method of determining the distance from the retina.
Sir David Brewster had previously, however, by using two points of light (the dioptric
images of two flames, towards which he looked through a powerful dioptric system),
as an experimentum crucis doubled the shadows, and thus given a direct proof of the
position of the objects in the vitreous humour producing musce volitantes, and even
made a calculation of the position of one of his muscae volitantes, This was followed
by the treatise of Listing (1845), who fully developed the theory, discovered the
spectrum of the crystalline lens, and deduced the position of the objects in the eye
from their parallax in the motions of the eye: thus, as is easily conceived, the sha-
dows of corpuscles, situated in the plane of the pupil, on movement of the visual
line, maintain their place in the circle of light, while those in front of that plane
thereupon exhibit a positive, those behind it, a negative parallax, which parallax is
greater as the distance {rom the plane in question is greater. Listing’s method is not
very applicable to movable corpuscles. That of Brewster presented difficulties in the
projection, and the calculation was uncertain and troublesome, until I pointed out
(1847, 1849, that the centres of the two circles are nearly proportional (the crystal-
line lens causes a slight modification) to the distanee between the pupil and the retina.
In my method above described, I at first projected on a white paper on which the
sun shone, subsequently, with Doncan (1854), I used the méthode a double vue. The
corpuscles in the vitreous humour I had already partly found with my friend Prof.
Jansen; subsequently I had discovered all forms with Doncan, who, under my
direction, wrote his dissertation on this subject; I have also repeatedly seen those of
the crystalline lens.—Elsewhere I have also described how, by means of a lens with
a pupil {an opening in a diaphragm) placed before it, and of two little lights in the
focal plane of that lens, the phenomena, which apply to our method, can be made
visible on a screen.

Sir David Brewster closes his paper with the following striking words:

‘Few symptoms prove so alarming to persons of a nervous habit or constitution as
musc® volitantes, and they immediately suppose that they are about to lose their
sight by cataract or amaurosis.” Often, alas! this anxiety is even still kept up by
ignorant practitioners. But nothing is easier than to convince such gloomy patients,
who have usually already acquired some knowledge of the eye, that the seat of the
phenomenon is to be met with in the vitreous humour, and not in the nerve: they
readily comprehend the signification of the double shadows by comparison with an
experiment with two lights, which can give double shadows of an object on a wall,
only when the object does not lie against the wall. Under what circumstances
complaints of musca volitantes may have a dangerous signification, shall be pointed
out 1n treating of myopia. ’

I formerly wrote a detailed essay on the employment of entoptic investigation in
the diagnosis of defects of the eye. Now that (thanks to the valuable invention of
Helmholtz) the ophthalmoscope is in our hands, the importance of the entoptic
mode of examination for diagnosis is thrown completely into the shade.
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§ 17. Range of Accommodation, modified by Age. Presbyopia. Hypermetropia
acquisita

The refraction of the eye, and still more the range of accommodation,
become modified with the increase of years. The diminution of the
power of accommodation first takes place; it is perceptible long before
the refractive condition of the eye in the state of rest has undergone
any modification: for the distance R of the farthest point continues
long unchanged, while P, that of the nearest point of distinct vision,
becomes gradually greater and greater. Thus the range of accommo-
dation diminishes.

The progressive removal of p is a fact of universal experience.
People are, however, generally of opinion that this retrogression
commences first about the fortieth year. But this is an error. Not until
about that time of life, under some circumstances, does the retrogres-
sion of f make itself felt as a disturbance in the normal eye, and therefore
attention is then first directed to this so-called weakness of the eye; but
already in youth—nay, even before puberty—p moves considerably
back. This change affects all eyes without distinction, as well the myopic
(provided it be healthy) as the hypermetropic and the emmetropic eye.

In the first place, it may here be asked, in general, how and from
what cause it 1s, that at so early a period of life, while all the functions,
and especially that of the muscles, are in a state of progressive develop-
ment, the power of accommodation, which depends upon muscular
action, already loses in extent? As it must be admitted, that the ciliary
muscle has continued normal, and is therefore still in full force, we
come readily to the inference that the diminution is to be sought
exclusively in the condition of the parts, which in accommodation are
passively altered. ... Now the organ which is passively altered is the
lens. ... We know that at an advanced time of life the lens is firmer
than in youth. I think I may even assert that the increase of firmness
commences at an early period. Now, it is in consequence of this greater
firmness that the same muscular action can no longer produce the
same change in the form of the lens. . ..

After the power of accommodation has considerably decreased, a

slight diminution of refraction gradually takes place. This appears
from the fact that now also r begins to remove from the eye.
At the fortieth year, it has not at all, or has scarcely commenced, and
it is not until the sixtieth or seventieth year that it is distinctly present
in an originally emmetropic eye. On account of the simultaneously
diminished range of accommodation, the visual lines being parallel, the
eye can then frequently not be accommodated, even for remote objects,
and a positive glass is therefore required also for distance.

The doubt might be raised, whether . . . in all those cases in which,
at a later period of life, H is observable, an equal degree of latent H
did not already exist in youth. ... We are, however, justified in de-
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claring this doubt to be unfounded. Sometimes a certain degree of H is
developed in relatively so short a time, especially when traces of
obscuration arise, and, as it appears, also in glaucoma, that there is no
ground whatever to assume the original existence of the same degree
of H. Moreover, I have in myopia also occasionally satisfied myself of
the presence of a diminution of refraction. Finally, and this in itself is
convincing, at an advanced period of life H is much more common
than in youth. The question therefore is, on what the diminution of refrac-
tion depends . . . It seems to me that the cause is to be sought in the lens.

This, if I am not mistaken, is to be sought chiefly in a more uniform
firmness of the several layers of the lens. Even Thomas Young remarked,
and it has been more fully demonstrated by Senff, Listing, and others
that with the laminated structure, with refractive power diminishing
towards the periphery, the lens has a shorter focal distance than a lens
of similar form, and composed wholly of a substance of the refractive
power proper to the nucleus of the lens, would have. If, consequently,
with the advance of years, the outer layers become more solid, a greater
focal distance must be the result. Now, the existence of this increase of
solidity is evident from the increasing reflection in advanced life on
the anterior and posterior surfaces of the lens, a reflection which 1s
proportional to the difference in refractive power between the outer
layers of the lens and the aqueous or vitreous humour; and it is also
capable of being established by anatomical investigation. But, 1n
ad%itiun to this, in advanced life the lens appears to become flatter, on
which account the radii of curvature of its surfaces, and its focal dis-
tance, are increased,—1I have satisfied myself that the cornea does not
become flatter, and I have no reason to assume that the visual axis
should become shorter, except in the most extreme old age. I therefore
believe that the cause of the state of diminished refraction must be
sought in the above-mentioned changes in the lens. In favour of this
view is also the circumstance that the diminution of refraction at last
goes hand in hand with the diminution of the power of accommodation::
indeed this points to a common origin, and we have above seen that
the latter depends upon a hardening of the lens.—The vitreous humour
I have not compared, with reference to its refractive power, at different
times of life. It is self-evident that, as its anterior surface is concave, an
increase of its refractive power must move the posterior focus of the eye
backwards. .

As T have above remarked, the changes in accommodation and
refraction occur in each form of the eye. We have here to subject to a
more accurate examination only those which take place in the emme-
tropic organ.

l?ig. gf; represents the course of the nearest p p, and of the farthest
points 7 r, and consequently that of the power of accommodation in the
emmetropic eye, ad different periods of life. The figure needs but little
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explanation. The numbers, to the left, indicate, as before, the distance
in Parisian inches, for which accommodation can take place; those,
which are lower than <o, have, as in the previous figures, a negative
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Fig. 31.

signification : they represent the distance at which the converging rays,
for which the eye is accommodated, come to a focus behind the nodal
point. The numbers placed above the figure, indicate the age, expressed
in years.

From the figure it directly appears, that, even from the tenth year, at
which the observation becomes possible, p approaches the eye, and
indeed with tolerably uniform rapidity, so that at the thirtieth year
1 : A has fallen to about one-half what it was at the tenth year. From
this time the descent appears to take place somewhat more slowly, but
nevertheless to proceed incessantly to the most advanced time of life.
The course of the farthest point is quite different. Up to the fortieth
year it remains at the same height; but from that time an extremely
slow descent occurs, the emmetropic eye becoming, at the fiftieth year,
somewhat hypermetropic, which H at the eightieth year amounts to



from 1/24 to 1/10. This acquired hypermetropia may, finally, become
absolute, that is to say, that not only accommodation for divergent,
but even for parallel, rays becomes impossible.

On the diminution of refraction just described, and especially on
that of the accommodation, depends a condition which has been
termed presbyopia, Pr, Presbyopia has been set down as synonymous
with farsightedness. By this we by no means wish to convey, that the
eye sees accurately at a great distance, for of this the young emmetropic
and moderately hypermetropic eye is also capable. We wish only to
express the fact, that it cannot see near objects accurately. In like
manner we call a person near-sighted, not because he can distinguish
small objects close to the eye, for this too the young emmetropic eye
enjoys in common with the near-sighted one, but because he does not
see well at a great distance.

In this respect I would first observe, that only that farsightedness is
to be considered as Pr, which is dependent on the diminution of 1 : A,
as the result of advanced life. The very etymology of the word, com-
pounded of mpésflvg, old, and &y, eye, indicates this. Were we to term
every impediment to the accurate vision of near ~objects Pr, paralysis
of the power of accommodation should be placed in the same category.
Even H, so far as with it vision of distant, is easier than that of near
objects, should be comprehended under the term, and we have made
it clear enough to what great confusion of ideas we should, by so doing,
give rise. The term preshyopia is, therefore, to be restricted to the condition, in
which, as the result E?f the increase of Jears, the range of m:mmmmfﬂmm is
damzmshed and the vision of near objects is zrzie;férer! with.

From this definition it appears, that Pr is really included in the
diminution of the range of accommodation dependent on advancing
years. Still Pr is the normal quality of the normal, emmetropic eye in
advanced age. It is, therefore, properly speaking, no more an anomaly
than are grey hairs or wrinkling of the skin. Were it an anomaly, it
should be much less one of refraction than of accommodation.

But where are we to place the commencement of presbyopia? If we
consult the line pp' of fig. 31, representing the emmetropic eye at
different times of life, it appears that, from youth up to extreme old
age, p removes with tolerable rl:*g.{u]:a;rlt}.r more and more from the eye,
and that, consequently, the vision of near objects becomes progressively
more and more difficult. . .

Hence it follows, that in ﬁ}:ing’ a limit of Pr, we cannot avoid being
arbitrary. In the eye itself, no reason is to be found, for making a
definite distinction between presbyopic and non-presbyopic. Now, if
the boundary be artificial, it must be conventional.

This, however, leads us to the question, whether it is necessary to
speak of Pr, and whether we should not rather confine ourselves to
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fixing 1: A, in connexion with the degree of M or of H, where these
are found. Undoubtedly this mode would be scientifically satisfactory.
Nevertheless we should, in my opinion, meet with but little response,
were we to get rid of so generally known and extensively employed a
word. I believe also that by so doing we should confer no favour upon
practice. In practice a word is required, which may indicate the condi-
tion in which the eye, at an advanced period of life, must, forordinary
close work, use positive spectacles, and this word is ﬁrff,fﬁr]’ﬂf.liﬂ.

However, with all this the commencement of Pr is not yet defined.
That this must be done, is evident.

Our social condition requires that we should often be engaged in
reading, writing, or other close work. It is plain that the average
magnitude of the forms employed in such work, is closely connected
with the accuracy of the power of vision, and with the distance ol
distinct vision for the normal eye.

The common employment of spectacles has, therefore, exercised an
influence on the limits of distinct vision, with which we must allow
presbyopia to commence. . .. We have to investigate how long the eye
fulfils the requirements of the assumed standard. ... In the fortieth
year ordinary type presents nodifliculty whatever to the emmetropic eye.

in the forty-fifth year the notes, printed in smaller characters, are not
unfrequently passed over, and the book is in the evening prnhﬂbly
somewhat earlier laid aside. We now soon begin to observe, that an
object, to be very accurately seen, is removed a little further from the
eye; a clear light is also sought, rather for the purpose of diminishing
the circles of diffusion, in imperfect accommodation, by narrowing the
pupil, than ﬂfnbtalnmg more brilliantly ill uminated i images. Ordinary
occupations are, however, even in the cvcmng still performed un-
interruptedly wﬂhﬂut remarkable exertion. . .. The binocular nearest
point p, now often lies at about 8" from the eve. At this point I have

already placed the commencement of presbyopia. I think too that I
must now keep to it. In the following §, however, we shall sce, that this
does not always, and indeed not even in general, involve the use of
spectacles.

If we have agreed upon a definite distance as the commencement of
Pr, this may serve also to fix the degree of the presbyopia. This is done
in a very simple manner, If p, be situated at n Parisian inches from the
eye, then, assuming the above mentioned limit, Pr = 1/8 — 1/n. .. .For
this glassen: of about 1/8 — 1/n are required ... to neutralise the pres-
byopia.

To be qu1tr accumte we should be able to determine the drgree of
Pr from the glass, with which, by means of direct experiment, p, is
brought to 8. But, it will be seen still more precisely in the fnllowmg 8,
that the determination of the degree of Pr possesses only a subordinate



— 2 ——

value, on the one hand, because the commencement of Pr is convention-
al, on the other, because the accommodation complicates the condi-
tion, and this, as well as the accuracy of vision, influences the practical
application: we should, therefore, take care not to attach to determi-
nation of the degree of Pr the great importance, which is connected
with that of the degree of M and of H.

Thus far we have treated exlusively of the Pr of the emmetropic
eye. But the hypermetropic and the myopic eye are also subject to the
same. The first must be called presbyopic, so soon as in the use of
glasses, which neutralise the H, p, lies farther from the eye than 8°.
As to myopics, we hold to the definition given of Pr, and therefore let
this first commence, when the distance of p, amounts to more than 8.
Hence it follows that it is only to the slight degrees of M, that Pr in the
ordinary sense of the word, can belong. ... To this we must add, that
in the slight degrees of M it occurs much later than in the emmetropic
eye. Herein the myopic finds a compensation for what he loses, with
reference to the vision of remote objects. The advantage is not small.
Up to the sixticth or even the seventieth year of our age, not to need
spectacles, in order to see accurately whatever comes immedately under
our eyes, is a great privilege. This privilege belongs to a M of from

1/10 to 1/14, in which degree the eye is not threatened with any special
d:lnng“i With slighter degrees of M a good deal of this privilege is still
enjoyed. This is a condition which may well be envied by emmetropic
eyes. I never found a normal eye which participated in the same
advantage. Many persons, however, suppose that they are so highly
privileged. Almost daily it occurs that at fifty-five years of age the
distance of p, lies at only from 8” to 10", and spectacles are not yet
thought of. Such people consider themselves a lucky exception. They
are extremely proud of their sharp sight. The inquiry whether they are
near-sighted is answered in the negative with a smile of self-compla-
cency. At a distance of twenty feet hang Snellen’s letter-tests: XX and
XXX they do not recognise, XL not at all or scarcely; L and LX are
the first which are easily recognisable to them. Not until they try glasses
of — 1/50 or — 1/36 do they well distinguish XX, or at least XXX,
with accurate contours. Reluctantly they ac knnuledgr themse]ves
beaten. They are consequently somewhat myopic! It is true they had
always attached a wholly different meaning to the idea of M. For the
oculist it is, however, important to have proved the existence of this
slight degree of M. He learns from it to recognise the unchangeable,
the legitimate amount of the range of accommodation attached to each
period of life, and he can sometimes also turn this knowledge to his
advantage. Thus when we inquire into the hereditary nature of M,
its existence in the parents is often denied, yet almost in the same breath
it is added, as a proof of their excellent sight, that up to their fiftieth
year, nay even longer, they still read and wrote in the evening without
spectacles, and—we know what inference is to be drawn. If, on the
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other hand, a person comes to us, who in order to continue his close
work, in his thirty-fifth or forticth year evidently has need of positive
spcctaclcﬁ we shall almost always find, that a slight degree of H lurks
in him. If its degree were somewhat greater, the difficulty would have
earlier manifested itself more distinctly, under the character of asthen-
opia.

PThE more I investigate the subject, the more fully I am convinced,
that at a given time of life the range of accommodation is an almost
law-determined quantity. If there are no favourable exceptions, the
unfavourable are connected with definite defects, the commencement
of cataract or glaucoma simplex, exhausting diseases, and paresis of
accommodation. Of this we shall treat from a clinical point of view, in
the following Section.
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§ 18. Treatment qf Pre;b_yﬂpm

Presb}fnpla announces itself. Seldom do we hear at the same time that
work fatigues. The complaint is rather that vision is not accurate: the
letters n and u are not easily distinguished ; the numbers 3, 5, and 8 are
confounded; a stroke is seen double, a point sometimes multiple, etc.
Inconvenience would have arisen even earlier, if the diminution of
accommodation had not been accompanied with diminution of the dia-
meter of the pupil. Thus also the small pupil of the old man makes the
loss of the power of accommodation lighter to him: to this he is indebted
for the fact that, even at distances for which he is not accurately
accommodated, he still distinguishes tolerably well. In full daylight,
in the open air, a person can often, even in advanced presbyopia, read
ordinary type, and this always succeeds on looking through a small
opening.

The fact is significant, because hence it follows that in commencing
presbyopia convex glasses are usefull less by correcting the accommo-
dation, than by increasing the sharpness of the retinal images. The eye
already puts its accommodation rather strongly upon the stretch (still
more powerful tension has no proportionate effect) without any
hinderance or fatigue whatever. Aided by weak glasses, the eye
continues the tension almost in the same manner. The result is there-
fore, that the eye now sees more accurately: the letters become black,
confusion ceases, and the person rejoices in a distinctness of vision, of
which he had almost lost the idea.

The correction, by means of positive glasses, in the commencement of the
effort, of diminished accuracy of vision of near objects, is the characteristic mark
of preshyopia

From this, it may be stated in one word, the vision of hypermetropics



is evidently distinguished. These obtain perfect accuracy of sight, but
only at the cost of so great a tension as they are not able to maintain,
and therefore they obtain it only for a short time; weariness of accom-
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modation (asthenopia) ensues. In the hypermetropic individual con-
vex glasses aid the accommodation, in the presbyopic they at first
rather increase the sharpness of the retinal images.




So soon as, by diminution of accommodation, in ordinary work the required
accuracy of viston begins to fail, there is need of convex glasses. The test is, that
with weak glasses of from 1/80 to 1/40, at the same distance as without glasses,
the accuracy of viston is manifestly improved.

The opinion is rather general that we should refrain as long as possible
from the use of convex glasses. . . . We have here to do with a prejudice
which perhaps finds some support in vanity. It is asserted: practice of
accommodation is desirable. . . . But we forget that we were obliged to
practise more and more, as years have rolled on.... The annexed
figures 32 of a man of thirty-four (Dr. Doyer), and 33 of a man of
forty-four (myself), . . . demonstrate this most evidently. And is it not 4
priori to be considered absurd, at nearly fifty years of age, to commence
a more powerful gymnastic system than youth was ever called to?

Strangely enough! people have fallen also into the opposite fault,
Some have thought, by the early use of spectacles to be able to preserve
their power of vision: they have recommended and employed ‘conser-
vative spectacles’. If I am not mistaken, self-interest had something to
do with this recommendation. . . . Light blue spectacles also, which have
been sometimes recommended as ‘conservative spectacles’, are, under
ordinary circumstances, objectionable for a healthy visual organ.

Easy as it is to decide whether a necessity exists for the employment
of convex glasses, so difficult is it to establish rules for ascertaining the
degree of convexity required. This must, however, be tried here. It is
well known, that at first, while as yet scarcely any disturbance has
manifested itself, glasses of about 1/60 are usually sufficient, and also
that, in proportion as the time of life advances and the range of accom-
modation diminishes, stronger and stronger glasses are required. It was
therefore natural to arrange convex glasses according to the time of life
at which they become necessary. This old custom has been ridiculed,
and in some degree with justice. It is true that eyes differ too much,
to make age alone the criterion in the choice of spectacles. But, on the
other hand, the regular diminution of the range of accommodation,
already pointed out shows, that, in the case of emmetropic eyes, the
time of life may in general be taken as a guide. Only, the many circum-
stances which modify the indication furnished by the time of life, are
not to be neglected. Besides ametropia, which occupies the first place,
diminished acuteness of vision is to be noted, while, moreover, the nature
of the work to be performed has some influence. ... But, in order
to fulfil a practical object, we shall premise the empirical result: what
glasses are required at different ages in emmetropia, with normal
acuteness of vision and accommodation, for writing, and for reading
ordinary type.
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Classes required d
£

e b ¢ Distance of

i In present E | In original E distinct vision R, Py
448 160 1/60 14" 6o” 10"
50 140 1/40 14" 40" 12"
55 1/30 1/28 14" 30" 12"
58 1/22 1/20 13" 22" 12"
6o 118 1/16 13 187 12"
bz 1/14 1/12 13" 14" 12”7
65 113 1/10 12" 13" 11”
70 1/10 1/7°5 10”7 10" 10"
75 1/g9 1/b°5 g 9" g
2 1,{3 1/3:5 Bf‘ 8" i
to 1/7 1/4°5 1 7 7

This table needs, perhaps, some explanation. Column b gives the
glasses required for E, proved at the moment; ¢ for E in youth, and
therefore for H acquisita at the time of nhchatiﬂn in both cases the
diminished acuteness of vision belonging to the time of life is taken into
account; d indicates the distance which is preferred for vision with these
glasses; e, finally, the space through which they admit of acute vision,
that is, from R, with the least, to P, with the greatest convergence

( . o= g 21 1
Ay P, Rz)'

In general it should be observed, that it is desirable to ascend but
slowly with the numbers, to use the first spectacles in the beginning,
only in the evening, and to keep these for day spectacles, so soon as
stronger glasses are required for the evening. . .. finally, that, while
stronger glasses are necessary for reading, the weaker are often sufficient
for writing, and are to be preferred, since the person wearing them,
being enabled to see at a greater distance, can avoid the bent position,
which is so injurious to the eyes.

The above table holds good for emmetropic individuals. If ametro-
pia be present, it must be taken into account. Therefore always,
without exception, we should begin by determining the refraction, and
at the same time S, according to the method described above. With
suflicient practice, this requires only a couple of minutes. The result
obtained supplies the preliminary indication, which must then always
be subjected to the control test. If the eye be emmetropic, the control
1s effected with the glasses mentioned in column §; we ascertain, at
what distance 2 and 2 1/2 are easily and by preference read, and we
determine the space of 1: A, by causing the patient to read 1 or 1 1/2
as close as possible, and larger type as far as possible. If we now obtain
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about the results to be found under & and ¢ of the table, the glasses will
usually answer. If the distance be too short, the margin for distinct
vision too small and brought too near the eye, we must try weaker, and
in the opposite case, somewhat stronger glasses.
It will be easily understood that the rule here given for hypermetropic
individuals, is applicable only to older hypermetropics, that is to those
who, when the H is neutralised, are presbyopic.

How far Pr is compatible with M, we have seen above
Generally speaking, I have found that myopics require convex glasses
at a still later period than the degree of M should have led me to
expect.
The reason is, that, on the one hand, in persons looked upon as emme-
tropic, a trace of latent H easily occurs, while, on the other, the limited
distance (for example, 20 feet, representing 1/240), at which the de-
termination of M takes place, may make it appear somewhat too slight.

We have now to estimate the circumstances, which, both in ametro-
pic and in emmetropic persons, may modify the degree of the glasses
required. As such we mentioned

a. A range of accommodation nol corresponding to the time of life. Those who
are occupied almost the whole day in reading, writing, or other close
work, usually accompany their demand for spectacles with the observa-
tion that their eyes have certainly suffered much, but that they have
also exacted a great deal from them. I hasten to set such people right.
Comparative observation has shown me that much close work does not
essentially injure the eyes, at least those which are emmetropic, and
that the range of accommodation diminishes scarcely, if at all, more
rapidly under such circumstances, than it does in agriculturists, sailors,
and others, who for the most part look to distant objects. It is true that
eves predisposed to M, are, by much reading and writing, easily
rendered more myopic, but these occupations have no influence on the
range of accommodation. The same is true of the frequent use of the
microscope, or of a magnifying glass, as is required in the work of
engravers and watchmakers: the regular course of 1 : A is maintained
despite of much or little tension. But there are morbid conditions which
cause the range of accommodation, and sometimes also the amount of
refraction, to diminish more rapidly than usual. In the first place,
general debility, the result of exhausting diseases, is to be noted. Pre-
mature old age, in general also deserves to be mentioned. Of the in-
fluence of glaumoca I have alrecady spoken. If a person has quickly
and repeatedly to strengthen his glasses, we should suspect the existence
of glaucoma simplex, and accurately examine the tension of the eye-
ball and other points connected with this affection. The commence-



ment of cataract also appears to hasten presbyopia, probably through
more rapid hardening of the crystalline lens. . .. Emmetropic persons
are then apt to complain that they can no longer accurately distinguish
near objects, which is to be attributed partly to diminished S, partly
to more rapidly lessening 1: A, and they seek the aid of sputaclos

The morbid condition, which especially interferes prematurely with
the vision of near Db_],l."(‘t'-?-, is paresis and paralysis of accommodation.

This is not the place to enlarge upon this subject, the last chapter of
this work shall be devoted to it. Let it at present suffice to observe, that
ordinary paralysis may occur at any time of life, but more particularly
in youth, that it usually sets in suddenly, and that it is further charac-
terised by a tolerably wide, immovable, or scarcely movable pupil: it
is, therefore, hardly conceivable that it could be confounded with true
preshyopia.

Now where, from whatever cause, 1 : A 1s abnormally diminished,

stronger glasses are required than where 1: A is normal.
It is another question, whether these may be used. To this we can in
general only answer, that the sole difficulty is when the morbid con-
dition 1s such as to prevent tension of vision. In incipient senile cataract
there 1s usually no difficulty; in paresis of accommodation, tension of
accommodation is, when the acute period is past, even desirable, and
this is very much promoted by glasses, whereby the distance of distinct
vision remains somewhat greater than the patient would wish; but in
threatening glaucoma, prudence requires us to avoid tension of the
eyes, and we are therefore recommended not to permit, unless excep-
tionally, the use of spectacles with which the patient can read or work
at near objects.

b. Diminished acuteness of vision. — The distance of distinct vision at
different periods of life, estimated to be necessary, and therefore to be
obtained by means of convex glasses, is in close connexion with S.
Consequently with the increase of years, to which diminution of S is
related, we find this distance lessen. Where morbidly diminished S is
concerned, we can take this also into account in the determination of
the glasses: we can cause the retinal images to become greater about
in the same proportion as the acuteness of vision diminishes. This is
to be attained simply by means of stronger glasses. Not only do these
bring the distance of distinct vision nearer to the eye, but they also
make the angle, under which the object is seen, increase in a still
greater ratio than the distance diminishes (compare p. 61). They can
thus render ordinary close work still possible with diminished S. The
question however, is: may this means be employed? We must admit that
its application is liable to great restrictions. In the first place, in acute
diseases of the eye, with diminished S, all tension is injurious, and the
eyes may, in the hope of i lmpmvcm{rnt be allowed to rest. And, as to
chronic diseases and defects, even in these diminished S cannot



unconditionally be compensated by stronger glasses. In general it is
to be considered that the limits, within which compensation is possible,
are rapidly attained through too great proximity.

Moreover the bent position acts injuriously, which, if the distance of
distinct vision is very short, cannot well be avoided.

All this, finally, renders the cases rather rare, in which the annoyance
of diminished S can be met by the use of 'itll:lﬂl'.';t‘r glasses. ... It is
connected with the least inconvenience in chronic opacity of the ::r_:-rnm

in uncomplicated incipient cataract, in congenital amblyopia from
unknown causes, and finally in clispmpnrtinnatcly rapidly diminishing
acuteness of vision in advanced years—senile amblyopia. We should,
under these circumstances, recommend the use of large type, and in
general, occupation with coarser work; but if fine work cannot be
avoided, the glasses required should be strengthened so far, that the
desirable degree of distinct vision should, without too much effort, be
obtained. That we must sometimes at a very short distance, for the sake
of binocular vision, have to contend with the difficulties of convergence,
will immediately more fully appear.

¢. The nature of the work to be performed. Two points are here to be
distinguished. In the first place, the minuteness of the objects, which
renders it necessary that the work should be performed close to the
eye, and therefore with relatively stronger glasses. For some work even
the young normal eye is insufficient. Minute drawing, engraving,
watch-making, and some anatomical operations, require the constant
use of the magnifying glass. In other work the eye must at least, with
normal S, be still accommodated for the distance of from 4" to 6.
Hence convex glasses are even early necessary to render permanent
accommodation for that distance possible. But, apart from its minute-
ness, the nature of the work sometimes requires a definite distance: in
writing in large registers, in reading in the pulpit, in the use of certain
musical instruments, it is often desirable that spectacles should bring
the distance of distinct vision to one and a-half or two feet, and there-
fore weaker glasses are necessary than are given for writing, and parti-
cularly for reading. Guided by sound principles, we very soon find
practically what glasses fulfil the object: aninsuperable difficulty springs
only from diminished S; with this, as shall herafter appear, we have to
contend most in the case of M.

I have thus, I think, laid down the principal points which must guide
us in the choice of spccta{:l{*% for presbyopic persons. Some observations
on the form of these auxiliary glasses may here not be out of place.
In general, oval glasses in a frame, with wings resting on the ears,
placed at a certain inclination, so that in work the axes of the glasses
coincide nearly with the axes of vision, are to be preferred. The nasal
portion should have such a form, that in looking at a distance, in the
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horizontal direction, the person wearing the spectacles should be able
to look over the glasses; and if this should be attended with any diffi-
culty, the rings might be flattened above (the pantoscopic spectacles of
Smee). Some men, from habit, wish for round glasses, which we may
safely allow: they are usually old, quiet men, who, when they desire to
look at distant objects, simply take off their spectacles. Others are not
at all content with looking, thus unaided, at distant objects over their
spectacles; they prefer, as hypermetropics, wearing spectacles in-
sufficient to read with, and they do not see accurately over their
reading-glasses; or they have at the same time M and Pr, and desire
with rapid alternation to read through their spectacles, and to see
distant objects, whether in their office, or as teachers in a school, or
in the theatre, or elsewhere. This wish may be gratified by means of
glasses a@ double foyer. With these some express themselves satisfied; in
the case of others, rays fall at the same time through both surfaces of
curvature upon the eye, and these give them up again. I found these
glasses most satisfactory for presbyopic painters, who require to look
through the upper half, at a certain distance, at persons or at nature,
while the lower half is to bring the distance of distinct vision on the
canvass or on the paper. White Cooper states, that Sir Joshua Reynolds
was much in the habit of using such glasses when painting his inimi-
table portraits.

The stronger the glasses are, the more attention must be paid to their
mutual distance. Great accuracy is seldom required either in Pr...
or in youthful range of accommodation. ... Therefore, it is usually
suflicient to mention to the optician only when either a particularly
great or a particularly short distance of the glass-bearing rings is
necessary, and in the absence of such direction to let the medium be
used; in giving directions, let it be borne in mind that the less the dis-
tance for which the glasses are to be used, the closer they must be to one
another. But, so soon as insufficiency of the internal or external recti
muscles in binocular vision threatens to give rise to muscular astheno-
pia, it is of importance that the mutual distance of the glasses should
not aggravate this, but should rather counteract it. Now, less conver-
gence of the visual lines is required when convex glasses are placed
nearer to one another, and concave further from one another, and
vice-versa. If, therefore, the mnternal recti muscles are insufficient, we
should take care that the axes of the convex glasses are closer to one
another than the visual lines; in this manner we can, where strongly
convex glasses are necessary, very much assist the internal muscles,
and the images obtained are not perceptibly worse than those we get
with a similar effect through prismatic glasses.

Nearly always, where strongly convex glasses are required to make
binocular vision possible at a short distance, it 1s desirable, by placing
the glasses comparatively near one another, to assist the internal recti
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muscles of the eye. Where very short distances are concerned, the
dissecting spectacles, constructed and recommended by Bruecke with
convex prismatic glasses, come into operation.

Besides the spectacles, two kinds of [lorgneites are in use. Those
ordinarily employed by ladies, where the glasses are at a fixed distance,
are attended with no inconvenience when it is necessary to look for a
short time, or to do anything for which both hands are not required,
for one is occupied in holding the glass. But, for constant use, we should
at the same time give a pair of spectacles. The glasses of the lorgnette
may be somewhat stronger: during the short time they are used, no
injury is experienced, and the advantage is gained of being able, when
necessary, to distinguish smaller things. In the so-called nipping
spectacles, used particularly by gentlemen, the distance of the glasses,
determined by the thickness of the nose, is usually too short. Therefore,
if the glasses are strong, the person wearing them sees with too slight
convergence, unless the short distance of the rings be compensated by
the axes being placed to the outside of the centre.

Reading-glasses, which magnify the visual angle, and are thus in
some cases useful, give to the rays proceeding from a point a direction,
as if they proceeded from a more remote point. . . . The recession of the
objectsincreases with the increase ofthe distance between object and glass.
So soon as the distance is equal to the focal distance of the glass, the rays
proceed in a parallel direction, and the object appears to be at an infinite
distance. Thus far therefore emmetropics can, provided the accommo-
dation be totally relaxed, see through the reading-glass, and thus attain
the highest degree of magnifying power; simple presbyopics, who put
their accommodation little upon the stretch, always keep the glass
nearly at this distance, because they soon see less accurately when the
glass approaches the object. At what distance the eye is from the glass,
is of little consequence: only the field of vision becomes less, in propor-
tion as the eye removes. If the distance between the object and the
reading-glass becomes greater than the focal distance of this last, the
rays fall convergingly into the eye, and it is in this manner that hyper-
metropics, and especially hypermetropic presbyopics, make use with
much advantage of a reading-glass, and by its means obtain a high
magnifying power.

In the use of reading-glasses binocular vision is usually sacrificed : the
one eye looks through, the other close to the reading-glass, best with
nearly parallel visual lines; on account of their indistinctness the
images have no disturbing influence on the second eye, and the spec-
tator even fancies that he sees binocularly.

If no great magnifying power be desired, we can also see binocularly
through one glass, for which purpose the latter must then be held closer
to the object. In doing so less convergence of the visual lines, and at the
same time less tension of accommodation, is required, than in looking
at the same object without the intervention af a reading-glass, and the
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object therefore appears, according to the laws of sterescopy, to lie
further off. However, even in the commencement of presbyopia, the
tension of accommodation required is, in reference to the necessary
convergence, quite too great, so that binocular vision through the same
glass is possible only for young persons, and for older individuals, who
are somewhat myopic. It is best attained, even in incipient presbyopia,
when we begin by holding the glass at first near the object, and then
gradually remove it. In general, however, it must be stated, that bino-
cular vision through a reading-glass is possible to presbyopics only when
they are, in addition, aided by weak convex spectacles. Consequently
these glasses in general serve only for monocular vision, and they are
especially to be recommended for the purpose of magnifying minute
objects of art. For reading their use is seldom adwisable. They come,
however, under notice where diminished S renders a magnifying power
necessary, which is obtainable by means of spectacles only for a short
distance from the eye. For the special purpose of reading, broad
glasses, ground above and below, are the most suitable, and in particu-
lar bicylindrical convex glasses, with intersecting axes, deserve to be
recommended : the dioptric action of these glasses (compare Astigmatism)
is nearly equal to that of spherical glasses; but they are distinguished
by the fact that they have the greatest field of distinct vision in the
direction perpendicular to the axis of the surface turned towards the
eye, so that by turning the surface with vertical axis towards the eye,
we possess 1n reading the advantage of having a good image over an
extensive field in the horizontal direction.

In using optical instruments with one eye, we generally lay it down
as a rule, that in order to avoid injuring the organ, it must be relaxed
to its farthest point. I have for many years kept this in view in em-
ploying the microscope and in the use of magnifying glasses. However,
the idea of the proximity of the object easily produces a slight conver-
aence; and if I have, avoiding all tension of accommodation, continued
this for some time, I experience difficulty, on discontinuing it, in
accommodating for the point of convergence: this difficulty continues
longer, the longer I had, at a certain convergence, relaxed my power
of accommodation as much as possible. I cannot, therefore, recommend
to the emmetropic to totally relax his accommodation in using the
microscope, the less so, because by doing this, he will soon find
difficulty in applying, in measuring, the method ¢ double sue, which in
so many respects commends itself to our adoption.

Essential injuries to sight, which are often, with so much exaggera-
tion, predicted, I have never seen arise, even from an undue use of
convex glasses. On the contrary, as will appear in the Chapter on M,
an inconsiderate use of concave glasses may be very dangerous.
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Note to § 18

I have thought it well to exemplify the application of the precepts I
have laid down respecting the use of convex glasses, by some cases
taken from life. The reader will excuse me if this, for him, is quite

superfluous.

4. Commencement of preshyopia, with myopia. Prof. S., aged 56, cannot
sufficiently praise the excellence of his sight. ‘I see gdmirably at a dlb-
tance, rLad write, and draw without difficulty, even in the evening’.
‘Go on’, is my answer. Prof. S., aged 62: ‘I still usually see very well,
but the work is sometimes difficult to me in the evening. Should I also
need spectacles?” He reads 1 1/2 by preference at 14", deciphers it still
at 18", and therefore has S=about 1:5/1:5; on the contrary, without
spectacles, only 16/30, and with — 1/40, to his amazement, 18/20.
‘“Was I then really myﬂpm?‘ Het gets 1/60, with a rcmmmmddtmn to
use them in the evening. “These glasses magnify, and at a moderate
distance, for example 2’, I see by no means so well with as without
glasses.’ T answer: “That is unavoidable, at 60 years of age we can with
glasses in the world see both distant and near objects, but set the
spectacles somewhat lower, so that at pleasure you can see over them,
or use rings flattened above’,

5. Slight H, requiring convex glasses before the usual age. Madame v.L.
complains: ‘I "have done much work, and spoiled my eyes; I am U'ﬂi“-,-
36 years of age, and I can no lﬂngf:r see anything in the evening.
‘Not read?’ ‘O vyes, but I can do no fine work, and reading also tires
me; I get terrible neuralgic headach, for which my doctor, and also
Dr. K., the homcaeopath, have given me all sorts of things in vain.’
She has §=20/20, with 1/36 more easily still § =20/20, and therefore
Hm=1/36. She will derive benefit from glasses of 1/96. ‘Must I then
use spectacles?’ ‘It is desirable, indeed necessary, even by day, particu-
larly if you wish to be free from your nervous headach. Besides, by the
proper use of spectacles, when you are alone, you avoid fatigue, and
vou will now and then be able in company to work at intervals without
glasses’. “Is it not the case that I have spoiled my eyes?” ‘Not in the
least; the form of your eye is the original cause of your requiring
‘Spﬂﬂtﬁﬂl{fﬁ at a comparatively eaily age. Perhaps other instances of the
same are to be met with in your family?’ ‘It is possible, but I had always
such good eyes, and can see so far. Can I donothing tostrengthen them?*
‘Often rest is the chicf thing. Cool them now and then. Rub, if you
choose, a little eau de Cologne over the eyebrows, but put nuthmq into
the eyes, and depend upon it, the spectacles will cure your nervous
headache’.

Pr, with M; reading at more than the usual distance. Madame U., aged
65, can in clear daylight still easily read good print. M is suspected
and found =1/32, §=18/20. She has spectacles of 1/24, but these tire



her, and the letters are not black. R, is at the same time=13", P, not
much less. Somewhat surprised at her statement, I request her to hold
the book in her usual way. She lays if flat on the table, holds herself
quite straight on her chair, and is thus at a distance of nearly 16".
Evidently fiir such use the spectacles were too strong; she required
1/36, which gave her a space of from 17" to 15". For very small type
she would do well to use the stronger glasses. ‘I never read small print’,
was her answer,




CHAPTER VI

HvyvrerMmETROPIA. H.

§ 19. Dioptric Definition of the different Degrees and Forms of Hypermetropia
The refracting system of the emmetropic eye has, as we have seen, in
the state of rest of accommodation, its focus on the layer of rods and
bulbs of the retina. ... The farthest point of distinct vision r therefore
lies at an infinite distance, that is, at the limit of ofir necessitics.

From this ideal state the eye may deviate in two respects and become
ametropic. The focus of the dioptric system may be situated in front of,
or behind the layer of rods and bulbs. In the first case the eye is myopic,
in the latter it is hypermetropic.

Myopia is a condition which has been long observed, and has been
much studied. Hypermetropia, generally as it occurs, was, on the
contrary, until quite recently (though mentioned by Ware), almost
entirely overlooked, at least its nature and its results were not recog-
nised. But once discovered and understood, it speedily revealed all its
mysteries, and gave us the key to a number of phenomena, whose
origin had, until then, continued enigmatical: thus the source of
asthenopia and of strabismus convergens was found in this anomaly.
We have, in the first place, here to treat of it in this section, particu-
larly from the dioptric point of view. From this point of view the
definition of H was given. . . . Parallel rays unite not on the retina, but
behind the retina. In order to unite in the retina, the rays falling upon
the cornea must already have a converging direction. ... The point
which has its image on the retina, is therefore not a true point, but an
ideal or virtual point, situated behind the retina. Such points we do not
see in nature. From each point of an object the rays always proceed
in a -::'Iwcrgmg, or at most in a parallel direction (...) never in a
converging direction. The eye therefore has no need to be able to adapt
itself for converging rays. All requirements are fulfilled, when it can
bring tolerable diverging rays to a focus on the retina, and at the same
time can relax itself to accommodation for parallel rays. If it can go
farther then this, it oversteps the measure, and is hypermetropic. It
possesses snmethmg useless, and has thcrchy lost on the other side in
what is useful. In order to see remote objects, it must be actively ac-
commodated; and in bringing to a focus it yields, for equal range of
accommndatmn to the emmetropic eye.

The degree of H is easily expressed. It is equal to the quantity, by
which the relaxation of the eye can overstep the measure, and this is
found in the strongest positive glass, with which infinitely remote objects
can be accurately seen. If this glass amounts to 1/20, 1/10, 1/8, H is
also 1/20, 1/10, 138 or, more exactly still, 1/1g, 1/g, 1/7, since the glass
was removed 1" from l:he nodal point.

H may be divided into acquired and original. Of the acquired we have
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spoken so far (§ 17} as it 1s developed by the senile changes, in the
emmetropic eye. As in the latter, it begins after the soth year, the
original hypermetropia must also, after that period, gradually increase;
but only in the same slight degree in which it occurs in the emmetropic
eye. Under the head of *acquired H’, we must here provisionally include
aphakia.

Original H we divide into manifest Hm, and latent Hl. In my first
investigations respecting H, 1 encountered the difficulty of accurately
determining the degree of this anomaly. Thus an eye sometimes at
first refused every glass stronger than 1/12, while it soon afterwards
gave the preference to 1/8, and subsequently again chose 1/10 or even
1/14. ... Therefore, from the strongest glasses, with which the eye had,
in different trials, still seen accurately at a distance, the degree of H
was deduced. ... But when shortly afterwards, still stronger glasses
were sometimes found adapted to the same persons, I discovered my
error, and comprehended that those first given had not completely
neutrahsed the H, but that in using them the accommodation to a certain
degree continued in operation. This led me to inquire, what the re-
fractive condition of such hypermetropic eyes should be, when by the
instillation of a solution of sulphate of atropia, the power of accommo-
dation should be paralysed; and to my surprise, it appeared that not
unfrequently in the trials with glasses, the greater part of the H had
been suppressed. In slightly myopic, and equally in truly emmetropic
eyes, on the contrary, R continues, after artificial mydriasis, nearly
unaltered: the power of accommodation here becomes, when the eye
is accommodated for r, actually almost wholly relaxed; at most only
1/40 remains. Evidently, therefore, it is a peculiarity of H, that with
the act of vision tension of accommodation is associated, and thus the
H is in part concealed. Hence it appeared that in H a manifest and a
latent part are often to be distinguished. But it was then also to be
suspected, that slight degrees of H, might be wholly suppressed, and in
confirmation of this suspicion, experience showed me that where H
was with some reason suspected, without being capable of immediate
demonstration, a not inconsiderable degree almost always in fact
appeared, on paralysing the accommodation.

The conclusion is: that H may be wholly latent, =HI, and that,
where it occurs in the manifest form, as Hm, a latent par Hl may
still be supposed to exist. Therefore H=Hm-+H], and if Hm=o, then
Hl=H. Now, is it also possible that Hl=0. This is actually the case,
when in advanced age the power of accommodation is wholly absent.
But even already, while it diminishes, Hm must increase in reference
to Hl, and experience actually shows, that even in the goth year HI,
in reference to Hm, is very slight, and that in the s5th, it may be
wholly neglected.

- . . ¥ ¥ . - - - - . . " " " " w - = - " - " ] " - + B

PSR S



— 107

At twenty years of age about one-half, at forty more than three-fourths
will have become manifest, and at seventy we have to expect simple
Hm, in a still higher degree (on account of the supervening diminution
of refraction, as H acquisita) than H was originally present.

A further division of Hm is that into abselute, relative, and facultative.

If with the most powerful tension, ¢, remains behind the retina,
Hm is absolute; if ¢, can reach the retina cmh with convergence of the
visual lines, Hn‘l is relative; it is, on the contrary facuffatm# when also
with paral]el visual lines ¢, can be brought into the retina. The defini-
tions give accurate boundaries. In reference to vision the distinction
has, too, its important aspect, for with absolute Hm vision can never
be acute; with relative only monocular vision can be so (and indeed
exceptionally) ; with facultative, on the contrary, binocular vision may
also be acute. But the distinction loses much of its importance, in-
asmuch as in fatigue and weakness, and also regularly with the increase
of years, the facultative passes into relative, and the latter into absolute
H.

Ll . " " = = s il & & * " " " B - " " B & # . B B E 8

§ 20. Form, Position, and Movements of the Hypermetropic eye. Apparent
Strabismus

In the preceding section we defined H, from the dioptric point of view.
The question now is, on what anatomical deviation this refractive
anomaly depends.

A great variety of circumstances may, exceptionally, in this respect,
come into play. In the first place, absence of the crystalline lens
(aphakia), by whatever cause produced—an important condition, to
which we shall devote a separate section. Moreover, diseases of the
cornea, attended with flattening, whether of the cornea at large, or of
its central portion. Thus, I have sometimes found, with central ulcer
of the cornea, a high degree of H, which gave way to E, or even to M,
combined with irregular astigmatism, when by mydriasis the lateral
parts of the cornea also came into play in direct vision.

L3 B & - * L " * L] * L

Flnall}r, pr otrusion of the retina throuﬂrh firm chorioideal v:-.udau-:-n
may give rise to some H, and by detachment of the retina it may pro-
duce even a high drgrcc of the same, which, in that case, soon gives
way to blindness.

The rule is, however, that H depends on a peculiar typical structure
of the eye, which may be called the hypermetropic structure. The hyper-
metropically-formed eye is a small ¢ye; in all its dimensions less than
the emmetropic, but especially in that of the visual axis. Immediately
around the cornea, the sclerotic has a flat, slightly-curved appearance;
at the equator, on the contrary, the curvature is much greater. A
section through the visual axis has the form of an ellipse, of which the
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visual axis is the short axis (fig. 34) ... The hyper-
metropic eye is in general an imperfectly developed
eve. If the dimensions of all the axes are less, the
expansion of the retina also is less, to which, more-
over, a slighter optic nerve, and a less number of
its fibres correspond. Further, the asymmetry in the
several meridians (astigmatism) is, in this eye, on
an average, greater than in the emmetropic. Both
Fig. 34. these circumstances explain the fact, that in high
degrees of H the acuteness of vision is usually below
the normal. If, in addition, the development of the cornea has been
imperfect, which is comparatively rare, the hypermetropic structure
passes into truec microphthalmos.—The hypermetropic structure is
hereditary : if one of the parents suffers from H, we find the same anomaly
usually in one or more of the children ; sometimes, too, several brothers
and sisters are hypermetropic, without the anomaly being observable
in either of the parents. How far the structure in question is also
congenital, I have not inquired. According to Von Jaeger’s ophthalmo-
scopic investigations, the eyes of most newly-born children are, on
paralysis of accommodation, moderately myopic; but soon, on further
developement, these lose M, and in the first years of life mostly become
emmetropic.

I have in the fifth and sixth, and sometimes even in the fourth year,
demonstrated considerably degrees of H, and have never scen these
disappear at a later period.

The shorter visual axis of the hypermetropically-formed eye, which
is demonstrable even in life, satisfactorily explains... the existence
of H.... A priori it might be supposed, that less convexity of the
cornea and of the crystalline lens is peculiar to the hypermetropic eye.
So far as the cornea is concerned, I am justified by the results of numer-
ous accurate determinations, in denying the assertion. Even in high
degrees of H, the radius is nearly equal to that in the emmetropic eye,
and in the highest degrees, when the circumierence of the cornea is
somewhat less than usual, I found the radius even less. ... However,
it has really the appearance as if the cornea of the hypermetropic eye
were less convex, which, just as in presbyopia, is to be ascribed solely
to the diminished depth of the anterior chamber of the eye, and to the
relative smallness of the pupil: a more anterior position of the iris and
crystalline lens is part of the peculiarity of the hypermetropic structure.

Whether a flatter crystalline lens belongs to the hypermetropic
structure of the eye, is quite unknown. It is true that in some eyes the
lens is thicker, in others thinner; but, ... we have no right to place
this difference in connexion with H.

- " " * - - ® -

I have endeavoured to measure the length of the visual axis of super-
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ficially-situated hypermetropic eyes, turned strongly inwards, and
thence, in connexion with the simultaneously determined radius of
the cornea and the degree of hypermetropia, to calculate the focal
distance of the lens. But the measurement of the visual axis appeared
to be not sufliciently accurate.

Now, in the absence of decisive determinations, we assume that the
cardinal points of the dioptric system in the hypermetropic eye have
the same position as in the emmetropic. That the crystalline lens in the
hypermetropic eye is placed somewhat more anteridrly, we leave out
of account. ... Now, the position of the cardinal points being the
same, we can apply those of the reduced eye, in order to calculate
what degrees of H are connected with a given diminution in length of
the visual axis. Thus we find:

With a diminution in length of 05 mm., H=1:21-43.

s ' 1 mm.,, H=1:1034.
13 23 1'5 mm*? H=l : ﬁﬁ‘l'g'
a5 y 2 mm., H=1: 4:302.
= s 3 mm., H=1: 2.955.

Our judgment respecting the position of the eyes is determined by the
direction of the axes of the cornea, and these are, with a parallel
position of the visual lines, in hypermetropics more diverging than in
emmetropics; in myopics on the contrary they are less diverging or even
converging. If we consider that between the angle of the axes of the
cornea, with parallel visual lines, in the most extreme cases of M and H,
a difference of 25° may exist, we shall conceive that this angle is very
characteristic of the physiognomy of myopics and hypermetropics, and
may indeed suggest the idea of strabismus. We shall hereafter see what
an important part apparent strabismus plays in the production of the
true, how the apparent diverging promotes the development of true
converging strabismus, and wice versa; and the importance of the angle
« will thus become still more evident. Here it remains only to treat of
the question, on what the different values of this angle depend.
Fig. g5 distinctly shows, that in the first place
the position of the yellow spot [ in reference
to the axis of the cornea determines this
angle. But in the second place, the distance
k g, from the nodal point to the retina, is to
be taken into account. It is evident that, in
the hypermetropic eye, where this distance
is particularly short, . . . the angle =, becomes
greater. In this, therefore, really lies in part
Fig. 35. the cause of the greater value of x in hyper-
metropic eyes; but for the most part this

greater value must still be explained by the more external position of the
yellow spot. This position is connected with the arrested development,
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especially of the external portion of the hypermetropic eye. It is, on
the other hand, as shall further appear, precisely the r:xtramclmary
development and morbid distention of the outer parts in myopics,
which make the yellow spot in them approach the axis of the cornea,
and sometimes even to pass it.

§ 21. Phenomena. Diagnosis. The Vision of Hypermetropes
The diagnosis of H is attended with little difficulty. I have already laid
it down as our duty, systematically to examine the refractive condition
of every ophthalmic patient, and no case of H will easily escape him
who does so. But before this examination has been begun, before we
have even tested the power of vision, the external appearance will often
have made us already suspect the presence of H. In the first place, we
find an indication in the anatomical peculiarities, spoken of in the
preceding section. The flat anterior surface of the sclerotic, the strong
curvation of its meridians in the region of the equator, the shallow
position of the iris, the relatively small pupil, the apparent diverging
strabismus, all these give a peculiar physiognomy to the eye. But there
15 still more. In the form of the face, too, the existence of H is not
unfrequently expressed. If I am not mistaken, the peculiarity which
here prevails, depends chiefly on the shallowness of the orbit. The mar-
gins of the sockets are flatter, less curved, the whole face is flattened,
with little relief; there is little rounding in the cheeks, because the
anterior surface of the face quickly passes into the lateral flatness.
Often, too, the nose is but slightly prominent, and the upper part of
1s dorsum 1s so little marked that it can scarcely give support to ordinary
spectacles. The eyelids are flat and broad, the eyes are far from one
another; the same is true of the orbits, at least of their outer margins,
whose mutual distance is easily measured. Otherwise, so far as the
position of the hypermetropic eyes is concerned, it is sometimes very
deep, sometimes superficial, so that nothing is to be inferred from it.

It must be observed, however, that the form here deseribed 1s far from
being constant. But that a connexion does exist between the refraction
of the eye and the form of the face, appears most distinctly from the
asymmetry of the bones of the latter, including the frontal bone, which
almost without exception accompanies a great difference of refraction
in the two eyes. In general, we find in such cases the eye on the hyper-
metropic side placed farther from the root of the nose, and together
with the whole side of the face sloping backward. It is as if the bones
of the face on this side are in general less developed. Thus the orbit
also is less deep, and to this corresponds a smaller eye, with a shorter
axis of vision, which again in its turn is connected with a shallower
socket. o .

If we find the ph}rsiognnm}« here described in a young person, who
presents himself as a patient, without the external appearance of the
eyes betraying any discase, we may with the greatest probability infer
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the existence of hypermetropia. To the question: ‘Can you continue
to work long?’ we obtain almost without exception a negative answer.
This rapidly supervening fatigue, the most usual phenomenon of
certain degrees of H, we shall study more fully, in the following Section,
under the name of asthenopia.

We have now in these cases, as well as in those where all indication
is wanting, with the aid of glasses to ascertain more exactly the true
state of things. It has already been stated that hypermetropia is per-
fectly characterised, when with the aid of positive ¥lasses the vision of
distant objects is acute; the strongest glasses, with which the acuteness
of vision still continues perfect, show us... the degree of the hyper-
metropia. Nevertheless, even with such assistance we are still liable
to error. In the first place, as has already been stated, the hypermetropia
may be latent.

I have found that young patients sometimes involuntarily suppress even
the hypermetropia increased by the negative glass, and that they have
such a fancy for the smaller forms of letters and of other objects, that
they imagine that they distinguish them as well, if not better, than
with the naked eye. That they are mistaken in this, i1s evident, but it is
not always easy to prove this; for hypermetropic persons, with good
accommodating power, lose very little with negative glasses, at all
events very much less than myopic individuals gain by them. If the
phenomena in other respects justify us in suspecting the presence of
hypermetropia, but do not fully demonstrate it, we must have recourse
to a mydriatic, whereby the power of accommodation is paralysed,
and the hypermetropia, so far as it exists, is rendered entirely manifest,
Sometimes examination with the ophthalmoscope is sufficient. . . to
establish the existence of hypermetropia. In the passive condition of the
eye thus examined, in fact, the power of accommodation not un-
frequently becomes more relaxed. . ..

In the second place, we must be especially upon our guard, if the
acuteness of vision S is very much diminished. In this case the recogni-
tion of objects depends less on the sharpness of the retinal images, . . .
than on the magnitude of the images. We may imagine the retina in
amblyopic persons to be a very coarse canvass, on which very small
objects, even though accurately drawn, are not so well distinguished as
larger objects, though bounded by less sharply-defined contours. Or
we may suppose very small images to be less accurately drawn on a
finer texture, whereby the advantage obtained by increased magnitude
readily counterbalances the disturbance, caused by a further loss of
sharpness, in like manner as the strongest eye-pieces in microscopic
examination, although they render the images more diffuse, often place
us in a position to recognise with greater certainty the form of the
smallest visible objects, than was possible with weaker eye-pieces.
We thus readily understand why amblyopic patients, even when they
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arc not hypermetropic, often choose positive glasses: the greater size
of theimagesis particularly serviceable to them.Where there isany doubt
ophthalmoscopic examination seldom fails us. In mydrlasm, 100, posi-
tive glasses, on account of the now so much more rapid increase in
magnitude of the circles of diffusion, will not readily be chosen, unless
hypermetropia actually exists. ... I have seen some instances of extra-
ordinarily small pupils, whlch ‘connected with a certain degree of
amblyopia, on account of the Jmpmvcd power of vision at a distance
caused by strong positive glasses, incorrectly led the observer to infer
the existence of a high degree of hypermetropia. In very rare cases,
too, discases of the cornea may lead us into error. A slight flattening . .
opposite the pupil, . . . renders the person hypermetropic, which altered
refraction is removed on dilatation of the pupil. Lastly, I must caution
the reader against making an examination with dirty or dull glasses.

. If we doubt whether this influence is in operation, we should hold
glasscs of equal negative focal distance before the positive glasses placed
in the frame, in which case the patient ought to see as well as without
glasses. If care has been taken to have the glasses clean, this method is
very much to be recommended, if we obtain confused answers, especial-
ly if we think the credibility of the patient is to be doubted.

As to the functions of the hypermetropic eye, we often find the acute-

ness of vision diminished. In the slight degrees there is in this respect
seldom any difference to be observed, but in high degrees it is almost
exceptional to find S=1. It 1s evident that with glasses which neutrlise
the hypermetropia, the acuteness of vision becomes greater: in fact by
the use of these, the nodal point i1s moved forwards . . ., and the retinal
images therefore become greater. Even then, however, in high degrees
of H, S often remains below the normal. The cause of this diminished
acuteness of vision is to be explained partly from the structure of the
eye. On account of the shorter distance between the nodal point and
the retina, the retinal images are smaller than in the emmetropic eye,
and this will in general continue also with the use of convex glasses,
unless strong glasses are required and these are held comparatively far
from the eve.
Moreover, as I have already remarked, the hypermetropic eye is, more
than other eyes, liable to asymmetry. In the Chapter on Astlgmatlsm
it will be more fully explained in what manner the acuteness of vision
diminishes in consequence thereof. Here I shall remark only, that even
after the correction of the astigmatism and of the hypermetropia, the
acutencss of vision usually remains rather considerably below the
normal. ... The cause of this we know not. Probably an accurate
microscopical examination of the vellow spot would enable us to
account for it.

In addition to this diminution of the acuteness of vision depending on
congenital deviation, an acquired one frequently occurs in hyper-




metropia. Thus when only one of the eyes is in a high degree hyper-
metropic, this eye is usually but little used, and this exclusion, with
psychical suppression of the images, leads to amblyopia. Chu:ﬂ'y,
however, when strabismus is devcloprd in one eye, to which pru’:ﬁc]}
in hypermetropia a special tendency exists, the acuteness of vision
rapidly diminishes considerably, and indeed parttcularl} in the region
of the yellow apnt In this last case, when the eye, moreover, on closing
the other, no longer fixes, no improvement of the acuteness of vision is
to be 'E'xpl:l:ti“d But if there be no strabismus, or if tHe deviated eye, on
closing the other, still looks at leasr by prcfcrcn-::{- directly, that is with
the yellowspot, systematic pracucc with a strong pmltwc glass 1s almost
always capable of considerably improving the sight. It is then sufficient
to practise the weak eye for eight or ten minutes three times a-day,
while the other eyeis closed, and with the aid of the glass just mentioned,
in deciphering or reading a large type. A great number of cases Jumﬁcs
me in asserting that the practitioner will seldom find this plan to
disappoint him.

What properly characterises the vision of hypermetropics, is not the
diminished S, but the abnormal refractive condition, which requires
excessive use of the power of accommodation. ... The emmetropic
relaxes that power as much as possible, and then sees acutely at an
infinite distance. ... On the contrary, the hypermetropic individual,
in order to see at a distance, must already bring his power of accommo-
dation into action: that is his deficit, Commencing with this, he has
still for each convergence to add as much range of accommodation as
the emmetropic person. It is true we may say, that his accommoda-
tion adapts itself to the refractive condition: he learns, forced by
necessity to practise, with relatively little convergence to bring a
relatively great part of his accommodation into action, and can, finally,
even no longer omit the increased tension; but constantly, at each con-
vergence, he finds himself still nearer to the maximum of the corre-
sponding possible tension, and both his absolute and his binocular
nearest point lie farther from the eve than they do in the emmetropic
subject. Moreover all this holds good for the facultative hypermetropia
in youth. ... But with the advance of years, while the absolute range
of accnmmﬂdatinn diminishes, the relative, for a definite convergence,
falls too short: fatigue now rapidly supervenes, and thus even in the
slightest degrees of hypermetropia premature presbyopia occurs, which
has more of the character of asthenopia. . .. The case is much worse in
relative hypermetropia. In it, as we have seen, there may still be accom-
modation for parallel and even for diverging rays, but only on con-
dition that the eyes converge to a point, situated nearer than that from
which the rays proceed. Binocular vision and acute wvision thereby
exclude each other. With one eye, under excessive convergence, there
might be acute vision; but gcnfrally speaking, no use is made thereof,
and if this takes place there is periodical, to be followed by persistent,



strabismus. In very young subjects relative hypermetropia is rather
unusual. ... But at a somewhat more advanced time of life, even so
early as in the twenty-fifth year, many cases of H already belong to this
category. Vision is in these cases unfortunately circumstanced. Properly
speaking it is never accurate either for distant or for near objects, and
every effort to distinguish anything, to which 1is united great knitting
of the brow, is rapidly followed by fatigue. Persons with such hyper-
metropia are always seeking the distance at which they distinguish
relatively well. They hold the book now farther off, then again closer,
sometimes at only two or three inches, from the eye: but even if the
print is large and distinct, they qulckh end by throwing the volume
away. Very bright light is a great advantage to them, because with a
small pupil the c:rcles of diffusion become less. They therefore endeav-
our, although less generally than myopic persons, to diminish the
latter by other means, for example, by narrowing the space between the
eyelids. I have seen a boy of eight years, very weak and delicate, with
amblyopia of the left eye, and with H=1/7, and very little range of
accommodation of the right eye. ... When he wished to distinguish
anything, particularly in looking at a distance, he turned his head to
the right, and looked with the right eye directly along the nose, which
thus covered a portion of the pupil. How inconceivably happy we make
such persons with proper spectacles, which are a natural complement
of their eyes, I need not say. Absolute hypermetropia we scarcely
ever find with the normal 1ccomm0datmg power of youth.

The cases of absulutc, as well as those of the highcr dcgrccs of relative
H, present almost exactly the image of myopia, complicated with
amblyopia, with which they are therefore confounded. Small print
such hypermetropics cannot read—they appear, therefore, to be am-
blyopic,—and larger type they can read only when it is very close to
the eye—just like myopic persons. From the latter they are distinguish-
ed by the fact, that at a greater distance they see objects comparatively
as well, as near ones; and morevover by this, that with positive spec-
tacles they can read the same print at a greater distance than without
spectacles. The enigma, why, while the eye is hypermetropie, small
objects are distinguished near the eye more easily than at some dis-
tance, for example, at that of one foot, has been partly solved by Von
Graefe by a simple calculation, whence it appears, that in such eyes,
on the approach of the ublf'ct the retinal image increases more in
magnitude than the circles of diffusion. . .. Of the correctness of this,
we can mmly be satisfied, by making ourselves strongly hvpvrmetmplc
with negative glasses, and then, without altering the accommodation,
bringing large letters at different distances before the eye. We shall
thus distinguish more casily near the eye, than at the distance, for
example, of one foot.
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§ 22. Asthenopia

A peculiar morbid condition of the eyes has long attracted the atten-
tion of ophthalmologists. The phenomena of which it is composed are
highly characteristic. The eye %as a perfectly normal appearance, its
movements are undisturbed, the convergence of the visual lines presents
no difficulty, the power of vision is usually acute,—and neverthelessin
reading, writing, and other close work, especially by artificial light, or
in a gloomy place, the objects, after a short time, become indistinct and
confused, and a feeling of fatigue and tension comes on in, and especial-
ly above, the eyes, necessitating a suspension of work. The person so
affected now often involuntarily closes his eyes, and rubs his hand over
the forehead and eyelids. After some moments’ rest, he once more sees
distinctly, but the same phenomena are again developed more rapidly
than before. The longer the rest has lasted, the longer can he now
continue his work. Thus, after the rest of Sunday, he begins the new
week with fresh ardour and fresh power, followed, however, by new
disappointment. If he is not occupied with looking at near objects, the
power of vision appears to be normal, and every unpleasant feeling 1s
entirely absent. If, on the contrary, he endeavours, notwithstanding
the inconvenience which arises, by powerful exertion to continue close
work, the symptoms progressively increase: the tension above the eyes
gives place to actual pain, sometimes even slight redness and a flow
of tears ensue, everything is diffused before the eyes, and the patient
now no longer sees at first well, even at a distance. After too long-
continued tension, he is obliged to refrain for a long time from any
close work. It is remarkable that pain in the eyes themselves, even after
continued exertion, 1s of rare occurrence.

At first this condition was considered as a sort of amblyopia. It was
called hebetudo visus, amblyopie presbytique, or amblyopie par preshytie. By
degrees the cause was sought more and more in the organs of accom-
modation, at first in the action of the external muscles, subsequently
in that of the internal muscular elements; and in the same measure
was the importance of the retina thrown into the shade. Excessive
tension of accommodation was looked upon as a satisfactory cause of
the troublesome symptoms which, it was hoped, might be overcome
by rest.

Evidently, however, when it was supposed that the origin of asthen-
opia was thus explained, the facts were overlooked that thousands in
like manner, sometimes in a still higher degree, put their power of
vision upon the stretch, without being visited by the troublesome
phenomena of asthenopia or impaired vision, and that, on the other
hand, these phenomena not unfrequently occur in men, nay, even in
children, who had exacted but little from their power of vision.

Since the same cause does not produce in every one the same devia-
tion, writers are accustomed to take refuge in a peculiar predisposition.
But if the foundation of this peculiar predisposition be dark and ob-
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scure, pathogeny has gained but little from the adoption of this course.
I therefore felt called upon to propose to myself the question, on what
the so-called predisposition to asthenopia (so the condition was now
more generally called) might depend, and I soon became convinced,
that ... a moderate degree of hypermetropia, is at the bottom of it,
The h}'p(*l metropia is here, however, more than predisposition. The
asthenopia . . .is already wimll} included therein. Every hypermetropia
which, with ]Lf{ rence to the range of accommodation, has attained a
crrt'un degree, 1s at the same time asthenopia. If the symptoms some-
times do not manifest themselves until twenty-five years of age, or even
later, this is to be ascribed merely to the fact, that previously the range
of ’1rrnmmndatmn was auﬂirlcntly great, ::.:151]}( to overcome the exist-
ing degree of hypermetropia.

I readily admit, that many different conditions were included under
the name of hebetudo or asthenopia. When inconvenience was felt on
continued exertion, this appeared to some sufficient to justify the infer-
ence that clﬁth{"i‘lt}]}lci existed. On this account different forms of irrita-
tion, congestion in myopic eyes, hyperasthesia of the eye, with increas-
ing pain on exertion, cllfTvn‘nt affections of the retina and of the
choroid, nay even the beginning of trachoma, and foreign bodies
in the sac of the conjunctiva, might all be united under one denomina-
tion. But I cannot concur in the adoption of such a primitive semeiotic
method. . .. When I asserted that asthenopia is the result of the hyper-
metropic structure of the eve, I was thinking, not of a symptom, but
of a portrait of disease, such as has been drawn above, and in this sense
I can fully maintain my assertion. In general, if the portrait be faith-
fully and pﬁrfcctly copied from nature, we run little risk of findmore
than one condition, to which it applm«a_

Now that it has ;1(‘.lually' been shown, that asthenopia depends on
H, it appears to be so natural a result of the latter, that the inference
evidently suggested itself a prior.

The diminution of the range of accommodation with the time of life
explains it satisfactorily. The asthenopia gradually sets in, at first only
under less favourable conditions of illumination, and ﬁtranrdmary
exertion or headache, subsequently on all occasions and without
exce ptmn when close work i is performed even for only a comparatively
short time. In general the symptoms of asthenopia show themselves the
carlier, the higher the degree of H is, on which they depend. I found
the year of life at which the aﬁ;thmnpla begins to be about equal to the
denominator of the fraction by which the degree of H is expressed:
with H=1/10 we may expect the commencement of asthenopia in the
tenth year, with H=1/25 not until the 25th year. With H=1/40 it in
the fortieth year nearly coalesces with the presbyopia, and the symp-
toms are then less characteristic. Finally where H is absent, presbyopia




is developed, as we have above seen not with the complaint of fatigue,
but with that of defective vision for near objects.

While, even at the commencement of the exertion, the presbyopic eye
sees distinctly only at a greater distance, the need of spectacles, to
make vision at a shorter distance possible, is evident. In the hypermetropic
eye, on the contrary, there may at first be very acute vision for near
objects: the need of spectacles, which would in this case serve to make
vision at any distance easier, was therefore often overlooked.

- & * - *

The condition for the occurrence of asthenopia may now be still
more generally formulized: it is the presence of a rather considerable,
but at the same time insufficient, range of accommodation. Now in
general this insufficiency is attributable to H, as has been fully ex-
plained. But it may proceed also from want of energy. This last occurs
exceptionally, especially in general weakness, from loss of blood or
otherwise, and in paresis. In both these conditions there is this peculiar-
ity, that a brief but rather powerful muscular exertion is possible, but
that the energy employed is almost immediately lost. We observe this
in all muscles, and it is true also of those of the eye. A half-paralyzed
arm 1s still raised with force, but it immediately falls powerless: a
single almost spasmodic contraction has, as it were, exhausted the
muscular power. In like manner the eye is accommodated, for a mo-
ment, to a rather near point, but relaxation forthwith ensues, and
persistent tension is impossible. ... These phenomena occur with
especial rapidity and characteristically, when a slight degree of H
exists, which on an energetic accommodation was hitherto still easily
overcome. The same 1s true of paresis of accommodation, as will
hereafter be explained. If in these cases the H be entirely absent, the
condition 1s distinguished, among other things, from ordinary asthen-
opia, by the fact that, now at least vision at a distance is possible,
without tension of accommodation, and therefore persistently. In H
this is not the case. Of course, the phenomena are developed the more
rapidly, the closer to the eye the objects must be seen, (...) but even
in looking at a distance, the phenomena of asthenopia would in the
hypermetropic not be absent, if there were necessity to accommodate
accurately for a long time uninterruptedly for distant objects. I am
convinced that the asthenopic person, who states that he experiences
no trouble in ordinary life, and that he sees well at a distance, in turns
relaxes his accommodation, and is only thus preserved from fatigue.

There are still other morbid states, whose symptoms have some
resemblance to those of asthenopia. To these belong especially in-
sufficiency of the internal recti muscles, which Von Graefe has studied
with such excellent results. . .. This form was distinguished by Von
Graefe, under the name of asthenopia muscularis, from that here
described, which may be called the accommodative asthenopia.—In
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astigmatism too, we shall find phenomena, resembling those of
asthenopia. I shall endeavour, in the proper place, to examine how
far special peculiarities characterise each of these morbid forms.

An emmetropic person can casily form an idea of the vision of the
hypermetropic, and of the conditions and phenomena of asthenopia,
by making his own eyes hypermetropic by means of the negative
glasses required for that purpose. The only condition necessary is, that
he have a tolerably good accommodating power.

Ll - - . & - - - -

It will have been evident to the reader, that the phenomena ofasthen-
opia proceed from nothing else than from fatigue of the muscular
system of accommodation. In what this fatigue consists deserves to be
more closely examined.

In my investigations respecting the elasticity of muscles (1859), I
have distinguished two forms of fatigue.

One form proceeds from the actual energy, produced by the muscle.
The work consists in the moving of a load. The load may be the body
itself or some part of the body, which is moved, or, in addition thereto,
an object external to the body.

Distinguished from this is the fatigue, which is the result of the
simple extension of an elastic muscle in a state of contraction. This
takes place when a burden is held, without being moved, as, for exam-
ple, when, with the arm bent at a right angle at the elbowjoint, the
hand is loaded with a weight: the arm and the weight remain in the
same place, and yet fatigue soon occurs. At the moment when the weight
was placed in the hand, some actual energy was indeed required
to make the arm continue in the same position: the muscles (mm.
biceps et brachialis internus) had to contract more strongly, in order
in the state of extension induced by the weight, to remain as short as
before, and the actual energy was thus converted into a potential
energy (elastic tension). Moreover, the muscular contraction gradually
increases as much as the greater extensibility, accompanying the in-
creasing fatigue of the muscles, requires. It has, in fact, been proved
that, accordingly as the muscle becomes more fatigued, its extensibility
increases, and this increasing extensibility gradually requires augment-
ing contraction, in order, . . . to keep the muscle as short as it was. This
is evident from the fact, that on the unexpected removal of the load,
the arm bends involuntarily, ... the more strongly, the longer the
weight has rested on the hand; and in that involuntary motion of the
arm the potential energy of the extended muscle again becomes actual.
But that energy, in its different modes, seems to be very small in com-
parison to the often repeated lifting of the same weight. I therefore
think the fatigue proceeding from the performance of labour, must be
distinguished from that arising from simple extension. According to the



law of the conservation of energy, we may, in the first case, expect more
metamorphosis of matter in the organism. The acceleration of the
heart’s action appeared to me to be the measure thereof. I found, in
fact, that when a weight is held during some minutes resting on the
hand of the bent arm, the pulsation of the heart is much less accelerated
than when, during an equal space of time, the weight is alternately
taken off by another, and with extended arm placed again upon the
hand, and now by flexion raised once more to the original height. The
feeling of fatigue in the muscle 1s, however, in the latter case not greater
than in the former.

In explanation of the fatigue, which is the result of the performance
of labour, we may take refuge in an accumulation of products of meta-
morphosis of matter in the muscular tissue, which really goes hand-in-
hand with it. The fatigue, proceeding from extension, under the influen-
ce of a load not further moved, may, partly at least, have another
source.. .. Probably it depends partly on an increase of the products
of the metamorphosis of matter in the muscular tissue, produced not
so much by an accelerated formation, as by retarded elimination.
Indeed, in uninterrupted contraction the vessels are compressed and
the circulation is impeded, while in motion from muscular action
the latter is excited and accelerated. That accumulation of products of
metamorphosis is co-operative, i1s admissible, because in both cases the
coeflicient of elasticity of the muscle decreases,—which coefficient may,
I think, be connected with the presence of some products of metamor-
phosis in the nutritive fluid of the muscle. But this is not the place to
enter more fully into this question. It is sufficient to have directed
attention to the distinction to be made.

Now, to which form of fatigue does that belong, which arises from
persistent accommodation for accurate vision in the hypermetropic eye?

Evidently we have here to do with persistent extension of the muscle
in a state of contraction.

This permanent contraction causes fatigue, and the fatigue, promoted
by extension, increases, as was above remarked, the extensibility: in
consequence of this law, the contraction must be always increasing,
in order to keep the muscle equally short and to make it permanently
exercise the same force in equilibrium with the resistance. Sooner or
later therefore the fatigue must pass into powerlessness. A moderate
contraction, such as is required in the normal eye, may be kept up
without fatigue for almost an entire day. ... This applies particularly
to involuntary muscles, consisting of fibre-cells, to which (at least in
mammalia) the internal muscles of the eye belong. But where hyper-
metropia exists, such a degree of contraction is required, that increasing
fatigue, at length proceeding to complete loss of energy, cannot long
be absent. Thus all the phenomena of asthenopia are readily explained.
It seems to me that there is therefore no reason for resorting in addi-
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tion either to the condition and the function of the retina, or to pressure
of the fluids, or to obstruction to the circulation.

What are the results of continued excessive tension of accommoda-
tion in asthenopia?

In former years, especially, the most fearful consequences were pre-
dicted from it. %sthcnopn was considered to be the first stage of, or at
least to be intimately related to, amblyopia, and the latter, it was sup-
posed, threatened the destruction of the asthenopic eye, if it was not
condemned to almost absolute rest. Precisely the mode of treatment of
oculists, in giving asthenopics no spectacles or insufficient spectacles,
has placed me fairly in a position to satisfy myself of the unfounded
nature of their fears. I have seen hundreds of asthenopic patients, who
from youth up to their goth or q4oth year, some to an advanced period
of life, had every day anew, without spectacles, or with too weak spec-
tacles, obstinately pushed the tension of accommodation to the utter-
most, and I have never seen a diminution of the acuteness of vision
arise from such a course. It appears also, that in H a certain immunity
against many kinds of diseases, which threaten the power of vision,
actually exists; it is certain, that bx excessive tension nl‘accummod'ttmn
the retina is not brought into danger.—In rare cases, perhaps in one
in a thousand, I have observed that on every effort to see near objects,
almost im mcciialcly violent pain arose in the eye, evidently connected
with the contraction of the muscles of accommodation. This painful
spasm made it necessary for the patient directly to refrain from work.
Nor did the use of spectacles avail him, for in each case near objects
were seen with convergence, and the tension of accommodation con-
nected with this convergence, was sufficient to excite the pains. These
remarkable cases, the cure of which was obtained by the regular instil-
lation of ".ll]phat{“ of atropia, which completely excluded the accommo-
dation, while strong glasses meanwhile rendered work possible, I shall
}c']mvc to describe more fully in speaking of the anomalies of accommo-

ation.

An evident proof, that neither the nature nor the causes of the phenomena of
asthenopia had been fully ascertained, notwithstanding many endeavours to investi-
gate them, is to be found in the host of names by which this condition has been desig-
nated by different writers. They are almost innumerable: debilitas visus of Taylor,
amblyopia a lopica retine atonia of Plenck affatblissement de la vue of Wenzel, I:;HJ'&'.I"J'H-
sohevdche or hebetudo visus of Jiingken, dnbw_m of sight of Stevenson, debollezza di vista per
stanchezza di nervi of Scarpa, dimness of vision of Middlemore, visus evanides of Walther,
impaired vision of Tyrrel, amaurosis muscularis of J. J. Adams; affection of lhe retina from
excessive employment of Lawrence, lassitudo ocularis or disposition a la_fatigue des yeux of
Bonnet, kopiopie or oph ma!nmfmfm of Pétrequin, Schiwidche der Augen of Chelius, amblyopie
par presbytie ou presbytigue of Sichel, languor oculi of Arlt, slowly adjusting sight of Smee,
impaired vision from overwork of Cnuper, and perhaps many others still.

It is evident that in a condition such as this, constituting a part of the Hoating
idea of weaknes of vision, occ urring with many cnmphcatlﬂns, and presenting numer-
ous varieties, according to the time of life and the use made of the eyes, there was
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_great difficulty in sketching a typical picture, so lang os the cause of the leading
Feature of the affection. and therefore its nature, were unknown.

[ T == *

Scarpa (1816) sees in the affection fatigue of the nerves, especially of those which
have direct reference to vision;. . .. Without determining the nature of the affection,
Lawrence (1841) states, that this is to be sought in the retina, perhaps primarily in
the chorioidea, but still he clearly shows that, while the acuteness of vision is perfect,
it has been incorrectly classed together with amblyopia, and Tyrrel endeavours,
rather by number than by force of arguments, to prove that a preceding congestion
of the chorioidea is the primary cause of asthenopia, which congestion might even
pass into chorioiditis,

- " & B E *

It is by Bonnet (1841), and particularly by Pétrequin (1841 and 1842), that we first
find the retina excluded, and the primary cause of asthenopia sought in the muscular
organs of the eye, especially in those of accommodation. The external muscles were
by them put most prominently forward, and being too much preoccupied with the
idea of tenotomy, in order to cure the asthenopia, they thought more of an injurious
pressure of the muscles than of fatigue. Mackenzie thought he had observed, that
myopics also are subject to asthenopia, and that convex glasses do not protect the
wearer against attacks of that affection.
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I't hence appeared perfectly logical, not to seek the seat of the affection simply in the
accommodation. The observation, was however, incorrect. The difficultics which
myopics sometimes experience, represent another form of disease, and moreover we
have reason to believe that Mackenzie has incorrectly supposed the existence ol
myopia in some of his patients. As to the attacks during the use of convex glasses, we
shall see that Mackenzie was too timid to give glasses of sufhcient strength, and
asthenopia is, of course, not to be removed by the use of too weak glasses, and lastly,
asthenopics really see, when they are tired, comparatively well and easily through a
small opening,.

From this time we find fatigue of accommodation mentioned by different writers,
as at least a codperative cause of asthenopia. Sichel (1848} had not vet a just idea of
accommaodation, but he had nevertheless arrived at the conviction that his amaurese
freshytique, which he indentified with asthenopia, occurred only in presbyopic eyes,
and this point he correctly maintains against Mackenzie. But, on the other hand, he
keeps up the connexion with amblvopia, and still thinks that this affection may very
casily pass into incurable amaurosis.

With good result, the implication of the retina in asthenopia was by Bohm sct
still further aside. He shows especially, that nerves of motion are much more liable
to be affected with fatigue than nerves of sense, and he consequently seeks the primary
cause of the affection in the motor nerves of the eye. It is true that Bohm's theory
remains somewhat obscure and indefinite, in consequence of the part he aseribes to
the external muscles of the eye, and of his not very clear ideas of near- and farsighted-
ness; but in non-squinting asthenopics he recognises as the cause of the affection, the
want of permanent power of accommodation for near objects, and with great satis-
faction he mentions that he has, by means of convex glasses, delivered many asthen-
opic patients from their troubles. Béhm is, in truth, the first who unconditionally
recommended the use of convex glasses in asthenopia. As, however, he did not hit
upon the principle for the determination of the required strength of these glasses,
those he prescribed were in general far too weak (1/80 to 1/40), from which. indeed,
much could not be expected, and, moreover, supposing that he had to do with an
anomaly of accommodation, he still adhered to the hope of being able to cure the
asthenopia.
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Others have been less circumspect in the assumption of exciting causes. The major-
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ity of these observers believed the causes they assigned to be alone sufficient to produce
asthenopia.

By Carron du Villards we find asthenopia described as a peculiar form of disease,
from which the embroiderers of Nancy were said to have particularly suffered.
and soon after the same affection was found among the lacemakers of Brussels. . . .
Thus the circumstance under which the existing anomaly might manifest itself by
peculiar morbid phenomena, was considered to be the cause of the anomaly itself.
This cannot cause suré::rise. Up to the 16th, the 2oth, nay, even to the 25th year,
the power of vision had continued normal; no complaints were made; but gradually
precisely in persons who were almost incessantly occupied with close work, the
continuance of the latter had become more and more difficult, and if the work was
for some time suspended, improvement took place.

# * B - - " . ®

At this time the source of the power of accommodation had not yet been discovered,
much less had its mechanism been demonstrated. There was almost as much reason
to assign the principal part in that function to the external muscles of the eye, as to
the muscular svstem situated in the eye. This led to the supposition that asthenopia
was to be sought in a spasmodic contraction of some external muscles of the eye, and
there were practitioners who had the courage to cut through these muscles. This is a
melancholy page in the history of operative ophthalmic surgery. It is the more sad,
because thereby in general ignorance is exposed, so great, that myopia, presbyopia,
and asthenopia were not even distinguished, and because, on the other hand, we
find results communicated to which, to use no harder expression, we will, with
Mackenzie, apply only the words of Scarpa: ‘Istorie di guarigioni sorprendenti, e
poco dissimili dai prodigi’.

Much may, however, be alleged in exculpation. In the first place, history shows
that every discovery, and certainly also every new operation, usually leads to exagger-
ation. This is the result of an enthusiasm deeply rooted in human nature, and which
has also its goods side. Without it truth appears to gain no victory in the domain of
science. Moreover, in the operation for strabismus, improvement of the power of
vision was actually obtained, and many now thought that this improvement was
the result of a change of refraction. . . . Besides, it is casy to understand, that when
the musculus rectus internus was cut through, stronger tension of accommeodation,
with convergence of the visual lines to a certain point, became possible, just as may
be effected by means of a prismatic glass with the refracting angle directed inwards.
In any case, we will not judge harshly of the operators of that season of rage for
operating. It is enough that for a time the cause of asthenopia was sought in the
external muscles of the eye, and that the results obtained on division of the latter
were supposed to furnish a fresh proof of the correctness of the views of those who
referred it to them.

Von Graefe puts the question on as broad a basis as possible, by here assigning to
asthenopia only a symptomatic signification. Thus he demonstrates the existence of
asthenopia muscularis, proceeding from insufficiency of the musculi recti interni.
Moreover, he brings asthenopia into connexion with slight degrees of presbyopia.
And when he further sees asthenopia arise, ‘where the nearest point 1s but little
removed, but where still the region of permanent accommodation lies considerably fi}l"lhﬂ‘t‘
from the eye than is normally the case’, he seems really on the point of thinking of
hypermetropia. In other respects, Von Graefe attaches more importance to the
influence of the retina than I think ought to be assigned to it. Finally, he observed
asthenopia in consequence of ‘actual paresis of accommodation,” and in truth the
description of the latter may almost completely apply to asthenopia, the result of
hypermetropia.

Our knowledge had reached this point, when I (1858) discovered the cause of
asthenopia in the hypermetropic structure of the eye. The supposed anomaly of



accommodation then became an anomaly of refraction, the connexion of asthenopia
with the circumstances under which fatigue is manifested was made most clear, the
necessity of complete relief by spectacles was proven, while at the same time the
hope of a radical cure of asthenopia was extinguished for ever.

§ 2. Treatment of Hypermetropia, with Special Reference to Asthenopia

The treatment of asthenopia has always been called ‘rational’. T re-
member the time when this quailification was considered to be an
honour, and when he who in medicine stood upon mere empirical
ground, was regarded with disdain. Fortunately, a change has taken
place in this respect. It has become more and more evident that, even
with perfect knowledge of the nature of an anomaly, the final decision
must remain with empiricism, and that, with our defective and imper-
fect notions, science can, with respect to therapeutics, at the most,
occasionally suggest what deserves, by preference, to be submitted to
investigation, and that her further duty is to endeavour to explain
what has been ascertained.

Asthenopia has been looked upon as the result of an enfeebled power

of accommodation. Hence its ‘rational” treatment was directed against
the causes of debility, and demanded, above all things, rest of accom-
modation. With this view, Tyrrell prescribed a systematic treatment.
Now, rest was certainly most perfectly attainable by avoiding all work
in which looking at near objects was necessary, and where the latter
could not be wholly dispensed with, it was thought that the same object
might be attained by the use of convex glasses, although, on account
of the tension of accommodation connected with convergence, this plan
would necessarily be less successful. This constituted the first period of
treatment, in which the organs of accommodation should by rest be
relieved from their morbid state. Again on rational grounds, the second
period must follow—that of practice: the spectacles were gradually
weakened, and close work was permitted for longer and longer inter-
vals, though with the strict injunction to suspend the work on the
occurrence of the least fatigue. Thus it was hoped that the asthenopia
might be permanently overcome.
On the supposition that the retina was in some measure implicated in
the affection, Béhm and Ruete thought it ‘rational’ to recommend that
the convex glasses should be blue. And, indeed, this might, if, as usual,
the glasses allowed were too weak, on account of the greater refrangi-
bility of the blue rays, even if the retina was not over-sensitive, be
attended with some advantage. . ..

All ophthalmologists did not, however, boast so much of the excellence
of their results. ‘In many cases,’ says Mackenzie, treating of the prog-
nosis of asthenopia, ‘it is our duty to declare the disease incurable.
If the patient is a young lad, bound apprentice to a sedentary trade,
and the disease, ... not likely to yield to treatment, we may advise
him to turn shopkeeper, to apply himself to country work, or to
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go to sea: if a female, occupied constantly in sewing, to engage in
household affairs, or any other healthy, active employment. Many
a poor man have I told to give up his sedentary trade, and drive a
horse and cart; while to those in better circumstances, and not far
advanced in life, I have recommended emigration, telling them that
though they never could employ their eyes advantageously where much
reading or writing was required, they might see sufficiently to follow
the pastoral pursuits of an Australian colonist.’

What is the reason that, before taking so decided a step in the
destination for life of a man, it has not been without prejudice inves-
tigated, what the effect would be of the constant use of stronger
convex glasses? Is it prejudice, in general, against the use of the latter
by young persons? Or had the old apprehension that asthenopia might
lead to amblyopia found fresh support in the experience that, after the
use of sufficient convex glasses, the eyes (. ..) soon act in close work
still less perfectly than before? Certainly the prejudice must be deeply
rooted ; for there lay a very significant hint in the observation drawn
by Mackenzie from life:

‘A child, the subject of asthenopia, engaged in learning his lesson,
complains he cannot see, and repeats the complaint so frequently,
especially by candlelight, that his father or grandfather at last says,
“Try my glasses™. The child now sees perfectly, and night after night the
loan of the glasses is required before his task can be finished’. And
vet he adds, ‘It would have been better had glasses been selected of the
longest focus, which would have enabled the child to read, or, better
still, he had been put to bed, and the lesson left till daylight’.

There is no doubt that Mackenzie gave far too weak glasses, and
therefore he concludes with the unsatisfactory words: ‘In some in-
stances the state of asthenopia is so very easily excited, that the patient
is never able to apply himself to any trade requiring the ordinary use
of sight. These facts are sufficient to show the serious nature of asthen-
opia. It is an infirmity much more to be dreaded than many disorders
of the eye which, to superficial observation, present a far more formi-
dable appearance’.

It is a great satisfaction to be able to say that asthenopia need now
no longer be an inconvenience to any one. In this we have an example,
by what trlﬂlng means science sometimes obtains a triumph, blessing
thousands in its results.

In the establishment of the rules to which experience led me, 1
must distinguish between two series of cases: a, those which, with
normal range of accommodation, are exclusively dependent on H;
b, those where diminution of the range of accommodation, or want
of energy, plays a more or less important part.

The great majority of the cases belong to the first category: hyper-
metropia is the cause, and, indeed, the only cause, why close vision
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cannot be maintained. It is self~evident that this form occurs only in
youth. ... Indeed, as I have already explained, a certain range of
accommodation belongs to the conditions of asthenopia. Many an-
nounce themselves as asthenopics at from the eighteenth to the
twenty-sixth year of life. ... The majority of these are females. The
cause of this appears to me to consist exclusively in the occupation. . . .
Now, in most female occupations, continued close vision is undoubt-
edly more required than in those of males; and in certain ranks of
society, where the man is almost wholly exempt from special tension
of accommodation, sewing and darning in the evening, and often by
bad light, fall, in addition to her household work, to the lot of the
woman. In this alone, and by no meansin the more frequent occurrence
of H, I think we must seek the cause why the complaint of asthenopia
is oftener heard from women than from men.

The first thing we have to do in asthenopia is to determine the degree
of the manifest hypermetropia—in other words, to examine what is the
strongest convex glass with which the vision of distant objects becomes
acute. This glass is, however, seldom sufficient completely to guard
against fatigue in close work. The patient may, nevertheless, be allowed
to read with it at our consultation; but it is only when he can do this
without any inconvenience, and when, moreover, with these glasses
the binocular nearest point p, lies but a little farther from the eye than
in the emmetropic organ at the same age, we can determine in favour
of commencing their use. But we often find immediate indication to
give him somewhat stronger glasses, for example, of 1/16 with Hm=
1/20; in very young persons, in whom we may expect much HI, and,
moreover, in those who are somewhat more advanced, for example, at
thirty years of age, when the range of accommodation has undergone
much diminution, glasses which correct only the Hm are scarcely ever
sufficient. If the patient can easily return, the glasses thought suitable
are given him, without any further direction than never to work without
the spectacles, every half hour to interrupt his work for some minu-
tes, to avoid excessive fatigue, and in about eight days to bring a report
of how he finds him self. Almost invariably he returns with expressions
of satisfaction and gratitude. He now obtains permission to use his
eyes at his own discretion, and is requested to return, if he feels any
Inconvenience—in any case after the lapse of a year or two, when prob-
ably the Hm shall have somewhat increased, and the use of stronger
spectacles shall have become advisable.

But it may also appear that the glasses were either too weak or too
strong. If too weak, the asthenopia has not been entirely removed ; and
we now often find, . .. a rather higher degree of Hm than before; . . .
—of course, we must then go up, often even above the Hm, and
bring the p, nearly to the normal distance. If the glasses were too strong,
the work had to be held too near the eye; acute vision was, indeed, thus
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attained, but a peculiar sensation of fatigue ensued (muscular asthen-
opia). This complaint, although rare, occurs sometimes, even when
only the Hm has been neutralised: the explanation of this is found in
the too powerful tension of accommodation,... and depening
upon habit, precisely at a convergence of from 10" to 14". Under such
t:1r~::urn*itancr;"a, we must really begin with weaker glasses, and pass over
to stronger ones in pmpnrtmn as the extraordinary tension ceases. . . .
I very seldom find it necessary in asthenopia to have recourse to the
Emplﬂymcnt of mydriatics for the determination of H. It is only in
those cases where the asthenopia justifies us in supposing the existence
of H, and where, nevertheless, no Hm is observed, not even on moder-
ate fatigue,—further, when the spectacles fixed on and modified on
good principles, do not answer,—perhaps, also, when we can see the
patient only once, that the employment of a mvdﬂam: is required in
the interest of the pahmt But it is, however, ;:-f:rt"t:«::tl‘;r justifiable for the
sake of the more accurate study of the connexion between Hm and HI,
the more so because, during mydriasis, if necessary, close work may
be very well performed with stronger spectacles. If we now know Hm
and HIl, we give glasses which neutralise Hm and about 1/4 of Hl: in
gcm'ral they will answer the purpose either immediately, or after a
few weeks.

Hitherto, as we have seen, ophthalmologists endeavoured, by the
use of progressively weaker glasses to obtain a radical cure of asthenopia.
With the knowledge of the cause of asthenopia this endeavour is
completely reversed. We wish gradually to give stronger glasses, and
therefore we investigate from time to time in our asthenopic patients,
the position of the relative region of accommodation, or perhaps only
the Hm, and if the latter appears to be increased, we give according
to the rules laid down, other and stronger glasses. It is not until the
H has almost completely given way to Hm, and the relative region of
accommodation has on the whole acquired a normal position, that we
have, in the use of the glasses so indicated, a decided guarantee against
the return of the asthenopia, and in young persons the same glasses are
now adapted for distance and for near objects. With this strengthening
of the glasses laymen have sometimes made known their fears to me that
at last, no spectacles should be found strong enough to accommodate
their eyes. To persons in their situation this fear would certainly
appear to be justified. We may,however, quite set them at ease on
this point. I usually take the trouble to explain to them, that if once
the deficient power of the eye shall be entirely made g{md the limit
for the strength of the glasses is provisionally attained, and that what
the senile changes at a more advanced period of life in general demand,
can still very easily be added.

It is now an important question, whether asthenopics should also
in ordinary life wear glasses for distant objects. On a superficial view
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there appears to be no objection to such a plan. . . . Undoubtedly, if we
could make the glass an integral part of the eye, we should have no
reason to hesitate. . . . But this is not the case: the glasses do not stand
in the eye, but before the eye, and are sometimes not even at hand.
Hence it is of great consequence, that the patient should be able to
distinguish tolerably well also without glasses, and it is certain that if
the hypermetropic individual accustoms himself to wear correcting
spectacles, he will gradually lose the power of distinguishing without
glasses. That is the unfavourable side of the question of wearing
spectacles. . .. With repeated strong tension of accommodation the
power of vision, as have seen, remains undisturbed in hypermetropic
individuals. From the tension necessary to see distinctly without spec-
tacles at a distance, which is each time required only as for a moment,
no injurious effect is certainly to be expected. Therefore this may
safely be required of the accommodation. Consequently, when H is
still wholly facultative, when the persons can even say to us: ‘in ordinary
life, I have no inconvenience, and at a distance I see excellently’,—we
should not press spectacles on them to be worn constantly. At most we
may say to them, that, when they have become somewhat older they
will derive great advantage from the use of spectacles for distance also;
they can then apply to the oculist, so soon as they observe that they
no longer distinguish satisfactorily at a distance.

Last year I had the good fortune to meet an English gentleman,
eminent in the scientific world. I observed that he saw with spectacles
of 1/8 at 11" distance, and concluded therefore that he was hyper-
metropic. ‘You do not see well at a distance,” I remarked to him.
‘O no!” replied the able and vigorous veteran. ‘I no longer recognise
the characters of minerals, as I formerly did, at a great distance, and
if I wish to look at them before my feet through my spectacles, 1
stumble over them’. ‘Go’, I rejoined, ‘and ask the optician for glasses
of 1/30.” On the following day he wrote to me: ‘I cannot tell you how
grateful I am for the new sense you have given me. I now see the eyes
of the handsome girls, and the wrinkles of the old ladies as well as when
I was a young soldier.’

But it is quite another matter, when, relative or absolute H exists;
then, . .. distant vision is not acute, and we need not now hesitate to
assist it with glasses. The best result attainable, under such circum-
stances, consists in this: that the same spectacles, which are not too
strong for distance, should be suflicient for ordinary close work.

With respect to the second category of asthenopia, I have here but
little to say. The cases contained in it are characterised by the fact, that
the accommodation itself is disturbed or morbidly diminished, and the
proper place to consider them is therefore where in the Second Part I
shall have to speak of the anomalies of accommodation.
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If general weakness is exclusively the cause, recovery from the asthen-
opia is to be expected, if we succeed in restoring the strength. If
paresis of accommodation exists, without H, the asthenopia of course
gives way when the paresis is removed. In either case convex glasses
are meanwhile useful. Where painful accommodation exists a special
treatment is required.

What I have to say with respect to the treatment of H in general,
apart from asthenopia, is included in the foregoing. As to the slightest
degrees of H, which scarcely produce asthenopia, they require merely,
as has been mentioned while on the subject of presbyopia, that the use
of spectacles be permitted some years earlier than usual.
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For ordinary wear the glasses must completely neutralise Hm. In
reading . . . frequently the same glasses are sufficient for that purpose;
if they are not, we give some a little stronger, so that p, comes to lie
within the desired distance of distinct vision. . . . Where complication
with presbyopia exists, the use of two pairs of spectacles, one to wear
generally, the other for close work, 1s indispensable. When strong
glasses are necessary, the preference is to be given, among other reasons,
for the more advantageous position of the principal points, to periscopic
glasses, whose concave surface must be turned towards the eye.

Are we in H to hope for a radical cure? The answer must be in the
negative. A priori, we should think, that, as the emmetropic eye may
become myopic, and as myopia may be progressive, H might give
place to E and even to M. In fact it appears possible that H of the as
vet undeveloped eye might disappear during the year of development.
But if the development have once taken place, I have never seen H give
way ...: this occurs only where there is increasing convexity from
disease of the cornea. On superficial examination one may be deceived
in this respect.

A gentleman, aged 54, had been obliged to use convex glasses so early
as in his 36th year, and now he preferred working without spectacles.
With S=1 he had M=1/15.Had H in this case not given way to M?,
I found that his power of accommodation was completely paralysed,
and that it had been so from his 36th year, and ophthalmoscopic in-
vestigation indicated progressive M. It therefore readily suggested
itself that at the age of 36 the paralysis of accommodation, with M =
1/20 or 1/30, had rendered convex glasses necessary, which through the
progress of M had become superfluous, and indeed inapplicable. Hence
it is evident that the eye, when of hypermetropic structure, has no
tendency to M.
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Some cases, which I shall now in conclusion relate, will afford me
the opportunity of introducing a few additional practical hints.




H does not always cause disturbance, and correction is then unnecessary.

1. An elegant lady, aged 22, is under treatment for slight granulations.
At a distance her vision is acute, with negative glasses it is not so good,
with 1/40 and indeed with 1/24, it is as acute as without glasses, but
unpleasantly large: ‘men are like giants’. There was consequently
Hm=1/24, and we may probably infer Ht=1/14. Nevertheless she
had experienced no kind of inconvenience. But read ‘she did not much,
and of work she ‘did nothing’.... She had a horror of spectacles.
Perhaps, being well able to cumprf:hr:nd this, I ought not to have
predicted, that with her goth year she would have need of them; the
recommendation to call in advice, whenever she should not see near
objects well, would have been sufficient. Indeed for the moment there
was no indication for spectacles, which would only have produced an, as
vet, undesirable displacement of the relative range of accommodation.
On account of the existing H, stricter rest had to be enjoined, so long
as the granulations lasted, than is otherwise necessary.

We learn to distinguish, at first sight, an ordinary case of asthenopia,
the result of H.

1. Miss H., aged 19, is announced. She has a florid look, has clear
eyes, without a trace of disease, blue iris, mobile pupil, not a very deep
g‘l{}be flat margins to the socket, the visual axes appear to diverge. |
suspect asthenopia. I make her read and bring the book to 6”: reading
becomes difficult; at 5" it is impossible. There 1s either H or diminished
1: A. My eye falls on those about her, I see a brother with converging
strabismus. This was decisive in favour of H. *You cannot persevere
with your work’. She answers: ‘No’. ‘On exertion you get a feeling of
tension over the eyes, press upon the part with the hand, rub over the
closed eyes, and then it passes ofl, but only for a short time?’ ‘Precisely’,

is the answer. Confidence is gamu:l “You have no pain in the qrua?

‘At a distance you see well?’ ‘Y('s ‘After a long rest you can continue
vour work better?” ‘Yes, yes’. With 1/18 she distinguishes well at a
distance, and moving the qlds::.t,s at the first moment not so well; with
1/16 not so acutely as with 1/18, with 1/24 not more acutely; be tween
the two eyes there is little dif ference. Ophthalmoscopically all is well.

I learn further, that for some years the inconvenience felt in working
has been E.IWE!.V"E increasing ; that formerly when weakened by fever,

she could for a time neither read nor sew; that she once tried a pair of
spectacles, but was 'itmng y cautioned dgdlnst wearing them, &c., &c.

She gets spectacles of 1/16 to work with, with a recommendation now
and then to pause for a little, and at first not to do much in the evening.
At the end of a week she has forgotten her ailment. She now works
too with less trouble occasionally for a short time without spectacles,
which I advise her to do, though with the recommendation to return
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to the use of the spectacles on the least trace, or rather before the
occurrence of fatigue.

Asthenopics have sometimes a sad past, and live in a gloomy future.

imt. The Rev. G. D., aged 52, looks dejected. ‘My good Professor’, he
says, ‘I come to you, for I feel that I am getting blind!” For the last
twenty years he has thought that within a year he should be blind ; and,
singularly enough, although he still sees, he continues to look upon
every year as the last! Such is the man! His life has been a struggle with
his eyes. Even as a child he read with difficulty. When a student, the
least exertion fatigued him, and he was compelled to learn more by
hearing than by his own study. As a preacher, he has been obliged to
write his sermons in a rather large hand, and still to get them off by
heart. And, what was the worst part of it, he never read nor worked
without the idea that he was thus hastening his blindness—interfering
with the concentration of his mind upon any definite object. The same
fear of blindness had restrained him from a matrimonial alliance with
which he believed his happiness for life to be connected. He trusted in
art. He had faith in a person he consulted in Germany; and if the
optician had sometimes given him spectacles which had I:-ru-ught him
relief, these were mercilessly taken from him again by the oculist on
the ﬂrst consultation, as a treacherous instrument which must, in the
end, inflict upon him the total loss of his sight. At last he had in his
fortieth year, got convex glasses of 1/40, and he now uses 1/20. ‘Do you
sce with these prLt’lCltS at a distance?’ was my first inquiry. ‘Snm{*thing
better’, he replied, ‘but still very imperfectly’. I tried 1/10: *‘Much
better’ was his verdict: .—subsequently I gave him 1/8: ‘Still better’.
In a word, there was H=1/7 with S=17/20, and, with his slicht range
of accom nmclatmn he needed glasses of 1/5°5, in order to make reading
at the distance of a foot casy. He got 1/7 to wear. The man was grateful
as a child. He left me as one saved from destruction.—Such victims of
the prejudice against the use of convex glasses are not uncommon.

Where H exists, paralysis of accommodation may give rise to disquieting symploms.

. E. K., a boy of ten years, son of Dr. K., remarks in the morning
that he is not in a condition to read. His father sees that the pupils are
rather large and are immovable. Paralysis of accommodation occurs
to him; but at a distance also, the boy cannot properly distinguish
Db_lccts ‘there must conseq uently be a lurking affection of the optic
nerve of the brain’. He brings his son to me. I establish the fact of
paralysis of the sphincter of the pupil in both eyes. Neither on conver-
gence, nor on the incidence of strong light, does contraction of the
pupil arise: accommodative and reflex movements are both absent.
The inference that there is paralysis of accommodation is thus justified.
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- Why cannot the boy see even at a distance? A glance with the nphthql-
moscope ClEdI‘S all up: it appears I must accommodate about 1/12 in
order to see in the uninverted image the fundus oculi; and, as I am
emmetropic, our boy has therefore H of about 1/12. With 1/12 he then
saw admirably at a distance; with 1/6 he read at the distance of a foot.
All fear of an affection of the system of the optic nerve was gone. In
speaking of the anomalies of accommodation, I shall revert to such
cases. Here it may suffice to observe that within four weeks the paralysis
had given way, the H had again gradually become for the most part
latent, . and that in what the boy had to do or to read, he now no
lnngf:r complained even of fatigue. In a few years ﬂsth{fnﬂpia may be
expected, and the use of the convex spectacles while working will then
be indicated.

FParesis of accommodation in young persons is scarcely distinguishable from
asthenopia through H

v. H. J., a boy aged 14, 1s brought to me, complaining that for some
time he has been unable to read. He looks pale and weakly. I suspect
asthenopia, whether in consequence of a slight degree of H, or in
consequence of paresis of accommodation. The pupils move well. ‘Do
you feel weak?” ‘Yes, I have not yet recovered my strength after an
attack of sore-throat’. The articulation of words is imperfect, he speaks
through his nose, and the soft explosive consonants (b, d, and g) are,
especially at the end of the words, pronounced as corresponding nasals
(m, n, ng) (paresis of the palate). These symptoms are characteristic as
the result of angina diphtheritica (better, diphtherina). 1 therefore infer
the existence of paresis, notwithstanding the movable pupils. At a
distance S is =1, and neither convex nor concave glasses are borne:
consequently we have to deal with E. The nearest point lies, instead of
at 3", at 9", and can be maintained there only for a moment, as by
spasmodic tension. ... From ordinary asthenopia, in consequence of
H, the condition is distmgumhed by its rapid appearance (N.B., about
a ﬁ}rtmght after the symptoms of angina had given way), by the easy
permanent vision at a distance (...) and by the almost immediate
occurrence of fatigue and of absolute impossibility of seeing near objects.

Strong H in a child has hitherto been almost invariably regarded as M.

vir, A girl, aged six years, is said to have very weak eyes. If she wishes
to sec anything, she runs to a bright light, and holds the object directly
before her eyes. Her anxious parents had taken much advice respecting
her; the child was generally considered to be near-sighted. The fact
that she so particularly looks for bright light, in order to see anything

well, makes me doubt the correctness of this opinion: in that case
considerable amblyopia would necessarily be combined with the myopia.
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From the external appearance, I had scarcely a doubt of the existence
of H. At the distance of " the child saw, with her head aslant and her
eyelids nearly closed, No. III of Snellen ; smaller letters she did not see;
with 1/6 on the contrary, she saw II at 8": so the proof was supplied.
S was =1/2. Probably astigmatism exists, to be more fully investigated
at a somewhat later period, when the patient shall be able to give a
more accurate account of herself. Meanwhile, she may provisionally
use 1/6 in learning,—if she chooses she may also wear them habitually.
“This she would rather not do’.
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§ 24. Strabismus convergens, the Result of H

Strabismus is a deviation in the direction of the eyes, in consequence
of which the two yellow spots receive images from different objects. In
strabismus the visual lines do not cross one another in the point it is
desired to observe; only one of the two, that of the undeviating eye,
is directed to that point. Under this deviation not only does the ex-
pression of the face suffer from the want of symmetry in its most elo-
quent parts, but the power of vision, at least in one of the eyes, is usual-
ly disturbed, and the squinter always loses the advantage of binocular
VISION.

We now know that by far the greater number of cases of strabismus
are connected with anomalies of refraction.

According to the direction of the deviation, two forms of oblique
vision are specially to be distinguished: strabismus convergens and
strabismus divergens. The main result of our investigation may be
expressed in these two propositions,

1. Strabismus convergens almost always depends upon hypermetropria.

2. Strabismus divergens is usually the result of myopia.

We have here to treat only of strabismus convergens,

Experience, in the first place, shows, that strabismus convergens is,
in the great majority of cases, combined with H. In 172 cases investi-
gated by us, H was 133 times proved to exist in the undeviated eye. . . .
In thirteen cases difference of refraction of the two eyes was recorded ;

. at least five times paralysis had gone before; three times there was
complication with congenital cataract, twice with nystagmus.—It is
evident how greatly H preponderates: it occurs in about 77 per cent. of
the cases. And yet I am convinced, that if we could investigate without
distinction all cases of strabismus convergens which occur in a given
population, H would be met with relatively still more frequently. In
the first place, ordinary cases of strabismus convergens are seldom
brought to the oculist, and these are precisely the cases in which H is
the only cause: if inflammation, paralysis, or any special complications
be present, the patients do not dealy to call in help; and thus, in pro-
portion to the whole, a greater number of these exceptional cases comes



to be seen.
I therefore do not hesitate to declare, that it is exceptional, to find
strabismus convergens without hypermetropia.

In general, it is not the highest degrees of H with which strabismus
is combined. Often even, at least in young persons, the hypermetropia
is completely latent. ... Where it was manifest, it amounted to from
1/30 to 1/10, rarely to 1/7 or more. The total hypermetropia was,
usually not examined, but of course attained, especially in young
subjects, a considerably higher degree. With 1/30 manifest H more than
1/15 total H may in general be assumed. . ..

Since in strabismus convergens H in general exists, no other connexion
is conceivable than that H is the cause of the deviation. H i is, indeed, the
primary anomaly, to be sought in the structure of the eye, and origi-
nally proper to the organ; strabismus is the secondary ccmdltmn which
does not arise until some years after birth. In the first period, in the
commencement of the so-called periodical oblique vision, it can be
proved that H already exists: unquestionably, therefore, it precedes
the squinting. And if we add, that the incipient strabismus again gives
way, when the h}pcrmctmpia 1s neutralised by a convex glass, we
readily infer that H may produce strabismus. The only question, there-
fore, 1s, how it can do this, and the answer is evident.

The hypermetropic individual must, in order to see distinctly,

accommodate comparatively strongly. This holds good for all distan-
ces.
Now, as we have seen, there exists a certain connexion between accom-
modation and convergence of the visual lines: the more strongly we
converge, the more powerfully can we bring our faculty of accommo-
dation into action. A certain tendency to increased convergence, so
soon as a person wishes to put his power of accommodation upon the
stretch, 1s therefore unavoidable. This tendency exists in every hyper-
metropic person. An emmetropic person may also convince himself of
this by holding negative glasses before his eyes, and thus bringing the
latter temporarily into a condition of hypermetropia. He will distinctly
remark, that on the endeavour to see accurately, double images every
time threaten to appear as the result of increased convergence, and
that he soon has a choice only between indistinct vision and squint.
Probably this conflict exists unconsciously in the case of all hyperme-
tropic persons.

Hypermctmpla 15 a very widely spread anomaly. I am convinced
that it occurs still more frequently than myopia. Now, if strabismus
convergens is in general the result of hypermetropia, the latter evident-
ly is very often met with without strabismus; we may even say, that
only in a comparatively small number of cases of h}rpcrmetmph is
strabismus developed. This, however, need not by any means surprise



us. In general | in fact, the necessity of seeing an object single with
both eyes together, is deeply felt. The direction of the visual lines is
thereby forcibly determined. Of this 1 convinced myself, many years
ago (1845), in my experiments on the action on prismatic glasses. If
we bring a weakly prismatic glass, with the refracting edge turned
inwards, before one of the eyes, the fixed object is directly seen double,
but increased convergence is immediately involuntarily produced,
which makes the double images coalesce; and if, some moments later,
we again remove the glass, double images for an instant reappear,
which, however, equally rapidly disappear, in consequence of lessening
the convergence. Now, it is as if the double images, of their own accord,
again coalesce: the movement made takes place so spontaneously, that
the person is not even conscious of it. This abhorrence of double
images, or rather the instinctive adherence to binocular vision, preserves
most hypermetropic individuals from strabismus. Thev sacrifice the
advantage of seeing accurately, rather than to allow that on the two
vellow spots different objects should form their images. In this, there-
fore, we find the reason, why not nearly all hypermetropics squint.
If one eye be covered with the hand, while it, as well as the other, is
open, the visual line will, in mest hypermetropics, rapidly deviate in-
wards. The same thing takes place when an emmetropic person holds
a negative glass before the uncovered eye.

The question which now suggest itself is: What circumstances must
codperate to give rise to strabismus in hypermetropic individuals?

These circumstances are of a twofold nature: g, those which diminish
the value of the binocular vision ; b, those which render the convergence
casier,

To the first class belong:

1°. Congenital difference in the accuracy of vision, or in the refractive condition
of the two eyes. In hypermetropia the accuracy of vision is often imper-
fect, whether in one or in both eyes. This 1s in part attributable to
astigrmatism, in part to a still unknown imperfection of the retina. If
the diminished accuracy of vision affects only one eye, then, on too
great convergence, the image of this eye will not so much disturb vision.
The same is the case when the degree of H in the deviating eye is
greater, and the image in this eye is therefore less accurate. In either
case, consequently, strabismus will more easily arise. But the tendency
doubly increases when both circumstances, a higher degree of H and
diminished accuracy of vision, as is often the case, occur combined
in the same eye. If the eye has long been deviated, there arises a second-
ary diminution of the accuracy of vision, as a result of strabismus,
to which I shall subsequently revert. . .. a

2°, Spols on the cornea. It is often remarked, that in oblique vision the
deviated eye, or, indeed, both eyes, exhibit opacity, or spots on the
cornea. Pagenstecher and Saemish have recently called attention to
the frequent occurrence of corneal spots in strabismus. It does not



appear to me, however, that spots on the cornea should, in themselves,
be capable of exciting strabismus. -
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But it is quite a different question whether, where hypermetropia
exists, specks on the cornea and other obscurities might not increase
the tendency to strabismus; whether the less accurate image might not
make the image less disturbing, and diminish the abhorrence of an
accessory second image. I am very much inclined to assume this. At
least, I find specks on the cornea much more common in hypermetropia
with strabismus, than in hypermetropia without strabismus.

In the second place, as I have remarked, the origin of strabismus is
promoted by circumstances which render convergence easier. Under
this head are to be noted:

1°. Peculiar structure or innervation of the muscles; easy mobility of the

eyeballs inwards. . .. It may readily be assumed that. . ., in fact, some
eyes converge without any particular tension up to 3", nay, even up
to 2", and less, from the eye.
When it is stated that such voluntary squinting, often produced for the
sake of imitation, or of mockery, has, with some, given rise to perma-
nent strabismus, I readily admit it, but on condition that hypermetropia
at the same time existed. Moreover, I have not been able to satisfy
myself that a special tendency to strabismus may be hereditary. Let
me be understood. In a very high degree hypermetropia is hereditary.
It is a rare thing, with hypermetropic structure of the eyes in one of
the parents, not to find hypermetropia also in some of the children. But
whether this hypermetropia in the parents was combined with strabis-
mus or not, has, if any, certainly only slight influence in the develop-
ment of strabismus in the hypermetropic children born of them. Ifin a
family one or two labour under strabismus convergens, we may be
nearly sure that in some other members hypermetropia will occur; but
that in the same family most of the hypermetropics should be affected
with strabismus, has very rarely occurred to me,

2°. Relation belween the visual line and the axis of the cornea. We have
above seen that in general in hypermetropic individuals, in order to
give a parallel direction to the visual lines, a more than ordinary
divergence of the visual axes is required. Thence we have in so many
hypermetropic persons apparent strabismus divergens. On the other
hand, we know that most eyes can with difficulty be brought to a state
of divergence: a weak prism, with the refracting edge held outwards
before the eye, produces double images, which most people are not
able to overcome.... It is therefore natural to assume, that when
for single vision more than ordinary divergence of the corneal or
visual axes is required, the divergence may very easily be insufficient,
and that, accordingly, as a matter of course, for seeing at a shorter
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distance also, there may readily be too great convergence. . .. Now, if,
in looking at a distance, the requisite divergence of the axes of the
cornea easily falls short, the convergence will likewise, under the in-
fluence of the hypermetropia, in looking at near objects, be relatively
too great. The condition for the development of strabismus is thus
given. In fact, it often seemed to me that in squinters, after tenotomy,
a considerable degree of divergence of the axes of the cornea was
required to make the visual lines assume a parallel position ;—often the
eyes are apparently quite properly directed, and yet when, on fixing
a remote point, one and the other eye are altcrnatclv covered with the
hand, we observe that the eye just opened has each time to make an
{‘xt(‘llsi‘ﬂil‘. movement outwards, to fix the remote point. ... This leads
me to suspect that while in general the great angle = promotes the
occurrence of strabismus convergens with H, an extraordinary magni-
tude of this angle predisposes more particularly to this form of strabis-
mus. In order to test this suspicion, the angle x was measured in ten
cases of strabismus convergens. The measurements were in great part
made by Mr. Hamer, now house-surgeon in our Ophthalmic Hospital,
accnrding to the method alrcad}! described, with his usual accuracy.
Asanay craqc weobtained a—7°.63. This butslightly exceeds x— T
previously found as the average in non-squinting hypt:rrnctrnplcs
In order to have a better ground of comparison, the angle « was deter-
mined in some cases of H,in degree about equal to H of squinters.
Now, in the first placc, we find among these non-squinting hyper-
metropics @ on an average=6°.56, that is, 1°.07 less than in squinters.
In the second place, it appears further, that the degree of H . . . keeps
about equal pace with a. ... The result, therefore is, that, with equal
degrees of H, high values of a especially predispose to strabismus con-
vergens. 1o ‘this result I attach the more importance, because it i
general proves, that the greater angle e, proper to H, is not indifferent
in its bearing on the connexion between H and strablsmus CONVergens.
In the highest degrees of H, strabismus is rarely observed. This need
not surprise us. In such cases the power of accommodation is, even
under abnormally increased convergence, not sufficient to produce
accurate images, and such hypermetropics are thus led rather to the
practice of forming correct ideas from imperfect retinal images than
of, by a maximum of tension, improving the retinal images as much as
possible.
As to external causes, we often find mention made of the fixing of
near, and particularly of laterally placed objects, as a feather of the
cap, the flame of a candle, a toy or such like. From what has been said,
it will have been seen that I attach but little influence to these things.
At least, I am convinced that the emmetropic eye will not in this way
be led to squint.



Converging strabismus, in consequence of H, we see to arise mostly
mostly about the 5th year, probably because the effort to see accurately
then begins to be developed; the range of accommodation is now also
sufficiently great, by means of somewhat increased convergence, ecasily
to overcome the H. To reports of its occurrence at, or shortly after birth,
in consequence of convulsions or of other diseases, no credit is in general
to be given. Exceptionally it commences after the 7th, extremely rarely
so late as the 18th year, unless special accessory causes exist. At first
the deviation is transient, connected with fixing, that is with an effort
to see accurately, sometimes only with the fixing of near objects: it
passes off again when the fixing ceases or the eyes are closed. This is
the socalled periodical squint, by some described as a distinct period.
Even in this period, and when the strabismus is developed first in the
16th or 18th year, we very rarely hear a complaint of double vision.
This is explained, in my opinion, by the fact, that the deviation arises
only on the effort to see a given object accurately. On that object the
attention is fastened. To it the one visual line remains directed. Now
the double image of it lies in the deviating eye at some distance from
the yellow spot, and must therefore appear indistinct, so that beside
the direct fixed one, it is not easily seen as a second image. And on the
yvellow spot appears the image of a wholly different object, with which
the observer is in general not occupied, and from which it is therefore
easy to abstract. But when the deviation, before S is much diminished,
occurs involuntarily, without a special effort to see accurately, there is
occasionally some transient double vision. The periodical form of squint
on looking at near objects, just described, sometimes continues as such.
... In most cases, however, the squint soon becomes constant. The
rule is, that invariably one and the same eye deviates (strabismus
simplex) ; this held good even when the squint was still transient. . ..
The squint is usually concomitant; the movements are free; the ex-
cursion normal although with excessive mobility inwards, limited
outwards, in both eyes, even when the one constantly deviates, the other
being steadily properly directed; this is found also to be the case when
the squint is still periodical. Both the internal muscles of the eye are
therefore to be considered as shortened. The shortening, at first
dynamical, has in the constant strabismus become organic: it is the
result of excessive action, with relaxation of the antogonistic muscles;
morbid structural change does not exist. That both internal muscles
are shortened, depends upon the habit of keeping the fixed object to
the side of the deviated eve, so that even in the non-deviated eve the
musculus rectus internus is brought into relatively strong contraction.
In this position the H of the non-deviated eye is best overcome. Also
when the strabismus has become constant, a comparatively stronger
tension of the internal recti muscles is connected with the fixing of an
object, . . . after tenotomy the increase of the convergence often again



appears very well marked in these cases on fixing an object.

In strabismus simplex the acuteness of vision suffers more and more
in the deviated eye. At first, on bringing the hand before the fixing
eye, the deviated eye directs itself properly to the object; even when
the hand is taken away, the originally deviated eye may continue to
fix, soon, however, usually when movement is required or even on the
first winking of the lids, giving way to the other. The acuteness of vision
in the deviated eye has then already diminished, but it continues still
for a considerable time satisfactory, may be recovered by practice, and
improves almost always immediately after tenotomy. After some time,
however, on closing the fixing eye, the deviated eye usually directs its
visual line no longer to the object. ... When this takes place, we may
infer, that... the acuteness of vision of the deviated eye is much
diminished, while, on the contrary, that of the indirect vision, on the
innermost part of the retina, in so far as it perceives objects, which
are not represented on the retina of the other eye, has continued un-
diminished. It is again Von Graefe, who has first accurately investigated
this loss of physiological sensibility through psychical exclusion. And
this 1s indeed a remarkable phenomenon! That through attention we
can sharpen our senses, is an admitted fact. How rapidly, on the other
hand, a nerve may become blunted, from whose impressions we wish
mentally to abstract ourselves, the case here described supplies an
example important for physiology at large. Although no organic
changes of the retina are to be observed, no improvement of any
importance is to be obtained, if fixing no longer occurs under any
circumstances, either by practice or by tenotomy. {333

But we must not too rapidly decide this point. There is a period in
which the deviated eye will not see large objects otherwise than indirect-
ly, and nevertheless, on using a convex glass, it will quickly look
directly. ... In this period we may by practice and by tenotomy
sometimes still attain a brilliant success.

A word still as to the practical application of what has been said.
I have alreday above stated, that so long as strabismus occurs only
intermittingly with fixing of an object, its development may be pre-
vented by wearing convex glasses, which neutralise the exising H. This
I first observed in a young man, who in his 18th year began for the
first time to squint in fixing. He had Hm=1/20. After he had worn
glasses of 1/20 for two days, he began to be no longer able, to
make one eye deviate.... By continuing to wear the spectacles,
the squint ceased to be produced, and the tendency to it was com-
pletely lost.

If the squint sets in very early in life, wearing spectacles is of course
attended with difficulties, and particularly when the patients are of the
female sex, they are unwilling to be condemned to wear glasses during
their whole life. In such cases I generally confine myself to advising them



to look twice daily for some minutes, with the deviating eye alone®,
which practice is sufficient to prevent the diminution of the acuteness
and the limitation of the field of vision: at a later period, when the
strabismus is confirmed, the operation of tenotomy is performed.
Where the patient preferred obviating the strabismus by wearing
spectacles, I willingly consented to it, and almost invariably the object
was thus attained. Mooren (1863, too, has recently stated that, where
a tolerably high degree of Hm existed, he has, in he first stage of
strabismus, with good result prescribed the use of convex glasses. In
comparatively great degrees of H the prevention of strabismus is, in
fact, more pa,rtn:ulallj,f desirable, because subsequently, even after
full tenotomy, the tendency ot stmhlsmus continues, and, 1n order to
prevent a relapse, the use of convex glasses, at least for close work, is
still necessary. Moreover, I have observed, that when hypermetropics
with already confirmed %trﬁblamus ﬂpccnlh after insufficient tenoto-
my, regular wear convex glasses, the degree of strabismus often dimin-
ishes so much, that the deformity is almost entirely removed.

If we now inquire whether the cause of strabismus was ever before sought in hyper-
metropia, this question may be answered in the negative, Indeed, this could scarcely
be otherwise. It is only a few vears since hypermetropia was properly understood ; and
the forms which are wholly or in great part latent, were overlooked, until I satished
mysell of their existence, and immediately began to perceive their relation to strabis-
mus. But to this conclusion, what had been observed and recorded by my pre-
decessors. in a certain degree contributed.

So I wished to take it up somewhat more fully, and to inquire in general, with what
anomalies of the eve the different forms of strabismus are connected. [t occurred
to me, that such an investigation might tend to clear up the pathogeny of strabismus.
The investigation required the statistical method. In a great number of squinters,
therefore, everything was determined for both eyes, which appeared possibly to be
the cause or the result of this anomaly, or to be capable of in any way explaining
its origin: sex, age, and ordinary occupation were noted; of each eye in particular
were determined the refractive condition, the range ol accommodation, the acuteness
of vision, the extent of the movements, these last in connexion with the variable or
unvariable angle of squinting; to these points were added the time and mode of
origin, the hereditary causes; finally, complications of various kinds and peculiar
disturbances in vision |.’11m1satmn of the field of vision, double vision, etc.). In this
inquiry, several of my pupils, and in particular Dr. Haffmans, ably and LEH'CIU.E]}‘
assisted me. The registers relating to this subject embrace 280 cases. [t is true that in
very many instances not all the determinations just mentioned were made, and the
accuracy of other cases leaves something to be desired : he who knows by experience,
how much time and trouble are necessary, especially in children, or in unintelligent
persons, satisfactorily to investigate both eyes with respect to their function, will very
casily understand this. But this will not prevent many a question respecting strabis-
mus from finding its answer in the facts collected. Here [ have been obliged to confine
myself chiefly to the pathogeny, and indeed, in particular to that of strabismus
CONVErgens.

*Mydriasis by atropia, of the eve which is usually properly directed immediately
causes the other to be used, and is therefore sometimes recommended in the case of
young squinting children, on whom it is undesirable as vet to operate.
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§ 25. Aphakia

The absence of the lens in the dioptric system of the eye is in many
respects an important condition. It must, therefore, be considered
strange, that writers had neglected to give it a name. I have proposed
to designate it by the term aphakia, and this word is beginning gradual-
ly to find acceptance.

Aphakia may be produced by different causes. It occurs most fre-
quently as the result of operation for cataract or of a wound, which
has given rise to gradual solution of the lens. When the lens has by
luxation or depression of cataract disappeared from the plane of the
pupil, though it may still be present in the eye, it no longer belongs to
the dioptric system, and we are therefore most fully justified, in speaking
of anomalies of refraction, in calling the condition, in this case also,
by the name aphakia. Luxation of the lens is usually the result of a
wound. Very remarkable cases of spontaneous luxation of the lens are
communicated by Bowman. In the writings of Von Graefe I have seen
it mentioned that he has observed congenital aphakia in many members
of the same family. Such cases have not occurred to me. Partial luxa-
tion of the lens, causing the equator of the lens to correspond to the
plane of the pupil, is, on the contrary, very frequently met with, and is
not uncommonly found in several children of the same parents. This
state cannot, however, be considered as aphakia; it belongs rather to
irregular astigmatism,

In the condition of aphakia the eye is the simplest imaginable
dioptric system. In consequence of the slight thickness, in fact, and the
nearly equally curved surfaces of the cornea, we may safely neglect the
slight difference in the coefficient of refraction between the cornea and
the aqueous humour, and therefore suppose that the agueous humour
extends to the anterior surface of the cornea; and as, moreover, the
coefficients of refraction of the vitreous and aqueous humours are equal,
we have in the aphakial eye only one refracting surface to take into
account; namely, the anterior surface of the cornea. The cornea is
not spherical, but somewhat ellipsoidal, and, in fact, with such eccen-
tricity, that the spherical aberration is partially removed. In the cal-
culation the radius in the apex must form the basis. In order to find
the cardinal points, we need know only the radius of the cornea and
the coefficient of refraction of the aqueous humour. Now as the coefficient
we have, with Helmholtz, assumed 1-3365; as the radius of curvature, in
the apex of the cornea, we may, according to our measurements,
take as the average 7:7 mm. We thus obtain the subjoined system.

F'=hy' (=77: (13365 — 1) =22-88.

F'=he " (=77 1:3365: (1-3365 — 1) =30°58.

hi'=F"—F' =77,

Experience has shown, that in the majority of cases glasses are
required of from 1:3 to 1: 35, placed at 6" from the eye. This




corresponds to a length of the visual axis of from 22-g to 23-9. This
length coincides nearly with that of the emmetropic eye. But if the eye
was myopic before the development of cataract, weaker glasses are,
after the operation, sufficient. A case even occurred to me, in which
the accuracy of vision of distant objects was incapable of improvement
by either positive or negative glasses. In this instance the visual axis
of the eye, emmetropic with aphakia, had actually a length of rather
more than 30 mm., and we may assume that so long as the crystalline
lens was still present, myopia of about 1/3 had existed. In a second case,
... in a man, aged 73, glasses of 1/8 were sufficient. In this instance
there must have existed, before the occurrence of the cataract, a myopia
of rather more than 1/5, which had now given way to H=1: 7-5. The
patient now declares that he can see without spectacles better at a
distance than he could in his youth before the occurrence of the cat-
aract; as the pupil is now smaller than it formerly was, this is not
surprising,

It is a very common case, that for seeing at a distance in aphakia,
glasses of 1/6 or 1[5 are sufficient, which, when the form of the cornea
is normal, proves that the visual axis 1s longer than usual. Now, in all
these cases myn%:-ia has previously existed, and the connexion between
M and length of the visual axis is thus in aphakia most clearly brought
to light. Especially in cases of congenital cataract have I been able to
satisfy myself of this. It has appeared to me that this condition is usually
connected with a myopic structure of the eye. We know that under
these circumstances not the entire crystalline lens is obscured, or
rather, that ordinarily only some lamina are obscured, while the nu-
cleus, and especially the peripheric layers, are transparent. Now, if the
transparency of these last is tolerably perfect, vision often becomes
pretty good on artificial mydriasis. It 1s then only rarely that positive
glasses are required for reading, etc., notwithstanding that the power of
accommodation is removed. The degree of the myopia is now also still
easily determined. In connexion with this M we shall find, that when
the operation has become necessary, and the lens is removed, glasses
of from 1/4 to 1/6 are in these cases usually sufficient for seeing at a
distance. Sometimes I have had the opportunity of determining, in the
same eye, the degree of M before, and that of H after the operation.
That from the above observations the focal distance of the original
crystalline lens, in a given position, may be calculated, the reader will,
no doubt, have already understood. I hope to do this hereafter for a
greater number of cases.

Original H, too, makes its influence felt where aphakia has super-
vened. In one case even of congenital cataract, H was found after
operation in the right eye=1: 2-44, in the left 1 : 2:43. These eyes were
evidently rather small (approaching to microphthalmos), without
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particularly marked curvature of the cornea, and the hypermetropic
structure was in them not to be mistaken. Moreover it is in general
rare in aphakia to find H = 1: 2:5. Where I met with H=1: 2-4 or
1 =23, 1 could during life, the eye being strongly turned inwards,
very well satisfy myself that the visual axis was shorter than normal,
and calculation, after measuring the radius of curvature of the cornea,
gave the same result.

The existence of aphakia is, at the first glance, not very easily re-
cognised. Often the anterior chamber of the eye is deep, and we find
a certain degree of iridodenosis: but none of these phenomena are
characteristic. The search for the reflected images of Purkinje is decisive :
the two reflected images of the lens are absent. Moreover, the sectors
and the direction of the fibres of the crystalline lens are easily seen on
lateral illumination with light concentrated by a lens, particularly
with the aid of a magnifving glass, as Helmholtz first remarked : where
these are wanting, we may infer the existence of aphakia. Finally, the
degree of H, whether established by experiments with convex glasses,
or by ophthalmoscopy, in connexion with the form of the eye, cannot
deceive us. When after a blow or knock upon the eye the power of
vision has suddenly diminished, without very manifest disturbances in
the organ, we should specially bear in mind the possibility of the lens
having disappeared from the plane of the pupil, in consequence of
luxation, and we should satisfy ourselves upon this point in the manner
above described.

The acuteness of vision is in aphakia usually imperfect. The cause

of this is almost always to be sought in turbidity of the surface of the
pupil. Even after the most successful operations for cataract, where on
inspection the pupil appears completely black, we shall, on examina-
tion with the ophthalmoscope, and especially with concentrated inci-
dent light, usually find some turbidity, depending chiefly on a slight
deposit on the inner surface of the capsule of the lens. In consequence
of this a portion of the light becomes diffused, and diminishes the
sharpness of the retinal images. Slight as this turbidity may be, it has
great influence, as appears from the fact that when even only a small
part of the plane of the pupil is perfectly clear, vision immediately
becomes comparatively very good.
A change in the curvature of the cornea, which gives rise to tolerable
regular astigmatism, is, after extraction, not unfrequently the cause of
diminished S. This may, as will hereafter appear, be in great part
corrected by a certain inclination of the glasses.

That, on account of the high degree of H, without convex glasses
the power of vision in aphakia leaves much to be desired, needs no
proof. Vision will be the more imperfect, the larger the pupil is. . . .
But even with the use of glasses a large pupil has considerable disad-
vantages. The power of accommeodation is, in fact, in aphakia comple-

s Sale.
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tely removed, and a glass, therefore, gives a distinct image only for a
definite distance. All points, which are either more or less remote
from the eye, are now of course seen with circles of diffusion which are
larger, the larger the pupil is. With a narrow pupil the smallness of the
circles of diffusion even of objects, for whose distance the eye is not
accommodated, might lead one to suppose, as has often happf-ncd
that the power ‘of accommodation in aphakia is not removed. It is on
account of the great advantages for vision of a small pupil in aphakia,
that we cannot consider the performance of iridectomy, especially
inferiorly, in the operation for cataract, as an indifferent matter. . ..
That iridectomy . . . much diminishes the dangers of the operation, is
fully established. For many years I have observed this. For this reason
I have, when there is a tendency to prolapse, or when a portion of the
iris has suffered much, advised the performance of iridectomy. . . . But
this iridectomy is performed superiorly. In this case the part which has
suffered excision is almost completely covered by the upper eyelid,
and the circles of diffusion therefore do not become greater.
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In order to prescribe the most suitable glasses in aphakia, we begin
by determining what glasses are required for distance: the best object
for this purpose is a point of light. We now easily calculate from the
result obtained, what focal distance is necessary for near objects,

But the questmn is then, whether we shall have at our command a lens
of the calculated focal distance. The object may, however, in case of
any difficulty upon that point, be attained, as shall herealter appear,
by modifying the distance of the lens from the eye.

With respect to the choice of glasses in aphakia, we should not forget,
that, especially in old people, completely as the operation may have
succecded the power, of vision is seldom perfectly acute, and that,
cansequcntl}r, in order to read, the point of distinct vision must be
brought rather near the eye. Not unfrequently this distance may amount
to not more than 6”.
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In the above theory and calculation, we have assumed thatin aphakia
the power of accommodation does not exist. It is an important question
whether we are justified in doing so. For if it can be proved that in
aphakia no trace of accommodative power remains, the inference would
seem to be legitimate that this power depends exclusively upon a
change of form in the lens. Hitherto this question has not been rigidly
investigated. It is true that Thomas Young had already in some cases
of aphakia examined the eye with reference to its accommodative power;
but the eyes at his disposal were not particularly well adapted for the
purpose, and he moreover thought the result only tolerably satisfactory



in proving the absence of the accommodating power. Von Graefe, on
the contrary, found that some accommodating power remained. He
remarks, however, that those who made the most accurate, and, on
repeated investigation, the most uniform, statements, had the least
range. Whatever else we find here and there noted respecting the
occurrence of considerable range of accommodation in aphakia, proves
only that the writers had no idea of the degree of distinctness of vision,
even in imperfect accommodation.

My investigations have led me lo the conviction, that in aphakia not the

slightest trace of accommodative power remains.
A voung person, of perfect, indeed of extraordinary, acuteness of
vision, who was himself interested in the investigation, had suffered
from congenital cataract, and had been operated on by me in both
eyes with the most complete success. With glasses of 1/3, placed at 5
from the eye, he saw, at a great distance, a point of light sufficiently
round and perfectly defined. A sight was placed in the direction between
one of the eyes and the point of light, and when he now looked with
converging visual lines towards the sight, the point of light remained
unchanged or became somewhat smaller and sharper, without
changing its form. If the lens was removed only 1/4"" more or less from
the eye, the distant point of light had ceased to be a defined, round
point, and was elongated in one direction, to the form of a line; now
even with the most powerful exertion, and convergence in the point
of the sight, the line of light became only somewhat shorter, without
however, a point making its appearance. This shortening, as well as the
diminution of the acutely seen point, depended upon narrowing of
the pupil, which was, indeed, directly observed. The experiment was
repeated separately for each eye, with a like result. Behind the black
plate, which in the trial was placed before the one eye, the turning of
this eye, in looking towards the sight and towards the remote point
of light, could be observed. The force of the experiment, therefore,
leaves nothing to be desired. No accommodation whatever existed.
Nevertheless in this case also a small margin of distinct vision was, on
examination with the optometer, observed,—a proof that we cannot
thence infer the existence of accommodative power.

In a second similar case, that of an intelligent young man, the total
absence of accommodative power was in like manner proved. In this
instance it was, moreover, established, that when a point of light was
acutely seen at a distance, through a given lens, the addition of a lens
of...1/300 or of — 1/300 (a combination of 1/50 with — 1/60 of or
1/60 with—1/50) produced an evident change of form in the image of
light,while on varying the convergence and endeavouring to accommo-
date, no change whatever took place. The range of accommodation
therefore amounts, in aphakia certainly to less than 1 /300, and may
therefore be considerd =o. It may well surprise us, that v. Jaeger, who
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is aware of these investigations, still speaks of accommodation in
aphakia.

The complete want of accommodative power may readily mislead
to the idea, that in aphakia glass-::s of different focus are necessary
for each distance. Fortunately this is not the case. An accommodative
power remains, the mechanism of which is extremely simple. The
drawback is, that the hand must in it perform the active part. The
power of accommodation to which I have alluded, consists in the
alteration of the distance between the glass and the eye.

I teach all sufferers from aphakia to accommodate in this manner.

If glasses of 1: 3, placed at half-an-inch from the eye, are necessary
for distant vision, then, on removing the glasses to 1", the pﬂint Df'
distinct vision lies at 22", on removing them to 115" it llcs at 131",
and some people then read exceedingly well.

Notwithstanding this artificial power of accommodation, it is in
general advisable in aphakia to give two spectacles, one for distant,
the other for close vision. Each pair of spectacles can then take on
itself a part of the desired region of accommodation, and the necessary
displacement may now be very slight. . ..

If, with good power of vision, aphakia exists in both eyes, we must
carefully attend to the mutual distance of the axes of the two glasses.
The greatest care is then required, in order, under different circum-
stances, to guard against double vision.

- - . . . - - . - - - - " " . - - - . - -

Finally, in altered curvature of the cornea, which is seen especially
after prolapsus iridis in extraction, an oblique position of the glass is
required, of which I shall speak more fully in treating of astigmatism,

A word, in conclusion, on examination with the ophthalmoscope in
aphakia. . . . If the rays, in order to come to a focus on the retina, must
converge in a point situated 3" behind the cornea, the rays proceeding
in a diverging direction from the retina will appear, after having been
refracted on the anterior surface of the cornea, to proceed from a point
situated 3" behind the cornea. With myopia of nearly 1 : 3, therefore,
the observer can still examine the retina in the unreversed image. We
understand, moreover, that in order to see the fundus accurately in
aphakia in an ordinary eye, an emmetropic eye must either remove,
OE‘ accommodate strongly for near objects, or make use of positive
glasses.

- " s = = Ll s s s E Cl - s = s & L] ® s s s & ® ® s & & *

Naote to Chapler VI

In the writings of the eighteenth century I have sought in vain for proofs that H was
observed and r-:.mgmscﬁ as such, or that the existence of this anomaly of refraction
was even suspected. It is not until 1811 that we find a case communicated by Wells
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It relates to his own eyes. At the age of 55 he remarked, that his presbyopia was
attributable to loss (diminution) of accommeodation, and that he required even glass-
es of 36 inches positive focal distance, in order to see acutely af a distance. Thjs obser-
vation did not escape the learned Mackenzie (1830). *‘Although the eve’, we read,
‘after middle life, loses the power of distinguishing near objects with correctness, it
generally retains the sight of those that are distant. Instances, however, are not
wanting of persons of advanced age requiring the aid of convex glas-sts to enable them
to see distant, as well as near objects’. As he, in addition, quotes the case of Wells, it
follows from the above, that he considers the occurrence of the condition in question
at a more advanced ])r:riud of life as not unusual, and Wells himself was of the same
opinion.

The cases here spoken of have, however, reference only to hypermetropia acqui-
sita. If no other form occurred, h}-I:I("TleTUPId would not be of any great importance.
It would then really be coextensive with presbyopia, and we should have been able
to concur in the use of the term Ryperpresbyopia, which Stellwag von Carion, starting
from such cases, has given in general to those eves in which the focus lies hl!_‘.'hlﬂd the
retina.

On the 19th November, 1812, James Ware read before the Roval Society his
Observations relative to the near and distant sight of different persons. After having spoken of
the senile changes of the eye, and having, in conclusion, quoted Wells' case of
relative hypermetropia acquisita, he adds the following remarkable words: “There
are also instances of young persons, who have so disproportionate a convexity of the
cornea or crystalline, or of both, to the distance of these parts from the retina, that a
glass of considerable convexity is required to enable them to see distinctly, not only
near objecis, but also those that are distant; and it 1s remarkable, that the same glass
will enable many such persons to see both near and distant objects; thus proving that
the defect in their sight is occasioned solely by too small a convexity in one of the
parts above-mentioned, and that it does not influence the power by which their l'.‘.[:;[:l?&
are adapted to see at distances variously remote. In this respect such persons dilfer
from those who had the crystalline humour removed by an operation; sinde the latter
always require a glass to enable them to discern distant objects, different from that
which they use to see those that are near’. In these few words James Ware entitles
himself to be called the discoverer of hypermetropia. . . . But not perceiving the great
bearing of his discovery, Ware confines himsell to this brief communication, which
was either overlooked or not mmprthendtd Even Mackenzie speaking of it in con-
nexion with presbyopia can say only: “The cases related by Mr. Ware, as occurring
in young ptm:-ns, seem to partake more of the character of asthenopia than of
presbyopia’. .

With Ware our knowledge of H was lost. We next meet with Sichel, whose
doctrines have long exercised a great influence. Cases of an anomaly of such general
occurrence could not escape so excellent an observer. As ‘une espéce d’amblyopie
congénitale compliquée de presbytie et prise d’ordinaire pour un trés-haut degré de
myopie’, to which he gives the name of amblyopie presbytique congénilale, he sketches a
distinct picture of high degrees of hvpermetropia. The nature of the affection he did
not, however, comprehend. He states, indeed, that . . ., improvement is obtained by
CONVex glasscs . 'but he was far from believing that they really required these. ‘]]
serait dangereux “toutefois’ . he savs, ‘de les leur accorder trop t6t, oude permettre qu’
ils usent des verres trop pumants mieux vaut les en priver le plus !'-:mg.'fmﬁs possible’ —If
hypermetropics, who had already worn convex spectacles, resorted to him, he did
not hesitate to declare that the use of the glasses was the cause why they could not
distinguish without such assistance, and already saw a dangerous amblyopia looming
in the distance. He therelore untDﬂdltlﬂl‘lﬂH}" forbad the use of positive glasses for
remote objects. This he did even in the case of old persons. Nay, he blames Mackenzie
in this respect, who nevertheless certainly did not go too far. In this singular prejudice
against the use of positive glasses is contained the proof, that the nature of the devia-
tion remained a mystery to Sichel.
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He who knows by experience how commeonly H occurs, how necessary a knowledge
of it is to the correct diagnosis of the various defects of the eye, and how deeply it
affects the whole treatment of the oculist, will come to the sad conviction that an
incredible number of patients have been tormented with all sorts of remedies, and
have been given over to painful anxiety, who would have found immediate relief
and deliverance in suitable spectacles. We may therefore look upon it as truly fortu-
nate, that many had recourse simply to ordinary empirics, so-called opticians, who
endeavour to give men those spectacles which render their vision persistently easier.
Sichel’s lamentation over the number of patients who had got convex spectacles for
distant vision, satisfactorily proves that the opticians knew very well, that in some
eyes distant vision is improved by convex glasses. And still every day almost the same
thing occurs.

At length in 1853, we find hypermetropia, for the first time, described in a scientific
manual. Ruete, I?fhrbz.rch der Ophthalmologie fiir Aerzte und Studierende) in the following
words, under the name of oversightedness (Uebersichtigkeit): *Oversightedness is the
condition in which, on account of a peculiar, and as yet not sufficiently investigated,
construction of the refracting media of the eye, neither near nor distant objects are
distinctly seen. The eye appears in it to suffer from a total want of accommodating
power, and to possess but a very slight refractive power. This defect of sight is in
general congenital, or is at least developed in very early youth. Vision is considerably
improved by the use of convex spectacles, whose focal distance must, however, vary
according to the distance of the objects, so that those suffering from this defect are
able even to read’. The description still leaves much to be desired. . . ; moreover, it is
incorrectly supposed, that the power of accommodation is in these eyes almost wholly
wanting. But still in these few words lies the germ of further investigation, and we
thus see here also, as in many other points in ophthalmology, the impulse given by
Ruete to our knowledge.

Two years later, namely on the 12th of April, 1855, Dr. Carl Stellwag von Carion
laid before the Imperial Academy of Sciences at Vienna, a detailed essay entitled :
die Accommodationsfehler des Auges. In it we find a correct definition in the following
words: ‘the optical essence of oversightedness lies in this, that the focal range of the
dioptric apparatus in perfect rest of the accommodating muscle is greater, than the
distance of the layer of rods and bulbs from the optical centre of the refracting media.’
Stellwag too has the merit of having satisfactorily indicated the method of determining
r in cases of H. Slight degrees of H he appears, however, scarcely to have recognised,
the latent not at all; and on the whole, as the very name of hyperpresbyopia used
by him shows, he has not strictly enough distinguished hypermetropia from pres-
byopia.

Only a few months after Stellwag von Carion had brought forward his investiga-
tions on defects of accommodation of the eye, we find in the Archiv fiir Ophthalmologie
a paper by Von Graefe, under the title of ‘Ueber Myopia in distans, nebst Betrach-
tungen iiber das Sehen jenseits der Grenzen unserer Accommodation’, in which
occurs a masterly description of the highest degrees of hypermetropia. Stellwag von
Carion had observed, that ‘the oversighted person’ , in order to recognise an obiect,
brings it very close to the eye, and singularly enough, he seems to imagine that it then
appears more illuminated. Von Graefe has remarked the same, but has also, in part
at least, indicated the cause, by proving mathematically, that in the hypermetropic
eve, on approaching the objects, the angle under which they appear increases more
rapidly than the circles of diffusion, and by imitating the effect on the eye made
hypermetropic by negative glasses. He shows further, that this hypermetropic eye
is clearly distinguishable in structure from the myopic eye, by the flatness of its ante-
rior chamber and by the narrowness of the pupil; but he has not, any more than
Stellwag von Carion, properly recognised and appreciated the slight and moderate
degrees of hypermetropia.

In my first communication (1858), and likewise in the dissertation by MacGillavry
(1858), soon after written under my superintendence, the condition under considera-



tion was indeed accurately distinguished from presbyopia, but the division into
anomalies of refraction and of accommodation, and the opposition of myopia and
hypermetropia, were not yet apparent. It was at the meeting held at Heidelb
1859, that 1 first showed, among other things, that presbyopia and the swa!led
hyperpresbynpla are, both in essence and in symptoms wholly different conditions,
that the latter alone is opposed to M, that an eye may be even very hyperpresbyopic
without being in the least aflected with presbyopia etc., [ argued that, consequently,
the name of hyperpresbyopia must be set aside, and Hcimhultz who was at the
meeting, immediately proposed the term h}rpcmpia This coincided with the word
‘oversightedness’ (Llebersichtigheit) first used by Ruete, and quickly found acceptance
with some. On more fully working out my system, I thought, however, that the term
hypermetropia would be more in accordance with the nomenclature 1 had already
employed in the words ametropia and emmetropia, and this name has since that
time been most generally adopted.

My investigations respecting H are to be found in Ametropie en hare gevolgen, Utrecht,
1860, and in the Archiv fiir Ophthalmologie.




CHAPTER VII
Myoria, M.

§ 26. Dioptric Determination, Diagnosis, Degrees, Occurrence, Hereditariness,
Deuvelopment with Advancing Age

Myopia we have already considered as the condition opposed to H.
In the latter, the focus of the dioptric system lies behind, in M, on the
contrary, it lies in front of the retina; in other words parallel rays,
derived from infinitely remote objects, unite in the myopic eye in front
of the retina in ¢', and each infinitely remote point therefore forms
upon the retina a circle of diffusion. Hence it follows, that, in order to
unite upon the retina rays must proceed from a point r situated at a
finite distance, and must therefore fall diverging upon the cornea.

The above is true of the eye in a state of rest. By tension of accommo-
dation the emmetropic eye, and usually even the hypermetropic, can
bring its focus for parallel rays in front of the retina; but it does not
therefore become myopic. Even when by spasm of accommodation
relaxation to E is not possible, the eye cannot be said to be myopic.
M depends, just like H, on the structure of the eye, irrespectively of
accommodation, or rather with actual relaxation.

In general M is easily recognised.

Almost always the myopic presents himself before us with the statement,
that he can see near objects well, while he with difficulty distinguishes
at a distance, and if we then place in his hand a book with small type,
. .. the distance which he chooses itself indicates about the farthest
point. We now, however, make him remove the book farther off, until
he reads less easily and sees even somewhat larger letters less acutely,
and we estimate the distance at which this diminution of acuteness
commences. If this be 6", we try at first glasses of — 1/6; if it is 10",
glasses of — 1/10, &c.

We now investigate immediately and more accurately the degree
of M; in other words, we determine R, the distance from r to &'. This
is found by trying, what the weakest negative glass is, with which vision
1s as acute as possible. In order quickly to attain this object, we place
the glasses supposed to be suitable in a frame, . . . and now hold, while
we raise the frame somewhat with the fingers, glasses before the eye,
which are somewhat weaker, and ask whether with them vision is as
good or even better: if he answers yes, we then place these in the frame,
and compare them, in like manner, again with somewhat weaker
glasses, repeating the trial until we receive for answer, that vision is not
so acute with the glasses last tried. But we should even still try yet
weaker glasses, and not be satisfied until we are told that vision is with
them much less acute : experience has in fact taught me, that we cannot



be too cautious; for with good accommodation the action of too strong
glasses 1s easily enough overcome, and since with slight differences in
strength the sight remains nearly the same, this equality may lead to its
being said that the vision is less accurate. Thus I have with M=1/16
seen — 1/8 preferred to — 1/g or — 1/10, although — 1/16 finally
proved to be sufficient.—Not unfrequently, however, the glasses first
tried are too weak, in which case, on comparison, the weaker are
immediately rejected. This we find to occur especially with older
myopes, who prefer reading at a comparatively great distance; while
very young, and still in the possession of a great power of accommoda-
tion, they readily bring the object within the distance of their farthest
point, and so, on the first trial, they cause a higher degree of M to be
suspected. If we have now found that, in order to attain the greater
acuteness of vision, a stronger glass is necessary, we go on until further
strengthening no longer produces an improvement, and we then try
once more, whether a somewhat weaker glass is not equally satisfactory.
Thus the object 1s at length attained.

We have already observed, that the distance at which the glass is held
from the eye, has an influence upon its action. While a convex glass,
by removal from the eye, acts more and more strongly, the reverse
obtains with regard to concave glasses. The thing is plain: parallel
rays, refracted by a concave glass, appear to proceed from a point
placed as far before the glass, as the focal distance amounts to, and that
point lies still so much farther from the eye, as the distance between
the eye and the glass. Thus a glass of — 1/8, held an inch farther from
the eye, is equal to a glass of — 1/g, but with this difference, that the
images are smaller: therefore — 1/g, if held an inch closer to the eye,
is chosen. Now, of the influence of distance on the action of glasses,
we may often advantageously make use, in order to see quickly
whether the glass tried is too strong or too weak. If it is too strong, re-
moving it a little is no disadvantage ; if it is too weak, the patientwill hold
it rather directly to the eye. However we must not be too sure on this
point. Thus, the myope who has a good accommodating power, will
hold even a too strong glass by preference close to the eye, because the
retinal images are thus rendered larger. Therefore when vision is equal-
ly good or even better on the removal of the glass, we may infer that the
latter is too strong, not vice versd. In any case we should never be
satisfied, until we have determined what is the weakest glass which, held
close before the eve, is quite sufficient. By this the degree of M, and at
the same time the acuteness of vision are known. The investigation
may in general be undertaken with both eyes at the same time: almost
invariably the M is sufficiently nearly equal in the two eyes, and what
has been found for both eyes, may in a moment be tested for each eye
separately. But if we have reason to suspect, a priori, inequality of the
M in two eyes, or if we obtain confused answers to the first tests of vision,
we may first try the one eye and afterwards compare the other. We




should always begin with the eye which the patient himself calls the
best, the other should be gently closed with the hand.

Von Graefe has lately (1863). had an optical instrument made, which,
by a simple mechanism, can be so modified in its action as to represent
lenses of very different focal distances. It may now, held before the eye,
be so arranged that the ametropia is precisely corrected, and thus the
tedious determination with different glasses may be dispensed with.
Von Graefe praises it very much. I am sorry that I have not yet been
able to try it. It appears to me that the influence on the magnitude of
the images must give rise to some disturbance in the determination.
In using this instrument, each eye is separately investigated.

Many will possibly find the above directions tedious and too minute.
And yet they are in many respects incomplete; so that, at the risk of
incurring the displeasure of my readers, I will take leave to point out
some additional sources of error. Let it be borne in mind that an in-
correct determination of the degree of M may highly endanger the
eyes.

In the first place some think, although they are not nearsighted, that they see
distant objects more accurately with concave glasses: the smaller dimensions
of letters and of other forms appear to them so flattering and agrecable,
that they feel bound to boast of their distinctness. Therefore we should
never be content with the declaration: ‘I see better’; but we should
satisty ourselves of its correctness, by making the patient name the
letters.

In some cases objects are really better distinguished by using concave glasses,
although the eye is free from M. We meet with this especially in misty
opacities of the cornea, when the narrower pupil, which is the result
of the tension of accommodation made necessary by the concave glass,
diminishes the diffused light. Particularly when the turbidity is local,
and is so situated that it disturbs direct vision only when the pupil is
dilated, constricting the pupil by using a concave glass, produces a very
considerable improvement of the power of vision. ...—Further, one
should beware of mistaking spasm of the ciliary muscle. . .. for M.
In speaking of the disturbances of accommodation, I shall revert to
this subject. Here it may suffice to state, that the sudden occurrence
of the disturbance, in connexion with other phenomena (especially
myosis), will lead us to suspect the existence of spasm, which 1s easily
tested by paralysis by atropia. We shall further see, in the disturbances
proceeding from high degrees of M, that a certain measure of spasm is
not unfrequently combined therewith, and makes the degree of M be
too highly estimated.

On the other hand, actually existing M s not always indicated on ordinary
tnvestigation. This depends upon different causes. In the first place,
diminished S is to be noted. If, as we have already seen, without the
presence of H, a convex glass is sometimes chosen for distance, because
the advantage of magnifying the images may counterbalance the dis-
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advantage of diminished acuteness, a concave glass, which diminishes
the size and adds little to the distinctness, will, under similar circum-
stances, where M exists, be rejected. Always too, in the highest degrees
of M, a too weak glass is preferred above a completely compensating
one, and often vision is better with it: the cause of this lies partly in the
diminished S, partly in the fact, that the circles of diffusion prove
particularly small in relation to the degree of the M still remaining
with imperfect correction. In the second place, a smaller pupil is to be
noted. The smaller the latter is, the less disturbance do the circles of
diffusion cause in imperfect accommodation. ... We should take par-
ticular care that in trying the glasses the eyelids be not squeezed to-
gether, as myopes are accustomed to do, and the circles of diffusion be
so diminished,

Next to the examination with glasses is that with the ophthalmo-
scope.. . .

It is desirable systematically to carry out the ophthalmoscopic
investigation for each eye. The emmetropic individual should com-
bine with this ophthalmoscope a glass of 1/10, should look 10° or
15° to the outside of the visual axis directed on a given point, beginning
at the distance of 10", and should gradually approach, so as consecutive-
ly to see the cornea, pupil, lens, and vitreous humour; he should, in
the investigation of the lens, especially make the patient look for a
moment downwards (where the opacity usually begins) ; in the exami-
nation of the vitreous humour he should make him move the eye in
different directions, and then suddenly stop at the originally fixed
point (so as to see floating flakes); he should again remove, in order,
with the interposition of a convex lens, to look into the inverted image;
he should then begin again in the original direction, so as to see the
entrance of the optic nerve; subsequently he should make him move
slowly in different directions, and should look from different points,
in order consecutively to pass through the whole fundus oculi; above
all, he should not neglect for a moment to make him fix the light in the
mirror (in order to judge of the macula lutea); and finally, he should
examine, if there is indication for it or if strong magnitying be desired,
with a weak object-lens in the inverted image and with the requisite
glasses in the unreversed, or employ the method of Liebreich.

The ophthalmoscopic investigation yields essential service in the de-
termination of the degree of myopia: 1°, when the eye is blind, and the
nature of the morbid process may be connected with its structure.
Helmholtz (1851) determined the M in such a case; it has often
occurred to me to be able to give a favourable prognosis for the second
eve, because the ophthalmoscope showed me, that the lost eye had
been highly myopic. 2°, when, with diminished S, the ophthalmoscope
is first used, which now directly gives us tolerably accurate information
respecting the existing ametropia: at the first glance into the eye from
a certain distance it is evident in strong M, that the inverted image




stands before the eye; 3°, when we wish to determine the degree of
M in indirect vision, or to establish the existence of locally exalted M,
through locally increased staphylomatous distention: in either case the
examination with glasses fails;—4°, where simulated or concealed M
is suspected; 5°, in children, from whom correct answers are not to be
expected.

The degree of M is, as we have already seen, expressed as M=1: R.
R is the distance from the farthest point r to the nodal point £’ in the
eye, situated about 1/4" behind the cornea. The position of r is found
by determining the glass, which neutralises the M : it lies so far in front
of this glass as the focal distance amounts to. If, for example, the re-
quired glass is = — 1/12, r lies 12" in front of the glass, and if the glass
stands 1/4" before the eye, and therefore 1/4"+1/4"=1/2 in front of
k', r lies 12 1/2" from &', and consequently R is=12-5 and M=1:125
(compare p. 27). We now understand distinctly, that the distance r
(that from the glass to k") signifies little when the glass is weak: ...
But 1/2” difference in distance acquires much importance, when strong
glasses are in question; for example, glasses of — 1/2, which may then
act as glasses of — 1/2-5.

The strongest concave glasses to be met with in spectacle boxes, are
of — 1/2. With these we can at most neutralise M=1:2 1/3. Now,
not unfrequently, still higher degrees of M occur, and in order to
determine these, we must place — 1/2 as spectacles before the eve,
and examine what glass must in addition be held in front of them, in
order to produce complete neutralisation. Let this second glass
=— 1/3, then both combined give — (1/241/3)=—1:1:2; and to
this we have still to add the distance x from the strongest glass to £,
so that, with x=1/2", M is, in the case supposed=1: 1-7. If great
accuracy 1s desired, we must, in the calculation, also take into account
the distance between the two glasses, and reckon, for example, 1/2,
placed at 1/4" before — 1/2, only as 1:3 1/4. We may then further,
with sufficient precision, measure the distance to &', that is x, from the
middle of the mass of the biconcave glass — 1/2.

M occurs in the most different degrees from E to M =1:1-3, probably
still higher. The highest degrees are, however, the rarest. For many
thousand eyes of myopic patients who have consulted me, the degree
of M has been noted. The following table thence calculated for one
thousand eyes, gives a synoptical view of the relative occurrences of the
different degrees.

At first, to begin with the highest degrees, for each 1/24 M less,
the number of cases increases. That the increase subsequently becomes
slower, and finally even gives place to diminution, depends solely
upon the fact that comparatively few of those affected with the slight
degrees apply to the oculist. Nevertheless, I have endeavoured, in
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connexion with other observations, ap-

Degree of the  Number proximatively to express the relative oc-
HEEE f:: @5 | currence of E and of the different de-
grees of M and H, among the Dutch

population in general (fig. 36). Along
g | the figure are given, from 1: o, above,
the degrees of M to M=1:1-3, and
4 beneath those of H to H=1:2 2/5,
being the highest degrees observed by
me. The lengths of the transverse lines

1h:o4—1:1 1)
15 24=—1:1 2/3

14:24=1:15/7

13:24=1:1 1113

markable how much in the registers of
8= my private patients (the more wealthy)
0 24=1;¢0 the M,—in those of my hospital patients,
———— ——— onthecontrary, the H predominates. Fe
be correct, I must say, that among those
in easy circumstances not much less H, but much more M occurs. That,
moreover, the inhabitants of towns suffer more from M than those of
the country is a matter of general observation. Ware (1812), upwards
of 50 years ago, directed his attention to this fact.

1:24=1:24

/
|
f 5 | correspond to the frequency of occur-
12:24=1:2 ) ~ rence in the adjoining degrees, with this
11:2g=1:22011 - exception, however, that the lines 2 and
z 16 a' next to 1/ e must be supposed to be
10: 24=1:2 2[5 ) ten times longer.
92gtE 2 als E From the figure it now appears, that
8:24=1:3 = in the slightest degrees H occurs more
E 49 frequently than M, while the contrary
7:24=1:33/7 . I obtains in the higher degrees: M=1/24
6:04=1:4 E : . is already more frequent than H=1[24.
! g3 | The highest degrees of both are so rare,
5:24=1:44/5 | | that they can be expressed only by a
: E 110 | point. From this figure it is very clear,
g h . that the emmetropic is the normal
{149
g ai— =il eyc. ...
; E 171 On the distribution of M, position in
| 2i24=1:12 bk society has a great influence. It is re-
!
)

Further, I believe that M is not equally prevalent in all countries.
It 1s CCI"LE_IHI}' more specially proper to cultivated nations. Furnari
(1860) tells us that among the Kabyles no myopes occur, and among
the States of Europe visited by me, I, both in general life and in the
cliniques, nowhere met with rf:la,tive]y so many myopes as in Germany.
It would be of great importance, to possess accurate statistics of the
ametropia occurring, at a given time, in a particular category of men,
especially, for example, among the students of a universtiy, in order
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to be able to compare them with the results of repeated investigations
at subsequent periods. Ifit were thus found—and 1 can scarcely doubt
that it would be so,—that the M is progressive in cultivated society,
this would be a very serious phenomenon, and we should cclrnestl}
think of means of arresting this progression. Not only is the myope not
in a condition to discharge all civil duties, not only is he limited in the
choice of his position in society, but in the higher degrees M leads to
disturbance of the power of vision, and threatens its subject with
incurable blindness.

The distribution of M, chiefly in the cultivated ranks, points directly
to its principal cause: tension of the eyes for near objects. Respecting

this fact there can be no doubt. But the explanation of it is not so evi-
dent.

*

Three factors may here come under observation: 1°, pressure of the



muscles on the eyeball in strong convergence of the visual axes; 2°, in-
creased pressure of the fluids, resulting from accumulation of blood in
the eyes in the stooping position; 3°, congestive processes in the fundus
oculi, which, leading to softening, even in the normal, but still more
under the increased pressure of the fluids of the eve, give rise to exten-
sion of the membranes. That in increased pressure the extension occurs
principally at the posterior pole, is explained by the want of support
from the muscles of the eye at that part. . . . Now in connexion with the
causes mentioned, the injurious effect of fine work is by imperfect
illumination, still more increased : for thus it 1s rendered necessary that
the work be brought closer to the eyes, and that consequently the
convergence be stronger, and the tendency to the stooping position of
the head, particularly in reading and writing, is also increased. To this
it is to be ascribed, that in schools, especially in boarding-schools,
where, by bad light the pupils read bad print in the evening, or write
with pale ink, the foundation of M is mainly laid, which, in fact, is
usually developed during these yvears. On the contrary, in watchmakers,
although they sit the whole day with a magnifying-glass in one eye, we
observe no development of M, undoubtedly because they fix their work
only with one eye, and therefore converge but little, and because they
usually avoid a very stooping position.

The same causes, which give rise to M, are still more favourable to
its further development. . . . The wellknown fact that myopes, with little
light, can recognise small objects, and especially the circumstance that
at an advanced period of life, they need no glasses to enable them to
see near objects, procuded almost general acceptance for the prejudice,
that nearsighted eyes are to be considered as particularly strong.
But the oculist has only too often been convinced by sad experience,
of the contrary. I have no hesitation in saying, that a near-sighted eye
is not a sound eye. . . . The characteristic of myopia . . . is a prolongation
of the visual axis, and the latter depends upon morbid extension of the
membranes. If this extension has attained to a certain degree, the
membranes are so attenuated, and the resistance is so diminished, that
the extension cannot remain stationary. In this progressive extension
progressive myopia is included, which is a true disease of the eye.

From what has here been said, it will easily be understood, that high
degrees of myopia are less likely to remain stationary than slight
degrees are; at a more advanced time of life they even continue to be
developed, with increasing atrophy of the membranes. In youth almost
every myopia is progressive; the increase is then often combined with
svmptoms of irritation. This is the critical period for the myopic eye:
if the myopia does not increase too much, it may become stationary,
and may even decrease in advanced age; if it is developed in a high
degree, it is subsequently difficult to set bounds to it. At this period,
therefore, the above-mentioned promoting causes should be especially
avoided. On this point I cannot lay sufficient stress. Every progressive




myopia is threatening with respect to the future. If it continues pro-
gressive, the eye will soon, with troublesome symptoms, become less
available, and not unfrequently at the age of 50 or bo, if not much ear-
lier, the power of vision is irrevocably lost, whether through separation
of the retina from the choroid, from effusion of blood, or from atrophy
and degeneration of the yellow spot. In a subsequent section I shall have
to treat of these sad results of M.

The number of myopes most accurately examined by me, amounts
to more than 2500. Each time the degree of the myopia was accurately
determined and noted. If after months or years the myope consulted
me again, the determination was repeated. 1 thus came to the convic-
tion, that almost always the myopia is somewhat progressive, that such
is the rule between the 15th and 25th years, and that the highest
degrees often exhibit the greatest increase. I have never in the periods
of youth or manhood proved diminution of the myopia, ... Even at
a more advanced time of life diminution of the degree of the myopia
seldom occurs. Undoubtedly in the near-sighted eye the dioptric system
undergoes the same change as in the normal, but when at the same time
the visual axis increases in length, ... this change is wholly or partially
compensated, and the myopia may even continue progressive at an
advanced time of life.—All this is the result of direct experience, which,
however, with respect to the same persons, extends only over some few
years. In order, therefore, to get a satisfactory idea of the course of the
myopia thmugh the whole of life, the recorded experience of many
patients must be made use of.

When in this manner the ordinary course of the farthest point, that
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is the degree of the myopia through all periods of life, had been ascer-
tained, it was not difficult to infer the course of the nearest point, as
has been done in figs. 36, 37 and 8. For this it was only necessary
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to know the range of accommodation proper to each time of life. With
respect to this, I have arrived at the conclusion, that in myopes it is
about equal to that of normal eyes. In very high degrees only it is less;




and here the whole eye, particularly the anterior f%:N)art, the m. ciharis
included, is extended, which may be noted as a suflicient cause thereof.
These observations are illustrated in the sketches of figs. 37, 38 and
39, the meaning of which, after what has been said respecting fig. 31,
needsno further explanation. They represent three categories of myopia,
in its course of development, as it mostly occurs. Fig. 37 1s a stationary,
Fig. 38 a temporarily progressive, fig. 39 a ﬁﬁmanent{r progressive myopia.
The course of the myopia is shown by the line 7 ', which represents the
farthest point. The range of accommodation, prop::‘r to each time of
life, is expressed by the distance between r " and p p'. I must allow
m}rself to make some observations respecting each of these categories.
Fig. g7 is called stationary myopia. Yet we see the myopia ascend
from 1/24 to 1/16. As I have above remarked, such ascent is, in the
years of development, to be considered as the rule. Consequently if
the ascent be not more remarkable, the myopia may, in contrast to the
progressive, be called stationary. In general the slight degrees belong
to this form. For this reason, a myopia of only 1/24 was chosen for

Fig. 37-

In thc mnst i"avc-urablL course nf thL my Dplﬂ 11: remains qum_ sta_tmndrj.r
during the period of manhood, and may, on the approach of old age,
even diminish a little, as the ﬁgurc shows. This, however, seems to
occur but very rarely. The generally received opinion, that with the
increase of years the degree of myopia usually diminishes, is an error,
based partly upon the incorrect idea, that the degree of the myopia is
determined by the nearest point, partly on the incontestable fact, that
vision at a great distance gradually becomes more distinct, which is,
however, to be attributed rather to the increasing constriction of the
pupil.

The temporarily progressive myopia is represented in fig. 38. In this
case the progression lies mostly between the 12th and 25th years. It is
fortunate when the myopia becomes stationary at least before the 3oth
year. In fig. 38 it ascends from the 13th to the 35th year from 1/8 to
1/5; from the 18th to the 22nd year the ascent is the most rapid. AftEr
that it here becomes stationary. But, in fact, it is only exceptionally
that, after having once attained this dcgr{tr, it becomes perfectly
stationary. High degrees of nearsightedness appear never to be con-
genital.

On the other hand, I have extremely rarely seennear-sightedness arise
after the 15th and never after the 20th year in eyes, which were previ-
ously normal. It is true it is often supposed by the patients that such
is the case, but thisis only because the primitive slight degree of myopia
was overlooked. In this primitive degree, trifling as it was, lay the germ
of the affection; the cumpiamts of various kinds are not made until the
myopia becomes progressive. ... The course represented in fig. 38



— 160 —-

is still to be considered comparatively favourable. It seldom becomes
in manhood completely stationary. . .. Often it continues to increase,
at least in some degree, and thus approaches to the

Permanently progressive myﬂpla r-:,prt'S{'ntcd in ﬁg 309. In the majority
of cases belonging to this category, the myopia is considerable even at
the age of 15 years. Therefore it is here assumed =1/6. It ascends most
rapidly to t,he 25th, indeed even to the 35th year, more slowly at a more
advanced period, incessantly, as it appears, but still often in jumps.
The line r v’ gives a view of this. It may ascend to 1 : 2 and more. The
worst is then to be feared. It is rare at 60 years of age to find a tolerably
useful eye, with myopia of 1 : 2 1/2 or even of 1 : 3. Diminution of such
degrees of myopia at an advanced time of life, is not to be thought of:
the influence of the increasing distention of the eye in the direction of
the visual axis, is never overcome, and is even not compensated by the
diminishing refraction of the lens.

From the progression of the M it follows, that the higher degrees
occur proportionately most frequently at a more advanced time of life.
How far very young children are affected by it, has not been accurately
mvestigated. A commencement in this direction was made by Ed.
v. Jaeger, who has also stated his intention of following the course of
the refraction in the same persons through their whole life. We wish
him for that purpose a long life and faithful patients. He should,
however, not have neglected the value of the method, followed by me,
of thrm‘ring some light on this subject.

I cannot, with any accuracy, give the proportion in which hereditary
cases occur; but this I may say, that where I found near-sightedness in
one or more of the children, and had an opportunity of examining
both parents, I only exceptionally saw M wholly wanting in both,
while, on the other hand, when one and equally when both parents
were myopic, the predisposition almost always passed on, at least to
some of the children. . .. Experience shows further, that where only a
trace of M is present in youth, it inevitably becomes further developed,
and that the greatest care leads to nothing more than limitation of the
degree.

In some families the M has attained a high degree, and the danger is
the greater, because, according to experience, the hereditary tendency
manifests itself the more certainly, the more the myopia has already
been transmitted through a number of generations, and has assumed
a typical character.

B 5 s & ® ® - = = . - - - . . . - - - - - -

§ 27. Resulls of the Ophthalmoscopic Investigation of the Myopic Eye
Since the ophthalmoscope has made the fundus oculi accessible to
examination during life, our idea of the anatomical basis of M has
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undergone a complete modification. Ophthalmoscopic investigation
has shown that, almost without exception, even in moderate degrees
of M, changes, especially in the chorioidea, are to be observed; and it
has now further been found, that these changes are the expression of
atrophy of the chorioidea, which, combined with atrophy of the
sclerotic, is, as well as the latter, dependent on a distention of the
posterior part of the eyeball. Myopia and staphyloma posticum have
thus become nearly synonymous.

Thousands of myopic eyes have been examined by me; of not less
than 700 do I possess more or less detailed drawings or sketches, of some
eyes more than one, with an interval of some years; and in every case
sex, age, degree of M, and in many instances accommodation, move-
ments of the eye, acuteness of vision, hereditariness and accessory
disturbances have been noted. From these observations . . . the follow-
ing description are in great part borrowed : much of the same is, how-
ever, already to be found in the writings of my predecessors. The prin-
cipal changes are: atrophy of the chorioidea, on the outside of the entrance of
the optic nerve, when highly developed, combined with change of form of
the nerve-surface, a straightened course of the vessels of the retina, incomplete
diffuse atrophy of the chorioidea in other places, and morbid changes in the region
of the yellow spot.

Of the changes the atrophic crescent on the outside of the nerve-
surface 1s the most common and the most characteristic. This 1s, the
time of life being equal, in general more fully developed the higher the
degree of M is, and for equal degrees of M it is more developed the
more advanced the age of the individualis. The subjoined table exhibits
the length of the axis of the atrophied part, in relation to the age and
the degree of M, deduced from observations on 1400 eyes.

LencTH oF THE Ax1E* oF THE ATRoPHIC CRESCENT IN MILLIMETRES WITH

M=

Age in M= M= M= K=
years 1fee to1f12| 1f12to1/6 | 1/6 to 1/4 1/4 to 1/3 1/3 to 1/2
|
10 to 30 020 mm 043 056 0" 74 1-25
30 to 50 030 0-70 097 136 1-68
50 to 8o 071 1-05 1-18 1-80 2:13

* The axis of the atrophic part was determined by measuring the sketches made of
700 cases of myopia. For actual magnitude the nerve-surface was used as a scale,
whose diameter was assumed=1-9 mm. In the annular and in the circular atrophy,
the extent on both sides of the nerve-surface was assumed as axis. Imperfect and
undefined atrophy are not included.
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Taking into account that the degree of the myopia also, at least in
most cases, increases, we may even infer that the atrophy increases with
age still more rapidly than the numbers belonging to the same column
indicate. Probably we approach the truth by reading off in the diagonal
direction, and thus assuming that, when the axis of the atrophy at
twenty years amounts to 0-20 mm., this at 40 years increases to o-70,
and at 65 to 1-18,

After the simple announcement of the facts, I shall now endeavour to
give a sketch of the development of the atrophy and of its concomitant
phenomena, as the ophthalmoscope reveals them in the myopic eye.

In a very young individual atrophy is, in moderate degrees of M,
very rarely to be observed. Hasner (1860) declares, however, that he
has scen it remarkably developed at four or five years of age, and
Ed. v. Jaeger has, from the examination of children in schools, even
come to the conclusion, that a particular form of atrophy, which some-
times led him to recognise one child as brother or sister of the other,
differing in each of the two eyes, may be hereditary. Even in nurslings
and new-born infants of myopic mothers, he saw the tendency to
atrophy of the same form. I too have seen, without particularly looking
for them, some cases of distinctly developed atrophy at the ages of five
and seven vyears.... There first appears either an irregular, small
projection, rich in pigment to the outside of the optic nerve, or a little
crescent, distinguished from the adjoining fundus by a brighter red
colour, its boundary being somewhat darker at the outside than the
contiguous fundus. In the first case the atrophy extends directly from
the margin of the nerve-surface, while the pigment, in a certain sense,
removes outwards, and a white strongly reflecting line, which soon
assumes the crescentic form, appears along the nerve-surface. In the
second case . ., .further development consist atfirst rather in the becoming
more perfect, than in the extension of the atrophy. Often, however,
we now see a second convex line of pigment arise at the outside of the
original crescent. While in adolescence myopia is gradually more and
more developed, there not unfrequently set in troublesome symptoms
of irritation, and on ophthalmoscopic examination we now often find
the most external boundary of the atrophy, as well as the nerve-surface
itself, in a congestive condition. If the myopia seems likely to attain
only a slight degree, there occur in adolescence but the first traces of
atrophy . . . But where myopia of 1/6 or 1/5 exists from the sixteenth to
the twentieth year, we find, almost without exception, a very decided,
almost perfect atrophy accurately defined under the form of a crescent,
whence it sometimes appears that precisely this part is more highly
concave than the rest of the fundus. The pigment-epithelium has
disappeared upon this surface, the chorio-capillaris seems to be no
longer present, the greater chorioideal vessels are slender, extended,
sometimes they have almost wholly disappeared, while only brownish-




grey spots still indicate the intervascular space.

Apparently, the boundary of the pigment is thus displaced outwards.
In so far as the membranes at the outside of the nerve-surface are
extended, this is really the case. But in addition we must, in explana-
tion of the process, assume that in the place where, at the inner boun-
dary of the hyperemia, in consequence ofextension ‘the atrophy begins,

the pigment is absorbed, and at the same time is more strongly formed
on the hyperemic line ext(‘ndmg outwards. In general the stronger
formation of pigment is due to hyperazmia of the chorioidea. Now, if
on the one hand, probably through a more rapid course of the mroplw

the absorption of the pigment is imperfect, and if black spots therefore
remain in the atrophic part, the hypereemia on the other, extends in
some points more outwards, and here gives rise to increase of pigment,
Thus it would appear too, that the spots of pigment existing at both
sides of the boundary of the atrophy may be explained. A real displace-
ment of'the pigment over the surface of the chorioidea . .. seems here
not to be admissible.— . .. We may remark, that in slight degrees the
form is never annular, and that the annular and circular forms are
to be expected when the crescent rapidly extends far around the nerve-
surface, most of all, when also at the opposite inside of the nerve-
surface a second smaller crescent is early formed.

The atrophied part is for a long time regular in form, and beyond it
scarcely any change is to be seen in the fundus oculi: at most it may
be observed, . .. that the chorioideal vessels are more separated, and
are in part more slender than usual. But after the five-and-thirtieth,
and particularly after the fortieth year, in high degrees of M, ... the
boundary line of the atrophy sometimes describes a more irregular
form, or atrophic spots have formed next the original ones, which by
the extension of both may subsequently coalesce. The most important
change beyond the seat of the original atrophy is the degeneration in
the region of the yellow spot, especially when it occupies the fovea
centralis. It is true this may occur at any age even in non-myopic eyes,

. but a particular morbid change, based upon extension and almph‘y
of the sclerotic and chorioidea, whereby the retina here also becomes
secondarily disturbed in its functmn is decidedly peculiar to high
degrees of myopia. As we know that the yellow spot often corresponds
to the apex of the staphyloma posticum, and that in high degrees the
atrophy of the sclerotic and chorioidea is here the strongest, this can
by no means surprise us. In the first place, there often arises, in M=1/4
or more, in advanced life, imperfect diffuse atrophy of the chorioidea,
in a belt passing from the outside of the atrophy through the vellow
spot, and recognisable by a dispmpﬂrtinnately white or yellow-dotted
grey, sometimes strongly reflecting almost glittering appearance, with
interspersed pigment; and where this occurs, the region of the vellow
spot never altogether escapes; but in addltmn at a comparatively less
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advanced age, the above-described local degeneration of the yellow
spot not unfrequently supervenes on the original atrophic crescent,
while the part situated between this and the yellow spot still deviates
but little from the normal. On one occasion I observed this in a patient
aged fifteen ; under thirty years of age it is, however, even in the highest
degrees of M, still rare ; after the thirtieth year it recurs with comparati-
ve frequency in myopia of 1/ or more, and at sixty the yellow spot,
and even the fovea centralis, have in M of 1/g, often, and in myopia
of 2 1/2 and 1/2, they have, I might almost say, always suffered. This
occurs both when the original atrophy is annular or circular, and
when it extends only to one side, sometimes even when the axis of
the atrophy is still short, and is not directed to the yellow spot.

The above-described changes of the nerve-surface are distinctly seen
only in comparatively high degrees of myopia, for example, higher
than 1/5, and in these degrees the straightened direction of the retinal
vessels, especially at the side of the atrophy, is not to be mistaken.

Other deviations, to which highly myopic eyes are liable, as effusion
of blood, detachment of the retina, glaucomatous degeneration of the
nerve-surface and opacity of the lens, are not constant and not suffi-
ciently peculiar to M, to justify their description here as the simple
results of a further development of M. More correctly might chorioiditis
disseminata, to be treated of in the following section, be referred to M.

Movable flocculi in the vitreous humour are, on the contrary, but
seldom absent in high degrees of M.

We have still, in conclusion, two important questions to treat of:
first, how far the atrophy, above described, is constant in myopia;
secondly, whether it occurs only in M, and is, therefore, characteristic
of the latter?

As I have already remarked, slight degrees of myopia may exist in

young persons without atrophy, but wether the myopia have remained
stationary, or have been further developed, in the fortieth year traces
of atrophy are usually no longer absent.
We are therefore justified in saying that myopia depends on a condition in
which the development of atrophy is included. In the following section it will
more fully appear that M may also exceptionally be produced by
some other cll:anges of form of the eyeball; but, singularly enough, in
those cases in which morbidly developed greater convexity of the
cornea contributed to the M, the atrophy peculiar to staphyloma
posticum is found only extremely rarely entirely absent,

As to the second question, we cannot consider the atrophy described
to be completely characteristic of M. We often see, at leastin mature age,
slight traces of atrophy at the outer margin of the nerve-surface, some-




times even an annular or circular atrophy, without M being present;
twice I have observed it even with certain degrees of H.... In the
second place, a peculiar form of atrophy not unfrequently occurs around
the nerve-surface in glaucoma. This is annular, and attains only a
moderate magnitude; evidently the chorioidea is here also atrophic,
which atrophy appears to me to be connected with the excavation of
the nerve-surface: probably in this case inflammation is also in opera-
tion.

Note to § 27

The ophthalmoscopic investigation of str u:mg]v m!..'upi-:, indix iduals in the non-inverted
image, for which the use of a highly negative eye- picce is necessary, requires a great
deal of practice. ... But for urdlnan cases, examination in the inverted image is
quite sufficient. Without the use of an ub]t:t,t-gl.ﬂa. the inverted image of the fundus
oculi stands before the myopic eye, at the distance for which the latter is accommo-
dated. ... But it is better to add a convex object-glass to the observed eve, whereby
the field of vision becomes larger and, by movement of the glass in the vertical plane,
extends alternately in different directions. In the choice of this object-glass we find
ourselves, however, in a difficult dilemma: if we select one too strong, the image
becomes quite too small; if we choose one too weak, we obtain too small a field of
vision. The too small image we can partially counteract, by combining a pretty
strong eye-piece with the ophthalmoscope, whereby the observer can, without any
effort, see the little inverted image very near, and magnified: in gr:m*.ral._ when the
investigator is not myopic, such a convex glass is to be recommended. Therefore a

pretty strong object-glass, with which the magnifying is less, but the ficld of vision
15 greater, is advantageous, and this is to be combined with a lnlcrably strong eye-

piece.—Liebreich has proposed a particular method of examining very highly
myopic eyes. He uses no object-lens, but only a strong eye-piece, and with this ap-
proaches the eye so much that the iris lies nearly in the focus of this lens, so that a
very large field of vision is obtained. At the same time, the inverted image must come
to lie between the eye observed and the lens, in order that it may be seen through
the latter . . . Then we have really the advantage of secing a large field of vision under
a strong magnifying power.

§ 28. Anatomy of the Myopic Eye

In the preceding paragraphs we have seen, that M depends almost
exclusively upon the prolongation of the visual axis, connected with

staphyloma posticum,
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If we now endeavour to form an idea of the development of staphylo-
ma posticum, the optic nerve with the membranes of the eye and the-
nerve-surface itself, will, in the first place, attract our attention.
According to ophthalmoscopic examination, we have in these parts to
seek the commencement of the affection, and in many instances anato-
my at least does not oppose this view. We have then to suppose that in
these cases the dispostion consists in this, that the sclerotic near the optic
nerve is more extensible, particularly to its outside, and that by this
extension the outer sheath of the optic nerve is soon a little removed
from the latter, and the sheath of connective tissue is so extended (com-
pare fig. 40¢ :': So soon as this happens, the thin layer of sclerotic tissue,



Fig. 40.

b, situated in front of the sheath mentioned, must be very much attenu-
ated, and the same is true of the chorioidea, d’, connected therewith,
and forming, with the fibrous layer mentioned, the so-called lamina
cribrosa, between the nerve-fasciculi. At the side of the nerve-surface,
therefore, the retina now rests on an extended and attenuated chorioi-
dea and sclerotic, which posteriorly further lose all support. It is not
until we come somewhat more outward that we find the external sheath
of the optic nerve, g, strengthening the sclerotic. With this extension, in
the immediate neighbourhood of the optic nerve, the origin of the
atrophic crescent seems to be really connected: the chorioidea, d', is
here united with the nerve, both immediately through the fibres, which
are continued between the fasciculi of the nerve, and mediately through
their connexion with the inner sheath of the nerve. At the borders of
this attachment its vessels cease; on any extension, therefore, obstruc-
tion to the circulation in the extreme terminations of the chorio-
capillaris must easily arise, and thus the condition for incipient atrophy
is supplied. We find something similar in the origin of emphysema of the
lungs from atrophy of the most distended pulmonary vesicles, which
thereby also finally lose both their capillary network and their pigment.

The extension at the margin of the optic nerve takes place often only




atoneside,and indeed principally at the outside, with which the atrophic
crescent keeps pace at the same side. The number of my observations is
not sufficiently great to enable me to form a positive opinion,—but it
appears to me very likely that, if the apex of the staphyloma falls nearly
in the optic nerve, the outer sheath has given way at all sides of the
nerve, and that to this the annular and circular atrophy of the chorioi-
dea then also correspond: in the eye, from which fig. 40 was taken,
the atrophy was really circular. If, as is usually the case, the apex of
the staphyloma is situated at the outside of the optic nerve, atrophy
of the chorioidea is also found especially at this side, and even the
fact, that the vellow spot, to which the apex of the staphyloma often
corresponds, 1s situated at the outside of and a little beneath the nerve-
surface, and that the axis of the atrophic crescent usually extends in
this same direction, indicates most distinctly, that there is a connexion
between the apex in question and the direction in which the atrophy
of the chorioidea advances.

As to the narrowing of the nerve-surface in a direction perpendicular
to the axis of the crescent, observed with the ophthalmoscope, I can
give no satisfactory explanation.—Now, in the ordinary cases, where
the optic nerve does not lie in the apex of the staphyloma, it may be a
question, whether the extension does not commence rather in the
region of the yellow spot, and only secondarily become communicated
to the outside of the optic nerve. This view is the more admissible,

not only because by it the position of the optic nerve at the inside of the
ellipsoid would be explained, but also because in very young persons,
with comparatively high degrees of M, the crescentic atrophy of the
chorioidea is still often absent, or at least is very slight. We can also
very easily imagine, how extension in the region of the yellow spot gives
rise to the atrophy. In the yellow spot the chorioidea, which here
abounds in pigment, is more intimately connected with the sclerotic.
If the membranes here give way backwards, the extension will be
equal on all sides, and the chorioidea will, moreover, the more easily
maintain its connexion with the sclerotic, because precisely here it is
more intimately connected with it. If now the sclerotic too gradually
extends in the direction of the optic nerve, the chorioidea becomes very
tense over this part, for we may assume the yellow spot and the outer
margin of the optic nerve to be two fixed points: at the attachment,

therefore, to the outside of the nerve-surface the chorioidea is particu-
larly ﬁtmngly drawn, and considering that the chorioideal vessels
terminate precisely at this boundary, the production of atrophy by
extension cannot surprlsc us; acmrdmg., to the direction of the tension
which takes place it is even easy to understand why the atrophy should
assume the crescentic form. The atrophy at this place will now
certainly be still promoted, so soon as also in the immediate neigh-
bourhood of the nerve the sclerotic is extended, and thus the outer
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sheath of the optic nerve gives way outwardly. This giving way can
almost without exception be demonstrated, and it is attended with the
necessary consequence, that the arterial circle, known even to Zinn,
occurring in the sclerotic around the optic nerve, as Jaeger has shown,
is removed from the nerve. On the whole, the outer half of the sclerotic
is extended in a higher degree than the part situated at the inside of the
nerve: there it is consequently also in general thinner. With this is
connected the fact that, as we have already seen, the yellow spot
removes towards the inside, so that it may even go beyond the axis of
the cornea, whereby the visual line cuts the cornea to the outside of
its axis. That in this extension atrophy does not occur at the outside
of the yellow spot in the anterior part of the chorioidea so readily as
at the inside, is easily explained from the great extensibility of the
chorioidea in this direction. It appears, moreover, gradually to move
a little over the surface of the sclerotic: thus, at least, I think the retro-
gression of the iris, of the ciliary process and of the chorioidea itself,
with the ciliary muscle must be explained, in those cases in which the
anterior part of the sclerotic has retained almost its normal thickness.
However, there exists everywhere more or less extension of the chorioi-
dea, and that this gives rise to diffuse atrophy and to diminution of the
clastic resistance, needs no proof. To the elastic resistance of the
chorioidea, I think essential importance must be attached. If the
membranes of the normal eye be all cut through together, the chorioi-
dea is seen to retract, leaving the sclerotic bare at the edge. This
proves that the chorioidea may be displaced, and moreover, proves its
tension. During life, in consequence of the vessels being full, of the tone
of the blood-vessels, and of muscular fibres scattered here and there,
the tension of the chorioidea is undoubtedly still greater. By virtue of
this tension it bears a part of the pressure of the fluids of the eye, which
now does not act entirely upon the sclerotic, and it is evident that where
an atrophic condition has set in, and the chorioidea has given place
to a thin, brittle membrane, the full pressure comes to bear upon the
already extended sclerotic. Consequently a tolerably advanced staphy-
loma does not easily become stationary, the less so because the pressure
of the fluids in the myopic eye is in general somewhat increased. There-
fore, also, in staphyloma the blood-vessels and the inequalities of the
chorioidea, as well as the elongated, but not easily atrophied, ciliary
nerves, make deep impressions on the inner surface of the atrophic
sclerotic. More than once this has attracted my attention. The exten-
sion, and with it the atrophy, is particularly great. On this excessive
extension the above-described local changes mainly depend, whereby
the function of the retina comes to suffer. It is easy to see, although
it has not been proved by accurate microscopic investigation, that
under such extension the outermost layer, which consists of radiatingly
placed very small bulbs, must suffer; that these bulbs at least must
be separated, irregularly distributed and made oblique, and that they
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must easily be actually destroved. In other parts, too, of the retina,
the rods and bulbs, as we have seen, appeared to be more separated.
That, on the contrary, in the fibrous layer little or no disturbance
occurs, will not appear strange, when we consider how well the struc-
ture and function of nerves in q&n{,ml resist extension by morbid
tumours or from other causes. . . . In this respect the retina has a great
advantage over the sclerotic.

The changes in the vitreous humour may have a different origin.

They may depend upon extravasations of blood, which, perfect as
the absorption may be, never leave behind them an abscrluh:ly clear
vitreous humour. Sulutmn of the as yet so badly explained connexion
of the vitreous humour, gives rise to turbidity, as is seen in traumatic
injuries, and where fﬂrmgn bodies are present.
Now the considerable distention of the vitreous humour in staphyloma
posticum probably also causes laceration, at least synchysis, and some
turbidity is consequently to be expected. Finally, in some cases, an
irritative or inflammatory condition of the retina and chorioidea is
also certainly in operation.

We have now approached an important point. The question is, how
far staphyloma posticum is connected with inflammation. It is known
that Von Graefe at first thought the practical idea of sclerotico-
chorioiditis posterior applicable to it: but that he in vain sought, in
two eyes which he had the opportunity of examining anatomically,
the proofs of preceding inflammation.

Thus much is certain, that the staphyloma posticum cannot be con-
sidered as a simple result of sclerotico-chorioiditis, and that without
the disposition, and that usually of an hereditary nature, it is not
easily developed. Moreover, it must be admitted that without symp-
toms of irritation or inflammation staphyloma posticum may attain a
tolerably high degree. But, on the other hand, there is no doubt that
the morbid distention very often leads to irritation and inflammation,
and finds therein, with softening of the membranes, a condition of
rapid development.

Von Jaeger's doubt, whether chorioiditis disseminata occurs more
frequently in highly myopic eyes than in others, indeed surprises me.
In high degrees of M this inflammation is atacertain time of life the
rule. In the course of the morbid distention inflammation is readily
developed, which cannot be considered as a new condition, but usually
makes itself known, at an early period, as more or less distinct irritation.
Even in youth, as Hasner also obeserves, symptoms of irritation are
usually present even in slight degrees of M, and ophthalmoscopic
1nvostlgatmn now reveals to us taplllan redness of the nerve-surface,
and, what is remarkable, sometimes only over the half of its extent.
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Probably there is in this case, in consequence of tension of the chorioi-
deal ring and of the lamina cribrosa, some mechanical irritation, per-
haps even pressure on the smal fasciculi of the optic nerve. Subse-
quently, as the extent becomes greater, and the disproportionate ten-
sion is augmented, the phenomena of irritation increase, and at the
boundaries of the circumscribed atrophy hyperamia exists, showing
that the chorioidea before atrophying, here also passes through a
period of irritation. ... Even the abundant deposition of pigment on
the boundaries of the crescent, again absorbed in the progress of the
atrophy, in order to be anew deposited more externally, is in favour
of a state of irritation. At a later period the subjective phenomena,
also, become more characteristic, and in different parts of the fundus
oculi atrophic spots are formed, preceded by inflammatory action :
chorioiditis disseminata, I repeat it, is in the highest degrees of M at
a more advanced age, connected with its normal development. Our
conclusion is, therefore, briefly as follows: that almost without excep-
tion the predisposition to the development of staphyloma posticum
exists at birth; that it 1s developed with symptoms of irritation, which
in moderate degrees of staphyloma do not attain any great clinical
importance; but that in the higher degrees an inflammatory state
almost always occurs, at least at a somewhat more advanced time of
life, as a result and as a co-operative cause of the further development
of the distention of the atrophy.

This conclusion is certainly not inconsistent with the fact, that after
death so few products of inflammation are to be met with. For these
products pass, as well as the normal tissue, into a state of atrophy. In
this way false membranes, as we sce in the synechia of the iris, in
adhesions between the pleure, and in other places, become atrophied
and absorbed when extended. Even on the capsule of the lens sometimes
nothing else remains of the inflammatory products of iritis than some
spots of pigment. In staphyloma posticum the inflammation exists
almost as the transition period to atrophy.

& #

Another important question is, in what the predisposition to sta-
phyloma posticum may consist. It appears to be as yet not satisfac-
torily solved; at least I have no decided opinion on the subject.

Now, this predispostion has been brought into connexion with the
history of the development of the eye. If we look at the drawing given

: in the Archiv fiir Ophthalmologie by Von Ammon, to the
protuberantia seleralis, described by him thirty-five
years previously, as existing at a certain period of the
faetal eye, which is here reproduced as fig 41, the form
of staphyloma posticum is at once suggested to the
mind. Von Ammon states, that in an early period
of foetal existence the sclera is still open at the




cerebral side; that it then has the form of a cup, and is con-
nected by an oval opening with the anterior cerebral cell. This
opening is closed by a tissue proceeding from the margins, and
as the eye becomes larger, the supplementary tissue forms the
pmtubcrancc in question, which is, according to Von Ammon,

directed at first downwards, but qubaoquentiy backwards and out-
wards, as it is here represented. Von Ammon adds, that the different
membranes close the said opening nearly at the same time. In the first
place, there is brought into connexion with this mode of development
the coloboma chorioide®, which as a defect of the chorioidea, pro-
ceeding from the ncrw:-surﬂlcc extends inferiorly, whether over only
a small extent, or over the w hole chorioidea, and may now unite even
with coloboma iridis. We have here, thereibrt‘ an ordinary arrest of
development. And as such Stellwag von Carion and Ed. von Jaeger also
consider the disposition to staphyloma posticum. The arrest of
development is here only much less, and might be limited even to a
slight remnant of the protuberantia scleralis. The direction of the atro-
phy, indeed, corresponds to that of the already fully-closed protu-
berantia scleralis.

As I was already about to observe, I am unable, for want of personal
investigation, to give any opinion upon the subject. I, however, feel
myself called on to remark, that it appears to be chiefly this idea which
has led Stellwag von Carion and Von Jaeger to.. . the supposition that
congenital myopia is in no way connected with the use of the eyes, and
that it should be equally distributed among all classes of society. . ..
I cannot avoid observing, that... this view does not invalidate my
statement, that the undue use of the eyes promotes the occurrence of
staphyloma posticum. Indeed, it is certain that if, with slight predispo-
sition, the eyes are much used for close work, the staphyloma becomes
more fully developed, and direct experience as well as analogy shows,
thatin such a case the probability of transmission to posterity, even in
a higher degree, is greater than when the staphyloma was not brought
under promoting circumstances to a state of further development.

§ 29. The Vision of Myopes

In slight degrees myopia is attended with no inconvenience. Against
the disadvantage, that at a great distance vision is not perfectly
accurate, 15 the advantage that, the range of accommodation being
equal, very small objects brought closer to the eye, and therefore, under
a greater visual angle, can be better distinguished, and that when at a
more advanced period of life the range of accommodation is diminished,
ordinary work can be still longer performed without spectacles. .

In somewhat higher degrees myopes have, at least in youth, with

perfect accommodation, a tendency to dppl‘ﬁdf_‘h closer than is neces-
sary to the objects, and thu:~;,I:-:su"l:i-::a.lliln'lj,r at sedentary work, to assume



a stooping position. If the myopia amounts to 1/10 to 1/8, or more,
this occurs without exception; of course, to a greater extent, the higher
the degree of the myopia is. With increasing myopia, too, the fancy
increases of occupying one’s-self with small objects: persons so affected
rcad by preference small print; they accustom themselves to small
handwriting, and as much as possible avoid long lines. It is evident
that in doing so they are able to see more at once, and, for example,
in reading, they need not move the eyes and head so much as when they
have broad pages and large letters before them.

Much greater still, in these high degrees of M, is the inconvenience
of indistinct vision at a distance. The emmetrope can form an idea of
it by holding before his eye a strongly convex glass, and he will be
surprised how quietly myopes usually submit to their fate. But at the
same time, many peculiarities developed in myopes, unless they early
accustom themselves to the use of spectacles, will no longer be an
enigma to him,

The circles of diffusion in vision at a distance are the greater, because
in myopes the diameter of the pupil, as even Porterfield and Jurin were
aware, is in general larger than in non-myopic persons, and to this
magnitude the circles of diffusion are proportionate. . . . With a bright
light they see remote objects much more distinctly, and therefore also
at a more advanced time of life, the degree of M being unchanged, they
distinguish better at a distance, which often makes them incorrectly infer
that the degree of the myopia is diminished. Myopes now also distinguish
much more accurately beyond their farthest point, when they look
throughasmallopening, andin thehighest degreesof myopia, aswill here-
after be seen, even practical use may be made of this fact. The Calabar
bean, too, which, dropped in solution into the eye has the remarkable
property of constricting the pupil, is thus serviceable to them: on very
slight action of this agent the pupil becomes narrow, without increasing
the myopia, and when the remedy acts more powerfully, the farthest
point, which had at first approached the eye, after an hour returns to
its normal condition,

Among the early scholars many myopes were to be found. In this
number was Dechales, a Jesuit of the seventeenth century, who has
with wonderful accuracy described many peculiarities of myopic
vision. In church he saw very remote little flames as round circles of
diffusion, and thereupon studied his entoptic spectrum, which he per-
fectly understood. He was also aware . . . that myopes distinguish more
accurately through a small opening, and with respect to the influence
of the approximation of the eyelids he communicates some particulars,
which are not te be met with even in later writers. Thus he observes,
that, properly speaking, only the vertical dimension of the circles of
diffusion thereby disappears, so that horizontal lines are better seen, but
that also the horizontal extension of vertical lines is somewhat divided




— 1?3 —_—

by the cilia, so that a number of images are seen close to one another,
of which one is usually distinguished by particular clearness. "vldny
myopes have so very much accustomed themselves to approximate
the eyelids that it actually belongs to their physiognomy, and that they
persevere in doing so, even when the use of concave spectacles makes
it superfluous: this reminds us of the involuntary tension of accommo-
dation, sometimes even combined with strabismus, of young persons
whose H has been corrected by a convex glass. In strong myopia the
imperfect vision has, even at a short distance, peculiar results. Those

ﬁgcted with it seldom fix the persons to whom they speak, because
they imperfectly distinguish their features; they have in general no
correct idea of the impression which their person and their words make
upon another, and a peculiar freeness and too great self-confidence,
or else, what is rarer, a more than ordinary bashfulness, are thence
no unﬁ‘cquently develnped In their bearing, and often also in their
gait, a certain awkwardness is frequently manifested, by which some
are recognised at a distance. Finally, much more of what passes in the
world escapes them than they themselves are aware of, and with
respect to a number of things their knowledge is less correct, because
they fill up what is deficient through the operation of a brisk imagina-
tion. Cardanus asserts that myopes are particularly amorous, because
that not observing defects, they look upon human beings as angles.
The starry heavens they also see in extraordinary splendour.

In point of acuteness of vision myopes are in general inferior to
emmetropes. In low degrees of M the difference is extremely slight,
but in the higher degrees it is, at least in advancing years, consider-
able, even without the myopia being combined with unusual morbid
changes.

The cause of diminished S in myopes is evident. In M the retinal images,
indeed, are larger for equal angles, under which the objects are seen,

because the distance from the nodal point to the retina is greater; bul,

on the other hand, the surface of the retina is also larger, and therefore
in a given plane comprises fewer percipient elements. Where there is
perfect compensation of these two l‘P ctors an equal number of percipient
elements could now, the visual angles being equal, be impinged upon,
and S may thus remain equal. But the extension affects especially the
posterior pole, also occupies principally the region of the yellow spot,

and for direct vision, therefore, perfect compensation is not to be

expected, even when the extension produces no further disturbance in
the function of the different elements. We had here in view the determi-
nation of the acuteness of vision applied to objects situated within the
farthest point of distinct vision. The determination with the aid of
objects situated at a greater distance, and seen with correcting glasses,

proves still more disadvantageous, because k" thereby approaches the
retina.



With the increase of the myopia, the same objects at an equal dis-
tance are undoubtedly seen with a smaller portion of the percipient
elements. As this has occurred gradually, the eye has, during its
occurrence, accustomed itself to it, and the magnitude of an object is
now also correctly estimated, and the finger, when it is wished to
touch it, goes right to its boundaries.

In any case we are justified in coming to the remarkable conclusion,
that in consequence of slowly progressive displacement by extension,
a point of the retina is projected outwards in a direction different from
that originally belonging to it, and we hence infer that the direction
of projection is not absolutely rongrmta] but that it has been developed
in connexion with other means of observation.

That mvyopes are possessed of a normal power of accommodation
could be overlooked only by confounding the region and the range of
accommodation . . . It is also satisfactorily seen when we neutralise the
myopia, thr‘Lupun young myopes see near objects perfectly well,
distinguish acutely at a few inches from the eye, and are at the same
time in a condition to see remote objects accurately. We have, too,
already remarked that the range of accommodation of myopes appears
to be equal to that of emmetropes; but in the highest degrees, in which
the musculus ciliaris and sometimes also the nervi ciliares are atro-
phied, the power of accommodation diminishes and is at last wholly
annihilated: this, however, happens at an age when, moreover, this
power has been almost quite lost. We have, too, already calculated
what range of accommodation, with difference in length of the visual
axis, corresponds to a certain change of the crystalline lens, and we
found that myopes, on account of their longer visual axis, are in this
respect somewhat in the background. On the other hancl the use of
concave glasses has a compensating effect.

- - . " " " " - - - - - £l £

§ 0. Complaints and Disturbances in Myopia

Slight degrees of M give rise to no complaints. In youth the inferior
acuteness of vision at a distance passes almost unobserved, and at the
fiftieth, sometimes at the sixtieth year, when the narrower pupil makes
remote objects more distinct, we hear only boasting and praise of the
excellent vision for near objects.

But even in youth many myopes complain of inconvenience from
continued tension. There is then a state of irritation which appears to
be combined with hyperemia, both of the external eye and of the
internal parts. At a later period, expecially when the eyes are very
prominent, and probably, in consequence of tension of the extended
muscles, are somewhat harder than is normally the case, such a state
of irritation may become habitual, and may even be combined with a




troublesome irritation of the eyelids. Especially when the myopia in a
certain period rapidly attains a higher degree, pain and fatigue of the
eyes, particularly by artificial light, are much complained of.

Where high degrees of M are in question, there is added to this state
of irritation a certain spasm of accommodation, so that now a still
higher degree of M is met with, which on the yieldmg of the irritation,
especially after a Heurteloupian abstraction of blood, and a stay in the
dark, again gives way. ... In other cases the myopia gradually attains
a very high degree, without the occurrence of any other disturbance
than imperfect vision at a distance. Indeed, when we consider the
changes which the fundus oculi has undcrgnn{.:, we are often surprised
at the slight disturbance connected therewith. The explanation of this 1s
to be sought in the fact that when important structural changes of the
chorioidea arise slowly, the retina undergoes but little disturbance,
and that, moreover, diminished acuteness of sight on indirect vision is
not apt to cause much inconvenience. Even with the marbled atrophic
white and yellow-speckled appearance, extending in a girdle from the
outside of the crescent through the region of the yellow spot, direct
vision sometimes still retains its normal acuteness, and the imperfection
of indirect vision is scarcely observed. However, in extensive diffuse
atrophy beyond the crescent this is exceptional. But the disturbance of
vision 1s much greater when, as is often the case, the existing tension
and extension give rise to a state of general irritation of the retina. This
is the proper amblyopia of myopes. It sometimes attains in a short
time a tolerably high degree, and is again capable of improvement on
the employment of suitable treatment. Von Graefe considers the prog-
nosis in this form of amblyopia to be even comparatively very favour-
able, and I quite agree with him if our object be limited to obtaining
a temporary improvement., But in high degrees of myopia, relapse and
eventual aggravation of the affection are always to be expected. Besides
the diminished S, the rapid supervention of fatigue, a feeling of tension
in the eye, sometimes pain on pressure, and moreover photopsia and
musc@ volitantes are connected with this condition. These last two
phenomena often in myopia constitute a permanent source of com-
plaint, even when no particular state of irritation and no extraordinary
diminution of the sharpness of vision exist. Ordinary musca volitantes,
as I have already explained, are not attended with any essential incon-

venience ... Myopes are, however, troubled with them more than
others.

I have seen instances in which anxiety about musce volitantes amount-
ed to true monomania, against which all reasoning and the most direct
demonstrations were in vain. This is especially the case when morbid
changes in the vitreous humour have supervened. We must admit the
existence of morbid changes so soon as we can with the ophthalmoscope
perceive turbidities in the vitreous humour. To these a real patholog-
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ical importance is to be attached. The ordinary corpuscles are too
small to be ophthalmoscopically visible, and therefore whenever forms
appear, we must admit the existence of abnormal products. ... In
inflammatory irritation they are certainly almost always to be con-
sidered as the results of exudation. Such forms, also, arise and disap-
pear, independently of myopia, in consequence of kyklitis and cho-
rioiditis anterior; in myopia they are usually situated more deeply in
the vitreous humour, sometimes even in connexion with the surface of
the optic nerve, and they scarcely ever disappear. In order to see them,
the observed eye should be directed downwards, and suddenly raised
to the point at which we again look through the plane of the pupil, in
which case we usually observe them rapidly floating past. . . . Usually,
they are long and fibrous, or granular, sometimes also perhaps mem-
branous.

The second complaint we mentioned was photopsia. This in general
accompanies the more acute amblyopic symptoms of myopes; but
sometimes it continues constantly present in high degrees of myopia,
and yields to no treatment whatever. Ophthalmoscopically we then
usually observe diffuse atrophy, combined with white spots and so-
called pigment-maceration, the origin of which is also connected with
inflammatory action.—Nervous persons are sometimes very much
depressed by the constant phenomena of light, which are still more
troublesome in the dark than in the daylight. I believe, too, that they
must be looked upon as an unfavourable sign, because they indicate
persistent irritation from increasing tension and distention, or from
inflammatory action; but still T have found that the power of vision
may with them long remain tolerably uniform. The principal point
will be, how far the atrophy extends in the region of the yellow spot.

Besides the amblyopia dependent on supervening irritation, the
acuteness of vision is in general, as we remarked in the preceding
paragraph, diminished in high degrees of myopia; but on this point
little complaint is made. As myopes can hold objects so much closer
to the eye, and thus look under a greater visual angle, they can still
very long sufliciently distinguish them, and from distant vision they
have never required much. In general, therefore, they do not apply to
the oculist, until a disproportionate disturbance takes place in direct
vision. They then complain of obscurity in reading and writing, of a
dimness or glimmering which lies over the letters, of truncated letters
or of total absence of others; of total inability to see correctly what they
fix. Often this is preceded by the curved appearance of lines, which
indicates a disproportionate displacement or transposition forwards of
a part of the percipient elements. Where these complaints arise in myo-
pes, we always find also one or other of the above-described changes
in the yellow spot. In this region there are almost invariably to be seen
whitish spots, little accumulations of pigment, and other proofs of
atrophic degeneration, even before any complaint is made. Usually the
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degeneration of the yellow spot sets in much earlier in one than in the
other eye; but while we see it tolerably compete in the one, precisely
the changes just mentioned appear in the second eye, and foretell but
too certainly, that after a few years direct vision will here also be lost.
Against the progress of this degeneration we can by hygienic measures
do comparatively little, and by proper medical treatment nothing
whatever. It is true that even now the acuteness of vision sometimes
improves; but in this case we must suppose that the disturbance was
dependent rather onirritation of the retina, supervening on the atrophy:
the atrophy itself runs regularly through its course, and combating the
attendant symptoms of irritation can at most retard this course. The
dimness which was complained of, sometimes continues for a long
time almost unchanged, until in a few days or weeks reading becomes
wholly impossible. This does not always indicate a really quicker
development. The latter, indeed, occurs, and sometimes even a local
effusion of blood in the yellow spot puts an end at once to direct vision;
but in general it is only the extension to the fovea centralis, which so
rapidly injures the acuteness of vision. In fact, there have been almost
always long before numerous little blind spots scattered here and there
in the retina, and particularly around the fovea centralis. They some-
times even extend into a part of the fovea centralis, which in another
part still continues available. Peculiar phenomena may be produced
by these groups of scotomata: thus I have seen cases in which very
small print was more easily and more quickly read than a larger one,
because of the latter a whole word was never seen at once, and even
larger letters were only partly visible. The glimmering Gﬂmpldlﬂtd of is
entirely due to the fact, that in slight movements of the eye the letters
form their images altf:rnatﬁl'j,F on sensitive and insensitive parts, and thus
each time come and disappear, sometimes with change of form,
according to irregular displacement of the percipient elements. So
long as the fovea centralis still fixes, the patients can themselves very
well project their scotomata on a surface, for example, on a sheet of
paper, and fixing a given point, can circumscribe the boundaries of
the blind spots with a strongly-contrasting object. In this manner we
can satisfy ourselves as to the existence of these groups of scotomata in
the region of the yellow spot, without the fovea centralis being as yet
affected and reading having become an impossibility.

‘The scotomata in question are little interruptions of the field of vision,
We should suppose that they must exhibit themselves as black spots.
This, however, they do not: almost invariably they are seen only more
or IEss dllll‘l{:tl}’ as grey spots. They approach in this respect the undefined
non-vision, the hiatus in the field of vision, which is projected through
the nerve-surface, and this is, in fact, to be compared with the portion
of space lying bﬁynnd our field of visi{m, for example, behind us; we
do not see it black, we see it not. .

In connexion with scotomata, it seems fit here to state some facts
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with reference to limitation of the field of vision in general. Even lon
ago some knowledge existed on this subject. Mariotte discovered the
blind spot name after him, which discovery attracted much attention
at the time, and gave rise to various theories. Determinations of its
magnitude and position might have led to the inference, that it corres-
ponds to the nerve-surface, before I had shown that a little image of
a flame, thrown with the ophthalmoscope upon this surface, actually
does not become visible to the eye under examination, until it passes
the bounds of the nerve-surface. It was known, too, that the field of
vision is sometimes partly lost, and hemiopia and visus dimidiatus
were spoken of. But I believe I am correct in stating that the systematic
investigation of the limits of the field of vision in amblyopia was first
introduced into practice by Von Graefe. Dr. Snellen subsequently
applied himself to show, that in many cases ofamblyopia, . . . particular-
ly where ophthalmoscopic investigation exhibited no morbid changes,
direct vision is almost always very much diminished in the whole region
of the yellow spot: the boundary where the duller vision begins, is in
these cases often tolerably accurately indicated on the projected field
of vision.

As limitations and interruptions peculiar to myopia, we have, in
addition to the above-mentioned scotomata, still to mention chiefly
those which occur as amplifications of the spot of Mariotte; as well as
those which depend on atrophic spots developed with inflammatory
symptoms; on detachment of the retina, in consequence of exudation
and sometimes of extravasation of blood; on extravasation of blood
also in the tissue of the retina; finally, on glaucoma.—As to the spot
of Mariotte, Von Graefe states that a magnifying of its surface in the
sclerotico-chorioiditis (the staphyloma posticum) of myopes can always
be demonstrated. ... My investigations have shown that with a slight
development of the crescent, as we can observe ophthalmoscopically
with a little image of light, the perception of light is not deficient there,
but that in high degrees with complete atrophy it really wholly, or

almost entirely, disappears: sometimes even we find again tolerably
accurately in the prf_}]cctcd form that of the crescent. It is also in a
physiological point of view not unimportant, that even in those cases
the conduction of the more peripherically received stimulus of the
retina is not deficient over the atrophic crescent,—whence it appears,
that the fibrous layer of the retina, through which this conduction must
take place, has not essentially suffered. . . .

Detachment of the retina is one of the worst morbid forms, to which
the myopic eye is much more liable than any other; it is met with
chiefly in the lowermost half, which according to Von Graefe is to be
ascribed to the fact, that when it occurs in high parts, it may, by
sinking of the fluid be transmitted downwards. Sometimes it is only to
a slight extent, and the retina is but little removed from the chorioidea.
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In other instances a great part, nay even the whole retina, may be det-
achedanditthen,according tothevery correctexpressionof Arlt, assumes
the form of a convolvulus-flower, whose stem is the optic nerve. When
the detached portion is of moderate size it projects far enough into the
vitreous humour to be seen, without a negative glass. We recognize it
at once by its grey colour, and by the moveable folds of the membrane,
on which the retinal vessels are very distinctly visible, at first even with
difference of colour of the arteries and veins. It is remarkable that the
perception of light has then not yet ceased, so that we must suppose
that the layer of rods has separated with the retina, and may in this
state continue sensitive to the impressions of light.

A striking case of this kind occurred to me. A girl, aged fifteen, with
M=1:2 1/2 in both eyes, on a sudden cried out with joy that she
could see the people at the other side of the street before the window,
and could even recognise them. Her joy was, however, of short duration.
Three days later the eye was quite blind, and I discovered a detach-
ment of the retina, extending through the yellow spot, whereby the
latter was pushed forward almost into the posterior focus of the eye.

Almost always the fluid situated behind the retina is of a serous
nature, more or less turbid, and subject to further metamorphosis. . . .
The condition for its formation we know not, but it is certain that when
the retina is detached the bulb is usually soft. It is very plausible to
assume that the extension which the retina undergoes in staphyloma
posticum may cause it to be more easily separated from the chorioidea,
and it seems certain that increasing staphyloma must promote its
further detachment.

* . . - - - . " - " . . - - - =

The circumscribed extravasation of blood, sometimes to be seen in
the yellow spot, and in some measure elevating the latter, is certainly
derived from effusion from a chorioideal vessel; on the other hand, we
not unfrequently see in the retina itself a number of smaller extravasa-
tions near the retinal vessels, and apparently derived from the latter.
Of some larger retinal sanguineous infiltrations it is also more than
probable that they took their origin from retinal vessels. The chief
symptom in these cases is the scotoma, or the interruption of the
field of vision, which is always more remarked and more troublesome,
the closer it is to the yellow spot.

With all these morbid changes in the fundus oculi occur, to a greater
than ordinary extent, changes in the vitreous humour, which in general
give rise only to flakes floating before the field of vision, but, neverthe-
less, in some instances, especially when they are of a membranous
nature, very essentially interfere with the power of vision; and with
these changes of the vitreous humour is combined the dispﬂsitiun to
opacity of the lens, which, undoubtedly, is greater in myopes than in
emmetropes. It is remarkable that in the commencement of cataract
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myopes imagine that it is only their myopia which is increasing. As
they see objects at a short distance from the eye under great angles,
they do not so immediately experience much inconvenience, for exam-
ple, in reading. Therefore, they remark at most that with respect to
distinguishing at a distance they are retrograding, and they are sur-
prised only that their myopia, which ought to improve with years, as it
15 said, i1s on the increase.

In connexion, finally, with high degrees of staphyloma posticum,
glaucoma is not unfrequently developed, especially at a more advanced
period of life; this, however, in its typical form, belongs rather to the
emmetropic and to the hypermetropic eye. When combined with high
degrees of M, it appears as il it ought, even in its origin, to be considered
as a distinct form of disease. . . . It is glaucoma simplex in so far as the
ordinary inflammatory symptoms proper to glaucoma are wanting, but
beyond this 1t is distinguished from ordinary glaucoma by less hard-
ness of the eyeball, oblique direction of the excavation, unusual limita-
tion of the field of vision, while, moreover, we cannot in these cases
reckon so certainly upon the results to be obtained by iridectomy, asin
the ordinary cases ufF: glaucoma.

" - " 0 . " . W - 0 " - . W - 0 . . . . " - -

8 31. Insufficiency of the internal Muscles and Diverging Strabismus, both
Results of M.
Diverging strabismus is in general combined with M. In the commen-
cement of my statistical investigations, I had become aware of the
connexion between hypermetropia and strabismus convergens; but I
was far from suspecting that myopia stands in almost as close a relation
to strabismus divergens. Systematic investigation first brought this to
light.

gThe nature of the connexion is not, however, in each case the same.
... If strabismus divergens arises, in connexion with myopia, the
anomaly of refraction, as such, is not indeed wholly without action,
but the anatomical element has the chief causal influence, I mean #he
distention and the altered form of the eyeball: therefore where myopia excep-
tionally depends on other causes, consequent strabismus is not to be
expected. In the ordinary forms of M, . .. it is chiefly the ellipsoidal
form, which, in turning round the short axes in a cavity of similar
shape, in consequence of the required change of form, gives rise to
great resistance. Besides, the centre of motion has removed not only
from the anterior but also from the posterior surface of the eye.

- ®

As a result of the greater distance from the centre of motion to the
posterior surface of the sclerotic, the excursions are in these cases greater
for equal degrees of rotation, and turning is therefore necessarily limited.

This is true of movement both inwards and outwards. . . . The limited




— 181 —

movement outwards has, in the first place, no other result than that
the lateral excursions for distant binocular vision are less, and that
turning the head more rapidly must supplement it, which besides is
necessary in wearing spectacles. But the insufficiency of the turning
inwards has other and more important results, which we have conse-
cutively to consider. . ..

Insufficiency of the inward movemen! we assume, when the visual lines
cannot be brought to intersect at a distance of 2”-5, at which they cut
one another under an angle of about 51°. In high degrees of myopia
this insufficiency exists almost without exception. For this a double
cause may be assigned. In the first place, the mobility is, as we have
seen,actuallydiminished by distention and modification of form. . . . But,
in the second place, in order to bring the visual lines to intersect at the
distance of 2”5, the angle = being small, the axes of the cornea must be
brought under still stronger convergence than in emmetropic eyes. . ..

Now the insufficiency of which we are here speaking, leads in some
instances to fatigue in vision, when the work requires a certain conver-
gence to be maintained for a long consecutive period (asthenopia
muscularis).

Cases have occurred to me, in which there was at first vision with
both eyes, but where, on fatigue, the one eye gave way, and the work
was then attended with less difficulty.

With this giving way on continued tension relative diverging strabismus
is already admitted: at a greater distance the visual lines are properly
directed; in close work only one eye is used.

Relative diverging strabismus, in fact, exists, so soon as the proximity
required for acute sight excludes binocular vision.

If now vision once takes place with deviation, there can be little
tendency to make the tension required for convergence. .. Precisely
when difficulty in convergence begins to be experienced, does the
associated tension of accommodation become particularly great.

In progressive myopia we often observe how binocular vision attempts
to maintain itself against the relative diverging strabismus. It is, how-
ever, usually obliged speedily to give way to the fatigue arising from
the tension. Reading, for example, is at first binocular, but after some
time one eye yields, involuntarily and unconsciously, so that the com-
plaint is made that one page moves over the other.

The greatest difficulty is always experienced when the eyes are directed
upwards. . . .

On the boundaries between alternating and confirmed relative
diverging strabismus lies a practically important condition. The
condition is this: there is still tendency to convergence, this is seen on
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approximating an object: but even before the distance of distinct
vision is attained, or at least soon after, the one eye deviates. If we now
give concave spectacles, which bring the binocular farthest point to 8",
10", or 12", vision again takes place with both eyes. Often, however,
complaints are now heard of the occurrence of fatigue, and examina-
tion shows, that not the tension of accommodation, but the convergence
required, slight as it is, is the cause thereof. Consequently, asthenopia
muscularis is in operation, so that, in order to make binocular vision
possible, a combination of the concave with a prismatic glass is required.
In these cases it is especially evident, that the cause of the relative
diverging strabismus is to be sought solely in the impeded movement
inwards, while the tendency to co-operation of the two retinas for the
sake of binocular vision may continue undisturbed. It is only in abso-
lute diverging strabismus that that tendency is, as shall hereafter
appear, not unfrequently removed.

We have above seen, how in progressive M binocular vision for
near objects usually in vain endeavours to maintain itself. To this there
are, however, exceptions.

Indeed, even in high degrees of M . . . the visual lines may sometimes be
properly directed in close vision, and may without effort be kept in
that direction. But this in many cases is obtained only at the expense
of the mobility outwards. Limitation of the latter is, in such instances,
rarely absent, and it may now attain to that degree, that the visual
lines cannot in distant vision be brought to parallelism, which consti-
tutes relative converging strabismus. And if with increasing M in these
cases the convergence for near objects also becomes insufficient, we
have the singular combination of relative diverging strabismus, in
vision for near objects, with relative converging strabismus in distant
vision, while at a medium distance a certain margin has remained for
binocular vision. . . . However, as I have observed, this is all exception-
al. The rule is, that the facility of convergence does not keep pace with
the development of the myopia, and that the tendency to relative
diverging strabismus rapidly becomes remarkable. I satisfied myself
by investigation, that in M the mobility inwards is in a great
number of cases very soon limited, while that outwards is in no way
impeded.

The absolute diverging strabismus is distinguished by divergence of the
visual lines in distant vision. ... In a few cases, however, I observed,
that in looking to a great distance divergence existed, but that, on
looking to the distance of some feet or some inches, this gave way to
sufficient convergence, which was then, however, not to be maintained.
The fact is remarkable. The explanation may be, that binocular vision
is much more important for the estimation of near, than for that of
remote, objects.
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At first, diverging strabismus exists usually in a slight degree, and
only slowly increases. Sometimes it continues in but a slight degree
during the whole of life. I have, indeed, found that precisely the highest
degrees of diverging strabismus not unfrequently have another origin
than simple myopia.

It is commonly the custom to ap{Ply the term squint exclusively to the
absolute form. In this senseitis less frequent than strabismus convergens.
And if, . . . myopia cannot occupy the same prominent position as an
etiological element, that hypermetropia does in reference to strabismus
convergens; nevertheless, in about two-thirds of the cases of absolute
diverging strabismus, myopia was met with. But if, on the other hand,
we take relative dwcrgmg strabismus also into account, the diverging
form is as frequent, if not more frequent than the converging; and now,
moreover, the extraordinary causes, originally proceeding from the
muscles or from blindness in one eye, fall into the background: there-
fore in at least go per cent. of the cases of relative diverging strabismus
we find M.—It is often remarked that while strabismus convergens
usually occurs in childhood, strabismus divergens is most frequently
not developed until a later period. The observation is correct. The fact
is connected with the cause of its occurrence : progressive myopia.

Now if, in general, absolute diverging strabismus proceeds from relative,
it is far from being the case, that the relative should always be followed
by the absolute form.. .. We certainly find many myopes with relative
diverging strabismus, without the absolute form being developed from
it. Here, therefore, the question also arises: What accessory circum-
stance causes the true absolute diverging strabismus to occur?

Perhaps we may be able to invert this question, if we first consider
why, in general, the relative deviation predisposes to the absolute. The
result of this consideration may be thus formulised :

Relative diverging strabismus gives dissimilar 1magr~; on the two
yellow spots, in close vision. The effort at simple binocular vision
must, in general, be consequently weakened. A commencement of
{itviation, having arisen where much advanced convergence was
required, immediately attains a tolerably high degree, by simply
yielding to the natural tension of the muscles,—partly also, perhaps,
in order to make the double images more remote from each other. . . .
In general, when, for example, with blindness of one eye, the internal
recti muscles are no longer for the sake of binocular vision of near
objects stimulated to contraction, they soon, through diminished
encrgy, become ineffectual, and strabismus divergens is the usual result
thereof. Relative diverging strabismus now leads to similar inaction,
likewise followed by diminished energy. Thus two important factors
coincide: slight resistance to double images, and diminished force of
the internal muscles. It can, therefore, not be a matter of surprise that,
in distant vision also, the action of the latter soon fails. And this must



occur the sooner in myopes, because the angle « is particularly small,
and therefore distant vision requires a slighter divergence of the corneal
axes than in emmetropes.

Thus, undoubtedly, the origin of absolute diverging strabismus is
satisfactorily explained. We must now invert the foregoing question.
We ask no longer: What accessory circumstance, where relative
diverging strabismus exists, leads to the development of the absolute
variety? We rather inquire: What is the reason that not every relative
diverging strabismus is followed by the absolute form?

In the first place, I remark that absolute diverging strabismus is,
as I find more and more every day, in high degrees of myopia very
general, much more general than is supposed. Slight degrees pass
unobserved, because, although the visual lines diverge, the corneal
axes exhibit no particular divergence, often certainly still less than in
non-squinting hypermetropes: it is not until the properly directed eye
is covered, that it appears that the visual line of the other was directed
too much outwards. But I repeat the question: What is the reason why
not every relative diverging strabismus is followed by the absolute form?

The cause of this lies partly in the maintenance of binocular vision.
Although. . . the attempt to obtain equal impressions on the two yellow
spots and on further corresponding points is weakened, it is not
extinguished. In many the one eye actually turns outwards behind the
hand, to reassume a proper direction when uncoverd. And where this
giving way does not take place, it is sufficient to hold a weak prismatic
glass, with the refracting angle towards the nose, before the eye, to
satisfy ourselves of the attempt at binocular vision: we immediately
see a convergence set in, Lnrrectlng the action of the pnsm . 1t thus
also appears that acute sight is not an absolute condition for main-
taining single vision.

Further, we seek the cause of the absence of absolute strabismus in
limited mnbilit}; of the eyes. Turning the great ellipsoidal eyeball of
myopes is impeded not only inwards, but sometimes also outwards.
This obstruction may go so far that, as I have above remarked, relative
converging strabismus in distant vision may be combined wnh relative
diverging strabismus in near vision. But even if does not attain this
degree, it really hinders an excessive deviation outwards, especially
when it is allied to the need of binocular vision,

Thus then, just as in converging strabismus, different impelling and
resisting forces contend with one another,

If the difference of refraction is great, the one eye highly myopic, the
other scarcely so or even emmetropic, the rule is perhaps that in distant
vision the myopic eye has deviated outwards. These cases furnish a
peculiar form of strabismus divergens, which certainly deserves to be
thoroughly investigated and separately described. Sometimes, especial-
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ly at first, the squint is intermittent, and manifests itself only either on
fatigue. . .. Not unfrequently, too, the one eye is used in distant, the
other in close vision.... As to its pathogeny, it is easy to see that,
in the first place, binocular vision in these cases has not much value;
secondly, that, particularly in distant vision, the double images of
ordinary objects are scarcely observed, and the patient thus easily
abstracts from the impression of the strongly myopic eye; thirdly, that
the limited mobility in this case affects only the one eye, and a relative
deviation outwards must therefore meet with less difficulty.
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The connexion between myopia of the two eyes, and strabismus divergens was
formerly not completely overlook. Joh. Mueller even describes a strabismuss myapuom.
‘It is known’, thus he commences the explanation of the mode of development,
‘that shortsighted people look at very near objects only with one eye, while the
other eye, which is also nearsighted, completely turned away and directed to a dis-
tance, sees indistinctly or not at all’. This is the state which we have called relative
diverging strabismus. It has been described by Buffon, as occurring in his own eyes.
In his own case he introduces the difference of the images in the two eyes into the
explanation; but in general he finds in the extraordinary convergence required by
myopes, the reason, ‘that the sight is fatigued and less distinct than in looking with a
single eyve’. Mueller assigns the first place to the same cause, but in addition points
to the increasing refraction produced by the convergence.

Our investigations have thus led us to a striking result, which may be
expressed in the following antithesis:—

Hypermetropia causes accommodative asthenopia, to be actively overcome by
strabismus convergens.

Myopia leads to muscular asthenopia, passively yielding to strabismus
divergens,

§ 32. Hygiene. Treatment. Spectacles. Hlustrative Cases. History of Myopia
The cure of myopia belongs to the pia vota. The more our knowledge
of the basis of this anomaly has been established, the more certainly
does any expectation in that direction appear to be destroyed, even
with respect to the future.

Treatment is, alas, partly a matter of fashion. Thus discharging the
aqueous humour from the anterior chamber of the eye, is now the
order of the day. Some have even spoken of applying this method in
myopia. Ifit be intended thereby to make the cornea flatter, the object
will not be attained in this way, ... besides the paracentesis referred
to 18 not always itself equally harmless. We formerly lived under the
rule of the myotomists. Rendered rash by ignorance, some have actual-
ly employed their operation of the relief of myopia, and have even
persuaded themselves that they had thus accomplished a cure. The
truth is, that they in general subjected not myopic, but rather hyper-
metropic, eyes, which they mistook for myopic, to the operation ,and
that even in these the latter was ineffectife. However, in another point
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of view, where myopia really exists, tenotomy may sometimes be appli-
cable. If the muscles are, as a result of extension, permanently too
much upon the stretch, and if the bulb is consequently harder, the
displacement backwards of the insertions by tenotomy might diminish
the pressure, and thus one of the conditions for further development
might be removed. Division of the tendon of the rectus externus, is, as
we saw in the preceding section, not unfrequently indicated for pro-
moting convergence in high degrees of myopia; now it has been
proposed to divide the tendons of the rectus internus and rectus exter-
nus, in order to diminish the existing tension, and in some cases this
has actually been done. Further experience must decide as to the
value of the plan.

Lastly, the removal of the crystalline lens has also been suggested.
When in a case of highly myopic structure of the eye, a lens affected-
with cataract has been successfully extracted, and a nearly emmetropic
condition has been obtained, the operator has been exposed to the
temptation of endeavouring, by the abstraction of a normal lens, to
remove the myopia. A patient, who was an amateur in dmptrlcs
endeavoured to induce me to perform this operation!

But I need not say, that such a momentous undertaking, doubly
dangerous where a myopic eye and a transparent lens are concerned,
without that, even in the most favourable case, any real advantage is
to be expected, would exhibit culpable rashness. Not only would the
staphyloma posticum continue equally threatening, but we should also
have sacrified the accommodation—an advantage which that of
somewhat larger images than would be obtainable by neutralising glas-
ses, could by no means counterbalance.

From the above it follows, that the idea of curing high degrees of
myopia with developed Staplwluma posticum must be abandoned. The
question is, whether slight degrees can really be cured. That, through
senile _mntamnrpfmsis at an advanced period of life, they may give
way, we have already seen. In young persons, on the contrary, I have
never established the fact of any diminution of the myopia. Where
the latter appeared, on superficial observation, to have taken place,
spasm of accommodation had been in operation. It has, however, often
been asserted that slight degrees of myopia have yielded to the em-
ployment of suitable measures. Some years ago Berthold (1840)
proposed the use of a certain desk, called myopodiorthoticon(!) by which
the myope was compelled to remain at a great distance from what he
was reading, while this distance was systematically increased. Burow
however, shows clearly, that no diminution of the myopia is to be
expected from this plan, as the accommodation for the farthest point
is only a passive, and not an active operation, and he supplies the proof
from the experience of his own eyes. Berthold’s desk was also tried in

vain at Koningsberg; and according to Von Hasner the attempt at
Prague was attended with no better result. However, the last-named -




,.".[8?_.

writer expressly states, that myopia depending upon slight degrees of
staphyloma sclcrutlca: may, particularly in the commencement, be
again diminished by restraining the eye from looking at near nbjects
Respect for Hasner’s accuracy cannot prevent me from doubting the
correctness of this assertion. I have, under all circumstances, found steady
increase of M in young individuals; its diminution I have never
observed.

The task of the oculist in myopia resolves itself into the following:

1. To prevent the further development of the myopia, and the
occurrence of secondary disturbances.

2. By means of suitable glasses to render the use of the myopic eye
easier and safer.

3. To remove the asthenopia muscularis by the use of glasses or by
tenotomy.

4. To combat the secondary disturbances of the M.

I. In the exposition already given lies, I think, the proof, that where
predisposition exists, continued accommodation for near objects pro-
motes the development of staphyloma posticum. . . . We have remarked
that accommodation, as such, is not in this case in operation, for in it
only the form of the crystalline lens is changed, and in M the latter
has undergone no change. In a mediate way, therefore, through
accessory circumstances, it must be, that accommodation for near
objects promotes staphyloma posticum. Of such circumstances two
especially come under observation: strong convergence and a stooping
position. As to the first, in order to see acutely, myopes must bring the
object within the region of accommodation, and where M is somewhat
advanced, binocular vision under these circumstances requires a strong
convergence. Children and young myopes are even accustomed,
particularly in bad light, to bring the objects much nearer to the eyes
than the degree of the myopia, properly speaking, requires. This
strong convergence increases the tension of the eyeball by pressure of
the muscles, perhaps also by pressure against the surrounding tissues,
and increased pressure promotes the staphylomatous distention. .
Now strong convergence may be avoided in various ways. In the first
place we cause the patient to look much at a distance. But we cannot
absolutely forbid looking at near objects, and we therefore give spec-
tacles which bring the farthest point, 7, to a sufficient distance; for
example, to from 16 to 18 inches. At the same time the patient is to be
strongly recommended not to look at a shorter distance than 16" or
14", ... a ruler of this length may serve as a measure to parents and
masters as well as to the myope himself. Moreover, it is desirable that
often (for example, every halthour) work should be discontinued for a
couple of minutes.—In very high degrees of M, only one eye is usually
employed in vision, and thus convergence is ex::ludecl. This appears to
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me to be often a desirable condition: in strong M binocular vision loses
its value, and the tension which would be required for it cannot be
otherwise than injurious. Now, in such cases, for reading no spectacles
are given; in the first place, because the acuteness of vision has usually
somewhat decreased, and the diminution of concave glasses is now
troublesome; in the second place, because with the retrocession of r
injurious efforts at convergence and at binocular vision might be excit-
ed. In any case the spectacles should be so weak as to avoid these
results.

A stooping position was also mentioned as a promoting cause of M.
This position leads to accumulation of blood in the eye: under the
influence of gravitation, the afflux of blood takes place, in fact, under
higher pressure, and until the efflux, too, more pressure remains in the
veins; and with the augmented pressure of blood the tension of the
fluids in the eye increases. The symptoms of irritation connected with
hyperamia, which in young people usually accompany progressive
myopia are, I think, for the most part also to be ascribed to the cause
just mentioned. Even in non-myopes an unpleasant feeling of pressure
in the eyes speedily occurs when the face is held horizontally. Now the
increased tension of the fluids certainly promotes, as such, the develop-
ment of staphyloma. But in yet another way the accumulation of blood
is still more injurious, namely, by promoting, perhaps even by exciting,
the inflammatory affections under whose influence the staphyloma is
so rapidly developed. In the hygiene of myopia, therefore, the very first
point is to guard against working in a stooping position. While most
work takes place in a horizontal plane, myopes are only too much
inclined to it. Such a habit is usually opposed on the supposition that
the thoracic organs suffer from it. Without denying this, I think,
however, that it must be forbidden chiefly for the sake of the eyes. In
general everything will be useful for this purpose which was recom-
mended for the avoidance of strong convergence: to keep objects
removed as far as the degree of myopia permits; to intermit work
frequently; by suitable glasses to bring r to a sufficient distance. But
we may also add: to read with the book in the hand, and in writing
to use a high and sloping desk. To this last I attach much importance.
Rectilinear drawing on a horizontal surface 1s decidedly very injurious
to myopes. Again, with respect to the thoracic organs, many think that
in writing a standing position is to be recommended. For that I see
no particular reason. It is sufficient that the height of the desk suit the
height of the head, and that the inclination be as great as circum-
stances permit. . . .—Further, those who are highly myopic must be
earnestly dissuaded from everything which gives rise to increased
action of the heart, and to tendency of blood to the head. . ..

II. The prescribing of spectacles for myopes is a matter of great
importance. While emmetropic and hypermetropic eyes do not
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readily experience any injury from the use of unsuitable glasses, this
may in myopes, particularly on account of the morbidly distended
condition of the eyeball, and .of the tendency to get worse, be very
dangerous.

There exists in general a dread of the use of too strong glasses. It 1s
laid down as a rule: rather too weak, or no glasses, than too strong.
Too strong glasses make llypermrtrnplc eyes myopic, and myopic eyes
hypermetropic. The rule, therefore, cannot be equally true for both.
In fact, it is in general much less injuric-us to produce a certain degree
of myopia than of hypermetropia, in which last particularly much is
required of the accommodative power. The rule would therefore be
more correctly stated thus: in hypermetropia we must beware of giving
too weak, in myopia of giving too strong, glasses; a rule the second part
of which we should especially insist upon. But even by this little is
gained. Not using glasses, or using too weak glasses, may also be inju-
rious to myopes. All the circumstances must therefore be studied, which
can exercise an influence on the choice of glasses. It is difficult to reduce
these to definite rules. But to attempt to do so is our task.

On a superficial view, we should suppose that we have only com-
pletely to neutralise each degree of myopia, in order to obtain ‘all the
advantages connected with the emmetropic eye. The case is, however,
quite different. If in neutralised myopia the eye is equal in its farthest
point to the emmetropic, with respect to the relative limits of accom-
modation for each convergence there is a great difference.... The
indication exists only

1°. When the glasses are used exclusively for distant vision, for example, in
a double eye-glass, which is only at intervals held before the eyes.
Evidently, in looking to a great distance with such a glass the accom-
modation is in a state of rest, and its use can therefore never cause
any injury. But so soon as the same glasses are used for shorter distances
in looking at drawings, plates, &c., the exceptions, of which I shall
htrf:afl:f‘r speak, come under observation.

. When the myopia is slight in reference to the range of accommodation, and
tﬁe -ﬁ_’}lt? 15 otherwise healthy. In this case, neu trahsmg.} glasses may be worn
as spectacles, and may be used even in reading and writing.

In order to obtain all the advantages of concave glasses, the myope
must begin early with them. If the myopia amounts only to a fourth
or a third of the range of accommodation, we may immediately wholly
neutralise it. Ifit amounts to more, we must usua Iy begin with w caker
glasses, and replace the latter at the end of six months with stronger. . . .
In this respect great individual differences exist, chiefly dependent on
the position of the relative range of accommodation. It this be unfa-
vourable, we must more slowly increase the strength of the glasses. The
effect of wearing glasses is, in fact, that the relative range of accommo-
dation is dlsplaccd bﬂcummg gradudlh the same as the | position proper
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to emmetropic eyes, and therefore the binocular farthest point ap-
proaches the eye, while the absolute farthest point » by no means does
so.—The myopia thus neutralised is less progressive, because both too
strong convergence and a stooping position are avoided. But if the
tendency to these is so great that they still occur in neutralised myopia,
the use of glasses i1s dangerous, and must be discontinued, so soon as it
appears that the myopia is particularly progressive. In this case it is
necessary for a time to forbid all close work.—Besides, if in the cases
mentioned the use of concave glasses is desirable, it is not so necessary
that we should always be compelled to adopt them. Women particular-
ly have a right to be allowed some liberty in the matter.

Many circumstances forbid the complete neutralisation of the myopia. They
are connected with:

a. The degree of the myopia. . . . In the highest degrees, from 1/5 upwards,
perfect neutralisation 1s not pleasant for close work, because, with re-
gard to the usual diminution of the acuteness of vision, the images
become too small. We should then rather bring r to 12 or 16 inches
and let the patient wear these spectacles, with which a lorgnette with
glasses of — 1/12, — 1/16, respectively, is also given, which may for
distant vision be held before the spectacles. The idea that there is any-
thing injurious in this combination is an unfounded prejudice.
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b. The range of accommodation.

Moderate degrees of myopia, for example of 1/10, we can no longer
completely neutralise at thirty-five years of age. So long as only distant
objects are viewed with neutralising spectacles, all is tolerably well; but
even in speaking with people we hear complaints of the tension required
in order to see the eyes and face acutely, and work is, on the whole, not
to be maintained with them. We should then confine ourselves to
glasses, which bring r to about 24", giving, if necessary, still weaker ones
for working, and at the end of six months or more, we should examine

whether we can increase a little, without causing dsthcnupla. i
¢. Acuteness of vision. This has a great influence in the choice of glasses.
. Von Graefe has forcibly insisted on the great danger of giving strong
glasses for near objects, where the acuteness of vision i1s diminished.
The objects, ES]’JECIHH}’ letters in reading, then appear smaller, and
from the need of seeing them under a greater visual angle, such
shortsighted amblyopes, in order to be able to bring them nearer, put
their accommodative power with all their might upon the stretch,
and promote the existing staphyloma. But, on the other hand, without
glasses, the convergence 1s still stronger, and the tendency to the
bent position is still greater. We thus find ourselves in a sad dilemma,
which is to be avoided only by, in great part, forbidding close work.
The most favourable circumstance is when in near vision convergence
does not take place, and thus only one eye is used. Less injury is then




to be expected from reading without spectacles, with the book in the
hand, but writing must be avoided. In the same cases we may permit
older persons to wear partially neutralising spectacles, and with these
spectacles, aided by a reading-glass, occasionally to peruse something,
which may in this way be done at a greater distance. ... In any case
we should insist upon moderation in reading, and on the selection of
large print, although the latter is also attended with particular diffi-
culties.—For the purpose of distinguishing pretty well at a distance in
the highest degrees of myopia with diminished acuteness of vision, there
is no other means than the use of a double eye-glass, or of the very
portable glass-conus of Steinheil* for a single eye. In such cases, a whol-
ly neutralising concave glass makes the distant images appear so small
and the objects so remote, that vision is by no means satisfactory.
Imperfectly neutralising glasses in a stenopaic frame, which limits the
remaining circles of diffusion, answer still better.

d. Age. The influence of age is, for the most part, comprised in the
diminuation of the range of accommodation, and of the acuteness of
vision. At a very advanced time of life, we need attend less to the future
than to the present. We may therefore, in order with diminished acute-
ness of vision to make reading still possible, in the slighter degrees of
myopia, even with convex glasses, bring 7’ to 6”, 5°, and even closer to
the eye. We should give only such a form of glasses as the patient can
easily see over. Old people seldom know how to derive much benefit
from glasses a double foyer.

e. The nature of the work, and the distance at which it is to be performed.
He who in youth neutralises his myopia, can, if his sight be otherwise
good, also, later in life, perform ordinary work at any distance required.
He who, on the contrary, either could not or would not wear spectacles,
retains the relative range of accommodation peculiar to myopes, and
now, when for any particular object vision is required at a somewhat
greater distance, he cannot use completely neutralising spectacles. The
rule is with the glasses, therefore, to bring the farthest point precisely
to the distance at which acute vision is needed. The necessity for this is
felt most in ladies, for the reading of music, when r must be brought to
from 18" to 24". Meanwhile, they can, for distant vision, use a neutra-
lising eyeglass. It is also in general desirable in writing (in reading it is
less necessary), in order to prevent a stooping position and strong con-
vergence, to bring r to from 14" to 16", sometimes even to 18", to make
ledger-work possible. Lastly, in order to see the writing in lectures,
especially in the pulpit, the farthest point must be brought precisely to
the requisite distance. Particular attention is necessary—even though

*A simple solid conus of glass, about one inch long, the base convex, the opposite
surface concave, with a smaller radius than the convex. It acts as a Galilean telescope:
parallel rays, refracted on the convex surface, are converging in the glass, and,
refracted again on the concave surface, obtain a diverging direction, and can also
unite on the retina of a corresponding myopic eye. The magnifying power increases
for the glass-coni, required in high degrees of myopia.
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spectacles were always worn—in the case of elderly people, who have
lost their power of accommodation, and have not perfect accuracy of
vision. . . . They read the smallest writing at 3" or 4" distance, and are
surprised ‘that they cannot with spectacles see much larger writing at
18". They do not consider that the distance is from four to six times
greater, and that by the concave glasses the images are still further
diminished. Consequently there is nothing to be done, but to write
particularly large.

We have examined the direct influence of glasses on observation, and
on the estimation of what is observed ... As to the indirect influence
(the result of longer use), we became acquainted with the displacement
of the relative range of accommodation, and the approximation of the
binocular nearest point. We may still add that the at first incorrect
estimation of magnitude, distance, and form, is tolerably quickly lost.
It is remarkable how myopes, when using spectacles, immediately
begin, unconsciously, to write larger than before, and how, after some
time, they involuntarily resume their smaller handwriting, ‘unless with
considerable energy they resist the tendency to do so. Another result
of wearing spectacles is, that by being accustomed to look nearly through
the axes of the glasses, the eyes gradually limit their movements. After
the removal of the spectacles, too, this limitation continues, and the
movements of the head especially provide for the necessity just mention-
ed, giving a peculiar bearing to myopes who are accustomed to wear
glasses.

ITI. We have already seen that in high degrees of myopia the internal
recti muscles are often insufficient. . . . The insufficiency first makes
itself known by asthenopia muscularis in binocular vision for near
objects. Sometimes we find (at least temporarily) the proper rrmcd}?
for this state of things in concave glasses, which bring 7, to from 12"
to 14”. In using them we may, if it seems necessary, somewhat
diminish the mutual distance of the elasses, by which less is required
of the internal muscles. In other cases the use of spectacles may itself
give rise to asthenopia muscularis. Thus, in very hiqﬁ degrees of myopia
relative diverging strabismus is a very common occurrence. . . . When,
in such cases, 7 is by concave glasses brought to a greater distance, the
effort at hinocular vision sometimes returns; and the musculi recti
interni are then obliged to exert themselves so pnwcrf ully, that asthen-
opia muscularis is unavoidable. Now this is not only troublesome and
fatiguing, but is it also injurious, as it affects the further development of
the myopia. If the one eye, S0 500N as it is covered, pCI‘LEPthlf‘ deviates
outwards, and on removing the hand again turns inwards, in order to
resume its former direction, we may expect the occurrence of asthenopia
muscularis. It is often difficult enough to decide what is to be done in
such cases. For the rules applicable to insufficiency of the internal




muscles in non-myopes, by no means hold good in the asthenopia
muscularis of myopic individuals. In the former the condition referred
to is, in the first place, free from danger, and it is even allowable to try
by systematic practice with prismatic glasses to excite the energy of the
internal muscles. In myopia, on the contrary, cure of the insufficiency
of the internal recti muscles is not to be thought of. Once begun, the
insufficiency develops itself more and more, in double proportion, when,
as is usual, the myopia is progressive. Often no other result is possible,
than the exclusion of the one eye, with diverging strabismus. . . . Seeing
the danger connected with strong action of the musculi recti interni,
and the prospect of not being able to prevent the progress of the in-
sufficiency, I have often asked myself, whether we must not simply sub-
mit to the tendency to outward deviation, which removes the asthen-
opia muscularis by the intervention of relative strabismus divergens.
Von Graefe is of opinion that we should decide upon this sacrifice only
in excessive myopia. A middle course may, however, also be adopt-
ed: we may allow reading without glasses, that is with the exclusion
of one eye; but for writing and other work, which, to prevent a stooping
position, must be performed at a somewhat greater distance, we should
giw:'. prismatic-concave glasses. The concavity of these should be such

as to bring the farthest point to from 12" to 16", and the- ’ms;lf: of the
prism should be so great that in looking to a distance of from 12" to 167,
covering one eye should no longer be followed by any outward move-
ment. Von Graele is a great advocate of this combination, which, ifit is
arranged with strict care for individual cases, really renders binocular
vision, without asthenopia, possible. If we are particularly successful
we may allow these glasses to be used also in reading; if the difficulties
are not altogether removed, their use must be limited to writing, but
even in this moderation must be observed ; and if, after repeated efforts,
the patient continues to complain, we should not hesitate to sacrifice
the one eye.

“The proper principal remedy’, says Von Graefe, ‘is above all
tenotomij of the musculus rectus externus’. . . . It is, however, compara-
tively rarely adopted, so long as there is merely simple insufficiency uf
the recti muscles, without strabismus divergens. . .. It will, in fact, i
general be admissible only when, after the operation, no permancnt
converging strabismus in distant vision, even in looking somewhat
towards the side operated on, is to be cxpect::d Von Graefe has from
this point of view established the indications with great accuracy. The
condition, sine qua non, for tenotomy is this: that under the attempt at
single vision, a sufficient divergence of the visual lines should appear to
be possible. "This should be tried (after neutralisation of the myopia)
with prismatic glasses; we should investigate, with what prismatic
glasses, held with the refracting angle outwards before the eyes, single
distant vision is still attainable. The strongest glasses then, which can
still be overcome, give the measure of the possible divergence. It is



allowable now so to perform tenotomy that this possible divergence
shall be completely removed.

But we must not suppose that with the removal of the possible diver-
gence, we have always made binocular vision for near objects easy:
when deviation of the eye behind the hand, at the distance at which
binocular vision is desired, is much greater than the utmost divergence
which we are allowed to correct by tenotomy, we shall, after this correc-
tion, retain an insufficiency for this distance, which, with binocular
vision, will still give rise to asthenopia. We must, therefore, in such
cases bear in mind that after tenotomy, the correction must be supplied
by prismatic-concave glasses. Hence, therefore, it also follows, that
when in distant vision only comparatively very weak prisms can be
overcome, the operation certainly effects almost nothing, and where it
appears that no divergence 1s possible, tenotomy is absolutely contra-
indicated. . . .

IV. Therapeutic Treatment. For myopia, as such, there is no thera-
peutic treatment. Myopia consists in an anomaly of which only
hygienic measures must, if possible, prevent the further development.
But it is not-unfrequently complicated with symptoms of irritation and
inflammation; and with other pathological deviations of different
kinds and with respect to these it is the duty of the therapeutist, to the
best of his ability, to interfere.

In the foreground appear symptoms of irritation at the period of
puberty, characterised by . .. fatigue and pain in the eyes, especially
on exertion in the evening. Under such circumstances we should be
particularly strict with respect to the hygienic directions, which are
in themselves in many cases sufficient. It is also of great importance to
keep the feet warm. Often, too, a douche on the closed eyelids is
agreeable. If the symptoms do not give way, we may, with avoidance
of a stimulating diet, combine some derivation on the intestinal canal,
and we may in addition recommend the application, to the frontal and
temporal regions, of a stimulating embrocation, composed, if there be
any coexisting external irritation of the eyes, rather of non-volatile
ingredients. At the same time, especially when it appears that the
myopia is rapidly progressive, all tension must be avoided. So far as
work is permitted, this must be accomplished in slight degrees of myo-
pia without spectacles, and in higher degrees r must be brought accu-
rately to twelve inches. If fatigue or pain should occur, work must in
either case be suspended; and if the use of spectacles appears more
rapidly to cause fatigue, we should not lay stress upon their adoption,
but take care only that the patient maintains a proper position in
whatever work he still performs. Ifit be suspected that the symptoms of
irritation have excited spasm of accommodation, as often occurs in




high degrees of myopia in youth, we should employ sulphate of atropia,

partly to test the truth of the supposition, partly to remove the spasm
and to prevent it returning on each effort to sece. We may then even
continue this application for some days, whereby the myope becomes
accustomed to look at the greatest distance of distinct usmn unneces-
sary convergence is thus prevented, and from this plan no injury is to
be apprehended, provided we cause the patient to avoid strong light,

or to moderate it by means of grey glasses. In case of a relapse of the
symptoms of irritation, with spasm of accommodation, the application
of Heurteloup’s artificial leeches to the temples, followed by twenty-
four hours’ stay in the dark, with gradual transition to light, has been
found very useful.—In spite of all efforts, however, these symptoms of
irritation in some cnnstantly recur. If, moreover, the myopia is rapidly
progressive, the patient’s state is serious enough to make it necessary to
warn him against choosing an occupation in which close work would
be constantly required; above all, such myopes should not be office-
clerks. But such cases are rare: with few exceptions the inconveniences
disappear before the twentieth year.

At a later period of life, the acuteness of vision sometimes diminishes
in high degrees of myopia in a few months in a manner to cause con-
siderable uneasiness. In these cases the hyperemia at the borders of the
atrophy often leads us to suspect the existence of progressive myopia,
while to this state of things other signs of irritation are usually added. If,
in such instances, no organic changes are ophthalmoscopically to be
observed in the region of the yellow spot, we almost always obtain,
within a few weeks, a considerable improvement of the acuteness of
vision, by the Wﬁﬁk]'}’ abstraction of blood after Heurteloup’s method, by
kttpmg the patient in a moderate light, and by making him avoid ten-
sion of the eyes, combining this plan, according to circumstances, with
the use of the douche and of a stimulating embrocation, with deriva-
tion by the intestinal canal and stimulating pediluvia. Even when there
are perceptible morbid changes in the yellow spot we need not despair,
so long as subjectively a defined scotoma does not remove direct
vision. In person of 60 years and upwards, with myopia of 1/5 and even
of 1/4, I have, by following the above directions, seen the acuteness of
vision rise from 1/30 or 1(20, to 1/4 or 1/3, and thus become quite
sufficient for writing and readmg It is quite a different thing when a
circumscribed scotoma, ophthalmoscopically perceptible in the yellow
spot, 1s also pcrccpnblc to the patient. This indicates a pmﬁ:und
disturbance in the seat of direct vision. Blindness is in general not
particularly threatened thereby; but improvement of direct vision is
not to be expected, and if both eyes are equally affected, the patient
must prepare himself for the impossibility of reading, writing, or
performing minute work.—In cases of accessory chorioiditis dissemi-
nata the same directions are to be observed. In such we must expect
repeated improvement and aggravation of the affection. After many



years, however, the result usually becomes so unfavourable, that
ordinary work can no longer be performed. Motes are at the same time
often present in the vitreous humour. Especially under these circum-
stances it is usual to prescribe a long course of small doses of prepa-
rations of iodine or mercury. I too, have repeatedly done this, but I
would not venture to assert, that [ have seen favourable results from it.
Many patients give themselves more trouble about these motes than
they deserve. If no definite morbid changes threaten the yellow spot,
we may give a comparatively favourable prognosis; we should advise
that the attention should be as much as possible withdrawn from them,
and the attempt to do this should be seconded by causing the patient to
wear nearly neutralising glasses, made so as at the same time to modera-
te the light, and thus to make the shadows of the motes appear less
defined.

Complaints of persistent photopsia . . . occur chiefly in diffuse atrophy,
and indicate a state of irritation of the optic nerve. I have, in addition,
to the above-described treatment, tried numerous remedies against it
but, so far as I recollect, alwa}fs in vain., The complaints were, in
some cases, especially in nervous women, lamentable, and it has often
surprised me, that, with such signs of continual irritation, the acuteness
of vision was, in the course of even some years, but slightly diminished.

Against the most melancholy complications of myopia, effusion of
blood, and detachment of the retina, treatment is almost powerless.
In cases of effusion of blood in the vitreous humour, we may expect
absorption, leaving behind it some opaque motes and membranes. The
metamorphosis, under which the absorption takes place, is a spontane-
ous process, which treatment cannot promote, and the physician has
therefore to confine himself to hygienic rules, and to such derivative or
constitutional treatment as may appear to be adapted to each indivi-
dual case. Pressure, by means of a bandage applied at intervals, might
probably favour absorption, but when the bandage is taken off the
tension of the fluids is diminished, and, as appears on ophthalmoscopic
investigation, the vessels are distended, whereby the danger of fresh
effusion must necessarily be increased. After repeated relapses, the
vitreous humour remains opaque, and the fundus oculi 1s sometimes
wholly invisible.—QOccasionally, after repeated effusion of blood in the
vitreous humour, local detachment of the retina occurs, in some cases
certainly in consequence of blood accumulated between the retina
and the chorioidea. Partial absorption is here also to be expected, but
the detached portion of the retina never again resumes its functions.

The prognosis in detachment of the retina by a serous fluid, such as
often occurs in high degrees of myopia, is somewhat less unfavourable.

. In very rare cases absorption may occur, which many endeavour
to promote by means of all kinds of remedies (merc:unals, preparations
of iodine, derivants, sudorifics), very problematical in their action; but
in general improvement of the sight depends upon the fluid slnkmg




to beneath the seat of direct vision, or upon a diminished morbid
condition of the parts of the retina bordering upon the detachment.
Rupture of the retina is so far advantageous, as the danger of further
detachment appears thereby to be lessened. This fact it was which
chiefly suggested the idea of dividing the detached part by incision.
Sichel had already at an earlier period advised the discharge externally
of the effused fluid, by puncturing the sclerotic in the seat of the de-
tachment. This is attcﬂd]zd with no difficulty whatever; but it does not
appear that any advantage is obtained by it. The incision of the deta-
ched part was performed chiefly by Adolf Weber and by Von Graefe,
with a two-edged needle, carried from the inside through the vitreous
humour. In this manner a communication was established between the
fluid accumulated behind the retina and the vitreous humour, with
which it mingled; and the difference of pressure, which plays a part
in the origin and further development of the affection, was thus remo-
ved. No injurious effect resulted from the operation; in some cases, at
least at first, some improvement was observed; but experience has as
yet by no means decided, whether, and in what cases, permanent
benefit is to be obtained by this method: hitherto it has been employed
almost exclusively in old and nearly hopeless cases. It has, indeed,
appeared, that in staphyloma posticum the danger of extension of
incipient detachment, and consequently of increasing destruction of
sight, is greatest. ... In all cases of recent detachment of the retina,
in addition to the ordinary hygiene of the eye, jolting, vibration, &c.
(in carriages and on railways), as well as violent exertion in fatiguing
work, are to be strictly forbidden.

_ For the sake of illustration I will, in conclusion, endeavour to sketch,
in a few lines, the most frequently-occurring types of myopia.

+ Slight degrees of myopia escape the observation of the patient him-
self.

I. Mr. S. brings me his son, a boy of 15 years, who has been rejected
for nearsightedness at the Military Academy. “The lad is not near-
sighted, he reads the smallest writing still farther than he can reach’,
At twenty feet he sees only No. 60, with — 1/22 No. 20, with — 1/20
no better, with — 1/24 and particularly with — 1/26 less acutely. He
has therefore M=1/22, and the rejection is legitimate. Ophthalmos-
copically scarcely a trace of atrophy is found, but the papille are red.
He has latterly worked very hard, in the evening, too, with moderate
light, in order to prepare himself for his examination. In doing so he
found no inconvenience. He had indeed last year observed, that he
could not recognise people so far off as before, but he did not attribute
this to nearsightedness, because he could see the finest object sharply
at the distance of two feet.



My opinion is: that the myopia will increase a little. To prevent it
increasing much, let hem work by good light (by preference by day-
light), holding up his head, at the distance of from 14" to 16", on an
inclined plane, with intervals of some minutes every half-hour. I add,
‘Be of good cheer, my young friend, you can be whatever you wish,
except a soldier® ; towards your eighteenth year (with M about=1/16),
you will get spectacles to wear and to work with, and you will put
these off for work about the age at which others begin to wear glasses.’
With diminished range of accommodation the myopia can no longer
be neutralised.

II1. Dr. L., aged 37, with myopia=1/g and otherwise sound eyes, has
for the last twelve years, now and then, worn spectacles, which correct-
ed about from 1/2 to 2/g of his myopia, but he has always read and
written without glasses. The degree of the myopia has at this time
somewhat, but certainly not much increased. Not long ago he consulted
an optician, who gave him — 1/g to wear, with the advice to continue
to work without spectacles. Dr. L. immediately found that these glasses
were disagreeable to him; walking and looking at a distance, he found
all very well, but at the distance of two feet he could not see acutely
without an effort, which inconvenienced him at table, in speaking to
people whom he wished to look at, and under many other circumstan-
ces. He asked me what he was to do. My answer was: ‘If you had
commenced in your twenty-fifth year with neutralising spectacles, or
if you had, at least, used vour weaker glasses also at your work, you
would now find no trouble with neutralising spectacles with conver-
gence at two feet, and even at one foot, in accommodating for that
distance. You are now obliged to keep to weaker glasses, for example,
— 1/12 with which you still see perfectly sharply at three feet, and
also sufficiently well at a great distance. You are tall, and are therefore
inclined to stoop forward, and it is consequently desirable that at work
you should accustom yourself to spectacles, which, however, must
certainly for the present not be stronger than — 1/20; by degrees their
strength may be somewhat increased, and perhaps you may succeed,
within a couple of years, in accustoming yourself to — 1/12, without
their use being attended with symptoms of asthenopia, in which case
you may, without any injury, easily keep the same glasses of — 1/12,
under all circumstances, for half a score of years’.

v
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Spasm of accommodation may supervene upon the symptoms of
irritation.

V. T.W., aged 17, was nearsighted from childhood, and has for some

*In England M does not disqualify an officer.
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time been unable to continue working, in consequence of rapidly-
increasing pain in the eyes, which are also permanently sensitive. I
found myopia of 1/2-7, somewhat stronger still in the left eye; more-
over, capillary hyperamia of the optic disc; at its outside a perfectly
atrophic, white, sharply-defined crescent, 0.8 mm. broad in the
transverse direction (the axis), straightened retinal vessels, no trace of
chorioiditis, rather small pupil, easy convergence of the visual lines up
to 2 1/2" (he then also read binocularly), scarcely any subconjunctival
injection, no prominence of the eyes, eyelids healthy, but a tendency
to approximate them, not merely in order to see better, but also on
account of some intolerance of light. He showed me spectacles of — 1/g,
which he had worn, and had also used at work, but by the advice of
others, he had afterwards laid them aside, and he had since not got on
better. The acuteness of vision amounted to only 13/20. This latter
circumstance chiefly induced me to prescribe a Heurteloupian ab-
straction of blood* from both temples, and to make him remain for
twenty-four hours afterwards in the dark. After gradual transition to
the light, the degree of myopia was again, with the aid of glasses,
determined in the most accurate manner, and was found=1/3-4; at
the same time the acuteness of vision had increased to 17/20. Instilla-
tion of sulphate of atropia now brought the myopia to 1/3-7. The patient
was still kept some days in a half-darkened apartment; subsequently
the double abstraction of blood was again had recourse to, and the
hygienic rules which have already been repeatedly mentioned, were
strictly enjoined. Thus at the end of a month the acuteness of vision
had risen to 18/20, and the myopia was established as 1/3-6. He now
got spectacles of — 1/5, both to wear and also in order occasionally to
read and write for a quarter of an hour, which could thus be done at the
distance of about 10", and therefore must be done. From time to time
slight attacks of pain still occurred, which disappeared on strict rest.
The spectacles were subsequently strenghtened to — 1/4-5. These
glasses, held close to the eye, brought the farthest point to 14", which
was quite sufficient,
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The occurrence of fatigue during work indicates the existence of
insufficiency of the musculi recti interni.

VII. Miss v. R., aged 18, had for some years been constantly obliged
to suspend her work, in consequence of a feeling of fatigue and tension.
She has in vain tried various spectacles. I establish M = 1/7, S = 1,
with the ordinary crescentic atrophy; the eyes are otherwise sound and
the eyelids healthy. I suspect insufficiency of the recti interni. While she

*Heurteloupian abstraction of blood is accomplished by means of an artificial leech
making a circular wound, and yielding much blood on exhaustion by means of a
glass cylinder. ( T'he instrument is to be had at Luer’s, Paris. Its price is fifty francs.)
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reads at 6" with both eyes, I bring a small screen before the left, and
observe it deviate outwards behind the screen. On removing the screen
the eye again converges sufficiently. Having made some inquiries, 1
find that, after having read for half-an-hour, the left eye is always
drawn -:mtwards that this gives her an unpieasant sensation, and that
the effort to overcome the deviation fatigues her still more, Thus, she
had herself already remarked the insufficiency without having been
able clearly to account for it, and without having spoken of it. On
approximating an object, she converges up to 4", after which the left
eye rapidly and strongly deviates. However, on lateral movements the
excursions appear normal; towards distant objects the eyes are also
properly directed, and thrv maintain this direction when one eye is
covered; a prism, too, placed before one of the eyes, with the angle
upwmds, gives double i images of a remote light, without lateral devia-
tion, one of the images brmg almost directly above the other; while a
prism of 6°, with the angle outwards, gives intersected double i images,

which do not disappear. Thus it is ev ident that our patient can diverge
little more than normally, and yet that she has comparatively much
too great difficulty in conv 6121119_; With glasses of from — 1/12 to
— 1/8 she can, looking at from 13" to 16", maintain the convergence
much longer, but vet not sufficiently: the covered eye now always
deviates also, still directly outwards. By combining — 1/12 with a
prism of 8° the difficulties appear to be removed, and the now covered
eye actually scarcely any longer alters its direction. Besides such glasses,
she receives a double eye-glass with simple glasses of — 1/7. With this
she 1s exceedingly pleased, but the prismatic combination wearies her.
She would willingly undergo tenotomy, which was spoken of, but as,
undoubtedly, even in looking straight, and particularly in looking to
the left, double images at a distance would remain, I do not think the
operation indicated. Finally, I give her glasses of — 1/7, with the axes
closer to one another than the axes of the two eyes; and if she has to
work only one hour, she gives the preference to these, above the pris-
matic combination. She has to be particularly careful not to use these
spectacles in looking at remote objects: on account of the position of
the glasses she would in doing so be compelled to diverge somewhat,
which could not act otherwise than injuriously upon the power of the
recti interni.

The insufficiency may sometimes be completely corrected by tenotomy.

VIII. Mr. C., a mechanic, with M=1/8, has, except the ordinary
crescent, sound, sharpseeing eyes. Yet his work fatigues him after a
short time, and he thinks it not well to continue using his sight. His
looking at a distance did not exhibit the ordinary apparent convergen-
ce, but rather gave the impression of divergence. This immediately
suggested to me the idea of insufficiency of the recti interni. On exa-
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mination, it appeared that in unconscious distant vision he had the
tendency to divergence, which was absent when he saw acutely through
glasses of — 1/8; that he, however, aided with — 1/8, for the sake of
single vision, could overcome a prism of 12° with the angle outwards,
and consequently could considerably diverge. When, in reading at a
distance of 8", a screen was brought before the one eye, this evidently
deviated outwards, to turn again inwards on the removal of the screen,
and it appeared that this movement was scarcely greater than that
which was observed after the removal of the prism of 12°, in looking
at a distance. Consequently the insufficiency with a certain conver-
gence, made itself not much more strongly felt than in distant vision.
Tenotomy was therefore indicated. It was immediately performed,
first, on the left eye, the effect of which was still unsatisfactory; then
also on the right eye, when it was at first too great, so that remote
objects appeared single only in the direction to the right of the middle
line; but forthwith convergence to 8" took place, with the greatest
ease, and after some weeks the double images ceased also at a distance.
The success was complete. Fatigue was no longer mentioned, particu-
larly not after our patient, by my advice, had begun to wear glasses of
— 1/16, and to use them at his work.

Note to Chapter VII

We are indebted to Kepler for the earliest knowledge of the nature of myopia. He
laid the foundations of dioptrics in general, and in particular of physiological diop-
trics. The influence which spectacle-glasses have exercised in this direction is extreme-
ly remarkable. . .. Their great importance in the history of science was demonstrated
in the observation that they had led to the invention both of the microscope and of
the telescope. After perusing the works of Kepler, I go still further, and think I may
maintain that the development of physiological dioptrics has proceeded from spec-
tacle-glasses. Alhazen showed about 1100 that the eye is not the source of light, but
that the light proceeds from visible objects and enters the eye. With respect to the
formation of pictures in the eye, he conceived wholly incorrect ideas. It is still stranger
that we must say the same of Johannes Baptista Porta, who, although he compared
the eye with the camera obscura invented by him, was of opinion that the pictures
were formed on the anterior surface of the lens (1558 and 1593). His contemporary,
Maurolyeus (1575) arrived at more correct conclusions. '.'Ekiu‘a writer compreheneds
that the crystalline lens is to be compared with an ordinary convex lens, looks upon
it as more convex in myopes, flatter in presbyopes, explains the action of convex and
concave glasses, but nevertheless gives, in order to avoid the inversion of the images
upon the retina, a totally confused idea of the action of the lens, and makes the images
fall on the plane of the optic nerve, without mentioning the retina.

It was in 1601, Kepler himself informs us, that D. Ludovicus L. B. a Dietrichstein,
put the question to him, why farsighted people distinguished near objects better
through convex glasses, while nearsighted people saw distant objects more distinctly
with the aid of concave glasses. Kepler was not acquainted with the work of Mauro-
lycus. The only answer which he was at first able to give was, that convex glasses
magnified near objects. But Von Dietrichstein, not content with that, rejoined, that
the question did not relate to magnitude, but to distinctness: for that concave glasses,
which make objects smaller for all eyes, could otherwise assist no one, When, after
three years’ study, Kepler is at length in a position to give an answer: ‘responsum,’
he says, ‘si nonsatis clarum et indubium; satis certe tardum’, his thankful tone testifies
of the stimulus which he had received from the question of the man whom he calls,
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‘Mzcenatum meorum pracipuus’. ... It is evident, and Kepler himself says it,
that he could not at first answer the question proposed to him, because he had no
correct idea respecting vision. Here, now for the first time, we find the formation of
inverted images upon the retina (some years later demonstrated in the curious ex-
periments of Scheiner), contended for upon good grounds, and explained by the
meeting of the rays, proceeding from each point of the object, again, in one point,
upon the retina, in consequence of refraction by the cornea, and especially by the
crystalline lens. Kepler knew also ,that in order to form a sharply-defined image upon
the retina, the object must be at a given distance; and with this is connected the
answer respecting the action of spectacles,

For the first time we find the necessity of change of form in accommodation
demonstrated. ‘It is not possible, that the retina maintaining the same position in the
eye should receive a defined image both from near and from remote objects’. *Some
see remote objects distinctly, near objects confusedly (presbyopes); others see near
objects distinctly, remote objects confusedly (myopes) ; others see near and remote
objects confusedly (morbid conditions) ; some, finally, sce both distinetly’. Of these
last he says: “They accommodate for different distances by altering the form of
the eye. *Qui vero alterutra’, thus he continues, ‘solum distincte vident, oculum
habent sanum quidem, sed jam indurescentemn, adsuefactum et quasi senilem®. This
he applies both to myopes and presbyopes. He places both in one line. He has thus,
although himself myopic, overlooked the accommodation of myopes. Kepler devel-
opes his idea respecting the mode of origin still more fully in the following manner:
He who in vouth practices himself for distance and for near objects, inold age, becomes
preshyopic, because practice diminishes with advancing years, and the parallel
condition of the visual axes is the most natural: *but he who is from childhood occu-
pied with study or fine work, speedily becomes accustomed to the vision of near ob-
jects, and with the advance of years this increases, so that remote objects are more
and more imperfectly seen’. Thus in Kepler's view nearsightedness consists in the
condition of accommodation for near objects having become unalterable through
partial or one-sided practice.

Thus we see that Kepler looked upon myopia and presbyopia as opposite condi-
tions, and this was in his position perfectly logical, for he admitted no accommoda-
tion in either state,

This vision of myopes was still farther investigated and explained by Scheiner
(1625), and subsequently, especially by Dechales (compare p. 172 of this book). But
still Kepler’s error always remained: observers were not aware of the accommo-
dation of myopes. It is almost incomprehensible that, with the distribution of neu-
tralising spectacles, for which rather correct directions were given, oculists should
have overlooked the accommodation in young people; but yet I have not been able
to satisly mysell that any writer of the seventeenth century directly mentions it.
It is by Robert Smith (1738) that we first find it clearly expressed. He not only remarks
that a myope sces distant and near objects acutely through the same glasses, but he
also shows that no more accommodation is required for that purpose than for the
short range which the myopic eye possesses without spectacles.—With the demon-
stration of the accommodation of myopes, the opposition of myopia and presbyopia
should at once have disappeared. . .

The most important point which remained to be investigated was the organic basis,
the efficient cause of myopia. With respect to this we find among the earlier writers
no definite idea.

Only so far as they were based partly upon observation, do they deserve to be re-
membered, and this was not altogether wanting. Thus Boerhaave (1 Z{nﬂ}, in his
lectures de Morbis Oculorum, prelectiones publice, 1750, published by Haller from
manuscripts of different hearers, said : *Infinita sunt in oculo, nec unquam explicanda
qua hos effectus (myopiam) facere possunt, duas vero saltem sacpissime observatas
causas hic proponemus’, and, as such, he names: 1°. Nimia oculi longitudo; 2°. Cornee
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convexitas nimia. These two were indeed more than a mere optical fiction. Deceived
by the greater depth of the chamber of the eye, observers thought that, viewed in
profile, they saw a more convex cornea in myopes. And certainly 1t was also a matter
of observation that in highly myopic individuals the eyeballs are often large and
rominent. We find this fact alreacﬁf mentioned by much earlier writers than Boer-
aave. ... But still this cause was in general not sufficiently put forward, and until
a few years ago no decided opinion whatever was adopted. Von Graefe (1854) even
acknowledges that previously to his examination of eyes with staphyloma posticum,
he thought that the cause of mvyopia was to be sought in the vitreous humour.
Now we are aware that it was an advance when, putting aside other causes,
writers adhered to the increased length of the visual axis. Such an elongation was
anatomically first found by Scarpa [1%01}, in two females eye, and was decribed by
him under the name of staphyloma, because it appeared to be a morbid distention. This
was perhaps the reason why it did not occur to Scarpa to bring the deviation he had
established into connexion with myopia, for observers were at that tme far from
suspecting that an atrophic condition was connected with myopia. Subsequently,
Von Ammon remarks (1832) ,that the staphyloma posticum of Scarpa is not of such
rare occurrence as had been supposed, and that the distention is usually greatest at
the posterior pole,—always without seeking a connexion with myopia. The first who
states that he had found in the dead body the eve of a nearsighted person pear-shaped
is Ritterich (183g) ; but it was in the dissections of Arlt (1856), who, in various eyes
of myopes, found an evident elongation of the visual axis, formed at the expense of
the posterior wall, that the great importance of this distention with respect to myopia
was studied and generally recognised. To this it certainly contributed much, that
after the invention of the ophthalmoscope, the peculiar changes in the fundus oculi
of myopes were discovered in different quarters which changes were unmistakably
connected with the posterior distention of the bulb,



CHAPTER VIII
AsTiGMATISM (As)

8 33. Definition of Astigmatism. Regular and Irregular Astigmatism
Ametropia, comprising the lesions of refraction, is resolved, according
to § 6, into two opposite conditions: myopia and hypermetropia.
Every lesion of refraction belongs to one of these two. Sometimes,
however, it happens that in the several meridians of the same eye the
refraction is very different. . ..

The asymmetry, on which this difference depends, is proper to all
eyes. Usually it exists in so slight a degree, that the acuteness of vision
is not essentially impaired by it. But exceptionally it becomes con-
siderable, and occasions an aberration of the rays of light, which inter-
feres with the sharpness of sight.

This aberration, dependent on an asymmetry of the eye, may be
designated as astigmatism. To make it clear, we must glance at the
aberrations of light in general.

Rays of light which, sufficiently prolonged, all meet at one side in
the same point, form homocentric light: they have a common centre. The
diverging light, emitted from a point of any object, is therefore
homocentric. . .. Consequently the rays of light, proceeding from any
object, and received by the cornea, form cones of homocentric light. .

In general, we may say that homocentric light, refracted b}r a
spherical surface, continues homocentric: that, namely, the rays behind
the refracting surface either unite again into one point, or proceed in
a direction as if they all were derived directly from a point situated
before the refracting surface.

The homocentricity has, however, not continued perfect.... To
this deviation from homocentricity the name of ‘aberration’ is given;
and we distinguish two aberrations of different origins: the chromatic
and the spherical. The first depends on the nature of the light, the second
on the form of the refracting surface.

Chromatic aberration is the result of a difference in refrangibility
of the rays of light. ... Rays of unlike nature, find their focus in the
axis, at different distances from the refracting surface, the violet and
blue rays at a shorter, the red at a longer, distance. The dioptric
system of the eye also necessarily presents this chromatic aberration.
Under ordinary circumstances, however, the latter scarcely interferes
with the sharpness of vision!. I shall not dwell further upon it, as it has
no essential connexion with our subject.

Rays of light of equal length of undulation, and as such, of equal
refrangibility, form homogeneous light; the light is also of similar
colour, and is therefore called monochromatic. If such rays fall parallel
on a spherical surface, and at the same time at an equal distance
*Helmholtz, Physiologische Optik, in Allgemeine Encyklopaedie der Physik, Leipzig, 1856.
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from its axis, the homocentricity is perfect. But if they strike the
surface at different distances from the axis, they cease to be directed
exactly to one point: the farther from the axis they strike the surface,
the nearer to the surface do they cut the axis. This deviation is called
spherical aberration: it is the monochromatic aberration (that is, the aberra-
tion of rays of like colour) belonging to refraction by a sph{:ri{:a] sur-
face.

The dioptric system of the eye also has a monochromatic aberration.
The latter is in it even rather considerable, and is highly complicated.
For our purpose it is to be distinguished as

a. An aberration, which has reference to the rays refracted in one
and the same meridian.

b. An aberration, dependent on the difference in focal length of the
different meridians of the light-refracting system.

The first represents irregular astigmatism. It is dependent chiefly on
the structure of the lens, and its leading phenomenon is the pnhnpla
uniocularis. Morbid deviations may also produce irregular astigma-
tism. Of these I shall speak in the last section of this chapter. The
second gives rise to regular astigmatism, which is capable of correction.
It is the principal subject of this chapter.

The Rev. Dr. Whewell has, as Mackenzie informs us, designated the defect,
described by Airy as existing in his left eve, by the name of astigmatism. This word
is derived from « priv. and eriypz, {rom srife, pungo and signifies that rays, derived
from one point, do not again unite into one point. The entire monochromatic devia-
tion in the eye we may therefore call astigmatism, and this meaning I have given to
the term in question. Whewell had applied the name only to the regular form. By the
word astigmatism, used without more precise definition, regular astigmatism will, in
the sequel of this work, be understood.

§ 34. Regular Astigmatism in the Normal Eye

If we determine successively the farthest point, at which fine horizontal
and fine vertical threads or stripes are acutely seen, we obtain unequal
distances. The great majority of eyes discover a shorter distance for
horizontal than for vertical Stllp{“i.

The asymmctry is of such a nature that the focal distance is shorter
in the vertical meridian than in the horizontal.

The correctness of this view appears further from the form of the
diffusion-images of a point of light. In accurate accommodation the
diffusion-spot is very small and nearly round, while a nearer point
appears extended in breadth, and a more remote one seems to be
extended in height.

From figure 42 it is evident, what successive forms the section of the
cone of light will exhibit. In the middle of the focal interval, D, it will
be nearly round, and anteriorly through oblate ellipses, C, with in-
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creasing eccentricity, it will pass into a horizontal line, B; posteriorly
through prolate ellipses, E, it will come to form a wvertical line, F,
while before the focal interval a larger oblate ellipse, A, and behind it,
a larger prolate ellipse, G, will be found.

To this, as we have seen, the diffusion-images of the eye in general
correspond.

A B C E F
v’ u e
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Fig. 42

We have thus far assumed that the maximum of curvature coincides
with the vertical, the minimum with the horizontal meridian. And the
rule in fact 1s, that they nearly do so. But to this rule there are numerous
exceptions. Not unfrequently the deviation from the ordinary direction
1s very considerable ; and it even occurs that the maximum of curvature
coincides nearly with the horizontal, the minimum with the vertical
meridian. So Thomas Young, the discoverer of astigmatism, found it
in his own eye, and I too have met with some cases of this nature.

In general there is no difliculty in determining the direction of
the principal meridians. The mode of doing so is included in the
experiments above described, in proof of the
existence of astigmatism. Were we so perfectly
conscious of our accommodation that we could
accurately state, what lines in the annexed figure
are seen quite sharply at the maximum, and what
at the minimum of augmented tension, the direc-
tions of the maximum and minimum of curvature
would at the same time be known. That con-
sciousness is, however, seldom very accurate.

Fig. 43.
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The result is often surprising when the eye, made slightly myopic
(for example 1/60) by a glass is made to look towards a remote point
of light, and a negative glass (for example — 1/30) 1s alternately held
before the eye and taken away. The diffusion-image then is extended
in each tlmc two opposite directions.. . . By quickly pushing the glass
to and fro, the two images are (in ccnsequenue of the persistence of the
1mpr-::ssmns} persistently and simultaneously seen, and in some then
exhibit the form of a cross.
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By this experiment we can satisfy any one that this eye is not free
from astigmatism.
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The cause of regular astigmatism is to be sought partly in the cornea.
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On the lens depends irregular astigmatism ; to it polyopia uniocularis,
to it the rays of the diffusion-images of a point of light owe their origin.
The direct proof of this is furnished by the fact, that in the condition
of aphakia, when the lens is wholly absent from the eye, all these
phenomena of irregular astigmatism are removed. In numerous cases
I have satished myself of this.
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Astigmatism, the result of a positive cylindrical lens, may be removed
by a second of equal focal distance, either by a negative, whose axis
is parallel to the first, or by a positive, whose axis stands perpendicular
to that of the first. Thus, also, the astigmatism of the eye may be
corrected by a cylindrical lens; . . . the focal distance of the cylindrical
lens required for this purpose defines the degree of the astigmatism: it
is inversely proportionate to the focal distance of the correcting lens,
expressed in Parisian inches.

So long as astigmatism does not essentially diminish the acuteness of
vision, we call it normal, It is abnormal so soon as disturbance occurs.
If it amounts to 1/40 or more, it must be considered as abnormal. . ..

The asymmetry of the dioptric system of the eve was first observed by Thomas
Young (1793}, in his own person, The distinguished natural philosopher, whose bril-
liant meritsin the domain of physiological optics were first duly estimated by Helm-
holtz, was himself nearsighted. In relaxation of the eye, consequently in determina-
tion of the farthest point, he saw in his optometer, held in a horizontal position, the
double images of the thread intersect one another at seven inches from the eye, on the
contrary at ten inches, when in a vertical position. This indacates, on reducing the
English to Parisian inches, an astigmatism of about 1/25; and it is therefore strange
that Young, as he himsell remarks, had experienced no disturbance from it. The opti-
cian Cary, to whom Young communicated his discovery, stated to him that he had
before often found that nearsighted people distinguished objects much more acutely,
when the glasses suited to them were held in a particular oblique direction before the
eye: now by this manoeuvre, at least when strong glasses are necessary, a certain
degree of astigmatism may be corrected.—Young, too, had already studied and delin-
eated the form of the diffusion-spots. The source of astigmatism he sought in the
crystalline lens, because it continued when he plunged his cornea into water, and
replaced its action by that of a convex lens. He now assumed an oblique position of
the crystalline lens as the cause, and even thought that from the diffusion-images of a
point of light it might be deduced, that the two surfaces of his lens were not centred.
—In a double point of view, therefore, Young’s eye presented an exception: the
refraction was stronger in the horizontal than in the vertical meridian, and the cause
lay principally in the lens.
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In order to be able to calculate what astigmatism the crystalline lens possesses, the
direction and degree of astigmatism for the whole system, and for the cornea the radii
of curvature in its axis, and indeed in the meridians of maximum and minimum, must have
been known. Now we may admit that .. . the principal meridians usually approach
to the horizontal and vertical directions, .. . ; but sull I considered the deviation too
great to allow of our determining the slight astigmatism of the crystalline lens (as
difference between the total and that found for the cornea) by simple subtraction.

A more accurate investigation, formerly promised, and now accomplished with the
zealous co-operation of Dr. Middelburg, has shown, indeed, that such substraction
15 not admissible.

If the crystalline lens takes part in regular astigmatism. it may do so in either of two
ways. In the first place, by the form of the surfaces of curvature: these might very
well be ellipsoids with unequal axes, of which the maximum and minimum need not
coincide with those of the cornea; respecting this, however, nothing is with certainty
known. In the second place, by an oblique position of the lens, which would have a
corresponding influence. That this influence sometimes exists, at least in higher de-
grees of astigmatism, is, as shall hereafter appear, divectly proved. And that it obtains
in the crystalline lenses of my own eyes, the study of the diffusion-images of a point
of light have convinced me: before and behind the central part of the focal space the
intersection of the fasciculus of rays, derived from a point of light, has precisely such
divergent forms as take place, in an oblique position of a convex lens. upon a screen.
I't would be instructive to be able to receive rays, refracted at the top of an ellipsoid,
on a screen. As this is, however, not a rotation-body, it will scarcely be possible to
grind it of such a form. But we may obtain nearly the same by combining with an
ordinary spherical lens a eylindrical one of much greater focal distance.

Such combinations are to be found in the boxes made at my suggestion by Nachet
and Son, of Paris, for the investigation of astigmatism.

The light should first be allowed to fall on the symmetrical spherical lens, separated
from the cylindrical one by a diaphragm with a round opening. As a cylindrical lens
we should use a combination of two plano-cylindrical lenses, a positive and a negative
of equal focal distance (lens of Stokes), one of which can turn round the axis of the
case. We thus obtain the effect of a single eylindrical lens, whose astigmatic power
15—=0, when the axes of the cylindrical surfaces of curvature are parallel, and on
turning to go” gradually ascends to that of the sum of the two lenses. By thus connec-
ting the combined cylindrical with the spherical lens, we can communicate to it all
the degrees of astigmatism. It then appears, on moving the screen, that the focal inter-
val is greater, that the lines bounding it are longer, and the sections of the fasciculus
of light in the course of the focal interval are greater, according as the cylindrical
lens is stronger, that is, as the astigmatism is greater.... The whole form of the
refracted bundle of light is very strikingly seen in tobacco-smoke, when the solar
image is used as object.

Sturm assumed that the focal interval, which is the result of asymmetry, should
make any accommodation of the eye for different distances superfluous. This opinion
no longer needs refutation. Its inaccuracy becomes at once apparent when we refleet,
that the focal interval for the dioptric system of the eye would be much too small, to
contain in itself the whole range of accommodation, and that, were it long enough,
the acuteness of vision would suffer considerably by the great diffusion-images, as in
a high degree of astigmatism is actually the case.

" " . . . " * * - . s - - &

§ 35. Disturbances and Phenomena in High Degrees of Astigmatism

We have seen that a certain degree of regular astigmatism occurs in
all eyes, and therefore cannot be considered as abnormal. We do not
call 1t abnormal until it attains to such a degree that the accuracy of




vision perceptibly suffers from it. For equal lengths of the focal interval,
this is the case sooner, in proportion as the pupil is larger. Our obser-
vations should therefore be made with an average size of the pupil,
under sufficient illumination.

1. The disturbance manifests itself first, when stripes of different
directions lying in the same plane have to be distinguished. If these
stand far from one another, the accommodation usually regulates itself
almost involuntarily, in order to see them acutely alternately, and the
disturbance may still be unobserved. If they are close together, the
diffusion-images of the one direction fall over the defined images of the
other, for which the subject is accommodated, and confusion ensues.
In most capital Roman letters this soon occurs.

2. There exists a certain indifference for spectacle-glasses of nearly
equal power. It is impossible to make a definite choice. In diminish-
ed acuteness of vision, proceeding from other causes, this indifference
does not exist, or at least it is present in a much less degree. This
phenomenon led me long ago to suspect that the diminished acuteness
of vision, often peculiar to hypermetropia, might be dependent on
abnormal astigmatism. The phenomenon finds its explanation in the
long focal interval, whose sections as diffusion-images are nearly
equally disturbing, and in whose range, with moderate difference of
glasses, the retina easily maintains its pnsumn

3. The diffusion-image of a point of light alters, in modification of
accommodation, not only in size, but also in form. Only when the
middle of the focal space corr esponds to the plane of perce ption is the
image nearly round; in every other state of accommodation it is ex-
tended 1n one or other direction. This is already the case in the ordinary
degree of regular astigmatism, as we have seen, but at high degrees
thereof it is particularly striking. In such we soon find a spherical glass,
with which a point of light at a distance exhibits itself as a stripe of
light, and at the same time a modifying spherical glass (whether positive
or negative), which, placed before the first, makes the stripe of light
assume a precisely opposite direction. In the required strength of this
modifying glass we possess a means of determining the degree of astig-
matism. By the alteration of direction of the stripe of light, on alter-
nately placing the second qlas'-: in front, astigmatics are especially
impressed. He who has sufficient control over his accommodation,
without using a modifying lens, can voluntarily produce similar change,
of form of the diﬁusiun-imagts.

4. The influence of the direction of stripes on their distinctness is
exceedingly great.

The altc‘rnatmg distinctness of the ﬂnpcs of Dppﬂ&ite dlr::ttmns on
applying and removing the modifying glass, is very striking even in
slighter degrees, while on a line, which cuts the two opposite stripes at
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an angle of 45°, it has scarcely any influence.
5. If the strlpts of different directions consist of short lines as in the

annexed fig. 44, these at a certain
IIIIII'I'IIIII' distance coalesce for all epes, and we there-
fore see only the principal stripe. On
drawing near, the strongly astigmatic eye
observes the transverse lines much sooner
in the stripe which 1s most feebly seen, than
in the clearest,

6. Lines of equal length in the two
opposite directions do not appear equally
lﬂnq., and this gives rise to the incorrect
estimation of the form of the objects: a
square exhibits itself as an oblong.

Here two different causes come into
: play. In the first place, in accurate ac-
Fig. 44. . : A

commodation, successively for erect and
recumbent lines, those situated in the meridian of greatest curvature
(in general the erect lines), for equal lengths, form longer images upon
the retina. The cause is to be sought in the position of the nodal points,
or rather of the second nodal point. The farther this point lies from
the retina, the larger will the retinall image be, and... the nodal
point lies more anteriorly in the meridian of greatest curvature.
In strong aqugmamm this difference may amount to more than one
mim., that 1s, about 1/13 of the distance between the second nodal
point and I.]'IL retina.

In the second place, diffusion is to be taken into consideration. If a
vertical line be acutely seen, a horizontal line presents a diffused appear-
ance: it seems broader. _\t:uw the superior and inferior boundaries of a
square may be considered as horizontal lines: consequently, when the
eye 1s accommodated for the vertical limits of the square, the latter
appears larger in the vertical dimension.

—The effect of diffusion here described obtains in looking at a clearly
illuminated square upon a dark ground; it is inverted in the case of a
dark square, observed upon a brightly illumined ground.

7. The acuteness of vision 1s very considerably improved by looking
through a slit of from one to two millimétres in breadth. In these
experiments the stenopzic apparatus may be employed, the slit of
which can be narrowed and widened at plLdSl_lI‘C The improvement in
the power of vision is greatest, when the slit is held in the direction of
the maximum or minimum of curvature. . . . The improvement of the
acuteness of vision, in looking through a slit, is a very significant pheno-
menon. It affords a direct proof that the rays, refracted in the meridian
of one of the principal sections, unite nearly in a point, and that conse-
quently the existing disturbance of vision depends on asymmetry. What

-
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is more, we can determine the difference of the state of refraction in
the meridian of the maximum and minimum of curvature in the way
described, with the aid of spherical glasses, as shall be more particularly
described in the following chapter.

It is also instructive that, in looking through a slit, not coincident
with one of the principal sections, the objects are drawn out. .

8. In high degrees of astigmatism the phenomena of dlipﬂ[‘ﬂlf}l’l are
very peculiar. Helmholtz observed that, in general they are much more
distinct when, instead of white light, such light is employed in the
investigation as consists of only two prismatic colours of the greatest
possible difference in refrangibility. . . . In experimenting with the light
of a lamp or of a wax-candle, a dark blue cobalt-glass, which transmits
only the extreme red, with indigo and violet in large quantity, is quite
sufficient. . . . On looking with slight myopia (or accommodation for
a near point) through such a cobalt-glass towards the flame of a candle,
its edges are blue, and the centre reddish; in slight hypermetropia a
beautiful red border is seen around the candle and the centre is blue.
Slight degrees of ametropia are immediately distinguishable by this
means. In high degrees the diffusion-images are too large, to enable
us to observe the difference of colour with equal distinctness. On
looking through a violet-glass at a small opening in a dark screen
turned towards the daylight, we see, in accommodation for the violet
rays, the opening surrounded by a red, in accommodation for the
red we see it surrounded by a violet margin. ... If, on the contrary,
an astigmatic person sees such an opening as acutely as possible, and
if, on the violet-glass being then pushed before his eye, blue margins
appear at the superior and inferior, and red at the two vertical edges,
the subject is shown to be myopic in the vertical, and hypermetropic
in the horizontal, meridian. If he sees the point of light drawn out to
a line, the extremities and middle of the line are of different colours,
and on altering the direction of the lines of light by the modifying lens,
the colours also change.

All the above phenomena we may observe in ourselves. The only thing

necessary for this purpose is to make the eye astigmatic, and this is
effected h}' huldmg a L}rlmdnca] lens before it.
To obtain in one’s own erSUn a SlmpIL and often- ﬂLcurrmg case, we
should make the horizontal meridian hypermetropic, with emmetropia
of the vertical. An emmetropic individual needs to this end only to
hold before the eye a cylindrical lens of — 1/20 with the axis of the
cylinder perpendicular,

Two remarks may be added: the dispersion has appeared to me to
be greater in such artificial astigmatism than in the natural, and the
difference in the size of the retinal images in the two principal meridians
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is more considerable. . .. The reason is evident: the cylindrical lens is,
in fact, at some distance from the cornea, and its action here exercises
more influence on the position of the nodal points, than if by modifica-
tion of the corneal radius, the posterior focus had been equally dis-
placed. Objects are therefore seen more drawn out, than 1n natural
astigmatism of like degree.

§ 36. Diagnosis of Abnormal Astigmatism, and Determination of its Degree
A. Subjective investigation. Absence of the normal aculeness of vision supplies
the first indication, If the disturbance has existed from youth, almost
unaltered and in equal degree, without striking variations, there is
reason to suspect that astigmatism is the cause. It is even exceptional
to ﬁncl this suspicion refuted by investigation. .

. In every diminution of acuteness of vision, we begin by deter-
mlmng 1st degree. We must remember, that in hlgh degrees of myopia,
for more than one reason, perfect acuteness of vision is usually not
met with. A certain amount of imperfection in myopia, therefore,
affords less reason to suspect abnormal astigmatism. Nevertheless the
trial should be made,

2. Let then imperfect acuteness of wvison be found. We must now
[first determine, tn what direcltion the principal meridians, that is, the maximum
and minimum of curvature, are situated. For this purpose we make use of a
remote point of light. In my consultation-room one of the window-
panes is of dull glass. In front of the centre of this glass is a black board,
35 centimeétres square: in the middle of the board is a perforated metal-
lic plate, before which a diaphragm can be pushed, with openings of
from 1/2 to 10 mm. in diameter. The patient should now be directed
to look towards an opening of from 2 to 4 millimétres in diameter, at
a distance of from 10 to 15 feet, while by means of glasses we cause
slight myopia to alternate w1th hypermﬂtrupla (compare p. 209). Even
in the normal eye, an extension of the diffusion-image is, on this
examination, usually observed in two opposite directions, mdu:atmg
the maximum and minimum of curvature. But in abnormal astigma-
tism this is particularly striking. .

. We have thus ascertained the direction of the principal meri-
dians. We should now examine, whether the rays, belonging to these, form
more accurale images than those fmm the whole refracting surface. For this
purpose, we should hold, successively in each of the principal meridians,
the slit of a stenopeic apparatus, set to the breadth of 1 or 2 mm., and
ascertain whether the acuteness of vision be thereby increased. If not,
we should then try the addition of ordinary positive and negative
glasses . . . If, even with the aid of these, no greater acuteness of vision
be obtained, than existed without the use of the slit, it i1s almost certain
that astigmatism is not to be considered as the cause of the disturbance.
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4. Let there be improvement of acuteness of vision; the existence
of abnormal astigmatism is thereby proved. Now the question is: what
is the state of refraction in each of -the principal meridians? This appears from
the strength of the positive or negative glass, with which in each of
these meridians the greatest acuteness of vision is obtained. We usually
find for both a certain degree of ametropia. It is now of importance,
accurately to determine this degree. . .. The determination is unattend-
ed with difficulty, when a certain degree of myopia exists in both
principal meridians. But if hypermetropia be found in one or both
meridians, it is, at least in the case of young persons, probable, that
the degree is not accurately shown. FFor involuntary tension of accom-
modation conceals in part the existing hypermetropia. ... Were the
tension unaltered in the subsequent determination for the two principal
meridians . . . the degree of astigmatism would be known. But this
equality of tension is not to be expected. Moreover, it is not sufficient
to know the degree of astigmatism, it is also necessary to know that of
the hypermetropia in the two principal meridians. Now this knowledge
is certainly and accurately obtained only by repeating the experiments
during artificial paralysis of accommodation produced by means of a
mydriatic: the hypermetropia necessarily exhibits itself entirely as
manifest hypermetropia,

5 The -:.-fagm: t:_-f amgmai:m is fﬂnnd _;‘ram the dgﬂfmncf q,r‘ rgfrrm!mu in the
two principal meridians.
I. Myapic astigmatism, to be distinguished into:

a. Sumple Am, with M in the one, E in the other meridian.

b. Compound myopic astigmatism, or myopia with astigmatism,
M + Am, M existing in both principal meridians.
I1. Hypermetropic astigmatism, likewise to be distinguished as:

a. Simple Ah, with H in the one, E in the other principal meridian.

E: F amﬁauﬂd h{'mq H w1th a:;tigmatmm H ;*Lh H r_*xﬁtmg n th{:‘
two principal meridians.

I11. Mixm’ n.r:fgmaﬁﬁn, with M in the one, H in the other meridian.
Of this we may distinguish:

a. Mixed astigmatism, with predominant myopia, Amh,

b. Mixed astigmatism with predominant hypermetropia, Ahm.

lh-:: ah{wc 15 1n gf‘noral &.ulhr:it'rlt for the diagnosis and determina-
tion of the degree of astigmatism. The method recommends itself by its
simplicity and facility of application. In general it deserves to be pre-
ferred to any nf the following modes. Only the control described under
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& must not be omitted. This 1s, properly speaking, nothing more than
trving whether the glasses employed in the investigation, described
under 4, are really suitable. If the control proves accurate, the investi-
gation in the condition of artificial paralysis may, even where hyper-
metropia exists, for the most part be omitted.

The methods still to be described, come under consideration in
particular cases. They cannot be passed over in silence, least of all
that of Stokes, which, for its ingenuity, deserves to be known, and also
sometimes yields good service. Employed as a control, it certainly
affords the most accurate indication.

6. Modified method of Young. Young determined the distance at which
the double images of the wire of his optometer, in accommodation for
the farthest point, held alternately vertically and horizontally, ap-
peared to intersect.

7. Method of Airy.. .. A point of light. . . is moved along a graduated
scale, for example, that of the optometer. We then find a greatest
distance, at which the point of light appears as the most slender line,
and a shortest distance at which it again becomes a thin line, perpen-
dicular to the first. The distances then give about the degrees of
myopia in the principal meridians.

If it be desired to apply this and the preceding methods to non-
myopic subjects, the eye must be rendered myopic by a suitable con-
vex glass. . ..

In both cases the accommodation must remain at rest. This can,
however, scarcely ever be accomplished, and therefore in the majority
of instances, this method leads to incorrect results.

8. Modified method of Airy. In order to meet the last difficulty, the
accommodation may be paralysed by means of a mydriatic. In strong
myopia Airy’s method then affords tolerably fair results. But if no, or
if only slight myopia, exists, a remote point of light deserves the pre-
ference. . .. To obtain a more accurate result, I made use of a very small
point of light, produced by the reflexion of an illuminated little round
opening upon a convex mirror. In some cases it was then satisfactorily
ascertained, with what spherical glasses the point of light appeared as
the slenderest streak, successively in two opposite directions. In the
majority of instances, on the contrary, this remained undecided. The
cause of this lies in the irregular astigmatism, which excludes defined
lines as diffusion-images. Usually, secondary lines rapidly shot out,
even before the principal line had become slender, in different direc-
tions, preventing an accurate determination of the glass required. Only
in absence of the crystalline lens, whereby the irregular astigmatism
was removed, did the results attain perfect accuracy.

& * s L]

q. Investigation with cylindrical lenses. While at a distance letters
without or with the best chosen spherical glass, are being seen as




distinctly as possible, we take a positive cylindrical glass of about 1/30,
and turn it round before the eye. If astigmatism exists, it is observed
that, in a definite position of the glass {...), the acuteness of vision
grr:atlj,r diminishes, but that in a position perpendicular thereto, it, on
the contrary, increases. The acuteness of vision now often becomes still
greater on approximating the object: the cylindrical glass may, in
correcting the astigmatism, have rendered the eye myopic. We may
now further try, with what strength of cylindrical glass, always held in
the most advantageous position, the greatest acuteness of vision is
obtained, which must always be tested by difference of distance of the
letters, or by combination with spherical glasses. We then, however,
obtain at last, with the sacrifice of much time, only a moderate result.

The m[:thc:rd although thus in itself nb]ﬂtlnllablt is very well
adapted to control the results obtained by that described under 4. The
latter shows from what combination of spherical and cylindrical glasses
the greatest acuteness of vision is to be expected, and we should never
neglect to try this, nor omit a comparison with slight modification of
the lenses. We shall thus always be able to congratulate ourselves on a
more complete improvement of the acuteness of vision, than was ob-
tained by the use of the slit, which, if it be too narrow, takes away
much light and is obstructive by diffraction, and if it be too wide, very
imperfectly corrects the astigmatism.

10. Method of Stokes. The distinguished Secretary of the Royal
Society had very well seen that Airy’s method could lead to satisfactory
results only when, together with the successive determination of the
farthest points of distinct vision in the two principal meridians, the
condition of accommodation of the eye underwent no change. ... He
proposes to define the degree of astigmatism, by means of an astlgmauc
lens, the action of which can be regulated in a manner as simple as it is
ingenious, so as to make it assume precisely the degree by which the
astigmatism of the eye is corrected. I have had such lenses prepared. . . .
It consists of two cylindrical lenses, the one plano-convex of 1/10, the
other plano-concave of — 1/10.

They are turned with their flat surfaces towards each other, leaving a
very small interspace.

It thus appears, that by turning round from o” to go® the astigmatism
ascends from o to 1/5, and we can calculate the astigmatism for each
angle a, which the axes of the lenses make with one another. For the
sake of convenience definite degrees of astigmatism are directly given
upon the instrument, rendering the calculation unnecessary.

The method answers best when the eye is by spherical glasses reduced
to a certain degree of myopia, and it is then tried for near objects,
with what action of the astigmatic lens the person can best read. In this
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however, it is more difficult to take care that the lenses be held perfectly
centred before the eye: moreover, the opinion as to the acuteness of
vision is not quite certain, and at all events we have learned only the
degree of astigmatism, but by no means the refraction in each of the
principal meridians.

For all these reasons the methed described under 4. deserves the
preference, and the astigmatic lens of Stokes is principally available
as a means of control. If, for example, we have deduced from the
results obtained, by what spherical glass the refraction in the two
principal meridians is reduced to equal degrees of ametropia (either
myopia or hypermetropia), we can, with the aid of the astiematic lens,
with great accuracy determine the degree of the astigmatism, and at
the same time the instrument presents the advantage of enabling us in
a simple manper to regulate it in its action. Its precision will enable us
to discover and counteract little inaccuracies in the result obtained by
the above-mentioned methods.

B. We have now to treat briefly of the objective signs of astigmatism.
Astigmatism occurs mostly in hypermetropic individuals. .
Hencf: the objective signs of hypermetropia are already not without
value. But the cornea often affords more decisive signs. Sometimes its
asymmetry is immediately recognised: it is either shorther than usual
in the vertical measurement, or it extends farther backwards (as the
result of greater curvature), so that the section between the cornea and
the sclerotic does not lie in one plane. In other cases, the difference in
magnitude of reflected images in the vertical and in the horizontal
direction attracts attention. A square, for example the board, above
mentioned, is represented with a greater transverse dimension. The
asymmetry of the cornea is then thus proved. ... Even in the form of
the scierotic we again find this difference; we shall often be able to
convince ourselves even in the living subject, at least in hypermetropic
individuals, that the vertical axis of the eyeball is considerably shorter

than the horizontal.

- Examination with the ophthalmoscope affords likewise in hyper-
m(’tmplc individuals the most certain indication of the existence of
astigmatism. In a normal eye we see (unless the observer be himself
astigmatic) the vessels, proceeding in different directions from the
optic disc equally distinct with equal effort of our accommodation.
In an astigmatic eye this is no longer the case. We then observe that,
in order to see accurately in succession the vessels running in different
directions near the optic disc, we must alter the state of accommoda-
tion of our eye. The rule is, that the emmetropic individual, in relaxa-
tion of his accommodation, observes accurately vessels running hori-
zontally; on the contrary, to see vertical vessels distinctly, he must
induce tension of accommodation,
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At the meeting held at Heidelberg in 1861, Dr. Knapp called
attention to a second phenomenon in the fundus cculi in astigmatic
ersons. I refer to the variable form of the optic disc. In the direction
of the meridian of greatest curvature the dimension, in examining the
non-inverted image appears more, in that of the meridian of slightest
curvature it appears less, magnified; the reverse obtains in examining
the inverted image. If, therefore, in examination by these two me-
thods, the optic disc i1s elongated in opposite directions, the existence
of As is, as Schweigger remarked, proved

¢ My friend Bowman recently informs me, that *he has been sometimes led to the
discovery of regular astigmatism of the cornea, and the direction of the chief meridi-
ans, by using t %11: mirror of the ophthalmoscope much in the same way as for slight
degrfea of conical cornea. The observation is more easy if the optic disc is in the line
of sight and the peclptl large. The mirror is to be held at 2 feet distance, and its inclina-
tion rapidly varied, so as to throw the light on the eye at small angles to the perpen-
dicular, and from oppm‘.ite sides in succession, in successive meridians. The area of
the pupil then exhibits a somewhat linear shadow in some meridians rather than in
others’,

§ 7. Cause and Seat of Abnormal Astigmatism

As to the normal, the cause 1s in general for the most part to be sought
in the cornea; and the direction of the principal meridians, for the
whole dioptric system, as well as for the cornea in particular, is of that
nature, that the meridian of maximum of curvature usually approaches
to the vertical, that of minimum, to the horizontal.

For abnormal degrees of asymmetry the same rules obtain. What is
more, they here present still less of exception. If in normal astigmatism
itis nothing unusual for the meridian of the maximum of curvature to
make a smaller angle with the horizontal than with the vertical plane,
in abnormal degrees I have found only a few examples thereof.

A.nr:rther qurstmn ﬁ, hnw far the {'rvstaillnc lens also has influence.
In my original Essay upon Astigmatism, I was not in a position to give
a satisfactory answer to this qucry The investigations recently carried
out with Dr. Middelburg, have supplied me with the proof, that with
a ligh degree of asymmetry of the cornea asymmetry of the crystalline lens
exists, acting in such a direction, that the astigmatism for the whole eye is nearly
&!wa)':i less than that prafeedmg Srom the cornea.

It was calculated what the degree and the direction of the asymmetry
of the crystalline lens must be, in order, in connexion with the values
ascertained for the cornea, to elicit the direction and the degree of the
astigmatism for the whole eye.

- & &

I have called the astigmatism of the cornea greater than that of the
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crystalline lens: but, in fact, the astigmatism of the crystalline lens is
greater than we have here found it. The calculation was made as if the
crystalline lens were a single refracting surface, placed at an infinitely
short distance from the anterior surface of the cornea; and we can
easily understand, that the deeper position of the crystalline lens must
diminish its influence in astigmatism. I have thought a more accurate
calculation on this point superfluous.

§ 98, Cylindrical Lenses and general Rules for their Employment
Regular astigmatism may, as has above been remarked, be produced
by adding a cylindrical to a spherical lens.

The glasses required for the correction of the different forms of
astigmatism, may be reduced to three kinds.

I. Simple cylindrical glasses (fig. 45).... If both the surfaces are
cylindrical, their axes are parallel. To give a correct idea of their form,
they are represented both in a section perpendicular to the axis
(fig. 45 I), and in a section, carried through the axis (Fig. 45 1I), the
surfaces being distinguished as a, the anterior, and p, the posterior.

Fig. 45.

a. To the positive belong :

1. The bi-convex (A).

2. The plano-convex (B).

3. The concavo-convex or positive meniscus (C).
b. To the negative belong:

1. The bi-concave (D).

2. The plano-concave (E).

3. The convex-concave or negative meniscus (F).

Practically the same is true of the cylindrical as of the spherical
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glasses: the plano-convex and plano-concave produce the greatest
aberration, the bi-convex (provided it be not teo powerful) and the
bi-concave are in general very satisfactory, and the menisci have the
advantage of being periscopic.

II. ‘Bi-cylindrical glasses (fig. 46). These have two cylindrical sur-
faces of curvature, whose axes are directed perpendicularly to one
another (Ig and ITp). ... Of the bi-cylindrical one surface is in general
convex, the other concave, as the two sections, taken in each of the
two axes (Fig. 46, la, 11 p), show. Such bi-cylindrical glasses, therefore,
make parallel incident rays of light, after refraction, converge in the
plane of the one axis.

ITI. Spherico-cylindrical glasses. Of these glasses the one surface has a
lphencal (Fig. I and II a a), the other a cylindrical curvature (I and

Un]y those are used whose two surfaces are either convex (A)
or concave (B). These lenses may be considered as the combination of
a plano-cylindrical with a plano-spherical lens. ... Now the action of
a spherico-cylindrical lens is similar to that of the combination mention-
ed, and it may be expressed by the formula for each of the refracting
surfaces, united by the sign of combination.
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rig. 46. Fig. 47.

It is now easy to see what cylindrical glasses remove the different
forms of astigmatism. Suppose our object to be to correct the ametropia
at the same time with the astigmatism, that is, to bring the farthest
point of distinct vision to an infinite distance (R= o). We then find:

1. Simple myopic astigmatism is corrected by a simple negative
cylindrical lens.

& * ® - = Y # ® 0 - - £l ® " - " ® " e & 8 5 C
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2, Compound myopic astigmatism requires a negative spherico-
cylindrical lens,

3. Simple hypermetropic astigmatism, Ah, is corrected by simple
positive cylindrical glasses.

4. Compound hypermetropic astigmatism requires positive spherico-
cylindrical glasses.

5. Mixed astigmatism, lastly, yields to bi-cylindrical glasses

The correction of regular astigmatism by means of cylindrical glasses is incapable
of absolute perfection.

The form of bodies, on correction of astigmatism, is elongated in a direction opposite
to that in which, before correction, elongation existed. This too great displacement
of the nodal points becomes less, the closer the cylindrical glasses are to the cornea,
and for this reason also it is desirable, in the use of spherico-cylindrical glasses, to
turn that surface towards the eye, whereby the nodal point ¢f the cylindrical surface
lies closest tothe organ. If both be convex or concave, the one of least curvature should
be turned towards the eye; if one be convex, the other concave, the concave one
should be turned towards it.

Morcover it is easily seen that, especially in using bi-cylindrical glasses, the distance
from the eye ought to be short: indeed, in proportion as the distance increases, the
images become in one direction smaller and smaller, in the opposite larger and larger,
and under this double influence the change of form must make itself strongly felt.
Finally, to omit nothing, I shall briefly state, that the accommodative changes
in the astigmatic eye, especially after correction of the asymmetry, do not represent
absolutely coincident ranges of accommodation in both principal meridians, so that
the correction by definite glasses cannot be equally perfect in all states of accommo-
dation. This difference is however so slight, that neither can it give rise to any prac-
tical difficulty.

That astigmatism is, to a certain extent, capable of correction by convex and
concave spherical glasses, when their axis is held before the eye at a certain angle
with the visual line, was already known to Young and Cary.

This means of correcting astigmatism is, however, capable of application only when
relatively strong spherical glasses are required to neutralise the ametropia, and then,
too, a more perfect correction will be attainable by cylindrical curvature of one of
the surfaces. Only in aphakia can we advantageously, in my opinion, in order to
correct a certain degree of astigmatism, make use of an nhliqﬂu position of the glas-
ses. Almost always it appears that when we give a certain inclination to the strongly
convex glass, the acuteness of vision is improved, and the necessity of attending strict-
Iy to this point in every case of aphakia, is generally recognised.

Lastly, we must not omit to observe, that regular astigmatism might also be correc-
ted by operation. Iriddesis, an operation brought into vogue chiefly by Critchett,
would be serviceable in such cases, especially double iriddesis in opposite directions,
as practised by Bowman and others in keratoconus. The pupil is thereby, in fact,
changed into a narrow slit; and if the direction of this slit corresponds to one of the

principal meridians, the aberration dependent on asymmetry would certainly be
almost entirely excluded. The indication of this double iriddesis in keratoconus 1
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cannot admit: in this case the cause of the loss of acuteness of vision is not the differ-
ence of curvature in the various meridians, but rather the conical curvature in each
meridian. . . . But where there is only difference of curvature of the several meridians,
that is in regular astigmatism, the narrow slit obtained by double iriddesis would
undoubtedly very much promote acuteness of vision. However, considering that we
have it in our power to obtain the desired correction by means of cylindrical glasses,
I am, looking to the greater or less danger of the operation, and not less to the de-
formity which is the result of it, far from recommending its application.

§ 39. Nosology and Clinical Study of Astigmatism. History of our Knowledge of
the Subject

Astigmatism is either congenital or acquired. In the great majority
of cases it is congenital. If it be acquired, it is to be looked upon clinic-
ally as another [orm of disease, whose practical importance has be-
come more and more evident to me, and of which I shall separately
treat, after having first considered:

1. Congenital astigmatism.

This anomaly is of frequent occurrence. I am as yet without satis-
factory statistics; but I certainly do not exaggerate when I assert that
in forty or fifty eyes. one is, in consequence of astigmatism, disturbed
in its function.

Boundaries between normal and abnormal astigmatism do not exist.
When it attains the degree of 1/40, I have called it abnormal, because
the disturbance of vision is then of that nature, that cylindrical glasses
are desirable for its improvement. But otherwise it is evident, that the
limit I have fixed upon is rather arbitrary.

Astigmatism is often hereditary. Not unfrequently one of the parents
labours under the same defect. But more frequently still it happens,
that different children, born of the same parents, exhibit this anomaly,
and mostly in the same form; in this case we are equally justified in
calling the condition hereditary, as when it occurs in one of the parents.

In the majority of instances both eyes are affected. Often, however,
one is completely or almost completely free. Mr. R. had in both eyes
Ah between 1/6 and 1/7; in his brother, Ah existed=1/g-3 of precisely
the same form, only in one eye: his left eye was almost perfectly free
from astigmatism. It is remarkable that, with such a difference between
the two eyes, the upper part of the face likewise is usually asymmetric.
Also, when a high degree of ametropia occurs only on one side, asym-
metry of the bones bounding the orbit is a very common phenomenon.

Thus far I have met with many more cases of abnormal astigmatism
in men than in women. I do not, however, feel justified in assuming
that this is not partly accidental. This point must remain for future
decision.

The disturbance of vision, connected with this anomaly, is very
peculiar. It is neither to be compared with that proceeding from defects
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of the retina (amblyopia), nor with that from cbscuration of the media,
nor even with that which is the result of ametropia.

In asti i;matlsm, in contrast to amblyupm the pm_] ection in the field of
vision is as yet perfectly accurately defined, and is correctly described:
thus the astigmatic individual will state, to the minutest particulars,
under what partly black, partly grey lines, a figure, for example the
compound roman letter W, appears. But the retinal image itself] . . .
deviates in form and in distribution of light so much from the object,
that he is not in a position to recognise the latter from it, at least when
the images of different adjoining objects cover one another, and the
component lines, in all directions and with different degrees of distinct-
ness, cross one another. . . . It is now easy to understand how, in the
endeavour to guess at the form of objects, . . . psychical fatigue is soon
created, with which, under some circumstances, as the result of the
excessive tension of accommodation, phenomena of asthenopia are
combined. It is therefore no wonder that astigmatic persons should feel
so exceedingly. pleased at the correction of their anomaly, and should
manifest their pleasure in a more lively manner than ordinary ame-
tropic individuals.

Case 1. Simple myopic astigmatism. Mr. O., student in divinity, now
twenty-one years of age, consulted me three years since. I diagnosed
myopia about = 1/16, complicated with amblyopia. The degree of

myopia was, however, not strictly definable, on account of the diminish-
ed acuteness of vision. The latter, in fact, amounted to scarcely 1/3, so
that the patient could distinguish nrdmarf print only at ashort distance,
in which the existing myﬂpm was very serviceable to him.

He had large prominent eyes, clear media, only a trace of atrophy of
the membranes, on the outside of the optic disc,—murﬁc}ver, this disc
was redder than is normally the case, without being rédder than it
usually appears in young myopic persons, who read and write much.
He thought that his power of vision had latterly diminished; but he
had never had easy sight, and had never been able, partmularly in the
evening, to continue long at a time engaged 1n close work.

Such a disturbance is very common in myopes. But in them it has
usually developed itself at a definite time, and as the result of continued
work In a stooping position, while the power of vision had previously
been quite sufficient. I have therefore doubted, whether in this case the
cause of the amblyopia was to be sought therein, and moreover,
derivative means, artificial leeches, cold douches to the eye, &c., were
employed in vain. Finding no improvement, the patient ceased his
VISILS,

Some weeks ago he again presented himself. His power of vision, he
stated, was so defective that he feared he should not be able to continue




his studies. He was anxious, before finally making up his mind, to
consult me once more. My former notes were referred to. I immediately
suspected that astigmatism, previously overlooked by me, must exist
in this case.
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At a distance — 1/10¢, the axis coinciding with the horizontal
principal meridian, was found excellent: with it the acuteness of vision
rose, under favourable circumstances, nearly to 3/4. The patient had
never before had an idea what acute vision was, and felt uncommonly

haPPY

prnm, or ::ﬂ.!mzf rarrmr:"cr The case here described 1s one of the
thousands, 1in which astigmatism has been looked upon as amblyopia,
and has been treated as such. If the aimless and energetic treatment was
only vexatious to the patient, his joy, when he found his sight at all
distances improved by suitable glasses, was indescribably great. He was
accustomed always to hold even large printat a very short distance from
the eye, partly inorder by looking under a greater angle to make amends
for his diminished acuteness of vision, partly, as an associated move-
ment, with the convergence and tension of accommodation, to contract
his pupll and thereby to diminish the diffusion-images. On this excessive
tension of accommodation required for more accurate definition,
depend the phenomena of asthenopia, usually observed in astigmatic
persons. Probably the amblyopia remaining after correction of the
astigmatism, is likewise a result of the excessive strain connected with
the strongly stooping position so injurious to the eye.—It will have been
observed that the patient saw better at a distance with tolerably
strongly-negative spherical glasses; this, too, appears attributable to the
fact, that the tension of accommodation required in the use of these
glasses, gave rise to constriction of the pupil, and thus to diminution of
the diffusion-images.

Case I1. Compound myopic astigmatism. While these sheets are passing
through the press, a case occurs to me, remarkable enough to justify its
insertion here. Mrs. F., nearsigthed from youth, and having in neither
eye perfect acuteness Ufwsmn complained some years ago, of occasion-
ally recurring flickerings before the right eye.
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The left eye gives M about—=1/11, but at the same time possesses
acuteness of vision of only 1/3. Dphtha]mmmpmallv, no abnormity
was found. SuSPECtlng astigmatism, I turned, while the eye was armed
with — 1/9, 1/24 ¢ round before the eye, and thereupon , the axis
being horizontal, the acuteness of vision 1mmcclmt:.,]y rose to 2/3, to
descend, when it was perpendicular, below 1/10. .
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With the aid of the stenc)pzf:ic slit I found:
inv, M=1/14-5;
in H, M= 1/qg,
indicating an astigmatism of (1/g — 1/14°5) about 1/24.
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The right eye is found to be affected by the same form, and by almost
the same degree of As as the left.

- . " - - . . - -

Remarks. 1 have already stated, that in almost all the cases of
abnormal astigmatism observed by me, without exception, the principal
meridian of maximum of curvature apprux:mali‘d to the vertical posi-
tion. . . . Here, in fact, just as with Young, the maximum of curvature
coincides m:arl}r with the horizontal meridean, the minimum of curva-
ture with the vertical. The patient had not been aware that she saw less
acutely than other people. I therefore think it probable that Young also,
whose astigmatism was of about the same degree, incorrectly ascribed
perfect acuteness of vision to himself; and should many of his accurate
observations be adduced as proofs of the contrary, I would state, on the
other hand, that my patient drew and painted very respectably. This
apparent enigma is easily solved. Myopic persons are accustomed, in
order to see more acutely, to squeeze their eyelids close together: the
narrow slit thus prm:'iucr—d diminishes the circles of diffusion in the
vertical dimension. ... While ordinary myopes, from narn:u'wmg the
slit, derive ad»anhgc nniy in looking at remote objects astigmatics
find their power of vision improved also for near objects. . . . My patient
undoubtedly also made use of narrowing the slit, even in looking at near
objects, and the question is whether Young did not also do so. Mean-
while she was loud in her commendation of the advantage obtained
from a cylindrical glass: little pictures especially were with it seen much
miore acutely.

Narrowing the slit between the eyelids, so universal in myopia, does
not belong to astigmatism in general. Especially in hypermetropic
astigmatism it is almost always absent. This would appear to have its
explanation in the fact, that in this instance, in the horizontal meridian
a high degree of hypermetropia exists, which, not being overcome by
the accommodation, leaves great diffusion in this direction, and there-
fore affords no advantage. Could the eyelids admit of a vertical slit,
hypermetropic astigmatics would undoubtedly have made use of it.

Hypermetropic astigmatism. Most cases of abnormal astigmatism belong
to the hypermetropic form.

The majority of cases belong to simple hypermetropic astigmatism.

. However, I have also seen numerous cases of compound hyperme-




tropic astigmatism, rising even to H 1/7 in the principal meridian of
strongest curvature with H 1/5 in that of weakest.

The function of the eye characterises the condition as H, with di-
minished acuteness of sight. With this a great degree of asthenopia is
connected, . .. One of the patients (with Ah=1/18) aged 26, recorded
the following:— My occupation is that of a clerk. The first effort to
work was the most painful. Thereupon dazzling soon followed, obliging
me to shut my eyes, and to keep them closed for some time. After that
my work went on somewhat better, but I found it impossible to work
all the forenoon; I was constantly obliged to leave off. At the end my
eyes were painful, and I felt best when 1 walked for a considerable time
in the open air, out of the sun. In the evening, by gaslight, my work
went on at first pretty well, but soon red dazzling came on. I was then
obliged every time to leave off, and with fatigued and painful eyes I
returned home’. He got 1/18 ¢ to work with and to wear. Thereupon
he communicated to me: ‘On using the spectacles I found, even on the
first day, an incredible improvement (his acuteness of vision was, in
fact brought from 2/7 to 3/4). Next day I experienced no painful affec-
tion, and I found it casy to work uninterruptedly the whole morning.
I saw everything infinitely sharper. In the evening I experienced not
the slightest inconvenience from the light. In the open air, too, when I
walk without the spectacles, I am free from pain. bp{Ltdclts which I
had before tried (ordinary spherical glasses), had been of no use to me’.

-

Case IV. Compound hypermetropic astigmatism. Mr. R., aged 18 years,
has never seen acutely; he stated that he observes a shadow along the
margins of objects; at his work he has always sought for strong light,
and has nevertheless soon perceived symptoms of asthenopia. Not-
withstanding this, he has applied himself pretty closely to study. Some
years ago he had consulted an oculist, who had referred the disturbance
to congenital amblyopia, and had therefore considered it to be in-
curable. This opinion found the more acceptance, as his brother (with
a normal condition of the right eve) had in the left a disturbance,
corresponding to that in the two eyes of our patient. In his parents, and
the other children, the acuteness of vision is satisfactory in both eyes.

The radii of curvature of the two cornea were measured, in the first
place, in the horizontal planﬂ in like manner in the vertical plane.

Hence it apprar‘-; that the cornea exhibits a hlgh clt‘grcr of 1ﬁt1qmﬂ-
tism (the dlﬂerenre of the radii of curvature in the visual line gives for
the right eye, As=1 : 6-374, for the left eye, As=1 : 6:8).

The application of the method of determining the refractive condition
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in the two principal meridians, with the aid of a slit, I had not yet
learned. Moreover, I still possessed only one cylindrical glass, and that
of 1/8. This glass, held at most 1" from the eye, improved the sharpness
of vision from 2/7 to 2/3. The question is, whether with ample choice
of glasses no greater acuteness of vision would have been attainable,
Probably, in order wholly to exclude asthenopia, this eye would, for
proximity, require a sph-:rlco -cylindrical glass, while pmwi‘.mna]]y,
simple cylindrical glass is sufficient for distance: for in the range of
accommodation of youth, the then remaining total hypermetropia of
1/28 is easily enough overcome.

We have seen that when the cornea, by itself, produces an abnor-
mal degree of congenital astiematism, the lens may increase, but
commonly diminishes the same. But in a few cases it occurs that
the existing abnormal degree of aﬂ;tigmatism may be said to be depen-
dent on the crystalline lens; and a very remarkable case of this nature
is described by Dr. Knapp, in which the peculiar form of the crystalline
lens was the cause of an astigmatism, in great part regular. Less rarely,
an abnormal position is the cause. This condition may, in the first
place, be congenital. Numerous cases have been known in which the
lens was situated so eccentrically, that the equator passed through the
plane of the pupil, and thus a portion of the plane of the pupil remained
without a lens. In this case, tth astigmatism exists in a manner to
produce great disturbance, but it is of an irregular nature, and cylindri-
cal glasses are incapable, in this instance, of producing any improve-
ment. Some cases, however, occur, where the displacement of the
crystalline lens is 50 slight that the laiter still occupies the whole
plane of the pupil, but at the same time has so oblique a position, as to
give rise to a considerable degree of tolerably regular astigmatism.
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I1. Acquired Regular Astigmatism
Depending on the Cornea. In all the foregoing, acquired astigmatism
has scarcely been mentioned. I must acknowledge that, until a short
time ago, I thought it of little importance. Very seldom does it depend
on an oblique position of the crystalline lens caused by partial luxa-
tion; and if disturbances of the cornea be its cause, irregular astigma-
tism is almost without exception to be expected. I therefore supposed,
a lj)riﬂri, that cyclindrical glasses would in this case but little or not at
| remedy the disturbance of vision. The result has, however, in many
instances proved the contrary. In a case of a central speck upon the
cornea, I performed iridectomy, and obtained a well-formed pupil,
only in the centre admitting some diffuse, but otherwise regularly
refracted, light through the cornea. chcrthcless, the acuteness of
vision was very imperfect. ... The letters had a strange form; in an
oblique direction they exhibited an irregular prolongation. On
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ophthalmoscopic investigation, the movement of the objective lens
appeared to produce a considerable parallax. I tried the combination
of a convex with a cylindrical glass, and the acutenness of vision was
nearly doubled. Ordinary print could now be read.—The matter is,
a posteriori, evident enough. The existing astigmatism may be resolved
into a regular and irregular astigmatism, and after correction of the
regular, the irregular causes less disturbance. [ have found that in many
cases tn which, on account of opacity of the cornea, iridectomy, or iriddesis is
performed, great advantage may be obtained by a cylindrical glass. Let it be
tried only, whether a cylindrical glass of, for exeample, 1/30 ¢, turned
round before the eye, will not produce alternately increased and dimin-
ished acuteness of vision; and when the required direction is thus
ascertained, it remains only to find out in these cases, to what strength
of cylindrical glasses the preference is given. ... After the extraction of
cataract, too, the cornea often acquires a form, which gives great value to the
combination with a cylindrical glass.

Cylindrical glasses are also often very useful in acquired modifica-
tions in the form of the cornea, without the necessity of performing
any operation upon the iris.

Case VII. M. Kr., a girl aged 14, has, some years ago, lost the left eye,
in consequence of perforating ulcers of the cornea, with subsequent
atrophy. On the lower and inner part of the right eye, too, remains a
cicatrix from destruction of tissue and prolapse of the iris. The pupil is
thereby drawn downwards and inwards, but it is otherwise unaltered,
and only little diffused light enters the eye. Nevertheless, the acuteness
of vision leaves much to be desired, and is scarcely improved by the
total cutting off of the diffused light. Moreover, there exists a tolerably
great degree of myopia, with which, therefore, amblyopia seems to be
combined. Supposing that the form of the cornea might be the cause
of the diminished acuteness of vision, I made an examination, and
found, in fact, that a point of light was seen with — 1/g as an obliquely
vertical, with — 1/6, removed somewhat further from the eve, as an
obliquely horizontal line. By the use of the slit, held in one of the two
directions, the acuteness of vision was very considerably improved.
With — 1/30 ¢ minute work could now be performed close to the eve,
which without cylindrical glasses was altogether impossible.

- " - - . - - - - = . a » 5 = a - - a - - . - . -

Note

History of our Knowledge of Regular Astigmalism

In Mackenzie's g'ustl}f-celehrau:d book (A Practical Treatise on the Diseases of the
Eye. London, 1854), and still more completely in the excellent French edition by
Warlomon tand Testelin (Trait¢ pratique des Maladies de I'oeil, par Mackenzie.
Paris, 1856), we really find almost everything comprised, which science, up to the
dates of t?lt publication of those works, possessed upon the subject under considera-
tion. From them I have for the most part become acquainted with its literature, and
whenever I had no epportunity of consulting in the original the works mentioned
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in them, my friend Mr. Hulke, of London, with great readiness and in the most
obliging manner, consulted them for me, and sent me accurate extracts from them.

It is remarkable that we find the subject treated of almost exclusively in English
literature. In the first place we meet with two men, of whom England may well
boast: Thomas Young, who discovered normal astigmatism, and the Royal Astrono-
mer Airy, who first recognised and described the assymmetry of his own eye as adefect.

Respecting Young's observation, I have above (compare p. 456), already stated
what is necessary, in connexion with other investigations relating to the subject of
normal astigmatism.

Airy’s case (1827), on the contrary, described in a manner worthy of the great
master, must here occupy us more fully. It relates to a high degree of compound
myopic astigmatism. Thus, according to his method, Airy could determine the far-
thest point of distinct vision in the two principal meridians, and at the same time the
direction of the latter: in the vertical (with an inclination of 35°) R was=3-5", in
the horizontal, R—=6". Hence he calculated the glass required for correction, and also
stated the reasons, why a negative spherico-cylindrical glass is to be preferred to a
negative bi-cylindrical one.

- . - - " + * - - - - . -

Airy’s observation seems at first to haveattracted attention at Cambridge : to Stokes
(1849), namely, we are indebted for the astigmatic lens for determining the degree
of astigmatism, and Dr. Goode (1848), who studied at Cambridge, first communi-
cated some fresh cases of this anomaly. Just like Airy, he had astigmatism in one of his
eves, to which his attention was directed by the observations of the Astronomer Royal
on the subject.... Chamblant, the optician at Paris, prepared for him a plano-
cylindrical lens, the cylindrical surface of which was ground with a radius of g”
concave. Goode states that, with the aid of this glass he saw both near and distant
objects acutely.

Goode found three other gentlemen in the University of Cambridge, whose astig-
malism in one cye was improved by a plano-cylindrical lens of 12" radius.

Further, the cases are known which are appended by Hays to the American edition
of Lawrence's work (Lawrence On Diseases of the Eye, edited by J. Hays, Philadelphia,
1854, p. 66g). The first is that of a clergyman, whose description affords an excellent
picture of simple myopic astigmatism. With the naked eye he saw vertical, with a
concave glass horizontal lines distinetly. That he did not perceive both lines equally
acutely, escaped him, until, by the use of negative glasses, the distinctness was invert-
ed. After an able analysis of his case, the patient came to the conclusion, that he
should need a cylindrical glass for correction, but he did not venture to decide
whether it should be convex or concave. Hays’ note states merely that M*Allister, the
optician, ground for him a plano-cylindrical (positive or negative?) glass, and that
vision was remarkably improved by it.

“We have’, continues Hays, ‘within the past year seen two cases in which this defect
of vision existed.

The subject of the first was a lady, sixteen vears of age, who consulted me in
consequence of her vision being so defective as to materially interfere with her
cducation. | accompanicd her to Mr. M*Allister’s, and found that, with the assistance
of a double concave lens of high power, she could read sufficiently well with her left
eye; but none of the ordinary glasses, either concave or convex, would enable her to
distinguish ordinary-sized letters with her right eye. . . . Mr. M*Allister furnished me
with some mathematical diagrams, which, being shown to the patient, she stated that
circles appeared to be ovals, the circles appearing elongated perpendicularly. Various
other trials were made, all, however, tending to show that objects seemed to her to
be elongated in their perpendicular, and shortened in their transverse diameters.
Mr. M*Allister, having fortunately some lenses. plane on one side, and with a concave
and cylindrical surface on the other, [ soon found one which corrected the distortion.
I had prepared for her spectacles with a double concave lens of the proper number




for her left eye, with a plano-concave cylindrical lens for the right eye, with which she
can read ordinary print with either eye, and still better when using both eyes.

§ q4o. Irregular Astigmatism

Irregular astigmatism may, as well as the regular, be divided into
normal and abnormal. The normal form i1s connected with the structure
of the lens; the cornea dees not participate in producing it. The abnor-
mal degrees, on the contrary, which considerably disturb the power of
vision, may depend upon irregularities of the cornea as well as upon
those of the lens.

We commence with nermal irregular astigmatism. The principal
phenomenon attending this irregularity 1s known under the name of
polyepia monocularis. With some attention any one can observe this
polyopia in himself. . . .

1°. Let a small black spot, on a grey or whife ground, be gradually
brought nearer to the eye than the distance of distinct vision: most
people will then observe that the black spot passes into a circle of
greyish spots, . . . It is desirable in this and in the following experiment
to keep our eye, without alteration, accommodated for the farthest
point, in order that the magnitude of the pupil may continue the same;
we must therefore, if not myopic, arm the eye with a positive glass, say
of 1/6 — 1/10, in order thus, while the eye continues relaxed, to be
able to bring the point to either side of the distance of distinct vision.,
It we subsequently carry the spot beyond the distance of distinct
vision, and for the greater correctness of comparison we may for the
greater distance, take a proportionately larger point, several spots
usually again appear; but in this case a central darker spot remains,
around which the other paler spots are more or less regularly grouped.
This central spot was absent when the black spot was nearer than the
distance of distinct vision: on this account with equal deviation of
accommodation we distinguish better (the diameter of the pupil being
assumed to be unchanged), when the eye is acommodated for a too
near, than for a too distant, cbject.

2°. We may repeat this experiment with a white spot on a black
ground. As white spots, we may make use of small granules of whitelead,
got by scraping an ordinary visiting card, and spread upon black velvet.
Among these granules we find a great variety of sizes. If we take one
of the largest, of about 1/6 mm. in diameter, the experiment will yield
nearly the same results as were obtained with the black spot. It will
then, however, more distinctly appear, that each spot is radiatingly
elongated, and exhibits dispersion,— with the blue turned towards the
centre, when the spot is nearer than the distance of distinct vision, with
the red towards the centre, if the point lies beyond it.

3°. Let the experiment be repeated with one of the smallest granules.
The radiatingly elongated spots have now given way to slender rays,
which, when the granule lies nearer than the distance of distinctness,



do not run together in the middle, and which, on the contrary, have
a white spot in the centre, when the object is beyond the distance of
distinct vision.

4°. Let the observer look at a little point of light, for example, at a
small opening turned towards the light. ... The phenomena are then
observed, in proportion to the magnitude, precisely as they have been
described under 2° and 3°.

By these experiments we have now learned that polyopia, in looking
at a small object, is the same phenomenon as that of the rays, under
which at a distance a bright star or light appears, for which the eye is
not accommodated. To each principal ray corresponds one of the mar-
ginal spots, under which the black dot appears. Therefore, too, those
have the most distinct polyopia, who in a peint of light percrwf: a
comparatively small number of distinctly separated rays.

5°. Let a small point of light, a little reflected image or an opening
of 1/8 mmin a metal plate, turned towards the sky, be gradually brought
near the eye. Having arrived nearer that the distance of distinct vision,
the point of light divides into a certain number of bright rays, and even,
when it has reached the anterior focus, the circle of diffusion in the
retina being as large as the pupil, the rays are still visible: they are
the lines of light of the well-known entoptic image (compare fig. 2q),
which occurs in most eyes under this form. The transition of the bright
rays into the lines of light of the entoptic image is very easily observed.
While the light in the entoptic luminous circle, attaining on the retina
the magnitude of the pupil, has been more uniformly divided, the few
very bright rays, of which the image of a star almost exclusiv cl}r CONSIstS,
arc therein only faintly represented by the said lines of light. The
number and direction, however, remain precisely the same.

From these experiments it appears, that polyopia uniocularis, rays
of stars, and radiating lines of lightin the entoptic spectrum are depend-
ent on the same cause.. . .

Now we have already, in treating of the entoptic phenomena, seen
that the lines of light of the entoptic spectrum are to be sought in the
crystalline lens: on moving, in fact, the eye behind the point of
light, no parallax is perceptible, and their cause therefore lies nearly in
the plane of the pupil, and consequently in the lens. Hence it follows,
that both the rays emerging from points of light and the pelyopia, have
their origin in the lens. This is more decisively proved by the circum-
stance, that all these phenomena are wanting when the lens is absent
from the eye (aphakia). Moreover we can now further show that the
cornea has no essential part therein. In the first place, in examining the
reflected images of the cornea, il such irregularities were here present,
as are required for the explanation of the phenomena in question, they
must have been apparent. And, in the second place, I have excluded
the action of the cornea by plungmg my eye into water in a little bowl,
bounded by a convex glass replacing the cornea, and the phcnﬂmﬂna




have then continued under the usual form.

If the cause be thus situated in the lens, the question suggests itself;
how these phenomena are to.be ﬂ:‘{}}ld.]ﬂf_‘d by it. In the first place we
observe, that the form of the rays, under similar circumstances perfectly
constant for each eye, immediately reminds us of the peculiar structure
of the lens, namely of the radiating figure from which its fibres proceed.
Those of the anterior surface we can observe in any one in the living
eye, by lateral focal illumination (Helmholtz), especially by employing
a lens, and better still with the aid of the phacoidoscope (compare
p. 17. The lines of the posterior surface differ in form and in direction.
Meanwhile the crystalline lens is by those lines divided into irregular
sectors. Now the explanation of the polyopia is this, that each sector
forms a separate image. The proof of this I have given twelve years ago,
by moving a rather small opening (about 1/2 mm. in diameter) before
the pupil. . . . We thus see a simple image when the opening corresponds
to a given secmr and when by shifting the opening we come to the
boundary between two sectors, two faint images appear, of which, on
further displacement, that first seen disappenrs, while the one which
has supervened remains alone and brighter. On more rapidly moving
the opening it appears as if the little image of light jumps, which really
happens in the transition from one sector to another.

In proportion as we accommodate with more precision, the multiple
images approach one another, and finally coalesce into one image.
However, even with the most perfect accommodation, they do not
exactly cover each other. In the first place, regular astigmatism, and in
so far the cornea also, here plays a part. This regular astigmatism
manifests itself precisely by the fact, that the images placed opposite to
each other more speedily reach each other in one direction than in the
opposite. The result of this is, that a point of light always appears
somewhat angular, and even a black spot undergoes a peculiar change
of form on a slight play of accommodation, without at the same time
ceasing to be black. But even when we completely correct the regular
astigmatism by means of a suitable cylindrical glass, all the multiple
images do not meet precisely in one place: in one direction or another
a single one projects beyond the rest into the centre, and accurate
consideration of a point of hight shows that all have not even their
focus exactly in the same axis.

In this, therefore, lies, in the first place, an element or irregular astig-
matism. A second element we find in the image of each sector in itself. It 1s
very difficult by experiments to get a correct idea of the image of each
sector. The impression of light on each point is, in fact, not proportional
to the strength of the light, and consequently we obtain a different
result with respect to the distribution of light, in proportion to the
brightness of the light with which we experiment. On repeating the
experiments above stated we had abundant opportunity to satisfy
ourselves of this. While, for example, a bright fixed star (Sirius I have
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often taken as the object), with slightly hypermetropic arrangement of
my right eye, gives seven or eight extremely fine bright rays, partly
ramifying towards the periphery, and terminating at a short distance
from the centre, a less bright luminuous point appears rather as a circle
of spots, with comparatively very strong illumination in the periphery,
about agreeing with the circle of spots under which, with a similar
arrangement, we see a black spot. The rule, however, remains with each
illumination, . . . that each image is elongated . .. so that we can in it
distinguish an outer and an inner margin, which last is turned towards
the centre of the circle of diffusion. We can now further satisfy ourselves:

1°. That the image of each sector is astigmatic. Through an opening
of about 0-5 mm., held before a given sector, a fixed star, which under
the greatest magnifying power remains a point, forms, with the most
perfect accommodation, an image on the retina, which, were it
accessible to our investigation, would certainly be very perceptible.
The light of a lantern, seen at a great distance through a single sector,
is nearly as great as if we had approached it by half the distance. By
using monochromatic light, the astigmatism of each sector remains
unmistakable.

2°. That the image has spherical aberration. In the circle of diffusion,

formed by a spherical lens from a monochromatic point of light, the
light is not uniformly distributed. Before the focus of the rays (as
both construction and direct experiment readily show) the illumination
is strongest at the outside, behind the intersection, in the centre of the
circle of diffusion.
We have thus indicated fwo causes of normal wrregular astigmatism,
namely, the imperfect coincidence, even after accommodation, of the
images of the different sectors, and the astigmatism proper to the image
of each sector in itself.

In the image of each sector we can, moreover, easily recognise the
chromatic aberration. In front of the intersection each image is red
at the outer, and blue at the inner margin; behind the intersection the
outer margin appears blue, and the central light is reddish. Now, if we
examine the multiple images of a thin line, the lateral images have also
coloured edges, and only the central image 1s uncoloured. It is very
instructive, as Helmholtz has done, to combine a line with a point,
placed near the extremity of the line. We now see, especially with
adjustment for a greater distance, different lines close to one another,
and we can satisfy ourselves that these, in each direction of the line,
correspond to the multiple images of the point of light to which they
are directed. It is now evident, that the edges of the central line will be
colourless, because the radiating clongation of the sector-image,
whence it arises, lies in the direction of the line, and the colours thus
fall over one another. We obtain the sharpest, brightest, and most
achromatic line, by giving the line such a direction, that two opposite
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- radiating sector-images cover one another on the line. On the contrary,
the lateral images of the line have coloured edges, and are at the same
time fainter and broader: their section 1s equal to the longitudinal
section of the elongated image, to which they correspond.

The phenomena here described may also be observable at the
boundaries of brightly illuminated surfaces, with imperfect accommo-
dation, as the transition from the brlght to the dark takes place
thmugh two or three degrees. Even with perfect accommodation, some
can satisfy themselves by the fact, that they see the bright moon as
images covering one another. I was particularly struck with the dis-
tinctness and well-defined boundary, over the whole surface of the
round images covering one another, of an opening, through which the
nearly homogeneous light of the flame of aclohol containing salt was
seen. But more especially when the accommodation is not perfect, we
see in that experiment a number of circles, for the most part covering
one another, and by covering a portion of the pupil we can never make
one of these circles partly disappear—cut a segment off it: the circle
only grows faint, to disappear suddenly and completely, when the
whole sector of the lens belonging to that circle 1s entirely covered,
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The astigmatism, cf which we have thus far spoken, may be con-
sidered to be normal. The acuteness of the power of vision suflers
very little under it, and least of all when we look with both eves
together, and when these have about the same refraction. We never
find the astigmatism of both eyes exactly equal. The images of the
same point, formed on the two retinas, therefore, deviate a little from
one another. Both, however, coalesce in idea, and the correctness of
the judgment respecting the form of a point or of a very small object,
sometimes gains considerably thereby. Thus the acuteness of vision,
apart from the stereoscopic effect. is greater with two eyes than with
one.

Abnormal trregular astigmatism. This has its seat either in the
cornea or in the lens. As to the cornea, the kerafo-conus or cornea conica
first comes under observation. High degrees strike the eye at once.
Slight degrees, on the contrary, are often enough overlooked. The
disturbance of the power of vision frequently suggests the idea of
amblyopia, combined with myopia. Three cases have already occurred
to me which were long treated as amblyopia. That in this instance an
anomaly of refraction, and indeed astigmatism, is the cause of the
diminished sharpness of sight, is evident. . .. In high degrees, the mere
inspection of the curvature and profile at once satisfy the observer,
that the radius of curvature in the centre of the cornea is much shorter
so that the rays falling thereon from each cone of light must much
sooner unite. Especially in reference to these rays the eye is myopic.



There must, however, be not only a difference in focal distance, but
the foci are also imperfect even for small portions of the refracting
surface, and moreover, do not all lie in the same axis. The high degree
of astigmatism connected with this state, therefore, needs not to be
further proved. It would be very troublesome if, in order to recognise
slight degrees, we should be obliged to have recourse to the ophthalmo-
meter, in order to determine the radius of curvature in different parts
of the cornea. Fortunately, we have a more practical auxiliary. The
already long-existing disturbance of vision leads us to resort to the
ophthalmoscope, chiefly with the idea of finding the cause in the fun-
dus oculi, and unexpectedly we discover the anomai}r of the refracting
surface. This has happened to me more than once. Sometimes the
degree was still so slight, that even after the discovery of the true cause
the observer, on taking a profile view, could not satisfy himself as to
the state of things, so that full certainty as to the existence of the
anomaly was attainable only with the ophthalmometer. How the
ophthalmoscope exhibited it is very simple. In the inverted image,
where there is a tolerably wide pupil, we overlook a rather large por-
tion of the fundus oculi; the image, therefore, of one part or other, for
example of the optic disc, remains in the field of vision . . . on shifting
the lens held before the observed eye. At the same time, however, the
rays, which, proceeding from the optic disc, strike the eye of the obser-
ver, pass each time through other parts of the cornea: now if its curva-
ture 1s irregular, the result is, that the form of the disc each time alters,
that it shortens in this direction, extends in that direction, and, more-
over, is never seen acutely in its integrity. In somewhat higher degrees,
too, the side of the conical projection opposite to the incidence of the
light is darker, as if shaded.

Where the form is favourable and the position advantageous,
stenopaic spectacles may produce considerable improvement. If this
assistance be not sufficient (the field of vision too small, the spectacles
an annoyance), an improvement by operation may be attempted.
The chief object of the operation is easily stated: we desire to place the
pupil before that part of the cornea, whose curvature is most uniform
and approaches most nearly to the spherical, in order that a sharper
image may be formed in the visual line, and especially that direct
vision may be improved. A priori it will be evident, that this object will
be more easily attained by a small pupil, not only because the circles
of diffusion are thus rendered smaller, but particularly because we
may expect the less difference in the radius of curvature, the smaller
the portion of the cornea is, which participates in the formation of the
image. Bowman (1859) has made the pupil slit-like by double iriddesis.
Von Graefe confined himself to iridectomy. Both obtained favourable
results with respect to the acuteness of vision. Von Graefe proposed
besides to produce diminution of the pressure in the eye, which result
of iridectomy had in his hands obtained such brilliant and useful




application in glaucoma: he hoped thus to oppose the further develop-
ment of the conicity, if not to lessen the existing degree of it. Bowman,
on his part, has actually seen diminution of the conicity take pl.;:zt:t*
after iriddesis. The results of the latter operation upon the power of
vision are still more favourable, so that at present iriddesis, by which
we also obtain a small pupil, seems to deserve the preference. Theoreti-
cally, however, the slit-like pupil, obtained by double ireddesis, appears
to me, narrow as it may be, not the most favourable: when the direc-
tion of the slit is hnrlmnhl the diffusion for vertical lines will still be
considerable, and though for horizontal lines the eye will have little
diffusion, ti will be highly myopic. It certainly seems better, by simple
iriddesis. to exclude the apex of the cone. By means of stenopaic
spectacles (with artificial mydriasis) the most suitable place and form
of the pupil can be discovered, and perhaps also the scat of most
favourable curvature may be sought with the ophthalmometer; and
when by this or any other mode we have ascertained where and in
what form the pupl] must act most advantageously, the further task
of operative surgery is, to apply the means so as to realise what is found
to be desirable.

To be classed with conical cornea, though usually producing less
disturbance, are partial bulgings or flattenings of this membrane, which,
in consequence of suppuration or of softening, not unfrequently occur,
These are often accompanied with so much opacity as to render the
displacement of the pupil by irriddesis or iridectomy desirable. But the
astigmatism is not thereby removed, since the ¢lear part of the cornea
has lost its regular curvature. In the acute process of softening or
suppuration it is a matter of recognised lmpnrtdm e, to keep the form
of the cornea as perfect as possible. To attain this object, repeated
experience shows that timely support by means of a bandage causing
pressure, cannot be sufficiently recommended. Von Graefe has remark-
ed, that after iridectomy the form of the cornea gradually improved,
and 1 have repeatedly found this confirmed. Moreover, it appears,
that in these cases improvement is often to be obtained h'_-,f cylindrical
glasses, the asymmetry being partly reducible to regular astigmatism.

To the very ordinary causes of altered, and consequently irregular
arching of the cornea, belongs the extraction of cataract. Especially when
prolapsus iridis or threatening prolapsus has existed, whereby the
pupil has lost its central position, or where, with forward projection of
the flap, the wound-surfaces do not perfectly correspond, we seldom
obtain a completely normal arching of the cornea. If the deviation is
slight, the power of vision may still be quite sufficient; but on accurate
investigation it now appears that the acuteness is dcfu:twc and the
astigmatism is in this instance also partly capable of correction by
giving an oblique position to the convex glass, or by combination with
a cylindrical one.

A common cause of irregular astigmatism we find further in spots on
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the cornea. That slight spots cause much more disturbance by scattering
diffused light in the eye, than by reflecting and cutting off a part of the
light, has been shown many years ago, and hereupon the indication for
stenop®ic spectacles was subsequently founded. Even in my first
communication I had referred to the irregular refraction of light,
connected with spots. How much effect this has, the ophthalmoscope
afterwards taught me. Through a rather transparent spot we distin-
guish the fundus oculi with tolerable accuracy; but, while, in the mode
described above, the rays are brought l:{}nsecutwely through different
parts of the spot to the eye of the observer, he is surprised at the
extremely irregular displacement, shrinking and distortion of the forms,
connected with a peculiar glancing, very characteristic for any one who
has once seen it. Spots, whose existence was not perceived on superficial
inspection, - sometimes, on examination with the ophthalmoscope,
produced in a remarkable degree the phenomena just mentioned.
Thus by ophthalmoscopic investigation we are led to examine the
cornca with focal illumination, and then we find, in a scarcely per-
ceptible opacity, the cause of the astigmatism, and at the same time
of the diminished acuteness of vision, which at first suggested the
presence of other causes.

This occurs chiefly when superficial ulceration of the cornea has
existed.

So much with respect to the cornea. As to the crystalline lens, irregular

astigmatism may by it in two ways attain a high degree, namely, by a
change in the lens itself, and by displacement of the lens.
Even independently of the changeability by accommodation irregular-
ities are developed in the lens, which when the eye is still in a state
of rest manifest themselves as irregular astigmatism. Usually, as
Giraud-Teulon observed, this astigmatism increases at a more advanced
time of life, especially when opacity of the lens is superadded.

Besides, it very seldom occurs, that multiple images remain, when
by the assistance of suitable spectacles the accommodation has been
made as perfect as possible. .

The irregular astigmatism ‘which depends on displacement of the
lens, produces much more disturbance, especially when the lens has
ﬂ'nl-}'r partially remained in the plane of the pupil, and the rays, there-
fore, in part, refracted solely by the cornea, penetrate to the retina.
This may take place in incomplete luxation, whether spontancous, or
produced by external injury; but it appears to occur more frequently
as the result of congenital ectopia of the lens. Of this I have scen
remarkable cases, three of which belonged to the same family. In such
instances the power of vision is very imperfect. Just like highly hyper-
metropic 1nd1v1duals the patients see near objects comparatively




better, though still very defectively.... The glasses required were
similar to those indicated in aphakia. On accurate examination with
the ophthalmoscope and with focal illumination this result cannot
appear strange. If the lens even in the normal eye is less homogeneous
near the equator than near the axis, this is especially true of the ab-
normally situated lens. ... At the side of the lens the fundus oculi 1s
seen perfectly clear; through the crystalline lens it usually appears less
clear and acute. This we observe especially in examining the inverted
image, as we can then see the optic disc in two closely adjoining
pictures, one larger and brighter by the side of the crystalline lens, the
other smaller and less brilliant, formed by the co-operation of the
crystalline lens.

In a still youthfull lad, labouring under congenital ectopia of the lens,
cataract was developed; in proportion as the lens became more opaque,
the sight improved. I had absolutely no inducement to operate on this

cataract, even after it had become ripe, although the diffuse light still
continued somewhat inconvenient.

* - . . - - " . . " " . - - " . -



CHAPTER IX
DirrereNcE OF REFrRACTION IN THE Two EvEs

8 41. Oceurence, Phenomena, Resulls

Exceptionally it occurs that both eyes differ much originally from
each other, particularly with respect to their refractive condition.
Thus, as we have already remarked, this asymmetry of the eyes is
usually combined with asymmetry of other parts, especially of the orbit,
and of the bones composing it, so that the difference of the eyes is
reflected both in the form of the forehead and of the face. Since my
former observations on this subject, I have taken much pains in
endeavouring to discover fixed rules on this point. In this, however,
I have not succeeded. I can only in general maintain, that at the side
where the strongest refraction, or rather the longest visual axis occurs,
the orbit (and with it the eye) is situated closer to the median line,
while its surrounding edges are placed more forward.

All imaginable combinations of refraction occur in fact. With
emmetropia of the one eye, the other may be either myopic or hyper-
metropic; hypermetropia or myopia may occur in very different
degrees in the two eyes; lastly, the one eye may be hypermetropic and
the other myopic. It is remarkable that, when astigmatism occurs only
on one side, there is in general in other respects harmony of refraction
on both sides; that is, with H of the one eye, we find hypermetropic
astigmatism of the other; with M of the one, myopic astigmatism of the
other.

As to the use of the eyes, with difference of refraction, this is possible
in three ways: 1°. binocular vision, 2°. vision with cach of the two eyes
alternately, 3°. constant exclusion of the one eye.

1. Simultaneous vision with two eyes, even when the eyes were similar,
was formerly doubted. It was asserted, that, although both eyes are
properly directed, only one eye sees at the same time, and that in this
the eyes relieve one another. This assertion has long since been refuted.
But it certainly is true, that we usually abstract from the one eye more
easily than from the other. . .. If a distant object be covered with the
extended finger, this cc-vc-rmg will by most people be effected for the
right eye. Now where there is difference in refraction that eye is used,
with which, at the required distance, vision is most acute and easiest.
But if the t‘:rf;limu";-,r observation of an object be in question, there may
be binocular vision even with unequal eyes, within the limits of easy
convergence. . . . Experience, in fact, shows that in spite of the unequal
magnitude and unequal acuteness, the images of the two retinas assist
one another in observation: not only are the solidity and the distance
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more correctly estimated, but even acuteness of vision and the facility
of reading, writing, &c., may gain thereby. This, indeed, cannot
surprise us. In the first place, even for normal and equal eyes, there are
no absolutely identical or corresponding points, and it is certain that
such are much less still to be expected, when, from original inequality
of the two eyes, the condition for connecting these points by practice
more and more perfectly in a symmetrical position, has been wanting
(compare p. 65). In the second place, as will more particularly be
seen, the feeble tints of diffuse images forthwith disappear, when the
acute image of the second eye is combined with them. . .. How unequal
in magnitude and acuteness the two retinal pictures of a near object,
viewed laterally by both eyes, often are in equal eyes! In truth, the
second eye is rarely disturbing to vision, unless, in consequence of an
opacity, it admits much diffused light in the retina; and that even this
disturbance is by no means the rule, is proved both by the rarity of the
deviation of an eye affected by cataract, and by the possibility of the
development of cataract in one eye being totally unobserved.

To satisfy ourselves, whether both eyes take part in vision, we cover
them alternately, having fixed an object, by putting the hand before
them. Whichever eye we cover, that which has remained uncovered
must continue to fix without movement, and if the covered eye had
deviated behind the hand, it must, on removing the latter, immediately
again occupy its former place. If the result of this examination leaves
any doubt, we place a weak prismatic glass with the angle inwards
before the one eye, whereupon, if vision is binocular, double images
arise, which are overcome by a distinct movement inwards.

When there is a difference in refraction, we can determine the
farthest and nearest point of each eye separately. If the acuteness of
vision is sufficient in both, we usually find the ranges of accommodation
also equal. . . . But still we should be very much deceived, if we sup-
posed, that in binocular vision the distance for which accommodation
takes place could be equal.... Even a slight difference in refraction
we are not able to adjust by accommodation,

By no tension whatever can we succeed in getting a sharply defined
image for both eyes together.

Besides, the one eye accommodates sharply, at the expense of the
other, rather than by average tension of accommodation to obtain
half acute images in both eyes.... But even when in consequence of
too great difference in refraction, the second eye no longer assists, it
at least produces no disturbance.

Not unfrequently it has occurred to me, that the patient has thought
that with one eye he could scarcely distinguish anything, notwith-
standing that tht: acuteness of vision was still tolerably good. I have
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found this in high degrees both of myopia and of hypermetropia. That
the power of vision of a strongly hypermetropic eye... has been
overlooked, cannot surprise us; but it is singular that clever and well-
informed men have so often continued ignorant that they still see
satisfactorily with their strongly myopic eye, when they only bring the
object near enough. In these cases the unused eye has often deviated
somewhat, and indeed almost without exception in the outward
direction. This direction I have even met with, when the deviated eye
was strongly hypermetropic, provided that myopia, or at least emme-
tropia, existed in the other used eye. In general, I must observe that
deviation is never produced by difference in refraction. At most the
latter may be the cause, why the deviation was not prevented, and it
1s, in fact, no longer prevented, so soon as the difference in refraction
is so great that the one eye loses all importance for binocular vision:
this eye is then equivalent to a blind eye, and just like the latter, there-
fore deviates outwards. But if the eye has still any co-operation in
binocular vision, vision is improved by it, and certainly the deviation
never arises in order to prevent binocular vision, as has been asserted.
2. The eyes are allernately used. In difference in refraction it not
unfrequently occurs, that the one eye i1s employed for near, and the
other for distant, vision. . . . Now, in these cases, it may appear as if the
range of accommodation is extraordinarily great. Thus one of my
friends boasted, that at a distance he saw with perfect acuteness, and
that in vision for near objects he was inferior to none. On examination
this was at once explained. His right eye was emmetropic, and his
left presented myopia=1/5'5. He was himself not aware of this. After
his twenty-eighth year this last eye began to deviate outwards, and was
thus excluded from binocular vision; but the continues to use 1t, when
he wishes to distinguish very small objects. Thus a deviated myopic eye
is most certainly preserved from amblyopia, while, on the contrary,
that which has deviated inwards becomes amblyopic throughout the
greater part of its field of vision. That it 1s of importance, if possible, to
pr(‘qrnc it from amblyopia, need scarcely be observed.
. One eye may, in observation, continue wholly excluded. Under this head
[wu kinds of cases are to be til‘;tmgmslmd those in which a morbid
condition of the eye (e.g., detachment of the retina) has set in, and has
given rise to the exclusion with deviation, and those where the devia-
tion was primary, and the disturbance of vision is the result of
want of use. With respect to the first we may be silent. As to the last,
we must distinguish between the deviation inwards and that outwards.
In the deviation outwards the field of vision is enlarged, and extends
over objects, which are not seen by the other eye. In the deviation
inwards the field of vision is diminished, and that of the deviated eye
falls more over the other. This may produce confusion, and therefore
we mentally neglect the impressions received on the cnrr{'spnndmg part
of the deviated eye, which consequently, so far as the common binocu-
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lar field of vision extends, becomes amblyopic. . .

A word still as to the acquired differences in refraction. They are
limited chiefly to aphakia and to loss of accommodation in one cye.
The mode in which vision takes place in aphakia of one eye has been
investigated by Von Graefe, particularly with reference to the question,
whether it is desirable to operate for cataract in one eye, while the other
is sound? His answer is, that, taking everything together, ‘the operation
for cataract in one eye, with important advantages, is attended with
no essential injury, and is therefore always indicated, if we can, with
tolerable certainty, reckon upon a favourable result’. In this opinion
I can cordially concur. Particularly in active young persons, in whom
at the same time the danger of the operation is slight, the advantages
of a wider field of vision, diminishing the risk of wounds upon the
second eye, the removal of the deformity and the greater self-confidence
inspired by the possession of two eyes, throw a considerable weight into
the scale. Moreover, I can confirm the observation of Von Graefe, that
in young persons the existence of combined vision can often be esta-
blished, whereby the estimation of distance and solidity is improved,
and that where combined vision is wanting, the lensless eye at least
extremely rarely causes any disturbance.

- - " " " ® ® " - ® ® " - ® ®

§ 42. Treatment and Oplical Remedies in Difference of Refraction in the
Two Eyes

In the establishment of the indication, the principal thing is to deter-
mine, whether binocular vision exists, or not.

Where binocular vision is present, at any distance, the point is to
maintain this, and if possible, to render it capable of extension over a
greater region. In the choice of glasses we start from the more acutely-
seeing eye, to which the other must remain subordinate.... The
question then remains, what glasses the other eye requires?

At first view we might suppose, that for this latter we should have
simply to choose the glass that brings the farthest point to the same
distance, at which it lies for the first eye. This is in fact the opinion of
laymen: ‘My eyes differ, consequently I need different glasses’,—such
is the ordinary reasoning. It is so evident, so palpable and apparently
so logical, that we cannot be surprised at it, the less so, as the so-called
‘opticians’ support it, and are quite pr-:parcd to put two different
glasses in the same frame. It i is, however, far from being the case, that
we should keep to this rule. Even from habit a great difficulty arises.
One person has, in spite of hypermetropia in one eye, in his youth
always seen and read without spectacles, and has never experienced
any difficulty in binocular vision. Another reads admirably and suffers
no fatigue, although his eyes are in different degrees myopic. If we
now give such people.. . . different glasses, whereby the range of accom-
modation in both eyes becomes more equal, we shall often enough find



the proverb confirmed ‘le micux est 'ennemi du bien’. The cause of
this 1s principally that when the distance of distinctness is made Equa]
the images of the two eyes are not equal, but different, particularly in
mdgmtudc Within certain limits a difference in magmtude such as,
with equal eyes, can be produced by a combination of a positive and
negative glass for the one eye, 15, as is shown by the experiment,
attended with no essential difficulty. ... It is well known that this is
equally the case when we look at two uniform figures, with a slight
difference in magnitude, through the stereoscope. It is the result of the
varying and imperfect correspondence of the symmetrical points which
must result from the ordinary use of the eyes, in which letters and other
forms are so often met with at somewhat unequal distances from the
two eyes. But if the difference in magnitude exceeds a certain degree,
double wvision becomes evident, which the person is inclined, by
deviation of one of the visual lines, to separate still further. The same
thing occurs when the same distance of distinct vision has been pro-
duced in cases of great differences in refraction by difference of glasses.
We might turn highly periscopic glasses (whose nodal points lie out-
side the body of the glass) for the one eye with the convex, for the other
with the concave surface towards the eye, or by a pccullar combination
of a concave and a convex glass, different for each eye, we might
endeavour to bring the resulting nodal points on both sides to an equal
distance from the retina, and thus to make the images equally large;
but the method is very delicate, and I can scarcely imagine that it will
ever be adopted in practice. This has led me to adopt the rule tw
give similar glasses for both eyes, when the binocular vision of eyes of
different refraction is acute and easy at any distance without glasses,
and shifting of this distance is necessary

But may we never deviate from this rule? Undoubtedly. In the first
place we may do so when the difference in refraction is slight, amoun-
ting to not more than 1/48 or 1/36. I have met, particularly, with
myopes, who have for distant vision given the prcfcrr:ncc to such
corresponding difference in glasses. Moreover, where there is a greater
difference in refraction, we may, by a moderate difference in glasses,
partly correct this; for cxamplc with M=1/12 in one eye, and M=1/8
in the other eye, we may give a glass of — 1/12 for the first and at the
same time one of — 1/10 for the other eye; but the difference in glasses
can rarely exceed 1/40 or 1/30. Lastly, there may often be an advan-
tage in producing by different glasses, in imperfect acuteness of vision,
nearly accurate images on the two retinas, by whose co-operation then
the power of distinguishing is sometimes rlr’:all],F increased. This refers
especially to hypermetropes.... But under all circumstances the
combination of the different glassts ought to be tried, to ascertain if it
is really suitable. .

When an eye takes part in combined vision, its function is main-
tained, even when it constantly receives very imperfect diffused images.




Particularly the field of vision continues in its integrity, and if the
acuteness of sight may somewhat diminish, it returns, when more is
required from this eye, for example, when disturbance occurs in the
other and on systematic practice. This last I consider in every case
desirable, especially in high degrees of ordinary hypermetropia, likewise
in aphakza, it is accomplished, the eye ordinarily used being closed,
simply with a convex glass. Thus remaining uncnfeebled, this eye is
then always ready to afford assistance so soon as the other may come
to fail, and at the same time it can still better aid in binocular vision.

A highl}r myopic eye can practise without a glass. This, however,
has usually deviated outwards, and it then belongs to another category;
namely, to those cases in which

Binocular wvision is absent.—It i1s chiefly under this head that the
remarkable examples fall, in which a defect in refraction is looked
upon by the patient as total uselessness. I will communicate a couple
of them.

1. Mr. R., aged 58, an architect, has from his youth been much
occupied with architectural dra,wmg In this he has always made use
of his left eye. Since an attack in the eyes, from Whl{'h he suffered, he
has seen less acutely with that eye. ‘It is my only eye,” he says, ‘and I
am much perplexed’. I establish the existence of M=1:11'5, S=06,
diffuse light being warded off, and of synechia, with opacity of the
anterior surface of the crystalllm?: lens, the result of iritis. On glancing
with the ophthalmoscope also into the right, somewhat outwardly
deviated eye, I find it free from synechia and see with 1/10 the fundus
oculi scarcely diffused in the non-inverted image: the eye was there-
fore hypermetropic. On asking him how he saw with that eye, I re-
ceived for an answer that at a distance everything was confused, and
that he could distinguish nothing near with it. His amazement, when
he looked at a distance through a gla.ss of 1/10, 1s still vividly before
me. ‘I actually see better with this eye,” he exclaimed, ‘than I ever did
with the right, even with the aid of my concave glass’. Dhjccta appeared
to him at the same time much larger, and if he looked at those with
which he was acquainted, he thought the distance shorter than it really
was. With 1/6 he read without difficulty; with 1/5 he distinghished the
smallest type. His hypermetropia amounted to not more than 1/g;
S being at the same time=o0.7.

Two points here deserve our attention. In the first place, that in
apparent disuse the eye had continued so good.

. Mrs. L., aged 40, has a number of general ailments, and to them
she ascribes it, that during the last six months her sight has fallen off
very much. ‘With the right eye she has never seen’. It 1s rather strongly
deviated outwards. The left eye has M=1: 5, S=10: 50 the diminish-
ed acuteness of vision is dependent on chorioiditis disseminata and
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motes in the vitreous humour. A glance into the right eye with the
ophthalmoscope shows me with 1/10 at a distance the inverted image
of the fundus oculi, bearing a rather considerable circular atrophy. It
therefore appears that the myopia has here a much higher degree; and
while I now approximate No. 1 to 2%, she reads it without any diffi-
culty, to her own amazement: ‘She had never tried this’. In this eye
M was=1:2'5, S=10: 40, and with a glass of — 1/5 she could still
read satisfactorily with this eye. While the left eye was under treatment,
I advised her to practise the right eye cautiously, partly without a glass,
partly with — 1/5. Thus S within some months increased to ¢ : 20, and
the eye was, and continued, much more useful than the left.

In general, the optical treatment in difference in refraction, is much
easier where there 15 deviation of one eye than when there is binocular
vision. In this case, we keep the better eye for ordinary use, and keep
up the other by regular practice, with exclusion of the better. In rare
cases, with deviation outwards, the one eye is used exclusively for
distant, the other for near {}b_]lf:‘ﬂt.‘i. ... Lastly, almost always with
deviation inwards, and not unfrequently also with deviation outwards,
the one eye is wholly out of use: perhaps it was even originally less
sharpsighted, and now it is quite amblyopic. If it no longer fixes on
closing the other eye, there is nothing to hope for. Practice is then in
vain,

The question, when it is expedient, in deviation, to perform teno-
tomy, cannot be here investigated at length. A couple of remarks may
here be made. As the result of my investigation, I have assumed that
difference of refraction never produces strabismus, but only does not
prevent its occurrence. Consequently, from the difference in refraction,
a decided contra-indication to tenotomy is never to be deduced. We
must say only, that binocular vision can acquire no particular value.
But is not tenotomy performed for appearance’ sake, even when one
eye has lost its sight?—A sccond remark is, that in the highest degrees
of myopia an eye deviated outwards acquires, through simple tenotomy,
a better position in looking at distant objects, but seldom learns to
converge.

In aphakia of the one eye, with normal acuteness of vision of the
other, especially with deviation of that eve, some practice with a convex
glass is to be recommended, in order to prevent retrogression of the
acuteness of vision. Some minutes daily are sufficient.



II. ANOMALIES OF ACCOMMODATION



InTrRODUCTION

Accommodation depends upon muscular action. We are here therefore
to expect the anomalies which are proper to muscles in general:
paralysis and spasm. In connexion with the former, the action of
mydriatics; in connection with the latter, that of myotics, is to be
studied. Each investigation must be based upon a knowledge of the
nerves, which are implicated in either condition, and we have to treat
thereof in connexion with the movements of the iris, which are associa-
ted with those of accommodation.

We therefore treat, in three chapters, of:

I. The influence of the nerves upon accommodation and upon, the
movements of the iris.

I1. Paralysis and debility.
ITI. Spasm.




CHAPTER X

INFLUENCE OF THE NERVEsS UPON ACCOMMODATION AND UPON THE
MOVEMENTS OF THE IRIS

§ 43. The Movements of the Iris

The mechanism of accommodation has already come under our
consideration (§ 4). Here we may therefore confine ourselves to the
movements of the iris.

The movements of the iris are of two kinds: reflex and voluntary.
Reflex action is exhibited as constriction of the pupil, in consequence
of the stimulus of incident light upon the retina. Fontana (1765) has
shown that the light falling upon the iris produces no remarkable
contraction. We have confirmed this result by causing the image of a
small distant light to fall, by means of a convex lens, upon the iris,
whereby during slight perception of light, a doubtful contraction oc-
curred, which gave way to a strong contraction so soon as the light,
entering through the pupil, excited a vivid perception. That thiscon-
traction takes place by reflex action of the optic nerve upon the oculo-
motor nerve in the brain was proved by Mayo (1823) by striking
experiments upon pigeons. Nevertheless, the experiments of Harless
(1850) and of Budge have shown, that even after death, so long as
irritability remains, the pupil still contracts upon the continued action
of light.

When light falls upon one side, the pupil contracts on both sides:
the contraction on the same side we call direct, that on the opposite
side, we call consensual. When in the absence of the direct, consensual
contraction is present in one eye, we are justified in inferring the
existence of blindness in that eye. If both are present, or both are
wanting, no certain conclusion is to be drawn as to the power of vision.

We may accurately study these two, as well as the accommodative
(Listing), by ourselves, after the entoptic method. A small opening in
an opaque plate, held at about 6" from the eye, and turned towards
the light, gives, in the vitreous humour a bundle of nearly parallel rays,
of the size of the pupil, and is therefore seen as a round, illuminated
disc, whose diameter increases and diminishes with that of the pupil.
If both eyes had been closed, and if one be now opened, the pupil is
seen almost immediately to contract, and then slowly and vibratingly
to dilate again. The consensual contraction, on the contrary, according
to Listing (1845), does not begin until 2/5 second after the opening of
the other eye, lasts about 1/5 second, after which the pupil again dilates
slowly and vibratingly for some seconds. The consensual dilatation, he
observed to commence about 1/2 second after the closing of the other
eye, and with diminishing rapidity to continue for one or two seconds.
This last cﬂntmues in my eyes considerably longer. The whole course
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of consensual contraction and dilatation, which, with Listing, lasts 2-1
to 31 seconds, with me occurs ten times in the minute, and therefore
lasts six seconds. The difference has reference especially to the duration
of the consensual dilatation, whose maximum 1t is difficult exactly to
determine.—In these experiments the closing must, for more than one
reason, be effected only by holding a screen before the eve.

The accommodative movement 1s, as well as the accommodation
itself, to be considered voluntary. It is true, we contract our pupil,
without being conscious of the contraction of muscular fibres, but this
holds good for every voluntary movement. When a person raises the
tone of his voice, he is not conscious that by muscular contraction he
makes his chord® vocales more tense; he attains his object wihout
being aware of the means by which he does so. The same is applicable
to accommodation for near objects, and to the contraction of the pupil
accompanying it. The fact that this last is only an associated movement,
does not deprive it of its voluntary character, for there is perhaps no
single muscle which can contract entirely by itself.

E. H. Weber has discussed the question, whether the contraction of
the pupil is associated with the convergence of the visual lines, or with
the accommodation. From his experiments of seeing acutely the same
object, alternately through concave and through convex glasses, he
came to the conclusion that the pupil neither contracts nor dilates
without change of convergence. Cramer (1853) repeated these experi-
ments. . . . In my experiments with Dr. de Ruiter, I came to the same
conclusion as Cramer, namely, that tension of accommodation, even
without increase of convergence, 1s attended with contraction of the
pupil. Now, on repeating the experiments, without the use of glasses,
and being able, the fixation of the same point remaining unchanged,
to put my accommodation alternately more and less upon the stretch,
I find that, especially in looking at a remote object, each stronger
tension 1s combined with contraction of the pupil. ... That increased
convergence of the visual lines without change of accommodation also
makes the pupil to contract, is easily proved by simple experiments with
prismatic glasses.

Listing observed that the accommodative contraction of the pupil
takes place almost contemporaneously with the will, just as is the case
in movements of ordinary muscles. It is, however, easy to show that,
even if contraction and extension commence almost simultaneously
with the will, they by no means take place with the rapidity whichis
peculiar to voluntary muscles. By alternating the accommodation for
a remote and a near object, I cannot voluntarily strongly contract
and dilate the pupil more than thirty times in the minute.

8 44. The Ciliary System and its Function

The parts enumerated derive their nerves from the ciliary, also




called the ophthalmic, ganglion. This ganglion gives off from 10 to 16
minute branches, the ciliary nerves, which ereratL the sclerotic, not
far from the optic nerve, and pmcwdmg straight forwards h{*twm‘n
the sclerotic and the chorioidea, reach the ciliary muscle and the iris,
and give some filaments to the cornea. One or two ciliary branches
come directly from the naso-ciliary nerve, perforate, as well as the others,
the sclerotic, and, according to Bernard’s statement (1858) finally pass
into the conjunctiva and the iris, but not into the cornea: their origin
indicates that they act chiefly as nerves of sensation.—Into the ciliary
ganglion three so-called roots enter: the short root from the oculo-
motor nerve, the long root (often existing double) from the nasociliary
nerve; and, lastly, a branch, derived from the sympathetic nerve in the
neck. In the ciliary gmglmn numerous ganglionic cells are met with.
What the connexion is between the three kinds of nerve-fibres enumerat-
ed and these ganglionic cells, has not been ascertained, nor whether fresh
nerve-fibres here have their origin, joining the ciliary nerves. All the
ciliary nerves, the commencement of whose course we have already
described, divide in the first instance near at hand and farther up the
outer surface of the ciliary muscle into two, and afterwards into more
numerous branches, which form a rich plexus (orbiculus ciliaris of W.
Krause), whence many little fasciculi penetrate into the ciliary muscle.
I examined them in 1853, with Dr. de Ruiter, in white rabbits.

In the meantime, in the peripheral distribution of different nerves,
especially in those of the involuntary muscles, ganglionic cells are
found, and this is true also of the ciliary nerves.
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Except the above-mentioned one or two ciliary nerves of separate
origin, all the branches destined for the iris and for the ciliary muscle
proceed from the ciliary ganglion. In this ganglion consequently the
function is comprised. The question is therefore, properly, what in-
fluence each of the three nerves exercises on the ganghnn

The action of the oculo-motor nerve upon the sphincter of the pupil is
established beyond doubt. Not only is the pupil dilated and immovable
in paralysis of this nerve, but on irritating the nerve in the base of the
brain in animals, we see it strongly contract. If Volkmann and E.
Weber had, in opposition to previous investigations, seen dilatation
produced by irritation, Budge (1853) showed that this was to be ascribed
to simultaneous irritation of the sympathetic branch running in the
neighbourhood, and retaining its irritability longer, and Nuhn (1853)
who in a decapitated criminal had likewise seen dilatation, recognised,
after experiments on different animals, the same source of error as
Budge had indicated. In the beheaded man also, contraction of the
pupil on irritation of the nerve in question was subsequently seen. Most
decisive, however, are the cases of complete paralysis, because they show



that this nerve is the condition sine qud non, both for reflex and accom-
modative movement of the pupil, and for the accommodation itself.

The Unlj." fact which exhibits the influence of the mtﬁnﬁmng ganglmn,
is the comparative slowness of the contraction of the pupil.—Whether
the oculo-motor nerve sends also some sensory filaments to the internal
eye, cannot be ascertained.

The influence of the sympathetic nerve upon the pupil was discovered even
before 1727, by Petit: after dividing the nervus vagus he found the
pupil smaller. That Petit had correctly ascribed this phenomenon to
the division of the sympathetic nerve, which, in many animals, is in
the neck united with the nervus vagus, was pmved by Dupuy (18 6),
who observed the same phenomenon after extirpation of the first

ganglion. The accuracy of the fact was still further demonstrated by the
careful experiments of Reid (1839). Budge and Waller (1852) have the
merit of having shown, that the filaments of the sympathetic nerve act-
ing on the pupil arise from the spinal cord, and pass into the anterior
roots of the two inferior cervical, and the six superior dorsal, nerves. . . .
The difference of the two pupils after division of the nerve is greatest
while the eyes are exposed only to faint light. ... The difference in
magnitude is, however, permanent; at least we have seen it continue
in dogs and rabbits longer than six months; Budge has observed it even
for a year.

The foregoing shows that the action of the sympathetic root consists
in a persistent exaltation of the tone of the radiating fibres. Thus the
dilatator pupille is with constant force the antagonist of the sphincter
muscle. The action of the sphincter changes, as we have seen, both
with the incidence of ight and with accommodation ; but if the sphincter
1s paralysed, the pupil is immovable. Meanwhile we may assume that,
just as for the vaso-motor nerves, the tonic action in the dilatator muscle
may, under certain still unknown circumstances (irritation of the fifth
pair?) somewhat fall and nise.—It has, indeed, hypothetically been
assumed that the sympathetic nerve acts also upon the accommaodation.
Though it might appear somewhat rash absolutely to deny an influence
for which the analogy of the iris may be appealed to, yet we find that it
1s supported by no fact whatever. We are acquainted with no muscle
capable of acting antagonistically to the ciliary muscle; nor have we
any reason to admit the existence of active accommodation for distance.
On the other hand, the action of the sympathetic branch on the tone
of the blood-vessels is fully established. It is known that division of the
sympathetic nerve in the neck is followed by considerable dilatation of
the vessels of the head, most distinctly observable in the ears of rabbits,
while irritation of that nerve is attended with contraction of the same
vessels (Bernard). With Dr. van der Beke Callenfels (1855) I showed
that the vessels of the pia mater are governed by the same nerve; and



I subsequently satisfied myself, with Dr. Kuyper (1859), that the
vessels of the iris also contract on irritation of the sympathetic nerve,
even when they are distended under the influence of the instillation of
digitaline or in consequence of discharge of the aqueous humour, or, as
I recently found in conjunction with Mr. Hamer, when after the action
of the Calabar bean, the same irritation scarcely makes the pupil dilate.
This last confirms my opinion, that this contraction of the vessels can-
not be the mechanical result of dilatation of the pupil, but that it
occurs independently.

T he influence of the nervus trigeminus upon the iris and upon the accom-
modation is still doubtful. By exclusion we may assume that this nerve
gives sensation to the iris; for neither the oculo-motor nor the sympa-
thetic possesses sensitive filaments by which the great sensibility of the
iris might be explained. Moreover, sensation ceases when the nervus
trigeminus is divided. The difficulty lies in the determination of the
influence of the nervus trigeminus upon the motion of the iris. It has
been found experimentally that irritation of the trunk of the fifth pair,
as well as of its ophthalmic division (the nervus ophthalmicus Willisii)
causes the pupil to contract. Now we are acquainted with no other
contractions of the pupil than those produced by the reflex action of
light, and by accommodation, and these both wholly disappear on
paralysis of the oculo-motor nerve.... We are consequently led to
assume that stimulation of the nervus trigeminus acts upon the
ciliary ganglion, so as there either to increase the action of the fibres of
the oculo-motor, or to diminish that of the sympathetic nerve. The
influence still takes place, if the sympathetic and oculo-motor nerves
have previously been divided. This is, however, by no means strange,
since the ciliary ganglion and the internal nervous system of the eye
continue permanently normal after the sections alluded to, as is proved,
with respect to the latter, by the unaltered action of atropia and of the
Calabar bean dropped into the eye.

The mechanism, whereby the nervus trigeminus acts upon the ciliary
ganglion is, however, rather obscure. Since this influence, as we have
seen, continues after division of the oculo-motor and sympathetic
nerves, it must be capable of taking place without reflexion in the
central organs. Indeed, we can, from the fact that on stimulation of a
nerve the change of the electrical condition is continued in both
directions, very well comprehend the direct influence of a stimulus,
without assuming in the nervus trigeminus the existence of fibres,
whose ordinary function should be centrifugal conduction towards the
ciliary ganglion. But if such exist (in the nervus lachrymalis centrifugal-
ly conducting fibres are undoubtedly present), the contraction of the
pupil which occurs in an irritated state of the peripheral sensitive
filaments of the eye, might be explained by reflex action, upon those
centrifugally conducting fibres, in the Gasserian ganglion. At any rate,
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in an irritated condition of the cornea, to which the ciliary nerves are
distributed, reflex action even in the cﬂiar}r ganglion may be assumed
from anaIng‘y, as, with reference to the secretion of saliva, reflex action
through the submdxlllar}r ganglion has been demonstrated by Bernard.

- - & & * * #® " - 0 - - - - -

In all that I had seen and read respecting the influence of division of the n. trigemi-
nus, the doubt had occurred to me, whether this section did not act upon the pupil
principally in consequence of the filaments of the sympathetic nerve being at the
same time divided, which filaments, according to Budge, reach the ciliary, through
the Gasserian ganglion. I therefore determined, in concert with Dr. P. O. Brondgeest,

my assistant in the thsmlngma] laboratory, 1o make some exXperiments upon the
subject. In rabbits the sympathetic nerve was exposed on one side of the neck, and
was very gently stimulated for a moment (with the aid of the galvanic apparatus of
Du Bois-Reymond) in order to ascertain that the exposed nerve acted on the pupil;
thereupon the skin was again closed with serres fines, and the trigeminus was divided
on the same side, in the manner indicated by Bernard. If anasthesia of the eye was
obtained without further general disturbance, the sympathetic nerve was, after a
shorter or longer interval again stimulated, in order to see whether it had maintained
its influence upon the pupil. The experiment succeeded in eleven rabbits.

- - " . - " . - " -




CHAPTER X1
Pararysis aNp DEBILITY OF ACCOMMODATION

§ 45. Mydriatics and their Action

A comparative examination of a number of substances and of prepara-
tions has shown, that the most useful mydriatics are to be found
among the Solanex, and that of these the Atropa Belladonna is, for
various reasons, to be preferred to all others, even to the Datura
Stramonium and the Hyoscyamus niger. Above all, where strong action
is not required, atropia (soluble in 450 parts of water), and where a
stronger effect is indicated, the very soluble sulphate of atropia, which
were first introduced into practice in England, are to be recommended.
For the full effect, a drop of a solution of one part of sulphate of atropia
in 120 parts of water is quite sufficient. If the instillation is followed in
the course of an hour and a-half by pain and injection of the vessels,
the preparation is not suitable, and there then arises, on its repeated
employment, a peculiar inflammation, described by me as atropinism.
Even when suitable, it produces in some persons, after having been
used for many months, a similar inflammation, and it must then be
altogether laid aside. In such cases other mydriatics are then seldom
borne. Chemical reagents were not decisive in distinguishing the
inapplicable sulphate of atropia. (Compare Kuyper, Onderzoekingen over
de Kunstmatige verwijding van den oogappel. Diss. inaug. Utrecht, 1849.)
The internal exhibition of the remedy also, with which it 1s necessary
to be cautious, produces mydriasis.

The principal phenomena consequent on the instillation of sulphate
of atropia, are: 1°, increasing dilatation, followed by insensibility of
the pupil; 2° diminution, and soon total loss of accommaodation.

.. After the instillation of 1: 120 the dilatation begins in man
within fifteen minutes, and in the course of from twenty totwenty-five
minutes attains its maximum, with absolute immobility. The younger
the individual, and the thinner the cornea is, the more rapidly does
the action occur.

The diminution of the accommodation commences somewhat later than the
dilatation of the pupil. The accommodation gradually returns after
some days, together with the mobility of the pupil.

When, after forty-two hours, the pupil is somewhat smaller, a slight
degree of mobility has also returned, and, at the same time, some
accommodation is to be observed, which now rather rapidly increases
until the fourth day, but is not ptrfect until after the lapse of eleven
days. The observation was made on the eye of my assistant, Mr. Hamer,
who has practised himself in very accurately determining his absolute
nearest point at the maximum of convergence, while one eye is closed.
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The farthest point has, with a slight degree of M, continued nearly
unaltered. Usually, it removes somewhat further from the eye. If there
exists permanent tension of accommodation, such as is proper to H,
and not unfrequently occurs in some amblyopes, astigmatics and in
young myopes, this gives way under the influence of atropia, and r then
removes to a much greater extent. With tension of accommodation,
objects appear to become smaller (micropia) : in this case we imagine
the object nearer, and as the visual angle has not become greater, we
suppose the object to be smaller.

The loss of accommodation, after the action of atropia, is the more
troublesome, because the pupil is so extremely wide, which, even in
slight variation of accommodation, produces great circles of diffusion.
.. . The disturbance, moreover, differs according to the refraction of the
eve. Emmetropes see well at a distance, but can distinguish nothing
near without convex glasses. Myopes complain less, because, although
their distant vision i1s much more diffuse, they can still read, their
farthest point remaining unaltered. In hypermetropes, even the slightest
action of the mydriatic produces such disturbance, that without convex
glasses nothing is distinguished.—If the mydriatic have been dropped
into only one eye, the disturbance is the greater, because the defined
image of the eye not operated on is so feebly illuminated, compared
with the diffuse image of the other: the mydriatic eye is then by
preference closed. . . .

With respect to the action of weaker solutions of sulphate of atropia,
Dr. Kuyper has made some investigations.

The mode of action of mydriatics I have investigated with Dr. de
Ruiter. Independently of our researches, Von Graefe, as he stated to
me by letter, had arrived at the same results. Our experiments have
established beyond doubt the passage of atropia into the aqueous
humour.

The action exhibits itself the more rapidly, the thinner the cornea,

and the younger the animal is. Removal of the outermost layers of the
cornea hastens the action (von Graefe).
After repeated instillation in a rabbit, the whole eye was washed out with
a broad jet of water: the aqueous humour then discharged, introduced
into the eye of a dog, and long kept in contact with it (Von Graefe also
injected it into the chamber), produced considerable dilatation of the
pupil. This is incontestably the experimentum crueis. The quantity which
penetrated is, however, extremely small, for the solutionof 1 : 120,000
kept equally long in contact with the cornea, acted still more strongly.
On internal administration and consequent mydriasis, the evacuated
aqueous humour was inefficacious.

Lastly, the question is, through the intervention of what nerves the
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absorbed atropia acts. In the first place, we cannot admit that the
matter acts directly upon the muscular fibre-cells: the similar nature
of these contractile elements in the sphincter and the dilator should
then lead us to expect a similar influence upon both, and strong dilata-
tion of the pupil could not take place. We therefore infer that the atropia
acts on the nerve fibres, or on the ganglionic cells. a. The sphincter muscle
becomes paralytic.

b. The dilator muscle becomes strongly contracted. The proof consists in the
fact that, as Ruete (1813) was the first to show, in complete paralysis
of the oculo-motor nerve, the size of the pupil is still considerably
increased by atropia; additional dilatation also occurs under atropia
after removal of the nerve in question in animals. To explain this we
assume a stimulating action on the sympathetic nerve, which we can
scarcely imagine to be persistent unless it takes place by the intervention
of ganglionic cells. Of these it 1s known that they are specific in their
action, and of a condition of persistent stimulation by a given substance
we have an example in the action of strychnia brought into direct
contact with the grey substance of the spinal cord.

" & & & . " . . -

§ 46. Morbid Paralysis of Accommodation

Paralysis of accommodation as disease is by no means an unusual
occurrence. Emmetropic and ametropic eyes are alike liable to it. It
occurs too at every age, but in old persons, who have already lost their
accommodation by senile changes, it is of little importance. As we
know, that the accommodation is effected exclusively by the internal
muscles of the eye, we can seek paralysis also only in the fibres of the
short root of the ciliary ganglion. Now, in fact, it often occurs that only
these fibres are paralysed, and in this case we have paralysis of accom-
modation alone: except that paralysis of the sphincter pupille, which
derives its motor fibres from the same root, is usually combined there-
with. But in about an equal number of cases there exists at the same
time paralysis of other fibres of the oculo-motor nerve, and not un-
frequently the paralysis extends even to all the branches of this nerve.
It is remarkable, that while paralysis of accommodation very often
occurs separately, paralysis in the domain of the oculo-motor nerve is
comparatively rarely met with, without paralysis of accommodation.
I may add, that so far as my experience goes, uncomplicated paralysis
of accommodation occurs much more frequently in women, often too
in children; paralysis of the oculo-motor nerve on the contrary, inclu-
ding paralysis of the accommodation, is much more frequently found
in men, and ordinarily not until after the twenty-fifth year. In either
case, the paralysis is rarely complete: generally speaking, it is only
paresis, inasmuch as a certain, though usually only a slight degree of
accommodation, has remained.



Uncomplicated paralysis of accommodation has only one objective symp-
tom: dilatation and immobility of the pupil. The dilatation is not
considerable ; for even with complete paralysis, a wider pupil than the
normal in the dark is not to be expected. Nevertheless, in complete
paralysis not a trace of either accommodative or of reflex movement
1s to be seen. But I may add, that these cases are extremely rare.
Further, the connexion between paralysis of the pupil and of accommaeo-
dation cannot be called absolute: once I found satisfactory accommo-
dation coexistent with absolute immobility of the pupil.... and, on
the other hand, with perfect or almost perfect loss of accommodation,
the motion of the pupil may be but little disturbed.

From all this it is evident, that the subjective phenomena are the most
important. Now, upon these the refraction of the eye has a considerable
influence.

Mpyopes, whose farthest point is not more than 14" from the eye, find
no difficulty in reading. ... The disturbance is confined to this, that
on the one hand, objects at a greater distance appear, on account of
the greater circles of diffusion of the larger pupil, more diffuse than
usual,—on the other, that within the distance of their combined
nearest and farthest point, they cease to see acutely. Both disadvantages
are in great part removed when the paralysis of accommodation is
incomplete, and we then hear few complaints from myopes. It is only
when they wear neutralising spectacles, and use them at their work,
that they are on a footing with

Emmetropes.—These, on the occurrence of paralysis of accommoda-
tion, immediately resort to the oculist. They can no longer read nor
write, and they are aware that an important disturbance exists: even
when, as is usual, only one eye is affected, a certain dimness is, on
account of the acute origin of the paralysis, forthwith observed, causing
each eye to be separately tried, and thus the lesion is discovered. If we
find that vision at a distance is acute, and with either concave or convex
glasses becomes diffuse, while for near objects convex glasses are neces-
sary, the diagnosis is made, which finds only a still further confirmation
in the torpidity of the dilated pupil.

The paralysis of accommodation is productive of yet greater distur-
bance in Hypermetropes: not only for near, but also for distant objects,
with respect to which an involuntary accommodation formerly casily
overcame their hypermetropia, is their vision diffuse. It is evident, that
such a condition suggests the idea of amblyopia, and I have already
(p. 130) communicated a case in which the patient’s father, himself
a medical man, feared the worst. . ..

The phenomena are less characteristic when no complete paralysis,
but only paresis is present. The myope then often experiences no actual
disturbance; the emmetrope complains of fatigue only on tension for
near objects, resembling the asthenopia of the hypermetrope; but the
hypermetrope very rapidly experiences considerable asthenopia for
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near objects, and even difficulty in seeing acutely at a distance. In
general with paresis of accommodation, asthenopia very quickly occurs;

in the first place, because the wider pupil requires more accurate
accommodation to distinguish satisfactorily; in the second place,

because, just as in atropia-paresis, the relative range of accommodation
is very unfavourably situated: while with the maximum convergence,
the closest point is found comparatively little farther from the eye, with
medium convergence, only a slight tension of accommodation appears
to be possible.—Sometimes in paresis of accommodation micropia is
also complained of.

The foregoing refers more particularly to the uncomplicated paralysis
of accommodation. Often, however, this is, as we have seen, only a part
of a more general morbid condition, and most frtquf:ntly of pam{}su‘ of the
oculo-motor nerve. If this is -::-:-mplr:te the upper eyelid hangs, and the
outer angle of the slit even stands considerably lower than that of the
other side—a proof that the (now paralysed) elevator of the upper
eyelid is also the elevator of the conjoined lower lid. A very slight
upward movement of the eyelid remains, in consequence of the fact
that, on endeavouring to raise it, the musculus orbicularis palpebra-
rum, which is governed by the facial nerve, can relax itself still more:
the latter muscle remains in any case capable of strong contraction. If
we raise the paralysed eyelid, we find the cornea deviated outwards,
and on looking to the opposite side it scarcely reaches the middle of the
slit (paralysis musculi recti interni). On endeavouring to look upwards,
the paralysed eye remains unaltered in its place (paralysis mm. recti
superioris et obliqui inferioris). On endeavouring to look downwards,
the m. obliquus superior, which is governed by the n. trochlearis, alone
acts, and this, especially when the eye is turned outwards, pmduces a
slight inward rotation around the visual axis rather than a downward
movement of this axis. With these phenomena a misapprehension of
the position, and an apparent movement of the objects, on every at-
tempt at movement of the eye, are combined—the first dependent on
an incorrect estimation of the position of the eye, the second on the loss
of adequate correspondence between the attempt at movement volun-
tarily made and the real movement of the field of vision on the retina.
The complaint of vertigo is thus explained.

In other cases only a part of the muscles, influenced by the third
pair, is implicated in the paralysis; sometimes the m. levator palpebre
superioris, alone is affected, sometimes the m. rectus internus.

Further, wc observe that th:: fourth and sixth pairs are a.lsn aﬂ‘tcttd
(I have even seen a case in which only the musculus rectus externus
and the accommodation were paralysed); and occasionally, too,
par@sthesia exists in some branches of the fifth pair.—Lastly, the
paralysis of accommodation is wholly subordinate to that of different
parts of the body, and then depends upon disturbance of the central



._..258_

organs. Under all these combinations, however, the disturbance
connected with paralysis of accommodation continues of the same kind.

On what morbid alteration the paralysis of accommodation de-
pends, is often obscure. Experience shows that in sudden changes of
temperature, particularly on exposure to storms or draughts of air,
paralysis of the motor nerves of the eye, sometimes of a single nerve or
of particular branches, not unfrequently occurs. When the days are
extremely warm, and the evenings cool, a larger number of cases of
this paralysis is in general met with. Such cases are called rheumatic,
and are referred by some to an inflammatory affection of the nerve-
sheath. The paralysis in these cases occurs suddenly ; often it is observed
on awaking in the morning. We may hope that after some weeks or
months it will again give way, but at the end of six months such hope
must be abandoned. If the other eye also subsequently becomes affec-
ted, as I have often seen it, the idea of constitutional predisposition is
naturally suggested; but for this view there is frequently no ground.
Only, syphilis is recognised as a constitutional cause, and it may pro-
duce paralysis even many years after infection. . . . The seat is especially
considered to be central, when both sides are affected; . . . The prognosis
is in such instances less favourable. Moreover, we find cases recorded
in which injury, abscesses in the orbit, tumours in the cranial cavity, and
different morbid changes in the brain were in operation, and credul-
ous people have admitted hysteria and hypochondriasis into the list of
causes.

On the subject of treatment we may be brief. The so-called rheu-
matic paralysis often gives way spontaneously, most frequently after
two or three months. It is pretty generally the custom, under such
circumstances, to apply an ointment with Veratria around the eye,
and to give secale cornutum internally, and in this respect I mysﬂf
follow the example of others; but it i1s very hard to satisfy one’s self
by comparative observation that this plan is attended with any benefit.
The myosis, which is the result of the employment of Calabar, even
in paralysis of the oculo-motor nerve, may in every case produce
symptomatic improvement. How far this remedy is otherwise indicated,
further experience must decide. On the supposition of the existence
of constitutional syphilis, an antisyphilitic treatment is often tried, ...
frequently unattended with any marked result. Where the nervous
system is more generally implicated, regimen and treatment are
directed to that condition, without special attention to the paralysis of
accommodation.

Respecting the use of spectacles in paralysis of accommodation, it is
almost sufficient to observe, that there is scarcely ever any objection to
bringing the point of distinct vision to the distance which the existing
acuteness of vision and the nature of the work to be performed render
desirable.
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We should bear in mind, that in the stationary refraction of the one
eye, the same glass can be useful only for a given distance.

The principal objective phenomenon of paralysis of accommodation—the wide,
immovable pupil—was the first to attract attention, and was designated by the
ancients under the term mydriasis. But a dilated pupil being a symptom of amaurosis, the
disturbance of vision in simple paralysis of accommodation was also looked upon as
a slight degree of amblyopia, or was ascribed to the excess of incident light. Even in
our own day this error is not unusual. It was in fact incredibly long, before ophthal-
mologists in general had a sufficiently correct idea of accommodation properly to
comprehend its deviations.

I know not who was the first to suggest clearer and correct ideas. But it seems as if
these were included in the discovery of the principle of accommodation, and on that
discovery, as it were, spontaneously came to light in different quarters, although
Cramer, who discovered that principle himself, was still deceived as to the nervous
influence in accommodation. A more accurate observation of the cases which pre-
sented themselves certainly proceeded from the introduction of the determination of
the range of accommodation.

Mydriasis, as a symptom of blindness, almost always depending on a cerebral cause,

does not belong to my subject. With respect to mydriasis, independent of paresis
of accommodation, I might probably also be silent. I believe, in fact, that in the
great majority of cases, either the paresis of accommodation was overlooked, or the
existence of mydriasis was lightly assumed. Certainly it has not been sufficiently kept
in view, that young children usually have large pupils, and thus all sorts of causes
have been called upon, but especiahy the presence of worms, to explain a pheno-
menon which, in childhood, needed no explanation. Accurate determinations of the
size of the pupil, the light being the same, may in each case be required: in my own
investigations, in which the measurement was effected with the ophthalmometer, I
was struck with the great similarity of the pupil in the same individuals at different
times, the illumination and the accommodation only being equal.
Von Graefe says he has observed mydriasis to be a precursor of mania,—That an
irritated condition of the sympathetic nerve in the neck (irritation of the abdominal
portion in animals does not produce mydriasis) might lead to uncomplicated mydria-
sis, without any influence on the accommodation, is, a priori, very probable; but the
cases in which the occurrence thereof should be proved are almost wholly wanting
in literature, and in nature I have so far not met with them.

§ 47. Paresis of Accommodation after Diphtheria faucium and weakening of
Accommodation

For some years past a malignant disease, known by the name of
diphtheria faucium, or angina diphtheritica (better diphtherina), has pre-
vailed in certain countries of Europe. In the commencement of 1860
it began to manifest itself in several places in the Netherlands, where
it is still prevalent, and even in the course of the past year carried many
to the grave. In France and elsewhere, different forms of paralysis had
been observed, as sequel® of this diphtheria. Among these mention
had been made of disturbance of vision, but without just appreciation
of its nature. Soon after the occurrence of the disease, cases presented
themselves to me, to the connexion of which with the angina in ques-
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tion I was led by a particular circumstance. It immediately appeared
to me, that what was considered as disturbance in the function of the
retina, was a simple paresis of accommodation ; and I subsequently had
opportunities of satisfying myself of the correctness of this view in a
great number of patients.

The following is a history of the course of my observations on this
subject:

1. Miss D., aged 26, applied to me on the 22nd of May, 1860,
complaining of disturbance of vision. On examination, it was found
that this disturbance depended on diminution of the power of accom-
modation. Remote objects were seen quite acutely, and were rendered
diffuse both by convex and concave glasses: emmetropia, therefore,
existed. The distance P of the nearest point was reduced for the right
eye to about 24", for the left 12".. ..

Rather more than five weeks previously the patient, then lodging at
Bennekom, had suffered from inflammation of the throat. Having
returned to Utrecht, she for the first time remarked, about fourteen
days before, that she could no longer sce near objects acutely. She,
could read only a few lines, and that not unless at a comparatively
great distance; thereupon everything ran together; the letters were
unrecognisable; the lines appeared to be strokes; the eyes were as if
fatigued.

In examining this patient, a peculiar lesion of speech did not escape me.
I suspected that it must have depended on a congenital defect. Through
motives of delicacy I was unwilling to ask the patient directly about
it; nor did she allude to it.

1. About a fortnight after, a youth named R., aged 15, of fair complex-
ion, pale, and rather slight, was brought to me. His complaints were in
all respects the same as those of Miss D. The power of vision was,
however, still more limited: at a distance he saw acutely; as for near
objects, on the contrary, he could absolutely not read ordinary type.
The closest point of distinct vision could not be directly determined;
with glasses of 1/8 it lay at 7". The pupils were large, reflex motion was
slight, accommodation movement was scarcely perceptible.

It struck me that in this boy there was a lesion of speech similar to
that in the case of Miss D. He, too, had suffered from sore throat.
Moreover, he came from Ede, a village in the immediate neighbour-
hood of Bennekom. Still more: I heard that in the same Bennckom
several other people, who had likewise suffered from inflammation of
the throat, presented both disturbance of vision and difficulty of speech.
This fact appeared to me to be truly important.

In R., I now, in the first place, investigated everything which had reference to the

modification of the voice and speech.
The mucous membrane of the mouth and throat was normal, rather pale than
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red; the tonsils were scarcely swollen. The wonla, however, was extremely long and was
absolutely immovable.

With respect to speech, a double abnormity presented itsef, namely, speaking through
the nose, and the accompaniment of many sounds with a raftling or snoring accessory
sound. The rattling sound was evidently dependent on a quivering of the uvula which
had come into contact with the root of the tongue, and it was strongly heard with
particular consonants, as well as with the vowel a (as in able).

I formerly paid much attention to the subject of articulation, and was therefore
in a position to observe accurately the phenomena connected with that function.
They often give the first indication to the oculist. I may therefore be allowed here
briefly to explain them. When after a vowel, pronounced through the nose, the soft
explosive consonant is to follow, the nose must be completely separated from the
throat, at the same moment as the cavity of the mouth between the lips (with b}, or
between the tongue and palate (with 4 and g) is closed. If the separation does not
take place at the same time, we hear the resonants m, n and ng, in place of the explosive
consonants b, d, and g. For the mechanism is precisely the same for both, except that
in the resonants there is a continuity between the cavity of the nose and that of the
throat, which is wanting in the explosive consonants. Now if there be paresis of the
palate, in the articulation of the vowels the nose is not completely closed, and it is
evident, that on the effort immediately after to produce a soft ringing explosive
consonant, the complete closing follows either not at all, or at least too late. Instead
of rub, kead, and egg, we therefore hear in our patient, rum, hen, and eng. On increased
exertion they become rump, kent, enk (properly engk—for the n before £ is always ng):
the hard explosive consonant is added. The mechanism of this last, in fact presents
no difficulty. After the sound of the voice has ceased, the closing of the mouth needs
only to be interrupted by some impulse of air, to make the hard explosive consonants
heard. The nose indeed remains open, but the sound of an explosive consonant is
with a non-ringing voice much stronger than that of a resonant, and therefore we
hear the first distinctly, the latter not so. Hence it will be understeod that our patient
had no difficulty in producing rup, ket, and ek. For this the voice needed only to be
brought to silence immediately after the vowel, then the resonant was not heard, and
the interruption of the closing of the mouth caused the hard explosive consonant to
be heard. If it be asked, lastly, why the soft explosive consonants could be produced
better at the beginning of a word than at the end, the answer is simply that in that
case the closing of the cavity of the mouth and the removal of the continuity of the
cavities of the throat and nose needed not to take place precisely at the same moment.
In pronouncing band, door &c., the cavity of the mouth was first closed and, before
the voice was heard, a powerful effort was made to close the palate by the way to the
nose. If this in great part succeeded, a sound was heard, which held the medium
between the explosive consonant and the resonant, or, rather, because the closing
still went on during the sound of the voice, it was as if the explosive sound was
Er-::t:tdt:d by a resonant: mband, ndoor, &c.It needs no proof that, if the continuity

ad remained equally free, at the beginning of the words also, in place of the explosive
consonant, only the resonant would have been heard.

‘The semiparalytic condition of the palate led me to suppose, that swallowing also
would not take place regularly. When questioned on the subject, the patient stated,
too, that he could swallow solid food only with great effort, and that in drinking
he was obliged to proceed slowly and cautiously. Fluids passed very readily into the
nose, and that usually gave rise to regurgitation into the larynx, and, consequently,
to cough.

So much, as yet, with respect to the boy R.
Soon after I had an opportunity of again seeing Miss D. The
agreement of the phenomena relating to the palate, speech, and deglutition, with
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everything noted above respecting R., was striking. The rattling
accessory sound was, however, less, and she complained more of the
secretion of viscid mucus in the throat, which there was much difficulty
in removing.

The two cases here described kept up my interest. There could, it

seemed to me, be no doubt as to the connexion between the paralytic
symptoms and the preceding inflammation of the throat. Further
investigation appeared, however, desirable, and I therefore repaired to
Bennekom, where the physicians, Dr. Thomas and Mr. Ketting, with
the greatest readiness, gave me all the information I requested; they
also afforded me the opportunity of examining some other patients, in
whom secondary paralytic symptoms had manifested themselves. The
first four cases had proved fatal in the acute stage of the disease.
Of the case, communicated under 1., the result was unfortunate. The
course of the disease had been violent, and was combined with swelling
in both the throat and the salivary glands. The convalescence, never-
theless, appeared to be progressing favourably. Soon, however, the
lesion of speech became developed, and shortly afterwards, that of the
power of accommodation supervened. In other respects the patient
now seemed to be perfectly well. But after I had seen him at Utrecht
weakness of the limbs set in; the arms became so powerless that he
could neither strip nor dress "himself. The emaciation increased, and
difficulty of breathing not unfrequently occurred. A first attack of
violent dyspncea subslded favourably. Some weeks later a second
followed. In spite of all the stimulating remedies employed, the brea-
thing became rapidly rattling, and the patient died with symptoms
of so-called paralysis of the lungs. A post-mortem examination could
not be obtained,

v et s e I e £ A s vl A g e, ﬂww



CHAPTER XII

SpPasM OF ACCOMMODATION

§ 48. Mpyotics and Myosis

The year just elapsed has put us in possession of a myotic, which
immediately proved itself an able opponent of the best mydriatics.
It is the ordeal bean of old Calabar, obtained from the Physostigma
venenosum (Balfour), belonging to the Leguminosa. This remedy has at
once superseded all myotics, before tried or recommended assuch. . ..

Among the principal phenomena observed after the application of
these agents to the conjunctiva, contraction of the pupil and spasm of
accommodation are the most prominent.

The first effect, immediately after the application, is a briefirritation;
upon this, after the lapse of four minutes, slight spasms supervene in
the lower eyelid. The contraction of the pupil, and almost simultane-
ously, the spasm of accommodation now follow.

The contraction, after a sufficient dose commences after from five to
ten minutes, attains its maximum after from thirty to forty minutes,
at which it remains only a short time, diminishes slowly after three
hours, and disappears entirely in from two to four days, occasionally
being replaced even by some dilatation. The whole process is, therefore,
more rapid than that of the effect of atropia, probably in consequence
of a greater power if imbibition.

With respect to the contraction and the phenomena connected with
it the following are to be noted:

a. The diameter of the pupil becomes still less (from 1 1/2 to 2 mm.)
than, in the normal condition, with the strongest light which can be
borne and with the most powerful accommodation (Von Graefe).

b. The influence of the light does not, however, cease: one can easily
observe in himself particularly the consensual contraction, employing
the entoptic method, by closing and opening the other eye, as Von
Graefe also did. The movements are slow; the consensual contraction
lasts three, the consensual dilatation lasts four, seconds. Moreover, the
pupil at the same time often appears to be somewhat angular. It is in
the middle like a crape, and has a tolerably sharply circumscribed,
more strongly illuminated diffuse border, which on consensual con-
traction is broader and has a dark-green tint, while the middle of the
surface appears yellow. . . .

¢. Especially in the commencement of the contraction involuntary
spasmodic vibrations occur in the diameter of the pupil.

d. The illumination of objects is feeble, with an unusual brownish
tint (Bowman). The effect is similar to that of solar eclipses, in which,
notwithstanding sunshine with its usual strongly contrasting shadows,
the light is unusually feeble. If the instillation has been performed on
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only one eye, the great difference in illumination is best seen on
doubling the image by a prism.

e. The circles of diffusion of a point of light, situated beyond the
distance of distinct vision, become less the smaller the pupil is, and
vision therefore becomes much less diffuse beyond the limits of accom-
modation.

f. After the disappearance of the myosis the pupil sometimes be-
comes somewhat larger than before.

The spasm of accommodation appears from the altered position both
of the farthest and of the nearest (p p) point of distinct vision. We
have, moreover, to note the following:

a. In the determination of the farthest point clonic spasms of
accommodation alternately arise, so that objects appear with the same
glass alternately distinct and diffused. . . . In an hour after the employ-
ment of the myotic, the accommodation is again completely under
control. . .

b. The determination of the nearest point was effected with the aid
of the most perfect optometrical instruments. The course of the points,
as shown by these, is very satisfactory. In an earlier experiment of
Mr. Hamer the action, after the application of a piece of Calabar
paper too strongly impregnated, was much more violent, the painful
spasms lasted more than six hours, and the pain increased so much on
endeavouring to accommodate, that the idea of determining the
nearest point was given up.

¢. With diminution of the action, the range of accommodation is
absolutely increased, most considerably after about 100 minutes, and
this increase diminishes only slowly. . . .

d. The great effect upon the accommodation with slight impulse of
the will is very important. This is still strongly felt when the farthest
point has again returned nearly to its original position: 105 minutes
after the application, the point of distinct vision lay, with convergence
to 10", for the right eye naturally at 10"; for the left, on the contrary,
at 4"-5, thus nearly attaining the absolute nearest point.

The relative accommodation has, therefore, approached to that of
hypermetropes; much accommodation with slight convergence. . . .

Ak
f. So long as with a given tension accommodation takes place for
a shorter distance than usual, objects appear larger (macropia).

Finally, it remains to be stated: that, according to Von Graele, the
acuteness of vision sometimes diminishes, particularly in the period of
development of the spasm, probably in consequence of insufficient
stability of accommodation, in any case, independently of the want
of light from constriction of the pupil.
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With respect to the mode of action, similar experiments lead to a like
conclusion as in the case of mydriatics. As to transition into the aqueous
humour, however, Von Graefe could not directly satisfy himself from
the myotic action on instillation into the eye of another animal. After
repeated strong application, however, it succeeds, if the discharged
fluid is long kept in contact with the eye into which it is dropped.

We have also been specially engaged in the investigation of the ques-
tion, by the intervention of what nerves the Calabar acts.

... The increased refraction, in which a more powerful action of
the muscles of accommodation is included, puts altogether beyond
doubt a spasmodic contraction of the sphincter pupille, as being
governed by the same nerve as the ciliary muscle, and associated with
it in its action. ... The nerve alluded to is the oculo-motor nerve, and,
more espemally, the short root, which this nerve sends to the -::111&1@,r
ganglion. It is opposed to our idea of the similar nature of all nerve-
fibres, that a particular substance, as Calabar, should have on some
fibres a paralysing, on others a stimulating, and still more a tonic
stimulating, influence. Consequently, in this case also, we prefer to
assume an action upon specific nerve-cells present in the eye itself.

We supposed that the action of Calabar, in cases of paralysis of the
oculo-motor nerve, would elucidate the question still farther. In
different quarters it was observed that this paralysis did not prevent
the myotic action. ... In a lady aged 32, there was absolute paralysis
of the whole right oculo-motor nerve, which had set in gradually six
weeks previously . . .; in this instance the strongest incident light on
one or both eyes gave no appearance of contraction on this side. The
Calabar employed, however, produced contraction, as strong as usual,
and at the same time somewhat increased refraction.

" Meanwhile it 18, On other E-;rnunds more than pmbdbit that Cala-

bar, if it does not p*tral‘ysc at least lowers the action of the sympathetic
nerve. When, in fact, by a moderate action of Calabar, the accommo-
dation 1s bmught at most by half into tonic tension, the pupi] is already
narrower than with intense light and strong accommodation; and this
half takes place without the sphincter, which continues sensitive for
reflex and accommodative impulses, attaining the maximum of its
action: consequently, without diminished action of the dilator, such
strong contraction is not explicable.
The struggle between atropia and Calabar, when applied simul-
taneously, or soon after one another, is remarkable. When applied
together, some contraction of the pupil and spasm of accommodation
first occur, as the effect of Calabar. The spasm of accommodation still
continues, when the action of the atropia on the iris gains the upper
hand, and the pupil consequently becomes wider.
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We were particularly desirous to ascertain whether, with absolute
atropia-paralysis of the sphincter and of the muscles of accommoda-
tion, a powerful employment of Calabar still has influence; and this,
in fact, we most distinctly found to be the case, observing, moreover,
that this influence was still greater upon the refraction and accommao-
datinn, than upon the diameter of the pupil.

It appcars, that the paralyms pmduced by a spELIﬁc agent ma}r be
overcome by the effect of another specific agent, even in such a way
that voluntary action again becomes possible.

On the discovery of the physiological action of Calabar, it followed
as a matter of course that this agent should be tried in various anoma-
lies. In the first place, it is found to be useful to lessen the inconvenience
of atropia-mydriasis; and according to Von Graefe the atropia process
may be shortened by a systematic employment of the Calabar. How
far it may lead to cure, or atleast afford permanent benefit in paralysis
of accommodation and in mydriasis, in which its use had already been
suggested by Robertson, experience only can decide. But it is certainly
important, that in ordinary paralysis of accommodation, . . . the pupil
1s contracted and the refraction is increased by Calabar: in a case of
unilateral paresis of accommodation which occurred to me, and which
very much interfered with binocular wvision, the inconvenience was
completely removed by a glycerine solution diluted with eight parts of
water, used once daily. Thus, too, the myosis connected with the weak
action of Calabar, may often be useful in many cases where a stenopaic
apparatus improves the sight, as in diffusion of light (opacities of the
cornea, &c.), in irregular astigmatism (keratoconus, luxation of the
lens, &c. ) ; further in aphakia, especially when the plane of the pupil is
not clear. The improvement of the acuteness of vision in ordinary
ametropia i1s indeed remarkable: precisely with very weak action of
Calabar myopes distinguish much more accurately at a distance, and
hypermetropes, under the double advantage of smaller circles of diffusion
and of easier tension of accommodation, lose for a time their asthenopia.
The great question, which practice has to answer 15, whether Calabar
is permanently as harmless for accommodation as atropia is, and
whether the conjunctiva will permanently bear its repeated apphcatmn
Until these points are decided, the future of Calabar in therapeutics
cannot be foretold.

I have now to add only, that Von Graefe has advantageously applied
the contraction of the pupil in glaucoma, in order to facilitate the
performance of iridectomy, and that in his opinion the alternating
action of Calabar may probably contribute to tear synechiea.

§ 49. Spasm of Accommodation. Mpyosis. Painful Accommodation



We have to distinguish different forms of spasm of accommodation.
That which most frequently occurs is nothing else than an exalted tone
of the muscles concerned in the latter function. ... We have in hyper-
metropia found a permanent tension, which wholl‘y or partially con-
ceals the abnormal condition.... The increased tension is here the
natural result of the persistent effort to overcome the existing anomaly
of refraction. In amblyopes and astigmatics where the same sometimes
occurs, it 1s explicable by the constant endeavour, in accommodating
for the nearest point, to see the smaller objects under a greater angle.
It is less evident, how myopes also acquire a tonic spasm of their
accommodation. That this not unfrequently occurs, especially when
the eyes are in a state of irritation, we have already observed. Dr. Fles
now informs me, and I readily believe it, that he met with this condi-
tion in many cases in young persons, espﬂmally in boys, who had been
prepared for an examination at one of the military schools. Partly
irritation of the eye, reflected on the accommodating system, partly
excessive tension of accommodation during the constant work, particu-
larly with defective light, may be the cause of it. It is mvarlabl}' the
paralysis by atropia which reveals its existence. In young children
under these circumstances, I have seen slight degrees of myopia give
way even to hyperm::trupla, so extremely sensitive is their play of
accommodation,

The tonic spasm of which we have here been speaking, seldom
acquires much pathological importance.

A case was described by Liebreich (Archiv f. Ophthalmologie, B. VIII.
H. 2, p. 259).

Miss F., aged 21, complained of dazzling before the left eye; fatigue
on exertion and nearsightedness had set in a year before after constant
work, often continued at night. On examination it was found that with
parallel visual lines, sight was acute at a distance with — 1/40, but
that with commencing convergence, such strong accommodation
supervened, that she then needed even stronger negative glasses to see
acutely in the point of convergence, until finally, at the distance of
6" both eyes could distinguish sharply without glasses. As the existence
of spasm of accommodation was hence inferred, atropia was repeatedly
dropped in, in consequence of which the myopia gave way to hyper-
metropia—=1/24. Meanwhile it appeared further, that the convergence
was difficult, the possible divergence partn:ularl"f great, while other
symptoms indicated insufficiency of the mm. recti interni. The spasm
of accommodation might be connected herewith; but still it was
determined first to suppress this with atropia in both eyes, and the
employment of the remedy was continued for fourteen days. When
the accommodation had subsequently returned, the patient seemed
to have recovered: the spasm had altogether given way, and even with
glasses of 1 ,I’Er, which were prescribed for her, distant and near objects
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were acutely seen, and work was continued without fatigue.

It was evident that in this case the insufficiency of the mm. recti
interni had not been the immediate cause of the asthenopia. But
might not the spasm of accommodation, with the long-continued
excessive tension, have been produced by the effort to overcome that
insufficiency?

We have still to speak briefly of pain with tension of accommodation,
which is probably combined also with spasm. I have already com-
municated a case of this nature. I may be allowed here shortly to relate
two others.

Mrs. O., aged 29, called upon me in October, 1859, complaining of
violent pain in the eye on any effort to see near objects, which had
already existed in a greater or less degree for more than ten years. She
had a flat face and shallow anterior chamber of the eye. The pupils
were small, but movable. The nearest point lay at 117, the farthest at
c; upon artificial mydriasis, H appeared=1/16. The acuteness of
vision was normal. I gave her glasses of 1/16, believing that after the
return of the accommodation she would be able to work with them at a
distance. Some time after she called upon me again. Her state had
continued the same, and the spectacles had been of no use to her.
Other glasses were tried, but with no better result. A derivative treat-
ment was also adopted quite in vain. I determined then to have atropia
dropped in for some time, in order to counteract all tension of accom-
modation, and I perm.ltttd her to wear light blue glasses of 1/16, and
to use 1/7 for near objects. Repeatedly, after one month, two months,
&c., it was tried whether the mydriatic could be omitted. The results
of these trials were unfavorable. But at the end of six months, she
observed with joy, that leaving off the use of atropia, with the return
of accommodation, reading without glasses, she was free from pain.
She now, moreover, occupied herself at close work with glasses of 1/16.
When after a year-and-half, a relapse occurred, the employment of
atropia for three months was again sufficient to overcome the painful
spasm.

In this case, the pain is much more prominent than spasmodic con-
traction. But what suggests the idea of the latter, is the whole latency
of the hypermetropia, with comparatively sllght range of accommo-
dation. At the time of the relapse the patient was at Dresden, and she
consulted me by letter. I should have been glad then to have examined
her anew, particularly in order to satisfy myself still further respecting
the relative range of accommodation.

A second case of this nature was that of a friend of mine, who had
held an important office in the East Indies, in which he had to work
hard and to make observations with optical instruments. During his
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observations, he for the first time felt pain, which made him cautious.
His state was considered to be hyperazmia of the retina. On reading
and in calculating his observations the pain increased. Examination
now showed, that after the use of atropia, hypermetropia=1/24
existed. At first weak, afterwards strong convex glasses were given,
quite in vain. Derivants, leeches, and Heurteloup’s artificial leeches
were tried, with equal want of success. Reading for a few minutes
produced a degree of pain, which compelled him to desist. This state
had already lasted for a year and a-half, and his return to his native
country was spoken of. But it occurred to those about him, that they
might first consult me by letter, for which purpose both the patient and
his oculist, formerly a pupil of mine, sent me a very detailed report.
My advice was:—for a time to employ sulphate of atropia (1 : 120) at
least twice a-week, and meanwhile during the paralysis of accommo-
dation thus obtained, to make vision at different distances possible by
means of different convex glasses. Some months later I received the
report, that the ‘atropia treatment had instantly afforded the best
results. Hope revives in me’, thus wrote the patient, ‘that we shall
overcome the malady. In the morning I can already work tolerably
steadily. In the evening, reading or writing inconveniences me less, but
I do not yet venture upon it, in order not to retard the progress of my
TECOVETY. Your susp;unn that my h}fpermetrﬂpia mlght be more than
1/24 is not confirmed ; every time we get the same result. I now use 1/24
for distance, 1/16 when sitting at table, and 1/11 when at work’.
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This case scarcely needs any comment. It shows that in slight degrees
of H a condition may be developed by continued tension, in which
the least accommodation for near objects becomes very painful.
Spectacles are then of no use, because with the convergence involuntary
accommodation is combined, and this again excites the pain. The
above-quoted observation of Liebreich has suggested to me the
possibility, that in these cases, just as in Liebreich’s, tension of accom-
modation too strong in proportion to the convergence sets in.
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COLLEAGUES AND STUDENTS! FRIENDS AND SyMpaTHIZERS! GENTLE
LLADIES!

Whatever shall I say or answer to so many marks of appreciation and
affection?

I have been overwhelmed.

I have not deserved such homage.

I have cast my eyes backwards into the past, and have gratefully
acknowledged that a rare concurrence of circumstances has made my
life and my work fruitful.

Therefore, do not praise my merits; rather call me fortunate, that so
much has been allotted to me!

‘w‘h ill you pause and listen to me, while I reveal the truth of that past?

ou will then know what fLillns_ﬁ must possess me,

When, in 1835, at the age of seventeen, 1 was enrolled as an under-
graduate at the University of Utrecht, there was little I had learned
thus far. Certainly there had never been any question of overburdening,.
me. From the age of 7 to 13, [ had been a boarder at the school of
master Panken at Duizel, a moorland village in the Meierij district of
Brabant. There I had been taught excellent arithmetic; to write Dutch
fairly well; French, as much as master Panken and I could learn from
Agron; and soon also music, for which there was an opportunity at
Eersel, a quarter of an hour’s distance from Duizel. For the last two
years, from the age of 11 to 13, I also acted as an assistant master, and
thus earned my keep. I was to continue my studies at Liége in Belgium,
where my eldest sister lived with her husband. But the Belgians rose in
revolt; and my good mother, as a result of her acquaintance with the
undvrgl aduates and ofhcers from Utrecht who had been billeted on
her, had developed a liking for the ‘Hollanders’ from the North. Thus
it happened that at the age of 13 I was sent for awhile to the ‘French
School” at Tilburg. I did not learn any Irench there (for I knew my
Agron), but fortunately I picked up some English from my schoolmate,
Henry Collier, now well-known in the Netherlands as a merchant and
banker, of Broad Street, London, E., who has remained my friend
until this day.

I had a zest for learning and was therefore sent to Boxmeer ‘to learn
Latin’, and did learn both to speak and to write Latin, and moreover
some Greek from a book by Jacobs; but that was all. And that sufficed
to promote me to the University within three years. Of Latin literature
I knew little, of Greek literature nothing whatsoever, and about as
much of the literature of Dutch or any other modern language.

It will be understood that I had had time to walk, shoot and fish
along the banks of the River Meuse.

The young undergraduate’s profound ignorance was equalled by his
thirst for knowledge. It was a real joy for me to attend lectures. Chemis-



try, as taught by Nicolaas de Fremery, impressed me beyond words
— really excellent lessons, illustrated by experiments. There I first got
the idea that everything which existed, in all its endless variety, was
made up of a relatively small number of elements, which combined and
recombined in certain proportions — and it seemed to me that all
Nature had been given, once the elements had been created, and in
my own way I indulged in phantasies. Later I was particularly fasci-
nated by physiology, which was taught by Schroeder van der Kolk,
who was an enthusiastic lover of Nature, and knew, too, how to inspire
love for it in others. When I had passed my preliminary examination
in Physiology, he gave me a book and an advice. The book was: ‘Bau
und Entwicklung des Gehirns’ (Structure and Development of the
Brain), by Tiedemann, which certainly served to give some idea of
descent, of which something may have lived in Schroeder van der
Kolk’s imagination, too, even though he was a convinced teleologist.
His advice: Never fail to make post-mortem examinations, whenever
you have the opportunity: ‘they have been my school’, he said.

Meanwhile I learned much by associating with my fellow undergrad-
uates. We had entered the University with a great many medical
students, among whom an excellent spirit prevailed: but I was interest-
ed in everything, and found my friends among students of all faculties.
In the meantime I had to finish my studies quickly, for after four years
I would have to leave Utrecht as a military surgeon. Consequently I
passed my preliminary examination after Christmas of the second year,
my B.A. after Easter in the third year, and wanted to graduate before
the end of the fourth year. But the Faculty objected, as the law required
two years’ hospital practice. Now I had had two years in hospital, at
any rate I had seen patients under Alexander, who was the clinician of
the Army medical school, with the title of Honorary Professor. But the
Faculty would not accept those two years, and so Alexander advised me
to go to Leiden University to find out what they thought of it there;
and — three days later I returned, with my degree. My Boxmeer version
of Latin (in which I was as fluent as water) had impressed them. I had
an all-round knowledge, which was, however, very superficial, and my
general education was far from being complete.

In February, 1840, I was promoted military surgeon and sent to
Flushing.

In those days Flushing was certainly no place of exile. Nowadays
there are fine harbours without ships; then there were fine ships without
harbours. Prince Henry had just put into port with a squadron, and
the place was swarming with naval officers and midshipmen. To this
add the flourishing dockyard with its Commandant, its designers and
officials, generally men from whom you could learn something ; more-
over a Directorate and Staff of the Royal Engineers, the entire Marine
Corps, the requisite garrison artillery and some batallions of infantry.
Everywhere I looked for, and found, contacts. I performed my duties



in military barracks and in a few hospital wards; did all the autnpsits;
wrote my thesis there, and went to Leiden to get my doctor’s degree;
practised medicine; made music; and found opportunities for a many-
sided training of mind and character by associating with excellent men
and charming women. Therefore I was reluctant to leave out-of-the-
way Flushing the next year, in August 1841, when the Surgeon-General
called me to the Royal Residence, The Hagu(‘ Yet I had every reason
to be plL:lSLd with my posting, as it afforded every opportunity for
acquiring knowledge in many fields. My superior officer, Surgeon
Major Rodi de Loo, a man of knuwln:dgr and culture, went out of his
way to meet the szhcs of those under his command. Remembering
Schroeder van der Kolk’s advice, I again performed all autopsies here,
and my reports in the medical journal Beerkaave brought me into con-
tact with the editor, Dr. Van de Kasteele, a man who had brains and
a heart, but was, alas! snatched away by an all too early death. He gave
me an introduction to the library, ‘Leesmuseum’, where I became a
member and spent all my available hours, almost over-indulging in
reading literary, as well as medical and scientific pamphlets and maga-
zines.

My college friend Schroeder, afterwards Parliamentary Under-
secretary at the Home Office, then introduced me into a circle of
young lawyers, most instructive acquaintances for me; one of whom,
the former minister Wintgens, became my lifelong friend. It seems
almost incredible how chance brought the flower of manhood to our
table of ‘officers without arms’. Not only was there a convivere at the
dinner table; we also spent the evenings together, either at the Opera,
which had an excellent troupe in those days, or in our respective
lodgings, with conversation and music, and a cup of cocoa. Could
anyone wish for better Lﬂmpamonshlp? It goes without saying that I
had a taste of Court life, that I did not remain a complete stranger to
State affairs, heard thLthlng of politics, and saw something of art.

It was dclightfh] life indeed. Moreover I had Beckers’, our Inspec-
tor- General’s, ear. He wished to reorganize the Army Medical School,
asked my advice, desired me to suggest teaching staff, and finally told
me that I was to teach anatomy and physiology there. I had hoped for
the position, and readily assented, although leaving the Royal Resi-
dence meant loss of the special allowance, and consequently a reduction
of my income from 1000 to 8oo gmidcrs.

In September, 1842, 1 entered upon my new duties, relinquishing
all the joys of life in the Royal Residence without regret; for teaching,
I felt, was my vocation.

Realizing that, and finding myself, at the age of twenty-four, charged
with the teaching of anatomy, histology and physiology — 18 lectures
a week, 46 weeks of the year, side by side with friends like Van Hasselt,
Jansen and Ellerman—what more could I desire?

Thus I came back to Utrecht, never to leave it again. And, lo! just



in those days Gerrit Jan Mulder had taken the chair of chemistry
there, and with the magic wand of his genius he had conjured up new
life and rallied the old and the young around him.

He received me with great courtesy. I worked in his laboratory as
often and as long as time would allow, and soon won his friendship. I
greatly valued that friendship, and had every reason to do so. In his
house I met Heije, the physician and popular poet, a singular and no
less remarkable man, whom one valued the more, the deeper one
managed to penetrate into the heart of his personality; and his intimate
friend, Voorhelm Schneevoogt, medicus humanus, a man of tact and
erudition and a most lovable character, who soon became my close
friend. And besides them, Jac. Moleschott, the warm-hearted friend
—who even then was thoroughly versed in German philosophy and
physiology, and invaluable to me by reason of his stimulating power,
And shortly after there was Opzoomer, with his brilliant talent and
unrivalled knowledge, and Robert Fruin, the college friend who had
followed him to Utrecht; soon both of them were my daily companions.
Under the influence of such men all seeds which lie dormant within
us will develop and burgeon.

Then there were in the Faculty of Science, that training ground of
the physiologist, besides Mulder, men like Van Rees and Wenckebach,
Miquel and Harting, and with a number of younger friends they formed
a circle in which we regularly reported to each other on the latest
scientific progress, each in our own particular field. How could a phys-
iologist fail to be stimulated again and again to further research in his
own province?

And what interesting times they were! Never before had the science
of life known such a period. Great discoveries in all fields! Life and
movement everywhere!

Karl Ernst von Baer had discovered the mammalianegg ; Bischoff had
studied volk cleavage, also in mammals, and discovered that the em-
bryo consists entirely of cleavage cells. Theodor Schwann had demon-
strated that the cell was the ultimate unit of life, from which all living
forms had sprung; Henle had provided an Organon of histology with
his ‘Handbuch der allgemeinen Anatomie’ (Handbook of General
Anatomy). The life of the tissues — their form and development in con-
nection with their structure and function — had become the basis of
general physiology, to which now the study of the lower forms of life
was made subservient as well.

In the field of neurology, Charles Bell’s discovery had provided the
impetus, which we saw at work in the experiments of Magendie, of
Johannes Miiller, of our Van Deen, my kind guide in this field, and of
so many others. At the same time Jnhannca Miiller, in his ‘Handbuch
der Physiologie’, gave physical science its due, and his school of thought
produced the immortal trio, Helmholtz, Du Bois-Reymond and Briicke
as its representatives; there were also Claude Bernard, who surprised
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us with unexpected discoveries on many occasions, and Karl Ludwig,
who founded a school of experimental research, which even now is
unrivalled. Such was the world, gentlemen, in which I had the privilege
to move.

In those same years Liebig and Dumas, as well as Mulder, continued
to build on the foundations of phyamlug‘u: chemistry laid by Berzelius.
Right here, ladies and gentlemen, in the laboratory of our great
Mulder, we beheld the genesis of physiologic chemistry. I was a daily
witness. Then we exchanged views on all sorts of subjects. We particu-
larly discussed the relationship between form and composition of ani-
mal tissues. Mulder was perhaps the first man to see clearly that chem-
istry can start successfully only at the point where morphology comes
to an end. The composition of all distinguishable forms, rather than of
complex tissues, should be investigated. This view caused him to
suggest that 1 should make microchemical studies of animal tissues,
Just as he had studied vegetable tissues with Harting. I eagerly accept-
ed his proposal. During the day I treated preparations with all sorts
of agents; every evening the great man, wearing his student’s cap,
arrived at my lﬁdglngs over De Lang’s smithy on the Steenweg, to
inspect the preparations together, to note what was to be seen and take
it down immediately in a few brief words. Those notes, with explan-
atory drawings, may be found literally in his ‘Proeve ener algemene
physiologische scheikunde’ (General Physiologic Chemistry) (1843/50,
PP- 539 seqq.). They contained a wealth of new facts, also in respect of
morphology (see my adaptation in the ‘Hollandische Beitrige zu den
anatomischen und physiologischen Wissenschaften’).

What a privilege, again, to have a man like Mulder for a guide in
venturing into the field of experiments!

Meanwhile I had been appointed Extraordinary Professor in the Fac-
ulty of Medicine, although there was no vacancy — supernumerary, as
we said then. But in a faculty of no more than four members there must
be something left to do, and I felt sure I could find a sphere of activi-
ties without colliding with my colleagues. And I had not been mistaken.,
Moreover I knew the lacunae. I could take forensic medicine, which
was not taught in the medical faculty. The Royal Decree which regula-
ted higher education required public health and sanitation as well; 1
taught it in connection with hygiene. Anthropology (by which term I
comprehended popular anatomy and physiology, with psychology on
a physiological basis) seemed to me necessary for law students by way
of introduction to forensic medicine, and even quite helpful to students
of divinity, and apparently the umiergraduatﬁs were of the same opin-
ion. They came, encouraged, I gratefully acknowledge, by the profes-
sors of their various faculties. There was a great deal of interest for
those lectures then. Once I wanted to pass over one year, but was dis-
suaded by a petition from the theological students; seeing my friend



Allard Pierson before me has just reminded me, for his name headed
the petition. I combined histology and general metabolism under the
name of general biology, preferring to avoid the word physiology (which
was mentioned in the Royal Decree) to avoid all semblance of rivalry.
Further I taught under the name of ophthalmology, physiology of the
organ of sight, with reference to pathology. I also undertook to per-
form autopsies in the hospital, which were faithfully attended by the
students. Whatever time was left was devoted to practical exercises and
laboratory studies. In those early years I lived with the students — with
some of them nearly all day long.

Thus I continued until unexpectedly my lectures on ophthalmology
gave a new turn to my life. I had suggested certain methods for study-
ing diseases of the eye. For this reason my friends sometimes wanted my
advice in obscure cases. The result was that very soon patients found
their way by themselves. I was interested in many cases as physio-
logical problems. But I had no desire to be an ophthalmologist, so 1
sent most of them away. But now some of my friends began to argue
that Ishould not try to avoid practising. There was not a single ophthal-
mologist in the Netherlands who enjoyed general confidence, and there
was need of one. On my part I considered that an extraordinary pro-
fessor, in order to live, with his wife and child, on an income of 1600
guilders minus a 20 per cent. reduction, still had to spend several hours
a day translating ; and that a few ophthalmic patients would yield the
same revenue in less time. I wavered.

And then what happened?

My lectures on anthropology were faithfully attended by a number
of South Africans, most of them theological students. One day my eye
discovered, among the Cape students, a distinguished middle-aged
man with a fine head and imposing features. After the lecture he was
introduced to me as Simpson, the famous Edinburgh gynaecologist
(who had discovered chloroform as an anaesthetic), accompanied by
Dr. Van der Bijl, from Cape Town, who had taken his doctor’s degree
at Edinburgh. Simpson departed a few days later; but Van der Bijl,
who spoke Dutch, stayed for several months. He saw me examine
ophthalmic pdtlcnts and urged me to go to London to visit the great
clinics. It was the year of the first Great Exhibition, 1851; I was then
33 years old. Very tempting indeed! The extrac rdmary professor
examined his cash box and shrugged his shoulders; but Van der Bijl
was going to take a room in a private house, am:l knew the way; it
could be managed.

That journey, Ladies and Gentlemen, was to be of the utmost
importance for my life to come. I saw the physiologists there, and had
the good fortune to make friends with Sharpey and with James Paget.
But of even greater importance for my future was my meeting with
William Bowman, then already known everywhere for his classical
studies on the structure and function of the kidneys and on muscular



tissue; moreover he was an excellent ophthalmologist, scientifically
excelling all others, with an operating technique which may never
have been equalled either before or after him. He had heard my name
mentioned, and that was enough for him to get in touch with me. Afier
a few days we were friends. After that all at Moorfields, where he was
held in high esteem, vied with each other in their willingness to be of
use to me. Was not I fortunate?

The Great Exhibition had also brought Friedrich von Jaeger, Pro-
fessor of Ophthalmology in Vienna and especially famous as a great
surgeon, to London. I was introduced to him by his host, White
Cooper, and now went to attend his operations at Guthrie’s Ophthal-
mic Hospital. I had just watched him, sitting on a chair and alter-
nately using hisrightand his left hand, remove the cataractous lenses from
the left and right eye of the same man, when a young man rushed in
and threw himself into the arms of his teacher and his father’s friend.
It was Albrecht von Graefe, who was passing through London for the
second time during his scientific tour. Von Jaeger thought we would
suit each other, and Von Graefe and I soon agreed with him. The days
which followed were unforgettable! In everything we saw and heard
in the practical field, Von Graefe was my guide; in matters of science
he was willing to listen and eagerly enquired after the smallest detail.
For a month we lived together, and then parted as brothers. To have
won the friendship of William Bowman and Albrecht von Graefe was
to be an invaluable treasure in my future life. Again, was I not for-
tunate?

With letters of introduction by Von Graefe, who had left an indel-
ible 1mpression everywhere, I arnved in Paris, and visited the great
ophthalmologists and the clinics of Sichel and Desmarres. My recep-
tion was similar to that in London: everyone was extremely obliging,
and willing to instruct me and to show me everything.

In different surroundings, in the Société de Biologie, I heard myself
proclaimed an honorary member. And when I took the hberty to
present myself to the President Rayer, he bowed kindly and said:
‘Prenez donc place parmi les membres’. The members—physiologists,
Cl. Bernard, Ch. Robin, Brown-Séquard, Lebert, and others, came to
grect me, invited me to dine with them, and were amazed that I spoke
French and played whist, and—1I was one of the circle of young phys-
iologists of Paris.

Thus Fortune favoured me again and again.

Back in the Netherlands, I intimated that I was now willing to see
patients, and they came — soon even from all our provinces. You are
astonished, perhaps? Know, then, that only a few months ago Von
Helmholtz had enriched ophthalmology with the ophthalmoscope, and

| all the world was talking about it. They wanted to see the ophthalmo-
scope, to be examined with the ophthalmoscope, which had aroused a
_ Mlicker of long-lost hope. And I offered them the opportunity. What a



coincidence, was it not?

I had opened a policlinic for needy patients, at my own expense.
But there were no facilities for nursing them. One word — and the
cholera hospital with its equipment, with the caretaker and his wife
as stafl, was put at my disposal; the Governors of the City Hospital
supplied food at most reasonable terms. Thus I could continue for the
time being. But lo! a big house next door to the cholera hospital was
offered for sale. I cast covetous eyes on it; I knocked at a door at the
corner of the Drift and Janskerkhof, and came back with the certainty
that the house would be an ophthalmic hospital. Five months later the
Committee which had warmly taken up the cause, had a fund of 40,000
guilders, enough to buy and fit up the house. That blessed result,

entlemen, had been obtained under the influence of the invention of
the ophthalmoscope, and Von Graefe’s practice in Berlin, two facts
which kept all the world talking.

In those days — here I may surely be permitted to tell what I have
hitherto kept silent — I received a request from the Faculty of Medicine
at Bonn to become Helmholtz’s successor. It was the unanimous desire
of all members of the Faculty, wrote the Dean, and also of Helmholtz
himself, who was about to leave Bonn. The offer might have been a
temptation. With a gift of 40,000 guilders put at my disposal for a defi-
nite purpose, there was no need to consider it. Another blessing!

The Foundation was to be an ophthalmic hospital for needy pa-
tients, and also a teaching hospital, completely free and independent,
but intended to serve first and foremost the needs of the University.
Everything required by science and practice was collected here for
purposes of teaching and research. Thus we had at our disposal much
that could not be found elsewhere; the result was that not only our
medical students availed themselves of the opportunity, but colleagues
from abroad, too, came to visit our institution and take part in our
research work, especially that concerning the study of anomalies in
refraction and accommodation. Much work was done on this subject
for ten years. The view one obtains of a new territory depends on the
point at which it is first entered. I came from the physiologists’ camp,
and thus the gaps in our knowledge of the said anomalies perforce caught
my attention. The remedy was obvious. If the Utrecht school has ac-
quired the merit of providing a better grounding for this subject, the
rcason was that I was a physiologist before I became an ophthalmolo-
gist, and had the co-operation of our students and of many visitors
from abroad.

In those years I was rather overtaxing my strength. An ophthalmic
hospital and a physiology laboratory, an extensive practice and lec-
tures on many subjects, in addition to laboratory research and work
for the press. I was in danger of collapsing under the burden. In 1862
Professor Schroeder van der Kolk’s death gave a new turn to my ]lﬁ:‘,
as well as providing some relief. I had to decide whether I would assume
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the task of teaching physiology to its full extent. Physiology, my first
love! I had not been unfaithful to her! In addition to ophthalmology 1
still taught histology and physiologic chemistry under the name of
general biology, and 1 had constantly kept in touch with special
physiology as well. I could therefore consider myself qualified, and my
decision was made when the Trustees of the University held out the
prospect of a new laboratory, and Dr. Snellen declared himself willing
to assist me in ophthalmology. First one of my students, then my assist-
ant, he would now be my colleague, to be my successor afterwards.
Thus I have wished it to be, and thus it has happened. I knew that
Snellen would not only follow up my line of work—which was bril-
liantly proved by the work which he published together with Landolt:
‘Ophthalmometrologie’- Vol. I1I of Graefe-Saemisch’s Handbuch der
gesamten Augenheilkunde, Leipsic, 1874;—but his brilliant insight
and practical talent promised to do justice to a new side, for which I
had no particular vocation; the results have proved that my views were
correct.

Meanwhile the new physiology laboratory was realized, and became
a new source of joy and happiness. I have most plcasant memories of
the old laboratory; it was small and its equipment poor, but sufficient
for the small number of students.

In the new laboratory I soon had the privilege of seeing Engelmann
by my side. Albert von Bezold, his beloved brother-in-law, who, alas!
has been torn away from us all too carly, had recommended us to
each other. Thus Engelmann came to Holland. I need not tell you here
what he has been to our University, to science. What he has to been
me — what memories he arouses! I lack the courage to turn to him,
for I feel that the sight of him would prevent me from going on. ..
I cannot tell you.

I turn to Kagenaar, my chief technician for nearly 3o years. As a
boy he was apprenticed to my colleague Harting’s technician. 1 liked
the boy from the moment I saw him, and asked if he would let me
have him. ‘I will think it over’, he replied. The next day he said:
‘Professor, I will let you have the boy; but you must look after him,
for he is wc}rlh it’. I gave that conscientious man my promise, and—1
have kept it, have I not, Kagenaar? But you, my friend, you have done
more, Gcntlcmtn, I want you to meet our Kagenaar, a skilled mechan-
ic, who has made every instrument designed by us, and improved
nearly all of them; who ships them all over the world; who has been
my right-hand man at all my lectures, and without whom my teaching
would have failed in more than one respect. If I have been able to pursue
many and manifold activities simultaneously — I owe it to Kagenaar.
Kagenaar had taken care of everything; I only had to mention
what was required. In the laboratory he 1s always everywhere, is at
everyone’s service and has time for everything. He never raises his
voice, and yet he is obeyed by those under him as no one else is. And
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do you wish to see a scene of homely peace and happiness? then enter
his living room, and behold him sitting among his wife and eight
children.

Is it not excessive happiness, to be surrounded by such people?

I spent many happy days in that laboratory. If learning is generally a
pleasure, her knowledge is obtained from the very source, from Nature
itself, and I know no greater delight.

And besides studying, there was teaching. That has always been a
joy to me, never a burden. If learning may be called a delight, the
knowledge acquired will be like a treasure that has been hidden away.
It is dormant. But teaching will arouse it. It is interesting to trace that
process in oneself. It will start with a certain amount of doubt, so little
conscious one is of one’s own knowlegde; but the first thought will
beget others, the routes of association are prepared, and under that
influence of mostly unconscious inner and outer impulses, a whole series
will be evolved, and new combinations may be made, new ideas may
be born.

It is said, no doubt truly, that the delight is in the acquisition of
knowledge, not in its possession; but that delight may be even greater
in awakening one’s latent knowledge, and forming it, like a plastic
mass, into something better.

You will observe how teaching brings its own reward. Never in any
year have I failed to thank my audience for it; it has been the gratitude
of the collector, who opens his portfolio to his friends, and thus once
more has the joy of seeing his drawing and finding fresh beauty in
them. And I am happy also to be able to thank them for their interest.
It provides a stimulus which a teacher cannot do without, and also a
considerable satisfaction, for it is a guarantee that the seed which was
scattered has fallen on good ground. For myself I have never wished
for any form of gratitude other than this act. Yet I have not lacked
expressions of gratitude. I found them everywhere on my way. They
have strengthened my conviction that I could not have chosen a better
career. A teacher needs to know, and to know exactly. But that is not
enough. He must also be able to feel how to express himself so that his
audience may understand him. That is the art of teaching. If I was born
with any talent, then surely this is the one.

You see, Ladies and Gentlemen, how much gratitude has constantly
been my share. Now that my official activities are fast coming to an
end, all this has been crowned by the honour granted to me, that my
name is to be linked with a fund, collected after the appeal by a Com-
mittee of students, friends and distinguished fellow countrymen, by
Dutchmen and foreigners alike. I am deeply moved by this tnurhmq
evidence of appreciation and trust. I have given much and careful
thought to the appropriation of these monies.

The intention surely has been that the sum which has been collected
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should be earmarked for an independent purpose, which it was left to
me to name. This has suggested to me that it should be devoted to
ensuring a proper training in ophthalmelogy and physiology, the two
subjects to which I have chosen to devote my life. When a vacancy
arises, the usual complaint is that there is no choice of men who will
warrant an appropriate filling of the post. We need not look far
for the cause. In this country there is little chance of pursuing a
so-called scholarly career, especially in medical subjects. Expectations
are uncertain because of the small number of our universities, and if
only for that reason the system of external University lecturers cannot
flourish as it does elsewhere. Well, I wish to see suitable candidates for
the chair of physiology and ophthalmology in the Netherlands. I have
estimated that once every eight years the proceeds accruing from the
fund will allow two young men to be trained for two years in the best
schools. Thus the Netherlands will acquire an ophthalmologist and
a physiologist once every eight years. That will be enough.

This Foundation, Ladies and Gentlemen,will no doubt help to safe-
guard the ﬂﬂurl'-;hmt{ of ophthalmology and physiology in the Nether-
lands for all times.

I cannot imagine a greater satisfaction from my work, and wish to
express my deep gratitude to all those who have helped by sending their
donations to this fund.
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