; PHYSIOLOGY
- of  the EYE

By HUGH DAVSON, D.Sc.

Assistant Director, Ophthalmological Research Unit, Medical Research
Council; Honorary Research Associate, University College, London

With a Foreword by

SIR STEWART DUKE-ELDER
K.C.V.0, MA, DsSc, Pa.D, MD., FR.CS.

Several years of teaching physiology and physiological
optics to medical men taking the Diploma in Ophthalmology
have convinced the author that these subjects are full of
difficulties for people with only a medical training. This
book is therefore designed for those students who, realising
that a fundamental knowledge of physiology is an important
clinical weapon, are prepared to face these difficulties.
It will also be of value to the medical student and progressive
optician.

J. & A. CHURCHILL LT1D.
104 GLOUCESTER PLACE, LONDON, W.1.



THE PHYSIOLOGY
OF THE EYE

By

HUGH DAVSON

D.Sc. (Lond.)

Assistant  Director, Oplcthdlrnolngizfal Research Unit,
Medical Research Council, London.

Honorary Research Associate, University College, London.

Leeturer in Physiology, School of Orthoptics, Moorfields,
Westminster and Central Eye Hospital.

With a Foreword by

SIR STEWART DUKE-ELDER,
K.C.V.0., MiA,, D.Sc,, Ph.D., M.D., F.R.C.8.

wirh 301 ILLUSTRATIONS

. LONDON
J. & A. CHURCHILI. Ltp.
104 GLOUCESTER PLACGE, W.1

Reprinted
1950




To
W.S. and P.M.

First edition - . . . 1949
Reprinted . . . 1950

AL Ricurs RESERVED .

This book may not be veproduced by any

means, in whole or in part, without

permission. Application with regard to

copyright should be addresscd to the
Publishers.

Printed in Great Britain




FOREWORD

Ix the average physiological text-book the physiology of the
eye necessarily takes a subordinate place and tends to be lost
in the exposition of the main principles of the subject. It is true
that those principles are applicable to the eye, but it is equally
true that, as seen in this organ, they are frequently specialised
and individualistic. Moreover, the average text-book of ophthal-
mology assumes acquaintance with physiology so that the
student often has difficulty in finding a comprehensive and
handy source of information. This book, therefore, fills a want
both for the student whose ultimate aim is clinical ophthalmology
and for those whose interests in the special senses are more
academic.

Dr. Davson’s name is already well known in the literature of
this subject, and his original researches on the fundamental
problems of ocular physiology are evidence that the following
pages are written not only by a post-graduate teacher of long
experience, but also by one who has done not a little to create
the body of knowledge with Whlch they deal.

StEwarT DUke-ELDER.
LoNDoN,



PREFACE

THE research worker and advanced student in the physiology
of the eye have been overwhelmed with monographs and text-
books. First and foremost, they have Duke-Elder’s monumental
“Volume One " ; whilst individual aspects have been covered
by the recent excellent monographs of Bartley, Bellows, Detwiler,
Granit, Krause, Polyak, Walls, Whitnall, Willmer, Wolff, and
Wright. In the field of physiological optics and the psychology
of visual perception they have Helmholtz’s “ Physiological
Optics ” (translated into English by Southall), a book getting
on to its centenary but no more out of date than many mono-
graphs of ten years ago.

The medical student, optician, and prospective diplomatist in
ophthalmology have, in comparison, been less well treated, and
the present book has been written with these in mind. T trust,
however, that it is not a simple re-hash of the more specialised
works. Several years of teaching physiology and physiological
optics to medical men taking the Diploma in Ophthalmology
have convinced me that these subjects are full of difficulties
for people with only a medical training, and the book is designed
for those students who, realising that a fundamental knowledge
of physiology is an important clinical weapon, are prepared to
face up to these difficulties.

The section on optics may require some apology, in view of
the number of books already published treating with this subject.
From the point of view of the diploma course in ophthalmology,
no one of these books is satisfactory. The ophthalmologist is
not concerned with formuls, still less with their mathematical
derivation ; he must, in my view, understand sufficient of the
general principles to enable him to speak mtelhglbly on the
subject to the optician. This understanding is best achjeved
by the simplest possible exposition ; formule must be cut to a
minimum and the diagrams illustrating ray-tracing must be
clear ; it is easy enough to devise complex diagrams that will
demonstra,te a number of points at once, but it is quite another
matter to decipher them. If, in addition to simplifying the
presentation, I have avoided introducing new errors, bhe space
devoted to this subject will be justified.

vit



viii PREFACE

Detailed acknowledgments follow below ; here I must express
my thanks to Prof. C. Lovatt Evans for extending to me the
hospitality of his laboratory while my own is being built and
thus providing me with the facilities for continuing my researches
on the eye, interrupted by the war, and for writing this book.

Huer Davson.
University College,
London, W.C.1.
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INTRODUCTION
STRUCTURE OF THE EYE

THE globe of the eye consists essentially of three coats enclosing
the transparent refractive media. The outermost, protective
tunic is made up of the sclera and cornea—the latter transparent ;
the middle coat is mainly vascular, consisting of the choroid,
ciliary body, and iris. The innermost layer is the refina, con-
taining the essential nervous elements responsible for vision—

Fig. 1. Horizontal section of the eye. P.P.== Posterior pole; A.P.
== Anterior pole; V.A.= Visual axis, (Wolff, “ Anatomy of the
Eye and Orbit.”) ’

the rods and cones ; it is continued forward over the ciliary body
as the ciliary epithelium.

The dioptric apparatus (Fig. 1) is made up of the transparent
structures—the cornea, occupying the anterior sixth of the surface
of the globe, and the lens, supported by the zonule which is itself

D. PHYS, EYE 1 1



2 INTRODUCTION

attached to the ciliary body. The spaces within the eye are filled
by a clear fluid, the aqueous humour, and a jelly, the vitreous body.
The aqueous humour is contained in the anterior and posterior
chambers, and the vitreous body in the large space behind the
lens and ciliary body. The posterior chamber is the name given
to the small space between the lens and iris.

(Orbit,

Plate of reat  Small

wing of wing of Optic
sphZnoid foramen

Supranrblhl .‘M”?crmlhr\r Trochlear

fossa for
acrimal

ZTygomatic
tvercle

lat_orbital

. tubercle

Zygomatic
aman

gmomu co-
| faramen
e

Inferior orb.
issure

F1¢. 2. The orbit from in front. (Wolff, *‘ Anatomy of the Eye and
Orbit.”)

The iris behaves as a diaphragm, modifying the amount of
light entering the eye, whilst the ciliary body contains muscle
fibres which, on contraction, increase the refractive power of the
lens (accommodation). An image of external objects is formed,
by means of the dioptric apparatus, on the retina, the more
highly specialised portion of which is called the fovea. The
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_in the same optic tract

CHIASMA 3

retina is largely made up of nervous tissue—it is an outgrowth
of the central nervous system—and fibres carrying the responses
to visual stimuli lead away in the opfic nerve through a canal in
the bony orbit, the optic foramen (Fig. 2); the visual impulses
are conveyed through the optic nerve and tract to the lateral
geniculate body and thence

to the cerebral cortex; on To Cortex Tolortex

their way, the fibres catry-
ing messages from the
medial, or nasal, half of
the retina cross over in the
optic chiasma, so that the
lateral geniculate body of
the left side, for example,
receives fibres from the
temporal half of the left
retina and the nasal half of
the right. The nerve trunks,
proximal to the chiasma,
are called the optic tracts.
This decussation may be
regarded as a development
associated with binocular
vision; it will be noted
that the responses to a
stimulus from any one part
of the visual field are carried

(Fig. 3), and the necessary
motor response, whereby
both eyes are diregted to
the same point in the field, . .
is proba.bly simpliﬁe d by this F1g. 3. The d;;?ﬁ?::;?n of the optic
arrangement. It will be
noted also that a right-sided event, ¢.e., a visual stimulus arising
from a point in the right half of the field, is associated with
impulses passing to the left cerebral hemisphere, an arrangement
common to all peripheral stimuli.

The outermost layer of the retina is the pigment epithelium,
which lies in contact with the choroid.

The nutrition of the eye is taken care of largely by the capil-
laries of the vascular coat ; let us examine this structure more

1—3
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4 INTRODUCTION

closely. The choroid is essentially a layer of vascular tissue
next to the retina ; it is separated from this nervous tissue by
two membranes—the structureless membrane of Bruch and the
pigment epithelium. The retina comes to an end at the ciliary
body, forming the ore serrata (Fig. 4), but the vascular coat
continues into the ciliary body as one of its layers, the vessel
layer, which is separated from the eye contents by membranes—
the two layers of ciliary epithelium which, as we have indicated,

ORA PERIPHERAL
SERRATA 1€ DEGENERATION

FIBRES OF
SUSPENSORY -
LIGAMENT

‘CILIARY 2=
PROCESSES

Fic. 4. Posterior view of the ciliary body shc;wing ora serrata and
corona ciliaris. (Wolff, “ Anatomy of the Eye and Orbit.”)

is the forward continuation of the retina, and the lamina vitrea
which is the continuation forward of Bruch’s membrane.

The ciliary body in antero-posterior section is triangular in
shape (Fig. 5) and has a number of processes (seventy) to which
the zonule is attached ; viewed from behind, these processes
appear as radial ridges to which the name corona ciliaris has been
given (Fig. 4).

The relationship of the iris to the ciliary body is seen in Fig. 5 ;



VESSELS 5

the blood vessels supplying it belong to the same system as that
supplying the ciliary body. The vessels are distributed through
the stroma which is separated from the aqueous humour in the
anterior chamber by the anterior epithelium (or iris endothelium,),
a single layer of cells continuous with the innermost layer of the
cornea. Posteriorly, the stroma is separated from the aqueous

Epithelium Descemet and
anﬁ Bowmans !ndntweliuiu?

Conjunctiva  membrane Cornea

e »

Fia. 5. Anterior-posterior section through the anterior portion of the
eye. (Wolff, “ Anatomy of the Eye and Orbit.”)

humour by the posterior epithelium, a double, heavily pigmented
layer. )

}’i[‘he vessels of the vascular coat nourish the internal structures
of the eye ; so far as the lens is concerned, this process must take
place by diffusion of dissolved material from the capillaries
through the aqueous humour and vitreous body. The inner
(nearest the vitreous) nervous elements of the retina, however,
are provided for by a functionally separate vascular system
derived from the central artery of the retina ; this artery, a branch
of the ophthalmic, enters the globe with the optic nerve and it
is its ramifications, together with the retinal veins, that give the
fundus of the eye its characteristic appearance. The choroid,
ciliary body, and iris are supplied by a separate system of arteries,



6 INTRODUCTION

also derived from the ophthalmic—the ciliary system of arteries.
The anterior portion of the sclera is covered by a mucous
membrane, the conjunctiva, which is continued forward on to
the inner surfaces of the lids, thus creating the conjunctival sac.
The remainder of the sclera is enveloped by Teron’s capsule.
Movements of the eye are executed by the contractions of the
six extra-ocular muscles; the space between the globe and
orbit being filled with the orbital fat, the movements of the eye
are essentially rotations about a fixed point in space.
* The essentials of the nerve supply to the eyeball are indicated
in Fig. 6; sensory impulses (excluding, of course, the visual
ones) are conveyed through the long and short ciliary merves.

NASG-CiLIARY NERVE

N /_>
GASSERIAN — R NV

g\‘s
. GANGLION
e />
o\, yM-.;:_.::_.
AN Ay,

CILYARY GANGLION
SHORT CILIARY NERVES

Fig. 6. Nervous supply to the eye-ball,

The long ciliary nerves are composed mainly of the axons of
nerve cells in the Gasserian ganglion—the ganglion of the trige-
minal (N.V); they convey impulses from the iris, ciliary body,
and cornea. The short ciliary nerves also contain axons of the
trigeminal ; they pass through a ganglion in the orbit, the ciliary
ganglion, into the naso-ciliary merve ; the fibres carry impulses
from all parts of the eyeball, but chiefly from the cornea.

Motor impulses to the ciliary muscle and the constrictor of the
pupil are carried by way of the lower division of N. III as the
motor root of the ciliary ganglion ; post-ganglionic fibres to the
muscles are contained in the short ciliary nerves which enter the
globe. The extra-ocular muscles are supplied by N. III, IV and
VI

Sympathetic fibres from the superior cervical ganglion enter
the orbit as the sympathetic root of the ciliary ganglion and

R




NERVES 7

run in the short ciliary nerves to supply the vessels of the
globe and the dilator fibres of the pupil. Other sympathetic
fibres avoid the ciliary ganglion, passing through the Gasserian
ganglion and entering the globe in the long ciliary nerves.




