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reminiscent vision ; or the peripheral
lion of the optic nerve, or the retina,
ing directly or indirectly stimulated at
acertainspot, and responding byits own
eculiar sentient energy to that stimula-
tion. Thus, sanguineous congestion,
external or internal pressure, heat,
cold, galvanism,* &c. acting on the
optic nerve or retina, immediately pro-
duce the phenomena of subjective
vision t; as does alsoover excitement of
‘the retina: but not the least variation
oceurs, for certain definite phenomena
- always result under certain given con-
~ditions.
e 1. Li%ht rapid pressure,caused either
by the finger or sudden motion of the
: ?fohe, excites the ap nce of a semi-
Junar or circular flash ; the component
- shining points of which are not sepa-
rately distinguishable ; a linear portion
~of the retina being stimulated for a
moment, and imparting consciousness
of fhe impression in a general manner
only.
- 2. If the external prominent surface
of my presbyopic eye 1s steadily pressed
‘with the finger, a large greyish black
~eircular spot 1s beheld in the centre of
the field of vision; and the space
immediately surrounding the darkest
point is filled with distinct and brilliant
- circular sparks, or with regularly
_ d r¥mmhic bodies : a complete
- rhombic figure, however, such as Pur-
kinje§ has delineated, seldom appears.
- The cireular sparks nearly correspond
in size|| with the globules of the inner-

~ hours to a particular microscopic object, I have
‘seen it again  immediately on c um"ng the
- eyes. Not unfrequently these s have re-
~ curred on my falling , but never as faras I
recollect in dreams. Pictures of cil mo-
tion, of the terminal plexuses of nerves, of crys-
~ tals, &c. have in this ﬂwred s0 perfect
in
n

- msto nd exactl nature, and sur-
i c% and ﬁ‘;:lality every ntte’:np: at
e

’-fj * There is tlns peculiarity with respect to gal-

vinism ; that if its action be too strong, thea%:c-
B oo Taw ok colorirs, ua'1a_shown by

TR aw of colours, as is shown

1 :33 of Puarkinje, which I have re-
: with the same results. >ee Bullet. der
schles, Eﬁmi:lil. 15824, and Fror. Not. vol. x. Bei-
this subject see Parkinje in Berlin,
. iv. where works relating to it

~ § I describe what follows as observed in my
3 and have specially mentioned, where
- NeCessary, fhatmy right eye is presbyopic, and
~ my left, which I always employ in microscopic
~examinations, myopic. : ;

§ Beitr. zur Kenntniss des Sehens in subject.
- Hingicht, vol. 1, plate i. fig. iv. .

|| If anything can demonstrate that the rctina,

most layer of the retina; and the
rhombuli arise from the rhomboid
cells, in which these are contained,
also appearing, under greater irritation,
subjectively luminous.*

3. When the same pressure is exerted
upon the myopic and more irritable
eye, after the central grey spot of the
rhombus, there appears most com-
monly a perfect rhomboid figure : the
irritability of the retina is here so
great that its entire internal stratum
seems luminous.

4. On the application of too great
heat or cold, and particularly when the
temperature is suddenly changed, less
defined scintillations are not unfre-
quently observed.

5. Galvanism excites the appearance
of arched or circular flashes, the com-
ponent points of which are not seen
separately ; in this respect, therefore,
its spectrum corresponds with that
Bmducf:{i by rapid pressure, and cannot

e referred to the particular structures
of the retina.

6. Excessive irritation of the retina
acts in two ways : either its subjective
phenomena; first mentioned, take
place ; or some internal portions of the
globe, not otherwise perceptible, are
plainly seen. I have often a variety
of phenomena in my own person, after
too close and protracted microscopical
examinations ;—such as grey threads,
sometimes knotted like necklaces,
sometimes intertwined, and always re-
taining a certain fixed position in the
globe, and following all its motions
with accuracy.t I have, how-
ever, failed to discover what parts
in the eye they represent; and have
found by microscopical examination
nothing which could be compared with
them ; though, indeed, their minuteness

asits action is projected towards external objects,
sees them in a way the reverse of that in which
they are depicted on it, it is subjective vision ;
the appearances of which are always seen in the
opposite direction; and these microscopic por-
tions of the retina, from the same canse, appear
so magnified, that they would be easily perceived
with?‘:ﬁe naked eye, were they really of the size
they seem. . il

# | gee these shining rhombic figures divided
by straight linear black interspaces ; which seems
to indicate that the actual parietes of the cellsare
not luminous ; but that at first their nuclei only,
and subsequently their whole contents, glow in
subjective brightness.

+ Joh. Muller «:?lr.taﬂf obzerves the same, ha-
bitually, in himself; but speaks of their inde-

ndent motion, which 1 have never noticed.
g:c his Physiology, vol. ii.
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imperfect. As a great difference
guished easily, and a less one

that individuals are unable to discrimi-
nate every colour with accuracy.®
There are two kinds of so-called
muscee volitantes; the fixed, or those
destitute of absolute motion, though
moving relatively as the globe moves ;
and the moveable, which possess abso-

lute independent motion as well.t

The fixed musca is caused by a cer-

tain point of the retina being either

paralysed, or covered by a local effu-
sion, or a varix of the vena centralis
retinge : these differ from one another,
in the latter disappearing in a bright
subjective image, and the former re-
maining in it unchanged as a yellow
spot. Of the moveable musee voli-
tantes there are also two sorts; one
excited by over-irritation of the retina,
and the other by over-repletion of the
vessels. The diagnosis %EIWEEH them
is more difficult; but they are distin-
ishable by the former exciting very
slight subjective images, or none at all;
while with the latter, the entire surface
of the retina may be luminous. The
latter also sometimes annoys the pa-
tienta,-;lﬁmhably h;,*puchnnﬂrincnl or
hysterical, or labouring under hamor-
rhoids, dysmenorrhaea, plethora or
congestion of the head,—with other
shining spectra. Of how great impor-
tance this diagnosis is in ophthalmic
medicine it is needless to speak.
Whether integral parts of the retina
are seen as luminous at the irritated
points, or other structures within the
globe are perceived, these subjective
phenomena of vision all depend upon
the nervous tunic. It is therefore evi-
dent that, during its persistence, though
blindness have arisen from destruction
of other parts of the eye, yet these
phenomena may appear; and equally
obvious is the impossibility of the sub-
jeetive phenomena, which proceed from
the retina, being developed, where
blindness has lasted so long that this

* Consult on this subject Goethe, Farben. val.

- ii. ; Colquhoun, Fror. Not. vol. xxiv.; Seebeck,

ndorf™s Annal. vol. xlii. Ina pupil who

- saw the light of the finest threads not red but
- milky Ellu:r, and seemei to belong to the first

of See ] ed eclasses, 1 observed that
this defect remains the same when colours, pro-
duced by the refraction of light are beheld under

mi
t Willis, in his Anatomy of the Brain, has well
explained 'his doctrine, that musce arise from the
subjective action of the retina or optic nerve.

nervous membrane is absorbed or
changed ; or when it is destroyed in
the first instance. The primitive fibres
of the optic nerve, exerting exclusively
an optic power, can of themselves,
when irritated, undoubtedly induce
subjective spectra; but they do not
seem to possess the certainty, and (so
to speak) excellence of the spectra
arising from irritation of the retina it-
self. No elucidation of this subject
of course can be drawn from the lower
animals ; but there are some circum-
stances which seem to prove the above
opinion on man. Thus when, in extir-
ating the globe, the optic nerve is
Sivided, there is sometimes no sense
of subjective vision. The eye of a girl
was extirpated by Demme, which had
the anterior parts destroyed by an
osteo-sarcoma of the lacrymal bone;
but the retina and optic nerve, as [
found by microscopical examination
directly after the operation, were per-
fectly sound; in faet, she had seen
well with this eye two weeks before,
When all but the optic nerve was di-
vided, the patient perceiving and de-
seribing other circumstances well, was
desired by the operator to observe
whether she saw any thing or not ; and
on this nerve bei::lg immediately cut
through, denied, and persisted in doing
so,that she saw any thing*. Since,how-
ever, on the other hand, the subjective
phenomena of light do sometimes oc-
cur on section of the optic nerve, a dif-
ference must exist; which seems to de-
pend on the phenomena in question
not having sufficient definitenesst, or
duration, to be certainly recognized by
every one, ;
At first sight, indeed, our opinion
seems controverted by the fact, that
irritation of the portion of the optic

* J. Miiller, in his Physiol
two cases in which no sabjective phenomena of
vision followed the section of the optic nerve ;
but he speaks of the degeneration of the nerve in
such a way as to leave it doubtful whether the
degeneration were sufficient to have abolished
perception or not, Jourteral remarked a strong
subjective light. 3

+ That the primitive fibres of the optic nerve
ag I have elsewhere shewn (Repert. vol. ii.),
alone are not sufficient for cbjective vision,
is manifest: as the experiment devised by Ma-
riotte proves, that the place of entrance of the
nerve cannot possibly receive a perception of
external things ; anid this {ﬂnce ns we have al-
ready stated, is void in all &ufljm:li'.re spectri.
Hence it follows that the nervous fibres possess
such subjective visual energy only, as either is
not appreciable, or very slightly so indeed.

7y Vol ii., relates
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if beth eyes are turned inwards ; and of
* right, remains stationary, while the left
or without the inferior rectus and
‘periments before adduced have taught
contraction. The grand experimental
'.Ealpebrm of one eye, for example, the
~ tracts. is, however, only occurs
~ can be done very little, is attempted to
~ second case; and it becomes clear that
dinm of the muscles of the globe,
motor oculi is intimately connected

contraction of pupil takes place: first,
this we have already spoken : secondly,
if, the eyes being open, one, e. g. the
%E turned inwards. In this case the
2:_ ft internal rectus is in action with
~inferior oblique ; the pupil of the same
‘eye is therefore contracted ; and the ex-
us, that the action of the motor fibres
of one iris excites those of the other to
argument in favour of the voluntary
motion of the iris is, thirdly, that if the
ft, be shut, the pupil of the right
(remaining open and unmoved) con-
when the left eye is moved inwards;
~ and never when it is kept still, or, as
» =
~ be directed outwards. The last is*
- therefore evidently identical with the
- the exertion of volition only affects the
f iris secondarily, 7. e. through the me-
" Finally, the action of the muscles
i supplied by the inferior division of the
% with irritability of the retina and optic
nervet ; for if the third nerve is over-

- stimulated, so that the eye is involun-
- tarily turned inwards, such irritability
* of retina supervenes that the subject
- shuns ordinary daylight. Thus, a
- man, after receiving a blow on the
head which caused internal strabismus
of the left eye, with di plopia, became

H H..ﬁ'ecteﬂ with photophebia on the same
- side, and the least daylight was insup-
portable ; yet the retina was so far
healthy that he recognised both remote
~and near objects with facility. On the
contrary, when the retina is paralytic,
not only the motions of the pupil, but
‘those of the muscles which turn the
eye inwards, are impaired, and the ex-
ternal rectus cons uently everts the
organ. An outward squint then be-
comes occasionally an earlier symptom
of amblyopia, amaurosis, or extreme
morbid myopia, than paralysis or even

b no doubt used this method ; for he
Blates 1 iridal motion took place upon the
mere voluntary adaptation of the eye for vision
of near and remote objects, See Graefe and
Walther's Journal, vol. iii. ]

1y adverts to this fact.

Stromeyer roper
See Goettinger E’hﬁte nm}::igen, 1836

| motor oculi.

sluggishness of the iridal movements.
Two cases of this kind have occurred
to myself, in which, relying upon this
symptom only, I puinteﬁ out their dis-
ease to men previously ignorant of it,
In another case, that of a female, the
outward-squinting eye was totally
amaurotic; and in a girl of eight years
old it was morbidly myopic. Yet ex-
ternal, like internal squint, is also
sometimes caused by long-continued
habit, as in a man of my acguaintance,
aged 40, who enjoys perfect use of both
eyes, but squints outwards with the
left. The complaint arose from his
labouring, when five years old, under
a tumor of the internal wall of the
orbit, thrusting the globe outwards;
the tumor was, however, so suceessfully
extirpated at that period that not a
trace of it remained, though the morbid
condition of the external rectus muscle
was permanent. '
The foregoing theory,—that the su-
perior division of the motor oculi go-
verns the voluntary motions of 51&
globe ; and the inferior, the involun-
tary,—is easily deducible from the sys-
tematic arrangement of the muscles,
The muscles chiefly voluntary (and [ use
the expression because every muscle of
the body may, under certain conditions,
exhibitau:omaticaction,whilst the auto-
matic muscles are either altogether inde-
pendent of, or from exceedingly unusual
causes only, are subjected to volition),
are: the external rectus, directed by the
abducens nerve ; the superior oblique,
by the pathetic ; and the superior rec-
tus, by the superior division of the
Those chiefly automatic
are :—the internal and inferior reeti,
and inferior oblique governed by
of the inferior division of the motor
oculi. The whole globe, in respect
of the points at which the mus-
cles* are attached to it, is then, as it
were, surrounded by a circle; of which
the upper and outer portion is made up
of muscles chiefly voluntary, and the
lower and inner portion of those chiefly
automatic. The two mainly voluntary
recti, the superior and the external, are
antagonized by the two, chiefly auto-
matie, the inferior and the internal;
while the voluntary superior oblique is

* The external part of the retractor or suspen-
gory muscle in the horse is supplied by braaches
of the abducens nerve; the iniernal, by some
from the inferior division of the motor oculi; s0
that this same difference exists, and holds good
of all the muscles of the globe.
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or from some motor fibres to the iris
being directly injured, we shall i quire

not communicated to the opposite
globe, crso slightly, that it shortly dis-
lll:epeaﬂ- Hence, on the sound side,
the pupil is very often unaltered; and
ifincreased or diminished in diameter, it
soon ins its usual character ; while
the irritability of the iris remains from
the first in the wonted degree.

After a complete section of the fifth
nerveinrabbits,disease oftheglobeonthe
affected side so rapidly supervenes that
in sixteen or twenty-four hours it is
cognisable with the niked eye. The

- cornea loses its brilliance, and becomes

turbid and white,—a change beginning
at the centre and spreading with con-
siderable rapidity to the circumference.
The delicate lamella of conjunctiva
covering the cornea, in the commence-
ment, undergoes little morbid change;
though the blood-vessels of its palpe-
bral and ocular portions are dilated
and gorged; and the membrine be-
comes covered with more copious mu.
cous secretion, soon assuming a de-
cidedly puriform character. A section
of the eye exhibits the lavers of the
ecornea opaque and milky, like coagu-
lated white of egg, but without any

roper exudation corpuscles between
them ;—ecchymosis of the external
surface of the globe ; —and dilata-
tion and congestion of the blood.
vessels. The lens, as far as [ have
seen, is alwaystransparent; the anterior
ca&mqle, however, is here and there tur-
bid ; and fibrous effusion exists between
it and the pupillary margin: the
remaining structures are free from
disease. The foregoing description is
drawn from my own observations on
rabbits: but, in dogs, according to
Magendie, suppuration oceasionally
extends, so that true hypopyon takes
place ; and the globe, bursting in con-
sequence, is evacuated, and becomes
converted into a small shapeless mass,
which continues to be acteﬁeﬂn by the
muscles.

The consequences of disease of the
trunk of the fifth nerve in man, hitherto
observed, are few and incomplete ; yet
symptoms, such as have been ascer-
tained by physielogical experiment, are
more or less given by physicians. Thus,
Wishart* noticed impeded mastication

e e

" * Bardach, Gehirn, vol. ii.

in a person who had this nerve com-
pressed by fungoid tumors; but the
case proves little, as the facial and
accessory were similarly affected, and
other parts of the brain were diseased.
The sume may be said of Serres’* case
of an epileptic, who had inflammation
of the globe, opacity of the cornea, and
coarctation of the pupil for six months
previously. There was likewise anams-
thesia of the conjunctiva and nostril
of the same side, with loss of taste
from one half of the tongue, scorbutic
gums, and dulness of hearing ; but the
yower of mastication remained entire.

he trigeminal nerve was found in a
state of pulpy degeneration, with the
exception of its muscular portion; but,
—not Lo mention loss of taste,—other
symptoms, as dulness of hearing, suffi-
ciently show that the disease was not
confined to that nerve. There is the
same ambiguity about the case related
by Montault;+ in which a woman
with a tumor pressing on the fifth
nerve, had redness of the conjunctiva
and exsiccation of the cornea ten days
before death : the history of the disease
and post-mortem examination, however,
displayed such extensive and great mor-
hidp changes, that the ocular affection
could only in part be attributed to com-
preision of the nerve. The same obser-
vation holds good with respect toBell’s Il
case, though paralysis of the trigemina
nerve was well ascertained; and with
those narrated by Montaultand Romberg.
The case noted by Abercrombie, how-
ever, exhibits more decisive indications.
No power of sensation remained on the
left side of the face, including the eye
and nostril (from which there was ocea-
sional epistaxis), and half the tongue.
The left globe, of which the cornea was
nebulous, became frequently attacked
with mwflammation, mitigated at first
by antiphlogistic remedies, but in the
course of two months a linear portion
of the circumference of the cornea
was destroyed by ulceration, and the
humours escaped. There was also
complete pm‘u’f':.'sis of the masticatory
muscles of the left side, which were
quite relaxed during the acts of masti-
cation and closing the mouth; and
these paralytic symptoms remained
unrelieved more than a year after de-

* Fror. Not. vol. x. ; and Bell, loc. cit.
+ Fror. Not. vol. xxv.
* Mayo's Outlines of Hum. Path.
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not unfrequently
seen.*

That the function of the superior
. nerve is that of sensation is
proved the experiments alrealy
mention The inferior branch of the
snbeutaneus male gives filaments to
the orbicularis palpebrarum, as well as
the skin ; yet the action of this muscle
is not impaired by division of the nerve
immediately after it emerges from the
zygomatic foramen or foramina; the
junction of these fibres of sensation
with motor twigs of the facial upon
the check mnst therefore be of the
samenature asin the case of the sopra-
orbital nerve,

No certain conclusions respecting
o towards
the optic nerve, and as to the middle
root (so to speak) of the ophthalmic

- ganglion, can be deduced from experi-

ment.

The branch of communication with
the abducens nerve, described by
Bock, which I have found for the
most part procecding from the spheno
l:nlatin& gunglion, probably serves to
mpart some fibres of sensation to that
nerve.

L . L L

T'he abducens, or sixth cerebral nerve—
Its motor function, as proved by ex-
periment, confirmed by disease—Its
sensibility negatived by experiment—
Comparison of the motor nerves of the
e_g:-—"i"he rvarious movements of the
globes—Their mechanism and laws,

The abducens nerve governs the
motions of the external rectus muscle
of the eye; and this is readily proved:
for, on &e rabbit, or any other domes-

~ ticated mammiferous animal, after the

brain and upper wall of the orbit have
been removed, the trunk of the nerve
mn{ be irritated in the base of the
skull, or in the orbit; and while the
‘body remains irritable, this muscle is
thereupon remarkably convulsed. The
motion is comparatively feeble in
rabbits ; but in dogs and cats is such,
that the globe forcibly drawn out-
wards., :

This experiment tallies with the
observation of Yelloly,t who de-

- * Bee, for example, Montault in Fror. Not.,
vol. xlviii.
T Quoted by Burdach, Gehirn. vol. iii.

scribes a man’s eye to have been
drawn inwards, in consequence of para-
lysis of the external rectus muscle
rom a tumor compressing the sixth
nerve, The same phenomenon is ocea-
sionally seen in persons labouring under
hemiplegia, when the external rectus
only has lost its power; and the inter-
nal rectus, either alone, or aided by the
inferior oblique, directs the globe in-
wards, or inwards and upwards, re-
spectively, so_that diplopia is at first
produced. This contrast between the
actions of the internal and external
rectus affords a diagnostic symptom
apparently too much neglected hither-
to by medical men.

We have already stated that the
integrity of the inferior division of the
motor oculi is intimately connected
with that of the retina; it therefore
often happens that the internal rectus
and inferior oblique of an eye the
subject of amblyopia or amaurosis, be-
come feeble in their action ; so that the
external rectus, owing to the abducens
nerve being sound, contracts dispto-
portionately, and draws the globe out-
wards. Hence strabismus diverﬁfns is
frequently seen in persons with the
diseases just mentioned. If, on the
contrary, the retina is sound, and ob-
jeets ecan no longer be seen merely from
opacity of the cornea, the internal
rectus, with or without the inferior
obligque (they being the more automatic)
overcomes the action of the exter-
nal rectus (in accordance with the
law by which, in pﬂrallytic affections,
other involuntary muscles easily over-
come voluntary ones, as the flexors do
the extensors), and a squint inwards,
or inwards and upwards, is produced.
This  twofold form of asymmetrical
position of the globe indicates with
accuracy the sound or diseased con-
dition of the retina respectively.

Whether or not, however, the abdu-
cens nerve contains fibres of sensation
in addition to those of motor power, can
only be determined by a difficult ex-

eriment; for whichever way of divid-
ing it with the neurotome we select,
the operation is such as to preclude a
decided judgment upon its sensibility.
Thus, when the instrument is intro-
duced behind the temporal bone, it is
impossible to avoid lesion of the
medulla oblongata, or the injary of so
many blood-vessels that great hamor-
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rior recti; the latter combination being
E’:mﬂrz difficult, and less complete.

- From what has now been stated the
following are deduetions :—

- 1. Among the movements of the
~ two eyes there is one, both harmonious
and symmetrical ; namely, that caused
by the simultaneous contraction of the
superior recti. The effect of the com.
‘bined action of the inferior recti is of
 the same character, to a certain point ;
- but their contraction beyond this pro-
duces inharmonious, though symme-
trical, automatic movements.

- 2, All the lar motions of the
globe, which are harmonious and
asymmetrical, are performed in such a
manner, that a voluntary muscle of
~one eye (either the superior or external

- rectus, or the superior oblique), acts

* in harmony with a muscle of the other

- eye, more or less automatic in habit;

but it is my own decided opinion that
the first impulse to action is produced

“in the former. .

- 3. Two voluntary muscles, upon the

 simultaneous action of which want of

harmony of the eyes would ensue,—as,
the two external recti, or the two su-
perior oblique,—cannot be so employed.
4. Yet automatic muscles may act
together under these circumstances;
as the internal recti, when we regard
too near an object; and the inferior
- obliqui duringsleep. The simultaneous
~ action of the inferior obliqui, however,
is always involuntary, for they are en-
tirely automatic muscles ; but that of
: E}: internal recti is in&imd voluntarily
o many persons, and as anautomatic
3 pgenom{nun in all; and for the reason
- now stated greater and more firm con-
- traction is possible when the inferior,
- than when the superior recti are com-

~ bined in action with the internal.

5. Voluntary squinting is performed
' llz those musecles only, which are
- chiefly automatic: and squinting from

, when unaccompanied by any
affection of the iris or retina, is most
commonly produced by muscles of the
same class ; namely, the internal rectus
alone, or with the inferior rectus; less
frequently, however, it is caused by the
inferior oblique, which is entirely au-
tomatic.

Voluntary internal squinting with
one eye, while the other remains sta-
tionary, is extremely difficult of ac-
complishment; for it requires such a
power over the internal rectus, as may

OF THE ORBIT. 21

effect its contraction separately and
alone ; and hence very few persons,
and they only after long practice, are
capable of performing it. The whole
active effort of the will is, in this case,
directed to the mainly automaticinternal
rectus; while its influence is preventing
thecontractionof theexternalorinternal
rectus of the other eye. I have never
known a person capable of keeping one
eye stationary, while the other is di-
rected simﬁl{ outwards; for the inter-
nal rectus, like every automatic muscle,
possesses such very high contractile
energy, as to be insuperable, except ‘n
harmonious action ; and for the same
reason the superior oblique muscle
can never be exerted alone, while the
opposite eye is unmoved.
he foregoing remarks appear to
throw light upon the nature of the
muscles of the globe; for as re-
spects the two eyes both of man and
of animals, there are, as it were, two
conflicting principles. On the one
hand, in accordance with the sys-
tem obtaining throughout the body,
symmetrical muscles exist; on the
other, the movements of the two eyes
are not symmetrical, but harmonious.
Again, on the one hand, the eye is
movedvoluntarily; yet, onthe other,itis
controlled by variousaffectionsof the re-
tina. For theinvoluntary actionsnature
has destined the internal circle of mus-
cles, that is to say, the internal and
inferior recti and the inferior oblique;
and to the voluntary, she has adapted
the external circle, consisting of the ex-
ternal and superior recti and the su-
perior oblique : upon the action of the
voluntary ecircle, the pupil dilates;
upon that of the antomatic one, it con-
tracts : the former may be compared
to an extensor muscle; the latter,
which accordingly is more easily ex-
erted both in health and disease, toa
flexor. Even the individual consti-
tuents of these circles are opposed—
the superior, to the inferior; the ex-
ternal, to the internal rectus; and the
superior, to the inferior oblique.
armonious motion is produced by
the action of a portion of tEE voluntary
circle of one eye, exciting the invo-
luntary contraction of the np#m?ed r-
tion of the automatic circle of the other.,
The preceding observations suffi-
ciently explain the constantly uni-
form arrangement of the muscles of
the globe, and the disposition of the
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other conglomerate gland, receives
fibres both of sensation and motion,
contained principally in the inter-
mal branch of the lacrymal nerve;
for by the junction of this nerve with
the ciliary ganglion, motor fibres from

~ the third are m all probability guided

to it. ‘These filaments of sensation

~ and motion serve for the normal se-

ereting action ; and for the reflex mo-

tion of the ducts of the gland, and

of the secreted product.

: ﬂiachn.rﬁ
Thus Magendie* noticed excessive

lacrymation in men, the fibrils of
‘whose lacrymal nerve he pricked with
a needle; and so, on the other hand,
after division of the fifth, or its lacry-
mal branch, the surface of the eye
becomes drier, because the sentient
fibres of the lacrymal gland being
garalj'md, the reflex motion of the

uects is prevented, and the excretion,
as well as the secretion, diminished.
The lacrymal, or tensor tarsi muscle,
which draws the punecta lacrymalia
nearer the sac, receives fibres of sen-
sation from the infra-trochlear branch
of the naso-ciliary nerve, and motor
fibres principally from the zygomatic
branches of the facial. Some fibres of
sensation likewise come off from the
infra-trochlear nerve for the lacrymal
sac; and perhaps motor fibres are also
_conveyed to it by the free junction of
the inferior branch of this nerve with
the pathetic.

e palpebree possess a double
supply of nerves and means of mo-
tion: the orbicularis muscle hav-
ing motor fibres from the facial
nerve, by the temporal and zygo-
matie branches: and fibres of sensa-
tion from the fifth, by the lacrymal,

- supra- and infra-trochlear, frontal, and

supraorbital branches of the ophthal-
mic nerve, and by the subcutanous
male of the superior maxillary : but
the levator palpebre superioris is sup-
plied by the long branch of the su-
perior division of the motor oculi,
which originally contains both motor
and sensitive fibres. This diversity of
nervous supply is rendered conspicu-
ous in the varying symptoms of
‘diseases ; for plosis takes place when
the superior division of the third
nerve is paralyzed; yet the patient,
though unable to raise the superior
‘palpebra, closes and covers the eye

perfectly ; and performs properly all !

* Physiol. vol. i.

portion of the

the funections which depend on the
orbicularis muscle. On the contrary,
when the facial is paralytie, the lids
cannot be completely closed; for
though the superior palpebra de-
scends, yet every endeavour to close
the lids, still leaves a transverse
globe, at the inferior
sart, uncovered. Lastly, as the sensi-
ility of the conjunctiva and palpebra
is given chiefly if not altogether by
fibres of the trigeminal nerve, 1f this
latter or its two anterior divisions be
cut through or paralyzed, all or nearly
all sensation in these parts is extin-
guished.

The Meibomian glands receive
fibres of sensation from the fifth,
and motor filaments principal'y from
the facial; so that they are closely
concerned in the integrity, and di-
minution of their secretion follows
the lesion of these nerves. Since, then,
on the division of the fifth, both the
Meibomian and lacrymal glands secrete
more sparingly, the dryness ol the
surface of the globe and arid state of
the epithelinm of the conjnnetiva gene-
nerally after this operation, are intel-
ligible phenomena.

It has been already stated that the
muscles of the globe are briefly di-
visible into two sets, or as it were semi-
cireles ;—a superior and external one,
consisting of the superior and external
recti, and the superior oblique ; andan
inferior and internal, comprising the
inferior and internal recti, and the in-
ferior oblique ;—that the former is sup-
plied by the superior divisicn of the
motor oculi with the abducens and
pathetic nerves, and the latter by the
inferior division of the motor oculi ;—
and that dilatation of pupil is con-
nected with the action ul‘Pthe superior
and external circle, and diminution
with that of the inferior and internal.
It has also been explained how the
various motions and directions of the
globes are determined : it now therefore
only remains to speak of the remarka-
ble position of the eyes during sleep.
Whilst the eyes are being closed for
sleep, the globes are directed involun-
tarily upwards and inwards, so as to
converge upwards; and the pupil is
contracted. In a little while, how-
ever, a very different position of the
eyes is found, to which Tortual* has
very properly drawn attention in

= Ammon’s Monatsschrift; 1838,
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‘as we have already proved. A great
~ many s, indeed, as Zinn, To-
- racca, Fontana in some degree, Adams,
- Doemling, Magendie, and Palmedo,
. controvert this position; yet, except
- the arguments already related, nothing
‘is adduced which in the least coun-
?% tenances the supposed voluntary power
* over the iris. Magendie, in the first
~ volume of his Physiology, states that
- the pupil is capable of voluntary un-
~ dulation, which, I candidly confess, I
~have never seen. Palmedo imagines
- he proves the truth of this opinion by
the following circumstances :—* There
| are,” says he, “ two phenomena tend-
~ ing no little to establish the voluntary
~ motions of the iris, because only ex-
- plicable upon this supposition. We
~ have already said, that when there are
two pupils, the lateral one dilates in
the ﬁg‘gt. whilst the central one con-
| tracts; and contracts in the dark,
 whilst the central one dilates. But
if the central pupil is closed b
synizesis, and the m&r%nal pupil
only remains, and if the preced-
ing inflammation has not entirely
destroyed the natural structure of the
iris, it has oftener been observed that
the marginal pupil no longer dilates,
but contracts in the light, and dilates
in the dark, like the original but de-
stroyed central pupil. It is perfectly
clear that these contrary effects of
light can only be interpreted by ad-
~ mitting an intervening mental influ-
ence. There is another circumstance
no longer questionable ; namely, that
the pupil of persons afflicted with
central leucoma of the cornea (not
exceeding the size of the pupil), gra-
dually recedes from its natural situa-
tion, even its natural form (though
the iris, as shewn by its unchanged
aspect and healthy motion, is free
from disease) ; and withdraws from its
central to a lateral position in the iris,
where it may more easily evade the
impediment offered by the cornea to
the transition of light.”” The opposite
effects, displayed in the normal and
marginal pupil, necessarily hapEen in
the case of every muscle which con-
tracts in the manner of asphincter : but
if the central pupil is obliterated, it
then presents a I'i)xed point, of which
the margin of the lateral pupil was
jously destitute ; so that the latter
mes capable of more easy and
regular contraction. The case of cen-

tral lencoma prove still less, because
the pupil is dilated by the shadow of
the leucoma itself; and the person, in
order that the rays of light may enter,
turns the eye laterally; and thus, by
moving the muscles of the globe, ex-
cites indirectly an alteration of pupil
at first only momentary, but soon
becoming habitual and permanent.
But all these movements, in what-
ever way produced, are widely dif-
ferent from voluntary actions.

The iris is not a single muscle, but
an aggregation of muscular faseciculi;
on the action of certain of which the pu-

il is diminished, and by the others is
ilated ; while,when both are paralyzed,
thestate of dilatation prevails, yet does
not mnearly reach its utmost point.
We shall presently shew that the
fasciculi which contract the pupil are
flexors, and those that dilate it ex-
tensors; and that the former derive
most likely all their nervous fibres, but
certainly all their motor ones, from the
motor oculi, by means of the short
root of the ciliary ganglion; and the
latter theirs, from the spinal marrow
throngh the long root.

The iris is moved, and the pupil un-
dergoes alteration :—

Ist. When the retina or optic nerve
(maintaining its continuity with the
brain) is irritated;—in which case,
mechanical or chemical stimuli act in
the same way as the stimulus of light
does upon the retina.

2d. By strong irritation of the oph-
thalmie division of the trigeminal
nerve, the pupil, as we shall see be-
low, in the human subject, and have
stated already with respect to rabbits,
becomes greatly contracted*; but in
cats and dogs, according to Magendie,
dilates. This coarctation of the pupil
in rabbits lasts until opacity of the
cornea and effusiont into the anterior
chamber impede the view of it.

3d. When the sentient fibres of the
iris are slightly stimulated, they very
frequently fail to excite reflex motion ;
which is produced, notwithstanding,

* Fario, in Behrend’s Journal, vol. v. incor-
rectly affirms that it becomes dilated, in oppo-
sition to Magendie, who first obgerved this con-
traction.

+ For these symptoms to ensue, division of the
trunk of the trigeminal is not eesential; buot
strong pressure, the actual continuity of the
nerve nmot being destroved, 1g saflicient. This
experiment, which is easily performeaid with the
nearotome, I have repeated several times, with
the same result.
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when regeneration has taken place,
all the symptoms vanish, The alte.
ration of pupil is, during its existence,
‘invariably confined to the side on
‘which the lesion of the nerves has
“been produced.

I at first believed this alteration of
pupil to be caused by reflex action ; but
~as such an opinion was invalidated by
ﬁg!;:lung duration of the pupillary con-
‘traction,and by its not being pru}gngﬂteﬂ
from one globe to the other, I began a

fresh series of experiments. After
~ laying bare the ganglion of the vagus,

!wi{h El.l:nr: utmost care and minuteness,

1 cut through those branches which
~ enter the outer and posterior border of
~ the ganglion from the superior cervical
‘nerves; and upon this, the pupil (pre-
-viously rather contracted) became elon-

gated in the longitudinal direction, and
~angular at the upper part. The trunk
- of the vagus leaving the ganglion to
- descend the neck was then divided, but
‘mo alteration in the Eupil resulted ; nor

was any observed when [ cut through
the same nerve where it enters the
ganglion from above. From this, then,
it is manifest, that the fibres entering
- the ganglion from the superior cervical
‘merves are really those which produce
alteration in the pupil. The trunk of
- the sympathetic, nearly as far as the
- superior cervical ganglion, in like
manner does not affect the pupil ; yet
the aperture undergoes a change imme-
'- diatellj}ir if the posterior and external
surface of the

nglion is cut; whence,
it is obvious, the ease is here the same
- as with the These phenomena
‘are often observable on very recent
- snbjects also; for if the spinal marrow
of a rabbit is divided at the situation
of the first vertebra, and its cervical
- portion destroyed, the pupil not un-
~ commeonly at the same instant becomes
- remarkably contracted. Indogs, how-
ever, there is some difference; the
fibres capable of causing motion of the
iris being in them contained within the
cervieal cord of the vagus and sympa-
thetic, as well as in the ganglionic
potion : it is fair to infer, therefore,
that they enter the vagus and s¥mpa~
thetic lower down ; and this conclusion
is completely borne out by experiment.
For oftentimes, if directly after the
~ death of a dog, killed by hemorrhage
from the heart and aorta, the inferior
cervical ganglion, or that part of the
vagus and sympathetic immediately

WL a A s R

above it, is irritated, the pupil con-
tracts, and again dilates upon removal
of the irritation. The alteration of
ﬂ:pil is indeed greater, if the irritation

applied at a higher point; from
which we may conclude that fresh-
motor fibres are there added.

Lastly, in horses as in rabbits, the
motor fibres seem to proceed from
the spinal marrow towards the head, at
the higher point; since no diminution
of pupil can be observed, when the
lower cord of the vagus and sympa-
thetic is divided, though Dupuy, Du-

uytren, and Breschet, observed it after
Hi?iﬁiﬂ]‘l of the superior cervicalganglion
of the sympathetic.

From the foregoing facts the fol-
lowing deduetions may be drawn :—

1. The iris is endowed with two sets of
nerves, which are of cerebral and spinal
origin, respectively; the filaments of
the former being derived from the
motor oculi nerve, and those of the
latter from the cervico spinal nerves.

2. The cerebral fibres, passing
through the inferior division of the
motor oculi, enter the ciliary ganglion
by its short root. The spinal fibres
arising from the cervico-spinal nerves
traverse, in the dog and horse, a por-
tion of the vagus and sympathetie in
the neck, and then enter the superior
cervical ganglion of the latter: while
in rabbits, and, as we shall presently
see, in man, they scarcely touch the
simple cords of those nerves; but on
emerging from the superior cervical
nerves enter, some the ganglion of the
vagus; some, the superior cervieal
ﬁangliun of the sympathetic. They all,

owever, proceed by means of the
carotid plexus; and having passed on,
through the ophthalmie division of the
trigeminal, reach the eiliary ganglion
by its long root.

3. As the motor oculi and the
cervico-spinal nerves are of mixed
nature, it is reasonable to suppose that
both sets of the iridal nerves contain
fibres of sensation as well as fibres
of motion; though it is evident that
the latter fibres a%nne admit of demon-
stration, the others can only be in-
ferred. Be this as it may, the hypo-
thesis hitherto received, that the motor
nerves of the iris reach the membrane
by means of the short root of the ciliary
ganglion, and those of sensation
through the long one, is incorrect; as






‘geveral experiments are compared to-
gether, it appears that the filaments
coming from the ganglion of the
gympathetic supply the muscular
fibres of the ins at &h&hinfm'ior p;rétl.ion
of the pupil; and those proceeding
Tgﬂnm'thwyﬁ:‘ ganglion of the vagus, the
fibres nearest its superior boundary ; so
 that, by a mere operation successfully
‘executed, the figure of the pupil is
“made oblong in the endicular di-
- rection, e more, however, we pro-
ceed upwards in operating upon the
~ eervical ganglion of the sympathetic,
- the more does the effeet upon the
iris and pupil also become developed
from below upwards and backwards;
~ while the further we descend in
the ganglion of the vagus, so much
more is the effect from above, down-
wards and forwards. It is from this
~ easily intelligible why the pupil be-
comes obliquely oblong (as it is not
unfrequently observed in the human
subject), when both these parts, together
wit;l their immediate branches, are cut

awag. /
- 12, In tion as the spinal ner-
vous supply is destroyed, the cerebral
one becomes more influential ; ns the
flexors, in other cases, produce con-
traction of a limb, when the extensors
are paralytic or divided : and as, when
the extensors are enfeebled, the con-
traction of the flexors, though already
at, admits of increase upon strong
~ irritation of the nerves, so is it with the
iris. This is demonstrated by the fol-
lowing experiment :—The ganglion of
the vagus of a rabbit was removed on
the left side, and the pupil was thereby
rendered small, longitudinally oblong,
acute at its superior extremity, and
rounded at the inferior. The animal
~ being now killed suddenly by a wound
- of the heart, the pupil became a little
more contracted still; then, dividing
the head as quickly as possible along
the central line, [ extirpated the supe-
rior cervical ganglion of the sympa-
thetic ; when the pupil became yet
more contracted amy most _eircular,
though slightly angular at its extre-
mities and side. very time I irri-
tated mechanieally the left motor ocull
~ merve, the pupil became so small as to
~ be comparable only to the minutest
g nule ; but when the irritation ceased
- the former condition of pupil returned.
This experiment | have repeated three
times with precisely the same result.

13. As the flexors occupy for the
most part one surface of the extremi-
ties, and the extensors another, yet on
one and the same surface, notwith-
standing, both flexors and extensors
exist; so, in the iris, though the cir-
calar fibres surrounding the pupillary
margin comprise the great majority of
those which contract the ﬂpupil, and its
extensor fibres are chiefly situated at
the periphery, yet neitherset of muscu-
lar fasciculi appears strictly circum-
seribed within these limits.

14. The antagonism of the contrac-
tors and dilators is remarkably exem-
plifiedin artificial pupils. Thus,if a lon-
gitudinal fissure is made almost in the
centre of the iris of a healthy rabbit,
when both sets of fibres are acting, the
wound becomes diminished in length,
and cireular : while, if the same opera-
tion is performed on a rabbit, of which
the spino-iridal nervous supply is de-
stroyed ; the artificial pupil presents a

rsistent longitudinal fissure, more or

ess parallel to the pupillary margin.

15. Upon evacuvation of the agqueous
humour the pupil of a healthy rabbit
becomes notably contracted; whereas
in one, of which the spino-iridal nerves
are divided, it expands under the same
operation.

16. When the spinal source of suppl
is cut off, the pupil becomes contracted,
and continues so, unaltered by the
light. If, however, some time have
elapsed; 1t occasionally happens in
rabbits, that the pupil enlarges when
the strong light of a candle falls upon
the eye, and contracts in the dark,

These phenomena are explicable in
the following manner. In a sound eye,
upon the impression of light, or evacua-
tion of the aqueous humour, the cerebro-
iridal overcome the spino-iridal nerves,
and diminution of pupil results. An
extreme of this condition also ensues,
and is persisteni, owing to the un-
opposed action of the contractor, when
the latter nerves are divided, and
the former alone remain efficient,
Now, as the light is a moderate stimu-
lus, it still produces its ordinary ef-
fect, provided the contraction has
not reached its utmost limit: this is
now and then the case with rabbits,
especially when a few weeks have
elapsed after the operation, If, how-
ever, it has already reached its highest
degree, and an irritation suflicient to
overcome the power of the cerebro-






pupil smaller than the right; the
onjunctival vessels of the left globe
essively congested; some degree
ptosis on the same side; but no
eakness of vision in either eye, nor
lucination of the senses, nor dis-
rbance of the intellect; “loss of
“motor er in the left arm, but no
contraction mnor anwsthesia of the
_paralytic limb; movements of the left
inferior extremity much impaired.
Death occurred in sixteen days. On
post-mortem examination, the brain
~was found healthy : but the arachnoid
-was injected ; and the transverse liga-
‘ment of the atlas, which separates the
‘odontoid process of the axis from the
medulla spinalis, totally destroyed ; so
‘that this apophysis, which was itself
rough and irregular, compressed and
produced softening of the medulla.
"The left superior articular surface of
the atlas was not connected with the
~eondyle of the oceipital bone by either
ligament or capsule, the left half of
‘both bones being carious and sur-
rounded with a quantity of pus; and
“diso ization gf the same kind, but
‘to a less extent, existed on the right
‘gide. The anterior surface of the
‘bodies of these vertebree was carious,
‘and “there was a large collection of
- pus between them and the pharynx,
which ted an aperture in lien
‘of a portion of one of the cervical
yertebree.” The remainder of the
spinal column and medulla, together
‘with the thoracic and abdominal
viscera, were free from morbid appear-
~ As it is unquestionable that, in
the foregoing case, the motor cords of
the left side were paralyzed, sois it also
clear that the motor spino-iridal fibres
- were similarly affected: and the pupil
‘being described as smaller, we may
- perhaps assume that it was of ob-
y form. Man, therefore, in this
k ﬁarticular, resembles the rabbit, which,
ke him, has the cervical vagus andsym-

' Fﬂ.lhetiu distinet, rather than the dog,
" in which the same nerves are united:
so that in this respect anatomical con-
- formation and physiological characters
~ completely tally.
] imly* speaks of some cases of
amaurosis and amblyopia in which
~ the ordinary effect of light upon the
- pupil is reversed; and Hennen re-

"% Ophthalm, Brobacht,, Ophthalm. Biblio-
thek, vol. ii.

marked the pupil expand upon in-
crease of light, and contract with
its diminution, in a person the ex-
amination of whose body subsequently
disclosed extravasation of blood between
the membranes of the brain. This
phenomenon, at first sight, seems expli-
cable in two ways: either, the spinal
nerves of the iris being paralyzed, a
condition was established, the effect of
which, as exhibited in rabbits, has
already been explained; or, the cerebro-
iridal nerves being paralyzed, the ex-
tensors of the pupil only retained the
power of contracting upon the action
of light; and relaxed again on its re-
moval, Since, however, the latter
explanation is not supported by ex-
periment on animals, the former ci'aims
preference. In conclusion, when, as
is observed not unfrequently, both
Eupils of an individual are motionless ;

ut one contracted and the other
dilated ; both classes of iridal nerves
are paralyzed—the cerebro-iridal set;
in the other in the last mentioned eye,
the spino-iridal.*

By the preceding observations, other
symptoms which ensue upon division
of the carotid nerves emerging from the
cervical glanglinn and vagus are made
intelligible.

* Various anomalons distributions of the nerves
will be now better understood: and among them,
the case observed by Otto, to be found in Seltene
Brebacht, zor Anat. &c., in which the nasal nerve,
not pmneedinr from the ophthalmic division of
the trigeminal, but from the abducens, su iplied
the long root of the ciliary ganglion, and two
long ciliary branches. In this instance, un-
dou tu:ll{l._ the spino-iridal nerves did not pass
with the trigeminal and abducens, but with the
latter alone. Again, if it happens occasionally,
as Morgagni, Meckel senr., and Zinn (in his
# Descrip. Oculi Hum,,””) have observed, that
both the long and the short roots of the ganglion
are derived from the motor oculiy we must sup-
pose that the spinal supply then passes either
throngh the long ciliary branches, or the motor
oculi. 1f, as Schlemm witne.-;ﬁ«ed,mui hasnoticed in
his ¢ Obs, Neurol.,” the long root before enterin
the -::iliarr“ nglion communicates by a branch
with the rymal nerve, that which we shall
presently staté respecting the secretion and ex-
cretion of tears after section of the spinal ner-
vous supply, will throw light upon the variety.
Finally, the anomalies recently described by
Hyrtl (Med. Jahrb, d. Oester. St., vol. xxviii.,}
are perfectly explicable from his own observa-
tions; as in the case in which a branch came
from the abducens nerve to the ciliary ganglion,
this nerve had previously received it from the
motor oculi. So, when fibres are added from the
guperior division of the last mentioned nerve,
dilatation of pupil, in accordance with our pre-
vious statements, would perhaps occur more
readily on elevating the ulg_?er lid. The inferior
long root discovered by Hyrtl, as like the long
root ordinarily described, it arises from the naso-
ciliary nerve, does not affect the physiological

inguiry.






