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PREFACE TO THE FIRST EDITION.

“Apruiep Axatomy has, I imagine, a twolold funetion.
On the one hand it serves to give a precise basis to
those incidents and procedures in practice that more
espeeially involve anatomical knowledge ; on the other
hand it endues the dull items of that knowledge with
meaning and interest by the aid of illustrations drawn
from common medical and surgical experience. In this
iatter aspect 1t bears somewhat the same relation to
Systematic Anatomy that a series of experiments in
Physics bears to a treatise dealing with the bare data
of that science.

The student of Human Anatomy has often a nebulous
notion that what he is learning will sometime prove
of service to him ; and may be conscious also that the
study is a valuable, if somewhat unexciting, mental
exercise. Beyond these impressions he must regard
his efforts as concerned merely in the accumulation
of a number of hard unassimilable facts. It should be
one object of Applied Anatomy to invest these facts
with the interest derived from an association with the
circumstances of daily life; it should make the dry
bones live.

It must be owned also that all details in Anatomy
have not the same practical value, and that the memory
of many of them may [fade without loss to the com-
petency of the practitioner in medicine or surgery. It
should be one other object, therefore, of a book having
such a purpose as the present, to assist the student in
judging of the comparative value of the matter he has
learnt ; and should help him, when his recollection of
anatomical facts grows dim, to encourage the survival
of the fittest.
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In writing this manual I have endeavoured, so far
as the space at my command would permit, to carry
out the objects above described ; and while I believe
that the chief matters usually dealt with in works on
Surgical Anatomy have not been neglected, 1 have
nevertheless tried to make the principle of the book the
principle that underlies Mr. Hilton's familiar lectures
on “ Rest and Pain.”

I have assumed that the reader has some knowledge
of Human Anatomy, and have not entered, except in a
few instances, into any detailed anatomical descriptions.
The bare accounts, for example, of the regions .con-
cerned in Hernia I have left to the systematic treatises,
and have dealt only with the bearings of the anatomy
of the parts upon the circumstances of practice. The
limits of space have compelled me to omit all those parts
of the “ Surgery of the Arteries ” that deal with ligature,
collateral circulation, abnormalities, and the like. This
omission I do not regret, since those subjects are fully
treated not only in works on operative surgery but also
in the manuals of general anatomy.

The book is intended mainly for the use of students
preparing for their final examination in surgery. |1
hope, however, that it will be of use also to practitioners
whose memory of their dissecting-room work 1s growing
a little gray, and who would wish to recall such ana-
tomical matters as have the most direct bearing upon
the details of practice. Moreover, it is possible that
junior students may find some interest in the volume,
and may have their studies rendered more intelligent,
by learning how anatomy is concerned in actual dealings
with disease.

FreEpERICK TREVES.

Sept., 1883.









SURGICAL - APPLIED ANATOMY.
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Part F,

Tar HExXD AND NECK.

CHAPTER .1,
THE SCALP.

THE seft parts covering the vault of the
skull may be divided into five layers: (1) the skin,
(2) the subecutaneous fatty tissue, (3) the ocecipito-
frontalis muscle and its aponeurosis, (4) the sulb-
aponeurotic connective tissue, and (5) the pen{ ranium.
It 1s convenient to consider the term “scalp”™ as
limited to the struecture formed by the union of the
first three layers above named (Fig. 1).

The skin of the sealp is thicker than it is in any
other part of the body. It is in all parts intimately
adherent, by means of the subcutaneous tissue, to the
aponenrosis and musele beneath it, and, from this
adhesion, it follows that the zkin moves in all move-
ments of that muscle. The subentaneons tissue is, like
a similar tissue in the palm, admirably constructed to
resist pressure, being composed of a multitude of fibrous
bands enclosing fat lobules in more or less isolated
spaces (Fig. 1,b). The density of the scalp 1s such, that in
surface inflammations, such as cutaneous erysipelas, it
is unable to present (E“'{Cﬂpt in a very ﬂ;llg]lt dewree)
two conspicuous features of such mﬂwmmatmnﬂ' viz.,
redness and swelling. The skin i1s provided with a
great number of sebaceous glands, which may develop
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into eystic tumours or wens, such cysts being more
common upon the scalp than in any other part of the
body. Being skin growths, these cysts, even when
large, remain, except in rare instances, entirely out-
side the aponeurosis, and can therefore be removed

1

Fig, 1.—Diagram showing the Laycrs of the Sealp and Membranes of
the Brain in Seetion.

@, 8kin; b, subcutaneous tissue with hair roots and veszzels; ¢, epicranium
g, sub-aponeurotic layer ; e, pericranium ; f, parietal ; ¢, dura mater; r, arach-
noid ; I, pia mater; m, cortex; u, in subdural space near a Pacchionian body
brojecting within the superior longitudinal sinus.

without risk of opening up the area of loose con-
nective tissue between the aponeurosis and the peri-
eranium,

There being no fatty tissue in any of the layers
that cover the bony vault save in the subeutaneous
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layer, it happens that in cases of obesity the secalp
undergoes but little change, the fat in the subeu-
taneons tissue being limited by the dense fibrous
structures that enclose it. For the same reasons fatty
tumours of the scalp are very rare. The attachment
of the hairs collectively to the scalp i1s so strong that
* there are many cases where the entire weight of the
body has been supported by the hair of the scalp.
Agnew records the ecase of a woman whose hair
became entangled in the revolving shaft of a machine.
The hair did not give way, but the entire scalp was
torn off from the skull. The patient recovered. 1
have seen a precisely similar case in a girl aged 13.
(Museum, R. Coll. Surgeons, 87 I.)

The damngerous area of the scalp.—Between
the aponeurosis and the pericranium is an extensive
laver of loose connective tissue, that may, for reasons
to be presently given, be fairly called the dangerous
area of the scalp (Fig. 1, d). The mobility of the
scalp depends entirely upon the laxity of this layer of
tissue. In extensive scalp wounds, when a part of
the scalp is separated in the form of a large flap, a
flap that may hang down and cover half the face, it
is the very looseness of this tissue that permits such
separation. In the Indian process of scalping, a
taste that is becoming one of the past, the much-
prized piece of skin is torn from the skull through
this lax area of connective tissue, and, were there no
such area, scalping would be an operation requiring
some time and art.

The exposure of the skull in a post-mortem exami-
nation 1s effected by peeling - off the scalp along
this layver of loose tissue, and it i1s remarkable with
what ease the skull can be exposed by this manceuvre.
Sutures may be safely applied to adjust sealp
wounds, provided they are not too long retained.
They probably include the aponeurosis, and if long
retained may act as setons and set up suppuration,
which may find its way into the loose layer beneath
the aponeurosis.



4 SvrcicAaL ApPLIED ANATOMY. [Chap. L

Wounds of the sealp never gape, unless
the wound has involved the scalp muscle or its
aponeurosis.  When this structure has been divided
the lax layer beyond permits of great separation of
the edges of even the simplest wonnds. In uneompli-
cated incised wounds, the amount of gaping of the
cut depends upon the action of the occipitofrontalis
muscle. Those wounds gape the most that are made
across the musele itself, and that are transverse to the
direction of its fibres, while those show the least
separation that involve the aponeurosis and are made
in an antero-posterior direction. The mobility of the
scalp 1s more marked in the young than in the old.
A case recorded by Agnew serves in a strange degree
to illustrate this fact in the person of an infant. -A
midwife attending a woman in labour mistook the
scalp of the infant for the membranes, and gashed it
with a pair of scissors. Labour pains came on and the
head was protruded through the secalp wound, so that
the whole vault of the skull was peeled like an orange.
The scalp being firmly stretched over the hard
cranium beneath, it follows that contused wounds
often appear as cleanly cut as are those that have been
made by an incision. Such wounds may be compared
to the clean cut that may be made in a kid glove when
it is tightly stretched over the knuckles and those
parts are sharply rapped.

The scalp is extremely vascular, and presents there-
fore a great resistance to sloughing and gangrenous
conditions.  Large flaps of a lacerated scalp, even
when extensively separated and almost cut off from
the rest of the head, are more prone to live than to
die. A like flap of skin, separated from other parts
of the surface, would most probably perish; but the
scalp has this advantage, that the vessels run practic-
ally in the skin itself, or are, at least, in the tissue
beyond the aponeurosis (Fig. 1). Thus, when a scalp
flap is torn up, it still carries with it a very copious
blood supply. Bleeding from these wounds is usually
very free, and often difficult to arrest. This depends not
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so much upon the number of vessels in the part as
upon the density of the tissue through which these
vessels run, the adherence of the outer arterial wall to
the scalp structure, and the inability, therefore, of the
artery to properly retract when divided.

For the same reason it 1s almost impossible to pick
up an artery divided in a scalp wound. The bleeding
is checked by a hare-lip pin or by pressure.

In all parts of the body where a dense bone is
covered by a comparatively thin layer of soft tissues,
sloughing of those tissues is apt to be induced by long
and severe pressure. The scalp, by its vascularity,
1s saved to a great extent from this evil, and is much
less liable to slough than are the soft parts covering
such bones as the condyles of the humerus or the sacrum.
But such an effect is sometimes produced, as in a case
I saw, where the tissues over the frontal and occipital
regions sloughed from the continued application of a
tight bandage put on to arrest bleeding from a frontal
wound.

The perieranium is but slichtly adherent to the
bone, except at the sutures, where it is intimately united
(Fig. 1,e). In lacerated wounds this membrane can be
readily atnpped from the skull, and often, in these injuries,
extensive tracts of bone are laid bare. The pericranium
differs somewhat in its functions from the periosteum
that covers other bones. If the periosteum be removed
to any extent from a bone, the part from whence it
1s removed will very probably perish, and necrosis from
deficient blood supply result. But the pericranium
may be stripped off a considerable part of the skull
vault without any necrosis, save perhaps a little super-
ficial exfoliation, fnllﬂwmg in consequence. This is
explained by the ‘fact that the cranial bones derive their
blood supply mainly from the dura mater, and are
therefore to a considerable extent independent of the
pericranium. A like independence cannot be claimed
for the periosteum covering other bones, since that
membrane brings to the part it covers a very copious
and essential contribution to its blood supply. This
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disposition of the pericranium is also well illustrated
by its action in cases of necrosis of the cranial bones.
In necrosis of a long bone, the separation of the seques-
trum is attended with a vigorous periosteal growth of
new bone, which repairs the gap left after the removal
of such sequestra. In necrosis of the vault of the skull,
however, no new bone is, as a rule, formed, and the
gap remains unrepaired. The general indisposition of
the pericranium to form new bone in other cir-
cumstances is frequently illustrated.

Abscess in the scalp region may be situated (1)
above the aponeurosis, (2) between the aponeurosis
and the pericranium, and (3) beneath the pericraniumm.
Abscesses in the first situation must always be small
and comparatively insignificant, since the density of
the scalp tissue here is such that suppuration can only
extend with the greatest difficulty. Suppuration,
however, in the second situation (in the loose tissue
beneath the aponeurosis) may prove very serious. The
laxity of this tissue offers every inducement to the
abscess to extend when once pus has found its way
between the aponeurosis and the pericranimm. Sup-
puration in this area may undermine the entire scalp,
which in severe and unrelieved cases may rest upon
the abscess beneath as upon a kind of water-bed. As
in scalp wounds the aponeurosis is often divided, and
as suppuration may follow the injury, it will be seen
that the chief danger of those lesions depends upon
the spreading of such suppuration to the area of lax
connective tissue now under notice. The significance
of a small amount of bare bone in a sealp wound is not
so much that evils will happen to the bone, but that
the aponeurosis has been certainly divided and the
dangerous area of the scalp opened up. Suppuration,
when it oceurs in this area, is only limited by the attach-
ments of the oceipito-frontalis musecle and its aponeurosis,
and therefore the most dependent places through which
pus can be evacusted are along a line drawn round
the head, commencing in front, above the eyebrow,
passing at the side a little above the zygoma, and ending
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behind at the superior curved line of the oceipital bone.
The scalp, even when extensively dissected up by such
abscesses, does not perish, since it carries, as above
explained, its blood supply with it. The abscess is
often very slow to close, since its walls are prevented
from obtaining perfect rest by the frequent movement
of the epiecranial muscle. To mitigate this evil, and
to ensure closing of the sinuses in obstinate cases, Mr.
‘Hilton advises that the whole scalp be firmly secured
by strapping, so that the movement of the muscle is
arrested.

Abscess beneath the pericranium must be limnted
to one bone, since the dipping in of the membrane at
the sutures prevents a more extensive spreading of the
suppuration.

Haematomata, or blood tumours of the
scalp region, oceur in the same localities as abscess.
The extravasation of blood above the aponeurosis must
be of a limited character, while that beneath it may
be very extensive. It fortunately happens, however,
that the cellular tissue between the aponeurosis and
the pericranium contains but very few vessels, and
hence large extravasations in this tissue are uncommon,

Extravasations of blood beneath the pericraniuin
are generally termed cephalheematomata, and are of
necessity limited to one bone. They are usually con-
genital, are due to pressure upon the head at birth,
and are thus most commonly found over one parietal
bone, that bone being probably the one most exposed
to pressure. Their greater frequency in male children
may depend upon the larger size of the head in the
male feetus. Such extravasations in early life are
encouraged by the laxity of the pericranium, and by
the softness and vascularity of the subjacent bone.

In the tempeoral region, or the region corre-
sponding to the temporal muscle, the layers of soft
parts between the skin and the bone are somewhat
different from those that have been already described
as common to the chief parts of the scalp. There i3 a
good deal of fat in the temporal fossa, and when this
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is absorbed it leads to more or less prominence of the
zygoma and malar bone, and so produces the projecting
“cheek bones ” of the emaciated. The temporal muscle
above the zygoma is covered in by a very dense fascia,
the temporal fascia, which is attached above to the
temporal ridge on the frontal and parietal bones, and
below to thp zyecomatic arch. The unyielding nature
of this faseia is well illustrated by a case recorded by
Denonvilliers, It concerned a woman who had fallen
in the street, and who was admitted into hospital with
a deep wound in the temporal region. A piece of bone
of several lines in length was found loose at the bottom
of the wound, and was removed. After its removal
the finger could be passed through an opening with
an 1111‘,*1&1(111]“‘ border, and came in contact with some
soft substance bevond. The case was considered to be
one of ecompound fracture of the squamous bone, with
separation of a fragment and exposure of the brain.
A bystander, however, noticed that the bone removed
was dry and white, and a more complete examination
of the wound revealed the fact that the skull was un-
injured, that the supposed hole in the skull was merely
a laceration of the temporal fascia, that the soft matter
beyond was muscle and not brain, and that the fragment
removed was simply a piece of bone which, lying on
the ground, had been driven into the soft parts when
the woman fEll

Abscesses in the temporal fossa are prevented by
the fascia from opening anywhere above the zygoma,
and are encouraged rather to spread into the pterygoid
and maxillary regions and into the neck.

The pericranium in the temporal region is muech
more adherent to the bone than it is over the rest of
the vault, and subpericranial extravasations of blood
are therefore practically unknown in this part of the
cranial wall.

Trephining.—This operation is frequently per-
formed in the temporal region, its object being to reach
extravasations of blood from the middle meningeal
artery. This artery crosses the anterior inferior angle
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of the parietal bone at a point 1% inches behind the
external angular process of the frontal bone, and 1%
inches above the zygoma.

In eutting down to the bone in the temporal region
the following structures are met with in order: (1) The
skin ; (2) branches of the superficial temporal vessels
and nerves; (3) the fascia continued down from the

13
Fiz. 2. - Po'nts for Travhining,

A, R, Spots for trephining in middle meningeal hemorrhage ; ¢, spot for trephin-
ing in abscess of the temporo-sphenoidal lobe: b, mastoid foramen. (After
Nancrede.)

epicranial aponeurosis ; (4) the temporal faseia ; (5) the
temporal musele ; (6) the deep temporal vessels; and
(7) the periecranium.

Trephining for wmeningeal hemorrhage.—Unless
localising symptoms give other indications, Kronlein
advises that the trephine holes in cases of meningeal
haemorrhage be determined as follows :—A line is drawn
around the skull at the level of the upper margin of the
orbit, and is throughout parallel with Reid’s base-line,
Fig. 2. (See also page 35.) The trephine is first placed
at a point on this line, which is from 11 to 12 inches
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(according to age and size of head) behind the external
angular process of the frontal bone (Fig. 2, o). Should
no clot be revealed, a second hole is made upon the same
line, just below the parietal eminence, and at a point
where a vertical line carried up from the posterior border
of the mastoid process bisects the line already given
(Fig. 2, B). The anterior branch of the middle menin-
geal artery i1s exposed at the first point, and the posterior
branch at the second.

Trephining for intracranial abscess.—The abscess
is often due to middle-ear disease, and 1s then very com-
monly found in the temporosphenoidal lobe or in the
cerebellum. It 18 estimated to be threee times more
common in the cerebrum than in the cerebellum.

The abscess of the temporo-sphenoidal lobe is usually
found, according to Mr. Barker, between two lines
drawn at right a,nules to Reid’s baseline. These lines
are about 11 111@]1:33 apart ; one passes through the
meatus, the other about 1% il_mhes behind that opening
(Fig. 2, zz). The trephine should be introduced in the
centre of the space marked out by these two lines, and
at a distance of about 1} inches above the base-line
(Fig. 2 a).

In dealing with an abscess of the cerebellum, the
best spot to select is, in the adult, 1} inches behind
the centre of the meatus and a quarter of an inch below
the base-line (Fig. 3, p).

In some cases 1t 1s 1mpossible to say if the abscess
is situated in the temporo-sphenoidal lobe or cerebellum.
In such cases Mr. Dean trephines at a point which lies
1% inches behind and a quarter of an inch above the
centre of the meatus. The lateral sinus is thus exposed
with a part of the dura mater above the tentorium
cerebelli, through which the temporo-sphenoidal lobe
may be explored. By extending the trephine opening
half an inch downwards the cerebellum may be examined.

Trephining for cerebral tumour. —The position of
the opening in the skull is obviously determined by
the localising symptoms. It is remarkable that little
trouble from lmmmrh'ir_fe has attended these operations.
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In any case, after trephining, the portion or portions
of bone removed may—if properly treated—he replaced
in the opening, and will serve to make good the gap
left by the operation.

In trephining the skull generally, the comparative
thickness of the cranial wall in various parts should
be borne in mind (page 28), and the large arteries of

Fig. 3.—Posterior part of 8kull showing Points for Trephining.
(After Dean.)

RR, Reid's haseline ; A, meatal point (central point of external anditory meatus) ;
B overgigmoid sinus (3" bebind meatal point) 5 C. over lateral sinnsz (1 behind
and 1 above meatal point); D, over cerebellum (13 behind and ¥ below
meatal point) ; E, supra-meatal triangle. over mastoidal antrom ; ¥, point
for tapping lateral ventricle (14“ abhove meatal point) ; A 1, meato-lambdnidal
line—the gecond inch of this hine hes over the convexity of the lateral =inus.

the scalp should be avoided if possible. In order to
accommodate the instrument to the varying thickness
of the skull, the pin of the trephine is not allowed to
protrude more than ;th of an inch. The trephine
should not be applied over the frontal sinuses, which
are often of large size in the aged, and should, when
possible, keep clear of the sutures, owing to the frequent
exit of emissary veins at or about suture lines. The
bone, moreover, at certain of these lines is of unequal
thickness. Between the bones forming the sutures
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passes the sutural membrane. This structure blends
with the dura mater, and laceration of it may conduce
to meningitis. Especially must the superior longitud-
inal sinus be avoided, which runs backwards in the
middle line, and terminates at, or slightly above, the
external occipital protuberance. Lateral lacunze of this
sinus may be encountered over an inch distant from
the middle line. The lateral sinus begins at the external
accipital protuberance, passes forwards and slightly
upwards and then bends downwards to groove the
mastoid three quarters of an inch behind the external
auditory meatus. In its passage forwards 1t rises
half an inch above the level of the meatus. If a line be
drawn from the meatal point to the lambda, 1t will be
found that the second inch of this line, counting from
the meatus, lies over the convexity of the lateral sinus
(see Fig, 3). =

The zygoma may be broken by direet or indirect
violence. In the latter case the violence is such as
tends to thrust the upper jaw or malar bone backwards.
When due to direct violence, a fragment may be driven
into the temporal muscle, and much pain caused in
moving the jaw. In ordinary cases there s hittle or
no displacement, since to both fragments the temporal
faseia 1s attached above and the masseter below.

The vessels and merves of the sealp.—The
supraorbital artery and nerve pass vertically upwards
from the supraorbital notch, which is situate at the
junction of the middle with the inner third of the upper
orbital margin., Nearer the middle line the frontal
artery and supratrochlear nerve ascend. This artery
gives life to the flap that in rhinoplasty is taken from
the forehead to form a new nose. The temporal artery,
with the auriculo-temporal nerve behind it, erosses
the base of the zygoma just in front of the ear. The
vessel divides into its two terminal branches (the an-
terior and posterior) 2 inches above the zygoma. The
branches of this artery, especially the anterior branch,
are often veryv tortuous in the aged, and afford early
evidence of arterial degeneration, Arteriotomy is some-
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times practised on the anferior branch of this vessel.
The superficial temporal vessels are very liable to be the
seat of cirsoid aneurism, as, to a less extent, are the other
scalp arteries. Cirsoid aneurism is more often met with
in the superficial temporal arteries than in any other
artery in the body. The posterior auricular artery and
nerve run in the groove between the mastoid process
and the ear, and the occipital artery and great occipital
‘nerve reach the scalp just internal to a point midway be-
tween the occipital protuberance and the mastoid process.
. Certain of the ermissary veims are of great import-
ance in surgery. These veins pass through apertures
in the cranial wall, and establish communications he-
tween the venous circulation (the sinuses) within the
skull and the superficial veins external to it. The
principal emissary veins are the following: 1. A vein
passing through the mastoid foramen and connecting
the lateral sinus with the posterior auricular vein or
with an oceipital vein. This is the largest and most
constant of the series. The existence of this mastoid
vein serves to answer the question, Why is it a common
practice to apply leeches and blisters behind the ear in
certain cerebral affections? 2. A vein connecting the
superior longitudinal sinus with the veins of the secalp
through the parietal foramen. 3. A vein connecting
the lateral sinus with the deep veins at the back of the
neck through the posterior condylar foramen (incon-
stant). 4. Minute veins following the twelfth nerve
through its foramen, and cmmﬂ{tting the ocecipital sinus
with the deep veins of the neck. Minute veins passing
through the foramen ovale, fﬂramen lacerum and carotid
canal to connect the cavernous sinus with (respectively)
the pterygoid venous plexus, the pharnygeal plexus,
and the internal jugular vein.

Then, again, many minute veins connect the veins
of the scalp with those of the diploe. Of the four diploie
veins, two (the frontal and anterior temporal) enter
into surface veins (the supraorbital and deep temporal),
and two (the posterior temporal "and oceipital) enter
into the lateral sinus.
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Lastly, there is the well-known communication
between the extra- and intra-cranial venous eirculation
effected by the commencement of the facial vein at
the inner angle of the orbit. In this communication
the angular and supraorbital veins unite with the super-
ior ophthalmic vein, a tributary of the cavernous
sinus.

Through these various f]mnnels. and through many
probably still less conspicuous, inflammatory processes
can spread from the surface to the interior of the skull.
Thus we find such affections as erysipelas of the sealp,
diffuse suppuration of the scalp, necrosis of the eranial
bones, and the like, leading by extension to mischief
within the diploe, to thrombosis of the sinuses, and to
inflammation of the meninges of the brain. If there
were no emissary veins, injuries and diseases of the
scalp and skull would lose half their seriousness. Mis-
chief may even spread from within outwards along an
emissary vein. Krichsen reports a case where the
lateral sinus was exposed in a compound fracture. The
aperture was plugged. Thrombosis and suppuration
within the sinus followed, and some of the pus, escaping
through the mastoid wvein, led to an absecess 111 the
neck.

Certain venous tumours are met with on the skull
They consist of collections of venous blood under the
pericranium that communicate, through holes in the
skull, with the superior longitudinal sinus. They are
median, are reducible on pressure, and receive a faint
pulsation from the brain. The holes are sometimes
the result of accident, others depend upon bone disease
or atrophy about a Pacchionian body, and a few are
due to a varicose emissary vein or to a congenital defect
in the eranium.

The scalp mewrves, especially such as are branches
of the fifth pair, are often the seat of neuralgia. To
relieve one form of this affection, the supraorbital nerve
has been divided (neurotomy) at its point of exit from
the orbit, and a portion of the nerve has been resected
(neurectomy) in the same situation.
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Some forms of frontal headache depend upon
neuralgia of this nerve. The inner branch of the nerve
reaches the middle of the parietal bone; the outer
branch, the lambdoid suture. ;

The Iymphaties from the occipital and posterior
parietal regions of the scalp enter the occipital and
mastoid glands; those from the frontal and anterior
parietal regions go to the parotid glands, while some
of the vessels from the frontal region join the lymphaties
of the face and end in the submaxillary glands (Fig. 21).

CHAPTER IIL
THE BONY VAULT OF THE CRANIUM.

- Position of the swtures.—The bregma, or
point of junction of the coronal and sagittal sutures,
1s in a line drawn vertically upwards from a point jusi
in front of the external auditory meatus, the head
being in normal position (Fig. 2). The lambda, or
point of junction of the lambdoid and sagittal sutures,
lies in the middle line, about 2% inches above the oceipital
protuberance. The lambdoid suture is fairly represented
by the upper two-thirds of a line drawn from the lambda
to the apex of the mastoid process on either side. The
coronal suture lies along a line drawn from the bregma
to the middle of the zygomatic arch. On this line,
at a spot about on a level with the external angular
process of the frontal bone, and about 1% inches behind
that process, 1s the pterion, the region where four bones
meet, viz. the squamous bone, the great wing of the
- sphenoid, the frontal and parietal bones. The summit.
of the squamons suture is 12 inches above the zygoma.

In the normal subject all traces of the fomtanellies
and other unossified parts of the skull disappear before
the age of two years. The anterior fontanelle is the
last to close, while the posterior is already filled at the
time of birth. It 1s through or about the anterior
fontanelle that the ventricles are usually aspirated

%
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in cases of hydroeephalus. The needle is entered either
at the sides of the fontanelle at a sufficient distance
from the middle line to avoid the sinus, or is introduced
through the coronal suture at some spot other than
its middle point. It may be noted that in severe hydro-
cephalus the coronal and other sutures of the vault
are widely opened.

The condition known as eranie-tabes, a condition
agsigned by some to rickets and by others to inherited
:3yphilis, 1s usually met with in the vertical part of the
oecipital bone, and in the adjacent parts of the parietal
bones, but especially in the posterior inferior angles
of these bones. In this condition the bone is greatly
thinned in spots, and its tissue so reduced that the
affected district feels to the finger as if oceupied by
parchment, or, as some suggest, by cartridge paper.
The thinning is mainly at the expense of the inner
table and diploe. The pits are situated in early formed
convolution 1mpressions. It 1s, on the other hand,
about the site of the anterior fontanelle that certain
osseous deposits are met with on the surface of the
skull in some cases of hereditary syphilis (Parrot).
These deposits appear as rounded elevations of porous
bone situated upon the frontal and parietal bones, where
they meet in the middle line. These bosses are separated
by a erucial depression represented by the frontal and
sagittal sutures on the one hand and the coronal suture
on the other. They have been termed * natiform ”
elevations by M. Parrot, from their supposed resem
blance, when viewed collectively, to the nates. To
the English mind they would rather suggest the outlines
of a “ hot-cross bun.”

It 1s necessary to refer to the development of
the skuli in order to render intelligible certain
conditions (for the most part those of congenital mal
formation) that are not wunfrequently met with.
Speaking generally, it may be said that the base of
the skull is developed in eartilage, and the vault in
membrane. The parts actually formed in membrane
are represented in the completed skull by the frontal
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and parietal bones, the squamo-zygomatic part of the
temporal bone, and the greater part of the expanded
portion of the t}cclpltal bone. The distinction between
these two parts of the skull is often rendered very marked
by disease. Thus there are, in the museum of the
Royal College of Surgeons, the skulls of some young
lions that were born in a menagerie, and that, in con-
sequence of mal-nutrition, developed certain changes
in their bones. A great part of each of these skulls
shows considerable thickening, the bone being converted
into a porous structure ; and 1t 1s remarkable to note
that these changes are limited to such parts of the skull
as are formed in membrane, the base remaining free.

Among the more common of the gross malformations
of the skull also is one that shows entire absence of all
that part of the cranium that is formed in membrane,
while the base, or cartilaginous part, is more or less
perfectly developed.

Meningocele is the name given to a congenital
tumour that consists of a pmtxuaiun of a part of the
cerebral membranes through a gap in an imperfectly
developed skull. When the protrusion contains brain,
it is called an encephalocele, and
when that protruded brain is dis-
tended by an accumulation of fluid
within the wventricles, 1t 15 called
hydrencephalocele. These protru-
sions are most often met with in
the occipital bone, and next in fre-
quenecy in the fronto-nasal suture,
while in rarer cases they have
been met with in the lambdoid,
sagittal, and other sutures, and
have projected through normal
and abnormal fissures at the base :
of the skull into the orbit, nose, Fig. 4. The Oece pital "
and mouth. Their frequency in Bone af Birth.
the oceipital bone may be in some
way explained by a reference to the development of that:
part. This bone at birth consists of four separate parts-

C
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(see Fig. 4), a basilar, two condylar, and a tabular or
expanded part. In the tabular part, about the seventh
week of feetal life four nueclei appear, an upper and alower
pair. These nuclei are to some extent separated by
fissures running inwards from the four angles of the
bone to meet at the occipital protuberance. The gap
running up in the median line from the inferior angle
at the foramen magnum to the occipital protuberance

Fiz, 5—Back View of Abnormal Skulls, showing Oeccipital and
Farietal Bones,

A, The " os épaectal " ; B, parietal filssures ; ¢, the sagittal fontanelle.

1s especially distinet (the temporary occipital fontanelle
of Sutton). It exists from the beginning of the third
to the end of the fourth month of intrauterine life.
Meningoceles of the occiput are always in the middle
line, and the protrusion probably occurs through this
gap. The gap associated with meningocele may extend
through the whole vertical length of the occipital bone,
and very commonly opens up the foramen magnum.
The lateral or transverse fissures divide the bone into
two parts. The upper part is developed from membrane,
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the lower part from cartilage. The lateral fissures
may persist, and may simulate fractures, for which
they have, indeed, been mistaken ; or they may be so
complete as to Elltll‘el} separate ‘the highest part of
the occipital bone from the remainder. “The hone so
separated is the os fpactal of the French (Fig. 5, A), the
interparietal bone of some animals.

Parietal fissures.—[n the developing parietal

bone, fibres concerned in ossification radiate towards the
periphery from two nuclei about the centre of the bone.
An interfibrillar space, larger than the rest, is seen about
the fifth month to separate the loose osseous fibres which
abut on the posterior part of the sagittal border from the
stronger fibres which form the rest of this border (Pozzi).
This is the parietal fissure. It usually closes and leaves
no trace, but it may persist in part as a suture-like
fissure, and be mistaken for a fracture (Fig. 5, B). If
‘the fissure persists equally on the two sides an elong-
ated lozenge-shaped gap 1s left, the sagittal fontanelle.
It 1s situate about an inch in front of the lambda, and
oceurs in over 4 per cent. of newly born children (Len]
(Fig. 5, ¢). The parietal foramina are remains of this
interval.

Wormian bomnes.—These irregular bones may
be mistaken for fragments produced by fracture. They
are most usually met with in the lambdoid suture.
One Wormian bone deserves special notice, as it may
be met with in trephining over the middle meningeal
artery. 1t exists between the anterior inferior angle
of the parietal bone and the great wing of the qphenmd
It is scale-like, and gives the impression that the tip of
the great wing ha,d been separated. It is known as
the epipteric bone.

Neerosis is fairly common on the vault of the skull,
and most often attacks the frontal and parietal bones,
while, for reasons that are not very obvious, it 1s rare
in the occipital bone. The external table is frequently
necrosed alone, it being more exposed to injury and less
amply supplied with blood than is the internal table.
From the converse of these reasons it happens that
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necrosis of the internal table alone is but rarely met
with. Necrosis involving the entire thickness of the
bone may prove very extensive, and in a case reported
by Saviard, practically the whole of the cranial vault
necrosed .md came away. The patient was a woman,
and the primary cause of the mischief was a fall upon the
head when drunk. (See page 5.)

Necrosis of the skull, as well as caries of the part,
is attended by certain syeua,l dangers that depend
upon the anatomical relations of the eranial bones.

Thus, when the whole thickness of the skull is
involved by disease, or when the inner table is
especially attacked, a collection of pus may form
between the dura mater and the affected bone, and
may produce compression of the brain. When the
diploic tissue is implicated, the veins of that part may
become thrombosed, or may be the seat of a suppurative
phlebitis, The mischief thus commenced may spread,
the great intracranial sinuses may be closed by throm-
bus, or septic matter may be conveyed into the general
circulation and lead to the dev elopment of pysemia.

Mere local extension may also cause meningitis.

In cases of necrosis of the external table the growth
of granulation tissue from the exposed and vascular
diploe plays a very important part in aiding the exfolia-
tion of the lamella of dead bone.

When bone disease leads to perforation of the skull,
the pulsations of the brain may be visible through the
abnormal opening.

Fractures of the skull.—It{ 1s not easy to
actually fracture the skull of a young infant. The skull
as a whole at this age is imperfectly ossified, the sutures
are wide, and between the bones there is much
cartilage and membrane, Moreover, the bones them-
selves 1n early life are elastic, and comparatively soft
and ylelding. If a blow be inflicted upon the vault
in a young child the most probable effect, so far as
the bone itsell is concerned, is an indenting or
bulging in of that bone unassociated with a fracture
in the ordinary sense, In this particular relation, the
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skull of an infant is to that of an old man as a
cranium of thin tin would be to a eranium of strong
earthenware. = The yielding character of the young
child’s skull is well illustrated by the gross deformity
of the head that certain Indian tribes produce in their
offspring by applying tight bandages to the part in
infancy. In the Rm*al College c:f Surgeons miuseum
are many skulls of “flat-headed " Indians, that show
to what an extreme this artificial deformity may be
carried. Guéniot also asserts that much deformity of
the head may be produced in infants by the practice
of allowing them to always lie upon one side of the
body. Here the deforming agent is simply the weight
of the brain.

Even in adults the skull is much less brittle than
i1s commonly supposed, and notions as to the breaking
ability of the cranial bones derived from the study
of the dried specimens are apt to be erroneous, During
life, a sharp knife properly directed may be driven
through the cranial vault so as to cause only a simple
perforating wound without splintering, and without
fracture of the bone beyond the puncture. Such a
wound may be as cleanly cut as a wound through thick
leather, and a specimen in the London Hospital museum
serves well to illustrate this. A case reported in the
Lancet for 1881 affords a strange instance of a knife
penetrating the skull without apparently splintering
the bone. A man wishing to commit suicide placed the
point of a dagger against the skull in the upper frontal
region, and then drove it well into the brain by a blow
from a mallet. He expected to fall dead, and was dis-
appointed to find thatnophenomena of interestdeveloped.
He then drove the dagger farther in by some dozen
blows with the mallet, until the blade, which was four
inches long, was brought to a standstill. The dagger
was removed with great difficulty, the patient never
lost consciousness, and recovered without a symptom.

The following anatomical conditions tend fo minimise
the effects of violence as applied to the skull : The density
of the sealp and its great mobility; the dome-like
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arrangement of the vault; the number of the bones
that compose the head, and the tendency of the violence
to be broken up amongst the many segments; the
sutures which interrupt the continuity of any given
force, and the sutural membrane, which acts as a kind
of linear buffer; the mobility of the head upon the
spine ; and the elasticity of the cranial bones themselves.

The skull is further strengthened by the presence
of six buttresses or pillars at the junction of the vault
and base. Two of these are lateral, the orbito-sphenoid
anteriorly and the petro-mastoid pﬂsteriurly, while the
fronto-nasal and occipital strengthen the anterior and
posterior ends of the skull.

In children the membranous layer between the
sutures is of considerable thickness, but, as age
advances, this membrane disappears, and the bones
tend to fuse together (synostosis). The sutures begin
to be obliterated about the age of forty, the change
commencing on the inner aspect of the suture, and
appearing first in the sagittal suture, then in the
coronal and lambdoid, and Tast in the squamous. The
synostosis may be complete by the age of eighty
(Tillaux), and its onset is said to be coincident with
the cessation of increase in the weight of the brain.
This latter assertion is supported by the fact that it
appears earlier in the lower races of mankind. As
age advances, moreover, the skull bones become less
porous, and lose much of their elasticity. They are,
therefore, more readily fractured in the aged than in
the young.

As a rule, in fracture, the entire thickness of the
bone 1s involved ; but the external table alone may be
broken, and may even be alone depressed, being” driven
into the diploe, or, in the case of the lower frontal region,
into the frontal sinus. The internal table may be broken
without a corresponding fracture in the outer plate ;
and in nearly all cases of complete fracture, especially
in such as are attended with depression, the internal
table shows more extensive splintering than does; the
external. There are many reasons for this, The .1n-
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ternal plate is not only thinner than the external, but
is so much more brittle as to receive the name of the
“ vitreous table.” A force applied to the external table
may be extremely limited. and produce, as in a sabre
cut, but a limited lesion. As the force, however, travels
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through the diploe it becomes broken up, and reaches
the inner plate as a much more diffused form of violence.
This is especially the case when parts of the outer table
are driven in. Then, again, the internal plate is a part
of a smaller curve than is the external plate; and,

S
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Fig. 7.

lastly, Agnew assigns a reason for the greater vulner-
ability of the inner plate that has reference to the general
yielding of the bone. In Fig. 6 A B represents a section
of a part of the vault through both tables, and ¢ p and
EF two vertical and parallel lines. Now, if force he
applied to the vault between these parallel lines, the
ends of the arch, A B, will tend to become separated,
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-and the whole arch, yielding, will tend to assume the
ccurve shown in Fig. 7. In such case, the lines ¢p
:and £ F will converge above and diverge "below (Fig. 7),
:30 that the violence would tend to force the bone particles
mglether at the outer table and asunder at the inner
table.

Fractures of the wvault are due to direct
‘violence. The construction of the skull is such that the
{fracturing force is resisted in many ways. (1) When a
'blow is received on the vertex in the parietal region, the
‘force tends to drive the upper borders of the two parietal

‘bones inwards. Such driving in of these borders must
ibe associated with a corresponding outward movement
-of the inferior borders. This latter movement is forcibly
iresisted by the squamous bone and the great wing of
‘the sphenoid, which overlap the lower edge of the parietal
‘bone. Moreov er, the force transmitted to the squamous
‘bone is passed on to the zygomatic arch, which takes
1ts support from the superior mnxillﬂr}' and frontal
bone. This arch then acts as a second resisting buttress,
and this transmission of force from the vertex to the
facial bones is said to be illustrated by the pain often felt
in the face after blows upon the top of the head. (2)
If the upper part of the frontal bone be struck, the
force 13 at once transmitted to the parietal bones, be-
cause the upper part of the frontal bone (owing to the
manner in which its border is bevelled) actually rests
upon the two parietal bones, so the same resistance is
again called into action. If there be any tendency
for the inferior parts of the bone to move outwards,
as would certainly be the case while the mid-frontal
suture existed, such movement would be resisted by the
great wings of the sphenoid and by the anterior inferior
angles of the parietal bones which embrace or overlap
these parts of the frontal. Thus it will be seen
that much depends upon the manner in which the
corresponding edges of the frontal and parietal bones
are bevelled. (3) Blows upon the oceiput are less dis-
tinetly provided for, and it must be owned that a by
no means heavy fall is sufficient to break this bone.
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It must receive, however, much protection from its
connections with the two parietal and temporal bones,
and from its articulation with the elastic vertebral
column.

Fractures of the base of the skull may be
due to (1) direct or to (2) indirect violence, and, most
commonly of all, to (3) extension of a fnwtnrn from
‘the vault. (1) The base has been fractured by direct
violence by foreign bodies thrust through the nasal
roof, through the orhital roof, and through the base
as it presents in the pharynx. The posterior fossa can
also be fractured by violence applied to the nape of the
neck. (2) Of fra:::tures by indirect violence the following
examples may be given : Blows applied to the lower part
of the frontal bone have been associated with no lesion
other than a fracture of the cribriform plate or of the
orbital part of the frontal, these parts being much
disposed to fracture on account of their extreme tenuity.
In falls upon the chin, the condyle of the lower jaw has
been so violently driven against the glenoid cavity as to
fracture the middle fossa of the skull. f1h’i‘-‘-”1]g]1"’m
gives a case where the condyle was actually thrust into
the cranial cavity, and produced an abscess in the super-
imposed part of the brain. When the body in falling
has alighted upon the feet, knees, or buttocks, the fﬂI‘Cﬁ
has hEFI‘l transmitted 11011# the ‘Ecltl‘])l"’:i mlumn and
has led to fracture of the base in the oceipital region.
Such accidents are most apt to eccur when the spine is
kept rigid by muscular action, and the mechanism
involved is precisely similar to that whereby the head of
a broom is driven more firmly on to the broom-handle
by striking the extreme end of the stick against the
ground. The theory that the base is often broken by
contre-coup is pretty generally abandoned, although
there are a few cases that appear to support the sugges-
tion. Such a case was recorded by Mr. Hutchinson,
and in it a fracture of the occipital bone was associated
with a like lesion in the eribriform plate, the intervening
part of the skull being uninjured. (3) Fractures of the
vault, and especially linear fractures due to such diffused
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violence as obtains in a fall upon the head, are very apt
to spread to the base. In so spreading they reach the
base by the shortest possible route, and without any
regard to the sutures encountered or to the density
of the bones involved. Thus, fractures of the frontal
region of the vault spread to the anterior fossa of the
base, those of the parietal region to the middle fossa,
and those of the occipital region to the posterior fossa.
To this rule there are but few exceptions. To indicate
more precisely the exact bones involved in these three
districts, P. Hewett has divided the skull into three
zones. The anterior zone included the frontal, the
upper part of the ethmoid, and the fronto-sphenoid ;
the middle, the parietals, the squamous, the anterior
part of the petrous portion, and the greater part of the
basi-sphenoid ; and the posterior, the occipital, the
mastold, the posterior part of the petrous bone, with a
small part of the body of the sphenoid.

In all fractures of the base there is usually a dis-
charge of blood and of cerebro-spinal fluid externally.
(1) In fractures of the anterior fossa the blood usually
escapes from the nose, and is derived from the menin-
geal vessels, or in greater degree probably from the
torn mucous lining of the nasal roof. To allow of the
escape of cerebro-spinal fluid from the nose, there must
be, in addition to the fracture in the nasal roof,
a laceration of the mucous membrane below tha.t
fracture, and of the dura mater and arachnoid above
it. In many cases of fracture in this part the blood
finds its way into the orbit, and appears beneath the
conjunctiva. (2) When the middle fossa 1s involved,
the blood esecapes from the external auditory meatus,
through a rupture in the tympanic membrane, and is
derived from the vessels of the tympanum and its mem-
brane, or from an intracranial extravasation, and in
some cases from a rupture of one of the sinuses about
the petrous bone. The blood may follow the Eustachian
tube, and may escape from the nose or mouth, or be
swallowed and subsequently vomited. To allow of
the escape of cerebro-spinal fluid by the ear (* the serous
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discharge "), (a) the fracture must have passed across
the internal auditory meatus; (b) the tubular pro-
longation of the membranes in that meatus must have
been torn ; (c) there must be a communication between
the internal ear and the tympanum; and (d) the
membrana tympani must have been lacerated. (3)
In fractures of the posterior fossa an extravasation of
~ blood may appear about the mastoid process orat the nape
of the neck, or may even extend into the cervical region.

It may be added that in compound fractures of the
vault associated with tearing of the dura mater and
arachnoid, an escape of cerebro-spinal fluid has 1n a
few rare instances been noted. After sumple fracture
of the vault in children a swelling may form at the
injured part, which fluctuates, becomes tenser when
the patient cries, and may possibly pulsate synchronously
with the brain. Such swellings are due to a collection
of cerebrospinal fluid beneath the scalp, and indicate
a coincident rupture of the brain membranes. In
cases of free serous discharge from the ear after injury
to the head, but without fracture, the fluid is derived
from the mastoid cells, and escapes through a rupture
in the tympanic membrane. In a few instances it may
possibly be blood serum, or depend upon mild catarrh
of the meatus. Some authors assert that it may be
due to the escape of the liguor Cotunnii, but the very
minute quantity of that fluid in the ear renders the
suggestion improbable.

Separation of sutures.—This condition, as the
result of injury, is practically restricted to the young
skull. In later life, force applied at the site of an
obliterated suture may cause a fracture, which acecu-
rately follows the old suture line. Separation of the
sutures, independent of fracture, is very rare in the
adult skull. In the few instances of such a condition
the temporal bone has usually been the one displaced
and the separation noted at the squamous suture. When
associated with fracture, the coronal and sagittal sutures
are those most frequently separated, and next in fre-
quency the lamhbdoid,
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The thickness of the skull eap varies greatly,
not only in different parts of the same skull, but also
in corresponding parts in different individuals. The
average thickness is one fifth of an inch. The thickest
parts are at the oceipital protuberance (where the section
may measure half an inch), the mastoid process, and
the lower part of the frontal bone. The hone over the
inferior occipital fosse i1s very thin, while it is thinnest
over the squamous bone. Here the bone may be no
thicker in parts than a visiting card. The skull 1s also
thinned over the sinuses and grooves for the meningeal
vessels. It is especially thin over the anterior inferior
angle of the parietal bone. It is important to remember
in trephining that the inner table is not always parallel
with the outer.

Cramiectomy.—This operation is carried out in
cases of microcephaly in infants and children. It con-
sists in the removal of a strip of bone from the vertex
of the skull so as tn give to the br {un? as an American
author expresses 1f, * more elbow room.”

CHAPTER III,
THE CRANIAL CONTENTS.

Tur membranes of the brain.—The dura
mater, from its toughness, forms an excellent protection
to the brain. Itis very intimately adherent to the bone
over the whole of the base of the skull, and consequently
in this situation extravasations between the membrane
and the bone are scarcely possible. Over the vault its
attachments are comparatively loose, although it is more
closely adherent along the lines of the sutures. This lax
attachment allows large h@emorrhagic and purulent
extravasations to collect between the dura mater and the
bone. Such extravasations usually lead to compression of
the brain, and it may be noted that in the great majority
of all eases of compression the compressing foree 1s out-
side the dura mater. Thus, in uncomplicated cases
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when symptoms of compression come on at the time of
an accident, the cause is probably depressed bone ; when
they appear after a short interval, the cause is probably
extravasated blood between the membrane and the bone ;
and when a long interval (days or weeks) has elapsed
after the accident, the cause 1s probably a collection
of pus in the same situation.

~ Sir C. Bell pointed out that the dura mater of the
vault may be separated from the bone by the vibration
produced by a blow. “Strike the skull of a subject
with a heavy mallet; on dissecting you find the dura
mater to be shaken from the skull at the point struck.
Repeat the experiment on another subject, and inject
the head minutely with size injection, and you will
find a clot of injection lying betwixt the skull and dura
mater at the part struck, and having an exact resem-
blance to the coagulum found after violent blows on the
head.” Tillaux has demonstrated that the adhesions
between the dura mater and the bone are particularly
weak in the temporal fosse, the most usual site of
meningeal heemorrhage.

When blood is poured out between the dura mater
and the bone in cases of fracture, the vessel that as a
rule gives way is the middle meningeal artery.
In thirty-one cases of such haeemorrhage, this vessel was
the source of the bleeding in twenty-seven instances
(P. Hewett). The vessel, having passed through the
foramen spinosum, divides into two branches; the
anterior, the larger, runs upwards across the anterior
inferior angle of the parietal bone and ascends the vault
some distance behind the coronal suture ; the posterior
runs backwards, with a horizontal sweep across the
squamous bone, and takes the course of the second tem-
poral convolution. (See page 9.)

Mr. Jacobson has shown that the branches of the
artery are more frequently ruptured than the trunk.
The vessel is very frequently torn as it crosses the an-
terior angle of the parietal bone. There are many
reasons for this: the bone where grooved by the artery
is very thin; the artery is often so embedded in the
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bone that fracture without laceration of the vessel would
hardly be possible; and lastly, the particular region
of the artery is a part of the skull peculiarly liable to be
fractured. Mr. Jacobson shows that the artery may be
ruptured by a force that does not fracture the skull,
but merely leads to detachment of the dura mater.
(See page 29.) Failing this vessel, the most frequent
source of extra-meningeal hzmorrhage is the lateral
sinus, for reasons that will be obvious.

With regard to the blood sinuses formed by the
dura mater, nothing remains to be added to what has
been already said (page 12), except, perhaps, to observe
that the relations between the internal ecarotid artery
and cavernous sinus are so intimate that arterio-venous
aneurism has followed injury involving these parts.
It will be seen also with what ease this sinus could be-
come thrombosed in cases of inflammation within the
orbit by the extension of the mischief along its great
tributaries, the two ophthalmic veins.

Sarcomatous growths, springing from the dura
mater or other of the meninges, may make their way
through the eranial bones, and project as pulsating
tumours beneath the scalp. Sueh growths are included
under the title of “ fungus of the dura mater.”

Between the dura mater and the arachnoid is the
subdural space, formerly known as the * cavity of
arachnoid” (Fig. 1, p. 2). Acecording to Prescott Hewett,
extravasations of blood after injury are more common
in this space than in any other part within the skull.
The blood so poured out may become more or less dis-
coloured, and present in time the aspect of a thin and
peculiar membrane ; or the collection may form itself
into a species of cyst (“ arachnoid cyst”) that was for
some fime a source of much confusion to pathologists.

The subdural space contains a small amount of
fluid, and acts, probably, like the pleural and peritoneal
sacs in preventing the effects of friction during the
movements of the brain.
~ The subarachmoid space is between the arach-
nold and the pia mater, and it is here that the chief
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part of the cerebrospinal fluid is lodged. This space
is larger in some places than in others. It is insignificant
over the convexity of the brain, but is very extensive
at the base of the skull in the parts beneath the cere-
bellum, the medulla, the pons, and the interpeduncular
space as far forwards as the optic nerves. Thus these
very important parts of the brain do not rest upon
bone, but rest rather on the subarachnoid collection
of fluid as upon a water-bed, to use a comparison of
Mr. Hilton’s. The only part of the base of the brain
that rests directly upon bone is that part in contact
with the orbital plates and lesser wings of the sphenoid.
The posterior two-thirds of the brain rests upon the
“ water-bed,” and is thus admirably protected.

It is well known that the brain may be damaged
by contre-coup. That is to say, if the head be struck
at one particular part, the brain may be found uninjured
at the spot struck, but damaged at a corresponding
place on the opposite side of the skull. The cerebro-
spinal fluid is much concerned in modifying the effects
of contre-coup. Thus, if the vertex be struck, the
important structures at the base of the brain would
be in the greatest danger of being severely injured,
did they lie in actual contact with the bone. Moreover,
when a blow falls upon the occiput, there may be no
damage to the brain beneath the spot struck, but the
yielding mass is thrcuwn forward within the skull, and
were it not for the “ water-bed,” the under parts of the
cerebrum would be torn agains‘s the many projections
in the base of the skull. These projections, which are
so conspicuous in the dry skull, are moulded off in the
living by the dura mater, and also by the blood sinuses
which occupy the hollows about these projections, and
also certain margins of bone. As it is, the only part
that usually suffers is the under surface of the frontal
lobe (a comparatively unimportant segment), which,
being brought violently in contact with the irregular
orbital plate, is readily contused.

The subarachnoid space communicates with the
ventricles through the foramen of Majendie. This
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toramen leads into the fourth ventricle, and is an aper-
ture in the pia mater that closes in that ventricle. From
the fourth ventricle fluid can pass along the iter into
the third ventricle, and from thence to the lateral
ventricles by the foramen of Monro.

The cerebro-spinal fluid prevents the ill effects that
irregularities in the blood circulation might have upon
the brain, situate as it is within an unyielding eavity.
If the great nerve centres in the lateral ventricles are
swollen by congestion, they are not met by an unyielding
wall, but merely displace some of the cerebro-spinal
fluid through the foramen of Majendie, until such time
as their circulation i1s normal again.

Hilton has shown that closure of this foramen may
lead to that excessive accumulation of fluid within the
ventricles known as hydrocephalus. The fluid also
drains into the veins of Galen, hence pressure on these
may bring about a like result. It has been proposed
to relieve the pressure within the lateral ventricles in
cases of hydrocephalus by draining the ecerebro-spinal
fluid into the subdural space. It is absorbed at any
pressure above that within the cerebral veins (Hill). If
the brain, too, becomes enlarged by congestion, it is
not met by unyielding bone, but rather by an adjustable
water-bed, and during its period of enlargement it merely
displaces into the spinal part of the subarachnoid space
some of the fluid that surrounds it. This mutual effect
18 well illustrated in a case reported by Hilton of a man
with a fracture of the base, from whose ear cerebro-
spinal fluid was escaping. The discharge of this
fluid was at once greatly increased by expiratory efforts
when the nose and mouth were held closed, and the
velns compressed in the neck. The subarachnoid space
1s most easily tapped by a lumbar puncture (see p. 548).

The surface relationships of the brain (see
Figs. 8 and 9).—The longitudinal fissure of the brain
is indicated by a line drawn along the vertex from
the glabella to the external occipital protuberance. It
is narrow in front, but as it contains the longitudinal
sinus, which rapidly enlarges as it passes backwards,
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1t becomes of considerable breadth behind, and as a
rule lies somewhat towards the right of the median
line, owing to the predominance of the left cerebral

."‘:h - -

Fiz. 8, —Showing the Relation of the Brain aud Sensori-motor Areas of
Cortex to the Skull. (Modified froin Quain.)

BR., Bregma—at the junction of coronal and sagittal sutures; LA., lJambda—at the
junction of Iambdoidal and sacittal sutures ; ., position of parietal eminence,
he sensori-motor areas are shaded : the ler and trank areas with vertical
lineg ; the arm and hand areas with lines slanting forwards ; the face and
mouth areas with lines =lanting backwarids ; the tongue, pharynx, and larynx
areag are stippled. The motor centre for speech on Broca's convolution is
ghaded with horizontal lines. The ** word-hearing " centre 18 indicated on the
superior temporal convolution, and that for the * word-seeing *' centre on the
angular eonvolution. The area shaded with horizantal lines on the posterior
parts of the middie and inferior frontal convelutions i2 the centre for com-
hined movements of the head and eyes.

hemisphere. Between the external occipital pro-
tuberance and the ear, the lateral sinus bounds the
lower level of the cerebrum and the upper of the
cerebellum. A line drawn from the external occipital
protuberance to the upper margin of the external

D
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auditory meatus indicates fairly the position of the
sinus, yet it must be remembered that just behind the
ear its convexity passes above the level of this line. In
front of the ear the upper border of the zygoma in its
posterior two-thirds marks the lower border of the
temporal lobe. The pole of the temporal lobe 1s § of
an inch behind the outer margin of the orbit. On
the forehead a line drawn behind the external angular
process and above the eyebrows to the glabella indicates
the lower level of the frontal lobe.

BR
MID POINT, CRECMA.

_+ASC. LIMB.
.- PTERION.

GLABELLA.

Fig. ®.—Showing the Lines which indicate the Position of the Prineipal
Fissures of the Brain.

M.p., Meatal point—the centre of the external auditory meatus; INION, over
external occipital protuberance; TLAM., lambda; P.0.F., parieto-occipital
fizssure ; X on fronto-malar suture at external angular process ; L.s., lateral
ginng, crossing the posterior inferior angle of parietal..-(See also Fig. 31p. 11.)
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The cerebellum is best explored at a point 11 inches

behind and } of an inch below the level of the external
auditory meatus (see Fig. 3, p. 11). It 1s deeply placed,
being covered by the insertions of the occipital muscles,
- Of the many methods which have been suggested
for marking out the fissure of Relando, the most
simple and accurate is the following :—A point over
the sagittal suture is taken midway hetween the glabella
and external occipital protuberance. Half an inch behind
the mid point terminates the upper end of the Fissure
(see Fig. 9). A line 3} inches long drawn downwards
and forwards from this point, at an angle of 67° to the
line of the sagittal suture, will indicate the position of
the fissure of Relando in the adult. In the child the
fissure is shorter and the contained angle is 5° smaller.
The angle is easily obtained by folding twice the corner
of a square piece of paper at, and removing a fourth of, the
richt angle. This line may lie not exactly over the fissure,
for it varies somewhat in position according to the
shape of head. The sensori-motor areas of the brain
are mostly represented in the ascending frontal and
parietal convolutions which bound the fissure of Rolando.
The average width of each of these convolutions is § of
an inch. The coronal suture is about 2 inches in front
of the fissure of Rolando at its upper part and 11
inches at its lower.

The fissure of Sylvius is indicated thus:—
A pointis taken 1} inches behind and 1 of aninch above
the most prominent point of the external angular
process (see Fig. 9). This point on the temple overlies
the anterior inferior angle of the parietal bone—the
pterion. The pterion marks the junction of the three
limbs of the fissure of Sylvius with its stem. A line
drawn backwards and upwards from the pterion to a
point 4 of an inch below the parietal eminence indicates
the situation of the posterior horizontal limb or ramus
(Fig. 9). This ramus is bounded below by the superior
temporal convolution, which contains in its middle third
the “ word-hearing " centre (Fig. 8). Above, it is bounded
from before backwards by the basilar part of the inferior
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frontal convolution, the lower ends of the ascending
frontal and parietal convolutions, and the supramarginal
gyrus. In the three parts first n%med are situated centres
for movements of the tongue,larynx, pharynxand mouth.
A penny piece placed directly behind the termination
of the Sylvian line will cov er the angular convolution
in which the © word-seeing ” centre is placed (Fig. 8).
The parietal eminence covers the supramarginal con-
volution. The ascending limb of the fissure of Sylvius
is indicated by a line § of an inch long drawn upwards
and slightly forwards from the pterion, while the short
anterior horizontal limb is indicated by a line £ an inch
long drawn forwards from the same point. “Between
the ascending and anterior limbs is situated the pars
triangularis of the inferior frontal convolution in which
the centre for “ motor ‘:pEEEh is placed. The stem
of the Sylvian fissure is  an inch long and runs down
wards and forwards under the great wing of the sphenoid
(Fig. 8). The temporal pole lies below it.

The four angles of the parietal bone have important
relationships to the brain. The anterior inferior angle
covers the posterior part of the inferior frontal con-
volution and the anterior horizontal and ascending
limbs of the fissure of Sylvius. The anterior branch of
the middle meningeal artery ascends beneath it. The
anterior superior angle at the bregma covers the terminal
part of the superior frontal convolution and the centre
for movements of the hip. The posterior superior
angle at the hrrr.gma. lies over the upper part of the
oceipital lobe and % an inch behind the parieto-occipital
fissure. The j‘}t}‘bffi!{.‘l?‘ inferior angle covers the con-
vexity of the lateral sinus and marks the lower limit
of the cerebrum. In its anterior half the posterior
limb of the Sylvian fissure lies beneath the squamosal
suture, but behind it passes entirely beneath the parietal
bone. It will be thus seen that the parietal bone covers
the whole of the parietal lobe, the posterior parts of
the frontal and temporo-sphenoidal lobes, and the upper

margin of the occipital.
The imferior temporal convolution passes
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backwards above the upper border of the zygoma and
external auditory meatus and rests on the thin roof of
the tympanum. Hence it is the most common site
of abscess which may follow middle-ear disease. (Fig. 8.)

The basal gamglia of the brain—the corpus
striatum and optic thalamus—are capped on their outer
aspect by the Island of Reil. The Island lies buried
in the anterior half of the fissure of Sylvius, and hence
the surface markings for the fissure may be also used
for the Island and the basal ganglha. A half-circle,
with a radius of 1 an inch, drawn in front of the pterion,
will indicate the anterior limit of the basal ganglia,
while behind they terminate behind the mid point of
the posterior limb of the fissure of Sylvius,

A point taken 11 inches vertically above the external
auditory meatus marks the junction of the descending
and pﬂbtﬂrlﬂl horns with the body of the lateral
ventricle. This point lies behind the pulvinar of the
optic tha,lmnun,

The semsori-motor areas of the braim.—A
knowledge of the position of these areas is most important
in enabling certain brain lesions to be localised and in
guiding the surgeon in operations upon the cerebral
cortex. The precise extent of each area 15 not yet
accurately determined, and to some extent they over-
lap. The areas in front and behind the upper third
of the fissure of Rolando are centres for movements
of the lower limb and trunk, the middle third for the
upper hmb, and the lower third for the face, mouth,
tongue, lcu:}n\: and pharynx (Fig. 8).

The areas for the Imwr limb are confined to the
posterior part of the superior frontal convolution, the
anterior part of the superior parietal lobule,and to the
upper parts of the ascending frontal and parietal con-
volutions lying between {I'Jﬂ' 8). Areas for the lower
limb are also found in the paracentral lobule on the
mesial surface of the brain. The hip, knee, ankle, and
the toe areas are represented from before backwards. The
shoulder, elbow, wrist, thumb and finger areas follow
each other from -ahove downwards in the middle third
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of the ascending frontal and parietal convolutions.
The posterior parts of the middle and inferior frontal
convolutions, just anterior to the ascending frontal
fissure, give rise to combined movements of the head
and eyes when stimulated. The centres of movement
for the face, mouth, and muscles of mastication are
situated in the lower third of the two ascending con-
volutions. The areas for the larynx and pharynx lie
in the pars basilaris of the third frontal convelution,
while the motor centre for speech lies in the pars
triangularis of the same convolution. The * word-
hearing ” centre is situated in the superior temporal
convolution, while the * word-seeing ” centre is placed
in the angular gyrus (Fig. 8).

Of the braim generally little has to be said. In
a surgical sense, it presents itself simply as a large
mass of soft tissue that may be damaged by shaking
as gelatine may be shaken in a case. As it 1s of very
yielding structure, and does not entirely fill the cranial
cavity, it may, as it were, be thrown about with the
skull, and be damaged by collision with its walls. Of
the exact mechanism of concussion or shaking of the
brain little is known, and it cannot be said that experi-
ments, such as those of M. Gama, with a bulb of isinglass
within a glass matrass, tend to throw much light upon
the subject. In contusion or bruising of the brain
1t 1s noticed that the lesion is very much more frequently
situate on the under surface, both as regards the cere-
brum and cerebellum, than any other part (Prescott
Hewett). To this statement, however, there is the
striking exception that those parts of the base of the
cerebrum that rest upon the large basal collection of
the cerebro-spinal fluid are the least often contused.
These parts include the medulla, the pons, and the
interpeduncular space.

The brain is very lavishly supplied with blood-vessels.
The main arterial trunks (vertebral and internal carotid)
are both rendered tortuous before entering the skull,
with the object probably of diminishing the effects
of the heart’s systole upon the brain. On entering

=
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they are almost immediately blended into an anastomos-
ing cirele (circle of Willis), which has the effect of
equalising the cerebral circulation. Embolism of the
middle cerebral artery leads to a wide-spread disturb-
ance of the cerebral cortex. It supplies the third
frontal, the upper and middle temporal, the angular
supramarﬂmal and lower two thirds of the ascendmg
frontal and parietal gyri. The only parts of the sensori-
motor areas which escape destruction in such a ecase
are those for the lower limbs and trunk. The anterior
cerebral artery supplies these centres, the mesial surface
of the frontal and parietal lobes, and the adjacent part
of the cortex on the outer aspect. The oeccipital lobe
and temporosphenoidal convolutions are supplied by
the posterior cerebral artery. Ligature of one common
carotid may produce no effect upon the brain, although
the mortality after this operation is mainly due to
cerebral complications. One carotid and the two
vertebrals would appear to be able to bring enough
blood to the brain, which blood will be as {*\Etlh dis-
tributed as hitherto by the circle of Willis. Both
common carotids have been ligatured, or one carotid
has been secured, when its fellow of the opposite side
has been occluded by disease, and no marked cerebral
disturbances have followed. In no case, however, has
the patient recovered when the interval between the
closing of the two vessels was less than a few weeks.
"The vertebral arteries ean ecarry a sufficient amount
of blood to the brain if only the strain be thrown upon
them gradually, and the brain be allowed to accommodate
itself slc-wlv to the change. After lizgaturing all four
arteries in the dog, the anastomosis between the spinal
and cerebral arteries within the foramen magnum was
sufficient to maintain life (Hill). Plugging of any of
the smaller cerebral arteries by emboli, as a rule, leads
at once to a marked disastrous result. Such embolism
i3 met with in surgery in connection with aneurism
of the common carotid. In simply examining such
aneurisms, a little piece of the clot contained in the
sac has been detached, has been carried up into the
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brain, and has produced a plugging of one of the cerebral
vessels. Thus, hemiplegia has followed upon the mere
examination of a carotid aneurism, as in a case recorded
by Mr. Teale, of Leeds. Fergusson's treatment of
aneurism at the root of the neck, by displacing the
clots by manipulation, has been abandoned on this
same score. In the second case treated by mmupulatmn
by this surgeon, a case of subelavian aneurism, paralysis
of the left side of the body followed at once upon the
first handling of the tumour.

The pulsations of the brain may be communicated
to any tumours or collections of fluid that reach the
surface of the brain through an aperture in the skull.
Such pulsations are synchronous with the arterial
pulse, but the sphy gumffnphi{* tracings of the cerebral
pulsation exhibit also the * respiratory curve,’ ([HlTﬂYEd
directly from the thorax by the blood within the veins.
The valve at the lower end of the jugular vein prevents
direct regurgitation of blood from the heart to the
brain, but it does not prevent the transmission of
pressure.

Although wounds of the brain bleed freely, the
bleeding is checked without difficulty, the vessels being
capable of ready contraction. Large tumours have
been excised from the cortex of the brain, without
undue trouble from heemorrhage. The terminal branches
of the cerebral arteries anastomose freely in the pia
mater, but the minute arteries which perforate and
supply the cortex are terminal. Hence any pressure
applied to the surface of the brain will lead to ansemia
of that piece of cortex, and, if the pressure is continued,
to its destruction.
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CHAPTER 1V.
THE ORBIT AND EYE.

Tur orbit.—The antero-posterior diameter of the
orbit 1s about 1% inches, its vertical diameter at the
base a little over 1% inches, and its horizontal dia-
meter at the base about 1§ inches. The diameters of
the globe are as follow : transverse, 24 mm. ; antero-
posterior, 24'5 mm. ; vertical, 23 mm. (Brailey). The
eye-ball is therefore nearer to the upper and lower
margins of the orbit than it is to the sides, and the
greatest interval between the globe and the orbital
wall 18 on the outer side. The interior of the orbit is
most conveniently reached by incisions made to the
outer side of the globe, and, in execision of the eye-hall,
the scissors are usunally introduced on that side when
the optic nerve has to he divided. In excising the left
eyve, however, it may be more convenient to divide the
optic nerve from the inner side. The bones forming
the floor, the roof, and the inner wall of the orbital
cavity are very thin, especially in the last-named situa-
tion. Thus, foreign bodies thrust into the orbit have
readily penetrated into the cranial cavity, into the nose
and ethmoidal cells, and, when directed from ahove,
into the antrum. In several instances, a sharp-pointed
substance, such as the end of a stick or foil, has been
thrust into the brain through the orbit, and has left
but little external evidence of this serious lesion. Nelaton
mentions a case in which the internal carotid artery
was wounded through the orbit. Certain cases of
pulsating orbital tumour which depend upon a com-
munication between the carotid artery and the cavernous
sinus have a traumatic origin.

A reference to the relations of the orbital walls will
show that a tumour may readily invade the orhit by
spreading (1) from the hase of the skull, (2) from the
nasal fosswe, (3) from the antrum, and (4) from the
temporal or zygomatic fosse,  In any of these instances
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the growth may enter the orbit by destroying the inter-
vening thin layers of bone, and in tumours of the antrum
this is the usual mode of entry. It may, however,
extend more readily from the cranial cavity through
the optic foramen or sphenoidal fissure, from the nose
through the nasal duct, and from the two fosse named.
through the spheno-maxillary fissure. After violent
blows upon the temple blood has found its way into
the orbit through the spheno-maxillary fissure, and
has led to subconjunctival ecchymosis. Distension of
the frontal sinus by retained mucus or pus may lead
to a prominent tumour at the upper and inner margin
of the orbit, above the level of the tendo oeculi, which
may cause displacement of the globe downwards, out-
wards, and forwards. The bones of the orbit are
peculiarly apt to be the seat of ivory exostoses, which
may in time entirely occupy the orbital cavity. At the
upper and outer angle of the orbit a congenital sebaceous
cyst 15 sometimes met with. It lies beneath the orbi-
cularis muscle, and is often connected at some depth
with the orbital periosteum.

The eapsule of Temom.—The hest description
of this capsule has been given by Mr. Lockwood ; of
his researches Prof. Cunningham provides the following
TESUME —

The capsule is a firm loose membrane spread over
the posterior Zths of the globe, the cornea alone being
free from i1t. In front it lies under the ocular con-
junctiva, with which it is intimately connected, and it
ends by blending with that membrane close to the
margin of the cornea. Behind it fuses with the sheath
of the optic nerve, where the latter pierces the sclerotic.
The surface of the membrane towards the globe is
smooth, and is connected to the eye-ball by some soft
yielding areolar tissue. It thus forms a kind of dome
for the globe, a species of socket or bursa in which 1t
moves. The posterior surface of the capsule is in con-
tact with the orbital fat. The tendons of the ocular
muscles pierce the capsule opposite the equator of the
globe. The lips of the openings through which the four
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recti pass are prolonged backwards upon the muscles,
in the form of sheaths, very much as the infundibuliform
fascia is prolonged upon the cord from the internal
abdominal ring. Mr. Lockwood points out that each
of these four apertures is strengthened by a slip
of fibrous tissue, the intracapsular ligament. As
the capsule is fixed at varions points to the wall of the
_orbit, these ligaments act as pulleys, and protect the
globe from pressure during contraction of the muscles.
When the insertions of the recti muscles are divided
in cases of strabismus, the capsule is distinetly seen
after the conjunctiva has been ent through, and requires
also to be divided before the section of the musecle can
" be properly made. The capsule is of some importance
in this procedure. After its division the muscle does
not entirely retract and lie shrunken within the orbit.
Its connections with the capsule still give it some hold
upon the globe, and still enable it to act upon that strue-
ture. Moreover, the attachments of the capsule to the
margins of the orbit prevent the muscles from entirely
retracting, and even when the globe has been removed,
they give them some basis to act upon, and thus tend
to preserve some little mobility in the stump.

Of these orbital attachments the suspensory liga-
ment of Lockwood 1s the most important. It stretches
across the fore part of the orbit after the fashion of a
hammock, and supports the eye-ball. Its two extremi-
ties are attached respectively to the malar and lachrymal
bones. Below the eye-ball 1t widens out, and blends
with the capsule of Tenon. Strong bands, known as
the check ligaments, pass from the sheaths of the external
and internal recti muscles to the malar and lachrymal
bones respectively. They limit excessive rotation of
the globe in an outward or inward direction. The
action of the superior rectus is checked by its connec-
tion with the levator palpebrae, and that of the inferior
rectus by the connection of its tendon with the suspensory
ligament.

Mr. Lockwood .points out that in removing the
upper jaw the surgeon should take care to preserve
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the attachments of the suspensory ligaments. If these
be destroyed the eve-ball sinks downwards.

The orbit behind Tenon’s fascia is occupied by a
large quantity of loose fat, in addition to the ocular
muscles, the vessels, and nerves. It is by the absorp-
tion of this fat that the sunken eye 1s produced in cases
of emaciation and prolonged illness. This tissue affords
a ready means for the spread of orbital abscess.
Such an abscess may follow injuries, certain ocular
inflammations, periostitis, ete., or may spread from
adjacent parts. The pus may occupy the entire cavity,
displacing the eye-ball forwards, limiting its movements,
and causing, by interference with the circulation, great
redness of the conjunctiva and swelling of the lids.

Foreign bodies, some of them of remarkable size
and H]mpt* have lmlgvd for long periods of time in the
orbital fat without Causing mue i trouble. Thus Lawson
reports a case where a piece of an iron hat-peg, three
inches long, was embedded in the orbit for several days
without the patient being aware of it. A stranger case,
In some ways, is that reported by Furneaux Jordan :
“ A man, who was employed in threshing, became the
subject of severe ophthalmia. At the expiration of
several weeks, the patient, whilst pressing his finger on
the lower eyelid, suddenly ejected from a comfortable
bed of warm pus a grain of wheat, which had shot forth
a vigorous green sprout.,” The orbital fat affords also
an excellent nidus for growing tumours. Fractures of
the inner wall of the orbit involving the nasal fosse or
sinuses, may lead to extensive emphysema of the orbital
cellular tissue. The air sointroduced may cause the
globe to protrude, may limit its movements, may spread
to the lids, and will, in any case, be increased in amount
by blowing the nose, ete.

The orbitai musecles.—The four recti muscles
end in thin, flat membranous tendons. The tendon
of the external or internal rectus musele is frequently
divided for strabismus. The width of the tendons
varies from 7 mm. to 9 mm. They are inserted into
the sclerotic near the cornea., The internal rectus is
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inserted 6'5 mm. from the corneal margin, the external
6'S mm., the inferior 7°2 mm., and the superior 8 mm.
(Merkel).

The external and inferior recti are the longest, the
internal rectus is the broadest, and the superior is the
narrowest and slightest.

The orbital arteries are small, and seldom give
-tise to trouble when divided in excising the globe, since
they can be readily compressed against the bony walls
of the cavity. Illl‘-n-:l,tlllg tumours of this part may be
due to traumatic aneurisms of one of the orbital arteries,
or may depend upon an arterio-venous aneurism formed
between the internal carotid artery and the cavernous
sinus. Pressure also upon the ophthalmic vein (as it
enters the sinus), by an aneurism of the internal carotid
vessel, may produece all the symptoms associated with
pulsating orbital tumours.

The orbital merves may be damaged in wounds
of the orbit, or in fractures of the orbit and of the hase
of the skull. They may be pressed upon by tumours
from various parts, by aneurisms, hemorrhagic and
inflammatory effusions. Thus Lawson records a case
in which the optic nerve was divided by a stab through
the upper evelid, without the globe being injured, and
without any bone being fractured. The same nerve
has also been completely torn across in fractures of the
orbit, and has been pressed upon in fractures involving
the lesser wing of the sphenoid. The third, fourth, and
sixth nerves, and the first division of the fifth, may be
affected in cases of aneurism involving the internal
carotid artery, where they lie in relation with the cavern-
OUs SINus. The may readily be pressed upon, also,
by any growth involving the sphenoidal fissure, such as
a ]mrlﬂbtml node springing from the margin of the
fissure, while the sixth nerve, from its more intimate
connection with the base of the skull, has been direectly
torn across in a fracture involving that part (Prescott
Hewett).
| In paralysis of the third merve there is

drooping of the upper lid (ptosis); the eye is almost
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motionless, presents a divergent squint from wunop-
posed action of the external rectus musecle, and cannof
be moved either inwards, upwards, or directly down-
wards. Rotation, in a direction downwards and out-
wards, can still be effected by the superior oblique and
outer rectus muscles. The pup]l 15 dilated and fixed ;
the power of accommodation is much impaired, there
is diplopia, and sometimes a little protrusion of the
globe from relaxation of the recti museles. These
symptoms refer to complete paralysis of the nerve. In
cases of partial paralysis, only one or two of the above
symptoms may be present.

In paralysis of the fourth merve there is
often but little change to be seen, since the funetion of
the superior oblique muscle, supplied bv this nerve, may,
in part, be performed umrmualﬁ “ There 1s 11‘:3114:11]\’
only very slight defect in the mobility of the eye ; what
there is occurs chiefly in the inner and lower angle
of the field of vision ; there is deviation of the eye inwards
and upwards on lowering the object, and simply upwards
when it is turned far towards the healthy side” (Erb).
In any case there will be diplopia, especially in certain
positions of the globe.

In paralysis of the sixth merve there is con-
vergent strabismus, with consequent diplopia, and an
inability to rotate the eye directly outwards. Paralysis
of the sixth nerve may be accompanied by paralysis
of the nerve to the internal rectus of the opposite side,
giving rise to conjugate deviation of the eyes. Such
a condition indicates a lesion in the nucleus of the sixth
nerve, for although the fibres for the internal rectus
pass out with the third nerve they take their origin
with the sixth.

Sometimes all the oculo-motor nerves of the eye
are paralysed, and in such cases the lesion is probably
situated either at their nuclei or origin or at the
cavernous sinus, in the wall of which theTnerves lie
close together.

In paralysis of the first division of the fifth
there is a loss of sensation in all the conjunctiva, except
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such as covers the lower lid (supplied by the palpebral
branch of the infraorbital nerve), loss of sensation in
the globe, and in skin supplied by the supratrochlear
and supraorbital nerves, and in the mucous and cuta-
neous surfaces qupphed by the nasal nerve. The area
of anmsthesia is much less than the anatomical dis-
tribution of the nerve, owing to the extent to which
cutaneous nerves merlap No reflex movements
(winking) follow upon irritation of the conjunctiva,
although the patient can be made to wink on exposing
the eye to a strong light, the optiec nerve in this case
transmitting the impression to the facial nerve.
Sneezing also cannot be excited by irritating the mucous
membrane in the anterior part of the nose. Destruective
ulceration of the cornea may follow this paralysis, due
partly to damage to the trophic branches contained
in the paralysed nerve, partly to the anwsthesia which
renders the part readily injured, and partly to the loss
of the reflex effect of the sensory nerves upon the calibre
of the blood-vessels, whereby the inflammation 1s
permitted to go uncontrolled (Nettleship).

In paraiysis of the cervical sympathetic
there i1s narrowing of the palpebral fissure from some
drooping of the upper lid, apparent recession of the
globe within the orbit, and some narrowing of the
pupil from paralysis of the dilator muscle of the iris,
which muscle is supplied by the sympathetic. The
drooping of the upper lid may be explained by the fact
that each eyelid contains a layer of unstriated muscle
fibre. That in the upper lid arises from the under
surface of the levator palpebra, and is attached to the
tarsal cartilage near its upper margin (Fig. 12). This
layer of muscle, which, when in actmn would keep
up the lid, is under the influence of the cervical
sympathetic. The recession of the globe is supposed
by some to be due to paralysis of the orbitalis muscle
of H. Miiler. This muscle bridges over the spheno-
maxillary fissure, is composed of unstriated fibres, and
is innervated by the sympathetic. Contraction of the
muscle (as produced by irritation of the cervieal
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sympathetic in animals) causes protrusion of the glohe,
while section of the sympathetic in the neck produces
retraction of the eye-ball (Cl. Bernard). No changes
are observed in the calibre of the blood-vessels of the
globe.

The globe:; the eormeam.—The thickness of the
cornea varies from "9 mm. in the central parts to 1°1 mm.
at the periphery. One is apt to be a little deceived as
to its thickness, and on introducing a knife into the
cornea, the instrument, if not entered at the proper
angle, may be thrust for some little distance among
the laminze of the part. In front the cornea is covered
by stratified epithelinm. When this layer has been
removed by abrasion, a white deposit of lead salts may
take place in the exposed corneal tissue in cases where
lead lotions are used. The bulk of the cornea i1s made
up of a great number of fibrous lamella, between which
are anastomosing cell spaces containing the corneal
corpuscles. If the nozzle of a fine syringe be thrust

Fig.10.—A Horizontal Section of the Globe through the middle,

@, Cornea : b, selerotic ; ¢, chioroid ; d, retina ; e, lens ; f, iris; g, ciliary process;
i, canal of Schlemn.
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into the corneal tissue, the network of cell spaces can
be filled with injection (Recklinghausen’s canals). When
suppuration takes place within the proper corneal
tissue, it is probably along these canals, modified by
inflammation, that the pus spreads, thus producing
onyx. The cornea contains no trace of blood-vessels,
except at its extreme periphery, where the miﬂllarles
of the sclerotic and conjunctiva end in loops. This
lack of a direct blood supply renders the cornea prone to
inflame spontaneously in the cachectic and ill-nourished.
When inflamed, the tissue always becomes opaque.
In the affection known as interstitial keratitis, blood-
vessels from the arteries at the margin of the cornea
penetrate into the substance of the cornea for some
distance. As these vessels will be some little way below
the surface, and will be covered by the hazy corneal
tissue that is the result of the disease, their scarlet
colour is much toned down, and a strand of such vessels
is called a “salmon patch.” In the condition known
as pannus, the cornea appears to be vascularised ; but
here, owing to continued irritation, vessels, derived
from the neighbouring conjunctival arteries, pass over
the cornea just beneath its epithelial covering, leaving
the cornea proper as bloodless as ever. The term arcus
senilis is applied to two narrow white crescents that
appear at the periphery of the cornea, just within its
margin, in the aged, and in certain morbid conditions.
The crescents are placed at the upper and lower margins,
and their points meet midway on either side of the
cornea. They are due to fatty degeneration of the
corneal tissue, and the change is most marked in the
layers of the cornea just beneath the anterior elastic
lamina, z.e.in the part most influenced by the marginal
blood-vessels. In spite of its lack of a direct blood buppl\'
wounds of the cornea heal kindly. The cornea is very
lavishly supplied with nerves, estimated to be from
forty to forty-five in number. They are derived from
the ciliary nerves, enter the cornea through the fore
part of the sclerotic, and are distributed to every part
of the tunic. In glaucoma, a disease of which the

E
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phenomena depend upon greatly increased intraocular
pressure, the cornea becomes anaesthetic. This depends
upon the pressure to which the ciliary nerves are exposed
before their branches reach the cornea, (See also Nerve
supply of the eye-ball, page 54.)

The selerotie, choroid, and ivis.—The sclerotic
is thickest behind, and thinnest about 1 of an inch
from the cornea. When the globe is ruptured by
violence it is the sclerotic that most commonly yields,
the rent being most usually a little way from the cornea,
1.e. 1n or about the thinnest part of the tunie. A rupture
of the cornea alone from violence is not common. The
sclerotic may be ruptured while the lax conjunctiva
over it remains untorn. In such a case the lens may
escape through the rent in the sclerotic, and be found
under the conjunctiva. At the point of penetration
of the optie nerve the sclerotic is thin, and pierced by
numerous holes for the passage of nerve bundles. This
weakened part, the lamina eribrosa, plays an important
part in glaucoma (page 62). It gives the stippled
appearance to the optic papilla. Brailey states that
the lateral parts of the sclerotic are thinner than the
upper and lower segments, the inferior part being the
thickest and the external wall the thinnest. It happens,
therefore, that under the influence of intraocular
pressure the eye expands more laterally than in the
vertical direction. It is mainly to the denseness and
unyielding character of the seclerotic that must be
ascribed the severe pain (due to pressure on nerves)
experienced in those eye affections associated with
increased intraocular tension (glaucoma, ete.).

The choroid is the vascular tunic of the globe, and
carries its main blood-vessels. Between the ehoroid and
sclerotic are two thin membranes, the lamina supra-
choroidea and lamina fusca, which are separated
from one another by a lymph space. In injuries to the
globe, therefore, extensive bleeding may take place
between these two coats, and indeed a like heemorrhage
may be the result simply of a sudden diminution in
the ocular tension produced by such an operation as
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iridectomy or cataract extraction. The choroid alone
has been ruptured (usually at its posterior part) as the
result of a blow upon the front of the eye. The choroid
1s one of the few parts of the body that may be the seat
of melanotic growths. These growths are sarcomatous
tumours containing a large amount of pigment,
and occur only where pigment cells are found. In
‘the choroid coat pigment cells are very abundant.

The ires 1s, from its great vascularity, very easily in-
flamed. From its relations to the cornea and sclerotic
1t happens that inflammmation in those tunies can spread
without difficulty to the iris. On the other hand, the
vessels of the iris and choroid are so intimately related
that inflammations set up in the iris itself have every
inducement to spread to the choroidal tunie. When
the iris is inflamed its colour becomes altered, owing
to the congestion of the part and to the effusion of
lymph and serum that takes place in its substance.
The swelling to which 1t becomes subject, together
with the effusion, produce a blurring of its delicate
reticulated structure, as seen through the cornea.
Owing also to the swollen condition of the little mem-
brane, the pupil becomes encroached on, and appears
to be contracted, while the movements of the mem-
brane are necessarily rendered very sluggish. If it be
remembered that the greater part of the posterior
surface of the iris is in aetual contact with the lens
capsule, it will be understood that inflammatory ad-
hesions may readily take place between the two parts
(Fig. 11). After iritis, therefore, it is common to find
the posterior surface of the iris (most often its
pupillary margin) adherent to the lens capsule by
bands of lymph, either entirely or in one or more
different points. Such adhesions constitute posterior
synechize, the term anterior synechize being applied to
adhesions between the iris and the cornea. In iritis
also the lens may become involved, and the condition
of secondary or inflammatory cataract be produced.
The iris is not very closely attached at its insertion.
Thus, in case of injury to the eye, it may be torn more
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or less from its attachments without any damage being
done to the other tunics. The iris has been completely
torn away In a few instances, and has escaped through
a wound of the globe. The ciliary processes have been
thus exposed. Congenital absence of the iris has been
recorded. In cases of penetrating wounds of the cornea
the iris 1s easily prolapsed. It is so delicate and yielding
a membrane that in performing iridectomy the necessary
piece of the iris can be seized and pulled out through
the corneal inecision without offering sensible resistance.
The membrane also derives much support from its
contact with the lens, for in cases where the lens has
been displaced into the vitreous, or has been removed
by operation, the iris is observed to be tremulous when
the globe 1s moved. Although very vascular, the iris
seldom bleeds much when cut, a circumstance that is
probably due to the contraction of the muscular fibres
that exist so plentifully within it. Sometimes the iris
presents a congenital gap in its substance that runs
from the pupil downwards and a little inwards. This
condition is known as coloboma iridis, and is due to
the persistence of the “ choroidal cleft.” In other cases
there can be seen, stretching across the pupil, some
shreds of the pupillary membrane. Normally this
membrane, which is apparent for a few days after birth
in some animals, is entirely absorbed before birth.

It will now be convenient to take note of the blood
and nerve supply of the globe.

Blood supply of the eye=ball.—1. The short
ciliary arteries (from the ophthalmic) pierce the sclerotic
close to the optic nerve, run some little way in the outer
coat of the choroid, and then break up into a capillary
plexus that makes up the main part of the inner choroidal
coat. In front this plexus gives some vessels to the
ciliary processes, The veins from these vessels are
disposed 1n curves as they converge to four or five main
trunks (venz vorticose), which pierce the sclerotic
midway between the cornea and the optic nerve. In
the choroid they lie external to the arteries.

2. The two long ciliary arteries (from the
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ophthalmic) pierce the sclerotic to the outer side of the

optic nerve, and run forwards, one on either side, until
they reach the ciliary region, where they break up
into branches that, by anastomosing, form a vascular
circle about the periphery of the iris (the ecirculus
major). From this circle some branches pass to the
ciliary muscle, while the rest run in the iris in a con-
verging manner towards the pupil, and at the margin
of the pupil form a second ecircle (the circulus minor).

3. The anterior ciliary arteries (from the muscular
and lachrymal branches of the ophthalmice) pierce the
sclerotic (perforating branches) about a line behind
the cornea, join the circulus major, and give off branches
to the ciliary processes, where they form copious anasto-
mosing loops. These arteries lie in the subconjunctival
tissue. Their episcleral or non-perforating branches
are very small and numerous, and are invisible in the
normal state of the eye. In inflammation, however,
of the iris and adjacent parts, these vessels appear as a
narrow pink zone of fine vessels round the margin of
the cornea, that run nearly parallel to one another,
are very closely set, and do not move with the con-
junctiva. This zone is known as the zone of ciliary
congestion, or the circumcorneal zone,

4. The vessels of the conjunctiva are derived from
the lachrymal and the two palpebral arteries. These
vessels, in cases of inflammation, are readily distinguished
from those last described. They are of comparatively
large size, are tortuous, are of a bright brick-red colour,
can be easily moved with the conjunctiva, and as easily
emptied of their blood by pressure. The differences
presented by these two sets of vessels serve in one way
to distinguish inflammation of the conjunctiva from that
involving deeper parts. The conjunctival vessels around
the margin of the cornea form a closer plexus of anasto-
mosing capillary loops, which become congested in
severe superficial inflammation of the cornea, and may
then form a zone around the margin of the cornea, which
can, however, be distinguished from the “ ciliary zone ”
by the general characters just named. The retina
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has a vascular system of its own, supplied through the
arteria centralis retine, which is nowhere In direct
communication with the choroidal vessels, exeept just
at the entrance of the optic nerve. Inde-ed, the outer
layers of the retina which are in relation with the choroid
coat are entirely destitute of vessels. Thus, when the
central artery of the retina becomes plugged, sudden
blindness follows, and as the meagre collateral circula-
tion that is established by the minute anastomoses
about the entrance of the nerve is quite insufficient,
the retina soon becomes ccdematous. A permanent
plugging of the central artery means, therefore, a
practical extinction of the vascular system of the
retina. In some cases of embolism only a branch of
the retinal artery is plugged, the patient retaining
vision except in that part of the retina supplied by the
branch. The fovea centralis, the centre of acute vision,
receives twigs from both the superior and inferior
temporal branches of the arteria centralis retinz.

In cases of hemorrhage between the choroid and
retina the blood must come from the choroidal vessels ;
and in hzmorrhage into the vitreous, which often
follows injury, the blood may be derived from the retinal
vessels, since they run in the inner layers of that mem-
brane, or from the vessels in the ciliary region.

Nerve supply of the eye=ball.—1. The ciliary
nerves derived from the lenticular ganglion and the
nasal nerve pierce the sclerotic close to the optic nerve,
and pass forwards between the sclerotic and the choroid,
supplying those parts. They enter the ciliary muscle,
form a plexus about the periphery of the iris, and then
send fibres into the iris, which form a fine plexus as
far as the pupil. They send branches through the fore
part of the sclerotic to the cornea. Thus the eye-ball
obtains through these nerves its sensory fibres from
the nasal branch of the first division of the fifth, its motor
fibres for the ciliary musele and sphineter iridis from
the third nerve, and many sympathetic fibres, among
which are those that suppl}' the dilator muscle of the
iris. 2. The conjunctiva is supplied by four nerves:
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above, the supratrochlear; on the inner side by the
infratrochlear ; on the outer side, the lachrymal (all
branches of the first division of the fifth); and below
by the palpebral branches of the second division of the
fifth. As the ciliary nerves pass forwards between the
choroid and the sclerotic, it will be seen that they are
readily exposed to injurious pressure against the un-
yielding sclerotic in cases of increased intraocular tension.

The sensation of the globe itself is derived solely
from the first division of the fifth. In inflammatory
affections of the globe, as in corneitis or iritis, besides
the pain actually felt in the eye, there is pain referred
along other branches of the first division of the fifth.
The explanation of this fact has to be sought for in the
common origin of the ophthalmiec division from the upper
sensory nueleus of the fifth nerve in the floor of the fourth
ventricle. Not only are the nerve cells connected with
the eye-ball disturbed, but the neighbouring cells are
also affected, and by a psychical error the pain is re-
flected along the nerves with which they are connected.
There is pain over the forehead along the supratrochlear,
supraorbital, and lachrymal branches (circumorbital
pain), and pain down the side of the nose following
the nasal nerve. Or the pain may spread to the second
division of the fifth, and discomfort be felt in the tem-
poral region (orbital branch of second division), or be
referred to the upper jaw and upper teeth. These
affections are associated also with much lachrymation,
the lachrymal gland being also supplied through the
first du=131011 of the fifth. Photophobia, or intolerance
of light, is common in inflammatory affections of the
eve. In this condition there is spasm of the orbicular
muscle, keeping the eye closed, or closing it on the least
exposure to irritation. Although the orbicular muscle
is supplied by the facial nerve, its fibres are derived,
not from the nucleus of the seventh, but from the
oculo-motor nucleus, situated near the upper sensory
nucleus of the fifth, and connected with it by reflex
paths. Photophobia is most marked in superficial affec-
tions of the cornea, and is often much benefited by a
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geton in the temporal region. Inflammation of the iris
and glaucoma are accompanied by hyper-ssthesia and
referred pains over the outer frontal and anterior tem-
poral areas (Head). The nerve centres for the skin of
this region and the eye-ball are closely connected, a
relationship which may explain the application of
counter irritation to the temples in eye disease. In-
flammation of the cornea gives rise to no referred pains
(Head). Strain of the ciliary muscle, which ocecurs
with errors of refraction, leads to referred pains and
areas of hyper-esthesia over the mid orbital region of
the forehead. The relations between the nasal nerve
and the orbital contents receive many illustrations in
practice. Thus, if the front of the nose be struck, or
the skin over its lower part be irritated, as by squeezing
a painful boil, profuse lachrymation will frequently be
produced. Snuff, too, by stimulating the nasal branch
of the ophthalmic nerve, often makes the eyes of the
uninitiated to water ; anditis well known that there are
many disturbances about the nose, and the anterior
part of the nasal fossee, that can “ make the eyes water.”
Herpes zoster often provides a remarkable illustration
of the intimate relation between the nasal nerve and the
eye. In this affection, when the regions of the supra-
orbital and supratrochlear branches of the first division
are alone implicated, the eye is usually unaffected ; but
when the eruption extends over the part supplied by the
nasal nerve, i.e. runs down the side of the nose, then
there is very commonly some inflammation of the eye-
ball. In frontal neuralgia watering of the eye (irritation
of the lachrymal branch) is very frequently met with.

The dangerous area of the eye.—Penetrat-
ing wounds of the ecornea alone, or of the sclerotic
alone, behind the ciliary region, are by no means serious :
but wounds involving the ciliary body, or its immediate
vicinity, are apt to assume the gravest characters.
Inflammation in the cibary region is peculiarly obnoxious,
on account of the important vascular and nerve anas-
tomoses that take place in the part. Indeed, as regards
blood and nerve supply, there is no more important
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district in the eye-ball. From the ciliary body also
inflammations ecan spread, more or less directly, to the
wornea, iris, choroid, vitreous, and retina. Plastic, or
purulent inflammation of the ciliary body, after injury,
1s the usual starting point of sympathetic ophthalmia.
In this terrible affection destructive inflammation is set
mp in the sound eve, which is, however, not usually
involved until two or thrée months after the other eye
has been injured. “ Although at present the exact
nature of the process which causes sympathetic imflamna-
tion is unknown, and though its path has not heen fully
traced out, it is certain (1) that the change starts from
the region most richly supplied by branches of the
ciliary nerves, viz. the ciliary body and iris: (2) that
its first effects are generally seen in the same part of
the sympathising eyve; (3) that the exciting eve has
nearly always bheen w nunded and in its anterior part ;
and that decided plastic inflammation of its uveal tract
is always present ; (4) that inflammatory changes have
in some cases been found in the ciliary nerves and optic
nerve of the exciting eye” (Nettleship). It is now
generally believed that the sound eye is directly infected
from the diseased one. The subarachnoid spaces which
surround the optic nerves are in continuity at the
ehiasma, and offer a path whereby infection may spread
from one eye to the other.

The lems measures L of an inch from side to side,
and ! of an inch fmm hefore backwards. It, together
with its capsule, is in all parts perfectly transparent
and perfectly non-vascular. The lens may easily be
loosened or displaced by partial rupture of its suspensory
ligament, and may find its way into the anterior chamber,
or, more commonly, back into the vitreous. The lens,
if disturbed, may swell, and by the pressure thus exer-
cised cause great damage to the important structures
adjacent to it. The capsule is very brittle and elastic,
and when torn its edges curl ontwards. It has to be
lacerated in all cataract operations, and may be ruptured
by many forms of violence applied to the eye-ball. When
the capsule is wounded the aqueous hwnour enters.
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and is imbibed by the lens fibres, which in consequence
swell up and become opaque, thus producing a traumatic
cataract. In the various forms of cataract the whole
lens, or, more commonly, some portion of it, becomes
the seat of opacity. This often commences in the nucleus,
and for a long while femains limited to that part; orit
may first involve the cortex, and in such a case the
opacity takes the form of a series of streaks that point
towards the axis of the lens, and are dependent upon
the arrangement of the lens fibres. “In so-called ° con-
cussion ecataract,” where after a blow on the eye a part
of the lens becomes opaque, it appears probable that
the capsule has been very r-hghtlv torn opposite to the
opacity ' (Lawford).

Of the retima it is only necessary to observe that
its connection with the choroid is so slicht that it may
easily be detached from that membrane by hzemorrhagic
or other effusions, and may indeed be so detached by
a simple blow upon the globe. Even when extensively
detached it remains, however, as a rule, attached at
both the optic disc and the ora serrata. The optic
nerve as it passes from the brain receives its perineural
sheath from the pia mater, and, in addition, two other
sheaths : an outer from the dura mater, and an inner
from the arachnoid. These sheaths remain distinect
and separate, and the two spaces enclosed may be
injected, the outer from the subdural, the inner from
the subarachnoid spice. Thus inflammatory affections
of the cerebral meninges can readily extend along the
optic nerve to the optic dise through these spaces in
the nerve sheath, while in cases of intracranial disease
other than meningeal, the mischief may extend from
the brain to the disc along the interstitial connective
tissue 1n the nerve. These connections may serve in
part to explain the frequent association of optic neuritis
with intracranial disease. Optic neuritis usuatlhfr implies
that the optic disc or papilla is inflamed, but in excep-
tional cases the changes are limited to that part of the
nerve behind the globe (retro-bulbar neuritis). The length
of the optic nerve within the orbit is 28 to 29 mm.
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The agueous and vitreons humours.—The
aqueous fills the space between the capsule and suspensory
ligament of the lens and the cornea. The iris divides
this space into two parts, the anterior and posterior
chambers. Sinee, however, the iris is largely in actual
contact with
the lens, it
happens that
the posterior
chamber is re-
presented by a
little angular
interval be-
tween the 1ris,
the ciliary pro-
cesses, and the
suspensory
ligament of the
lens (Fig. 11).
The depth of
the anterior
chamber is
3'6 mm. The
cornea at its
circumference

breaks up into

bundles of

=i fig. 11.—Section of Globe, showing Iris, Leus,
ﬁl'}I‘ES, which Ciliary Region, ete. (A4jter Allen Thomson.)
are partly con-

a, Cornen: by, gclerolic; ¢, lens ; d, iris ; ¢, ciliary pro-

tinued into the cogs; f, conjunctiva ; ¢, eanal of Schlemm ; h, canal

w of Pelit ] i, anterior margin of vitreous humour; j,
f[’{]nf}ﬂf ‘t-hlE: ]rlﬁ’ choroid covered by retina ; &, agqueous chamboer
and which con-

stitute the ligamentum pectinatum iridis. Between
the processes of this ligament there are intervals
which lead into certain cavernous spaces called the
spaces of Fontana. These spaces in their turn com-
municate with a large ecircular canal situate in
the sclerotic close to its junection with the cornea, and
known as the canal of Schlemm. This space is in
communication with the veins of the anterior part



6o Svrcicar ApPriEp ANATOMY. [Chap. IV.

of the sclerotic,” and thus through this somewhat
complicated channel the aqueous chamber is brought
into relation with the venous circulation. This relation
probably explains the ready absorptive powers of the
aqueous. Thus, if pus finds 1ts way into the anterior
chamber (hypopyon) it is usually readily absorbed.
The same applies to moderate extravasations of blood
in the chamber, and the speedy removal of such effusions
contrasts with the difficulty that is experienced in the
absorption of blood from the vitreous chamber. The
treatment of soft cataracts by the “ needle operation”
depends for its success upon the absorptive powers of
the aqueouns. In this procedure, the lens capsule having
been torn through, and the cataract broken up with
needles, the removal of the opaque débris is left to the
aqueous, and it is not long before its efficacy in that
direction is seen.

The vitreous takes little active share in ocular
maladies, It may be secondarily affected in inflammma-
tion of adjacent parts, may be the seat of heemorrhages,
and is often oceupied by opaque bodies of various kinds.
Foreign bodies have lodged in the vitreous for con-
siderable periods without causing any symptoms. The
musea volitantes that so often trouble the myopie are
due to little opaque matters in the vitreous, and very
often have exactly the appearance that the corpusecles
of the vitreous present when seen under the microscope,

The vitreous 18 readily separated from the retina
except behind, opposite the disc where the artery to
the lens enters in the feetus,

This vessel is a branch of the central artery of the
retina, and may persist as a fibrous cord in adult life.
In some rare cases it has continued to transmit blood,
and in such instances its pulsation can be seen by the
ophthalmoscope.

Glauwcoma is a disease the symptoms of which are

* The precise manner in which these spaces communicate with
the neighbouring veins has not been demonstrated histologically.
The statement is founded mainly upon the experiments of
Schwalbe, : :
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all dependent upon an increase in the intraocular tension
of the globe. The increased tension is due to an cxcess
of fluid within the eye-ball, and this would appear to
be due to certain changes, seldom absent in the glauco-
matous, that interfere with the normal escape of this
fluid. Normally there is a constant movement of fluud
from the vitreous through the suspensory ligament
into the posterior chamber, and thence round the
pupillary margin of the iris to the anterior chamber.
This fluid is derived mainly from the ciliary body, and
in a less degree from the posterior surface of the iris.
Atrophy of the epithelium on the ciliary body is said
to lead to diminished tension. From the anterior
chamber the fluid can escape into the veins through
the gaps in the ligamentum pectinatum already alluded’
to (Ig. 11). It is remarkable that in nearly every
case of glaucoma these gaps are ocelunded by the complete
obliteration of the angle between the periphery of the
iris and the cornea, which angle is normally occupied
by the ligamentum pectinatum. The importance of
the peripheral part of the anterior chamber in relation
to the outflow of fluid from the eye is shown in many
ways. If this part be blocked by the iris in perforation
of the cornea, or by the lens in some dislocations of
that body, increased tension of the globe is apt to follow.

A like increase of tension is said to attend the appli-
cation of the actual cautery to the sclero-corneal margin
and some cases of EIll‘:‘»ClEiltH Dr. Brailey believes that
some outflow also takes place along the optic nerve.
It is well known that pressure upon that nerve may
produce cedema of the disc. The relief given to slaucoma
by iridectomy appears to depend upon the cire umstances
that the operation practically opens up again these
channels of communication from the aqueous, since
the procedure, to be successful, should involve an ineision
so far back on the sclerotic as to fully pass through
the angle just alluded to. It is needful also that the
iris should be removed quite up to its attachment, and
that the portion resected should be considerable. The
symptoms of glancoma are all explained by the effects
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of the abnormal tension. Thus, the ciliary nerves are
compressed against the unyielding sclerotie, and give
rise to intense pailn, while the disturbance in their
functions shows itself in the fixed and dilated pupil
and 1n the anwsthetic cornea. Perhaps the first parts
to suffer from compression are the retinal blood-vessels,
and the effect upon them will be most obvious at the
periphery of the retina, i.e. at the extreme limit of
the retinal ecirculation. Hence follows that gradual
narrowing of the visual field which is constant in glau-
coma, while the pressure upon the optic nerve produces
those flashes of light and other spectra which occur
in the disease. The weakest part of the sclerotic is at the
disc at the lamina cribrosa. This part rapidly yields
under the pressure, and so produces the “ glancomatous
cup.” Pressure in the opposite direction pushes the
lens forward, and thus narrows the anterior chamber ;
while the general interference with the ocular circulation
isl s&mwn in the distended vessels that appear upon the
globa.

The eyelids.—The skin over the eyelids is extremely
thin and delicate, and shows readily through its sub-
stance any extravasation of blood that may form beneath
it. Its laxity, moreover, renders it very well adapted
for certain plastic operations that are performed upon
the part. Its loose attachments cause it to be readily
influenced by traction, and the shrinking of cicatrices
below the lower lid is very apt to draw that fold away
from the globe, and so produce the condition of eversion
of the lid known as ectropion. The contraction of the
conjunctiva after inflammatory conditions, or after it
has been subjected to destructive agencies, is prone,
on the other hand, to curl either lid inwards towards
the globe, and thus to produce entropion. The lids
present many transverse folds; one of these on the
upper lid, deeper and more marked than the rest, divides
the lid into two parts, the part below being that which
covers the globe, the part above being that in relation
with the soft structures of the orbit. In emaciation
the lid becomes much sunken in the line of this fold.
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- Incisions should follow the direction of these folds. The
lids are very freely supplied with blood, and are often
the seat of navi and other vascular growths. Rodent
ulcer so frequently at- c ]

tacks this part that it 4
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The following layers
are found in either lid in
order : (1) The skin; (2)
the subcutaneous tissue ; gl
(3) the orbicularis palpe- /»--& £55
brarum ; (4) the tarsal )
cartilage and ligament ;
(5) the layer of Meibo-
mian glands; and (6)
the conjunctiva. In the
upper lid the levator
palpebrae is found pass-
ing to the tarsal cartilage.
The subecutaneous tissue
1s very lax, and hence the
lids swell greatly when
cedematous, or when in-
Hamed, and when the
seat of heemorrhage. On
this account it is inad-
visable to apply leeches . Al
to the lids, on account i g
of the extensive “ black fig, 12 —Vertical Section through
eye " that may follow. Upper Eyelid. (djter Waldeyer.)
This tissue is peculiar * Skin; b, orbicuiaris ; i, its ciliary part ;
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the edge of the lids are i evelashos: £ post tarsnl glands.
found the eyelashes, the

orifices of the Meibomian glands, and of some modified
sweat and sebaceous glands. This edge, like other points
of junction of skin and mucous membrane, is apt to be

the seat of irritative affections. Being a free be~der also,
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the circulation is terminal, and stagnation in the blood
current is not difficult to produce. Sycosis, an inflamma-
tion involving the hair follicles and some of the glands
at the edge of the lid, is among the most common of
ophthalmic affections. The common stye also 1s a sup-
puration in the connective tissue or in one of the glands
at the margin. On everting the lid the Meibomian
glands can be seen through the conjunctiva as lines of
yvellowish granules. The common tarsal cyst is a reten-
tion cyst developed in one of these glands.

Two arteries supply either lid : a palpebral branch
of the ophthalmie running along the inner part of each
lid, and a branch of the lachr}fmal along the outer part
of each lid. Four nerves supply the upper eyelid, the
supraorbital, the supra- and infra-trochlear, and the
lachrymal. One nerve supplies the lower lid, the infra-
orbital. Some of the lymphatics of the ey elids enter
the pre-auricular glands, hence in cases of chanere of the
lid the glandular nnlawement has nearly always been
noticed in front of the pamtld gland (Fig. 21, p. 164),
) ocular part of this mem-
brane is thin, very loosely attached, and not very
extensively supplied with blood ; the palpebral portion
i3 thicker, more closely adherent, and more vascular.
At the edge of the cornea the conjunctiva becomes
continuous with the epithelium covering that tunie.
The looseness of the ocular conjunctiva allows it to be
freely moved about, and is of great value in some opera-
tions : as, for example, in Teale’s operation for sym-
l:ulephamn where a bridge of conjunctiva, dissected up
from the glﬂbe above the cornea, is drawn down over
the cornea to cover a raw surface in contact with the
lower lid. This lax tissue favours the development
of cedema (chemosis), which in extreme cases may reach
such a degree that the patient cannot close his eye.
The vessels also, being feebly supported, are prone to
give way under no great provocation. Thus, subcon-
junetival heemorrhages may oceur from severe vomiting,
or during a paroxysm of whooping cough. Blood
also may find its way beneath the membrane in fractures

r
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of the base of the skull. Hemorrhages beneath the
membrane are unlike other extravasations (bruises), in
that they retain their scarlet colour. This is due to
the fact that the thinness of the conjunctiva allows
oxygen to reach the blood and retain for it an arterial
character. Severe inflammation of the conjunctiva
may lead to considerable cicatricial changes, as is the
case in other mucous membranes, and espemallv, perhaps,
in the urethra. The contraction of the econjunctiva
after destructive processes is apt to lead to entropion.
If both the ocular and the corresponding part of the
palpebral conjunctiva have been destroyed, the two
raw surfaces left will readily adhere ; the lid will become
fused to the globe, and the condition called symblepharon
be produced. This condition concerns the lower lid,
and is generally brought about by lime or other caustics
being amuleutdl]v mtlmlurud between the under lid
and the globe.

In one common. form of inflammation of this
membr*‘um a number of little © granulations ™ appear
upon the palpebral conjunctiva. These are not real
granulations, since no true uleceration of the part takes
place, but they appear to be made up. some of nodules
of adenoid tissue, others of enlarged mucous follicles
and of hypertrophied papille, all of which structures
are normally found in the membrane. The condition
is known as “ granular lids,” and is associated with the
formation of much new tissue in the deeper parts of
the membrane. From the absorption of this new
tissue and of these granulations a contracting cicatrix
results, leading to much puckering of the mmnbmne
and often to entropion and inversion of the e:.elashes.
In purulent ophthalmia the cornea is in great risk of
destruction, owing to the strangulation of its vessels,
and to the effects possibly of the discharge directly
upon the membrane,

The lachrymal! apparatus.—The lachrymal
gland is invested by a special fascia which separates
it from the general cavity of the orbit; and, according
to Tillaux, this little body can be removed without

F "
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opening the greater space of the orbit. The gland
may inflame, and become so enlarged as to appear as
a tumour, which may displace the globe downwards
and inwards, and press forwards the oculo-palpebral
fold of conjunctiva. If an abscess forms, 1t most usually
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Fig. 13.—Vertical Section at. the Root of the Nose to expose the Nasal Duct.
(A ter Merkel.)

* The outline of the frontal sinus, with its duct, the infundibulum, is indicated.

The position of the npper and lower lachrymal canaliculi is shown (AB).

breaks through the skin of the upper lid. G}’ﬁt{: of
the gland (dacryops) are due to obstruction and
distension of some of its ducts.

The lachrymal sac is situated at the side of the nose,
near the inner canthus, and lies in a groove on the
lachrymal and superior maxillary bones (Fig. 13). On
its outer side, and a little anteriorly, it receives the
lachrymal canals. In front of the sac is the tendo oculi.
If the two lids be forcibly drawn outwards this tendon
can be readily felt and seen, and is the great guide to
the sac. It can also be felt as it is tightened, when



Chap. 1V.] THE OrRBIT AND EVE, 67

the lids are firmly closed. It crosses the sac at right
angles, and at about the junction of its upper third
with its lower two-thirds. A knife entered immediately
below the tendon would about open the middle of the
sac, and it may be noted that a lachrymal abscess, when
about to discharge, always points below the tendon.
" Epiphora, or overflow of tears, is due in the main to
two causes : (1) To an obstruction in any part of the
lachrymal passages from the puncta to the opening
of the nasal duct in the nose; (2) to any cause that
removes the lower punctum from its contact with the
globe, as may be the case in ectropion, in entropion,
in swelling of the lower lid, ete. Facial palsy causes
epiphora, because, the orbicular muscle being relaxed,
the punctum falls away from the globe, and, moreover,
the passage of the tears is no longer aided by the suetion
action effected by the muscle in the process of winking.
The eanaliculi may readily be slit up by a proper knife,
and a probe can without difficulty be passed dmwn
the nasal duct from the lachrymal sac. The duct is
a little over half an inch in length, and the probe that
traverses 1t should pass d(lWIlWﬂl’le, and a little back-
wards and outwards. The nasal duct perforates the
mucous membrane of the nose below the inferior turbinate
process very obliquely, so that its inner wall acts as a
valve. If this is destroyved by uleeration, as amnet]mea
occurs in syphilis, the lachrymal sac may be inflated
by blowing the nose. In the upper part of the duct
the mucous membrane is thrown into a spiral fold,
which, after inflammatory conditions, may give rise
to strlcture (Fig. 13).

As affections of the lachrymal sac are often very
painful, it may be noted that the nerve supply of the
sac is derived from the infratrochlear branch of the
nasal nerve.
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CHAFPTER V.
THE EAR.

Tue pinna and external aunditory meatus.
—The pinna may be congenitally absent, or may be
supplemented by supernumerary portions of the auricle,
which may be situated upon the cheek or side of the neck.
In the latter situation the so-called supernumerary
auricle consists in an irregular leaf of fibro-cartilage
developed from the margins of one of the lower branchial
clefts. (See page 166, ) The tag-ike supernumerary
auricles that are found on the cheek just in front of the
pinna or meatus are due to the irregular development
or want of fusion of one or more of the six tubercles
from which the pinna itself is developed. The pinna
may present a congenital fistula. This may be due
to a defective closure of the first branchial cleft. This
cleft is represented in the normal ear by the Eustachian
tube, the tympanum, and the external auditory meatus,
the pinna being developed from the integument behind
the cleft. In these congenital fistulee, when well marked,
the pinna is cleft just in front of the tragus, or thmuwh
the helix, and there-is more or less failure in the lemg
of the meatus and tympanum, while the membrana
tympani will be more or less deficient or entirely absent.
In other cases the “fistula” appears merely as a
narrow sinus or a depression, running through the
helix. Some of the smaller and more superﬁmftl fistulee
are due not to a defective closure of the branchial cleft
but to want of complete fusion between certain of the
tubercles from which the pinna is primarily developed.
Accidental removal of the pinna is usually associated
with but comparatively little diminution in the acuteness
of hearing.

The skin covering the auricle is thin and closely
adherent. The subcutaneous tissue is scanty, and econ-
tains but very little fat. In inflammatory conditions
of the surface, such as erysipelas, the pinna may become
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extremel} swollen and very great pain be produced
from the tenseness of the parts. The pinna and carti-
laginous meatus are very firmly attached to the skull
so that the body, if not of great weight, may be hfted
“from the ground by the ears.

In chronie gout, little deposits of urate of soda (called
tophi) are often met with in the pinna, and are usually
-placed in the subcutaneous tissue at the edge of the
helix. M. Paul has pointed out that, when ear-rings
are worn, the usual hole made by the ring may become
converted into a vertical slit, or the ear-ring may eut
its way out, leaving a slit in the lobule, This it may do
several times if re-applied, thus producing many slits
in the same lobule. He considers such conditions as
absolutely diagnostic of serofula. *

The extermal auditory meatus is abont 11
inches long. It is directed forwards and inwards, having
the same direction as the petrous bone. The external
meatus, the promontory, the cochlea, and the internal
meatus lie nearly in the same line. The canal has a
vertical eurve about its middle, with the convexity
upwards. To straighten the canal for the introduetion
of specula and other instruments, the pinna should be
drawn upwards and a little outwards and backwards.
The osseous part forms a hittle more than one-half of the
tube, and is narrower than the cartilaginous part.

In the infant at one year, a third only of the meatus
18 formed of bone. The rest is cartilaginous. In a
child of five or six years of age the bony and cartilaginous
portions of the meatus are &,bmlt of the same lenﬁ“th
(Symington). The meatns is relatively as long in a
child as it is in an adult. The narrowest por tion of the
meatus is about its middle. The outer orifice is ellip-
tical, with its greatest diameter directed from above
downwards ; therefore specula should be elliptical in
shape rather than round. The inner end of the tube,
on the other hand, is slichtly wider in the transverse
direction. Owing to the obliquity of the membrana

* See *‘Scrofula and its Gland Diseases,” by the Author.
Lond. 1882,
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tympani, the floor of the meatus is longer than the roof.
The cartilaginous segment of the tube presents many
sebaceous glands that may be the seat of minute and
very painful abscesses. It also presents numerous
ceruminous glands, which secrete the cermmen of the
ear, and which, when their secretion is execessive, may
produce the plugs of wax that often block the meatus.
Lacerated wounds of the cartilaginous meatus are apt
to bleed freely, owing to the difficulty with which the
vessels bound up with the cartilage contract. In the
Hoor of this part of the meatus are certain fissures,
fissures of Santorini. They are filled up with fibrous
tissue. They permit of easier movement of the carti-

[Fig. 14.—Section through the External Meatus, Middle Ear, and
: Eustachian Tube (Tillanx).

a, External auditory meatus; b, attic of tympanum;: ¢, Eustachian tube ;
d, internal anditory meatus: e, cochiea; f, ossicles; g, membrana tympani;
h, atyloid process.
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laginous meatus. Itisthrough these gapsin the cartilage
that a parotid abseess may burst into the meatus. There
are neither hairs nor glands in the lining of the bony
part of the tube.

The skin of the meatus, when inflamed, may pro-
duce an extensive muco-purulent discharge, otitis ex-
terna. Polypi are apt to grow from the soft parts of
‘the canal, and exostoses from its bony-wall. Foreign
bodies are frequently lodged in the mewtus and often
involve great difficulties in their extraction. It would
appear that in many cases more damage is done by the
surgeon than by the intruding substance. Mason
reports three cases where a piece of slate-pencil, a cherry-
stone, and a piece of cedar-wood were lodged in the canal
for respectively forty vears, sixty years, and thirty
vears.

The upper wall of the meatus is in relation with the
cranial cavity, from which it is only separated by a dense
layer of bone. Thus, abscess or bone disease in this part
may possibly lead to meningitis. A case is reported
where an inflammation of the cerebral membrane fol-
lowed upon the retention of a bean within the meatus,
The anterior wall of the canal is in relation with the
temporo-maxillary joint and with part of the parotid

gland. This may serve in one way to explain the pain
cnften felt in moving the jaw when the meatus is inflamed,
although, at the same time, it must be remembered
that movement of the lower maxilla produces a move-
ment in the cartilaginous meatus, and that both the
canal and the joint are supplied by the same nerve (the
auriculo-temporal). From its relation to the condyle
of the jaw, it follows that this wall of the meatus has been
fractured by that condyle in falls upon the ehin. Tillaux
states that abseess in the parotid gland may spread
into the meatus through the anterior wall of the passage.
The posterior wall separates the meatus from the mastoid
cells, and through this partition inflammation may
extend from one part to the other, especially as the
cartilage of the tube is deficient at its upper and posterior
parts. Directly behind the posterior wall is the lateral
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sinus. The inferior wall of the bony meatus is very
dense and substantial, and corresponds to the vaginal
and styloid processes.

Blood supply.—The pinna and external meatus
are well supplied with blood by the temporal and
posterior auricular arteries, the meatus receiving also
“a branch from the internal maxillary.  In spite of
this supply, the pinna is frequently the seat of gangrene
from frost-bite. This is due to the fact that all the
vessels are superficial and are close beneath the surface,
that the part is much exposed to cold, and that the pinna
lacks the protection of a covering of fat. The same
conditions predispose to gangrene of the nose from
external cold. Bloody tumours (h@matomata) are
often met with on the pinna, and are said to be more
common 1in lunatics. They appear to be frequently
due to injury, and to consist of an extravasation between
the perichondrium and the cartilage.

Nerve supply.—The outer surface of the pinna
1s supplied by the auriculo-temporal nerve, with the
exception of the skin over the antitragus, the vertical
part of the antihelix, the corresponding part of the
helix and its fossa, and the lobule, which parts are
all supplied by the great auricular nerve. The inner
surface is almost entirely supplied by the latter nerve,
the small occipital nerve giving a branch to the upper
extremity, and Arnold’s nerve a branch to the back {}f
the concha, near the mastoid process. The meatus is
supplied mainly by the auriculo-temporal, with, in
addition, a contribution from Arnold’s nerve, which
goes to the lower and back part of the canal, not far
from its commencement. Arnold’s nerve, a little hranch
from the pneumo-gastrie, has been eredited with a good
deal in connection with the nerve relations of the ear.
After a heavy dinner, when the rose-water comes round,
it is common to see the more experienced of the diners
touch the lower part of the back of the ear with the
moistened serviette. This is said to be very refreshing,
and is supposed to prove to be an unconscious stimula-
tion of Arnold’s nerve, a nerve whose main trunk goes
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to the stomach. ]-Ienm:', this little 111‘&!‘[(‘11 has been
facetiously termed “ the alderman’s nerve.’

Ear coughing, ear sneezing, ear yawning.
—It is not uncommon to have a troublesome dry cough
associated with some mischief in the meatus.  Sometimes
the mere introduction of a speculum will make the
patient cough. A case is reported, where a troublesome
cough persisted for eighteen muntha, and at once ceased
on the removal of a plug of wax from the ear. In such
cases the irritation 1s conveyed to the respiratory and
cough centres in the floor of the fourth ventricle by
Arnold’s nerve, a small braneh of the vagus. Gaskell
has shown that the vagus also contains the disassociated
visceral fibres of the fifth nerve. Hence, disturbances
may be set up in the vagal nuelei through branches of
the fifth nerve, such as the auriculo-temporal. The
connection of the nerves of the external auditory meatus
with the vagal nuclei also explains the sneezing or vomit-
ing which is sometimes caused by the presence of
foreign bodies in the external meatus. The same nerve
mmmetmu also explains the oceurrence of repeated
yvawning, sometimes set up by ear ailments. Irritation
conveyed along the inferior dental or lingual nerves
may be referred along the auriculo-temporal. Hence the
need to examine the tongue and lower teeth in cases of
earache. Head has pointed out that disease of the ear,
the tonsil, the tongue or the lower jaw may be associated
with an area of tenderness in the skin along and below
the jaw.

It is a common practice to introduce ear-rings, with
the idea of relieving obstinate affections of the eye. No
anatomical basis can be offered to explain such treatment.
The lobule is supplied by the great auricular nerve which
springs from the second and third cervical nerves, while
the eye is supplhied by the ophthalmie division of the
fitth. The lower sensory nucleus of the fitth is a direct
continuation upwards of the grey matter from which
thie posterior roots of the cervical nerves arise,

Hilton reports a case of obscure pain in the ear which
was found to be due to an enlarged gland in the neck,
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that pressed upon the trunk of the great aunricular
nerve,

Membrana tympamni.—This membrane is very
obliquely placed, forming with the horizon an angle
of 45°. At birth it appears to be more nearly hori-
zontal, although it is not really so. In cretins, and
in some idiots, it is sald to retain this apparent inclination.
Owing to the sloping downwards of the bony wall of the -
meatus at its inner end, that wall forms with the lower
edge of the membrane a kind of sinus in which small
1ﬂrelﬁ'n bodies may readily lodge (Fig. 14). The ring
of bone to which the membrane is attached is deficient
at its upper and anterior part. The gap so formed
is called the notch of Rivini, and is occupied by loose
connective tissue, covered by a continuation of the
lining of the meatus, and through it pus may escape
from the middle ear into the ,m(lltcnr:, canal without
perforating the membrane. When the membrane
gives way Dwmg to a uolent concussion transmitted
through the air, it often gives way opposite the noteh,
its attachments here being: obviously less secure than
elsewhere. The membrane possesses but little elasticity,
as shown by the very slight gaping of the part after it
has been wounded. It is for this reason, among others,
that perforations made in the membrane. by the surgeon
heal so very rapidly. The membrane has been ruptured
during fits of sneezing, coughing, vomiting, ete. The
same lesion has followed a hox on the ear, and even
simple concussions such as that produced by a loud
report.

The winbo, or deepest point of the depression in the
diaphragm, 18 just below the centre of the entire mem-
brane, and corresponds to the attachment of the end
of the handle of the malleus. The rest of the handle
can be seen through the membrane during life. The
head of the malleus is in no connection with the mem-
brane, being situated in the attic of the tympanum
above the level of the membrane. The segment of the
membrane above the wmbo 18 very freely supplied by
vessels and nerves ; it corresponds to the handle of the
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malleus, and to the chain of ossicles, and is opposite to
the promontory and the two fenestree. The chorda
tympani nerve also runs across this supraunmbilical
portion. The segment below the umbo, on the other
hand, eorresponds to no very important parts, and is less
vascular and less sensitive. Paracentesis of the tym-
panum through the membrana tympani should therefore
always be performeéd in the subumbilical segment.
If performed above the wmbo the knife may strike
the incus and loosen that bone from its frail attach-
ments, or the chorda tympani be cut, which would give
rise to a paralytic secretion of saliva. The malleus and
stapes are too firmly attached to be readily separated.

The membrane is supplied by the stylomastoid
artery, and the tympanic branch of the internal max-
illary, and obtains its nerve supply from the auriculo-
temporal,

The tympamum.—The width of the tympanie
cavity, as measured from its inner to its outer wall,
varies from &th to ith of an inch. The narrowest
part is that between the umbilicus of the membrana
and the promontory. A fine rod thrust through the
centre of the membrana tympani would hit the pro-
montory on the nner wall of the cavity. Above the
promontory is the fenestra ovalis, and below and behind
it the fenestra rotunda. Skirting the upper and
posterior margin of the inner wall of the tympanum
is the aqueduct of Fallopius, containing the facial nerve.
The wall of the aqueduct is so thin that inflammatory
mischief can readily extend from the middle ear to
the facial nerve. The u pper wall is very thin, and but
little bone separates it from the cranial eavity. The
suture between the squamous and petrous bones is found
in this wall, and by means of the sutural membrane
that separates the bones in the young, inflammatory
changes may readily spread from the tympanum to
the meninges. The petro-squamous suture unites at
the end of the first year and usually contains the petro-
squamous vein, a remnant of the primitive jugular.

e floor is very narrow. Its lowest part is below
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the level of both the membrana tympani and the orifice
of the Eustachian tube, and hence pus may readily
collect in this locality. It is separated by a thin piece
of bone from the internal jugular vein behind, and
from the internal carotid artery in front. Fatal heemor-
rhage from the latter vessel has occurred in connection
with destructive changes in this part of the ear. The

Fig, 15, —8howing the Position and Relationships of the Antrum of the
Mastoid (see also Fig. 3).

A, Antrum. The suprameatal triangle is indicated in front of the letter. The
shaded space in front of the triangle and above the meatns is the attic of
the tympanum; x ¥ on the continuation of the upper border of the zygoma
backwards indicating the position of the tegmen tympani; E, placed on the
floor of the external audicory meatus. The tympanum 12 seen in the depth
of the meatus: vIL showing the position of the facial nerve; ».8., lateral
§inUs ; M.F., mastoid foramen ; ®v., root of zygoma; cox., condyle of jaw.
The outline of the auricle is indicated by a single dotted line ; that of the
facial nerve by a double dotted line. .

posterior wall in its upper part presents the opening
of the antrum of the mastoid.

The antrum of the mastoid (Iig. 15) lies above
and behind the external auditory meatus and opens into
the attic of the tympanum. Implication of this space
and of the mastoidal eells, which open into it and
surround it, forms one of the most serious complications
of middle ear disease. It is large enough to eontain
a small bean, and is present at birth, being developed
with the cavity of the tympanum. It is closely sur-
rounded by important structures. Its roof, formed by
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the tegmen tympani, a plate of bone only 2 mm. thick,
separates 1t from the third temporal convolution. Small
veins perforate the roof to join the petrosquamous
vein, in the remnant of the suture of the same name.
In the infant the communication is even more free,
for this suture does not close until the end of the first
year. The facial nerve passes downwards on its inner
wall, where the antrum opens into the attic, and behind
the facial nerve, also on the inner wall, is the external
semi-circular canal. Facial paralysis or giddiness may
follow operations on the antrum if the inner wall is
injured. The antrum is separated behind from the
lateral sinus and cerebellum by a plate of bone which
varies in thickness from 3 mm. to 6 mm. The temporo-
sphenoidal lobe, the lateral sinus, and the cerebellum
are the common seats of secondary infection in cases
of middle ear disease. At the mouth of the antrum
and in the attic of the tympanum are situated the incus,
the head of the malleus, and their higaments, structures
which may be diseased and require removal.

At birth the oufer wall of the antrum is
formed by the post-meatal process of the squamosal,
a plate of bone 2 mm. thick. Every year, until
about the twentieth, this process of bone inereases
about 1 mm. in thickness, and hence in the adult
the mastoidal antrum lies at a depth of 20 mm. from
the surface, but it must be remembered that the depth
varies considerably. In the child it is comparatively
superficial, and pus may easily escape or be evacuated.
The suture between the post-meatal part of the squamosal
and the petro-mastoid disappears in the second year
of life and so shuts off a possible route that pus may
take to reach the surface. A shallow triangle (see
Fig. 15) above and behind the meatus, formed by the
post-meatal process of the squamosal, lies directly over
the antrum and serves as a guide to it. It may also
be reached by following the junction of the posterior
wall and roof of the external auditory meatus. The
drill is entered 5 mm. behind the meatus and on a level
with its upper margin. Its roof lies 5 mm. above the
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level of the meatus. The posterior auricular artery
passes upwards behind the meatus, beneath the concha
of the auricle, and lies within the field of any operation
on the middle ear.

The mastoid eells develop with the growth of the
mastoid process. The mastoid process appears in the
third year, but the cells are not formed until puberty.
Three varieties of the mastoid process are recognised, each
of which is about equally common : (1) those in which
the cells are large and communicate with each other
and with the antrum, (2) those in which the central
cells are large and communicate with the antrum,
while the peripheral are small and closed, (3) those in
which all the spaces are small and closed. The cells
surround the antrum, and may pass backwards to the
masto-oceipital suture, forwards to the suprameatal
region, upwards to the masto-parietal suture, and down-
wards to the apex of the mastold. Inflammatory
conditions may lead to a thickening of the walls of the
mastoidal cells, and the bone may become so dense as
almost to resist the chisel. Veins drain into the peri-
osteum of the mastoid from the more superficial cells,
and by these, inflammation may reach the surface
and give rise to cedema and swelling behind the ear.

In cases where the outer surface of the mastoid
has been spontaneously perforated, a tumour has
appeared on the skull that contained air, and that
could be increased in size by forcing air into the ear
through the FEustachian tube. Such tumours are
known as pnewmatoceles, and the process that leads
originally to the perforation of the bone is of obscure
nature. In some cases 1t seems to have been simply
atrophic, and in other instances to have been due to
“ caries sicea,”

On the anterior wall of the tympanum is the 01)ening
of the Eustachian tube. This tube 1s 13 inches
long, and by opening into the pharynx serves to keep
a proper supply of air in the tympanum, and so equalise
the pressure upon the two sides of the membrane. The
floor of the tympanum is below the level of the outer
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opening of the Eustachian tube. The line of direction of
the tube lies almost exactly midway between the trans-
verse and antero-posterior axes of the base of the skull.
In the adult 1t inclines downwards, so as to form an angle
of 40° with the horizon. In the child this angle is only
10° (Symington). In adults $ths of the tube is carti-
laginous and Ith bony (Symington). On the outer
side of the tube lie the tensor palati, the third division
of the fifth nerve, and the middle meningeal artery.
On the inner side are the retro-pharyngeal tissue and
(quite posteriorly) the internal carotid artery. The
pharyngeal orifice of the tube is usually shut. During
swallowing, however, it 1s opened, by the action maml;-,r
of the tensor palati muscle. If the nose and mouth
be closed and the cheeks blown out, a sense of pressure
is produced in both ears. The hearing, at the same
time, is dulled, and the change i1s due to the bulging out
of the membrana tympani by the air thus forced
into the tympanum. This method of inflating the
middle ear 1s known as Valsalva’s method.

In “ Politzer’'s method” of passing air into the
Eustachian tube, the patient’s mouth 1s closed, while
into one nostril the nozzle of a cacute houe bag filled with
air is introduced, and the nostrils are then Teld firmly
closed. The patient is asked to swallow a mouthful
of water, while at the same moment the bag 1s foreibly
emptied, and the air, having no other means for escape,
is thus driven into the open FEustachian tube. The
surgeon listens for the little noise caused by the entrance
of the air by means of a tube that passes between the
patient’s meatus and his own. Prolonged closure of
the Eustachian tube leads to deafness, and thus impair-
ment of hearing may follow upon great thickening
of the mucous membrane of the tube due to the extension
of inflammatory mischief from the pharynx. In the
deafness associated with enlarged tonsils and post-nasal
growths, the hypertrophic change extends to the mucous
lining of the tube, and in the cases of many pharyngeal
growths and nasal polypi, the orifice of the tube is
mechanically obstructed.  The near relation of the
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pharyngeal end of the tube to the posterior nares serves
to explain a ecase where suppuration in the mastoid
cells followed upon plugging of the nares for epistaxis.
A probe passed up the Eustachian tube from the pharynx
would hit the joint between the incus and the stapes,
and would enter the mastoid cells (Tillaux).

The upper edge of the pharyngeal orifice of the
tube is about half an inch below the basilar process,
half an inch in front of the posterior wall of the pharynx,
half an inch behind the posterior end of the inferior
turbinated bone, and half an inch above the soft palate
(Tillaux). In the feetus the orifice is below the hard
palate ; at birth on the same level. The form of the
opening is that of a triangle. The opening of the tube
is effected by the tensor palati, levator palati, and sal-
pingo-pharyngeus.

Just behind the elev ation formed at the orifice of
the Eustachian tube there is a depression in the wall
of the pharynx, known as the lateral recess or fossa of
Rosenmiiller (Fig. 16). It may be mistaken for the
orifice of the tube, and may readily engage the point
of a Eustachian catheter. In cases in which the
pharyngeal tonsil (Luscha’s tonsil) i1s enlarged, this
fossa on either side may be greatly deepened and made
to form a narrow diverticulum. (See page 131.) To
pass the Eustachian catheter, the instrument is earried
dlmlg the floor of the nares with its concavity downwards,

“ until 1t=} point can be felt to drop over the poster 1or edge
of the hard palate into the pharynx. The instrument
should now be withdrawn until its point can be felt to
rise again on the posterior edge of the hard palate ;
having arrived at this point, the catheter should be
pushed onwards about one inch, and during its passage
its point should be rotated outwards through a quarter
of a circle.”* This manceuvre should engage it on
the orifice of the tube.

Blood supply.—The tympanum is supplied by
the following arteries: the tympanic of the internal

* Smith and Walsham’s ¢¢ Operative Surgery,” p. 12. 2nd Ed.
1576. # 5
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maxillary and internal carotid, the petrosal of the middle
meningeal, and the sty ln-nmatmd of the puqtﬂlmr auricu-
lar. The fact that some of the tympanic veins end in
the superior petrosal and lateral sinuses gives another
explanation of the frequent occurrence of thromboses
of those channels in inflammatory affections of the
middle ear. The petro-squamous vein, which crosses
the roof of the middle ear, also receives branches from
the antrum and attic and joins the lateral sinus behind
and the meningeal veins in front (Cheatle).

The connection between deafness and tinnitus aurinm
and affections of the stomach has to be sought for in the
central conneetions of the eichth and tenth nerves.
The blood supply of the l.1h}111|t]1 is derived entirely
from the vertebral artery (Woakes).

The ehorda tympamni nerve, from its exposed
position in the tympanum, is very llLeh to be damaged
in suppurative disease of the middle ear; and U rban-
tschitsch and Schulte have shown that such disease in
this part may be associated with anomalies of taste.

The osseous labyrinth is formed independently
of the other bony parts of the ear. Portions of this
labyrinth have necrosed and have been expelled in
recognisable fragments. In a case recorded by Dr.
Barr the whole of the osseous labyrinth (the cochlea,
vestibule, and semicircular canals) was removed entire
as a necrosed fragment from the auditory meatus,

CHAPTER VI
THE NOSE AND NASAL CAVITIES.

1. Tee mose.—The skin over the root, and the
greater part of the dorsum, of the nose, is thin and lax.
Over the ale, however, it is thick, very adherent to
the deeper parts, and plentifully supplied with sebaceous
and sweet glands. Inflammation of the integuments
over the cartilaginous portion of the nose is apt to be
very painful, and to be associated with much vascular

G
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engorgement. The pain depends upon the tenseness
of the part, which prevents it from swelling without
producing much pressure upon the nerves, while the
engorgement depends upon the free blood supply of the
region, and the fact that the edge of the nostril being a
free border, the circulation there is terminal, and apt
therefore to favour congestion.

The great number of sebaceous glands about the
lower part of the nose renders it a favourite spot for
acne. It 1s here that the form of acne termed acne
hypertrophica is met with, a condition that produces
the appearance known as “ grog blossoms.” The nose,
too, 1s frequently attacked by lupus, and it is indeed
over the dorsum of the nose that lupus erythematosus
i1s most commonly met with. Rodent uleer also is apt
to appear in this region, especially in the fold between
the ala of the nose and the cheek.

The integument of the nose is very well supplied
with blood, and for this reason the part is well suited
for the many plastic operations that are performed
upon it. Wounds in this region heal kindly, and even
the extensive wound made along the line between the
nose and the cheek in removal of the upper jaw leaves
very little deformity. In many reported cases portions
of the nose have been entirely severed, and have united
to the face on being immediately re-applied. In spite
of its full blood supply, the nose, for reasons already
given when speaking of the pinna (page 72), is prone
to gangrene from exposure to severe cold. A specimen
in the museum of the Royal College of Surgeons illus-
trates a remarkable form of gangrene of the nose. The
specimen 1s the larynx of a man who cut his throat
and lost a great quantity of blood. Before he died his
nose slonghed.

The skin over the root of the nose is supplied by
the nasal branch of the first division of the fifth; as
1s also the skin over the ale and in the region of the
nostril. The middle or greater part of the side of the
nose is supplied by the second division of the fifth, and
is the seat of pain in neuralgia of that trunk. The

£
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fact that the nasal nerve is a branch of the ophthalmie
trunk, and has intimate connections with the eye,
serves to explain the lachrymation that often follows
painful affectidhs about the nostril, as, for example,
when the edge of the nostril is pinched (page 46).

The ecartilaginous part of the nose is often
destroyed by lupus, by syphilitic uleeration, and other
destructive affections. The parts so lost have been
replaced by the various methods included under the
head of rhinoplasty. It is well to bear in mind the
limits of the cartilaginous segment of the nose, and
to remember that in introducing a dilating speculum
the instrument should not be passed beyond those
limits. In the subjects of inherited syphilis the bridge
of the nose is often found to be greatly depressed. This
depends upon no actual loss of parts, but rather npon
imperfeet development from local malnutrition, that
mal-nutrition following upon a severe catarrh of the
mucous membrane. The deformity only oceurs, there-
fore, in those who have had “ snuffles ” in infancy.

The masal bomnes are often broken by direct
violence. The fracture is most common through the
lower third of the bones, where they are thinnest and
least supported. It is rarest in the upper third, where
the bones are thick and firmly held, and where, indeed,
considerable force is required to produce a fracture.
Since no muscles act upon the ossa nasi, any displace-
ment that occurs is due solely to the direction of the
force. Union takes place after these fractures with
greater rapidity than perhaps obtains after fracture
of any other bone in the body. In one case noted by
Hamilton, “the fragments were quite firmly united
on the seventh day.” If the mucous membrane of the
nose be torn, these fractures are apt to be associated
with emphysema of the subentaneous tissue, which is
greatly inereased on blowing the nose. The air in such
cases 18 derived, of course, from the nasal fosse. In
fractures of the upper third of the ossa nasi the eribri-
form plate may be broken, but it is questionable whether
this eomplication can oceur when the fracture is limited
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to the lower third of the bones. The root of the nose is
a favourite place for meningoceles and encephaloceles,
the protrusion escaping through the suture between the
nasal and frontal bones. Such protrusions, when oceur-
ring in this place, are often covered by a thin and vascu-
lar integument, and have been mistaken for ngevoid
growths.

2. The masal eavities.—The anterior nares
have somewhat the shape of the heart on a playing
card, and the aperture as a whole measures about 1%
inches vertically, and a little less than 1} inches trans-
versely, at its widest part. The plane of the nostril
1s a little below that of the floor of the nares. To ex-
amine the nasal cavities, therefore, the head should be
thrown back, and the nose drawn upwards. The
anterior nares can be well explored by the finger intro-
duced into the nostril, and the nasal apertures are just
so wide on each side of the septum as to allow the finger
to be passed far enough back to reach another finger
introduced into the posterior nares through the mouth.
An effectual way of removing soft polypi in the adult
1s by tear mg the m away by the two fingers so introduced.
The operation is a little rough. B_'} the most gentle
introduction of the finger into the nostril it is often
possible to feel the end of the inferior turbinated bone.
The anterior nares, and front of the nasal eavities, can
be well explored l:n Rouge’s operation. In this pro-
cedure the upper lip is everted, and a transverse cut
made thmugh the mucous munbmne into the soft parts
that connect the upper lip with the upper jaw. The
incision extends between the second bicuspid teeth of
either side. The soft parts connecting the upper lip
and nose to the bone are divided without damaging the
skin, and the flap is dissected up until the nares are

sufﬁciemly exposed.
| The posterior mnares.—If a little mirror,
somewhat similar to that used in laryngoscopy, be
cautiously introduced behind the soft palate through
the mouth, and illumined from the mouth, the following
parts may, under favourable circumstances, be seen :
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the posterior nares, the septum, the middle turbinated
bone, part of the superior and inferior turbinated bones,
and part of the inferior meatus. The middle meatus

is well seen, and also the Eustachian tube, and the mucous
" membrane of the upper part of the ph-a,r} nx.

This mode of examination is very difficult to carry

out, and 1s known as posterior rhinoscopy. The parts

just named can all be felt by the finger introduced
~ behind the soft palate through the mouth. The posterior
nares are often plugged to arrest severe bleeding from
the nose, and in order to cut a proper sized plug it is
desirable to bear in mind the dimensions of the apertures.
Each aperture is of regular shape, and measures about
4 an inch tmnsversely by 1% inches in the vertical
direction in a well-developed adult skull.

As regards the nasal cavities generally, it is well to
note that the floor is wider at the centre than at either
end, that the vertical diameter is greater than the
transverse, and is greatest also about the centre of the
fosse. Forceps introduced into the nose, therefore,
are most conveniently opened if opened vertically.
The width of the fosse increases somewhat from above
downwards, thus the superior turbinated bone is only
2 mm. from the septum, while a space of from 4 to 5 mm.
intervenes between the inferior turbinated bone and
the septum. The nasal cavity is so very narrow above
the middle turbinated bone that that bone really forms
the surgical roof of the nasal fossa.

From a reference to the relations of the nasal fossz
(Fig. 16) it will be understood that inflammation of the
lining membrane (coryza) may extend to the pharynx
vid the posterior nares ; may extend up the Eustachian
tube and cause some deafness ; may reach the lachrymal
sac and conjunctiva through the nasal duct; and may
extend to the frontal sinuses and the antrum, producing
frontal headache and cheek-ache. These relationships
are often demonstrated in a severe “ cold in the head.”
From the nearness of the nasal fosse to the cranial
cavity it happens that meningitis has followed upon
purulent inflammations of the nose. Foreign bodies
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of various kinds are often lodged in the nose, and may
remain there for some years. Thus Tillaux reports
the case of an old woman, aged 64, from whose nose
he removed a cherry stone that had been there for
twenty years.

In washing out the nasal cavities with the **masal
douche » the fluid is introduced by means of a
syphon. The nozzle of the syphon tube is introduced
into one nostril, the mouth is kept open, and the fluid
runs through that nostril, passes over the soft palate,
and escapes from the other nostril. The latter cavity
is therefore washed out_from behind forwards. The
course of the fluid depends upon the fact that when
the mouth is kept open there is such a disposition to
breathe through it alone that the soft palate i1s drawn
up and the nares cut off from the pharynx.

The reof of each nasal fossa is very narrow, being
only about % of an inch in width. It is mainly formed
by the thin eribriform plate, but its width is such that
the danger of the roof being penetrated by so large
a substance as a pair of polyp forceps has been greatly
exaggerated. The cranial cavity has, however, been

opened up through the roof of the nose by penetrating
hodies introduced both by accident and with homicidal
intent. Meningitis has followed inflammation of the
nasal fosswe, the inflammation extending through the
cribriform plate. Through the perineural and peri-
vascular sheaths the lymphatic system of the nose is
in continuity with that of the meninges, and by these
channels infections may spread from the roof of the
nose to the membranes of the brain. Fracture of this
part also has been associated with very copious escape
of cerebro-spinal fluid through the nostrils. A
meningocele may protrude thr 011“‘11 the nasal roof. In
a case reported by Lichtenberg the mass hung from the
mouth, having passed through a congenital fissure in
the palate. It was mistaken for a polyp, was ligatured,
and death resulted from intracranial inflammmation.

The septum is seldom quite straight in adults ;
the deviation being more often towards the left. It is,
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however, straight in children, and remains so up to
the seventh vear. In adults the septum deviates in
76 per cent. of all persons. The deviation may
follow an injury. It has been pointed out that
a deviation of the septum may seriously interfere with
the singing voice. The nose also 1s seldom quite straight,
and French authors aseribe this to some deviation of
the septum, often dependent upon the practice of always
blowing the nose with the same hand. If the
deviation of the septum be considerable, 1t may more or
less block one nostril, and, until the opposite nostril 1s
examined, be mistaken for a septal tumour encroaching
upon the cavity. The flattened nose in acquired syphilis
is usually due to destruction of the septum and more
or less implication of the adjacent bones. Workmen
exposed to the vapour of bichromate of potash are liable
to a peculiar perforation of the septum known as
“ bichromate disease.”

O uter wail (Fig. 16).——The inferior turbinated hone
may interfere with the introduction of a Eustachian
catheter if the curve of the instrument be too great.
The anterior end of the bone is about £ of an inch bhehind
the orifice of the nostril. The opening of the nasal duct
is about 1 inch behind the orifice of the nostril, and
about % of an inch above the nasal floor. This opening
i3 usually slit-like and narrow. The nasal duct pierces
the nasal mucous membrane in the same oblique and:
valvular manner as the ureter enters the bladder. The
height of the inferior meatus is about # of an inch. The
superior meatus i1s a very short and narrow fissure, and
into its upper and fore part open the posterior ethmoidal
cells. The middle meatus opens widely in front upon
a part of the outer wall called the atrium, and unless
care be taken to keep the point of any instrument well
towards the floor of the fossa, it 1s easier to pass the
instrument into the middle than into the inferior meatus.
Upon the wall of the middle meatus is a deep gutter (the
hiatus semilunaris), which runs from above downwards
and backwards (Fig. 16). Into this groove open the
infundibulum (the aperture of the frontal sinus), the
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anterior ethmoid cells, and, near its posterior end, the
antrum. The aperture of the frontal sinus appears as
a small round hole at the upper and anterior end of
the groove. The ethmoid cells open a little way lower
down on the groove, while the antrum has its orifice at
or near the hinder part of the hiatus. This orifice is
slit-like, situated about the centre of the middle meatus,
and is quite 1 inch above the floor of the nasal fossa
(Fig. 16). The orifice is nearer to the roof than the
floor of the antrum, and thus no facility is offered for
the escape of accumulated fluids.

The middle turbinated bone is high up. Its highest
point (its anterior extremity) is nearly on a level with
the tendo oculi.

Rhinolithes (stone-like masses of calcareous matter,
formed, as a rule, around foreign substances) are most
often found in the inferior meatus.

The width of the nasal floor is about 1 an inch,
or a little over. Its smooth surface greatly favours
the passage of instruments. It presents a gentle slope
from before backwards. At its anterior part is a
depression of mucous membrane over the incisor
foramen. This foramen is a vestige of the great com-
munication that once existed between the cavities of
the nose and mouth.

The mucous membrane lining the nasal cavi-
ties varies in parts. It is very thick and vascular over
the turbinate bones and over the lower two-thirds of
the septum, while over the nasal floor and in the intervals
between the turbinate bones it is very much thinner.
The mucous membrane lining the various sinuses and
the antrum is conspicuously thm and pale. The mem-
brane is provided with many glands, which are most
conspicuous over the lower and hinder parts of the outer
wall and over the posterior and inferior parts of the
septum. These glands may be the subject of consider-
able hypertrophy. They are capable of providing also
a very copious watery secretion, which has in some
cases of chronic coryza fulluwm,,., injury been so . free
as to be mistaken for an escape of cerebro-spinal fluid.
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There is also much adenoid, or lymphoid, tissue in the
nasal mucous membrane, which is the primary seat of
the chief serofulous affections that invade this part.
So thick and lax is the normal mucous membrane over

Fig. 16.—0Outer Wall of the Nose, showing the Openings of the Sinuses.
The middle (a.1.) and inferior (1.1.) turbinate processes have been cut
off at their attachments, but their outlines are indicated.

F.8., Frontal sinus; 1x., infundibulum opening into the middle meatus at the npper
end of the hiatus semilunaris; H, placed on the bhulla ethmoidalis below the
opening of the middle ethmoidal cell (2} and above the hiatns semilunaris;
A, the opening of the antrum at the posterior end of the hiatus ; B, on the
atrium in front of the beak of the middle turbinate process; ¥.p., opening
of the nazal duct ; (1), posterior ethmoidal cell opening in superior meatus ;
(3) anterior ethmoidal cell opening into infundibulum; (4), lachrymo-
ethmoidal cell, also opening into infundibulum ; P, position of pituitary

body; 8.8, sphenoidal sinus; L.u., lateral recess of pharynx ; EUS., Eusta-
chian tube.

the lower borders and posterior extremities of the middle
and inferior turbinated bones that it forms in these
situations a kind of soft cushion. This condition
1s mainly due to the presence of a rich submucous venous
plexus, the vessels of which run, for the most part, in
an antero-posterior direction. Over the lower turbinate
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bone the veins form a kind of cavernous tissue, “ the
erectile body.” When turgid with blood it swells so as
to obliterate the interval between the bone and the
septum, When the seat of chronic inflammation, the
mucous membrane over the inferior bone may appear
as a polypoid swelling. The great vascularity of the
mucous membrane is probably for the purpose of raising
the temperature of the inspired air. From the con-
struction of the fossae the inspired air is encouraged to
pass along the middle meatus, the expired air along the
lower meatus. From the com ]JELI'H.t-iTBl}’ lax attachment
of the mueous membrane of the septum to the parts
beneath, it happens that hsematomata are often met
with beneath the septal mucous membrane after a blow
on the nose.

Polypi are often met with in the nose. They
are of two kinds, the mucous or myxomatous polyp
that springs usually from the mucous membrane over
the middle or inferior turbinate bones, and the fibrous
or sarcomatous polyp that usually takes origin from
the periosteum of the nasal roof or from that of the
base of the skull. Polypi of the latter kind spread in
every available direction. They expand the bridge of
the nose, close the nasal duct and cause epiphora, depress
the hard palate, and encroach upon the mouth, invade
the antrum and expand the cheek, grow down into
the pharvnx, pushing forwards the velum palati, and
may penetrate even through the inner wall of the orbit.
In one remarkable case, quoted in the Lancet for 1877,
a tumour, springing from the sheath of the superior
maxillary nerve just after its exit from the foramen
rotundum, projected into the nasal fossee. It was
mistaken for a polyp, and attempts to remove it led
to meningitis and death.

The Blood supply of the nasal cavity is extensive,
and 1s derived from the internal maxillary, ophthalmie,
and facial arteries. With regard to the veins, it may
be noted that the ethmoidal veins that come from the
nose enter the ophthalmic vein, while in children a
constant communication exists between the nasal veins
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and the superior longitudinal sinus through the foramen
caeenm. This communication may also be maintained
in the adult. These connections may, in part, serve
to explain the occurrence of intracranial mischief as
a consequence of certain inflammatory affections of the
nasal cavities. Bleeding from the nose, or epistaxis,
is a common, and often a serious, circumstance. Its
frequency is to a great extent due to the vascularity
of the mucous membrane, to its laxity, and to the fact
that the veins, especially those over the lowest turbinate
bone, form extensive plexuses, and produce a kind of
cavernons tissue. The epistaxis is often due, therefore,
to interference with the venous n::r-:,ula‘rmn, as seen
in cases of cervical tumour pressing upon the great veins,
in the paroxysms of whooping congh, and the like.
The beneficial effect of raising the arms in epistaxis
is supposed to depend upon the extra expansion of the
thorax thus produced, and the aspiratory effect thus
brought to-hear upon the cervical veins. The bleeding
may be copious and long continued. Thus Spencer
Watson reports a case where the epistaxis continued
on and off for twenty months without obvious cause.
Martinean mentions an instance in which 12 Ib. of
blood were lost in sixty hours, and Fraenkel records a
case where 75 1b. of blood are said to have escaped from
first to last. In several instances the hsemorrhage has
proved fatal. The seat of the bleeding is often not easy
to detect, even when the examination is post mortem,
In many cases the bleeding point is sitnated on the
septum, 4 an inch above and behind the nasal spine.
The merve supply of these parts is derived from
the olfactory nerve, and from the first and second
divisions of the fifth nerve. The lachrymation that
often follows the introduction of irritants into the front
of the nares may be explained by the fact that that
part of the cavity is supplied freely by the nasal nerve,
a branch of the ophthalmic trunk. As an example
of transference of nerve force in the opposite direction
may be noted cases where a strong sunlight falling
upon the eyes has produced an attack of sneezing.
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Troubles involving the vagal centres, such as cough
and bronchial asthma, have followed affections of the
nasal cavities. The vagus nerve contains visceral fibres
which originally belonged to the fifth nerve. The
olfactory nerves are situated in the upper third of the
cavity, and thus in smelling intently the individual
sniffs deeply and dilates the nostril. The inability to
dilate the nostril in facial paralysis may explain the
partial loss of smell sometimes noted in such cases.
It is said (Althaus) that anosmosia, or loss of the sense
of smell, when following upon an injury to the head,
may be due to a rupture of the olfactory nerve fibres
as they pass through the eribriform foramina. The
olfactory roots cross the edge of the lesser wings of the
sphenoid, and in falls on the forehead are liable to injury.
The olfactory centre is situated in the hippocampal gyrus.
Surgery affords some examples of the possible violence
of the act of sneezing. Thus a man sneezed vigorously
when his hand was firmly supported upon an object,
and produced a subcoracoid dislocation of his shoulder
(Lancet, 1878). In another case the ninth rib on the
left side was fractured during a fit of sneezing (Med.
Times, 1862). Mr. Pitts (Lancet, 1883) has, however,
reported the strangest case of all, a case in which
all the coverings of a large femoral hernia were
ruptured during the act of sneezing, so that the
howels escaped.

Some of the lymphaties of the nasal fossee enter
certain glands placed behind the pharynx, in front of
the rectus mpiti& 1111:-icus major. Hence, as Fraenkel
has pointed out, “ retro-pharyngeal abscess may arise
In consequence of diseases of the nose.” Other lympha-
tics go to the submaxillary, parotid, and upper deep
cervical lymph glands, and it is common to find the
former set of glands enlarged in nose affections, especially
in the serofulous., The lymphatics of the nose also
communicate with those of the meninges through the
eribriform plate.

The simuses.—These may be briefly dealt with.
The frontal sinuses (Figs. 13 and 16) are not present
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in early youth, but develop as age advances. They
do not exist before the age of ten years, but are well
developed by twenty. They are formed by outgrowths
of the nasal mucous membrane which cause the chph}e
to be absorbed as they advance. Lar oe frontal sinuses
do not necessarily imply large external prominences
over the glabella and superciliary eminences. One
sinus may develop at the expense of the other, and the
septum may be displaced or absent. The body of the
sinuses lies behind the glabella, and they extend outwards
over the inner two-thirds of the orbit and backwards
for about  an inch. They are larger in men than in
women. They are absent on one side in 25 per cent.
of cases, and on both sides in 15 per cent. Bony tumours
often grow from the interior of these sinuses, and are
known as enostoses. It is obvious that a depressed
fracture may exist over a frontal sinus without the
cranial cavity being damaged. In such ecases the
inspissated contents of the sinus have been mistaken
for brain matter escaping. Since the sinuses com-
municate with the nose, much emphysema may follow
upon fracture of the sinus wall. Insects have found
their way infto these cavities. ° Centipedes are par-
ticularly liable to be found in the frontal sinuses,
where they may remain for years, the secretions of
these cavities furnishing them with sufficient nourish-
ment " (Fraenkel). Larve have also been found here,
and maggots that have developed within the nose have
managed to make their way to the frontal sinuses.
A case is reported where epistaxis, extending over many
years, was due to an insect (the pentastoma tenioides)
that had settled in these sinuses. One day it was sneezed
out, and no further bleeding occurred (Med. Times,
1876). The last-named parasite is said to be often met
vith in the frontal sinus of the dog. The infundibulum
18 4 of an inch long, and runs downwards and slightly
backwards to open at the anterior end of the hiatus
semilunaris. Along the hiatus the secretion of the frontal
sinus is conveyed to the antrum, which in cases of chronie
inflammation may become a cesspool for the sinus
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(Fig. 16). The infundibulum is frequently tortuous, and
can be catheterised from below with difficulty even
after the beak of the middle turbinate process is
removed. Hence in cases of obstruction the frontal
sinus is trephined over the glabella, and a probe passed
downwards and slightly backwards to drain the sinus
into the nose. The frontal diploic vein, which joins
the frontal vein at the supraorbital notch, receives
blood from the frontal sinus. By this channel infec-
tion may be disseminated in the frontal bone from
disease of the frontal sinus.

The sphenoidal sinus opens on the roof of the nose
behind the superior meatus (Fig. 16). It is deeply placed,
and not very accessible for operation when the seat of
disease. The pituitary body, within the sella tureica,
rests on its roof, and tumours of this body frequently
invade the sinus.

The walls of the sinuses are thin and easily perforated,
as the following case, which occurred recently at the
London Hospital, will show. A man stumbled forwards
on his umbrella as he left a public-house in Whitechapel,
the point entering his face above the bicuspid teeth.
He walked to the hospital, and died three days after-
wards. The ferrule of the umbrella was found embedded
in the pons, the point having traversed the antrum
of Highmore and the sphenoidal sinus.

The antrum exists at birth, but attains its largest
dimensions in old age. The walls of the cavity are
thicker in children than in adults. Tumours of various
kinds are apt to develop in this eavity, and to distend
its walls in various directions. Thus the growth breaks
through the thin inner wall and invades the nose, it
pushes up the roof of the cavity and invades the ﬂrblt
it encroaches upon the mouth through the floor of
the antrum, and makes its way also through the some-
what slender anterior wall into the cheek. The densest
part of the antrum wall is that in relation to the malar
bone, and this part does not yield. There is little
inducement for any growth to spread backwards,
although it sometimes invades the zygomatic and pterygo-
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maxillary fossee. As the infraorbital nerve runs along
the roof of the antrum, while the nerves of the upper
teeth are connected with its walls, these structures are
pressed upon in growths springing from the antrum, and
much neuralgia of the face and teeth is often produced.
In tapping the antrum a spot is usually selected just
above the second bicuspid tooth, since the bone is here
thin and is conveniently reached. In some cases it is
sufficient to extract a molar tooth, since the fangs of
these teeth often enter the cavity of the antrum. . The
teeth usually selected are either the first or the third
molar. Not unfrequently the antrum communicates
at its upper anterior part with the frontal sinus.

As the result of a fall, one of the upper teeth has
been entirely driven into the antrum and lost to view.
In one case, reported by Haynes Walton, an upper
incisor was found lying loose in the antrum three and
a half years after the accident that had driven it there.

CHAPTER VIL
THE FACE.

THE parts of the face, other than those already dealt
with, will be considered under the following heads :
(1) The face generally; (2) the parotid region; and
(3) the upper and lower jaws and parts connected with
them. The lips will be considered with the *cavity
of the mouth ” (chap. vii.).

1. The face gemerally.—The skin of the face
is thin and fine, and is more or less intimately adherent
by a delicate subcutaneous tissue. to the parts beneath.
The skin generally is very freely supplied with
sebaceous and sudoriparous glands, and hence the face
is very eommonly the seat of acne, an eruption that
specially involves the sebaceous follicles. It happens
from the thinness of the skin, and from the absence of
dense fascize, that facial abscesses usually soon point
and seldom attain large size.
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The cellular tissue of the face is lax, and readily
lends itself to spreading infiltrations, so that in certain
inflammatory affections the cheeks and other parts of
the face may become greatly swollen. In general dropsy,
also, the face soon becomes ~ puffy,” the change first
appearing, as a rule, in the lax tissue of the lower lid.
The skin over the c¢hin is peculiarly dense and adherent
to the parts beneath, and in most respects closely re-
sembles the lntermment of the scalp. When such
parts of the integuments of the face as eover prominent
bones, such as the parts over the malar bone, the ehin,
the upper hd, are struck by a blunt instrument or in
a fall, the wound produced has often the appearance
of a clean incised wound, just as obtains in contused
wounds of the scalp.

The mobility of the facial tissues renders this part
very suitable for the performance of plastie npmatmns
of various kinds, and thejr vascularity genemlly Insures
a ready and sound healing. Although there is a large
gquantity of fat in the subcutaneous tissue in this region,
yet fatty tumours are singularly rare upon the face.
They appear, indeed, to avoid this region. Thus M.
Denay reports the case of a man who had no less than
9215 fatty tumours over different parts of his body, but
not one upon his face, The thickness of the tissues of
the cheek and lips favours the embedding of foreign
substances in those parts. Thus, a tooth that has been
knocked out has remained for some time embedded in
the lip. Henry Smith reports a remarkable case, where
he removed a piece of tobacco-pipe 3 inches long from
the cheek, in the tissues of which it had been embedded
for several years. The soft tissues of the cheek greatly
tavour the spread of destructive processes, Thus 1n
cancrum oris, a form of gangrene of the face attacking
the young, the whole cheek may be lost in a few days
Great contraction is apt to follow upon loss of substance
in the cheek, so that in some cases the jaws may be
firmly closed, as is seen after recovery from advanced
cancrum oris. The face is peculiarly liable to be the
seat of certain ulcers, especially the rodent and lupoid
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uleer, and is the part most often attacked by “ malignant
pustule,” a disease transmitted to man from cattle
afflicted with a malady known in this country as
" murrain,” and in France as * charbon.”

Bloed supply.—The tissues of the face are very
vascular, and are liberally supplied with blood-vessels
in all parts. The finer vessels of the skin often appear
permanently injected or varicose in the drunken, or in

those who are exposed to cold, or are the subjects of

certain forms of acne. Thus, nwvi, and the various
forms of erectile tumour, are common about the face.
For a like reason also wounds of the face, while they
may bleed readily when inflicted, are apt to heal with
singular promptness and accuracy. All wounds, there-
fore, of this part should have their edges carefully
adjusted as soon after the aecident as possible. Exten-
sive flaps of skin that have been torn up in lacerated
wounds often retain their vitality in almost as marked
a manner as do like flaps torn up from the scalp. Ex-
tensive injuries of the face associated with great loss of
substance are often repaired in a most remarkable
manner, as has been illustrated in gunshot wounds
where a considerable portion of the face and upper jaws
has been blown away. The low mortality after severe
injuries to the face is due, however, not only to the
excellent powers of repair the part possesses, but also to
the fact that the face contains no organs essential to
life, that its bones are soft and thin and do not favour
extensive splitting, and that there are several passages
and cavities in the region throngh which discharges
may escape. One of the most terrible instances of
injury not immediately fatal is reported by Longmore :
“ An officer of Zouaves, wounded in the Crimea, had
his whole face and lower jaw carried away by a ball,
the eyes and tongue included, so that there remained
only the eranium, supported by the neck and spine.”
He lived twenty hours.

The pulsations of the facial artery can be best felt
at the lower border of the jaw, where the vessel crosses
just in front of the anterior border of the masseter

H
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muscle. It is here covered only by the integument and
platysma, and can be readily compressed against the
bone or licatured. The anastomoses of the artery
upon the face are so free that when the vessel is divided
both ends, as a rule, require to be secured. The facial
vein 1s only in contact with the artery near the lower
border of the jaw; on the face it is separated from it
by a considerable interval. The vein is not so flacecid
as are most superficial veins; it remains more patent
after section, it possesses no valves, and ecommunicates
at one end indirectly with the cavernous sinus, and at the
other with the internal jugular vein in the neck. This
vein has also another, but less direct, communication
with the intracramal veins. It 1s as follows : the facial
vein receives the “ deep facial vein ” from the pterygoid
plexus, and this plexus communicates with the cavernous
sinus by means of some small veins which pass through
the foramen ovale and the fibrous tissue of the foramen
lacerum medius. These dispositions of the facial vein
may serve to explain the mortality of some inflamma-
tory affections of the part. Thus carbuncle of the face
1s not unfrequently fatal by inducing thrombosis of the

= e

Fig. 17.—Showing the Development of the Face. (Modified from Merkel.)

F.N.P., Part formed from the fronto-nasal processy L., from its lateral and .
from its mesial parts ; MAX., formed by the maxillary process ; MAX., formed
by the mandibular process,
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cerebral sinuses, and a like complication may occur in
any other diffuse and deeply extending inflammatory
condition. The unusual patency also of the facial vein
favours septic absorption, and its direct communication
with the great vein in the neck may explain those abrupt
deaths from thrombosis that have followed upon the
injection of facial n#vi in infants.

A reference to the development of the face assists
‘to explain the distribution of the fifth nerve and the
oceurrence of certain abnormalities (Fig. 17). The face
is developed from five processes, a mesial—the fronto-
nasal, and two lateral—the maxillary and mandibular.
The fronto-nasal process forms the middle part of the
upper lip and the nose. It may fail to develop when
the condition of cyclops 1s produced. It springs from
the frontal region and carries with it a branch of the
first division of the fifth, the nasal nerve. The second
division of the fifth is the nerve of the maxillary process,
while the third is that of the mandibular.

Nerve supply.—The nerves of the face are very
liberally distributed, the fifth being the sensory nerve,
the facial the motor. It follows, from the great number
of nerve filaments about the part, and the extensive
sensory nucleus of the fifth nerve, that severe irritants
applied to the face may set up a widespread nerve dis-
turbance. Dr. George Johnson mentions a case where
a piece of flint embedded in a scar on the cheek set up
facial neuralgia, facial paralysis, and trismus, and induced
a return of epileptic attacks. The positions of the supra-
and infra-orbital foramina and of the mental foramen
are indicated as follows. The supraorbital foramen is
found at the junction of the inner with the middle
third of the upper margin of the orbit. A straight
line drawn downwards from this point so as to cross
the gap between the two bicuspids in both jaws will
hit both the infraorbital and mental foramina. The
infraorbital foramen is a little over 1 of an inch below
the margin of the orbit. The mental foramen in the
adult is midway between the alveolus and the lower
border of the jaw, and is a little over 1 of an inch below
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the cul-de-sac of mucous membrane between the lower
lip and jaw. At puberty the foramen is nearer to the
lower border of the maxilla, and in old age it is close
to the alveolus. The infraorbital nerve has been divided
for neuralgia at its point of exit, the nerve being reached
either by external incision or thmurrh the mouth by
lifting up the cheek. In other cases the floor of the
orbit has been exposed, the infraorbital canal (the
anterior half of which has a bony roof) has been opened
up, and large portions of the trunk of the nerve have
been in this way resected. Meckel's ganglion has been
repeatedly excised for the relief of neuralgia involving
the second division of the fifth nerve. A triangular
flap of skin i1s turned up from the front of the cheel,
and the infraorbital canal i1s exposed. The anterior
wall of the antrum is opened with a trephine, and the
bone is cut away from the floor of the infraorbital groove
so that the nerve lying in that canal is fully exposed.
The nerve 1s followed back to the posterior wall of the
antrum. This wall having been trephined, the spheno-
maxillary fossa is opened up and Meckel's ganglion
exposed. Beyond the ganglion the foramen rotundum
can be made out. The infraorbital artery runs with the
nerve, and that vessel, together with its anterior dental
branch to the inecisor and canine teeth, will probably
be divided. The infraorbital vein ends in the ptervezoid
plexus. The ganglion is surrounded by the terminal
branches of the internal maxillaryartery. Itisatriangular
body, with a diameter of about £ of an inch. Itis a little
convex on its outer side, and is of a reddish colour.
The following are the relations of the ganglion in the

spheno-maxillary fossa :—
Abore.
The secmld dn ision of the fifth nerve.

Outer side. | Inner aide,
Termination of internal ' Nleelkel’s | Vertical plate of palate,

ma.}.llhry artery. Spheno-palatine
Ixternal pterygoid | gangliomn. ! foramen.
musele. '
Behind,

Vidian canal.
Sphenoid bone,
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The inferior dental nerve has been divided at the
mental foramen by an incision made through the mucous
membrane. Through this incision the nerve can be
stretched and the cutaneous portion of it excised. Its
trunk has been reached, and a part excised, through
a trephine hole made in the body of the lower jaw,
This operation, however, inflicts great damage upon the
bone, and cannot be recommended. The artery, more-
over, 1s hable to be wounded.

The nerve has been divided also before its entry
into the mental foramen in the following manner. The
mouth being held widely open, an incision is made
from the last upper molar to the last lower molar just
to the inner side of the anterior border of the coronoid
process. The cut passes through the mucous membrane
down to the tendon of the temporal muscle. The
finger is introduced into the incision, and passed between
the ramus of the jaw and the internal pterygoid musecle
until the bony point is felt that marks the orifice of the
dental canal. The nerve is here picked up with a hook,
1solated, and divided.

The buccal nerve may be the seat of severe neuralgia,
and may be thus divided through the mouth: * The
surgeon places the finger-nail upon the outer lip of the
anterior border of the ascending ramus of the lower jaw
at its centre, and divides in front of this border the mucous
membrane and the fibres of the buccinator vertically.
He then seeks for the nerve, separating the tissues with
a director,and divides it ” (Stimson).

The trunk of the third division of the fifth nerve
has been divided at the foramen ovale through a flap
wound made in the cheek. Considerable damage of
the soft parts results.

After section of a branch of the fifth nerve the area
of aneesthesia is surprisingly small.  When the first
or ophthalmie division has been cut, only a narrow strip of
skin above the evebrow is destitute of the sense of touch,
while the area insensifive to pain and temperature
is slightly wider. Owing to the overlapping of neigh-
bourm':r nerves the area is mueh less than the anatomical
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distribution of the ophthalmic nerve. If the second
division is cut, the area of anssthesia is confined to a
narrow space between the orbit and the mouth; on
section of the third division, to a strip running down-
wards in front of the ear and along the course of the
lower jaw (Head).

Ezxzcision of the Gasserian ganglion.—For cases of
intolerable and intractable neuralgia Rose proposed
the excision of the Gasserian ganglmn It 1s the sensory
ganghun of the fifth nerve, and corresponds to the gang-
lion on the posterior root of a spinal nerve. The nerve
fibres of the fifth necessarily undergo degeneration
when it is excised.

The operation usually performed is the following :
An omega-shaped flap of skin is raised from the temples,
having the zygoma at its base and the temporal udﬂe
at its convexity. The tissues are reflected down to the
floor of the temporal fossa. The superficial and deep
temporal vessels have to be tied. A wide trephine
opening is made in the squamosal and great wing
of the sphenoid on a level with the upper border
of the zygoma and the dura mater exposed. This is
usually followed by a profuse hemorrhage from the
middle meningeal vesselswhich cross the field of operation,
The duramaterand the superimposed temporo-sphenoidal
lobe are raised from the bone, when the third and second
divisions of the fifth nerve are brought into view as
they escape by the foramen ovale and foramen rotundum.
They are seen to spring from the (Gasserlan ganglion
situated over the apex of the petrous bone and on the
outer wall of the cavernous sinus. The motor root
which supplies the musecles of mastication lies under
the ganglion and should not be ecut. The ganglion
is embedded in the dura mater and surrounded by a
prolongation of the subarachnoid space (Meckel’s space),
which is necessarily opened. Only the part of the
ganglion connected with the second and third divisions
18 removed, the part connected with the ophthalmic
division hemu left, as it is firmly embedded in the outer
wall of the cavernous sinus and in close proximity to
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the internal carotid artery and oculo-motor nerves.
The hippocampal convolution containing the olfactory
centres lies immediately over the ganglion.

The malar bomne.—Such is the firmness of this
bone, and so direct is its connection with the skull,
that violent blows upon it are very apt to be associated
with concussion. Resting as it does upon compara-
- tively slender bones, it is very rare for the malar bone
to be broken alone. It may, indeed, be driven into
the superior maxillary bone, fracturing that structure
extensively, without being itself in any way damaged.
A fracture of the malar bone may lead to an orbital
ecchymosis, precisely like that mlneh often attends a
fmftme of the skull base.

The pareotid regiom.—The main part of the
parutid gland is lodged in a definite space behind the
ramus of the lower jaw (Fig. 18). This space is inereased
in size when the head is extended, and when the inferior
maxilla is moved forwards, as in protruding the chin.
In the latter movement, the inmfaqp in the antero-
posterior direction is P(]llfll to about £ of an inch. It
15 diminished when the head is flexed. When the
mouth 15 widely opened the space is diminished below,
while it is increased above by the gliding forwards of
the condyle. These facts should be borne in mind
in operating upon and in exploring the parotid space.
It will be found also that in inflammation of the parotid
much pain is produced by all those movements that
tend to narrow the space m*cupmd by the gland. The
obliquity of the ramus of the jaw in mfanﬁ' and old
age causes the lower! part of the space to be, in the former
instance relatively and in the latter instance actually,
larger than it is in the adult.

The gland is closely invested by a fascia derived
from the cervical fascia. The superficial layver of the
parotid fascia 1s very dense, 18 continuous behind with
the fibrous sheath of the sterno-mastoid, and in front
with that of the masseter. Above it is attached to
the zygoma, while below it joins the deep layer. The
deep layer is slender, is attached to the stvloid process,
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forms the stylo-maxillary. ligament, and 1s connected
with the sheaths of the pterygoid muscles and the

Fig, 15,—A Horizontal Secﬁiou through the Face and Neck just above
the level of the Lower Teeth (Brauane).

@, Orbiculariz ocis and, behind it, the bhuceinator ; &, internal pterygoid ; e, mas-
seter ; 4, stylo-glozsus, st¥lo-pharynzens, and styloid process; e, splenius
capitis ; f, digastric; g, sterno-mastoid; b, obligous superior: 4, trachelo-
mastoid ; J, biventer cervicis and complexus ; &, trapezius; I, tonsil ; m, facial
artery ; m, famdt vein ; o, snstatory nerve ; p, inferior dental nerve and artery.;
g, styloid process: » external carotid artery; s, internal ecarotid artery :-
t, vagus ; w, parotid gland ; =, internal jugular vein, with the vagus, spinal
sccessory, and hypo-glossal nerves to its ioner zide; y, vertcbral artery ;
g, odgntoid process; 1, occipital arcery.
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pterygoid process. The gland is, therefore, encased
11 a dlﬁtlllﬂt sac of fascia, which is entirely closed below,

but is quite open above. Between the anterior edge
of the styloid process and the posterior border of the
external pterygoid muscle there is a gap in the fascia,

through which the parotid space communicates with
the connective tissue about the pharynx. It is well
known that in post-pharyngeal abscesses there 1s very
usually a parotid swelling, and in several instances
the pus, or at least some portion of it, has been evacuated
in the parotid region. In these cases the matter most
probably extends from the pharyngeal to the parotid
region through the gap just deseribed. From the
(lmposltmn nf the fascia 1t follows that very great
resistance is offered to the progress of a parotid abscess
directly outwards through the skin. The abscess often
advances upwards to the temporal, or zygomatie fosswe,
in the direction of least resistance, although progress
in that line is resisted by gravity. It frequently makes
its way towards the buccal cav ity or pharynx, or it may
break through the lower limits of the fascia and reach
the neck. It must be borne in mind that the gland
15 in direct contact with the cartilaginous meatus, “with
the ramus of the jaw and other bony parts, and is closely
related with the temporo-maxillary joint. Thus, a
parotid abscess has burst into the meatus, has led to
periostitis of the bones adjacent to it, and has incited
inflammation in the joint of the lower jaw.

In several cases reported by Virchow the pus appears
to have found its way into the skull along branches
of the fifth nerve, for the environs of the Gasserian
ganglion were found infiltrated with pus. The auriculo-
temporal and great auricular nerves supply the gland
with sensation, and the presence of these nerves, to-
gether with the unvielding character of the ]mmtul
fdﬁ:tl:lr serves to explain the great pain felt in rapudly
growing tumours and acute inflammation of the gland.
The pain is often very distinetly referred along the course
of the aurieulotemporal nerve. Thus, a patient with
parotid growth recently under my care had pain in
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those parts of the pinna and temple supplied by the nerve,
pain deep in the meatus, at a spot that would correspond
to the entrance of the meatus branch of the nerve, and
pain in the joint of the lower jaw, which is supplied by
the auriculo-temporal,

The most important structures in the gland are the
external carotid artery, with its two terminal branches,
and the facial nerve. The artery, as Tillaux has pointed
out, 18 behind the ramus of the jaw, as high up as the
junetion of the inferior with the middle third of its -
posterior border. It then enters the parotid gland,
and, passing a little backwards and outwards, comes
nearer to the surface, and at the level of the condyle of
the jaw breaks into its two terminal branches. The
artery, therefore, does not enter the gland at its inferior
border, and is not in actual relation with the parotid
space at its lowest part. The vessel, moreover, is not
parallel with the edge of the ramus, but passes throngh
the parotid gland with some obliquity.

The facial nerve is represented by a line drawn
across the gland, in a direction forwards and a little
downwards from the spot where the anterior border of
the mastoid process meets the ear. The nerve is not
quite so intimately bound up in the gland as is the carotid
artery, and in rapidly growing tumours of the gland
facial paralysis from pressure upon this nerve is not
uncommon.

The nerve has been stretched close to its point of exit
from the stylo-mastoid foramen for the relief of facial
tic. It 1s best found at a spot about } of an inch in
front of the centre of the anterior border of the mastoid
process, It will be found above the posterior belly of
the digastrie, which serves as a guide to it in the depth
of the wound.

It follows, from the complex relations of the parotid,
that its entire removal as a surgical procedure is an
anatomical impossibility. In opening a parotid abscess
a cut is usually made over the angle of the jaw, and
a director pushed upwards into the substance of the
gland, after the plan advised by Hilton. The gland
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is separated by a mere laver of fascia from the internal
- carotid artery, the internal jugular vein, the vagus,
glosso-pharyngeal, and hy pDﬂ‘lﬂ‘-}:ﬁctl nerves (Fig. 18).
Thus, in stabs in the parotid region it may be difficult
at first to tell whether the internal or the external caro-
tid is wounded. It has been suggested that the cerebral
hypersemia sometimes noticed in severe parotitis
(mumps) may be due to the pressure of the enlarged
gland upon the internal jugular vein.

Tumours of the parotid are very apt to contain car-
tilaginous tissue. It 1s well known that metastases
after mumps are quite common in the testis. It 1s
significant in this connection that the testis is one of the
few parts of the body, apart from bone, where carti-
laginous matter forms a frequent constituent of the
nmpla%mq of the part. Mr. Paget has pointed out that
inflammation of the parotid is peculiarly frequent after
injuries and diseases of the abdomen and pelvis. It
oceurs also very often as a sequela of some specific fevers,
-but more especially after typhoid. The anatomical or
physiological basis of this connection has not been made
out.

Many lymphatic glands are placed upon the surface
and in the substance of the parotid gland. They receive
lymph from the frontal and paueml regions of the scalp,
fmm the orbit, the posterior part of the nasal fosse,
the upper ja,w, and the hinder and upper part of the
pharynx. When enlarged these glands may form one
species of * parotid tumour.”

Stensen’s duct is about two and a half inches
long, and has a diameter of ith of an inch, its
orifice being the narrowest part. At the anterior
border of the masseter musele the duct bends suddenly
inwards to pierce the buecinator muscle. The bend is
so abrupt that the buccal segment of the duect may
be almost at right angles with the masseteric. This
bend should be taken into consideration in passing a
probe along the duct from the mouth. The duct opens
on the summit of a papilla placed on a level with the
second upper molar tooth. The course of the duct across
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the masseter is represented by a line drawn from the
lower margin of the concha to a point nudway between
the ala of the nose and the red margin of the lip. It lies
about a finger-breadth below the zygoma, having the
transverse facial artery above 1t and the infra- orbital
branches of the facial nerve below it. The duct has
been ruptured subcutaneously, leading to extravasations
of saliva. Wounds of the duct are apt to lead to
salivary fistulee. When the fistula involves the buccal
segment of the duct it may be cured by opening the
duct into the mouth on the proximal side of the fistula.
Fistulze of the masseteric segment are, on the other.
hand, very difficult to relieve. At least one-half of the
buceal part of the duct is embedded in the substance
of the buccinator muscle. A salivary fistula over the
masseter may involve the parotid gland itself, or
that part of it known as the socia parotidis. Inflamma-
tory conditions may spread to the parotid from the
mm.lth along Stenson’s duet.

The uwpper amd lower jaws, and parts
cmmected with them.

The superior maxillaa (for antrum, see Nose,
page 93 ; for hard palate, see Mouth, page li'r)—
This hmm on account of its fragility and the manner
in which it is hollowed out, is very readily fractured.
The fracture may be due to direct violence, as by a blow
from a * knuckle-duster,” or it may be broken by a force
transmitted from the lower jaw through the teeth, as in
cases of severe blows or falls upon the chin. It may be
broken by a blow upon the head, when the chin 1s fixed,
no other bone being damaged ; and, lastly, it may be
crushed, as above stated, by the driving in of the malar
bone. The displacement of the fragments depends
upon the direction and degree of the force employved.
no muscles having effect. The bone being very vascular,
serious injuries, involving great loss of substance, are
often wonderfully repaired. Its hollowness and the
cavities that it helps to hound render it possible for
large foreign bodies to be retained in the deeper parts
of the face. Thus, Longmore reports “the case of
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Lieutenant Fretz, of the Cevlon Rifles, who was able to
do his military duties for nearly eight vears with the
breech and serew of a burst musket lodged in the nares,
part of the tail-pin and screw protruding through the
hard palate into the mouth.” The bone may undergo
extensive necrosis, especially in that form of necrosis
induced in workers in match factories by exposure to the
fumes of phosphorus. In one case (Med. T'imes, 1862)
of necrosis following measles the mischtef was limited
to the pre-maxillary, or incisive bone,

The penmstmun of the superior maxilla is, like the
pericranium, not disposed to form new bone. In or-
dinary cases of necrosis of the upper jaw no reproduetion
of bone takes place, the gap being left permanent. In
the lower jaw abundant new bone is produced by the
periosteum, and extensive losses may be repaired. It is
‘remarkable, however, that in course of yvears this new
bone is liable to be v ery extensively reabsorbed.

Excision of the superior maxilla.—The
entire bone has been frequently removed when the
geat of an extensive tumour, and under certain other
conditions. The bony connections to be divided in the
operation are the following : (1) The connection with
the malar bone at the outer side of the orbit; (2) the
connection of the nasal process with the fr mlta,l nasal,
and lachrymal bones; (3) the connections of tlle orbital

plate with the ethmoid and palate (this plate is often

left behind, or is cut through near the orbital margin) ;
(4) the connection with the opposite bone and the palate
in the roof of the mouth ; and (5) the connection behind
with the palate bone, and the fibrous attachments to
the ptervgoid processes. In the four first-named in-
staneces the separation is effected by a cutting instrument ;
in the last-named, by simply twisting out the bone.
Soft parts divided : These may be considered under
three heads: The parts cut (1) in the first incision :
(2) in turning back the flap; and (3) in separating
the bone.

(1) The*following are the parts eut in order from
above downwards in the usual, or * median,” incision.
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an Incision commencing parallel with the lower
eyelid, and continued down the side of the nose,
round the ala, and through the middle of the upper
lip: Skin, superficial fascia, orbicularis palpebrarum,
palpebral branches of infraorbital nerve and artery,
part of lev. labii superioris, angular artery and vein,
lev. labii sup. aleque nasi, lateralis nasi arfery and
vein, nasal branches of infraorbital nerve, compressor
naris, depressor ale nasi, attachment of nasal cartilage
to bone, orbicularis oris, sup. coronary artery and vein,
and mucous membrane of lip. Various branches of
the facial nerve to the muscles may be eut. (2) In
turning back the flap, the muscles above named will
be dissected up, together with the tendo oculi, if the
nasal process is removed entire, the levator angull the
buccinator, a few fibres of the masseter, and, on the
orbital pla.te, the inferior oblique muscles. The infra-’
orbital nerve and artery will be cut as they leave their
foramen. In the flap itself will be the trunks of the
facial artery and vein, the transverse facial artery, and
the facial part of the facial nerve. (3) In separating
the nasal process the lachrymal sac and infratrochlear
nerve will be damaged, and the nasal duet and external
branch of the nasal nerve cut across. In separating
the bones below, the coverings of the hard palate are
divided, and the attachment of the soft palate to the
palate bone, unless the removal of that process can be
avoided. “ Any attempt to dissect off and preserve
the soft covering of the hard palate is futile ® (Heath).
Posteriorly, the trunk-.of the infraorbital nerve 18 agaln
divided (thls time in front of Meckel's ganglion), together
with the posterior dental and infraorbital arteries, and
some branches of the spheno-palatine artery. The
deep facial vein from the pterygoid plexus will probably
be cut, and, lastly, near the palate will also be divided
the large palatine nerve and the descending palatine
artery.

It will be seen that no large artery is divided in the
operation. The inferior turbinated bone comes away of
course, with the maxilla.
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The imferior maxilla: fracture..-This bone
is to a great extent protected from fracture by its horse-
shoe shape, which gives it some of the properties of a
spring, by its density of structure, by its great
mobility, and by the buffer-like interarticular ecarti-
lages that protect its attached extremities. The bone
1s usually broken by direct violence, and the fracture
may be in any part. The symphysis is rarely broken,
on account of its great thickness. The ramus is pro-
tected by the muscular pads that envelop its two sides,
and the coronoid process is still more out of the risk of
injury, owing to the depth at which it is placed and the
protection it derives from the zvgoma. The weakest part
of the bone is in front, where its strength is diminished
by the mental foramen and by the large socket required
- for the canine tooth. It is about this part, therefore,
that fracture is the most common. The bone may be
broken near, or even through, the symphysis by indirect
violence, as by a blow or crushing force that tends to
approximate the two rami. Thus, the jaw has been
broken near the middle line by a blow in the masseteric
region. The amount of displacement in fractures of
this bone varies greatly, and is much influenced by the
nature and direction of the force. In general terms, it
may be said that when the body of the bone is broken
the anterior fragment is drawn backwards and down-
wards by the jaw depressors, the digastrie, mylo-hyoid,
genio-hyoid, and genio-hyo-glossus; while the hinder
fragment is drawn up by the elevators of the jaw, the
masseter, internal pterygoid, and temporal. It must be
remembered that the mylo-hyoid muscle will be attached
to both fragments, and will modify the amount of dis-
placement. Fractures of the ramus are seldom attended
with much displacement, muscular tissue being nearly
equally attached to both fragments.

In fractures of the body of the bone the dental
nerve often marvellously escapes injury, a fact that is
explained by the supposition- that the bones are not
usually sufficiently displaced to tear across the nerve.
Weeks after the accident, however, the nerve has become
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so compressed by the developing callus as to have its
function destroyved.

One, or hoth, condyles have often been broken by
falls or blows upon the chin. The gums being firm
and adherent, it follows that they are wusually torn in
fractures of the body of the maxilla, and henece the bulk
of the fractures in this part are compound.

The temporo - maxillary articulation 18
supported by a capsule which varies greatly in thick-
ness in different parts. By far the ‘thickest part of
the capsule is the external part (the external lateral
ligament). The internal part is next in thickness,
while the anterior and posterior portions of the eapsule
are thin, especially the former, which 18 very thin.
Thus, when this joint suppurates, the pus 1s least
likely to escape on the external aspect of the articula-
tion, and is most likely to find an exit through the
anterior part of the capsule, although this part is to a
ereat extent protected by the attachments of the ex-
ternal pterygoid muscle. Immediately behind the
condyle of the jaw are the hony meatus *md a little to
the inner side, the middle ear. In violent blows upon
the front of the jaw these structures may be damaged,
and 1t is interesting to note that the strongest lizament
of the joint (the external lateral) has a direction down-
wards and backwards, so as to immediately resist any
movement of the condyle towards the slender wall of
bone that bounds the meatus and tympanum. Were it
not for this ligament, a blow upon the ehin would be
a much more serious accident than it is at present.

It follows, from the proximity of the joint to the
middle ear, that disease in the articulation may be set
up by suppuration in this part. In one case (Holmes’

‘System of Surgery ”), suppurative disease, spreading
fmm the middle ear, not only involved the joint, but
induced necrosis of the condyle of the lower jaw. The
necrosed condyle was removed entire from the auditory
meatus, into which cavity it had projected.

Dislocation.—This joint permits only of one
form of dislocation, a dislocation forwards. It may
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be wunilateral or bilateral, the latter ]H'i!l;{' the more
usual, and 1t can only oceur when the mouth happens
to be wide open. Indeed, the dislocation i1s nearly always
due to spasmodic muscular action when the mouth
is open, although in some few cases it has been brought
about by indirect violence, agz by a downward blow
upon the lower front teeth, the mouth being widely
opened. It has occurred during yawning, violent
vomiting, etc. In more than one case the accident
happened while a dentist was taking a cast of the mouth.
Hamilton quotes a bilateral dislocation in a woman
during the violent gesticulations incident fo the pursuit
of secolding her husband. When the mouth is widely
opened, the condyles, together with the interarticular
fibro-cartilage, ghde forward. The fibro-cartilage
extends as far as the anterior edge of the eminentia
articularis, which 1s coated with cartilage to receive it.
The condyle never reaches quite so far as the summit
of that eminence. All parts of the capsule save the
anterior are rendered tense. The coronoid process is
much depressed. Now if the external pterygoid muscle
(the musecle mainly answerable for the luxation) contract
vigorously, the condyle is soon drawn over the eminence
into the zygomatic fossa, the interarticular cartilage
remaining behind. On reaching its new position it is
immediately drawn up by the temporal, internal ptery-
goid, and masseter muscles, and is thereby more or less
fixed. A specimen in the Musée Dupnytren shows
that the fixity of the luxated jaw may sometimes depend
upon the catching of the apex of the coronoid process
against the malar bone.

Subluxation of the jaw s a name given to a
slight and quite incomplete dislocation of the jaw not
infrequently met with in delicate women. It is due
to a displacement of the interarticular cartilage, and
can be cured by exposing the cartilage and attaching
it by suture to the fibrous structures around the joint
(Annandale).

Excision of the imnferior maxilla.—(Con-
siderable portions of the lower jaw can be excised through

I
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the mounth withont external wound. In excising one
entire half of the maxilla a cut is made vertically through
the lower lip down to the point of the chin, and is then
continued back along the inferior border of the jaw,
so as to end near the lobule of the ear, after having been
carried vertically upwards in the line of the posterior
border of the ramus. The soft parts divided may be
considered under three heads: Those concerned (1) in
the first incision ; (2) in clearing the outer surface of
the bone; (3) in clearing the inner surface of the
bone.

1. (@) In the anterior vertical cut: Skin, ete.,
orbicularis oris, inferior coronary and inferior labial
vessels, branches of submental artery, levator menti,
mental vessels and nerve, some radicles of anterior
jugular vein. (b) In the horizontal cut : Skin, ete., pla-
tvsma, branches of superficial cervieal nerve, branches
of supramaxillary part of facial nerve, facial artery and
vein at edge of masseter, and inframaxillary branch
of facial nerve (not necessarily divided). (c¢) The pos-
terior vertical incision would not go down to the bone,
and would merely expose the surface of the parotid
gland and part of posterior border of masseter
muscle.

2. In clearing the outer surface the following parts
are dissected back : Levator menti, the two depressor
muscles, buccinator, masseter (crossed by part of parotid
gland, transverse facial vessels, facial nerve and Stenson’s
duct), masseteric vessels and nerve, temporal muscie.

3. In clearing the inner surface : Digastrie, genio-
hyoid, genio-hyo-glossus, and mylo-hyoid muscles, a
few fibres of superior constrictor, internal pterygoid
muscle, inferior dental artery and nerve, mylo-hyoid
vessels and nerve, internal lateral licament, rest of in-
sertion of temporal muscle, mucous membrane.

Parts in risk of being damaged.—The facial nerve,
if the posterior vertical incision be earried too high up.
The internal maxillary artery, temporo-maxillary vein,
auriculo-temporal nerve (structures all closely related
to the jaw condyle), external carotid artery, lingual
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nerve, the parotid, submaxillary, and sublingual glands,
After subperiosteal rescetion the entire bone has been
reproduced.

Deformities,—The lower jaw may be entirely
absent, or may be of dwarfed dimensions, or be incom-
pletely formed. These conditions are congenital, and
depend upon the defective development of the mandibular
or first visceral arch, out of which the lower jaw is formed
(Fig. 17). They are often associated with branchial
fistulee, supernumerary ears, macrostoma, and like
congenital malformations.

With regard to the merves connected with the
Jaws, little need be said. The upper teeth are supplied
by the second division of the fifth, the lower by the
third. Some remarkable nerve disturbances have
followed, by reflex action, upon irritation of the dental
nerves. Thus cases of strabismus, temporary blindness,
and wry-neck have been reported as due to the irritation
of carious teeth. Hilton gives the case of a man who
was much troubled by a carious tooth in the lower jaw
(supplied by the third division of the fifth), and who
developed a patch of grey hair over the region supplied
by the auriculo-temporal nerve (a branch also of the
third division).

Caries of the teeth is frequently associated with areas
of hypermsthesia on the side of the face and neck. The
dental and cutaneous nerves of these areas are connected
centrally, and to these areas pain is referred. Disease
of the peri-dental membrane does not give rise to referred
pains (Head).

The museles of mastication are often attacked
by spasm. When the spasm is clonic the chattering
of the teeth is produced that is so conspicuous a feature
in rigor. When the spasm is tonic the mouth is rigidly
closed, and the condition known as trismus, or lockjaw,
18 produced. Trismus is amongst the first symptoms
of tetanus. It is also very apt to be produced by irrita-
tion of any of the sensory branches of the third division
of the fifth, since the motor nerve supply of the muscles
themselves is derived from that trunk. Thus trismus
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is very common in caries of the lower teeth, and during
the “ cutting ” of the lower wisdom tooth. It is much
less common in affections of the upper set of teeth, since
they are supplied by a more remote division of the fifth
nerve.

Teeth.—As a test of age the following periods
for the eruption of teeth are given by Mr. C. Tomes :
Temporary teeth : Lower central incisors, six to nine
months ; upper incisors, ten months; lower lateral
incisors, and four first molars, a few months later;
then, after a rest of four or five months, the canines ;
and, lastly, the second molars ; the whole being in place
by the end of the second vear. Permanent teeth : First
molars, sixth or seventh vear ; next in order the lower
central incisors, then the upper central incisors, and a
little later the laterals, the eighth year ; first bicuspids,
ninth or tenth year; second bicuspids and canines,
about the eleventh year, the lower preceding the upper ;
the second molars, the twelfth or thirteenth year; the
wisdom teeth, eighteen to twenty-five or later.

An alveolar abscess is an abscess about the
fang of a tooth. In the case of singlefanged teeth
the 1 pus may escape along the groove of the fang. With
other teeth the pus tends to pierce the alveolus. If the
point of the fang is within the reflection of the mucous
membrane from the gum to the cheek the abscess will
break into the mouth, but if the point of the fang is
without that reflection, or if the pus can gravitate with-
out the line of the reflection, then the pus may break
through the cheek. Alveolar abscess of the upper incisors
and canines never breaks through the cheek. When con-
nected with the upper molars it sometimes does. When
connected with any of the lower teeth the abscess may
find its way through the skin of the cheek.

The upper wisdom tooth is developed in the pos-
terior border of the upper jaw, and the lower wisdom
on the inner aspect of the ascending ramus. They may
fail to come into position or remain buried. They may
give rise to an abscess which frequently points in the neck,
at some distance from its seat of origin.
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CHAPTER VIIL
THE MOUTH, TONGUE, PALATE, AND PHARYNX,

Tue lips.—The principal tissues composing the
lips have the following relation to one another, pro-
ceeding from without inwards: (1) Skin; (2) super-
ficial fascia ; (3) orbicularis oris ; (4) coronary vessels ;
(5) mucous glands; and (6) mucous membrane. The
free border of the lip is very sensitive, many of the
nerves having end bulbs closely resembling tactile cor-
puscles. The upper lip is supplied with sensation by
the second division of the fifth nerve, and the lower
lip by the third division. Over these labial nerves a
crop of herpes often appears (herpes labialis). The
free border of the lower lip is more frequently the seat
of epithelioma than is any other part of the body. The
lips eontain a good deal of connective tissue, and may
swell to a considerable size when inflamed, or cede-
matous. They are very mobile, and are entirely free
for a considerable extent from hony attachment of any
kind. It follows that destructive inflammations of the
lips, and such losses of substance as aceompany severe
burns, produce much contraction and del rmity of the
mouth. Contracting cicatrices, also, in the vieinity of
the mouth are apt fr:} drag upon the lips, everting them
or producing kindred distortions. It is fortunate that
the laxity of the tissues around the mouth, and the
general vascularity of the part, greatly favour the success
of the many plastic operations performed to relieve
these deformities.

The lips are very vascular, and are often the seat
of naevi and other vascular tumours. The coronary
arteries are of large size, and their pulsations can
generally be felt when the lip is pinched up. These
vessels run beneath the orbicularis oris musele, and
are consequently nearer to the mucous membrane than
they are to the skin. When the inner surface of the
hp 15 ent against the teeth, as the result of a hlow, tlu:":e
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arteries are very apt to be wounded. As such wounds
are concealed from view, the consequent h@morrhage
has sometimes given rise to an erroneous diagnosis,
Thus, Mr. Erichsen guotes the case of a drunken man,
the subject of such a wound, who, having swallowed,
and then vomited, the blood escaping from a coronary
artery, was for a while supposed to be suffering from an
internal injury. As the anastomoses between the
arteries of the lip are very free, it is usually necessary
to tie both ends of the vessel when it has been cut across.

The mucous glands in the submucous tissue are large
and numerouns. From closure of the ducts of these
glands, and their subsequent distension, result the
“mucous cysts” that are so common about the lips.
It has been shown (Holmes “System of Surgery,”
vol. 1i.) that one form of enlarged lip may depend upon
a general hypertrophy of these glands in the submucous
tissue. “ Harelip ” is noticed below in connection with
the subject of cleft palate.

The buceal cavity.—The following points may
be noticed in the examination of the interior of the
mouth. On the floor of the mouth, and on either side
of the freenum linguz, can be observed the sublingual
papilla with the openings of Wharton's ducts. The duect
of Bartholin (one of the duets of the sublingnal gland)
runs along the last part of Wharton's duet, and opens
either with it or very near it. Wharton's duect is
singularly indistensible, and hence is partly explained
the intense pain usually observed when that duct is
obstructed by a caleulus. The near proximity of this
duct to the lingual nerve may serve also to account
for the pain in some cases. The submaxillary gland
can be made out through the mucous membrane at a
point a little in front of the angle of the jaw, especially
when the gland is pressed up from the outside. On the
floor of the mouth, between the alveolus and the anterior
part of the tnngue, is a well-marked ridge of mucous
membrane, that is directed obliquely forwards and
inwards to the sublingual papilla near the freenum.
It indicates the position of the sublingual gland, and also, -
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so far as it goes, the line of Wharton's duct and the
lingual nerve. These structures, with the sublingual
artery, lie beneath the mucous membrane between
the land and the side of the tongue. The ductsof
the sublingual cgland, some ten to twenty in number,
open into the mouth along the ridge of mucous mem-
brane just referred to. Ba:mla} a cystic tumour filled
with muecous contents, i1s often met with over the site
of the sublingual gland, and is due to the dilatation of
one of the gland ducts that has become obstructed, or
to an occluded mucous follicle. The mucous membrane
of the floor of the mouth, as it passes forward to be re-
flected on the gums, is attached near to the upper border
of the jaw. Here also are situated some mucous glands
which may become cystic. The genio-hyo-glossus is
attached near the lower border. Between these two
parts (the mucous membrane and the musecle) there is,
according to Tillaux, a small space lined with squamous
epithelium. To this cavity the name is given of the
sublingual bursa mucosa. It is constricted in its centre
by the frenum lingusz, and is said to be the seat of
mischief in “ acute ranula.”

When the mouth is widely opened the pterygo-
maxillary licament can be readily seen and felt beneath
the mucous membrane. It appears as a prominent fold
running obliquely downwards behind the last molar
teeth. A little below and in front of the attachment of
this hgﬂment to the lower jaw, the gustatory nerve can
be felt as it lies close to the bone just 1}[‘10“ the last molar.
This nerve is sometimes divided for the relief of pain
in cases of carcinoma of the tongue. Mr. Moore's method
of dividing it 1s as follows : “ He cuts the nerve about
% an inch from the last molar tooth, at a point where
it crosses an imaginary line drawn from that tooth to
the angle of the jaw. He enters the point of the knife
nearly 2 of an inch behind and below the tooth, presses
it down to the bone, and cuts towards the tooth”
(Stimson). This nerve, as it lies against the bone, has
been erushed by the slipping of the forceps in the clumsy
extraction of the lower molar tecth.



120 Svrcrcar ApPPLIED ANATOMY. [Chap. VIIL

The coronoid process of the lower jaw can be easily
felt through the mouth, and is especially distinet when
that bone is dislocated. It may be noted that a fair
space exists between the last molar tooth and the ramus
of the inferior maxilla, through which a patient may be
fed by a tube in cases of trismus or anchylosis of
the jaw.

A congenital dermoid cyst is sometimes found in
the floor of the mouth between the tongue and the
lower jaw. Such ecysts have been supposed to be due
to the 1mperfect closure of the first visceral or post-
mandibular cleft.

The gums are dense, firm, and very vascular. In
the bleeding that follows the extraction of teeth much
of the blood is supplied by them. The gums are
particularly affected in mercurial poisoning, and are
also eqpecnl v involved in scurvy. In chronie lc.-.u:l-
poisoning a blue line often appears along their margins.
This is due to a deposit of lead an!plude in the gum
tissues, which is thus derived : Food débris collected
about the teeth in decomposing produces hydrogen
sulphide, which, acting upon the lead circulating in the
blood, produces the deposit. The blue line, therefore,
15 said not to occur in those who keep the teeth clean.

The tomguwe.—On the under surface of the tongue,
less than 4 an inch from the freenum, the end of the
ranine vein can be seen beneath the mucous membrane.
Two elevated and fringed lines of mucous membrane
may be seen on the under surface of the organ
converging towards its tip. They indicate the position
of the ranine artery, which is more deeply placed than
the vein, close to which it lies. It is extremely rare
for the tongue to be the seat of congenital defect. The
author of the able monograph on the tongue in Holmes’
“ System of Surgery ” has discovered only one instance
of congenital absence of the organ. Fournier gives a
case where the tongue was so nruch longer than usual
that the chest could be touched with its tip while the
head was held erect.

In rare cases the froemuim limgwae may be
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ahnﬂrmalh short, constituting the condition known as
* tongue-tie,” which is really a very uncommon affection.
The freenum when divided should be cut as near the j jaw
as possible, so as to avold the ranine vessels. Division
of these vessels in relieving tongue-tie has led to fatal
hemorrhage, the bleedmﬂ hmu" encouraged by the
efforts of ‘Sll['l\ll‘l*"' “If the fraenum and subjacent
muscle fibres be too freely divided, energetic sucking
on the part of a hungry child may tear the wound of
these very lax tissues farther and farther open. until
the tongue, having lost all its anterior support, turns
over into the pharynx, and is firmly embraced by the
muscles of deglutition, which foree it down upon the
epiglottis, and the latter upon the larynx, until 511&'{1(:1—
tion 1is ptmluced (Holmes' “System of Surgery,”
vol. ii.). In complete ansesthesia, as in that pr oduced
by chloroform, when all the muscular attachments of
the tongue are relaxed, the organ is apt to fall back
and to press down the epiglottis, so causing suffocation,

The tongue is firmn and dense, but contains, never-
theless, a suflicient amount of connective tissue to eause
it to swell greatly when inflamed. Ioreign bodies may
easily be embedded in its substance, In the Lancet for
1846 1s noted a case where a portion of a fork is said to
have been buried in the tongue for thirty-two years.
The surface epithelinmm is t]ucL and in chronic super-
ficial inflammation of the organ it often becomes heaped
up, forming dense opaque layers, ichthyosis linguee,
plagues des fumeurs, lencoma, ete.  From the mucous
glands, situated chiefly beneath the mucous membrane
near the base of the tongue, the mucous eysts are de-
veloped that are sometimes met with in this part.

The tongue is very vascular, and is in consequence
often the seat of nzvoid growths. Its main supply is
from the lingual artery. This vessel approaches the
organ from the under surface, and as cancer usually
shows a tendency to spread towards the best blood supply,
it is to be noticed that carcinoma of the tongue nearly
&!Wﬂ}'ﬂ tends to H]‘rl'flml towards the deep attachment
of the member. At the same time it wust be observed
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that the main lymphatics follow the same course as the
main blood-vessels. The vascularity of the tongue is
the great bar to its easy removal, heemorrhage being
the complication most to be dreaded in such operations.

The tongue is well supplied with nerves, that endue
it not only with the special sense of taste, but also with
common sensation. According to Weber's experiments,
tactile sensibility is more acute on the tip of the tongue
than it is on any other part of the surface of the body.
It should be borne in mind that the lingual nerve supplies
the forepart and sides of the tongue for two-thirds of
its surface, while the glosso-pharyngeal nerve supplies
the mucous membrane at its base, and especially the
papille vallate. In painful affections of the tongue
in the district supplied by the lingual nerve, the patient
often 1s troubled with severe pain deep in the region
of the meatus of the ear, and an area of skin from the
ear along the lower border of the jaw may be tender
(Head). The anterior two-thirds of the tongue is a
derivative of the mandibular arch, which also forms the
anterior boundary of the meatus. Hence the nerve
supply of the anterior part of the tongue from the third
division of the fifth nerve and the reference of pain to its
cutaneous termination. The posterior third of the tongue
18 derived from the second (hyoid) and third visceral
arches and is associated with tender areas in the skin
over the larynx (Head). Spasmodic contraction of the
masticatory muscles is sometimes found to accompany
painful lingual ulcers when involving the region of the
gustatory nerve. There would seem to be but little
connection between an ahscess over the oceipital region
and wasting of one half of the tongue. But Sir James
Paget reports the following case: “A man received
an injury to the back of his head that was apparently
not severe. In time the right half of the tongue began
to waste, and continued to waste until it was less than
half the size of the unaltered side. An abscess formed
over the occiput, from which fragments of the lower
part of the occipital bone were removed. After the
removal of all the dead bone the tongue began to recover,
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and in one month had nearly regained its normal aspect.”
Here the atrophy was due to wasting of the lingual
muscles produced by pressure upon the hypoglossal
nerve, which leaves the skull through the anterior
cnnd:,rlmd foramen in the occipital bone. The -case
illustrates the importance of remembering even small
foramina, and the structures they transmit.

The tﬂngue contains much lymphoid tissue, a con-
siderable part of which (the lingual tonsil) is massed
under the mucous membrane at the posterior part of
the organ. Hypertrophy of this tissue may lead to
troublesome symptoms by interference with the proper
action of the ﬂ;}lcrlﬂttm The lingual and pharyngeal
adenoid tissue, with the tonsils proper, form a complete
ring of ly mphmd tissue round the isthmus of the fauces

The lvmphatics of the tongue are large and numerons,
and offer a free channel for the dissemination of cancerous
emboli. The tongue 1s one of the commonest sites for
cancer, and the disease commonly affects the anterior
two-thirds, which is derived from the mandibular arch.
So 15 the lower lip, which also is a common site. Cancer
spreads along the lymphatic vessels, which for the greater
part accompany the lingual vein and artery and pour their
lymph and embolh 1in the upper deep cervical glands,
behind and below the angle of the jaw. The normal
paths are soon choked, and the lymph has to follow
circuitous by-paths. The lymphatic glands over the
submaxillary gland, the lymphoid tissue in that gland
and in the sublingual, become the seats of secondary
deposit. The submental gland may also be affected.

In the strange congenital affection known as macro-
glossia the tongue becomes much enlarged, and 1n some
cases may attain pmdlgmus dimensions. Thus, in one
case 1t measured 6} inches in length and 10 inches
in circumference. It has protruded so far from the
mouth as to reach even to the episternal notch. It
has been so large as to deform the teeth and alveolus,
and in one case dislocated the jaw. The enlargement
is primarily due to the greatly dilated condition of the
Ivinphatic channels of the organ (hence the name,
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[ymphangioma. cavernosum, proposed by Virchow),
and to an increased dev elopment of lymph tissue through-
out the part. The portion most conspicuously a,ﬁ'ected
18 the base of the tongue, where the lymphatics are
usually the most numerous,

A dermoid cyst may be met with on the under surface
of the tongue. It is usually placed in the median line
between the genio- hmglmﬂl muscles. Such cysts are
" probably due to some infolding of the 111tegumental
layer during development.

Accessory glands about the tonguwe.—
Streckeisen states that accessory glands, belonging to
the thyroid body, are frequently found in the vicinity
of the hyoid bone. Some may be superficial to the
mylo-hyoid muscle, others may be just above the hyoid
bone, and others in the hollow of that bone. Cysts
lined with cihated epithelinm may sometimes be found
in the same situations. All these structures are the
remains of the neck of the central diverticulum which
is protruded from the ventral wall of the pharynx in
the embryo, and from which the isthmus and pyramaidal
parts of the thyroid gland are formed. The foramen
coecum on the tongue indicates the spot where this
diverticulum leaves the pharynx. It marks the junction
of the mandibular with the hyold part of the tongue.
Ducts lined with epithelium have been found leading
from the foramen ecmcum to accessory glands about
the hyoid bone. It is probably from these glandular
and epithelial collections about the hyoid bone that
certain deep-seated forms of cancer of the neck are
developed. Some of these take the form of malignant
cysts described by the author (Path. Soc. T'rans., 1886).

Excision.—Many different methods have been
adopted for the removal of the entire tongue. It has
been removed through the mouth by the ecraseur or
the scissors, the latter operation being performed with
or without previous ligature of the lingual arteries in
the neck. It is difficult, however, to fully expose the
deeper attachments of the organ through the com-
paratively small orifice of the mouth. 'Ta obtain more
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room the cheek has been shit up in one procedure, while
the lower lip and symphysis of the lower jaw have been
divided in another.

In another series of operations the tongue has been
reached, or the organ has been fully exposed, by an
inecision made between the hyoid bone and the inferior
maxilla. More recently Kocher has exposed the tongue
from the neck, and has reached it by an incision com-
mencing near the ear and following the anterior border
of the sterno-mastoid muscle as far as the hyoid bone,
whence 1t turns upwards along the anterior belly of
the digastric muscle. This method allows free removal
of the upper deep cervical glands, the lymphatic glands,
and tissne over and in the submaxillary and sublingual
glands which form the seat of secondary ecancerous
deposits, »

In the removal of the entire organ, the following
parts are of necessity divided : The freenum, the mucous
membrane along the sides of the tongue, the glasso-
epiglottic  folds, the genio-hyo-glossus, hyo-glossus,
stylo-glossus, palato-glossus museles, the few fibres
of the superior and inferior linguales muscles that are
attached to the hyoid bone, the terminal branches
of the gustatory, glosso-pharyngeal, and hypo-glossal
nerves, the lingual vessels, and, at the side of the tongue
near its base, some branches of the ascending pharyngeal
artery, and of the tonsilar branch of the facial artery.

Bleeding trom the stump of the tongue, after removal,
can be instantly and almost entirely arrested by pressing
the root of the tongue forwards with two fingers passed
down behind it into the pharynx. The lingual arteries
as they lie divided in the floor of the mouth are difficult
to secure, They are embedded in muscle, and appear
to be peenharly brittle.

When both linguals have been ligatured in the
neck (through the hyo-glossus muscle) before removing
the tongue, bleeding still takes place from the dorsalis
linguze branches of the lingual and from small branches
of the ascending pharyngeal and facial arteries.

The palate,—The arch of the hard palate varies
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in height and shape in different individuals, and it
has beeu sald that the arch i1s particularly narrow and
high in congenital 1diots. The outhne of this arch
is of some moment in operations upon the palate.

Cleft palate.—The palate is often the seat of a
congenital cleft. The cleft 1s precisely in the middle
line. It may involve the uvula or the soft palate alone,
or may extend forwards and involve the hard palate
as far as the alveolus. If it extend beyond the alveolus,
the cleft will leave the middle line and will follow the
suture between the superior maxillary bone and the
o8 incisivum, appearing therefore between the incisor
and canine teeth. The os incisivum or premaxillary
bone is developed with the central part of the upper
hp from the fronto-nasal process (Fig. 17, p. 98). Each
premaxillary may be developed by two centres, hence
the cleft 1s sometimes between the central and lateral
incisor. Sometimes at the end of the cleft the upper
lip is fissured (harelip). Harelip is exceedingly rare
in the middle line. The shit usually corresponds to the
suture just named, and is therefore opposite the interval
between the lateral ineisor and canine teeth. Sometimes
the cleft in the palate on reaching the alveolus will run
on either side of the os Inecisivum, so that that bone
is entirely separated from the superior maxilla. Such
cases are assoclated with double harelip, and the os
incisivum appears as a nodule attached to the nose
and suspended in the centre of the gap. The hLone
in these cases contains, as a rule, the germs only of the
central incisors, the lateral incisors having been lost
in the cleft. Harelip very commonly exists without
any cleft of the palate. Except in very rare instances,
a cleft of the hard palate will not exist without a cleft
of the soft. In some cases the os incisivum may be
entirely absent, and then the double hare-lip that exists
may appear as a large median gap in the lip. When
the hard palate is entirely cleft the edges of the cleft
are more or less perpendicular, whereas when the cleft
18 very slight as regards its antero-posterior length, the
palate tends to preserve more or less of its normal curve.
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The buecal cavity, when first formed in the feetus,
exists as a wide cleft in the face bounded above by the
fronto-nasal process, at the sides by the superior maxillary
processes, and below by the first visceral arch, from
which the lower jaw is formed (Fig. 17, p. 98). The nasal
and buccal cavities are one. " The separation of the
cavity of the mouth, strictly so called, from the nasal
fosse, is effected by the development of the palatal
or pterygo-palatal processes of the maxillary plate,
which, advancing inwards from the two sides, meet
and coalesce with each other and with the septum
descending from abovein the middleline. . . . When
the union of the opposite parts takes place, the naso-
palatine canal is left as the vestige of the previous fissures,
The median union of the palate begins in front about
the eighth week in the human embryo, and reaches
the back part, when completed, in the ninth and tenth
weeks ” (Allen Thomson, in Quain’s “ Anatomy 7).

In this way the hard and soft palates are formed,
and the upper lip completed ; and it will be understood
that harelip and cleft palate depend simply upon
imperfect closure of the foetal gap between the nasal
and bueccal cavities.

The 1ucous membrane covering the hard
palate js peculiar in that it is practically one with
the periosteumn covering the bones; and, therefore, in
dissecting up this membrane the bone is bared, as the
mucous membrane and the periosteumn cannot be
separated. The membrane is thin in the middle line,
but is much thicker at the sides near the alveoli, the
increased thickness depending mainly upon the intro-
duction of a number of mucous glands beneath the
surface layers, such glands being absent in the middle
line. The density and toughness of the soft covering
of the hard ]‘13,111,& render it very easy to manipulate
when dissected up in the form of flaps in the operation
for the cleft palate.

The main blood supply of both the bones of the
hard palate and its mucous covering is derived from
the descending palatine branch of the internal maxillary
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artery. This vessel, which 1s practically the only vessel
of the hard palate, emerges from the posterior palatine
canal near the junction of the hard palate with the
soft, and close to the inner side of the last molar tooth.
The vessel runs forwards and inwards, to end at the
anterior palatine canal. Its pulsations on the palate
can often be distinetly felt. In dissecting up muco-
periosteal flaps from the hard palate, it is most important
to make the incision in the mucous membrane close
to, and parallel with, the alveolus, so that this artery
may be included in the flap and its vitality therefore
not be endangered. By such an inecision, also,
unnecessary bleeding is avoided. In dissecting up the
flap it should be remembered that the artery runs much
nearer to the bone than to the mucous surface.

The soft palate is of uniform thickness, its
average measurement being estimated at about 1
of an inch. When the soft palate is cleft, the edges
of the fissure are approximated during swallowing by
the uppermost fibres of the superior constrictor. This
approximation may narrow the cleft to one-third or
onc-half of its previous size. The muscles that tend
to widen the cleft are, in the main, the levator palati
and tensor palatl. It is necessary that these muscles
should be divided before attempting to close the cleft
by operation. The levator palati crosses the palate
obliquely from above downwards and inwards on its
way to the middle line, lying nearer to the posterior
than the anterior surface of the velum. The tensor
palati turns round the hamular process, and passes to
the middle line in a nearly horizontal direction. The
hamular process can be felt through the soft palate
just behind and to the inner side of the last upper molar
tooth. There are three principal methods of dividing
these muscles: (1) Ferguson's: A small knife, with
the blade at right angles to the stem, is passed through
the cleft, and is made to divide the levator palati by
an incision on the posterior aspect of the palate, trans-
verse to the direction of the musele. The tensor is not
divided in this procedure. (2) Pollock’s : A thin narrow
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knife, with the cutting edge upwards, is introduced
into the soft palate a little in front, and to the inner side
of the hamular process. The tendon of the tensor muscle
is above the knife, and is cut as the knife is pushed
upwards and inwards. The knife is inserted nntil
its point presents at the upper part of the cleft. As
it 1s being withdrawn, it is made to cut the posterior
surface of the velum toa suflicient
depth to divide the levator palati
(Fig. 19). (3) Bryant's: Here
the palate muscles are divided by
a cutwith thescissorsthatinvolves
the entire thickness of the velum,
the cut being at the side of the
velum, and nearly paralle]l with
the cleft.

The blood supply of the soft
palate is derived from the descend-
ing palatine branch of the in-
ternal maxillary artery, 1:?1& A gl Spluig st eias
cending pharyngeal artery, and = the Soft Palate, from
the ascending palatine branch  bebind.
of the facial artery. The latter  Siafor paati: b tensor
vessel reaches the velum by fol- @ wall of pharynx; e azy-

- - gos uvula ; f, the point of
lowing the levator palati musecle,  entry of thé knife in Pol-

and must be divided in the section {Q‘th!; 1l‘i.]'isl;:};t.ilggi?*iilﬁnl_:igdlatv
inade vef | this, muscle dn the ([0 o e ROife.
procedures just described.

The musecles of the palate are supplied by several
nerves. The levator palati, azygos uvule, and palato-
pharyngeus are innervated with the muscles of the
pharynx by the spinal accessory: the palatoglossus
with the muscles of the tongue from the hypo-
glossal, and the tensor palati with the tensor tympani
from the third division of the fifth nerve through the
otic ganglion.

The pharymx is about five inches in length. It
is much wider from side to side than from before back-
wards. It is widest at the level of the tip of the greater
cornua of the hyoid bone, where it measures about

J
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2 inches. It is narrowest where it joins the gullet oppo-
site the cricoid cartilage, its diameter here being less
than £ of an inch. The pharynx is not so large a space
as supposed, for it must be remembered that during
life it is viewed very obliquely, and erroneous notions
are thus formed of its antero-posterior dimensions.
The distance from the arch of the teeth to the commence-
ment of the gullet is about 6 inches, a measurement
that should be borne in mind in extracting foreign
bodies. Foreign bodies passed into the pharynx are
most apt to lodge at the level of the cricoid cartilage,
a point that, in the adult, is a little beyond the reach of
the finger. The history of foreign bodies in the pharynx
shows that that cavity is very dilatable, and can accom-
modate for some time large substances. Thus, in a case
reported by Dr. Geoghegan, a man of 60, who had
for months some trouble in his throat for which he could
not account, was supposed to have cancer. On examina-
tion, however, a plate carrying five false teeth, and
presenting niches for five natural ones, was found em-
bedded in the pharynx, where it had been lodged for
five months. The plate had been swallowed during
sleep (Med. Press, 1866). In the Lancet for 1868 is an
account of a mutton chop that became lodged in the
pharynx of a gluttonous individual. The chop pre-
sented the ordinary vertebral segment of hone, together
with 14 inches of ribs, and was “ pretty well covered with
meat.” Attempts to remove it failed, and it was finally
vomited up. Dr. Hicks (Lancet, 1884) reports the case
of a woman who committed suicide by eramming half
a square yard of coarse calico (belonging to her
nightdress) into her mouth and throat.

The walls of the pharynx are in relation with the
base of the skull, and with the upper six cervical ver-
tebrae. The arch of the atlas is almost exactly on a
line with the hard palate. The axis is on a line with
the free edge of the upper teeth. The termination
of the pharynx corresponds to the sixth cervical ver-
tebra. The upper vertebrz can be examined, as regards
their anterior surface, from the mouth. When the
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bones about the pharynx are diseased, the necrosed
parts may be discharged by that cav 11;1' Thus por
tions of the atlas and axis have been expelled by the
mouth, as also have been some fragments of compara-
tively large size thrown off by the occipital and sphenoid
hones.
The mucous membrane of the pharynx is vaseular,
and readily inflamed; and such inflammations are
peculiarly dangerous, in that they may spread to the
lining membrane of the larynx. The submucous tissue
of the aryteno-epiglottic folds and of the neighbouring
part of the pharynx is peculiarly loose, and in cedema-
tous conditions the upper aperture of the larynx may
be almost closed. Much adenoid tissue is distributed
in the mucous membrane of the pharynx, and it is this
tissue that i1s the primary seat of inflasnmation in serofu-
lous pharyngitis. A distinet collection of adenoid tissue
stretches across the hinder wall of the pharynx between
the openings of the Eustachian tubes. It is known as
Lusehka’s tonsil, or the pharyngeal tonsil. This deposit
of adenoid tissue may undergo hypertrophic change
and the condition known as “adenoid vegetations”
r “ post-nasal growths” be produced. These growths
may cause deafness, and may block the posterior nares.
They need to be removed by operation. The lateral
recess, behind the opening of the Eustachian tube, also
contains adenoid tissue (Fig. 16, p. 89). T]lBtlﬁ‘-‘-llGll‘lllllt"(]l—
ately outside the pharynx walls is lax, and favours the
spread of effusion. Thus, in acute inflammation of the
pharynx the effusion has been found to extend along
the cesophagus, reaching the posterior mediastinum
and advancing even to “the diaphragm. In the lax
connective tissue between the pharynx and the spine
abscess 1s not infrequent, due, as a rule, to caries of
the vertebrie (post-pharyngeal abscess). In this con-
nective tissue, and opposite the axis, is also found a
lymphatic gland that receives lymphatics from the
nares, This gland may prove the seat of a suppura-
tion. Such collections may so push forward the pos-
terior pharyngeal wall as to depress the soft palate,
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or may eause severe dyspneea by interference with the
larynx. The matter may discharge itself through the
mouth, or may reach the neck by passing behind the
creat vessels and the parotid gland, presenting ulti-
mately beneath or at one border of the sterno-mastoid
muscle.

Many structures of importance are in relation with
the lateral walls of the pharynx, the principal being the
internal carotid artery, the vagus, glosso-pharyngeal,
and hypoglossal nerves. The internal ecarotid is so
close to the pharynx that its pulsations may be felt
by the finger introduced through the mouth. These,
and other deep structures in the neck, may be wounded
by foreign bodies, that, passing in at the mouth, have
been thrust through the pharynx into the ecervical
tissues. The internal jugular vein is at some distance
from the pharynx, especially at its upper part (Fig.
18,p. 104). The stylmd process, when prominent, and an
ossified stylo-hyoid ligament, can also be felt at the side
of the pharynx. In more than one case an ossified
stylo-hyoid ligament has been mistaken for a foreign
body, and an attempt made to excise it. Langenbeck
has three times extirpated the pharynx for malignant
disease, but without success. He reaches it from the
neck thro ugh an incision that, beginning below the jaw,
midway between the symphysis and angle, is earried ever
the great cornu of the hyoid bone, and ends close to the
cricoid cartilage. The posterior helh of the digastric
and the sty 10-11\ oid muscles are detached from the hyoid
bone, while the omo-hyoid muscle, the lingual, facial,
and superiﬂr thyroid arteries, and the superior lm*yngml
nerve are divided.

The tomsil is lodged between the anterior and
posterior palatine arches. It is in relation externally
with the superior constrictor muscle, and corresponds,
as regards the surface, to the angle of the lower jaw.
It is questionable whether the enlarged tonsil, when
it 13 the subject of other than malignant enlargement,
can ever be felt externally. When hypertrophied, the
mass tends to develop towards the middle line, where
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no resistance is encountered, and to effect but lttle
change in its external 1r-htxum The mass, often 1uis-
taken for the enlarged tonsil in the neck, is formed of
enlarged glands, situate near the tip of the great cornu
of the hyoid bone, and overlying the internal jugular
vein. These glands receive the tonsillar lymphatics,
and are almost invariably enlarged in all tonsil affections,
The fact that these glands are so frequently the first to
enlarge when the cervical glands become tubercular
points to the tonsil as a common site of primary infection.
It must be remembered that many structures are inter-
posed between the tonsil and the skin, and as the hyper-
trophied body projects freely into the pharyngeal cavity,
one would not expect that it could be readily felt, even
were the interposed tissues less extensive than they are.
The tonsil is closely enough attached to the pharyngeal
wall to be affected by the movements of the pharyngeal
museles. Thus it is moved inwards by the superior con
strictor muscle during the act of swallowing, and may
be drawn outwards, on the other hand, by the stylo-
pharyngeus muscle. The ease with which a tonsil can
be reached depends, other things being equal, upon
the extent to which it can be withdrawn by the stylo-
pharyngeus, and upon the development of the anterior
palatine arch, which, to some extent, hides the tonsil.
A child with a prominent anterior palatine arch, con-
taining a well-developed palato-glossus muscle, and with
a vigorous stylo-pharyngeus, can for a long time elude
the tonsil guillotine.

Deafness is often complained of when the tonsil is
hypertrophied. This is not due to closure of the
Eustachian tube by the direct pressure of the enlarged
mass. Such pressure is anatomically impossible. The
large tonsil may, however, affect the patency of the
tube, by disturbing the soft palate, and through it the
tensor palati musele, which is much concerned in keep-
ing open the Eustachian tube. The deafness in these
cases 18 probably due rather to an extension of the
hypertrophic process to the lining membrane of the
tube than to any pressure effects, since it is usually
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not improved until some time after the tonsil has been
removed. The tonsil tissue is for the most part collected
around a number of recesses. The decomposition of
retained epithelial structures within those recesses
produces the fectid breath often noticed in cases of
enlarged tonsil, and probably incites the attacks of
inflammation to which such tonsils are liable. Caleuli
may form in these crypts and give rise to a spas-
modic cough. In this case the glosso-pharyngeal
nerve conveys the afferent impulse to the respiratory
centre.

The tonsil is very vascular, receiving blood from the
tonsillar and palatine branches of the facial artery,
from the descending palatine branch of the internal
maxillary, from the dorsalis linguz of the lingual, and
from the ascending pharyngeal. Hence the operation
of removing the tonsil is often associated with free
bleeding. The internal carotid artery is close to the
pharynx, but some way behind the gland (Fig. 18, p. 104).
The vessel is, indeed, about ¢ of an inch posterior
to that body, and is in mmp:e-a,r:a,twiP,-l}r little danger of
being wounded when the tonsil is excised. The internal
jugular vein is a considerable distance from the tonsil
The facial artery, in its cervical stage, is close to the
tonsil. Of important cervical structures, the nearest
to the tonsil is the glosso-pharyngeal nerve. The
ascending pharyngeal artery is also in close relation
with it. Although of small size, bleeding from this
vessel has proved fatal, as the fﬂll{}wing interesting
case, reported by Mr. Morrant Baker, will show: A
man, aged 23, fell when drunk, and grazed his throat
with the end of a tobacco-pipe he was smoking at the
time. He thought nothing of the accident. In two
days he came to the hospital with what appeared to be
an acutely inflamed tonsil. The tonsil was punctured,
but nothing escaped save a little blood. Several
hzemorrhages oceurred from the tonsil wound, and on
the fourth day after the accident 1 inch of the stem
of a clay pipe was discovered deeply embedded in the
glandular substance. It was removed, and the common
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carotid tied. The patient, however, never rallied from
the previous severe hzmorrhages, and soon died. The
autopsy showed that the stem of the pipe, which had
not been missed by the patient, had divided the ascending
pharyngeal artery (St. Bart.'s Hosp. Reports, 1876).

The tonsil is often the seat of malignant growths.
Such tumours have been removed through the mouth,
but are more conveniently dealt with through an in-
cision in the neck along the anterior edge of the sterno-
mastoid (Cheever’s operation).

CHAPTER IX,

THE NECK.

Surface anatomy; bony peints.—The hyoid
bone 1s on a level with the fourth cervical vertebra,
while the cricoid cartilage is opposite the sixth. The
upper margin of the sternum is on a level with the
disc between the second and third dorsal vertebre.
(See page 169.) At the back of the neck there is a
slight depression in the middle line which descends
from the occipital protuberance, and lies between the
prominences formed by the trapezius and complexus
muscles of the two sides. At the upper part of this
depression the spine of the axis can be made out on
deep pressure. Below this, the bony ridge formed by
the spines of the third, fourth, fifth, and sixth cervical
vertebre can be felt, but the individual spines eannot
usually be dlstmgtmhed At the root of the neck the
spinous process of the vertebra prominens 1s generally
very obvious. The transverse process of the atlas may
be felt just below and in front of the tip of the mastoid
process. By deep pressure in the upper part of the
supraclavicular fossa, the transverse process of the
seventh cervical vertebra can be distinguished. If
deep pressure be made over the line of the carotid
vessels at the level of the ericoid cartilage, the promi-
nent anterior tubercle of the transverse process of the
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sixth cervieal- vertebra can be felt. This is known as
the “ carotid tubercle.” The carotid artery hes directly
over it, and in ligaturing that vessel some surgeons
make important use of this tuberele as a landmark. If
a horizontal section of the neck, in a muscular subject,
taken about the level of the sixth cervical vertebra, be
viewed, the whole of the body of the vertebra divided will
be seen to lie within the anterior half of the section.

The middle lime.—In the receding angle below
the chin the hyoid bone can be felt and its body and
greater cornua well made out. About a finger’s breadth
below it is the thyroid cartilage. The details of this latter
are readily distinguished, and below it the cricoid cartil-
age, crico-thyroid space, and trachea can be easily
recognised. The separate rings of the trachea cannot
be felt. The trachea is less easily made out, as it passes
down the neck. Asit descends it takes a deeper position,
and at the upper border of the sternum lies nearly 1%
inches from the surface.

The rima glottidis corresponds to the middle of the
anterior margin of the thyroid cartilage.

Unless enlarged, the thyroid gland cannot be made
out with certainty. According to Mr. Holden, the
pulse of the superior thyroid artery can be felt at its
upper and anterior part.

The anterior jugular veins descend on either side
of the middle line upon the sterno-hyoid museles. They
commence in the submaxillary region, pierce the fascia
Just above the inner end of the clavicle, and, passing
behind the origin of the sterno-mastoid muscle, are
lost to view. The inferior thyroid veins lie in front
of the trachea, below the isthmus.

The side of the meck,—Muscles. The sterno-
mastoid muscle, especially in thin subjects and when
thrown into action, is a prominent feature in the neck.
The anterior border of the muscle is very distinet. The
posterior border is less prominent, especially at its upper
part. A communicating branch from the facial vein
generally runs along the anterior border of the musele
to meet the anterior jugular vein at the lower part of
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the neck. The interval between the sternal and elav-
icular parts of the muscle is generally well marked. If
a needle be thrust through this interval, guite close to
the clavicle, it would just touch the bifurcation of the
innominate artery on the right side and would pierce
the carotid vessel on the left. The posterior belly of the
digastric muscle corresponds to a line drawn from the
mastold process to the anterior part of the hyoid bone.
The anterior belly of the omo-hyoid follows an oblique
line drawn downwards from the fore part of the hyoid
bone, so as to cross the line of the carotid artery opposite
the ericoid cartilage. The posterior belly can be made
out in thin necks, especially when in action, running
nearly parallel with and just above the -clavicle.
Although not taking quite the same direction, yet the
posterior borders of the sterno-mastoid and anterior
scalene muscles practically correspond to one another.

Vessels.—The common carotid artery is represented
by a line drawn from the sterno-clavicular joint to a
point midway between the angle of the jaw and the
mastoid process, The vessel hifurcates at the upper
border of the thyroid cartilage, or not unfrequently
nearly 4 an inch above that point. The omo-hyoid
crosses 1t opposite the cricoid cartilage, and at about
the same level the artery is crossed by the middle thyroid
vein. The line of the internal jugular vein is just
external to that for the main artery. Both the artery
and vein lie under the anterior border of the sterno-
mastoid. The superior thyroid artery comes off just
helow the great cornu of the hyoid bone, and eurves
forwards and downwards to the upper edge of the
thyroid cartilage. The lingual arises opposite the tip
of the great cornu, and runs just above that process on
its way to the tongue. The facial artery is very tortuous,
but its general course in the neck is represented by a
line drawn from the anterior border of the masseter
at the lower border of the jaw to a point just above the
tip of the great cornu, while the ocecipital follows a line
that starts from the latter point and runs across the
base of the mastoid process,
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_The external jugular vein follows a line drawn from
the angle of the jaw to the middle of the elavicle.

The subclavian artery describes a curve at the base
of the posterior triangle. One end of the eurve corre-
sponds to the sterno-clavicular joint, the other end to the
centre of the clavicle, the summit of the curve rising
to a point about ¥ an inch above that bone. In the angle
between the posterior edge of the sterno-mastoid and
the clavicle the pulsations of the artery may be felt.
Just above the bone the artery may be compressed
against the first rib. The compression is most easily
applied when the arm is well drawn down, and the
direction of the pressure should be downwards and
inwards,

The subclavian vein lies below the artery, and is
entirely under cover of the clavicle.

The suprascapular and transverse cervical arteries
run parallel with the clavicle, the former quite behind
the bone, the latter just above it. The pulsations of
the latter vessel can generally be felt.

Nerves—The position of the chief superficial nerves
of the neck may be fairly indicated by six lines, all drawn
from the middle of the posterior border of the sterno-
mastold muscle. A line drawn forwards from this spot
so as to cross the sterno-mastoid at right angles to its
long axis corresponds to the superficial cervical nerve.
A second line drawn up across the muscle to the back
of the pinna, so as to run parallel with the external
jugular vein, corresponds to the great aurieular nerve ;
and a third line, running along the posterior border of
the sterno-mastoid muscle to the scalp, marks the course
of the small ocecipital nerve. These lines, continued
downwards, so as to cross the sternum, the middle of the
clavicle, and the acromion, will indicate respectively
the suprasternal, supraclaviecular, and supra-acromial
nerves.

The spinal accessory nerve reaches the anterior
border of the sterno-mastoid muscle at a point about
1 inch below the tip of the mastoid process. It emerges
from beneath that muscle about the middle of its pos-
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terior border, crosses the posterior triangle, and passes
beneath the trapezius at a point between the middle
and lower thirds of the anterior border of that muscle,

The phrenic nerve commences deeply at the side
of the neck, about the level of the hyoid bone, and runs
downwards to a point behind the sternal end of the
clavicle. About the level of the ericoid cartilage it lies
beneath the sterno-mastoid (which covers it wholly in
the neck) about midway between the anterior and
posterior borders of the muscle. The brachial plexus
can be felt, and even seen in very thin subjects. Its
upper limits may be represented by a line drawn across
the side of the neck from a point about opposite to the
ericoid cartilage to a spot a little external to the centre
of the clavicle,

The meek.—The skim in the submaxillary region
is lax and thin, and is often found o." considerable value
for making flaps in plastic operations about the mouth.
The platysma myoides is closely connected with the
skin, and to its action is due the turning-in of the edges
of such wounds as are athwart the line of direction of the
musele. The amount of subcutaneous fat in the cervieal
region varies in different parts. In the suprahyoid
region it is apt to undergo extensive development, pro-
ducing the diffused lipoma known as “ double-chin.”

The skin over the nape of the neck is very dense
and adherent, and these two circumstances, in addition
to the free nerve-supply of the parts, serves to explain
the severe pain that often accompanies inflammation
in this region. Common carbunele is very commonly met
with behind at the root of the neck, in the middle line.
Why it especially selects this spot it is difficult to say.
It may be noted, however, that this region has no very
extensive blood supply, that the middle line of the body
‘is in all parts of comparatively slight vascularity, and
that at the nape of the neck covered and uncovered parts
of the body meet, so that the spot is liable to considerable
fluetuations of temperature. Setons and issues were,
in less recent times, often applied to the dense integu-
ments at the back of the neck, just below the occiput.
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These measures were aceredited with not infrequently
producing tetanus.

When the stermne-mastoid muscle of one side is
rigidly contracted, either from paralysis of the opposite
muscle or from spasmodic contraction, or from some
congenital defect, the condition known as wry-neck is
produced. The position of the head in wry-neck illus-
trates precisely the effect of the sterno-mastoid when in
full action. The head 1s bent a lLittle forwards, the
chin is turned towards the sound side, and the ear on the
affected side leans towards the sterno-clavicular joint.
In many cases the trapezius and scalene muscles are also
affected. Spasmodic contraction of the muscle may be
due to reflex irritation. Thus, it has accompanied
inflammation of the cervical glands in the posterior
triangle.  Such inflammation has irritated some
hl“lllfhl‘_"% of the cervieal plexus, and the sterno-mastoid
muscle, although it is supplied mainly by the spinal
accessory nerve, receives a nerve from that plexus (viz.,
from the second cer vical). The course of the reflex
disturbance in such cases is therefore not difficult to
follow. It is to be remembered, also, that the spinal
accessory nerve passes between the upper two or three
deep cervical lvmph glands which may compress it.
A like contraction has also been produced by direct
irritation of the second cervical nerve in cases of disease
of the first two cervical vertebrae. For the relief of some
forms of wry-neck, the sterno-mastoid muscle 1s divided
ﬂuhrutmwﬂuqh’, as in an ordinary tenotomy operation,
about % an inch above its ’ttt’lfhl‘ﬂi‘ﬂt to the sternum
and clavicle. Two structures stand considerable risk of
being wounded in this operation, viz., the external
jugular vein lying near the posterior border of the
muscle, and the anterior jugular which follows its an-
terior border and passes behind the musele, just above
the clavicle, to terminate in the first-named vein. With
common care, there should be no risk of wounding
the great vessels at the root of the neck. For spasmodic
wry-neck the spinal accessory nerve and the communi-
cating branches of the third and fourth cervical nerves
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have been cut. The spinal accessory nerve is found
at the anterior border of the sterno-mastoid, 1% inches
below the mastoid process.

There is a curious congenital tumour, or mdura-
tion, sometimes met with in this muscle in the newly
born. - It is usually aseribed to syphilis, but, in most
cases, is probably due to some tearing of tlw muscle
fibres during the process of delivery.

The eervical fascia.—The layers of fascia that
occupy the neck, and that are known collectively as
the deep cervieal fascia, are dense structures, having a
somewhat complex arrangement and a frrr:ﬂt amount
of importance from a surgical point of view. This
fascia limits the growth of cervical tumours and
abscesses, and modifies the direction of their progress,
but I do not think that its effect in this matter is quite
so definite as is usnally maintained. It is true that deep-
seated cervical abscesses are often found to follow just
such a course as the arrangement of the fascize would
lead us to suppose, while, on the other hand, instances
are by no means uncommon where the abscess or growth
appears to ignore these membranes and adopt a course
of its own

The tlﬁL[J cervical faseia mayv be divided into (a)
the superficial layer, and (b) the deeper processes.

(a) The superficial layer forms a complete investment
for the neck, and covers in all the cervical structures,
except the platysma and some superficial veins and
nerves, with the completeness of a perfectly fitting
cravat., It commences behind at the spinous processes
of the wvertebra, and, having invested the trapezius
muscle, starts, at the anterior border of that muscle,
as a single layer, to cross the posterior triangle.  Arriving
at the posterior border of the sterno-mastoid muscle,
it splits, to enclose that structure, appearing again
as a single layer at the anterior border of the muscle,
from whence it passes to the middle line of the neck
to join the fascia of the opposite side, entirely covering
in on its way the anterior triangle. The part that
occupies the posterior triangle is attached above to
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the mastoid process and superior curved line of the
oceipital bone, and below to the clavicle, so that the
space is completely closed in by the faseia in all parts,
although, just above the clavicle, 1t is pierced by the
external jugular vein on its way to the deeper trunks.
Over the anterior triangle, the fascia is attached above
to the border of the lower jaw. Behind that bone
it passes over the parotid gland to the zygoma, forming
the parotid fascia, while a deeper layer passes beneath
the gland (between it and its submaxillary colleague),
to be attached to points at the base of the skull. It
18 from this deeper part that the stylo-maxillary higament
18 developed. In front the fascia 1s atfached to the
hyoid bone, and just below the thyroid body it divides
into two layers again, one to be attached to the front-
of the sternum and the other to the back. Both these

Fig. 20,—Transverse Section through the lower part of the Neck, to
show the arrangements of the Cervical Fascia (Diagrammatic).

a, Trapeziug: 5, sterno-mastoid; e, deprezsors of hyoid hone; d, platysma;
e, anterior spinal muscleg; 7, scalenus anticus ; g, carotid artery ; k, external
juguiar vein ; i, posterior spinal muscles; T, trachea, with gullet behind and
thyroid body in front.
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layers lie in front of the depressors of the hyoid bone,
and they form between them a little space (which
extends so far laterally as to enclose the sternal head
of the sterno-mastoid), the widest part of which is below,
and which there corresponds in width to the thickness
of the sternum. It will be perceived that, in dividing
the sternal head of the sterno-mastoid, the operation
is performed within this little chamber formed by the
two layers just named, and it is well to note that the
anterior jugular vein also occupies this chamber on
its way to the external jugular trunk. This superficial
layer of the fascia, considered generally, would oppose
in all parts the progress of abscesses or growths towards
the surface, and would encourage or compel them to
take a deeper position,

(b) The deeper processes. (1) From the superficial
layer a process comes off near the anterior border of
the sterno-mastoid muscle, which, passing beneath
the depressors of the hyoid bone, invests the thyroid
body and front of-the trachea, and passes down, in
front of that tube and of the large vessels, to the fibrous
layer of the pericardium. (2) The prevertebral fascia
is a layer that descends on the prevertebral muscles
behind the pharynx and gullet. It is attached above
to the base of the skull, and, below, descends into the
thorax, behind the (ewplmgus-,~ Ldtemlh it joins the
EELI"thd sheath, and is then prolonged Uutnmd% and
downwards over the scalene muscles, the brachial
plexus, and subclavian vessels. It follows these vessels
beneath the claviele, where it forms the axillary sheath
and becomes connected with the under surface of the
costo-coracoid membrane., (3) The sheath of the carotid
artery and its accompanying vein and nerve are derived
1I']~T1 part from fascia No. 1, and in part from fascia

0. 2.

The effects of this disposition of the fascia may be
illustrated by noting the course probably taken by
cervical abscesses in various positions. (1) An abscess
in the posterior triangle will be bounded towards the
surface by the superficial layer of fascia. Towards
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the floor, or deep part, of the triangle it will be bounded
by the lateral portion of fascia No. 2. The abscess
may extend some way under the clavicle until arrested
by the union of the costo-coracoid membrane with
faseia No. 2. It would readily extend under the edge
of the trapezius muscle, and could pass beneath the
sterno-mastoid musecle and carotid artery to the anterior
and deeper parts of the neck. (2) An abscess in the
anterior triangle in front of the depressors of the hyoid
bone would probably come forward, owing to the
thinness of the faseia in front of it: but, if pent up,
it would tend to progress towards the anterior medias-
tinum or into the lateral parts of the neck in front
of the carotid vessels. (3) An abscess behind the hyod
depressors and about the trachea or thyroid body,
or in the immediate vicinity of the carotid vessels (an
abscess situate, in fact, between the deep fascize Nos.
1 and 2), would find itself in a narrow strait, and after
pressing much upon adjacent parts would most readily
spread downwards into the mediastinum. (4) An
abscess 1immediately in front of the spine, and beneath
the deep fascia No. 2, might extend down into the
posterior mediastinum, or move towards the posterior
and lateral parts of the neck, following the brachial plexus,
and so reach the posterior triangle, or even the axilla.

In many cases a cervical abscess has burst into the
gullet, or trachea, and even into the pleura. In some
instances the great vessels have been opened up. In
one remarkable case reported by Mr. Savory (Med.
Chir. Trans., 1881), not only was a considerable portion
of the common carotid artery destroyed by the abscess,
but also a still larger portion of the internmal jugular
vein and a large part of the vagus nerve. This, and
like examples of the destructive action of some cervical
abscesses, depend, no doubt, upon the unyielding
character of the cervical fascia, which hems in the pus
on all sides, and drives it to resort to desperate measures
to effect an escape. “It is noteworthy,” remarks Mr.
Jacobson, “ that communications between abscesses and
deep vessels have usually taken place beneath two of
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the strongest fascia in the body, the deep cervical fascia
and the fascia lata ” (Hilton’s “ Rest and Pain 7).

The apex of the Iung cxtends into the neck,
and reaches a point from 1 to 2 inches above the
anterior end of the first rib. A point between the
sternal and clavicular heads of the sterno-mastoid and
1 an inch above the clavicle will mark its highest
limit. It lies behind the eclavicle, anterior scalene
musele, and subelavian vessels. The right lung com-
monly extends higher up than the left.

The pleura has been opened in careless operations
on the subeclavian artery, and has also been torn in
dragging deep-seated tumours from the base of the
neck. The pleura and lung have been wounded in
stabs of the neck and by fragments of bone in severe
fractures of the clavicle. Cervical abscesses have opened
into the pleura, and, apart from this, pleurisy has followed
inflammation of the cellular tissue at the root of the
neck.

Hernia of the lung into the neck has oceurred during
violent coughing, an appreciable tumour being produced
(Dr. Knox, Lancet, vol. 1. ; 1885).

Cervieal ribs.—These structures have led to
many errors in diagnosis, have been mistaken for ex-
ostoses, and where the subclavian artery is carried
over them have led to the diagnosis of aneurism. They
are met with at all ages and in both sexes, and represent
the cervical ribs of IGWEI vertebrates. As a rule, one
such rib is found on either side of the seventh cervieal
vertebra ; sometimes 1t is movable, sometimes it is
ankylosed to the vertebra and its transverse process.
A vestige is always present in the feetus. It may be
very short, and represented only by a head, neck, and
tubercle. Such forms have been mistaken for exostoses.
It may be long, and may then end free, or be joined
to the first rib, or the first costal cartilage by ligament,
or even by cartilage. In such instances the subelavian
artery passes over the cervical rib, and its distinet
pulsation under such ecircumstances has led to the
diagnosis of aneurism. To the longer form of cervieal

K
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ribs the scalenus anticus, and the scalenus medius,
may be attached.

In thin subjects the rib forms a distinet projection
in the neck.

Cut throat and wounds of the necl{.—The
skin of the neck is so elastic and mobile that it is readily
thrown into folds when a knife, and especially a blunt
knife, is drawn across it. Thus, in cases of cut throat
several distinet skin cuts may be found that were all
produced by one movement of the knife. The wound
in cut throat, whether suicidal or homicidal, most fre-
quently involves the thyro-hyoid membrane, next in
frequency the trachea, and then the thyroid cartilage.

1. If the wound be above the hyoid bone the
following parts may be cut: Anterior jugular vein ;
anterior hullv of digastric; mylo-hyoid, genio-hyoid,
genio-hyo-glossus, and hy D-ﬂ‘lurﬁus muscles ; the lingual
artery ; branches of the facial ar tery ; the hypoglossal
and gustatory nerves; the aubnmml}dr}r gland. The
substance of the tongue may be cut, and the floor of
the mouth freely opened. In any case where the attach-
ments of the tongue are divided the organ is apt to
fall back upon the larynx and produce suffocation.

2. If the wound be across the thyro-hyoid space
the following may be the parts cut: Anterior jugular
vein ; sterno-hyoid, thyro-hyoid, omo-hyoid muscles ;
thyro-hyoid membrane ; inferior constrictor ; superior
laryngeal nerve; superior thyroid artery ; and if near
hyoid bone the trunk of the lingual artery may be cut.
The pharynx would be opened in a deep wound, and
the epiglottis divided near its base. Division of the
epiglottis in wounds in this situation is always a serious
complication.

3. If the wound involve the trachea the following
may be the parts cut: Anterior jugular vein; sterno-
hyoid, sterno-thyroid, and omo-hyoid museles ; part of
sterno-mastoid ; thyroid gland ; superior and inferior
thyroid arteries ; superior, nnddlc, and inferior thyroid
veins ; recurrent nerves and the gullet.

In wounds of the neck the great vessels often escape
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in a marvellous manner. They are protected in part
by the depth at which they are situated, and in part by
their great mobility, lying as they do in an atmosphere
of loose connective tissue. Dieffenbach relates a case of
cut throat in which both gullet and trachea were divided
without any damage to the great vessels. In cut throat
the vessels are greatly protected by the projecting thyroid
cartilage above and by the contracting of the sterno-
mastold muscles belc:w. Deep gashes made across the
erico-thyroid space, or through the upper part of the
trachea, reach the great vessels more easily than would
Wﬂl{{nds made with equal force in any other part of the
neck.

In some cases of gunshot wound the vessels seem

. to have been actually pushed aside, and to have owed

their safety to their mobility. Thus, in a case reported
by Longmore, the bullet passed entirely through the
neck from one side to the other. It passed through the
gullet, damaged the posterior part of the larynx, but
left the great vessels intact. In another recorded case
a boy fell upon the point of a walking-stick. The end
of the stick passed entirely through the neck from side
to side, entering in front of one sterno-mastoid musele
and emerging through the substance of the opposite one,
It probably passed between the pharvnx and the spine,
The boy, who left the hospital well in eighteen days,
owed his safety to the laxity of the cervical connective
tissEe and to the mobility of the main structures in the
neck.

In connection with the subject of wounds of the
neck it must be remembered that the most important
part of the spinal cord can be reached from behind,
through the gap between the atlas and axis. In this
situation the cord has been divided by one stab of a
knife, the instrument entering between the two bones.
La.ugler gives some ingenious cases of infanticide where
the lethal weapon was merely a long needle. The needle
was introduced into the spinal canal between the atlas
and axis, and the cord readily cut across.

Wounds at the side of the neck have divided con-
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siderable portions of the brachial plexus without in-
volving other structures.

The hyoid bomne may be broken by direct violence,
as from blows, or in the act of throttling. It is sometimes
found broken in those who have been hanged. The
fracture may involve the body of the bone, but more
usually the greater cornu is found broken off. In the
New York Medical Record (1882) is the report of the
case of a man who felt something snap under lus chin
while yawning. On examination the hyoid bone was
found to be fractured. The bone was also found broken
in a patient who threw her head violently backwards
to save herself from falling (Hamilton). The fracture
is associated with great difficulty and pain in speaking,
in moving the tongue, in opening the mouth, and 1n
swallﬂwmg, symptoms that may be readily undaratﬂnr]
A bursa lies between the thyro-hyoid membrane and
the posterior surface of the h} oid bone. It may, when
enlarged, form one of the cystie tumours of the neck.

The lﬂr}'nx and trachea,—The position of the
larynx in the neck 1s influenced by age. In the adult
the cricoid cartilage reaches to the lower part of the
sixth cervical vertebra. In a child of three months
it reaches the lower border of the fourth cervieal, and
in a child of six years the lower border of the fifth ver-
tebra. At puberty it attains the adult position. The
npper end of the epiglottis in the adult is opposite the
lower border of the third cervical vertebra. In a child
of three months it reaches the lower border of the atlas,
and at six years the lower border of the axis (Symington).
With the laryngoscope the following parts may be made
out : The base of the tongue and "ll;}*a‘a()—Eplg]Dttic liga-
ments ; the superior aperture of the larynx, presenting
in front the epiglottis, at the sides the ar ytﬂnt}epwlnt-
tidean folds (in which are two rounded eminences corre-
sponding to the cornicula and cuneiform cartilages).
and at the back the arvtenoid commissure of mueous
membrane. Deeply down can be seen the true and false
voeal eords, the ventricle, the anterior wall of the larynx,
a little of the ericoid cartilage, and more or less of the
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anterior wall of the trachea. If the glottis be very fully
dilated the openings of the two bronchi may be dimly
seen.

The thyroid and cricoid eartilages, and the greater
part of the arytenoid, are in structure hyaline, as are
the costal cartilages. Like the last-named, the; are
liable to become more or less ossified as life advances.
Ossification commences in the thyroid and ericoid car-
tilages at about the age of 20, and in either cartilage
the process commences in the vicinity of the erico-
thyroid joint. The arytenoid ossifies later, Ossifica-
tion of the laryngeal cartilages is more marked in males
than in females. The larger cartilages are liable to be
fractured by violence, as by blows, throttling, ete. The
thyroid i1s the one most frequently broken, and usually
in the median line. The posterior superior angle of the
thyroid cartilage marks the position of the pyriform
fossa, a wide recess, above and external to the aryteno-
?piglottic folds. Foreign bodies may be arrested in this
0ssa.,

The rima glottidis 1s the aperture between the
true vocal cords in front and the bases of the arytenoid
cartilages behind. It is the narrowest part of the in-
terior of the larynx, and it is well to be familiar with its
proportions in reference to the entrance of foreign bodies
and the introduction of instruments. In the adult
male the rima measures nearly 1 inch (23 mm.) from
before backwards:; from side to side, at 1its widest
part, it measures about one-third of the length ; this
diameter may be increased to one-half of the length
in extreme dilatation. In the female and in the male
before puberty the antero-posterior diameter is from
17 mm.

The mucous membrane of the larynx varies
in thickness in different parts, and in the amount of
its submucous tissue. The membrane is thickest, and
the submucous tissue most abundant, in the following
parts, taken in order of degree: The aryteno-
epiglottidean folds, the mucous membrane of the
ventricle, the false cords, and the laryngeal aspect of
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the epiglottis.  These are the parts that become most
congested and swollen in acute laryngitis; and the
serious condition known as cedema of the glﬂttls depends
mainly upon effusion into the lax submucous tissue in
the aryteno-epiglottidean folds. The mucous membrane
is firmly bound to the true vocal cords and covered by
stratified epithelium, while the rest of the larynx is
lined, like the trachea, with ciliated epithelium. Owing
to the nature of its covering and exposure to friction
the true vocal cord is not an uncommon site of epi-
t-helimnzl. The affection known as “ clergyman’s sore-
throat ” has an interesting amtﬂmlcal basis. The
mucous membrane of the Ialvnt is well provided with
mucous glands, whose function it is to keep moist the
parts concerned in phonation. When an individual
speaks aloud for a long time the lining of the larynx
tends to become dry, on account of the large amount of
cold air that is drawn in directly through the mouth.
To still keep these parts moist the mucous glands have
to exhibit increased energy, and in those who speak
much in public the glands may in time become so over-
worked as to inflame. It is the inflammation of these
glands that constitutes the present affection. The glands
are not distributed equally over all parts of the larynx,
but are most numerous in the membrane covering the
arytenoid cartilages and parts immediately about them,
the base of the epiglottis, and the interior of the ven-
tricle. Tt is in these parts, therefore, that the changes
in chronie glandular laryngitis, or d}’ﬁp]’lﬂﬂla f.'lEl icorum,
are most marked.

Excision of the larynx.—The entire larynx
has been removed for carcinomatous disease, but the
operation, although not immediately fatal, has not been
followed by very satisfactory results. It is removed
through an incision in the middle line. In this in-
cision are divided the platysma, the fascia, and the
anterior jugular vein. The larynx is separated from
its connections, the following structures being divided :
sterno-thyroid, thyro-hyoid, stylo-pharynegeus, palato-
pharyngeus, and inferior constrictor muscles, laryngeal
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branches of superior and inferior thyroid arteries,
superior and inferior laryngeal nerves, hv&eplglattlc
and glosso-epiglottic hgament The larynx 1s
then separated from the trachea, and is dis
sected off from below up. In f;epar’ltmff the gullet
and pbarynx there is great risk of ° huttml—huhng'
the former tube. Lhtupatmn of half the larynx is
attended with less risk, and in early cases with the cancer
limited to one vocal cord it may be sufficient to remove
the corresponding parts of the thyroid, cricoid and
arytenoid cartilages.

The lymphatic vessels of the upper half of the larynx
follow the superior laryngeal vessels and pass to the
upper deep cervical glands. A small lymphatic gland,
the first to become the seat of secondary cancerous
deposit, is situated below the horn of the hyoid on the
thyro-hvoid membrane. (Fig. 21, p. 164.) The lymphatics
of the lower half of the larynx accompany the inferior
thyroid vessels and pass through lymph glands by the
side of the trachea.

Tracheotomy and Ia 1'3'ngutum3e.—The trachea
1s about 4% inches in length, and from # to 1 inch in
its extreme width. It is surrounded by an atmosphere
of very lax connective tissue, which allows a considerable
degree of mobility to the tube. The mobhility of the
trachea i1s greater in children than in adults, and adds
much to the difficulties of tracheotomy. In this pro-
cedure the windpipe is opened in the middle line by
cutting two or three of its rings above, below, or through
the isthmus of the thyroid gland. Since the trachea,
as 1t descends, lies further from the surface, and comes
1in relation with more and more important struetures,
it is obvious that, other things being equal, the higher in
the neck the operation can be done the better. The length
of trachea in the neck is not so considerable as may at
first appear, and, according to Holden, not more than
some 7 or 8 of the tracheal rings (which number 16 to
20 in all) are usunally to be found above the sternum.
The distance between the ericoid cartilage and the sternal
notch varies greatly, and depends upon the length of
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the neck, the age of the patient, and the position of
the head. If 2 inches of trachea are exposed above
the sternum when the head rests easily upon the spine,
then in full extension of the head some § of an inch
more of the windpipe will, as 1t were, he drawn up into
the neck. According to T]Jla.u#: the awmg& full distance
between the cricoid cartilage and the sternum 1is, in
the adult, about 2% inches (’T cm.). The full distance
in a child between t-hree and five years is about 1% inches
(4 em.), In a child between six and seven about 2 inches
(5 em.), and in children between eight and ten years
about 21 inches (6 em.). As may be imagined, the
dimensions of the trachea on section vary greatly at
different ages, and even in different individuals of the
same age, This leads to the question as to the proper
diameter of tracheotomy tubes. Guersant, who has

paid much attention to this matter, says that the dia-
mﬂtﬁr of the tubes should run from 6 mm. to 15 mm.*
The tubes with a diameter of from 12 mm. to 15 mm.
are for adults. The tubes below 12 mm. are for children,
and are divided into four sets.

% { with a dia- [ is suitable for | 1, St g
No 1 | meter of i' 6 mm. | children from | 13 ta 4 years of age.
No. 2. o 8 mm. ; 4to 8 ~
No. 3. 2 10 mm. 7 8i012 & ..

WNo, 4, 4 12 mm. - 12 to 15 o

In children under eighteen months the diameter of
the tube should be about 4 mm.

In performing tracheotomy it is most important that
the head be thrown as far back as possible, and that
the chin be kept strictly in a line with the sternal notch,
so that the relations of the middle line of the neck be
preserved. Full extension of the head not only gives
the surgeon increased room for the operation, but _also
brings the trachea nearer to the sur face, and by stretching
the tube renders it much less mobile.

In cutting down upon the trachea in the middle
line of the neck from the ericoid cartilage to the sternum

¥ The reader may be reminded that 12 mm. = about } an
inch, and 6 mm., therefore, = about } of an inch,
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the following parts are met with. Beneath the integu-
ment lie the anterior jugular veins. As a rule these
veins lie some little way apart on either side of the median
line, and do not communicate except by a large transverse
branch which lies in the interfascial space at the upper
border of the sternum. Sometimes there are many
communicating branches right in front of the tracheo-
tomy district, or the veins may form almost a plexus in
front of the trc'l.{,he:'l or there may be a single vein which
will follow the middle line. Then comes the cervical
fasela, enclosing the sterno-hyoid and sterno-thyroid
1111,15Llea The gap between the muscles of opposite sides
13 lozengeshaped, and is such that the trachea can be
exposed without dividing muscle fibres. The isthmus of
the thyroid usually crosses the 2nd, 3rd, and 4th rings
of the trachea. Above 1t a transverse communicating
branch between the superior thyroid veins is sometimes
found. Over the isthmus is a venous plexus, from
which the inferior thyroid veins arise, while below the
1isthmus these veins lie in front of the trachea together
with the thyroidea ima artery (when it exists). The
inferior thyroid vein may be represented by a single
trunk occupying the middle line. In the infant before
the age of two vears the thymus extends up for a vari-
able distance in front of the trachea. At the very root
of the neck the trachea is erossed by the innominate
and left carotid arteries and by the left innominate
vein ; and lastly, abnormal branches of the superior
thyroid artery may cross the upper rings of the wind-
pipe.

The evil of wounding the thyroid isthmus is greatly
exaggerated. I have frequently divided this structure
11 perf&rmmg tracheotomy without any inconvenience
resulting. Like other median raphe, the middle line
of the thyroid isthmus has but a slight vascularity,
and it has been shown that oneside of the thyroid gland
cannot be injected from the other (i.e. h*.' injection
that would ecross the isthmus). The difficulty of
tracheotomy in infants depends wupon the shortness
of the neck, the amount of the subcutaneous fat, the
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depth at which the trachea lies, its small size, its great
mobility, and the ease with which it can be made to
collapse on pressure. To the finger, roughly introduced,
the infant’s trachea offers little resistance. Its mobility
is such that we hear of its being held aside unknowingly
by retractors, while the operator is scoring the cesophagus
(Durham). In the child, too, the great vessels often
cross the trachea higher up than in the adult, and some
meonvenience may alsn arise from an unduly prominent
thymus. In one case, in an infant, the end of a trache-
otomy tube pressing on the front of the trachea produced
an uleer that opened the innominate artery (Brit. Med.
Jour., 1885). Inintroducing the eannula, if the tracheal
wound be missed, it is easy to thrust the instrument
into the lax tissue beneath the cervical fasecia :111{1 imagine
that it is within the windpipe.

In laryngotomy the air passage 1s opened 1]\; a trans
verse cut through the crico-thyroid membrane. The
crico-thyroid space only measures about } an inch in
vertical height in well-developed adult subjects, while
in children 1t is much too small to allow of a cannula
being introduced. The crico-thyroid arteries cross the
space, and can hardly escape division. They are, as
a rule, of very insignificant size, and give no trouble.
Occasionally, however, these vessels are large, and
“cases are recorded in which serious and even fatal
h@emorrhage has ocenrred from these vessels ” (Durham).
In introducing the cannula it may readily slip between
the erico-thyroid membrane and the mucous lining
instead of entering the trachea.,

Foreign bodies often find their way into the
alr passages, and have been represented by articles of
food, teeth, pills, buttons, small stones, and the like.
They are usually inspired during the act of respiration,
and may lodge in the superior aperture of the larynx,
or in the rima, or find their way into the ventricle,
or lodge in the trachea, or enter a bronchus. If a foreign
substance enters a bronchus it usually selects the right,
that bronchus having its aperture more immediately
under the centre of the trachea than has the left tube,
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Quite recently, in a dissecting-room subject, I found
two threepenny pieces lving side by side, in the right
bronchus, so as to entirely block the tube. The danger
of inhaled foreizn substances depends not so much
upon the mechanical obstruction they offer, as upon
the spasm of the glottis they excite by reflex irritation.
A body may, however, lodge in the ventricle for some
time without causing much trouble, as in a case reported
by Desault, where a cherry-stone lodged for two vears
in this cavity without much inconvenience to its host.
In one strange case a bronchial gland found i1ts way
into the trachea by producing ulceration of that 11:I}e
was coughed up, and became impacted in the rima
glottidis. The patient was saved from immediate
suffocation by tracheotomy. Foreign bodies have been
removed from the right bronchus through a tracheotomy
wound. In this way MacCormac removed from the
bronchus the blade of a tooth forceps.

The thyroid body.—Each lobe should measure
about 2 inches in length, about 11 inches in breadth,
and § of an inch 1n thickness at its largest part. When
distinctly beyond these measurements the thyroid may
be considered to be enlar ged. Itsusual weight is between
one and two ounces. Of its three surfaces, the anterior
is covered by the infra-hyoid muscles, its inner rests
on the larynx and trachea, while its outer covers the
carotid sheath. Its prominent posterior . border is in
contact at its lower part with the recurrent laryngeal
nerve and cesophagus. Each lobe extends from about
the middle of the thyroid cartilage to the sixth ring
of the trachea. It is larger in females than in males,
and the right lobe is usually larger than the left. In
connection with these matters it may be noted that
thyroid enlargements (bronchocele, goitre) are more
common in females than in males, and in any case are
more apt to be first noticed on the right side. The
body being closely adherent to the trachea and larynx, it
follows that it moves up and down during deglutltmn
and this circumstance is of the utmost value in the
diagnosis of bronchocele from other cervical tumours.
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The thyroid when enlarged may distort and narrow
the trachea, and this is all the more likely to be the case
when the enlargement occurs rapidly, since the body
i8 held down by the sterno-hyoid, sterno-thyroid, and
omo-hyoid muscles. The enlarged gland is apt to press
especially npon the veins of the negk producing engorge-
ment of the face and head, upon the sterno-mastoid
muscle, and the other muscles named, upon the cervical
nerves, and particularly the recurrent laryngeal. In
some cases of dyspnoea produced by rapidly growing
l:-rfmulu:-celeﬁ, Bonnet has proposed sabeutaneous

ection of the muscles. Since the isthmus must bind
tugether the enlarging lobes of a bronchocele, Sir Duncan
(zibb, on the other hand, proposed to div ide the isthmus
in cases where {hxpmm resulted. This operation he
performed several times with great relief to the patient.
The posterior border of the thyroid body being in contact
with the sheath of the great vessels, it follows that
the gland when enlarged may readily receive pulsations
from those vessels. It senerally touches also the lower
part of the pharynx, and the upper part of the gullet
behind, and enlargement in this direction may, in
connection with the. interference with the mﬂvement
of the larynx in deglutition, serve to explain the difficulty
in swallowing often noticed in hrmm]m(:ﬂ]e

The isthmus of the thyroid gland is developed from
a diverticulum which is pmtmded from the ventral
wall of the pharynx in the embryo between the man-
dibular and hjmd parts of the tongue. The foramen
ceecum of the tongue represents the spot where the
diverticulum leaves the pharynx, From this foramen
a duct (the thyro-glossal) may be found to lead to
accessory gland masses about the hyoid bone. In the
vicinity of this bone accessory glands and small cysts
lined with epithelium are not infrequently met with.
These glands, together with the so-called pyramid or
middle lobe, are the remains of the neck of the primitive
diverticulum. The pyramid, which is nearly always
connected to the hyoid bone by the levator thyroidese,
exists in 79 per cent. of the subjects examined
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Btreckeisen). The lateral lobes are developed from the
fourth visceral clefts. The median diverticulum ocea-
sionally fails to join one of the lateral, in which case the
isthinus is partially absent. Small accessory thyroid
bodies are frequently present.

The parathyroid bodies appear to play an essential
part in the function of the thyroid. They are of the
size of small peas, and have a structure similar to that
of the suprarenal bodies. Two are usually found on
each side, one at the lower pole of the lateral lobe, the
other behind the lobe amongst the terminal branches of
the inferior thyroid artery.

Atrophy of the thyroid gland, or its destruction
by disease, is apt to lead to a general condition of the
body known as myxedema. The condition closely
resembles eretinism, especially as et with in goitrous
subjects. Myxeedema may follow the entire excision
of the gland by operation, and has been produced in
monkeys by experimental removal of the same. One
prominent feature in myxceedema is the swelling of
the subcutaneous tissues from an accumulation therein
of a mucinoid substance. *The probable function
of the thyroid gland, as established by experiments
and clinical observation, concerns, in the first place,
the control of the mucinoid substances in the tissues
of the body, and albuminoid metabolism to some extent ;
and in the second place, heemapcesis, 7.e. manufacture
of blood corpuscles " (Victor Horsley).

Vaso-motor nerves reach the thyroid through the
lower part of the cervieal sympathetic chain, and by the
same course nerves pass upwards to the eye. These
nerves appear to be connected centrally, probably in
the medulla, for in certain conditions enlargement of
the thyroid is accompanied by protrusion of the eye
(exophthalmic goitre). The lymphatics of the thyroid
are numerous, and pass to the deep cervical and superior
mediastinal lymph glands.

In excision of the thyroid gland a Y-shaped median
cut is usually made that divides the skin, fascia, platysina,
and anterior juzular veins. The sterno-hyoid sterno-



158 SvrGicAL ArPPLIED ANATOMY. [Chap. IX.

thyroid, omo-hyoid, and portion of the sterno-mastoid
have usually to be divided. The tumour is carefully
separated. The capsule that invests the vascular gland
must not be torn through. The thyroid vessels are
ligatured in situ before the removal of the mass. The
superior thyroid meets the gland at the apex of the
lateral lobe and is there secured. The inferior thyroid
artery enters the lower part of the lobe at its posterior
aspect. In securing this vessel, and in liberating the
lower part of the tumour, the recurrent laryngeal nerve
is in great danger of being damaged. The thyroidea
ima artery exists in 10 per cent. of all cases.

The gullet commences opposite the sixth cervical
vertebra, and pierces the diaphragm opposite the tenth
dorsal vertebra. The point is marked on the back
by the overlapping spine of the ninth dorsal vertebra.
By placing the stethoscope a little to the left of this
spine fluid may be heard to enter the stomach. It
presents three curves: one is antero-posterior, and
corresponds to the curve of the spinal column; the
other two are lateral. The gullet commencing at the
middle line deviates slightly to the left as far as the
root of the neck: from thence to the fifth dorsal
vertebra it gradually returns to the middle line, and
finally it turns again to the left, at the same time passing
forwards, to pierce the diaphragm. Its length is from
9 to 10 inches. Its transverse diameter has bheen care-
fully estimated by Dr. Mouton, by filing the gullet
with plaster-of-Paris in situ, and then measuring the
cast thus obtained. Dr. Mouton found that there were
three narrow parts in the gullet, one at its commence-
ment, one about 2% inches from that point, and a third
where the tube passed through the diaphragm. The
diameter at each of these points was a little over 4 an
inch (14 mm.); the diameter elsewhere was about § of
an inch (17 mm. to 21 mm.). By forcible distension
the two upper narrow parts could be distended to a
diameter of 18 to 19 mm., the lower part to 25 mm.,
and the rest of the gullet to a diameter of nearly 1§ inches
(35 mm.). It follows that foreign bodies when swallowed
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are most apt to lodge either at the commencement
of the gullet or at the spot where 1t passes the diaphragm.
The same parts also are those most apt to show the
effects of corrosives that have been swallowed.

Among the relations of the aesophagus, the following
may be noted as receiving illustration in surgical practice.
The gullet is in nearly all its course in close relation
with the front of the vertebral column. In the neck
the trachea is immediately in front of it. In the thorax
it is in close connection with the aorta, and has the
vena azygos behind it and on its ught—hand side. It 1s,
moreover, partly in contact with both pleura, but more
especially with the membrane of the right side ; and,
lastly, the recurrent laryngeal nerve ascends between it
and the trachea. (See Figs. 47 and 49, pp. 353 and 361.)

Now, foreign bodies impacted in the gullet are very
apt to lea.(l to ulcerations that may open adJﬂLEllt parts.
Thus, in the Musée Dupuytren is a specimen showing
a five-franc piece that had stuek in the gullet, and had
produced an ulcer that had opened the aorta. In
another instance a “smasher ™ swallowed a counterfeit
half-erown piece. Eight months afterwards he died of
haemorrhage. The coin had slonghed into his aorta.
In another case (Lancet, 1871), a fish-bone, lodged in -
the gullet opposite the fourth dorsal x'ertebra, had
caused two perforating ulcers; one on the right side
had ecaused plugging of the vena azygos major, while
the other on the left had made a hole in the aorta. = Less
frequently impacted foreign substances have found
their way into the trachea and into the posterior
mediastinnm. Dr. Ogle reports a case (Path. Soc.
Trans., vol. iv.) where a piece of bone impacted in the
gullet induced ulceration of an intervertebral dise and
subsequent disease of the spinal cord. Carcinoma of
the gullet, also, when it spreads, 1s apt to invade adjacent
parts, and especially to open into the trachea or bronchi.
If it spreads to.the pleura, it will usually involve the
right pleura, as being the membrane more in relation
with the gullet. Cancer of the gullet has so spread
as to invade the thyroid body, the pericardium, and
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the lung, and has opened up the first intercostal artery
in one case, and the right subelavian in another (Buﬂin’s
“ Sarcoma and Carcinoma,” 1882),

The sensory nerve supph of the cesophagus comes
mainly from the fifth dorsal seement of the cord (Head).
In cases of eancer or burns of the gullet pain is referred
to the skin of this segment (see Fig. 39, p. 295).

The operation of cesophagotomy consists in
incising the gullet for the purpose of removing an
impacted foreign body. The gullet is usually reached
from the left side, since it projects more on that aspect.
The inecision is made between the sterno-mastoid and
the trachea, in the same direction as the incision for
ligaturing the common carotid. The cut extends
from the top of the thyroid cartilage to the sterno-
clavicular joint. The omo-hyoid muscle is drawn
ontwards, or cut. The great vessels, larynx and thyroid
gland, are drawn aside, and care must be taken not
to wound these structures nor damage the thyroid
vessels, thoraciec duet, or the recurrent nerve. The
gullet, when exposed, is opened by a vertical ineision.

In eesophagostomy an opening is made into
the gullet through a like incision in cases of stricture
of the tube high up, the object being to feed the patient
through the opening made, in place of performing
gastrostomy. The 111:.1\ however, of setting up severe
diffuse inflammation in the loose plauea of connective
tissue deep in the neck is very great, and in some twenty-
six cases in which the operation has been already per-
formed death has, in nearly all instances, supervened
at the end of a few hours or days.

Great vessels,.—The course, relations, and ab-
normalities of the great cervical vessels, together with
the operations W]lE'I‘E‘l}_} they may be hfra,tulecl and
the details pertaining to those 1110{3&4:11.11‘&3, are so fully
given, not only in works on operative surgery, but
also_in the chief anatomical text-books, that nothing
need be said upon the matter in this place. The
bifurcation of the common earotid is a favourite locality
for aneurism, being a point where some resistance
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is offered to the blood current. These tumours, also,
are common at the root of the neck, where they are
often due to extension of aneurismal disease from the
aorta, although in many cases they have an independent
origin. It is in the neck that the treatment of aneurism
by the distal ligature is most often carried out. There
is no place in the body where Brasdor's operation can

be carried out with the completeness with which it

can be adepted in the neck. In this procedure a main
trunk is hgatured on the distal side of an aneurism,
no branches intervening between the sac and the hcf‘tture,
The eure by this measure depends upon the far:t that
blood does not continue to go to parts when once the
need for blood in them is diminished. Thus, - after
amputation at the hip joint, the femoral artery, having
no need to carry to the stump the amount of blood it
brought to the limb, often shrinks to a vessel no larger
than the radial. When an aneurism low down in the
carotid artery is treated by ligature of the vessel near
its bifurcation by Brasdor’s method, the blood, having
now, as it were, no object in entering the carotid trunk,
soon ceases to fill the vessel entirely, and the artery
(and in suecessful cases the aneurism) shrinks in con-
sequence. Wardrop's operation, or the distal hgature
of large branches for the relief of aneurism of a main
trunk, is now, perhaps, quite limited as to its performance
to the ligature of the carotid and subclavian arteries
for innominate aneurism. Since in this procedure
large branches come off between the sac and the Ligature,
it 18 not easy to fully understand how the operation
acts beneficially. It 1s assumed to owe its success to
the same principle that underlies Brasdor’s operation.
The right carotid and subelavian have also been ligatured
for aortic aneurisin with some success, and here also
the reason for the good effected by the operation is
difficult to appreciate. It has been pointed out that
the innominate artery lies more or less directly in the
axis of the ascending aorta, while the left carotid and
subelavian arteries arise at an angle to that axis, and
it is upon this fact that reasons have heen founded for

L
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selecting the vessels of the right side (Barwell). The
matter is, however, complicated by the knowledge
that when vegetations are swept off the aortic valves
they enter the left carotid with infinitely greater fre-
quency than they do the right. The whole subject,
indeed, requires investigation. :

The cervical connective tissue being lax, aneurisms
in this part can grow and spread rapidly, and usually
soon produce “ pressure symptoms.” As examples of
these may be noted cedema and lividity of the face of
the upper limb from pressure upon the main veins,
laryngeal symptoms from pressure upon the recurrent
nerve or trachea, spasm of the diaphragm from pres-
sure upon the phrenic nerve, damage to the sympa-
thetic, and giddiness and impaired vision from anzmia
of the brain.

The vertebral artery has been ligatured with doubt-
ful benefit in cases of epilepsy. It is surrounded by
vasomotor nerves derived from the inferior cervical
vanglion, which also are necessarily tied. The artery
1s reached: through an incision made along the posterior
border of the sterno-mastoid muscle just above the
clavicle. The “ carotid tubercle ” (see page 136) is then
sought for, and vertically below it lies the artery in the
gap between the scalenus anticus and longus colli
muscles. The procedure is surrounded with considerable
difficulties. :

Dr. Bright and Dr. Ramskill have stated that dis-
ease involving the vertebral artery just before it enters
the skull may lead to pain at the back of the head. It
is well known that the suboccipital nerve lies in close
connection with the artery over the posterior arch of the
atlas, and that it gives a branch to the great occipital
nerve which is distributed to the back of the head.
The close connection of artery and nerve and this com-
municating branch may serve to explain the symptom
noted. In some of Dr. Ramskill's cases there was
difficulty of articulation. This he aseribes to pressure
upon the hypoglossal nerve, which is also in close relation
with the wvertebral artery. The innominate artery
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has been temporarily compressed through an inecision
made in the median line near to the vessel. The posterior
aspect of the artery i1s exposed and compressed by the
finger against the sterno-clavicular articulation.

In cases of bleeding from branches of the external
carotid it is better, when possible, to ligature the trunk
of that vessel in preference to securing the common
- carotid. The latter procedure has a high death rate
(50 per cent.), due (1) to brain mischief, following the
lessened blood stream through the internal carotid, and
(2) to secondary heemorrhage, due to the very free
anastomosing channels.

Air in veins,—The veins of the neck are under
the influence of the respiratory movements. The
veins do not collapse owing to attachments to the
surrounding fascize. During inspiration these vessels
become more or less emptied; during expiration
they become enlarged and turgid. With greatly im-
peded breathing they may attain formidable size.
Since ether usually causes some respiratory difficulty,
it is seldom administered in operations on the neck.
The only other veins that are under the influence of the
aspiratory power of the therax are the axillary vein
and its larger tributaries. When any one of these vessels
is wounded, and the wound is for the moment dry, air
may very readll}r be drawn into it during the lnsplratnr\'
act, just as air is drawn into the trachea. The air causes
embolism of the pulmonary capillaries.

The lymphatic glands of the head and
meck are numerous, and arranged in the following sets
(Fig. 21) :—

(1) Submaxillary glands, 10 to 15 in number, situated
at the lower border of the jaw beneath the cervical fascia ;
(2) the supra-hyoid, 1 or 2 in number, situated between
the chin and hyoid bone near the middle line ; (3) paro-
tid or pre-auricular set, situated in and over the parotid
gland ; (4) post- anrn:-uLu or mastoid, 2 to 4 in numher,
sltu:‘ttud over the mastoid Process ; {‘3) oceipital, 3 to 5
in number, over the insertion of the complexus musr:le :
(6) supcrﬁcial cervical glands, often absent, situated
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over the sterno-m: 1“-'1-{]1(1 along the external jugular vein ;
(7) laryngeal, 1 to 3 in numl]er below tlm oreat horn

Fiz. 21.—Showing the position of the Lymphatic Glands of the Head and
Neck. The outlines of the sterno-mastoid (s.m.) trapezins (TRAP.),
internal jugular, subelavian, and right innominat wveins are shown,

1, Submaxillary glands, 1* area drained; 2, suprahyoid clands, 2 area drained :

a2, parotid glands, 3’ area drained ; 4, post_auricular elands, 4’ area drained ;
i, necipital glands, 5° area dmnwd 6, in front of external jugular vein.
marking position of the superficial wn ical glands ; 7, laryngeal gland ; 8, 8, &,
upper deep cervical glands; 9,9, 9, lower deep cervical glandg: 10, gland
receiving lymph from l;lnm:d ]1 mlp-eﬂm mediastinal glands; 12, amllmr

slands,
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of the hyoid ; (2) the upper deep cervical set, 10 to 20
in number, situated over the upper part of the internal
jugular vein and bifurcation of the common ecarotid
artery ; (9) lower deep cervical set, surrounding the
terminal parts of the internal jugular, subclavian, external
jugular, and transverse cervical veins. This set becomes
continuous with the axillary and mediastinal glands.

These glands are very often enlarged and inflamed,
and it is in this part of the lymphatic system that the
changes in scrofula are most commonly met with. The
inﬂamma,tm'y affections in glands would appear to Le
always of a secondary nature (if we exclude some cases
of inflammation ineited by injury, and perhaps by ex-
posure to severe cold), and to follow disturbances in those
parts of the periphery whence they respectively receive
their lymph. It may be convenient, therefore, to group
the relations of certain glands to certain parts of the
periphery.

Scalp.—Posterior part = oecipital and post-auricular
glands. Frontal and parietal portions = parotid glands
(Fig. 21).

Vessels from the scalp also enter the superficial
cervical set of glands.

Skin of face and mneck = submaxillary, parotid,
and superficial cervieal glands.

Eaxternal ear = superficial cervical glands,

Lower lip = submaxillary and suprahyoid glands.

Buceal cavity = submaxillary glands and  deep
cervical glands (upper set).

Gums of lower jaw = submaxillary glands.

Tongue.—Anterior portion = suprahyoid and sub-
maxillary glands. Posterior portion = deep cervical
glands (upper set).

Tonsils and palate=deep cervical glands (upper set).

Pharyne.—Upper part = parotid and retro-pha-
ryngeal glands. Lower part = deep cervical glands
(upper set).

Larynx, orbit, and roof of wmouth = deep cervical
glands (upper set).

Nasal fosse = retro-pharyngeal glands, deep cervieal
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glands (upperset). Some lymphatics from the posterior
part of the fosse enter the parotid glands.*

In the removal of the deep cervieal glands a number
of structures are liable to be wounded. The glands
frequently become firmly adherent to the internal
jugular vein ; the uppermost glands surround the
spinal &ccasmn nerve ; the superficial cervieal nerves
pass among those of the lower deep cervical set; the
thoracic duct has been wounded in removing glands
from the left supra-clavicular fossa.

Branchial fistulze.——Certain congenital fistulae
are sometimes met with in the neck, which are due to
partial persistence of one of the branchial clefts. These
clefts are placed in the feetus between the branchial
arches. The arches are usually deseribed as five in
number. The first lays the foundation for the lower
jaw and malleus. From the second are developed the
incus, the styloid process, the stylo-hyoid ligament, and
lesser cornu of the hyoid bone. From the third is formed
the body and greater cornu of the hyoid bone, while the
fourth and fifth take part in the formation of the soft
parts of the neck below the hyoid bone. The first cleft
i3 between the first and second arches. “ The cervical
branchial fistulee appear congenitally as very fine canals
opening into minute orifices in one or both sides of the
fore part of the neck, and leading backwards and 1n-
wards or backwards and upwards towards the pharynx
or cesophagus” (Paget). Their length is about 1% to
21 inches, and their diameter varies from that uf a
bristle to that of an ordinary probe. They usually
exist about the line of the third or fourth cleft, and are
most often met with just above the sterno-clavicular
joint, Others are found about the level of the top
of the thyroid cartilage at the anterior edge of the sterno-
mastold muscle. About some of these fistule, or in
spots where they commonly open, flat pieces of cartilage
may be found. The more prominent of these have been
termed super numerary auricles. Certain dermoid cysts
of the neck arise from unobliterated branchial spaces,

* From *‘Serofula, and its Gland Diseases,” by the Author.
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CH AR R 8 X
THE THORAX.

Tur thoracic walls.—The two sides of the
chest are seldom symmetrical, the circumference of
the richt side being usually the greater, a fact that is
supposed to be ex]ﬂmwd by the unu[ual use of the
upper limbs. In Pott’s disease, involving the dorsal
recion, when the spine i1s much bent fnrwmds, the
thorax becomes greatly deformed. Its antero-posterior
diameter is inereased, the sternum protrudes, and may
even be bent by the bending of the spine, the ribs are
crushed together, and the body may be se shortened
that the lower ribs overlap the iliac crest.

In pigeon=breast deformity the sternum and
cartilages are rendered protuberant, so that the antero-
posterior measurement of the chest is much inereased,
while a deep suleus exists on either side along the line
of junction of the ribs and their cartilages. It is by
the sinking in of the parietes along this line that the
protuberance is produced. Shaw gives the following
explanation of this deformity : “ When an inspiration
is taken, a threatened vacuum is created within the
chest, air rushes in by atmospheric pressure, and at the
end of the inspiration the balance of pressure without
the chest and within it are equalised. If in inspiration
there is an impediment to the entrance of air, the atmo-
spheric pressure upon the external wall of the chest
must produce some effect, being unbalanced by a like
pressure upon the inner chest wall. In children, and
especially in rickety children, the thorax is very pliable



Chap.'X.] Teae THORAX. 169

and elastic, and if a constant impediment exists to the
entrance of air, as afforded, for example, by the greatly
enlarged tonsils, the thoracic walls may yield in time
to the unbalanced pressure brought to bear upon them
at each inspiration. The weakest part of the thorax
is along the costo-chondral line on either side, mul it is
here that the parietes yield most conspicuously in such
cases, and by this yvielding the deformity is produced.”

Deformities of the chest result from abnormal
curvatures of the dorsal part of the spinal column. The
ribs are firmly bound to the vertebrwe by the costo-
vertebral and costo-transverse ligaments, and hence
alteration in the position of vertebrae is attended by
changes in the costal series. When the spinal muscles
are no longer able to keep the vertebrae firmly erect,
the spinal column yvields under the weight of the upper
half of the body. 1In scoliosis of the spine not only is a
lateral eurvature formed, but the vertebra undergo a
rotation at the same time. The vertebral bodies move
towards the convexity and their spines towards the
concavity of the curvature (Fig. 22). The ribs on the
concave side are carried forwards on the transverse
processes and their angles open out, the side of the
chest becoming flattened behind. On the other side
(convex) the angles are unduly prominent, for the ribs
are carried backwards at their vertebral extremities
and bent inwards in front. The transverse diameter
of the chest thus becomes oblique (Fig. 22). On the
concave side the intercostal spaces are diminished in
size, the ribs even coming into contact, while on the
convex side the spaces are increased 1n size. The thoracic
viscera are necessarily distorted in shape and altered
in position.

The stermum.—The upper edge of the sternum
corresponds to the dise between the second and third
dorsal vertebrse, and the sterno-xiphoid joint to the
middle of the ninth dorsal. In the feetus at full term
the upper edge of the sternuin is opposite the middle
of the first dorsal vertebra {Symington). A trans-
verse ridge may be felt upon its anterior surface that
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corresponds to the junction of the manubrium and
gladiolus, and is in a line with the second ecostal
cartilages.  The skin over the sternal region is the
part of the surface most frequently the seat of keloid.
The bone 1s rarely fractured, being soft and spongy,
and supported by the elastic ribs and their eartilages,
as by a series of springs. In the old, when the cartilages
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are ossified and the chest more rigid, the tendency to
fracture is increased. The sternum is most often found
fractured in connection with injuries to the spine,
although it may be broken by simple direct violence.
The bone may be fractured by violent bending of the
spine backwards, and by abrupt bending of it forwards.
In the former instance the lesion is probably due to
muscular violence, to the abdominal muscles and the
sterno-mastoid pulling one against the other. In the
latter instance the lesion is commonly brought about
by the violent contact of the chin with the bone. In
all instances the fracture i1s usually transverse, and
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most often occupies the line between the manubrium
and the gladiolus. As these two parts of the bone are
not entirely united until middle life, and are often not
united at all, it follows that the lesion is in many cases
a dislocation rather than a fracture. The manubrium
in these injuries generally remains in situ, while the
gladiolus with the ribs is displaced forwards in front of
it. Malgaigne cites the case of a youth who, from
constant bending at his work as a watchmaker, caused
the second piece of the sternum to glide backwards
behind the manubrium. Here, probably, the connection
between the two bones was not very substantial.

From its exposed position and cancellous structure,
the sternum is liable to many affections, such as caries
and gummatous periostitis. The comparative softness
also of the bone is such that it has been penetrated by
a knife in homicidal wounds. The shape and position
of the bone have also been altered by pressure, as seen
sometimes in artisans following employments requiring
instruments, ete., to be pressed against the chest.

Certain holes may appear in the middle of the
sternum, and through them mediastinal abscesses may
escape, and surface abscesses pass deeply into the thorax.
These holes result from imperfect union of the right
and left sternal bars, out of which the sternum is formed.
In the case of E. Groux, the bone was separated ver-
tically into two parts. The gap could be opened by
muscular effort and the heart exposed, covered only
by the soft parts. The sternum has been trephined
for mediastinal abscess, and for paracentesis in peri-
cardial effusion, and it has been proposed also to ligature
the innominate artery through a trephine hole in the
upper part of the bone.

The wibs are placed so obliquely that the anterior
end of one rib is on a level with the posterior end of
a rib some way below 1t in numerical order. Thus
the first rib in front corresponds to the fourth rib
behind, the second to the sixth, the third to the seventh,
the fourth to the eighth, the fifth to the ninth, the sixth
to the tenth, and the seventh to the eleventh, If a
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horizontal line be drawn round the body at the level of
the inferior angle of the scapula, while the arms are at
the side, the line would cut the sternum in front at the
attachment of the sixth cartilage, would cut the fifth
rib at the mipple line, and the eighth rib at the vertebral
column. The second rib is indicated by the transverse
ridge on the sternum already alluded to. The lower
border of the pectoralis major leads to the fifth rib, and
the first visible serration of the serratus magnus eor-
responds to the sixth. The longest rib is the seventh,
the shortest the first. In breadth the bones decrease
from the first to the twelfth. The most oblique rib is
the ninth.

The ribs are elastic and much eurved, and, being
attached by many ligaments behind to the column,
and in front to the Ili‘lihl]” cartilages, resist injuries
" tending to produce fracture with the q11'111t1es possessed
by aspring. A rib may be fractured by indirect violence,
as by a wheel passing over the body when lying prostr ate
on the back. In such a case the force tends to approxi-
mate the two ends of the bone, and to increase its eurve.
When it breaks, therefore, it breaks at the summit of
its principal curve, 7.e. about the centre of the bone.
The fragments fracture outwar ds, and the pleura stands
no risk of being penetrated. W hen the rib is broken
by direct vmi‘enm lesion occurs at the spot encountered
by the force, the bone fractures inwards, the eurve
of the rib tends to be diminished rather than increased,
and there is much risk of the fragments lacerating
the pleura.

Those most often broken are the sixth, seventh,
and eighth, they being under ordinary cireumstances
the most exposed. T he rib least frequently fractured
is the first, which lies under cover of the clavicle.
Fractures are more common in the elderly than in
children, owing to the ossification of the Lalhlageq
that takes place in advancing life. When a rib is
fractured, no shortening occurs, the bone being fixed
both in front and behmd while vertical displacement
is prevented by the attachments of the intercostal
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musecles. Thus no obvious deformity i1s produced unless
a number of consecutive ribs are the subjects of frac-
ture. These bones have been broken by muscular vio-
lence, as during coughing, and in violent expulsive
efforts such as are incident to labour. In such instances
the ribs are probably weakened by atrophy or disease.

In many instances of gun-shot wound the curve
of the rib has saved the patient’s life. In such ecases
the bullet has entered behind near the dorsal spine,
has been conducted round the chest, along the curve
of a rib beneath the skin, and has m;a,pr'd agaln near
the sternum. This property, however, of the ribs for
turning bullets refers rather to the days ‘of round bulle 18,
and not to modern conical projectiles.

In rickets changes take place at the point of
junction of the ribs “and cartilages leading to bony
elevations, which produce, when the ribs on both sides

are affected, the condition known as the “ rickety rosary.”

The intercostal spaces are wider in front
than behind, and between the upper than the lower
ribs. The widest of the spaces i1s the third, then the
second, then the first. The narrowest spaces are the
last four. The first five spaces are wide enough to
admit the whole breadth of the index finger. The
spaces are widened in inspiration, narrowed in expiration,
and can be increased in width by bending the body
over to the opposite side.

Paracentesis is usually performed in the sixth
or seventh space, at a point midway between the sternum
and the spine, or midway between the anterior and
posterior axillary lines. If a lower space be selected
there is danger of wounding the diaphragm, especially
upon the right side. If the ecighth or ninth space is
selected the incision is made just external to the line
of the angle of the scapula. The trochar should be
entered during inspiration, the space being widened
thereby, and should be kept as near as possible to the
lower border of the space, so as to avoid the intercostal
vessels. Tapping of the chest through any space
posterior to the angles of the ribs is not practicable,
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owing to the thick covering of museles upon the thoracie
wall in this place, and the fact that the intercostal artery,
having a more horizontal course than the corresponding
ribs, crosses the middle of this part of the space obliquely.
Beyond the angle the intercostal vessels lie in a groove
on the inferior border of the rib forming the upper
boundary of the space. The vein lies immediately
above the artery, and the nerve immediately below
it. In the upper four or five spaces, however, the nerve
is at first higher than the artery.

Owing to the protection it derives from the ribs
and the intercostal muscles, 1t happens that the inter-
costal artery is seldom wounded, and when wounded
it will be understood that considerable difficulty is
experienced in securing the vessel without doing damage
to the pleura and adjacent parts.

Pus may readily be conducted along the loose tissue
between the two layvers of intercostal museles. Thus,
in suppuration following upon disease of the vertebra,
or of the posterior parts of the ribs, the pus may be
conducted along the intercostal spaces to the sternum,
and may thus present at a considerable distance from
the real seat of the disease.

Removal of ribs.—In order to obtain a free
opening into the pleural cavity a portion of one or even
two ribs may be excised.

In some cases of long-standing empyema with open
sinus all that part of the bony wall of the thorax which
corresponds to the outer boundary of the suppurating
cavity 1s removed in order that the cavity may collapse
and be in a position to close. This latter measure is
known as Kstlander's operation, or thoracoplasty. In
some instances portions of as many as nine ribs have
been excised, and the total length of bone removed
has reached 50 to 60 inches.

In removing a rib the bone is entirely bared of
periosteum with the rugine, and the exeision is extra-
periosteal. In"this way the intercostal vessels are not
exposed, and, if divided subsequently, can be readily
secured when the ribs are out of the way.
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The internal mamméary arvtery runs parallel
to the border of the sternum, and about  an inch from
it, It may give rise to rapidly fatal hemorrhage if
wounded. The vessel may readily be gecured in the
first three intercostal spaces, and with some diffienlty
in the fourth or fifth space. It 1s most easily reached
through the second space, and cannot be secured through
any gpace below the fifth.

The female breast extends from the second
rib above to the sixth below, and from the side of the
sternum to the mid-axillary line (Stiles). In cases of
retained lactation the twelve to fifteen irregular lobes
which make up the body of the gland can be felt radiating
outwards from the nipple. The lactiferous ducts,
which correspond in number to the lobes, open at the
apex of the nipple, within which each shows a dilata-
tion or ampulla. Branching processes of adjoining
lobes unite and enclose spaces within the body of the
gland, containing connective tissue and masses of fat.
After the menopause, when the glandular tissue is
absorbed in great part, and during the resting con-
dition, fat forms the greater part of the female breast,
Besides the main body of the gland, Stiles has drawn
attention to numerous peripheral processes which lie
in the surrounding connective tissue.

Although the principal part of the breast rests on
the pectoralis major, quite one-third of the gland
crosses the outer border and rests on the serratuos
magnus within the axilla. It also covers the origins
of the obliquus abdominis externus and rectus abdominis.
In excision or inflammation of the breast it is important
to bind the arm by the side to keep the parts from being
disturbed by the pectoralis major. Peripheral processes
of the gland and many of its deep lymphatics enter
the pectoral sheath, hence the removal of this
structure, and even part of the muscle, if complete
extirpation of cancer is to be assured. The loose retro-
mammary tissue which binds the mamma loosely to
the pectoral sheath may be the seat of abscess, or some-
times of a bursal cyst.



176 Svrcicar Apprrep ANATOoMY.  [Chap. X.

The I‘Ii[]plﬂ is situated on the fourth intercostal
space, about § of an inch from the junction of the ribs
with their mrtﬂagca It contains erectile and muscunlar
tissue, and is richly supplied by cutaneous branches
of the third and fourth spmfﬂ nerves. The skin is
pigmented, thin and sensitive, and often the seat of
painful fissures and excoriations. In painful diseases
of the breast, tender areas occur over the fourth
and fifth ‘-tpum,l segments (Fig. 39, p. 295) (Head).

The breast is developed by a solid invagination of
epiblast at the point afterwards marked by the nipple.
About the sixth month of feetal life the primitive
mammary bud branches ont in all directions within
the subcutaneons tissue. Thus it comes about that
the subcutaneous fascia is condensed around the gland,
forming its capsule. The retro-mammary part of the
capsule is connected at the interlobular spaces with
the superficial layer, which in turn is fixed to the skin
by subcutaneous bands, or skin ligaments.

It is through Eymph channels that cancer spreads,
and those of the breast, which is one of the commonest
sites of cancer, are of mpm_ml importance if eomplete
eradication of the disease is to be obtained. The lymph
vessels are arranged in the following sets: (1) Perl-
Jobular, round the acini and lobules; (2) periductal,
round the lactiferous ducts; (3) 111ter1(:-b.a,r situated
in the interlobar septa and joining (4) the retro-
mammary network with (5) the superficial mammary
in the anterior part of the capsule. If the interlobar
septa are invaded by cancer they contract, and throngh
their cutaneous attachments cause depressions in the
skin ; if the process invades the periductal vessels, the
nipple is retracted. The mammary lymphatic system is
connected with the subcutanecous network of vessels, to
which cancer may spread, producing that variety of
the disease known as cancer en cuirasse. Through
communications with the lymph channels of the pectoral
fascia and muscle, cancer of the breast may spread to
these structures. The gland then becomes firmly
fixed to the deeply seated structures. The great bulk
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of the lymph vessels pass from the breast to the
pectoral glands, six to eight in number, situated along
the anterior border of the axilla, and to the central
acillary set, twelve to fifteen in number, situated
beneath the axillary tuft of hair and on the inner
side of the axillary vein. From these two sets the
lymph vessels pass to the deep axillary glands lying
along the front and inner side of the axillary vessels.
The deep axillary glands become continuous with the
lower deep cervical glands. Ttis mainly along this path
that cancer tends to spread, but vessels leave the inner
segment of the breast and pass to the anterior inter-
costal glands situated in the upper four intercostal
spaces and lying on each side of the internal mammary
vessels, while occasionally a few vessels pass to the
cephalic gland sitnated in the hiatus between the deltoid
and pectoralis major muscles. When the normal
channels become clogeged with cancerous emboli the
lymph passes by ecircuitous paths. The subscapular
glands, surrounding the subscapular vessels on the
posterior wall of the axilla, may become infiltrated ;
through the lymphatics of the arm, which end in the
- central axillary glands, the structures round the shoulder
may become the seats of secondary deposit, and through
the communication between the lymph system of one
breast with that of the other, across the sternum, a
secondary deposit may even occur in the opposite breast
(Stiles).

The breast is thinnest along a line drawn from the
sterno-clavicular joint to the nipple. Abscesses situated
beneath the breast not unfrequently make their way
through the gland at some point along this line.
Abscesses of the breast should be opened by ineisions
radiating from the nipple, to avold wounding the
lactiferous duets,

The intercosto-humeral nerve pierces the central
set of axillary glands. It becomes compressed when
these glands are invaded by cancer, and pain is referred
to the termination of the nerve over the posterior aspect
of the arm above the elbow. Various parts of the

M
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brachial plexus may also become involved or the axillary
veln or lymphatics occluded, the arm being swollen
and cedematous in consequence.

The following groups of arteries supply the gland
and are cut in excision of the organ: (1) The long
thoracie, alar thoracie, thoracic branches of the acromio-
thoracic axis; (2) anterior perforating branches from
the internal mammary at the second, third, and fourth
intercostal spaces ; (3) lateral branches from the second,
third, and fourth intercostal arteries.

Supernumerary nipples and breasts may occur.
They are commonly found in a line between the axilla
and the groin. In the embryonic stage of all mammals
an epiblastic mammary ridge is found in this position.
In man it disappears except at one point, but occasionally
some isolated part may persist and. proceed to form a
breast. Embryology fails to explain the occurrence of
breasts on the buttock or back, where they are
occasionally found.

2. The theoracie viscera.

The lumg.—The apex of the lung rises in the neck
from 1 to 2 inches above the anterior end of the first
rib. Its highest point lies 4+ an inch above the sternal
end of the clavicle, in the interval between the sternal
and clavicular heads of the sterno-mastoid muscle. The
anterior edges of the two lungs lie behind the sterno-
clavicular articulations, pass obliquely behind the manu-
brinm, and meet in the middle line at the junction of the
manubrinm with the gladiolus. The edge of the right
lung then continues vertically downwards behind the
middle line of the sternum to the sixth chondro-sternal
articulation, where it slopes off along the line of the
sixth rib. The edge of the left lung keeps close to that
of the right as far as the fourth chondro-sternal
articulation, where it turns off to the left, following a line
drawn from the fourth cartilage to the apex of the heart.
Occasionally it does not diverge, but completely covers
the pericardium up to the edge of the sternum. In the
child, owing to the thymus, the lungs are more separated
in front. The right reaches the middle line, but the
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left only reaches the left edge of the sternum (Syming-
ton). The lower border of the lung corresponds to a
slightly convex line drawn round the chest from the
sixth chondro-sternal articulation in front to the eleventh
dorsal spine behind. In the mammary line this
would correspond to the sixth b, in the mid-axillary
line to the ninth rib, and vertically downwards
from the inferior angle of the scapula, with the
tenth rib. The cartilages of the false and floating
ribs lie below the pleural line. The pleura extends
farther down than the lung, reaching in front to the
level of the seventh chondro-sternal union, behind to the
tweltth dorsal spine, and at the sides to a point some
25 inches above the lower margin of the thorax. Thus
it will be seen that the pleura and diaphragm may
be wounded in many places without the lungs being
involved. The lowest part of the pleura is only sepa-
rated from the kidneys by the thin layer of the dia-
phragm. The pleura is in relation with the twelfth
rib, but occasionally it descends } an inch or more below
this point, and may be wounded in operations on the
kidney. It extends lower down in the child than 1n
the adult. The left lung descends to a slightly lower
level than the right.

In penetrating wounds involving the pleura, air
may enter the pleural cavity, producing pneumo-thorax,
and this air may be subsequently pressed by the respira-
tory movements into the subcutaneous tissues through
the wound in the parietal pleura, and lead to s;urgica!
emphysema. The cohesion between the smooth pul-
monary and parietal layers of pleura is such that oceca-
sionally collapse does not follow, but the intimate connec-
tion between them makes 1t difficult for the pulmonary
to escape when the parietal layer 1s wounded. In
wounds of the lung without exter nal wound, as when that
organ is torn by a fractured rib, the air escapes from the
lung into the pleura, and may thence pass into the sub-
cutaneous tissues through the pleural wound, thus
praducing both pneumo-thorax and emphysema.

It is well to note that emnphysema may occur about
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certain non-penetrating wounds of the thorax when
‘they are of a valvular nature. In such cases the air is
drawn into the subeutaneous tissues during one respira-
tory movement, and is foreced by another into the cellular
tissue, the valvular nature of the wound preventing its
escape externally, When the pleural ® cavity " is opened,
the lungs, owing to the amount of elastic tissue the;f
contain, become more or less collapsed ; yet a few cases
have been recorded where the lung has protruded at
the time of the accident through the wound in the
parietes. In such instances the glottis must have
been closed, and the  lung fully distended at the
time of the injury; and it must be further
assumed that the wviscus was practically protruded
before air could enter the pleural space. It 1is
noticeable that these recent herniz are most common
at the anterior part of the chest where the lungs are
the most movable, and the injuries that bring them
about are often associated with violent respiratory
efforts at the time of the accident. In wounds of the
lung the blood may escape in three directions: into
the tissue of the organ (pulmonary apoplexy), into the
bronchi (causing hsemoptysis), and into the pleura
(causing heemothorax). In some instances the lung
has been ruptured without wound and without frae-
ture to the ribs. These cases are difficult to interpret,
and probably the best explanation suggested is that
put forward by M. Gosselin. This surgeon believes
that at the time of the injury the lungs are suddenly
filled and distended with air by a full inspiration, and
that the air, prevented from escaping by occlusion of the
larynx, thus becomes pent up in the pulmonary tissue,
and the lung not being able to recede from the super-
incumbent pressure, its structure necessarily gives way.
Owing to the fineness of its capillaries, and to the
fact that all venous blood returned to the heart must
pass through the lungs before it can reach other parts
of the body, it follows that pysmic and other secondary
deposits are more commonly met with in the lung than
in any other of the viscera. =
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Lung cavities resulting from tuberculosis, gan-
grene, or bronchiectasis, have been successfully incised
and drained, and the same measure has Leen applied
to hydrated cysts of the lung. Deep incisions in the lung

Fig. 23.—Diagram to show the relations of the Heart to the Surface.
(dfter Rildinger.) -
a, Left innominate vein: b, right innomivate vein ; ¢, superior vena cava; d,
right auricle ; e, inferior vena cava; f, aorta ; g, pulmonary artery; I, right
ventric'e : i, left ventricle ! §, left anricle.

are followed by less haemorrhage than might be expected
from such a vascular organ.

The trachea divides opposite the junction of the
manubrium and gladiolus in front, and the fourth
dorsal vertebra behind (Fig. 47, p. 353). In the newly
born the trachea bifurcates opposite the third vertebra
(Symington).
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Certain foreign substances that have been drawn
into the air passages have shown a remarkable facility
for escaping through the parietes. Thus Mr. Godlee
records the case of a child from an abscess in whose
back a head of rye-grass escaped that had found its
way into the air passages forty-three days previously.

The heart.—The relations of the heart to the
surface are as follows. Its upper limit corresponds
to a horizontal line crossing the sternum about the
upper border of the third cartilages. Its right border
to a curved line arching from the third right cartilage
at the sternum te the seventh right chondrosternal
articulation, and reaching about 1% inches from the
middle line. Its lower border fﬂllaws a line from the
geventh rigcht chondro-sternal articulation to the apex.
Its apex is opposite the fifth interspace, at the junction
of the ribs, with their cartilages. Its base is opposite
the fifth, sixth, seventh and eighth dorsal vertebrz.
1ts left border is represented by an arched line drawn
from the apex to the third left cartilage at the sternum.

The orifice of the pulmonary artery is behind the
upper edge of the third left cartilage close to the sternun.
The vessel proceeds upward under cover of the second
left outer space and cartilage. The aortic orifice is behind
the left border of the sternum close to the lower
edge of the third cartilage. The trunk ascends
behind the second cartilage of the right side, and
would be wounded by a stab through that
cartilage close to the sternum. The concavity of the
aortic arch corresponds to the point between the
first and second pieces of the sternum. The auriculo-
ventricular orifices are behind the sternum, the right
being opposite the fourth spaces, and the left on a level
with the fourth cartilages. The innominate and left
carotid arteries come off at a spot corresponding to the
middle of the manubrium, and run behind the right and
left sterno-clavienlar joints respectively. The superior
vena cava would be wonnded by a knife entering either
the first or the second right interspace close to the
sternum. The left innominate vein lies transversely
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just below the upper border of that hone. The right
auricle would be wounded in stabs passing through the
sternal ends of the third, fourth, and fifth cartilages
on the right side, or through the corresponding inter-
costal spaces if the knife were kept fairly near to the
sternum. {See Fig. 23, which shows the relations of the
heart and great vessels as given by Riidinger, and which
differs somewhat from the above account.)

Wounds of the heart most frequently involve the
right ventricle, that segment of the heart being the
part most exposed anteriorly. Next in frequency is
the left ventricle wounded, and then the right auricle.
Other things being equal, a wound of the ventricle is
less rapidly fatal than is a wound of the auricle, owing
to the thickness of the ventricular wall, and to its capacity
for contracting and preventing the escape of blood.
Death in cases of wound of the heart would appear in
a great number of cases to be due to an impression upon
the nervous centres rather than to actual heemorrhage.
Many instances have been recorded to show that the
heart may be very tolerant of foreign bodies in its sul-
stance. Thusa man hived for twenty days with a skewer
traversing the heart from side to side (Ferrus). In
another case a lunatic pushed an iron rod, over 6 inches
in length, into his chest, until it disappeared from view,
although it could be felt beneath the skin receiving
pulsation from the heart. He died a year following,
and the metal was found to have pierced not only
the lungs but also the ventricular cavities (Tillaux).
Wounds of the heart have been sutured, the insertion
of the stitches causing only momentary disturbance
of its action. A propos of chest wounds, Velpeau cites
the case of a man in whose thorax was found a part
of a foil that entirely transfixed the chest from ribs
tc spine, and that had been introduced fifteen years
before death. In the museum of the Royal College
of Surgeons is the shaft of a cart that had been forced
through the ribs on the left side, had passed entirely
through the chest, and had come out through the ribs
on the right side. The patient had lived ten years.
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Paracentesis of the pericavdinm has been
performed through the fourth or fifth spaces on the
left side close to the sternum, care being taken to avoid
the internal mammary artery. The operation has
also been performed through a trephine hole made in
the middle line of the sternum. The extent to which
the pericardium is left uncovered by the left pleura
varies in extent, but as a rule it may be tapped at any
point in the fourth and fifth intercostal spaces, not
further than an inch fmm the sternum, without danger
to the pleura.

The mediastina.— Abscess in the anterior
mediastinum may have developed in sifu, or may have
spread down from the neck. In like manner posterior
mediastinal abscesses may arise from diseases of the
adjacent spine, or lymphatic glands, or may be duc
to the spreading downwards of a retro-pharyngeal or
retro-cesophageal collection of matter.

The azygos veins, commencing as they do below
in the lumbar veins, and h*wmrf more or less direct
communications with the common iliae, renal, and
other tributaries to the vena cava, are able to a great
extent to carry on the venous circulation in cases of
obstruction of the main trunk.

These veins are apt to be pressed upon by tumours
(such as enlarged gland masses) developed in the
posterior mediastinum, and to produce in consequence
some cedema of the chest walls by engorgement of
those intercostal veins that they receive. Tumours
crowing in the posterior mediastinum may cause trouble
by pressing upon the trachea or gullet, or by disturbing
the vagus nerve or the cord of the sympathetic (Figs.
47 and 49, pp. 353 and 361). The numerous lymphatic
glands which surround the trachea, bronchi, and ceso
phmgus are often the seat of tuberculosis. They become
adherent to these organs and may ulcerate into them.

Krabbel reports a case of fracture of the ninth dorsal
vertebra associated with rupture of the thoracie duet.
The patient died in a few days, and the right pleura
was found to contain more than a gallon of pure chyle.
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CHAPTER XI.
THE REGION OF THE SHOULDER.

A stupy of the region of the shoulder comprises
the clavicle, the scdpula, the upper end of the humerus,
and the soft parts that surround them, together with
the shoulder joint and axilla.

Surface anatomy.—The clavicle, acromion
process, and scapular spine are all subrutanemus, and
can be readily felt. In the upright position, when the
arm hangs by the side, the clavicle is, as a rule, not
quite horizontal. In well-dev eloped quh]w-tq it inclines

a little upwards at its outer end.* In the recumbent
p{:-sture the weight of the limb being taken off, the
outer end rises still higher above the sternal extremity.
The degree of the elevation can be best estimated Dy
a study of frozen sections. Thus, in making horizontal
sections of the body, layer by la,rer from above down
wards, Braune found that by ‘the time the sternc-
claviecular articulation was reached, the head of the
humerus would be cut across in the lateral part of the
section (Fig. 24).

The deltoid tubercle of the eclavicle may, if large,
be felt through the skin, and be mistaken for an exostosis.
The acromio-clavicular joint lies in the plane of a vertical
line passing up the middle of the front of the arm. A

* In some women, in the feeble, and in some narrow-shouldered
men, the eclavicle may be horizontal, or its outer end may incline
downwards,
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prominence is sometimes felt about this joint in place
of the level surface that it should present. This is
due to an enlargement of the end of the clavicle, or
to a thickening of the fibro-cartilage sometimes found
in the joint, In many cases it has appeared to me
to be due to a trifling luxation upwards of the elavicle
depending upon some stretching of the ligaments.
It is certain that the dry bone seldom shows such an
enlargement as to account for this very common prom-
inence at the acromial articulation. The sternal end
of the clavicle is also, in muscular subjects, often large
and unduly prominent, and sufficiently conspicuous to
suggest a lesion of the bone or joint when none exists.

The roundness and prominence of the point of the
shoulder depend upon the development of the deltoid
and the position of the upper end of the humerus. The
deltoid hangs like a curtain from the shoulder girdle,
and is bulged out, as it were, by the bone that it covers,
If the head of the humerus, therefore, be diminished
in bulk, as in some impacted fractures about the
cumtnmmal neck, or be removed from the glenoid cavity,
as 1 dlf:lt:mtmnb, the deltoid becomes more or less
flattened, and the acromion proportionately prominent.
The part of the humerus felt beneath the deltoid is not
the head, but the tuberosities, the greater tuberosity
externally, the lesser in front. A considerable portion
of the head of the bone can be felt by the fingers placed
high up in the axilla, the arm being foreibly abducted
so as to bring the head in contact with the lower part
of the capsule. The head of the humerus faces very
much in the direction of the internal condyle. As
this relation, of course, holds good in every position
of the bone, 1t 1s of value in examining injuries about
the a]muldcr and in reducing dislocations by manipula-
tion, the condyl-‘a being used as an index to the position
of the upper end of the bone.

In thin subjects the outline and borders of the
scapula can be more or less distinctly made out, but
in fat and muscular subjects all parts of the bone, except
the spine and acromion, are difficult of access in the
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ordinary positions of the hmb. To bring out the
superior angle and vertebral border of the bone, the
hand of the subject should be carried as far as ]]D‘:Elh]ﬂ
over the opposite shoulder. To bring out the inferior
angle and axillary border, the fore-arm should be placed
behind the back. The augle formed at the point of
junction of the spine of the scapula and the acromion
is the best point from which to take measurement of
the arm, the tape being carried down to the external
condyle 'of the humerus. The upper border of the
scapula lies on the second rib, its lower angle on the
seventh.

When the arm hangs from the side with the palm
of the hand directed forwards, the acromion, external
condyle, and styloid process of the radius all lie in the
same line. The groove between the pectoralis major
and deltoid 11'111"5{*1&3 is usually to be made out. In it
run the cephalic vein and a larﬂe branch of the acromio-
thoracic artery. Near the groove, and a little below
the clavicle, the coracoid process may be felt. The
process, however, does not actually present in the interval
between the two muscles, but is covered by the innermost
fibres of the deltoid. The position of the coraco-acromial
ligament may be defined, and a knife thrust through
the middle of it should strike the biceps tendon and
open the shoulder joint.

When the arm hangs at the side with the palm for-
wards, the bicipital groove may possibly be defined.
It looks directly forwards.

Just below the clavicle is a depression, the sub-
claviecular fossa, which varies considerably in dépth
in different subjects. It is obliterated in subcoracoid
dislocations of the humerus, in fractures of the clavicle
with displacement, by many axillary growths, and by
some inflammations of the upper part of the thoracie
wall.  In subclavicular or intracoracoid dislocation,
the fossa is replaced by an eminence. In this IL‘:fmIl,
at a spot to the inner side of the coracoid process, and
corresponding nearly to the middle of the claviele, the
pulsations of the axillary artery can be felt on deep
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pressure, and the vessel be compressed against the
second rib. Just below the eclavicle the interspace
between the sternal and eclavicular pnrtmns of the
pectoralis major can often be made out.

The anterior and posterior borders of the axilla
are very distinct. The anterior border formed by the
lower edge of the pectoralis major follows the line of
the fifth rib. The depression of the armpit varies,
other things being equal, with the position of the upper
limb. It is most deep when the arm is raised from
the side at an angle of about 45°, and when the muscles
forming the borders of the space are in a state of con-
traction. As the arm is raised above the horizontal
line the fl(‘pr{‘ESi{]ﬂ becomes shallower, the head of the
bone projeets into the space and more or less obliterates
it, while the width of the fossa is encroached upon by
the approximation of the anterior and posterior folds.
The coraco-brachialis muscle itself forms a distinet
projection along the humeral side of the axilla when the
arm is raised to a right angle with the body. If tlm
arm be brought nearly close to the side, the surgeon’s
hand can be thrust well up into the axﬂh, and the
thoracie wall explored as high up as the third rib.

The axillary glands cannot be felt when they are
in a normal condition. The central set lies beneath the
axillary tuft of hair.

The direction of the axillary artery, when the arm
is raised from the side, is represented by a line drawn
from about the middle of the claviele to the humerus
at the inner side of the coraco-brachialis. A line drawn
from the third rib near its cartilage to the tip of the
coracoid process indicates the upper border of the
pectoralis minor, and the spot where this line crosses
the line of the axillary artery points out the position
of the acromio-thoracic artery. A line drawn from
the fifth rib near its cartilage to the tip of the coracoid
process indicates the lower horder of the pectoralis
minor, and the position of the long thoracic artery
which runs along that border. The line of the sul-
seapular artery corresponds to the lower border of the
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subscapularis musele along which it runs, but the posi-
tion of this border can only be approximately indicated
on the living or undissected subject.

The circumflex nerve and posterior circumflex
artery cross the humerus in a horizontal line that is

Fig. 24,-—Horizontal Section of the Body just below the Upper Burder
of the Manubrinm (Braune).
i, Manubrium ; b, head of hnmerus ; e claviele; 4, first vib ; &, second vib ; f, third
durstl vertebra; g, spine of second dorsal ; &, pectoralis major; 4, deltoid ;
Ji infraspinaius ; &, subscapulars; §, coraco-hrachialis and biceps: m, pec-
toralis minor; », sSerratus magnus; o, intercostals; p, semispinalis and
munltifidus gpine ; g, biventer cervicis and complexus; », lONgIZEImMus dorsi ;
o, splentus colll § 2, thomboidens; w, trapeging ; », gterno-thyroid ; w, gternc-
hyoid ; T, thymus ; L, long ; 1, left innominate vein; 2, left carotid artery ;

4, left subelavian artery : 4, vertebral artery; 5, left subelavian vein :
8, cephalic vein ; 7, phrenic nerve ; §, vagus ; 9, transverse seapalar artery.

about a finger's breadth above the centre of the vertical
axis of the deltoid muscle. This point is of importance
in cases of supposed contusion of the nerve. The
dorsalis scapule artery crosses the axillary border of
the scapula at a point corresponding to the centre of
the vertical axis of the deltoid muscle. These various
indications of the positious of the main branches of
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the axillary artery are made while the arm hangs in
its natural position at the side.

The elaviele.—The skin over the claviele is
loosely attached, and is easily displaced about the bone.
This cireumstance may serve to explain why the skin
so often escapes actual wound in contusions of the
clavicular region, and in part explains the infrequency
of penetration of the integument in fractures of the
clavicle. The position of the supra-clavicular nerves
in front of the bone renders them very liable to con-
tusion, and accounts for the unusual amount of pain
that is said to sometimes follow blows over the collar
bone. Tillaux believes that the severe pain that in
rare cases persists after fracture of the eclavicle is
due to the implication of these nerves in the callus formed.
The three nerves that cross the clavicle are branches
of the third and fourth cervical nerves, and it 1s well to
note that pain over the collar bone is sometimes a marked
feature in disease of the upper cervical spine. This
symptom is then due to irritation of these nerves at
their points of exit from the spinal canal.

Beneath the clavicle the great vessels and the great
nerve-cords lie upon the first rib. The vein 1s the most
internal, and occuples the acute angle between the
collar bone and the first rib. It will be seen that growths
from the bone may readily press upon these important
structures, and that the vein, from its position, as well
as from the slichter resistance that it offers, is likely
to be the first to be compressed. These structures have
also been wounded by fragments of bone in fracture
of the clavicle. Fortunately, between the clavicle and
these large nerves and vessels the subclavius muscle is
interposed. This muscle is closely attached to the under
surface of the bone, is enveloped in a dense fascia, and
forms one of the chief protections to the vessels in case
of fracture. This interposing pad of muscle is also of
oreat service in resection operations, as can be well
understood. Braune states that by pressing the eclavicle
acainst the first rib in the dead body a stream of injection
in the thoracic duct can, in some cases, be entirely
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arrested. Behind the claviele the following structures
may be noted, viz., the innominate, subeclavian, and
external jugular veins, the subeclavian, suprascapular,
and internal mammary arteries, the cords of the brachial
plexus, the phrenic nerve and nerve of Bell, the thoracic
duct, the omo-hyoid, scalene sternc-hyoid and sterno-
thyroid musecles, the apex of the lung. The sternal
end of the bone is not far removed from the innominate
or left carotid artery, the vagus and recurrent nerves,
the trachea, and the wsophagus.

These relations of the claviele are given to show the
dangers in the way of partial or complete resections of
the bone. The difficulties and risks of the operation
increase as one progresses from the acromial to the
sternal end. Resection of the aeromial third of the
bone is comparatively easy, but resection of the sternal
portion is most difficult and dangerous. The entire
claviele has been removed with success, and the operation
has been followed by less impairment of the arm move-
ments than would be imagined.

The eclavicle forms the sole direct bony eonnection
between the upper limb and the trunk, and in severe
accidents, this connection being broken through, it is
possible for the extremity to be torn off entire. Thus
Billroth reports the case of a boy aged fourteen, whose
richt arm, with the scapula and clavicle, was so torn
from the trunk by a machine accident that it was only
attached by a strip of skin two inches wide. Other
like eases of avulsion of the limb have been reported.

Fractures of e¢laviele.—The clavicle is more
frequently broken than is any other single bone in
“the body. This frequency is explained by the fact
that the bone is very superficial, is in a part exposed
to injury, is slender and contains much compaet tissue,
is ossified at a very early period of life, and above all
receives a large part of all shoeks communicated to
the upper extremity. The common fracture, that
due to indirect violence, is oblique, and very constant
in its position, viz. at the outer end of the middle third
of the bone. The bone breaks at this spot for the
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following reasons. It i3 here that the claviele is the
most slender; 1t 1s here that the two curves of the
bone meet ; 1t 1s here that a very fixed part of the bone,
viz. the outer third, joins with a more movable portion.
The position of the coraco-clavicular licaments is no
doubt of the greatest import in localising the fracture
in this position, since a clavicle experimentally subjected
to longitudinal compression does not break at this spot
(Bennett). The displacement that occurs is as follows.
The inner fragment remains unchanged in position,
or its outer end is drawn a little upwards by the sterno-
mastoid. It will be seen that any action of this muscle
would be resisted by the pectoralis major and the
rhomboid ligament. The outer fragment undergoes a
threefold displacement. (1) It is carried directly down-
wards. This is effected mainly by the weight of the
limb aided by the pectoralis minor, the lower fibres of
the pectoralis major, and the latissimus dorsi. Since
the Iine of action of the trapezius muscle is altered by
the fracture, that muscle is no longer able to keep the
shoulder up, and its altered action therefore contributes
to the downward displacement. (2) It is earried directly
tnwards by the muscles that pass from the trunk to the
shoulder, viz. the trapezius, the levator anguli scapule,
the rhomboids, the latissimus dorsi, and especially by
the pectorals. To these may be added the subelavius.
(3) The fragment is rotated in such a way that the
outer end projects forwards, the inner end backwards.
This rotation is brought about mainly by the two
pectorals, assisted prominently by the serratus magnus.
The normal action of this latter musele is to carry the
scapula forwards, and the clavicle, acting as a kind
of outrigger to keep the upper limb at a proper distance
from the trunk, moves forwards at the same time and
keeps the scapula direct. When this outrigger is broken
the serratus can no longer carry the scapula directly
forwards. The bone tends to turn towards the trunk,
and the point of the shoulder is therefore seen to move
inwards as well as forwards. The fragments in this
fracture must consequently overlap, and as the dis-
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placement is difficult to remedy, it follows that in no
bone save the femur is shortening so uniformly left
as after an oblique fracture of the clavicle. The degree
of shortening very seldom exceeds one inch. The
deformity associated with this fracture is well remedied
when the patient assumes the recumbent position.
In this posture, the weight of the limb being taken
off, the downward displacement is at once remedied.
The point of the shoulder falling back also tends to relieve
in part the inward displacement, and the rotation of
the outer fragment forwards. It is through the scapula,
however, that these two latter displacements are in
the main removed. In the recumbent posture the
scapula is pressed closely against the thorax, with
the result that its outer extremity (and with it, of course,
the outer fragment of the clavicle) is dragged outwards
and backwards. Some surgeons, recognising this im-
portant action of the scapula in remedying the dis-
placement in these cases, strap the scapula firmly against
the trunk, while at the same time they elevate the arm.

Fractures due to direct violence are usually
transverse, and may be at any part of the bone. When
about the middle third they present the displacement
just described. When the fracture is Letween the
conoid and trapezoid ligaments no displacement is
possible.  When beyond these ligaments, the outer end of
the outer fragment is carried forwards by the pectorals
and serratus, and its inner end is a little drawn up by
the trapezius. In this fracture there is no general
displacement downwards of the outer fragment, since
it cannot move in that direction unless the scapula
go with it, and the scapula remains fixed by the coraco-
clavieular ligaments to the inner fragment of the clavicle.

The clavicle may be broken by muscular violence
alone. Polaillon, from a careful analysis of the
reported cases, concludes that the muscles that break
the bone are the deltoid and clavicular part of the great
pectoral. In no case does the fracture appear to have
been produced by the sterno-mastoid muscle. The
commonest movements producing fracture appear to

N
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be violent movements of the limb forwards and inwards,
or upwards. These fractures are usually about the
middle of the bone, and show no displacement other
than that of both fragments forwards, .. in the direetion
of the fibres of the two muscles first named. .

The clavicle is more frequently the seat of green-stick
fracture than is any other bone in the body. Indeed,
one-half of the cases of broken collar bone oceur before
the age of five years. This is explained by the fact
that the bone is ossified at a very early period, and is
in a breakable condition at a time when most of the
other long bones still present much unocssified cartilage
in their parts. Moreover, the periosteum of the clavicle
is unduly thick, and not very closely attached to the
bone, circumstances that greatly favour subperiosteal
fracture. ' :

A reference to the relations of the bone will show
that important structures may be wounded in severe
fractures associated with much displacement and with
sharp fragments. Several cases are reported of paralysis
of the upper limb (as a rule incomplete) following upon
fracture of this bone. In some cases this symptom
was due to actual compression, or tearing of some of
the great nerve cords by the displaced fragments. In
other cases the nerve injury, while due to the original
accident, was yvet independent of the broken eclavicle.
Paralysis of the biceps, brachialis anticus and supinator
longus, muscles supplied through the upper cord, may
result from heavy weights being carried on the shoulder.
Cases are reported of wound of the subeclavian artery,
of the subclavian vein, of the internal jugular vein,
and of the acromio-thoracic artery. In several instances
the fracture has heen associated with wound of the
lung, with or without a fracture of the upper ribs.

The clavicle begins to ossify before any bone in
the body. At birth the entire shaft is bony, the two
ends being still cartilaginous. The bone has one
epiphyses for its sternal end that appears between the
eighteenth and twentieth year, and joins the shaft
about twenty-five. It is a mere shell, is closely sur-
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rounded by the ligaments of the sternal joint, and
cannot, therefore, be well separated by aceident.®

Stermo-clavicuiar joint.—Although this is
the only articulation that directly connects the upper
limb with the trunk, vet it-is possessed of such con-
siderable strength that luxation at the joint is com-
paratively rare. The amount of movement in the
joint depends to a great extent upon the lack of adapta-
bility between the facet on the sternum and the sternal
end of the clavicle. The disproportion between these
parts is maintained by the inter-articular cartilage,
which reproduces only the outline of the clavieular
surface. The cavity of the joint 1s V-shaped, sinece
the clavicle only touches the socket at its inferior angle
when the arm hangs by the side. When the arm is
elevated, however, the two hones are brought in more
immediate contact, and the joint cavity becomes a mere
glit. Thus, in disease of this articulation it will be
found that of all movements of the joint the movement
of the limb upwards is the most constant in producing
pain. The joint is supplied by the suprasternal nerve.

The movements permitted at this point are limited,
owing to the anterior and posterior sterno-clavicular
ligaments being moderately tense in all positions of the
clavicle. Movement forwards of the claviele on the
‘sternum is checked by the posterior ligament, and
resisted by the anterior ligament. This latter ligament
i more lax and less substantial than is the posterior
band. Its weakness serves in part to explain the fre-
quency of the dislocation forwards.

Movement of the clavicle backwards on the sternum_
i8 checkediby the anterior ligament, while the passage
of the head of the bone is resisted by the powerful pos-
terior band. The movement is also opposed by the
rhomboid ligament. To produce, therefore, a dislocation

* Mr. Heath (Lancet, Nov. 18, 1882) reports a case which is
probably unique. It concerns a lad, aged 14, who, when in the
act of bowling at cricket, tore the clavicle away from its epiphyseal
cartilage, which remained in situ. The muscle producing the
accident was apparently the pectoralis major,
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backwards considerable force must be used. Movement
of the claviele upwards on the sternum is checked by
the rhomboid ligament, the interclavieular igament, the
interarticular cartilage, and in a less direct manner by
the two remaining ligaments of the joint. Thus it
happens that dislocation upwards i1s the least common
of the luxations at this articulation.

Disease of the stermo-clavicular joint.—
This articulation 1s really divided into two joints by
the interarticular cartilage, each being provided with
a distinet synovial membrane.

These joints are liable to the ordinary maladies of
joints, and it would appear that the disease may
commence in, and be for some time limited to, one only
of the svnovial sacs. In time the whole articulation
usually becomes involved, but even in advanced ecases
the mischief 1s sometimes restricted to the synowvial
cavity on one side of the cartilage. According to
some authors, this joint i1s more frequently involved
in pyaemia than is any other. When effusion has taken
place into the sterno-clavicular joint, and especially
after suppuration has ensued, the swelling usually makes
itself evident in front, owing to the fact that the anterior
sterno-clavicular hmment is the thinnest and least
resisting of the ligamentous structures about the articu-
lation. For the same reason the pus usually escapes
from the anterior surface, when i1t discharges itself
spontaneously. It may, however, make an opening
for escape through the posterior ligament, and under
these circumstances has found its way into the medias-
tinum. The relations of this joint to the _great vessels
at the root of the neck should be borne in mind. In
one case reported by Hilton a large abscess formed in
the articulation, and the collection, receiving pulsations
from the subjacent artery (the innominate or right
subeclavian), was supposed at one time to be an aneurism.
It is remarkable that disease of this joint never leads
to anchylosis. This circumstance may be explained
(1) by the constant slight movement in the part, which
prevents the diseased structures from being kept at rest,
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(2) by the occasional persistence of the interarticular
cartilage, and (3) by the utter lack of adaptability of
the two bony surfaces involved.

Dislocations of the sterno=clavicular joint.
—The eclavicle may be dislocated from the sternum in
one of three directions, which, given in order of fre-
quency, are : (1) forwards, (2) backwards, (3) upwards.
The relative frequency of these dislocations can
understood from what has been-already said as to the
action of the ligaments in restricting movements.
The displacement forwards involves entire rupture of
the eapsule, and more or less damage to the rhomboid
licament. The head of the bone, carrying with it the
sterno-mastoid, rests on the front of the manubrium,
The dislocation backwards may be due to direct or
indirect violence, and has occurred spontaneously in
connection with the chest deformity in Pott's disease.
The capsule is entirely torn, as is also the rhomboid liga-
ment. The head is found in the connective tissue behind
the sterno-hyoid and sterno-thyroid museles, In this
position it may cause severe dyspneea, or dysphagia,
by pressure upon the trachea or gullet. It may so
compress the subclavian artery as to arrest the pulse
at the wrist, or so occlude the innominate vein as to
produce semi-coma (Fig. 24, p. 189). In one case the head
of the bone had to be excised to relieve a troublesome
dysphagia. In the luxation wpwards, due usually to
indirect violence, the head rests on the upper border
of the sternum between the sterno-mastoid and sterno-
hyoid muscles. It involves more- or less complete
tearing of all the ligaments of the joint, together with
avulsion of the interarticular fibro-cartilage.

The non-adaptability of the joint surfaces in this
part serves to explain the ease with which these
luxations are wusually reduced, and the difficulty
of retaining the clavicle in position after it is replaced.

Acromio=clavicular joint.—This articulation
is shallow, and the outlines of the two bones that enter
into its formation are such that no obstacle is offered
to the displacement of the clavicle from the acromion.
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The joint, indeed, depends for its strength alinost entirely
upon its ligaments. The plane of the joint would be
represented by a hne drawn from above downwards
and inwards between the two bones. This inclination of
the joint surfaces serves to explain the fact that the
usual luxation of this part takes the form of a displace-
ment of the clavicle upwards on to the acromion. The
capsule that surrounds the joint is lax and feeble, and
it 1s partly from its comparative thinness that effusion
into this joint, when it is the seat of disease, makes itself
so soon visible. The joint, however, depends mainly
for its strength upon the powerful conoid and trapezoid
ligaments. The effects of shock at this joint are lessened
by the presence of a partial fibro-cartilage which projects
between the bones from the upper part of the capsule.
As the movements permitted in this joint may be
impaired by accident or disease, it is well to note the
part the articulation takes in the movements of the
extremity. The scapula (and with it, of course, the
arm), as it glides forwards and backwards upon the
thorax, moves in the arc of a circle whose centre is at
the sterno-clavicular joint, and whose radius is the
clavicle. As the bone moves forwards it is important,
for reasons to be immediately given, that the glenoid
cavity should also be directed obliquely forwards. This
latter desirable condition is brought about by means
of the acromio-clavicular joint. Without this joint
the whole scapula as it passed forwards with the outer
end of the clavicle would precisely follow the line of the
circle "above mentioned, and the glenoid cavity would
look in an increasingly inward direction. It is essential
that the surface of the glenoid cavity should be main-
tained as far as possible at right angles to the long axis
of the bumerus. When these relations are satisfied,
the humerus has the support behind of a stout surface
of bone, and it is partly to obtain the value of this support
that the boxer strikes out from the side, i.e. with his
humerus well backed up by the scapula. If there were
no acromio-clavicular joint the glenoid fossa would
offer little support to the humerus when the limb was
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stretched forwards, and a blow given with the limb in
that position, or a fall upon the hand under like con-
ditions, would tend to throw the humerus against the
capsule of the shoulder joint. and so produce dislocation.
Normally, therefore, as the scapula and arm advance,
the angle between the posterior border of the acromion
and the adjacent portion of the clavicle becomes more
and more acute, and the glenoid fossa is maintained
with a sufficiently forward direction to give substantial
support to the humerus.* It will thus be seen that
rigidity of this little joint may be a cause of insecurity
in the articulation of the shoulder, and of weakness
in certain movements in the limb,

Dislocations of the acromio - clavicular
Joint.—The clavicle may be displaced upwards on
to the acromion or downwards beneath it. Pollaillon
has collected thirty-eight cases of the former luxation,
and six only of the latter. This disproportion is, in
the main, explained by the direction of the articulating
surfaces of the joint. Both luxations are usually due
to direct violence. The dislocation upwards is very
commonly only partial, and is associated only with
stretching and some trifling rupture of llgamﬂnts In
the complete form, where the end of the clav icle rests
entirely upon the acromion, there is rupture, not only
of the capsule, but also to a greater or less extent of
the coraco-clavicular ligaments. In the complete dis-
location downwards, also, there is a rupture of the
capsule, with extensive tearing of the conoid and tragpe-
zold ligaments. These luxations are usually easily
reduced, but it will be understood, from the direction
of the articular surfaces, that in the displacement upwards
it is very difficult to retain the clavicle in situ when
once reduced.

Scapula.—At the posterior aspect of the Lone
the muscles immediately above and Lelow the spine
are somewhat precisely bound down by the deep fascia.
Thus, the supraspinatus muscle is enclosed in a fascia,

* For an excellent account of the mechanism of these joints
see Morris's ** Anatomy of the Joints,” p. 202 ef seq. 1879.
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that, being attached to the bone all round the origin
of the muscle, forms a cavity open only towards the
insertion of the muscle.

The infraspinatus and teres minor muscles arc also
enclosed in a distinet, but much denser, fascia that is
attached to the bone bevond these muscles, and blends
in front with the deltoid sheath so as to form a second
enclosed space. The arrangement of these fascie
serves to explain the trifling amount of eechymosis
that usually follows upon fractures of the scapular
blade. The extravasation of blood about the fracture
1s bound down by the fascize over these muscles, and
13 unable, therefore, to reach the surface.

Thus also pus, in the supra- and infra-spinous fossee,
tends to be pent up, and to come forward in the one
case at the insertion of the subscapular muscle, and
in the other instance about the insertion of the teres
minor. Owing to the rigidity of the fascia over the
infraspinatus and teres minor muscles, it happens that
dense tumours growing from this fascia may readily
be mistaken for growths from the bone itself.

The inferior angle of the scapula 1s crossed by a
part of the latlsglmus dorsi, and by means of this muscle
is retained in contact with the thorax. In certain
mjuries the angle may slip from beneath the muscle
and appear as a marked projection. This lesion is
productive of some loss of power in the limb. In many
cases where this accident is supposed to have oceurred,
1t 18 probable that the symptoms present are due rather
to paralysis of the nerve of Bell.

Fractures of the scapula, and especially of
the body of the bone, are not common, owing to the
mobility of the part and the thick muscles that cover
in and protect its thinner portions. It rests also upon
a soft muscular pad, and derives, no doubt, additional
security from the elasticity of the ribs.

The most common lesion is a fracture of the acromion
process. This is often but a separation of the epiphysis.
There are two, sometimes three, epiphyseal centres
for the acromion. Ossification appears in them about
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puberty, and the entire epiphysis joins with the rest
of the bone from the twenty-second to the twenty-fifth
vear. Several cases of supposed fracture of the acromion
united by fibrous tissue are probably but instances
of an imperfectly-united epiphysis, and may have been
independent of injury. In five bodies out of forty
Svmington found the acromial epiphysis united to the
spine by a fibrous union, and from the statistics of other
observers it appears that this is the case in quite 10 per
cent. of adults. In fractures of the process much dis-
placement is quite uncommon, owing to the dense
fibrous covering the bone derives from the two muscles
attached to it. This dense periosteum also explains
the circumstance that many fractures are incomplete
and crepitus often absent. When the fracture is in
front of the clavicular joint, displacement of the arm
is impossible. When it involves the joint, a dislocation
of the collar-bone is common. When behind the joint,
the arm, having lost its support from the thorax, is
displaced in somewhat the same way as obtains in the
common fracture of the clavicle. The coracoid process
may present a genuine fracture, or may be separated
as an epiphysis. As an epiphysis, it joins the main
bone about the age of seventeen. The supra-glenoid
tubercle, from which the long head of the biceps takes
its origin, is part of the coracoid epiphysis. In spite
of the powerful muscles attached to it, the displacement
is usually slight, inasmuch as the coraco-clavienlar
ligaments are seldom torn. These ligaments, 1t may
be noted, are attached to the base of the process. In
some few cases the process has been torn off by musenlar
violenee.

Among the more usual fractures of the body of the
scapula 1s a transverse or oblique fracture of its blade
below the spine. Owing to the infraspinatus, sub-
scapularis, and other museles being attached to both frag-
ments, none but a trifling displacement is usual A
fracture may occur through the surgical neck. The
surgical neck is represented by a narrowed part of the,
bone behind the glenoid fossa, and in the line of the
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suprascapular notch. The smaller fragiment will, there-
fore, include the coracoid process, the larger, the
acromion. The amount of deformity in these cases
depends upon whether the coraco-clavicular and acromio-
clavicular ligaments are entire or torn. If they be
torn, the small fragments and the entire limb are
displaced downwards, and the injury somewhat resembles
a subglenoid dislocation. From this, however, it is
distinguished by the crepitus, by the ease with which
the deformity is removed and the equal ease with which
it returns, by the position of the head of the humerus
in regard to the glenoid fossa, and by the conspicuous
fact that the coracoid process is displaced downwards
with the limb.

Tumours of various kinds grow from the scapula
and mainly from the spongy parts of the bone, viz.,
the spine, the neck, the inferior angle. The bone may
be removed entire, with or without amputation of
the upper limb. An enter-scapulo-thoracic amputation
1s usually performed for malignant tumours which
involve structures in the neighbourhood of the shoulder
joint. In this operation the upper extremity, including
the scapula and the clavicle beyond the origin of the
sterno-mastoid, 1s removed. An elliptical incision 1s
made in front and behind the shoulder, the upper end
of the ellipse lying on the clavicle, the lower at the angle
of the scapula. The operation is commenced at the
clavicle so as to secure the axillary vessels. The artery
is tied before the vein so that the limb may continue
to empty its blood into the circulation. The main
vessels to be noted in conneetion with this operation
are the suprascapular at the superior border of the
bone, the posterior secapular about the vertebral border,
the subscapular running along the lower border of the
subscapularis musele, the dorsalis scapulee erossing the
axillary edge of the bone, and the acromial bhranches
of the acromio-thoracic artery.

The axilla.—The axilla may be regarded surgically
us a passage between the neck and the upper limb.
Axillary tumours and abscesses may spread up into
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the neek, and in like manner cervical growths and
purulent eollections may extend to the arm-pit. The
skin forming the base of the axilla is provided with
many short hairs and with numerous sebaceous and
sudoriferous glands, In this integument small super-
ficial abscesses are often met with, that arise usually
from suppuration of
these glandular
structures, and that
are brought about
by the friction of the
skin against the
clothing. Owing to
the tendency of the
axillary integument
to become chafed
and inflamed under
friction, the axilla 1s
not a good locality
to select for the use
of the mercurial in-
unction as applied
in syphilis. Beneath
the skin and super-
ficial fascie is the
axillary fascia, and
t}e_‘fﬂlld 't-hlﬂl dense Fig, 25,—Vertical Section through the Axilla
membrane 1s the and Shoulder-joint (Riidinger).

. L . :
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connective tissue bursa and delteid; &, circuntex :i_:'ll‘i'l-l' _=1'il'-1
. . - nerve e, latissimus dorsi ; f cornco-rrachializ

W lt-]]. W ].H ¢ 1] t]] = and biceps; g, subseapularvis; h, serratus

41X ll ].ﬂ ry space 18 magnnus: ¢, axillary areery © j, axillary vein.

mainly occupied is
very loose, and, while this laxity favours greatly the
free movement of the arm, it at the same time permits
of the formation of large purulent collections and
immense extravasations of blood.

It is important to remember the disposition of the
fasciae about this region. There are three layers
principally concerned. (1) The deep pectoral fascia
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that covers in and encloses the pectoralis major.
(2) The clavi-pectoral fascia that, adherent above to
the clavicle, fills in the space between that bone and
the pectoralis minor, then splits to invest this muscle,
and joins the deep pectoral layer at the anterior fold
of the axilla to form with it the axillary fascia. The
upper part of this fascia is generally known as the costo-
coracold membrane. The whole membrane is sometimes
known also as the “suspensory ligament of the axilla,”
since it draws up the axillary fascia towards the clavicle,
and is mainly instrumental in producing the * hollow ™
of the armpit. (3) The axillary fascia that is formed
by the union of the two preceding fascize, and stretches
across the base of the axilla from its anterior to its pos-
terier fold. It is thinnest under the axillary hairs.
Abscess about the axillary regiom may be
considered (1) when 1t 1s beneath the pectoralis major,
or between the two pectoral muscles, and (2) when it is
heneath the pectoralis minor and clavi-pectoral faseia,
and therefore in the axillary space. (1) An abscess
in this situation is placed hetween the deep pectoral
and the clavi-pectoral fascize, the latter separating it
from the axillary space. Such an abscess undermines
the great pectoral, and tends to present either at the
anterior margin of the axilla, or in the groove between
the great pectoral and deltoid muscles, being guided
thither by the attachment of the fascize. (2) A puru-
lent collection in the axilla-may soon fill that space and
distend it entirely. Its progress towards the skin is
arrested by the axillary faseia, its progress backwards
by the serratus magnus muscle, which, by its attachment
to the scapula, hermetically closes the axillary space
behind. In front the advance of the abscess is prevented
by the pectoral muscles and clavi-pectoral fascia, while
on the inner side is the unyielding thorax, and on the
outer side the upper limb. The ahscess, therefore,
as it fills the axilla pushes forwards the pectoralis major,
more or less obliterates the hollow of the armpit, thrusts
back the scapula, and widens the angle between the
serratus magnus and the subseapularis museles. There
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is a great tendency, therefore, for unrelieved abscesses
to extend upwards into the neck, that being the direction
in which the least amount of resistance is encountered.
From the neck the purulent collection may extend
into the mediastinum. In one cage an axillary abscess,
set up by shoulder-joint disease, perforated the first
intercostal space and set up fatal pleurisy

In opening an axillary abscess, and, indeed, in most
incisions into this space, the knife should be entered
at the centre of the floor of the axilla, 7., midway
between the anterior and posterior margins, and near
to the inner or thoracic side of the space. The vessels
most likely to be damaged by an indiscreet incision
are the subscapular, running along the lower border
of the subscapularis musele ; the long thoracie, following
the lower border of the small pectoral ; and the main
vessels lying close to the humerus. The knife, if properly
entered, should be midway between the two first-named
vessels, and quite away from the main trunks. There
18 an artery (the external mammary) that sometimes
comes off as the lowest branch of the axillary trunk.
and crosses the middle of the axilla, to be distributed
to the thorax below the long thoracic. This vessel
would probably be wounded in the incision above named.
The artery is, however, very inconstant, is small, and
is not far below the surface. It is usually met with
in female subjects.

Lymphatie glands.— The axillary clands are
numerous, and of much surgical importance. They
may be arranged in four sets. (1) The greater number
are placed to the inner side of the axillary vein beneath
the axillary tuft of hair. This eentral set of glands
receives the lymph from the upper extremity and breast.
Pain in the axilla which follows whitlow or any septic
infeetion of the arm 1s due to inflammation of this
group, which is pierced by the inter-costo-humeral nerve.
(2) The deep axillary set lies along the axillary vessels.
It receives the lymph from the central set and become=
continuous with the lower deep cervical glands in the
subelavian triangle (Fig. 21, p. 164). (3) Other glands lie
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upon the serratus magnus muscle on the thoracic side-
of the axilla, and just behind the lower border of the
pectoral muscles. They receive the lymphaties from
the front of the chest, the principal lymph vessels of
the breast, and the superficial lymphatics of the abdomen.
as low down as the umbilicus. Their efferent vessels
for the most part pass on to join the central set of glands.
These glands will be the first to be enlarged in certain
breast affections, and after blistering and other super-
ficial inflammations, ete., of the chest and upper abdomen.
Paulet has seen them affected in inflammation of the
hand. The axillary process of the female breast is in
contact with this set. (4) The remaining glands are
situated at the back of the axilla, along the subscapular
vessels. They are joined by the lymphatics from the
back.

It may here be convenient to note that one or two
glands are commonly found in the groove between the
deltoild and pectoralis major muscles. They receive
some vessels from the outer side of the arm and a part
of the shoulder and breast. The superficial lymphatics
over the upper part of the deltoid go to the cervical
glands (Tillaux), over the lower half to the axilla. The
lymphatics from the supraspinous fossa follow the
suprascapular artery, and join the lowest cervical glands.
The superficial lymphatics of the back that converge
to the axilla are derived from the neck over the trapezius
muscle, and from the whole dorsal and lumbar regions
as far down as the iliac crest. '

The complete removal of axillary glands is an opera-
tion frequently undertaken. It will be wunderstood
from their position that these bodies, when diseased,
are very apt to become adherent to the axillary vessels,
and especially to the vein. The latter vessel has fre-
quently been wounded or excised during the removal
of gland tumours, and in one case at least the artery
was accidentally cut (Holmes).

The axillary vessels.—The axillary wvein is
formed by the union of the basilic with the two venz
comites of the brachial artery, This union commonly
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takes place at the lower border of the subscapular muscle,
and the vein is therefore shorter than the artery. Some-
times the vein does not exist as a single trunk until
just below the clavicle. This condition, when it exists,
18 very unfavourable to operations upon the artery,
as many transverse branches cross that vessel to unite
the veins that lie on either side of it. The axillary vein,
being comparatively near the heart, is readily influenced
as regards its contained blood by the inspiratory move-
ment. Thus it happens that in many instances of wound
of the vessel, or of its larger tributaries, air has been
drawn into the venous canal and death has ensued.
The entrance of air into the main vein is perhaps aided
by the circumstance that the costo-coracoid membrane
(upper part of clavi-pectoral fascia) is adherent to the
vessel, and thus tends to maintain 1t in a patent con-
dition when wounded. This connection with the fascia
is supposed by some to account in part for the furious
bleeding that occurs from this vein when it is divided.

The vein is more often wounded than is the artery,
it being larger, more superficial, and so placed as to more
or less overlap the arterial trunk. On the other hand,
in injury to the vessel by traction, as, for example, in
reducing dislocations, the artery suffers more frequently
than the vein. In all positions of the upper limb the
artery keeps to the outer angle of the axillary space.
The relation of the vein, however, to the first part of
the axillary artery, the part above the pectoralis minor,
is modified by the position of the limb. Thus, when
the arm hangs by the side the vein is to the inner side
of the artery, and a little in front of it, but when the
limb is at a right angle with the trunk the vein is drawn
so far in front of the artery as to almost entirely conceal
that vessel.

Aneurism is very frequent in the axillary artery,
a fact to be explained by the nearness of the vessel to
the heart, by the abrupt curve it presents, by its suscepti-
bility to frequent and extensive movements, and by
its liability to share in the many lesions of the upper
limb. In violent and extreme movements of the limb
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the artery may be more or less torn, especially if its
walls are already diseased.

In ligaturing the first part of the axillary artery
it 18 well to note that the pectoralis major has some-
times a cellular interval between two planes of muscle
fibre, and this may be mistaken for the space beneath
it (Heath). If the pectoralis minor has an origin from
the second rib, it may more or less entirely cover the
artery and require division. The cord of the brachial
plexus nearest to the artery may be mistaken for that
vessel, or easily included in a ligature intended for it,
A ready guide to the axillary vessels in this operation
is to follow the cephalic vein. The anterior internal
thoracie nerve appears between the vein and artery
as 1t passes to the pectoralis minor. It also may
be useful occasionally as a guide.

In applying a ligature to the third part of the artery,
it should be borne in mind that a muscular slip some-
times crosses the vessels obliquely, passing from the
latissimus dorsi to join the pectoralis major, coraco-
brachialis, or biceps muscles. This slip may give rise
to econfusion during the operation, and may be mistaken
for the coraco-brachialis.

The axillary merves.—Any of the axillary
nerves may be injured by a wound, the median being
the most frequently damaged, and the museulo-spiral
the least frequently. The comparative immunity of
the latter is explained by its deep position, its situation
at the inner and posterior aspect of the limb, and its large
size. The nerves are very seldom torn by a traction
on the limb short of more or less complete avulsion.
Indeed, if forcibly stretched, they are disposed rather
to become torn away from their attachments to the
spinal cord than to give way in the axilla. Thus,
Flaubert records a case where the last four cervical
nerves were torn away from the cord during a violent
attempt to reduce a dislocated shoulder.

The deltoid region.—This region, comprising
as it does the “ point” of the shoulder, is limited in
all parts by the deltoid muscle. The deltoid covers
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the upper end of the humerus and the shoulder joint,
Between the joint and the surface, therefore, are only
the skin and superficial fascia, the deltoid in its sheath,
and some loose connective tissue (the subdeltoid tissue)
in which is found the great subacromial bursa. This
subdeltoid tissue sometimes assumes the form of a
distinet thick membrane, and may have an important
influence upon the localisation of purulent collections.
proceeding from the joint. The fatty tissue over the
deltoid is a favourite seat for lipomata, and it is in this
situation that the tendency of these growths to change
their position is sometimes seen. Thus, Erichsen records
a case where the tumour slid downwards from the
shoulder to the breast.

» Emerging from the interval between the two teres
muscles, and winding horizontally round the shaft of
the humerus, quite close to the bone, and about the
line of the surgical neck, are the circumflex nerve and
posterior circumflex artery. This nerve affords an
example of an arrangement pointed out by Mr. Hilton,
viz., that a principal nerve to a joint not only supplies
the articular surfaces, but also some of the main muscles
that move that joint and the skin over those musecles.
This nerve supplies the shoulder joint, the deltoid and
teres minor museles, and the skin over the lower two-
thirds of the shoulder and upper part of the triceps.
“The object of such a distribution of nerves to the
museular and articular structures of a joint, in accurate
association, is to ensure mechanical and physiological
consent between the external muscular or moving
force and the vital endurance of the parts moved, viz,,
of the joints, thus securing in health the true balance
of force and friction until deterioration occurs ” (Hilton).
This nerve is frequently damaged in injuries to the
shoulder. It may be severely bruised by a simple con-
tusion of the part, and this bruising may be followed
by paralysis of the deltoid. It would appear, however,
that damage to the circumflex is much less flequent-
after contusions of the shoulder than was formerly
maintained. It will also be readily understood that

0
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the nerve is often torn in fractures of the surgical neck
of the humerus, in dislocations of that hone (especially
the luxation backwards), and in violent attempts at
reducing’such dislocations. The nerve, from its position,
1 very apt to be seriously pressed upon by growths
springing from the upper end of the humeuh From
its connection with the joint, it follows that in chronic
inflammation of that part the inflammation may extend
along the nerve, producing a neuritis that may lead
to paralysis of the deltoid (Erb).

The shoulder=-joint.—From one surgical point
of view, joints may be divided into (1) those that depend
for their strength mainly upon ligaments; (2) those
that are mechanically strong, and that derive their
stability to a great extent from the arrangement of
their component bones; and (3) those that rely for
their support principally upon muscles. As an example
of the first kind may be cited the sterno-clavicular
joint, of the second form the elbow-joint, and of the
third the shoulder-joint. The articulation the least
prone to dislocation is the one that derives its strength
from tough unyielding ligaments, while the one most
often luxated belongs to the third variety, its strength
being greatly dependent upon muscles that ma v be taken
by surprise, and that may themselves, from disordered
action, prove sources of weakness. These are, of course,
not the only features in the etiology of dislocation.
A great deal depends upon the amount of movement
permitted in a given joint, and the degree of leverage
that can be brought to bear upon its parts.

+ The arch formed by the coracoid and acromion
processes and the ligament between them forms an
essential support ‘to the head of the humerus, and is
an 1mportant constituent of the articulation. With
this arch the humeral head is in immediate relation,
though notin actual contact (Fig.25, p. 203). In paralysis
of the deltoid the head may be separated by some distance
from the coracoid process, and Nannoni records the
case of a child with old-standing paralysis of the deltoid,
between whose humeral head and acromial vault four
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fingers could be lodged. It is well to note that at least
two-thirds of the head of the bone are not in contact
with the glenoid cavity when the arm hangs by the
side, and Anger points out that in this position three-
fourths of the circumference of the humeral head are
in front of a vertical line drawn from the anterior border
of the acromion process. In this posture, also, the
“head is wholly to the outer side of the coracoid process.
The margin of the glenoid cavity is more prominent
on the inner than on the outer side, while the strongest
part of the margin and the broadest part of the fossa
are below. This is significant, since 1t points to an
attempt to strengthen a part of the joint that practice
shows to be the weakest in the articulation, viz., the
lower and inner portion of the capsule. It is at this
place that the head of the bone leaves the joint in
dislocation of the shoulder.

The capsule of the shoulder-joint is very lax, and
would lodge a bone-head twice as large as that of the
humerus. According to Henry Morris, no one part
of the capsule is constantly thicker than the rest, as
is the case in the hip-joint. The inner part of the
capsule looks into the axilla, and is there free between
the two tuberosities, between the lesser one in front
and the posterior part of the greater one behind.
[t is between these two projections that the humeral
head can be felt through the axilla. '

Of the bursze about the joint, the subacromial bursa
is the one most frequently the seat of disease. This sac,
when distended with fluid, may be mistaken for the results
of chronic inflammation of the joint (Fig. 25, p. 203).

Experiment shows that the walls of this bursa may
be actually torn in twists of the arm, especially when
either flexed or extended (Nancrede). When the sac
is distended most pain is elicited in the position of abduc-
tion, for in this posture the bursal walls are normally
folded up, so as to form a sort of collar in advance of
the greater tuberosity. When the walls are thickened
and distended by inflammation, abduction must press the
bursa very forcibly under the acromion, and so cause
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pain. In elderly people the sac sometimes communicates
with the joint. The subscapular bursa is in free com-
munication with the capsule of the joint in front.

The biceps tendon strengthens the upper part
of the joint, keeps the humerus against the glenoid
cavity in the various positions of the limb, and pre-
vents the head of the bone from being pulled too closely
upwards under the acromion. The tendon may be
ruptured, and in such a case, in addition to the general
weakening of 4the limb, and the peculiar projection
formed by the contraction of the muscle, the head of the
humerus is usually drawn upwards and forwards until
arrested by the coraco-acromial arch. Thus, a kind
of slight false dislocation may be produced. In certain
violent wrenches of the limb the tendon may slip from
its groove and be displaced to one or other side, usually
to the inner side. In these cases also the head is drawn
up under the acromion, and is prominent in front,
while abduction is rendered less free than is normal
owing to the great tuberosity being sooner brought in
contact with the acromion. The intracapsular part
of the tendon may disappear in cases of chronic rheu-
matic arthritis, owing to friction against the abraded
articular surface of the humerus. It acquires an attach-
ment to the bicipital groove in such cases.

Joint disease.—This articulation is liable to a,Il
forms of joint disease. The capsule, as just stated,
is very lax, but the humerus is kept in contact with
the glenmd cavity by muscular and atmospheric
pressure. In joint disease, however, the effusion
may effect a considerable separation of the two
bones. = Braune, having pierced the glenoid cavity
through the supraspinous fossa, injected tallow at
considerable pressure into the joint. When fully
distended the humerus was found to be separated
from the scapula by more than 1 an inch, and this
may serve to explain the lengthening of the limb
often’ noted in joint disease of this part with much
effusion. When the greatest degree of distension of
the capsule was reached the humerus became slightly
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extended and rotated in. It is significant that in
shoulder-joint disease it 18 common for the arm to be
found close to the side, the elbow carried a little back
- (extension), and the limb rotated inwards. This position
may also be due to the rigid contraction of the muscles
about the joint that is usually observed. When such
contractions exist it may be inferred that the powerful
latissimus dorsi has a little advantage over its opponents,
and may be answerable for the rotation in and slight
projection backwards of the arm. The inner part of
the epiphyseal cartilage i3 just within the capsule, the
outer, anterior, and posterior parts are entirely sub-
periosteal. It happens, therefore, that the pus in sup-
purative epiphysitis will find its way into the joint.
There may be three diverticula from the synovial
membrane : (1) One that runs some way down the
bicipital groove with the tendon; (2) a cul-de-sac
beneath the subscapularis, formed by a communication
between the synovial cavity and the bursa under that
muscle ; and (3) a cul-de-sac of like nature beneath
the infraspinatus muscle. The first-named 1s constant ;
the second is frequently present; the third is rare.
When the joint is filled with effusion, the eapsule is
evenly distended and the shoulder evenly rounded.
Special projections usually occur at the seats of the
diverticula. Thus a swelling often appears early in
the course of a svnovitis in the groove between the
pectoralis major and the deltoid muscles, and this
swelling may appear bilobed, being cut in two by the
unyielding biceps tendon (Paulet). Fluctuation can
best be felt by examining the uncovered part of the
capsule in the axilla beyond the subscapular muscle.
When the joint suppurates pus usually escapes at one
of the culs-de-sac just mentioned, most often through
the one that follows the hiceps tendon. Pus may thus
extend for some way along the bicipital groove. Pus
escaping through the subscapular cul-de-sac is apt to
spread between the muscle and the venter of the scapula,
and to present at the lower and back part cf the axilla.
Purulent ecolleetions beneath the deltoid are nearly
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always conducted towards the anterior aspect of the
limb, being unable to proceed backwards owing to the
denseness of the fascia covering in the deltoid and infra-
spinous muscles. In one recorded case, pus that had
escaped from the shoulder-joint followed the course of
the musculospiral nerve, and opened on the outer side
of the elbow. ,

The various forms of anchylosis are common at the
shoulder-joint, and to afford a freer range of move-
ment to the limb in the more intractable of these cases,
Tillaux proposzes to divide the clavicle.

Dislocations.—Dislocations at this joint are
more common than at any other joiut in the body. This
is explained by the shallowness of the glenoid fossa,
the large size and globular shape of the head of the
humerus, the extensive movements of the arm, the
long leverage it affords, and the dependence of the articu-
lation for its strength mainly upon muscles. The upper
limb and shoulder are also peculiarly exposed to injury.

The principal forms of luxation of the humerus at
the shoulder are : 1. Subcoracoid, forwards and a little
downwards ; the wusual form. 2. Subglenoid, down-
wards and a little forwards; rare. 3. Subspinous,
backwards ; rare.

In all complete dislocations the head of the bone
leaves the joint cavity through a rent in the capsule.
In so-called “false luxations” the capsule is not torn.
For example, in the cadaver, if the deltoid be divided
the humeral head can be displaced under the coracoid
process without rupture of the capsule, and the same
thing may occur during life, in cases where the muscle
has long been paralysed.

In all cases of dislocation at this joint the primary
displacement is always downwards into the axilla. It
is well known that dislocations at the shoulder are
usually due to violence applied to the limb while the
arm is abducted, or to severe direct violence forcing
the bone downwards. Now when the limb is abducted
the head of the humerus projects below the glenoid fossa,
and rests upon the inferior and least protected part
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of the capsule. The fibres of this portion of the capsule
being tightly stretched in this position, it requires no
extraordinary force to tear the ligament and drive the
bone into the axilla,

Thus 1t happens that in luxations at this joint the
rent in the capsule 1s at its inferior and 1nner aspect.
The head of the bone being thus driven downwards
~into the axilla, may, for certain reasons, remain there
(subglenoid form), or more usually it will be drawn
forwards and inwards by the powerful pectoralis major,
alded by other muscles whose action is now less resisted
and by the weight of the unsupported limb (subcoracoid
form); and lastly, the direction of the violence being
applied markedly from in front, the head of the bone
may be thrust backwards under the acromion or spinous
processes (subspinous form). The overwhelming fre-
quency of the subcoracoid variety 1s explained by the
greater advantage at which those muscles act that
draw the bone forwards, in comparison with those that
would draw it backwards, and by the very trifling opposi-
tion offered to the passage of the head forwards when
compared with the substantial obstacles in the way of its
passage backwards under the scapular spine.

Features commomn o all dislocations at
the shoulder.—As the roundness of the deltoid
depends to a great extent upon the presence beneath
it of the humeral head, and as in all these luxations
(save perhaps in the slighter grades of the subspinous
form) the head 1s removed practically from its connection
with the deltoid, that muscle is always more or less
flattened. This flattening is augmented by the
stretching of the muscle, which in some degree is con-
stantly present. Stretching of the d&ltﬂld involves
abduction of the arm, and this symptom is fairly constant
in all the luxations. The biceps being also more or less
unduly tense, the elbow is found flexed and the fore-arm
supinated. In every form there is some increase in
the vertical circumference of the axilla, since the head,
having left the glenoid fossa, must occupy some part
comprised within that circumference. Again, Dr, Dugas
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‘has pointed out that “if the fingers of the injured
limb can be placed by the patient, or by the surgeon,
npon the sound shoulder while the elbow touches the
thorax (a condition that obtains in the normal eondition
of the joint), there can be no dislocation; and if this
cannot be done there must be one, for no other injury
than a dislocation can induece this physical impossibility.”
‘This depends upon the fact that in consequence of the
rotundity of the thorax it is impossible for both ends
of the humerus to touch it at the same time, and in
luxation at the shoulder the upper end of the bone
is practically touching the trunk. Lastly, from the
position of the great vessels and nerves it will be seen
that in the subcoracoid and subglenoid Iuxations the
head of the bone may press injuriously upon those
structures. Thus may result cedema of the limb and
severe pain or loss of muscular power. The artery
is usually saved by its greater elasticity ; but Bérard
reports a case of displacement forwards where the axillary
artery was so compressed by the humeral head as to
induce gangrene of the limb.

The close connection of the circumflex nerve with
the humerus renders it very liable to injury, especially
in the subglenoid and subspinous forms of dislocation.

Special anatomy of each form.—1. Sub-
coracoid.—The articular head of the humerus lies on
the anterior surface of the neck of the seapula, and
the anatomical neck rests on the anterior lip of the
glenoid fossa. The head is thus placed immediately
below the coracoid process, and is in front of, internal
to, and a little below, its normal site. The great
tuberosity faces the empty glenoid cavity (Fig. 26).
The subscapularis muscle is stretched over the head
of the humerus, and 1s usually in some part torn. The
supraspinatus, infraspinatus, and teres minor are
stretched or torn, or the great tuberosity may even
be wrenched off. The coraco-brachialis and short
head of the biceps are tense, and are immediately in
front of the head of the humerus instead of to its inner
side, The long tendon of the biceps is deflected down-
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~wards and outwards. It is sometimes, although Tarely,
torn from its groove. The deltoid is put upon the
stretch. The prominence formed by the humeral
head in the front of the axilla depends to some degree
upon the amount of rotation. If the bone be rotated
out the projection is most distinet; but if rotated
in, its head sinks into the axilla and is brought more
in contact with the
scapula than with
the skin. The head
of the bone being al-
ways carried a little
downwards, some
lengthening must in
all cases really exist ;
but with the ordin-
ary method of
measuring the limb
this lengthening
may be replaced by
a normal measure-
ment, or even by
apparentshortening,
if the head of the
bone be carried a
good deal forwards
and inwards, and
thelimb be abducted. Fig. 20.—Subeoracoid Dislocation of the
When the head has Humerus.

left the glenoid

cavity abduction tends to bring the external condyle
nearer to the acromion, and these are the two points
between which the measurement i1s msually taken.
Thus the apparent Iength of the arm depends mainly
upon the degree of abduection of the humerus, or the
obliquity of the axis of the bone.

9. Subglenoid.—The head is below, and a little
in front of and internal to,.its normal position. It
-cannot go directly downwards, owing to the situation
of the long head of the triceps, hut escapes in the interval

. -..I| |_|'! ==

_—
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between that muscle and the subscapulams. The
articular head rests on the anterior aspect of the tri-
angular surface just below the glenoid fossa that gives
origin to the triceps. The upper border of the great
tuberosity is in close relation with the lower margin
of the joint. It is generally stated, on the authority
of Malle, that the ecirecumstance which prevents the
head of the bone from being drawn upwards is the
entirety of the anterior part of the capsule, the rent
being in the lower part only of that ligament. The
subscapularis muscle is much stretched or torn, and the
head usually lies beneath its tendon, and upon some
fibres of the disturbed muscle. The supraspinatus
will be torn. The infraspinatus will be stretched or
torn, and the two teres muscles will not be much affected
unless there be considerable abduction of the arm.
The coraco-brachialis and biceps will be strefched, but
owing to the amount of abduction usually present
the biceps tendon is but little deflected from a straight
line. The deltoid is greatly stretched, and its tension
serves to produce the extreme flattening of the shoulder
and the great abduction common in this injury. Some
lengthening is seldom absent, although it is always
modified by the abduction that exists.

3. Subspinous.—The head usually rests on the
posterior surface of the neck of the secapula, the groove
of the anatomical neck of the humerus corresponding
to the posterior lip of the glenoid fossa. The head
is thus placed beneath the acromion ; but it may be
displaced still farther back, and may rest on the dorsum
scapule, and beneath the scapular spine (Fig. 27).
The subscapularis tendon is drawn right across the
glenoid fossa, and is often torn from its attachment.
The head pushes back the hinder part of the deltoid,
the infraspinatus and teres minor muscles. These
latter cover the bone, and are stretched over it. The
supraspinatus is tense, as is also the biceps, while the
teres major and latissimus dorsi are relaxed. The
great pectoral is rendered unduly tense, and this serves
in part to explain the rotation inwards of the humerus,
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and the adduction forwards, that are usually observed,
those movements being more or less nnopposed. The
circumflex nerve is often
torn.

In redueing disloca-
tions, especially such as
are of long standing,
serions damage may be
inflicted on the axillary
structures. The axillary
artery suffers most fre-
quently, the vein rarely,
and the nerves still less
often. The artery, being
placed externally, 1s apt
to contract adhesions to
the soft parts covering
the head of the displaced
bone, and to be, there-
fore, torn when those
parts are disturbed. Fig. 27.—Subspinous Dislocation of

Fractures of the the Humerus.
upper end of the
humerus.—1. Anatomical neck.—The upper part
of the capsule is exactly attached to the anatomical
neck, and in this situation the fracture may run beyond
the ligament and be partly extracapsular. The lower
part of the capsule is inserted some little way below
the anatomical neck, and in this position, therefore,
the lesion must be intracapsular. From the line of
attachment of the lower part of the capsule to the
humerus, fibres are reflected nupwards to the margin
of the articular cartilage on the head of the bone. These
fibres, if unruptured, may serve to connect the frag-
ments. If entirely separated, the head of the bone
must necrose, having no such source of blood supply
as the head of the femur derives from the round ligament.
It is easy for the small and comparatively dense upper
fragment to be driven into the wide surface of cancellous
bone exposed on the upper surface of the lower fragment.
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When impaction occurs, there may be some fattening
of the deltoid, since the head is rendered of less dimensions
by that impaction, and consequently causes a less pro-
jection of the deltoid. It may be possible to detect
the impaction by examination through the axilla when
the arm is fully abducted. The difficulty of obtaining
crepitus in non-impacted fractures will be obvious
when the small size of the upper fragment is considered,
together with its great mobility, and the obstacles in
the way of so fixing it that one broken end may be
rubbed against the other.

The amount of displacement is to be measured by
the laxity of the capsule. The wusual deviation is a
projection of the upper end of the lower fragment to-
wards the anterior and inner side of the articulation,
brought about mainly by the muscles attached to the
bicipital groove. In no case could the two bone-ends
overlap.

2. Separation of the upper epiphysis.—The
lower border of this epiphysis is represented by a hori-
zontal line crossing the bone at the base of the great
tuberosity and placed between the anatomical and
surgical necks. It would be fairly indicated by a trans-
verse saw-cut through the widest part of the bone.
The three component nuclei of this epiphysis (head,
ereater and lesser tuberosities) fuse together about the
fifth year, and the entire mass joins the shaft about
the twentieth year. The upper fragment may be carried
and rotated a little outwards by the muscles attached
to the great tuberosity, while the lower fragment is
drawn inwards and forwards by the muscles inserted
into the bicipital groove. Thus, a part of the smooth
upper end of the lower fragment commonly forms
a distinet projection helow the coracoid process. In
such case the axis of the limb would be altered, and
the elbow carried a little from the side. Often, how-
ever, the displacement is solely in the antero-posterior
direction, the lower fragment projecting forwards. So
wide are the two bone surfaces at the seat of injury that
it is scarcely possible for them to overlap one another.
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3. Sargical neck.—The surgical neck is situated
between the bases of the tuberosities and the msertions
of the latissimus dorst and teres major musecles. A
common displacement of parts is the following. The
upper fragment is carried out and rotated out by the
supra- and infra-spinatus and teres minor. The upper
end of the lower fragment is drawn upwards by the

Fig, 28 —Amputation at Shoulder-joint (dap-method) (Agatz),

a, Glenoid cavity ; b, deltoid ; c. long head of biceps ; d, pectoralis major; e,
hiceps and coraco-brachialis ; 7. latissimus dorsi and teies major: g, triceps:
1, axillary veg=elg; 2 circambex vessels; 3. brachial plexus,

deltoid, biceps, coraco-brachialis, and triceps, inwards
by the muscles attached to the bicipital groove, and
furwarda by the great pectoral. Thus, it forms a pro-
jection in the axilla, and the axis of the limb is altered
so that the elbow projects from the side. This displace-
wmernt, however, is by no means constant. Pean, Anger,
and others maintain that the usual deformity is a prec-
jection of the npper end of the lower fragment forwards,
and that this deviation is due to the nature and direction
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of the violence, and not to muscular action. In some
cases there is no displacement, the broken ends being
retained in situ, probably, by the biceps tendon and the
long head of the triceps. In at least one instance (Jar-
javay) the lower fragment was so drawn upwards and
outwards, apparently by the deltoid, as to nearly pierce
the skin of the shoulder. Hamilton comes to the general
conclusion “that complete or sensible displacement is
less common at this fracture than in most other frac-
tures,” and in this conclusion many surgeons agree.

Amputation at the shoulder joint.—“ Flap
method " ; “deltoid flap.” In the outer flap are only
the deltoid and a few small vessels derived from the
acromio-thoracic and the two circumflex arteries. The
cephalic vein and descending branch of the acromio-
thoracic artery are in the inner flap. The anterior and
posterior borders of the inner flap show portions of the
deltoidd muscle. Along its lower border from before
backwards are sections of the pectoralis major, the short
head of the biceps and coraco-brachialis, the axillary
vessels and nerves, the latissimus dorsi and teres major,
the triceps, and the posterior portion of the deltoid.
The trunks of the posterior circumflex artery and nerve
are found divided on the posterior part of the surface
of the flap, between the sections of the triceps and del-
toid, and not far from the angle between the two flaps.

Oval method (Spence). The parts cut and the order
of their division are practically the same as obtain in
the anterior and inferior borders of the two flaps made
in the previous method. The anterior incision, being a
little more vertical than is the gap between the two flaps,
divides more of the pectoralis major and cuts the cephalic
vein higher up. The posterior circumflex vessels and
nerve are separated from the bone by the finger and are
retained, one advantage of the procedure being that
only a few of the terminal branches of that artery are
divided.
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CHAPTER X1l
THE ARM.

THE wrm, upper arm, or brachial region is considered
to extend from the axilla above to the region of the elbow
helow.

Surface anatomy.—In women, and in those who
are fat, the outline of the arm is rounded and fairly
regular. It is less regular in the muscular, in whom
it may be represented by a cylinder, somewhat flattened
on either side and unduly prominent in front (biceps
muscle). The outline of the biceps muscle is distinet,
and on either side of it is a groove. The inner of the
two grooves is by far the more conspicuous. It runs from
the bend of the elbow to the axilla, and indicates gener-
ally the position of the basilic vein and brachial artery.
The outer groove 1s shallow,. and ends above at the in-
sertion of the deltoid musele. So far as it goes it marks
the position of the cephalic vein.

The insertion of the deltoid can be well made out,
and is an important landmark. It indicates very pre-
cisely the middle of the shaft of the humerus, is on
the same level with the insertion of the coraco-brachialis
muscle, and marksthe upper limit of the brachialis anticus.
It corresponds also to the spot where the cylindrical
part of the humeral shaft joins the prismatic portion,
to the point of entrance of the nutrient artery, and to
the level at which the musculo-spiral nerve and superior
profunda artery cross the back of the bone.

When the arm is extended and supinated, the brachial
artery corresponds to a line drawn along the inner
border of the biceps, from the outlet of the axilla (at
the junetion of its middle and anterior thirds) to the
middle of the bend of the elbow. The artery is super-
ficial, and can be felt in its entire extent. In its upper
two-thirds, it lies on the inner aspect of the shaft of the
humerus, and can be compressed against the bone
by pressure in a direction outwards and slightly back
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wards. In its lower third the humerus lies behind it,
and compression, to be effectual, should be directed
backwards.

The inferior profunda would be represented by a
line drawn from the inner side of the humeral shaft
at its middle to the back part of the internal condyle.
The nutrient artery enters the bone at its inner aspect
opposite the deltoid insertion, and the anastomotic
vessel comes off about 2 inches above the bend of the
elbow.

The ulnar nerve follows first the braclhial artery,
and then a line drawn from the inner side of that vessel,
about the level of the insertion of the coraco-brachialis
to the gap between the inner condyle and the olecranon.
The main part of the internal cutaneous nerve is be-
neath the inner bicipital groove, while the superficial
portion of the musculo-cutaneous corresponds to the
lower termination of the outer groove.

The aarm.—The skin of the arm is thin and smooth,
especially in front and at the sides. It 18 very mobile,
being but loosely attached to the deeper parts by a lax
subcutaneous fascia. In circular amputations of the
arm this looseness of the integument allows it to be
sufficiently drawn up by traction with the hand only.,
It 18 from the integument covering the anterior surface
of the biceps that the flap is fashioned in Tagliacozzi's
operation for the restoration of the nose. The fineness
of the skin of this part, and its freedom from hairs,
render it very suitable for this procedure. The scanty
attachments of the skin of the arm allow it to be readily
torn or stripped away in lacerated and contused wounds.
Sometimes in these lesions large flaps of integument
are violently dissected up. The looseness of the sub-
cutaneous tissues favours greatly the spread of inflam-
matory processes, while its comparative thinness allows
of the early manifestation of ecchymoses.

The limb is completely invested with a deep fascia.
the brachial aponeurosis, as by a sleeve. The fascia
is held down at the sides by the two intermuscular
septa which are attached along the outer and inner
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margins of the humerus, running from the deltoid
insertion to the outer condyle on the one side, and from
the coraco-brachialis insertion to the inner condyle
on the other. By means of this aponeurosis and its
septa the arm is divided into two compartments, that
can be well seen in transverse sections of the limb.
These compartments serve to confine inflammatory
and hsemorrhagie effusions. The anterior of the two
spaces has the less substantial bou ndaries, owing to
the thinness of the brachial fascia as 1t covers the blLﬁ[]‘:
Effusions can readily pass from one compartment to
the other by following the course of those structures
that, by piercing the intermuscular septa, are common
to both spaces. These are the musculo-spiral and
ulnar nerves, the superior and inferior profunda, and
anastomotic arteries. The principal structures that
pierce the brachial aponeurosis itself are the basilic
vein, a little below the middle of the arm, the internal
cutaneous nerve, about the middle, and the external
cutaneous nerve, just above the elbow. The two first
named are in the inner bicipital groove, and the last
named in the outer.

The skin over the point of insertion of the deltoid
was commonly selected as a suitable place for an issue
at a time when that remedy was popular. The reasons
for such selection were the absence of blood-vessels of
any size in the parts beneath, and the freedom of the
spot from muscular movement. The brachialis anticus
is elosely adherent to the bone, while the biceps is free.
It follows, therefore, that in section of these muscles,
as in amputation, the latter muscle retracts more con-
siderably than does the former. It is well, therefore,
in performing a ecircular amputation, to divide the
biceps muscle first, and then after i1t has retracted to
cut the brachialis anticus.

The brachial artery.—The line of this vessel
has already been given. It is well to note that in the
very muscular the artery may be overlapped to a con-
siderable extent by the biceps muscle. Compression
of the brachial, unless performed carefully with the

P
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fingers, can hardly avoid at the same time compression
of the median nerve. Thus, no doubt, arises the severe
pain that is often complained of when tourniquets, or
circular indiarubber bands, are applied to the limb.
It must also be remembered that the internal eutaneous
nerve lies in front of the vessel, or close to its inner
side, until it pierces the fascia; that the ulnar nerve
lies along the inner side of the artery as far as the coraco-
brachialis insertion ; and that behind the commencement
of the vessel is the musculo-spiral nerve. The venz
comites are placed one on either side of the artery, and
communicate frequently with one another by short
transverse branches which directly cross the wvessel,
and which may give trouble in operations upon the
artery. If in ligaturing the artery at its middle third
the arm rests upon any support, the triceps may be
pushed up and mistaken for the biceps. If the incisions
be too much to the inner side the basilic vein may be
cut, or the ulnar nerve exposed and mistaken for the
median. Tillaux states that in the operation a large
inferior profunda artery has been taken for the brachial.
Inasmuch as the median nerve often derives distinct
pulsation from the subjacent vessel, it happens that
1n the living subject it has been confused with the main
artery itself.

Abnormalities in the arrangement of the brachial
artery are so frequent (they occur in 12 to 15 per cent.
of arms) as to be of surgical importance. It 18 not
unusual to find a collateral branch (vas aberrans) arising
from the upper part of the brachial or lower part of the
axillary, passing down the arm, superficial to the median
nerve, and ending in the radial or sometimes the ulnar
arterv. The wvas aberrans may replace the brachial,
in which case the artery will be found superficial instead
of deep to the main vessel, and the profunda vessels
arise from the remnant of the real brachial artery.
This superficial brachial vessel may pass under the
supra-condyloid process, a hooked projection of bone
which ocecasionally springs from the inner aspect of
the humerus, 2 inches above the epicondyle,
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The musculo=-spiral merve., from its close
contact with the bone, which it crosses at the level
of the deltoid insertion, is frequently injured and torn.
Thus it has been damaged in severe contusions, in kicks,
in stabs, in bites from horses, and very frequently in
fractures of the humeral shaft; or the nerve may be
sound at the time of fracture, and become subsequently
so involved in the callus formed as to lead to paralysis
of the parts it supplies. In a case reported by Tillaux,
where paralysis followed some time after a fracture,
the nerve was found embedded in callus, and on cutting
some of the redundant mass away a good recovery
followed. In several instances the nerve has been
paralysed by the pressure of the head when a man
has slept with his head resting on the arm in the position
of full supination and abduction. It is said to be often
paralysed in Russian coachmen who fall asleep with
the reins wound round the upper arm. It has also
been frequently damaged by the pressure of badly
constructed ecrutches, especially those that afford no
proper support for the hand. Indeed, it is the nerve
most often affected in “ecrutch paralysis,” the ulnar
being the trunk that suffers next in frequency.

Fracture of the shaft of the humerus is
usually due to direct violence. The shaft may, how-
ever, be broken by indirect violence, and of all hones
the humerus is said to be the one most frequently frac-
tured by muscular action. As examples of the latter
may be noted the throwing of a ball, the clutching
at a support to prevent a fall, and the so-called trial
of strength known as " wrist turning.” When the
bone is broken above the deltoid insertion the lower
fragment may be drawn upwards by the biceps, triceps,
and deltoid, and outwards by the last-named musecle ;
while the upper fragment is drawn inwards by the
muscles attached to the bicipital groove. When the
fracture is below the deltoid insertion, the lower end
of the upper fragment may be carried outwards by
that musele, while the lower fragment is drawn upwards
to its inner side by the biceps and triceps. The
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deformity, however, as a rule depends much more
upon the nature and direction of the force that breaks
the bone than upon any muscular action. The dis-
placements just noted may be met with, but usually

they are quite independent of the relation of the deltmd
insertion to the seat of fracture, and cannot be tabulated.
The weight of the arm seldﬁm allows of more than
three-quarters of an inch of shortening.

The humerus is more frequently the seat of ron-union
after fracture than is any other bone. This result is
quite independent of the position of the fracture in
relation to the nutrient artery. Hamilton's explanation
is briefly this: the fracture is usually so adjusted that
the elbow is flexed ; this joint soon becomes fixed by
muscular rigidity, and when any movement 1s made as
if to flex or extend the fore-arm on the arm, that move-
ment no longer occurs at the elbow joint, but at the
seat of fracture. Thus, if the arm be in a sling,
and the patient allows the hand to drop by relaxing
that sling, it is maintained that the bulk of that move-
ment will take place about the fracture line. There
are many objections to this theory. If true, the tendency
to movement about the fragments would be the greater
the farther the fracture is from the elbow joint, but
non-union is more common at the middle than at the
upper third of the shaft. Probably many causes con-
spire to bring about non-union of fractures of this bone,
among which may be mentioned the imperfect ﬁxmg
of the joint above the fracture, and the inadequate
support afforded to the elbow, whereby the weight
of the arm and of the splints tends to drag the lower
fragment out of the proper line it should form with
the upper fragment. The most effective cause would
appear to be due to the entanglement of muscular tissue
between the broken ends, for it must be remembered
that the shaft of the bone is closely surrounded by
muscular fibres that are directly adherent to its surfaces.
Thus, in an oblique fracture the end of one fragment
may be driven into the brachialis anticus, while the
other end projects into the substance of the triceps,
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and immediate contact of the bones may be consequently
prevented.

Amputation through the middie of the
arm.—Circular method : The parts divided in this
amputation are fully shown in Fig. 29. Flap method :
Two flaps of about equal size and shape may be cut
antero-posteriorly, the arm being well rotated outwards.
In the anterior flap
would be the biceps
and the greater part
of the brachialis anti-
cus, with the musculo-
cutaneous nerve be-
tween them, and a
small piece of the
triceps from the inner
side of the limb. The
brachial vessels, the
median and ulnar
nerves, and possibly
the inferior profunda
artery, are also found
in this flap, about the

inner angle of the - T SRS
15 ige, 20, — nsverse section throng
stump. The basilic *& middle of the Arm (Braune).

vein and thEI‘HEll @, Biceps; b, coraco-brachialis: e, brachialis
cutaneous nerve lie " miicidh ey brachi dery s e
about theinner border  nerve.

of the anterior flap,

and the cephalic vein about its outer border. In
the posterior flap would be the triceps, any small part
of the outer portion of the brachialis not divided in the
anterior flap, the superior profunda artery, and the
musculo-spiral nerve. If the amputation be lower
down in the arm, the ulnar nerve and inferior profunda
artery may be found in the posterior instead of the
anterior flap. Since the nutrient artery enters the
bone about the insertion of the coraco-brachialis and
runs towards the elbow, it would be divided in these
amputations, and might give trouble.
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CHAPTER XIIL
THE REGION OF THE ELBOW.

Surface anatomy.——0On the anterior aspect of the
elbow are seen three muscular elevations. One, above
and in the centre, corresponds to the biceps and its
tendon ; while, of the two below and at the sides, the
outer corresponds to the supinator longus and the
common extensor mass, and the inner to the pronator
radil teres and the common set of flexor musecles. The
arrangement of these elevations is such that two grooves
are formed, one on either side of the biceps and 1ts tendon.
The grooves diverge above, and join the outer and mner
bicipital grooves, while below they meet over the most
prominent part of the tendon, and thus form together
a V-shaped depression. The distinctness of these details
depends upon the thinness and muscular development
of the individual. In the inner of the two grooves are
to be found the median nerve and the brachial artery
and its veins ; while deeply placed below the outer groove
are the terminations of the musculo-spiral nerve and
superior profunda artery, with the small radial re-
current vessel. The biceps tendon ean generally be very
distinctly felt. Its outer border is more evident than
is its inner edge, owing to the connection of the bicipital
fascia with the latter side of the tendon. Extending
transversely across the front of this region is a erease
in the intecument, the “fold of the elbow.” This fold -
is not a straight line, but is convex below. It is placed
some little way above the line of the articulation, and its
lateral terminations correspond to the tips of the two
condylar eminences. In backward dislocations of the
elbow the lower end of the humerus appears about
1 inch below this fold, whereas in a fracture of the
humerus just above the condyles the fold is either opposite
to the prominence formed by the lower end of the upper

fragment, or is below it. This crease i3 obliterated
on extensmn.
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At the apex of the V-shaped depression, about the
spot where the biceps tendon ceases to be distinctly
felt, and at the outer side of that tendon, the median
vein divides into the median basilic and the median
cephalic. At the same spot also the deep median vein
joins the superficial vessels. The median basilic vein
can be seen to cross the biceps tendon. to follow more
or less closely the groove along the inner border of the
muscle, and to join, a little above the internal condyle,
with the posterior ulnar vein to form the basilic trunk.
The median cephalie, following the groove at the outer
margin of the biceps, joins, about the level of the external
condyle, with the radial vein to form the cephalic vein.
The brachial artery bifurcates about a ﬁnger s breadth
below the centre of the bend of the elbow. “The coro-
noid process of the ulna can be indistinetly felt, if firm
pressure is made in the triangular space in front of the
joint 7 (Chiene). The points of the two condyles can
always be felt. The internal condyle is the more prom-
inent and the less rounded of the two. The humero-
radial articulation forms a horizontal line, but the
humero-ulnar joint is oblique, the joint surfaces sloping
downwards and inwards. Thus it happens that while
the external condyle i1s only £ of an inch (18 mm.) above
the articular line, the point of the internal condyle 1s
more than 1 inch (28 mm.) above that part (Paulet).
From the obliquity of the joint surfaces between the
ulna and humerus, it follows that the fore-arm, when
in extension, is not in a straicht line with the upper
arm, but forms with it an angle that opens outwards.
Thus, when traction is made upon the entire upper
limb from the wrist, some of the extending force is
necessarily lost, ‘and such traction, themfﬂre, should
be apphed from the elbow, as is the usual practice m
reducing a dislocation of the shoulder by manipulation.
A line drawn through the two condyles will be at right
angles with the axis of the upper arm, while it will form
an angle with the axis of the fore-arm. Thus if we look
at the upper arm, the two condyles are on the same
level, whereas, when viewed from the fore-arm, the
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inner condyle lies at a higher level than does the external
process.

The joint line of the elbow is equivalent only to
about two-thirds of the width of the entire line between
the points of the two condyles (Fig. 31, p. 243). The
prominence of the condyles forms a capital point d appui
for traction by encircling bands applied to the lLimb
above the elbow joint. At the back of the elbow the
prominence of the olecranon is always to be distinctly
felt. It lies nearer the internal than the external con-
dyle. Inextreme extension the summit of the olecranon
is a little above the line joining the two condyles. When
the fore-arm is at right angles with the arm, the tip of
the process is below the line of the condyles, and in
extreme flexion it lies wholly in front of that line. Be-
tween the olecranon and the inner condyle is a depression
that lodges the ulnar nerve and the posterior ulnar
recurrent artery.

To the outer side of the olecranon, and just below
the external condyle, there is a depression in the skin
which is very obvious when the limb is extended. This
pit is to be seen even in those who are fat, and also
in young children. In it the head of the radius can be
felt, and can be well distinguished when the bone is
rotated in pronation and supination. The pit corre-
sponds to the hollow between the outer border of the
anconeus and the muscular eminence formed by the
two radial extensors of the carpus and the supinator
longus. The highest point of the bone that can be
felt moving on rotation will correspond to the radius
immediately below the line of the elbow joint, and is a
valuable guide to that articulation. The upper limit of
the elbow joint reaches a line drawn between the point
of the two condyles. The tubercle of the radius can be
felt just below the head of the bone when the limb 1s in
the position of extreme pronation.

The regiom of the elbow.—The skin in front
of the elbow is thin and fine, and is readily excoriated
by tight bandaging and by improperly appled sphnts.
The thinness of the skin allows the subjacent veins to
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be easily seen through the integuments, but the
distinctness with which these veins appear depends
mainly upon the amount of subcutaneous fat. In
the very stout they may be quite invisible, and it may
be difficult or impossible to rencer
them evident by the usual means
adopted in venesection. Tillaux
points out that if such people
are bled a pellet of fat will often
project into the wound and
prevent the flow of blood.

The arrangement of the
superficial veins in front of
the elbow, so as to form an
M-shaped figure, 1s famihar, but
it must be confessed that it is
by no means constant (Fig. 30).
So far as 1 have seen, it would
appear that the precise M-like
arrangement figured in most
books is only present in about
two-thirds, and perhaps in only
one-half, of all cases.

The median vein breaks up
into the median cephalic and
median basilie, just to the outer
side of the biceps tendon, and, -
therefore, the latter vein passes Fig: AT ot By
in front of the tendon, of the , Basilic vein;: b cephatic
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brachial artery and its veins, L i ot
and of the median nerve. From @& the radius yoints to
these struectures it is separated ¢, radial vein; f, median
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by the bicipital fascia. The vein,

median basilic vein may ecross

the brachial artery abruptly, and be comparatively
free of it, except at the point of crossing, or it
may run for some distance quite in front of the
artery, or, crossing it early, it may lie parallel with the
vessel, although at a different level, for the greater part
of its course. As regards size, the median basilic is
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usually the largest of these veins, the median cephalic
coming next, and the median itself third, while the ulnar
and radial veins are the smallest of the series. These
veins are liable to many abnormalities, some of the most
conspicuous being in cases where the main arteries of
the part also are abnormal. The deviation is more usual
in the veins on the radial than in those on the ulnar
side of the limb. Thus it is common for the radial
or the median ecephalic veins, or both, to be either very
defective or entirely absent. In spite of the relation
the median basilic vein bears to the brachial artery,
it 1s nevertheless the vein usually selected in veneseection
and transfusion. The reasons for its selection are these :
it is usually the largest and most prominent of the veins,
and the one the nearest to the surface; it is also the
least movable vein, and the one the least subject to
variation. The bicipital fascia forms an excellent pro-
tection to the brachial artery during phlebotomy. The
density of that membrane varies, and depends mainly
upon the degree of muscular develnpment In thin
subjects the median basilic vein may receive pulsations
from the subjacent artery. According to one observer,
the walls of this vein are often as thick as those of the
popliteal vein. The ulnar, radial, and median veins
seldom yield enoungh blood on venesectmn since they
are helow the point of junction of the deep medmn vein,
and thus do not receive blood from the deep veins of the
limb, The brachial artery has, as may be supposed,
heen frequently injured in bleeding ; and at the period
when venesection was very commonly practised, arterio-
venous aneurisms at the bend of the elbow were not
infrequent. Since the pﬂnclpai surerﬁclal lymphatie
vessels run with these veins, and since some of them
can scarcely escape injury in phlebotomy, it follows
that an acute lvmphangitis 1s not uncommon after the
operation, especially when, the point of the lancet being
unclean, septic matter is introduced into the wound.

The internal cutaneous nerve, which usually runsin
front of the median hasilic vein, may be wounded in
bleeding” from that vessel. The injury to the nerve,
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according to Tillaux, may lead to “ traumatic neuralgia
of extreme intensity, and very chronic.” A “bent arm”
may follow after venesection, and Mr. Hilton believes
this to be often due to injury to the filaments of the
musculo-cutaneous nerve, especially to the inclusion
of those filaments in a scar left by the operation. The
cutaneous branches of this nerve lie over the median
cephalic vein. These peripheral fibres being irritated,
the museles supplied from the same segment of the cord
(biceps and brachialis anticus) are caused to contract
by reflex action. Hence the bent arm. In one case
he cured a bent arm following bleeding by resecting
the old sear, which on removal was found to have in-
cluded within its substance some nerve filaments,

There is a lymphatie gland situated over the
internal intermuscular septum of the arm, and just
above the internal condvle. It receives some of the
surface lymphatics from the inner side of the fore-arm,
and two or three inner fingers. In position, it is the
lowest gland in the upper limb,

The brachial artery.—In forcible flexion of the
limb the artery is compressed between the muscular
masses in front of the joint, and the radial pulse is much
diminished or even checked. The artery may divide
in the lower third of the arm, and in such cases the
ulnar artery may pass over the bicipital fascia. Aneur-
isms at the bend of the elbow have been treated by flexion
of the limb, that position bringing more or less direct
pressure to bear upon the sac. In full extension of the
joint the artery becomes flattened out, and the radial
pulse diminished. In the over extension possible with
fractured olecranon the pulse may be stopped at the
wrist. Foreible extension of an elbow that has become
ricid in the bent position has caused rupture of the
brachial artery.

The uninar merve is, from its position at the
elbow, very lialle to be injured. Tt passes on a groove
behind the internal epicondyle. The nerve may pass
in front of the internal condyle, and an instance is
reported where the nerve slipped forward over that
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eminence whenever the elbow was bent(Quain). In cases
where an abnormal brachial passes beneath a supra-
condyloid process the median nerve goes with the artery.
In exposing the ulnar nerve (for nerve stretching, ete.)
behind the elbow the nerve may be found quite covered
by an oecasional musele, the epitrochleo-anconeus.

The elbow joint.—The strength of this joint
depends not so much upon either ligaments or muscles
as upon the coaptation of the bony surfaces. The
relations of the olecranon and coronoid process to the
humerus are such that in certain positions the strength
of the joint is very considerable.

The elbow, being a pure hinge-joint, permits only of
flexion and extension. These movements are oblique,
so that in flexion the fore-arm inclines inwards, carrying
the hand towards the middle third of the clavicle, If
it were not for the obliquity of the joint line it woald
be possible for the hand to be placed flat upon the
shoulder of the same side, but this movement is only
possible after some excisions of the joint, for in this
operation the oblique direction of the articular surfaces
15 not reproduced. In extreme extension the ulna is
nearly in a straight hne with the humerus as regards
their lateral planes, while in extreme flexion the two
bones form an angle of from 30° to 40°.

Burs@.—Of the burse about the joint the large
subcutaneous bursa over the olecranon is very com-
monly found enlarged and inflamed ; and when inflamed
may lead to extensive mischief in the limb. Its enlarge-
ment is favoured by certain employments mvc-ivmg
pressure on the elbow; thus, the disease known as
“miner s elbow ” is merely an enlargement of this sac.
There 1s a bursa between the biceps tendon at its
insertion and the bone, the relations of which to the
nerves of the fore-arm are worth noting. A case, for
instance, is reported where this bursa became chmmeally
enlarged and by pressing upon the median and posterior
interosseous nerves produced loss of power in the fore-arm
(Agnew).

Of the ligaments of the elbow-joint, the anterior
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and posterior are comparatively thin, and the latter
especially soon yields to the pressure of fluid within
the joint in disease of the articulation. The internal
lateral is the strongest and most extensive of the liga-
ments of the part. From its rigidity, its extended
attachment, and the fact that it serves to limit not
only flexion and extension, but also any attempt to
wrench the fore-arm laterally from the arm, it happens
that it is the licament that suffers the most often in
“sprains 7 of the elbow. As this ligament is attached
to the whole length of the inner border of the olecranon,
1t may assist in preventing separation of the fragments
when that process has been fractured.

Joint disease.—In disease of this joint the
effusion first, and most distinctly, shows itself by a
swelling around the margins of the olecranon. This
is explained by the facts that the synovial cavity is
here nearest to the surface, and that the posterior liga-
ment is lax and thin. Some swelling is also soon noticed
about the line of the radio-humeral joint, and fluctuation
in this situation serves to distinguish joint effusion
from simple enlargement of the bursa beneath the
triceps tendon. Deep-seating swelling may be noted
about the front of the joint beneath the brachialis
anticus, owing to the thinness of the anterior ligament ;
and lastly, about the external condyle. The density
of the internal ligament prevents a bulging of the
synovial membrane on the inner side. When the
joint suppurates the pus will most easily reach the
surface by travelling upwards and backwards between
the humerus and the. triceps, and the abscess points,
therefore, very commonly at one or other border of that
muscle. The pus may escape beneath the brachialis
anticus in front, and discharge itself near the insertion
of the muscle. When the bone is diseased the sinuses
form usually directly over the part attacked. The
diseased elbow tends to assume the posture of semi-
flexion, and it is interesting to observe that that is the
position assumed by the joint when forcible injections
are made into its cavity (Braune). The joint, in fact,
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holds the greatest amount of fluid when 1t 1s semi-flexed.
As regards muscular rigidity of the elbow, due to reflex
irritation from disease, it is well to note that all the
nerves of the articulation supply muscles acting upon
the joint, notably the musculo-spiral and musculo-
cutaneous. The relation of the ulnar nerve to the
joint serves to explain cases where severe pain has been
felt along the fore-arm and in the fingers, in parts cor-
responding to the distribution of that nerve. The
upper epiphysis of the radius and the greater part of
the lower epiphysis of the humerus are intrasynovial,
t.e. come within the capsule of the joint. The com-
paratively small upper epiphysis of the ulna is only
partly within the capsule (Fig. 31, p. 243).

Dislocations of the elbow.——These are many,
and may be thus arranged. (1) Dislocations of both
radius and ulna either backwards, outwards, inwards,
or forwards (in order of frequency). (2) Dislocations
of the radius alone either forwards, backwards, or
outwards (in order of frequency). (3) Luxation of
the ulna alone backwards.

As a preliminary it may be convenient to note some
general anatomical considerations in connection with
these various displacements.

(a) Antero-posterior luxations are much more common
than are lateral luzations.—Displacements in the antero-
posterior direction are more common because the
movements of the joint take place in that direction,
and the width of the articular surface of the humerus
from before backwards is comparatively small. On
the other hand, there is normally no lateral movement
of the elbow, and the width of the articulation from
side to side is considerable. The antero-posterior liga-
ments are feeble, while the lateral ligaments are strong,
and the joint, moreover, receives more muscular support
at its sides than it does either behind or in front. The
mutual support afforded by the bones to one another
is weakened in the antero-posterior direction during
certain movements. Thus in full flexion the olecranon
has but a feeble hold upon the humerus, while in
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extension the hold of the coronoid process upon that
bone is even less. In a lateral direction, however,
movement has but a very slight effect upon the support
the bones mutnally derive from one another.

(b) Both bones of the fore-arm are wmore often
luzated together than is either the radius alone or the
ulna alone. This depends upon the powerful liga-
‘mentous connection between the radius and ulna on
the one hand, and the absence of such econnection
between the humerus and the radius on the other.
In the dead subject it is not difficult to dislocate the
two bones of the fore-arm, but it is extremely difficult
to separate the radius from the ulna without great
breaking and tearing of parts.

(¢) The commonest dislocation of the two bones
together is backwards, the rarest is forwards.—In the
former instance the movement is resisted by the small
coronoid process, in the latter by the large and curved
olecranon. For like reasons the luxation outwards
1s less rare than is the displacement inwards, since the
articular surface of the humerus inclines downwards
and inwards on the inner side, and thus affords a greater
obstacle in that quarter.

(d) If a single bone be dislocated it will usually be
the radius.-—This follows from the absence of reliable
union between that bone and the humerus, from the
greater exposure of the radius (" the handle of the hand ™)
to indireet violence, and from its greater mobility.
The luxation is usually forwards, due to the fact that
the forms of violence that tend most often to displace
the bone tend also to draw it forwards. Paulet asserts
that the posterior part of the annular ligament is “ much
more resistant ” than is the anterior part. The luxation
of the ulna alone occurs in the backward direction,
for reasons that will be obvious.

Dislocations of the elbow of all kinds may be partial
or complete. More usually they are complete when
in the antero-posterior direction, and partial when the
luxation is lateral.

Some more detailed notice may now be taken of
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the only two forms of dislocation at the elbow that
are at all common.

(1) Displacement of both bomes back-
wards.—This may be effected during forced exten-
sion. Here the point of the olecranon pressed against
the humerus acts as the fulecrum of a lever of the second
kind, and tends to tear the ulna from the lateral bone.
The addition of violence to the fore-arm in a backward
or upward direction would effect the actual displacement.
This condition may be illustrated by a fall, as in running,
upon the fully extended hand. The lesion may also be
produced by certain violent wrenchings of the limb.
Malgaigne maintained that the particular kind of wrench
most effectual in producing luxation was a twisting
inwards of the fore-arm while the elbow was semi-flexed.
In this way the internal lateral ligament was ruptured,
and the coronoid process twisted inwards and downwards
under the humerus, and the bones thus displaced back.
This lesion would be difficult to effect while the joint
was fully flexed. In the complete form the coronoid
process is opposite to the olecranon fossa. It can hardly
occupy that hollow (as sometimes deseribed), since the
connection of the ulna to the radius, and the projection
of the latter bone behind the outer condyle, would
prevent it from actually falling into the fossa. The
anterior and the two lateral ligaments are usually more
or less entirely torn, while the posterior and the orbi-
cular ligaments escape. The biceps is drawn over the
lower end of the humerus, and is rendered moderately
tense. The brachialis anticus is much stretched and
often torn. The anconeus is made very tense. Both
the median and ulnar nerves may be severely stretched.

(2) Dislocation of the radius forwards.—This
may be due to direct violence to the bone from behind,
or to extreme pronation, or to falls upon the extended
and pronated hand. The anterior, external, and an-
nular ligaments are torn. There would seem to be a
lack of evidence in support of Hamilton’s statement
that “sometimes the anterior and external lateral
are alone broken, the annular ligament being then
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sufficiently stretched to allow of the complete dislocation.”
The biceps being relaxed, the pronators act, and the
limb is either pronated or assumes a position midway
between pronation and supination. Some stretching
of the supinator brevis would probably modify the
amount of pronation. A difficulty in the reduction
18 often due to the torn annular ligament coming between
the head of the radius and the humeral condyle.

Sprain of the elbow.—Mr. J. Hutchinson,
jun., has shown that in young children, under five
years, forcible traction of the limb in the supinated
position may cause the radius to slip downwards, away
from the orbicular ligament, which is displaced up-
wards. Flexion of the elbow in the pronated position
restores the ligament to its normal position. It is
clear that this displacement is the anatomical basis
of the common sprain of the elbow met with in young
children, and usually due to violent traction of the
hand. The oblique ligament, which passes from the
ulna downwards and outwards to the radius below the
insertion of the biceps and the supinator brevis resists
such a displacement.

Fracuares of the lower end of the humerus.
—These are: (1) A fracture just above the condyles;
(2) “the T-shaped fracture” involving the joint;
(3) fractures of the internal, and (4) of the external
condyle ; (5) fracture of the internal epicondyle ; and
(6) separation of the lower epiphysis. All these frac-
tures are more common in the young.

1. The fracture “at the base of the condyles,” as
1t 1s sometimes called, 13 usually situate a little above
the olecranon fossa, where the humeral shaft begins
to expand. It is commonly transverse from side to side,
and oblique from behind downwards and forwards.
It i1s generally the result of a blow inflicted upon the
extremity of the elbow. Probably the tip of the ole-
cranon driven sharply against the bone acts like the
point of a wedge, and takes an important share in the
production of the fracture. The lower fragment,
together with the bones of the fore-arm, is generally

Q
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carried backwards by the triceps, and upwards by that
muscle, the biceps, and the brachialis anticus. The
median or ulnar nerves, especially the latter, may be
severely damaged.

2. The “ T-shaped fracture” i1s but a variety of the
lesion just noted. In addition to the transverse fracture
above the condyles, there 1s also a vertical fracture
running between the two condyles into the joint. The
lower fragment i1s thus divided into two parts. The
displacement is the same. The fracture is very usually
due to a fall upon the bent elbow, and here possibly
also the tip of the olecranon acts as a wedge, producing
the transverse fracture, while the prominent ridge
along the middle of the greater sigmoid cavity, acting
as a second wedge, produces the vertical fracture into
the joint.

3, 4, and 5. For surgical purposes it is well to limit
the term “condyle” to such parts of the extremity of
the humerus as are within the capsule, and the term

“epicondyle " to such parts of the lower pI‘ﬂ]BthOIl.ﬂ
of the bone as are without the joint.

In the so-called fracture n:)f the nner condyle the
line of separation generally commences about 4 an inch
above the tip of the epicondyle (and, therefore, outside
the joint), and running obliquely outwards thmugh
the olecranon and coronoid fossa, enters the articulation
through the centre of the trochlear surface (Hamilton).
The fragn‘mnt is often displaced a little upwards, back-
wards, and inwards, the ulna going with it.

In the fracture of the external condyle the ine com-
mences also above the epicondyle and outside the joint,
and running downwards enters the joint usually between
the trochlear surface and the surface for the radius.
The displacement is trifling and inconstant.

On account of its insignificant size, a fracture of
the external epicondyle 1s scarcely possible. Fractures
of the inner epicondyle are, however, quite common,
the joint remaining free (Fig. 31). This epicondyle
exists as a distinet epiphysis, which unites at the age
of eighteen,and which at any time before that age may
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be separated from the bone by direct injury or muscular
violence. Owing to the dense aponeurotic fibres that
cover the part, much displacement of the fragment is
uncommon. When displacement exists, 1t 1s in the
general line of the common flexor muscles that arise
from the tip of the process. In such cases the ulnar
nerve, which lies behind the process, is often damaged.

Fig, 31.
i. Lower Epiphysis of the Humerus  ii. Section of Upper Extremity of
from behind. the Ulna, showing the small size
of its epiphysis.

A, Centre for intéernal epicondyle; B,C.D, CAF., Attachment of capsule; o, epi-
united centresafor the trochlea, capi- physls of olecranon.
tellum, and external epicondyle ;
E,E, epiphyseal line; cap., iine
(stippled) at which capsule 18 at-
tached.

6. The lower epiphysis (Fig. 31). The line of this
epiphysis 1s irregular, running across the bone
between the tips of the two condyles. It presents
several ossific nuclei, which, with the exception of the
nucleus for the inner epicondyle, unite with the main
bone about the seventeenth year. Thus, after the
age of seventeen the growth of the bone must depend
upon the activity of the upper epiphysis, which does not
unite until twenty. Excision of the elbow, therefore,
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after the sixteenth or seventeenth year, will not be
followed by arrest of development in the limb, even if
the epiphyseal line has been transgressed by the saw.
Several cases are, however, reported of marked arrest
of growth in the limb following upon injuries to the
lower epiphysis before the sixteenth year, and to the
upper epiphysis before twenty. Since the epiphyseal
line is almost wholly within the eapsule, it follows that
but little displacement, other than a slight movement
backwards, is consequent upon the separation of the mass.
Fractures of the oleeranon are commonly due
to direct violence, and in a few cases to severe indirect
violence applied to the lower end of the humerus or
upper end of the ulna. Instances of fracture by
muscular action are few, and open to some question.
The fracture is most commonly met with about the
middle of the process, just where it begins to be con-
stricted, and is usually transverse in direction. The
amount of displacement effected by the triceps varies,
and depends upon the extent to which the dense peri-
osteum about the process and the ligaments that are
attached to i1t are torn. The olecranon is developed
mainly from the shaft of the ulna (Fig. 31). There is a
small epiphysis, however, at the summit of the process
which joins the rest of the olecranon at the age of seven-
teen. It is a mere shell of bone. In young subjects
this scale-like epiphysis may be separated by violence, or
the cartilaginous olecranon may be dissevered from the
rest of the bone. The common fracture of the adult
olecranon does not follow the epiphyseal line.
Fracture eof the coromoid process is an
extremely rare accident. It is impossible to understand
how the process can be torn off by the action of the
brachialis anticus, as some maintain, since that musecle
1s inserted rather into the ulna at the base of the projec-
tion than into the processitself. Nor can it be separated
as an epiphysis, as supposed by others, since it does not
exist as such,
- Fractures of the head or neck of the radius
arc rare, and occur usually with dislocation or other



Chap. X111.] 7HE REGION oF THE ELBow. 245

severe injury. The head is commonly found split or
starred, and the lesion, if limited to the head, could
hardly be diagnosed. The upper epiphysis of the radius
1s entirely within the limits of the annular ligament,
and could searcely be separated in a simple lesion. It is
a mere disc of cartilage joining the shaft at the age of
seventeen. When the neck is broken the upper end
of the lower fragment is drawn well forwards by the
biceps musele.

Resection of the elbow may be performed in
many ways. In all procedures there is danger of
injuring the ulnar nerve, and some little difficulty
often in clearing the prominent internal condyle. If
the knife be kept close to the bone, no vessel of any
magnitude should be divided. The muscles most dis-
turbed are the triceps, anconeus, supinator brevis,
extensor carpi ulnaris, extensor carpi radialis brevior,
and brachialis anticus. It is most important to pre-
serve the periosteum over the olecranon, so that the
triceps may still have some attachments to the fore-
arm. It 1s never necessary to divide the insertion of
the brachialis anticus, still less of the biceps, although
some few fibres of the former muscle may be separated
in removing the upper surface of the ulna. By the
subperiosteal method the periosteum is carefully peeled
off from all the parts to be resected, and is preserved.
By this means the triceps retains a hold upon the ulna,
and the restoration of the joint is more complete. The
functions of the joint may be well restored after re-
section, especlally when performed by the subperiosteal
method, but it would appear that after no method
are the anatomical detalls of the joint reproduced. Thus,
in a successful case, the new joint will assume the bi-
malleclar form, and will resemble the ankle rather than
the elbow joint. The humerus throws out two malleoli
on the sites of the normal condyles, and in the concavity
between them the ulna and radius are received. Be-
tween the ulna and the humerus new ligaments form
and a new annular hgament for the radius is also
develeped,
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CHAPTER XIV.
THE FORE-ARM.

Surtace anatomy.—At its upper half, and
especially in its upper third, the limb is much wider
in its transverse than in its antero-posterior diameter.
A horizontal section through this part will show a cut
surface that is somewhat oval in outline, and is at the
same time flattened in front and more convex behind.
This outline is best seen in muscular subjects, and depends
chiefly upon the development of the lateral masses of
muscle that descend from the condyles. In the non-
muscular, the limb, even in its highest parts, tends to
assume a rounded rather than an oval outline. In
women and children, also, the limb is round, owing to the
comparatively slight development of the lateral muscular
masses, and to the accumulation of fat on the front and
back of the limb. The posterior surface of the fore-arm
in a vigorous subject presents along its outer border
a prominence formed by the supinator longus and the
two radial extenscrs, which become tendinous below the

centre of that border. On the lower third of this edge
is a slight eminence, directed obliquely dDWIlWﬂI"ElS
outwards and ft:rrwards and due to the crossing of the
extensors of the thumb. In the middle of the posterior
surface is another elevation, running down from the
outer condyle, and formed mainly by the extensor
communis. To the inner side of this eminence is a
agroove, well seen in the very muscular, that indicates
the posterior border of the ulna. The ulna i1s subeun-
taneous throughout its entire extent, and can be readily
examined. The upper half of the radius is too deeply
placed to be well made out, but the lower half of the
hone can be easily felt beneath the skin. The course of
the radial artery is represented by a line drawn from
the outer border of the biceps tendon at the bend of the
elbow to a point in front of the styloid process of the
radius, The pulse is felt between the styloid process
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and tendon of the flexor carpi radialis where the artery
rests on the lower extremity of the radius. The middle
and lower thirds of the ulnar artery follow a line from
the inner condyle to the radial side of the pisiform bone.
The upper third would be represented by a line drawn
from the middle of the bend of the elbow to meet the first
line at the junction of the upper and middle thirds
of the inner border of the fore-arm. Such a line would
be slightly curved, with its concavity outwards. The
tendons, ete., that can be demonstrated at the lower
ext-remjt}r of the fore-arm will be considered in the
deseription of the wrist.

Vessels.—It 1s well to note the very free anasto-
moses that exist along the greater part of the limb
between the ulnar and radial arteries. This fact was
illustrated by a case under my care, some time ago, 1n
the London Hospital. A seaman had inflicted upon
his left fore-arm three deep transverse wounds across
the front of the limb with a sharp knife. The wounds
were about 1} inches apart. The radial artery was
divided in each of the wounds, and that vessel, there-
fore, presented six cut ends. It would appear to be
sufficient to ligature the proximal and distal ends of
the wounded vessel, and to leave the two isolated por-
tions of the artery, each about 14 inches in length,
alone. I applied ligatures to five of the divided ends,
leaving the lower end of the upper isolated piece of
the artery untied, and watched the effect. During the
course of the day, when the man had rallied from the
profound faintness due to the great loss of blocd he
had experienced, copious bleeding took place from this
single unsecured end of the vessel, and it, of course,
had also to be tied.

There is a singular absence of large blood-vessels
or nerves along the posterior aspect of the fore-arm,
and 1t is significant that this is the aspect of the limb
most exposed to injury. For a hand’s-breadth below
the olecranon there is almost an entire absence of
superficial veins.

The median merve passes between the two heads
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of the pronator teres, and may possibly be compressed
by that muscle when in vigorous action. In this way
may be, perhaps, explained the cramp on the flexor
side of the limb that sometimes occurs after certain
violent exercises. The amount of muscular tissue in the
deep head of the muscle varies considerably.

The bones of the fore-ara.—Transverse sections
of the limb at various levels show that the radius and
ulna are in all parts
nearer to the posterior
than the anterior
aspect of the extremity
(Figs. 32 -and /33).
This relation is the
more marked the
higher up the section.
The two bones are
nearest to the centre
of the limb about the
lower end of the
middle third. At the
upper part of the fore-
arm the muscles are

Fig. 32.—A Transverse Eectimil throuvgh  found mainly at the

the middle of the FDIE-“EI.-I"H‘.I. ( lmune}. S sides and in front.
ins; Ina; e B tor longusa; d .

G R rus poilicis: » Aexor carpi radi- ' Lhe lower the section

aliz: £, palmaris longus ; g, flexor gablimis
:.-lllilr_',git.hrl'l]l’;11; B, flexor carpi ulnaris ; 4, flexor pmceeds dDWH the

fundus digitorum ; &, cxtensor carpl | .
%:]1‘:{1:111}-{,“!? extensor jndicis ; m, extensor llmh, thE less Wlll f-hﬁ.

minimi digiti ; 7, extensor communis digi-
Ltorum; o, :1:Etmls-ur oegis and extensor bDHEE bﬁ E(}V[?.Tﬂd. EH}

secundi internodii pollicis; ¢, extensor the gides, and the

carpi radialis brevior; r, extensor earp

ragialis longior: s pronator Tadii teres: more equally will the
Lradil yceselsanC acTies DT YERT Soft partoiShesbaEtd
distributed about the

anterior and posterior aspects of the limb. It will be
noticed that where one bone is the most substantial the
other is the most slender, as near the elbow and wrist ;
and that it is about the centre of the limb that the
two are most nearly of equal strength. The proximity
of the two bones, and especially of the ulna, to the

posterior aspect of the limb permits them to be easily




Chap. XIV.] Tue FORE-ARM. 249

examined from that surface, while it is from the same
aspect that resections and other operations upon the
bones are most readily performed. It will be under-
stood, moreover, that in compound fractures, due to
penetration of fragments, the wound is more usually
on the posterior aspect of the limb.

The important movements of pronation and supi-
nation take place between these bones, and round an
axis corresponding to a line drawn through the head
of the radius, the lower end of the ulna, and the meta-
carpal bone of the ring-finger. Pronation is mainly
checked by the lower and middle parts of the interosseous
membrane, the posterior radio-ulnar ligament, the inner
part of the posterior ligament of the wrist, and the
opposition of the bones. Supination is chiefly limited
by the lowest fibres of the interosseous membrane, the
anterior radio-ulnar hﬂament and the internal lateral
ligament of the wrist. “ The chmf influence in checking
supination is not to be found in ligament at all, but
in the contact of the posterior edge of the sigmoid cavity
of the radius with the tendon of the extensor carpi
ulnaris, as it lies in the groove between the styloid process
and the round head of the ulna ™ (H. Morris). Of the
two movements, supination is the more powerful. This
is illustrated in many wayvs. In using a serew-driver
or a gimlet the movements of pronation and supination
are conspicuously involved, but the main foree is applied
during supination. It is significant that the thread
of a corkserew is so turned that it shall be inserted by
supination rather than by pronation.

The only position in which the two bones are parallel
to one another is in the mid-position between pronation
and supination. It is in this posture only that the
interosseous membrane is uncoiled throughout. Hence
the selection of this position in the adjustment of most
fractures of the fore-arm. The interosseous space 1s
an irregular ellipse, a little larger below than above.
It is nmarrowest in full prﬂnat.iﬂn, widest in supination,
and nearly as wide in the mid-position.

It may be noted that the oblique ligament tends
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to resist forces that would drag the radius away from
the humerus, and takes the place and the function of
a direct ligament, passing from the humerus to the
radius, while the interosseous membrane, from the
obliquity of its fibres, makes the ulna take a share in
the strain put upon the radius when that bone is forced
upwards, as in resting on, or pushing with, the palm.
Fractures of the fore-arm.—The two bones
are more often broken together than is either the radius
or the ulna alone. The radius, when broken alone,
is usually fractured by indirect violence, since it receives
more or less entirely all shocks transmitted from the
hand. The ulna, on the contrary, is more often broken
by direet violence, it being the more superficial and
exposed of the two bones. For example, in raising
the arm to ward off a blow from the head, the ulna
becomes uppermost. When the two bones are broken
together, the violence may be direct or indirect.
Malgaigne reports a case where both hones were hroken
by muscular violence in a patient while shovelling
earth. Here the bones probably were broken hetween
the two opposed forces represented by the biceps and
brachialis anticus above and the weight of the loaded
shovel in the hand below. When both bones are broken
and the fractures are oblique, shortening may be pro-
duced by the united action of the flexors and extensors.
The displacement varies greatly, and depends rather
upon the direction of the violence than nupon muscular
action. Thus Hamilton says: “I have seen the frag-
ments deviate slichtly in almost every direction.” If
union be delayed, the delay is usually in the radius,
since it is the more mobile of the two bones. When
the radius alone is broken (1) between the insertions
of the biceps and pronator teres, the upper fragment
is flexed by the biceps and fully supinated by that muscle
and the small supinator. The lower fragment will e
pronated by the two pronators, and drawn in towards
the ulna by means of those muscles. If such a fracture
be put up with the hand midway between the prone
and supine position, the following evils result : the upper
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fragment is fully supinated by the muscles ; the lower
fragment is placed in the mid-position by the splints.
It follows that the proper axis of the bone is not repro-
duced, and the use of the biceps and supinator brevis
as supinators is entirely lost. Thus patients so treated
usually recover with great loss in the power of supination ;
and to avoid this ill result, it is advised to put the limb
-up in full supination, so that the two fragments may
unite in their proper axis, the upper fragment being
supinated by the musecles, the lower by the splints.
(2) When the fracture is between the insertions of the
two pronators, the upper fragment may be carried
a little forwards by the biceps and pronator teres, and
drawn towards the ulna by the latter muscle. The
bone will probably be in the mid-position, the two
supinators (biceps and supinator brevis) attached to
the fragment being more or less neutralised by the
pronator that is also connected with it. The lower
fragment will be adducted to the ulna by the pronator
guadratus, and its upper end will be still further tilted
towards that bone by the action of the supinator longus
upon the styloid process. When the ulna is broken
alone, as, for example, about its middle, the upper frag-
ment may be drawn a little forwards bx the bracluaha
anticus, while the lower fragment will be ‘carried towards
the radius by the pronator quadratus.

The displacement, however, in all cases is influenced
as much by the direction of the violence as by the action
of musecles. When the fragments, after fracture of
one or of both bones, fall in towards one another, so
as to meet across the interosseous space, attempts are
sometimes “made to separate the broken ends and to
preserve the integrity of the space by the use of graduated
pads. These pads, however, if supplied with sufficient
force to separate the fragments, will probably compress
one or both of the arteries of the limb, and cause great
distress by pressure upon the median nerve.

The fact that the bulk of the venous blood of the
fore-arm is returned by surface veins may explain the
ready ocenrrence of severe cedema in the hmb when
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fractures are treated with 1mpr{:nper1}r applied splints
or bandages. Since the arteries also can be readily
affected b}r pressure, it follows that gangrene of the
limb, as a result of improper treatment, is more common
after fracture of the fore-arm than after fracture in any
other part.

Amputation of the fore-arm.—In amputa-
tion of the fore-arm by double transfixion flaps, at about
the upper part of the
middle third the parts
would be cut in the follow-
ing manner : On the face
of the anterior flap would
be seen from without in-
wards the supinator longus
(cut the whole length of
the flap), then the flexor
sublimis (cut to a hke
extent), and, lastly, the
Fig. 33 —A Transverse Section flexor carpi ‘ulnaris. Be-

%;’;E;‘EEJI*E&E?I‘;E?““ of the  tween the supinator longus
e, Radius; &, ulna : ¢, 2upinator longus : E’Llld thE ﬂﬂXﬂr E'l]b].lmlﬂ

d, flexor lonzus pollicis; e, fle xot  the divided end of the

carpi radialis: f, palmaris lnn.,.u

g, flexor sul;lmus digitorum ; h, ]‘JI‘DHE['[,DI' feres is seen a,nd
flexor carpi ulnaris; 4, flexor pr{}

fundus digitorum ; 7, pronator quad- between the flexor E-Ilbllmlﬂ
ratus: k, cxtensor carpi ulnaris:

I, extensor indicis; W, extensor and thﬁ' Eklﬂ WDE'Ild‘HE t]]E

1!]11:51;2'aii.h‘tlr‘.’éli,;',']E,‘E‘;th?fgu?-:'?if flexor carpi radialis and
1 ternodii poliicis exten-

;::1. ':ulzlllnll ]:ljtfrllﬂﬂll 11:1|1J:]1131:: g, t].'l'E p&]mﬂrrlﬂ Iﬂngus' The

extensor earpi radialis I:H'l.ml lﬁt-tﬂr Wﬂu.ld appear as a

extensor earpi radializ longior,w 1[.11

o il oarer covze dendon:at thie fIESEREEE

2, ulnar ‘]Ini."EaLl::- 2 median nerve.  of the ﬂﬂ_‘p Inthe angle be-
tween the two flaps would

be found in front of the radius a little of the flexor longus
pollicis, and in front of the ulna, the flexor profundus,
the latter cut much the longer. Quite close to the radius,
and for the most part behind it, would be the lowest
part of the small supinator, while behind the ulna would
be the eut fibres of the upper end of the extensor ossis.
On the face of the posterior flap would be seen”from

without inwards the extensor carpi radialis longior
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and brevior, the extensor communis, the extensor of
the little finger, and the extensor carpi ulnaris. The
radial artery will run the whole length of the anterior
flap, and be cut near its outer border to the inner side
of the supinator longus. The ulnar artery will be cut
shorter, will be in front of the bone, and between the
flexor sublimis and flexor profundus. The anterior
interosseous vessels will be divided immediately in front
of the interosseous membrane. The posterior inter-
osseous vessels will be cut long, and will be found between
the superficial and deep muscles.

Fiz. 33 shows the relation of the parts as they would
be cut in a circular amputation of the limb through
the lower third.

CHAPTER XV.

THE WRIST AND HAND.

Surface anatomy.—The following structures
can be made out about the wrist : Commencing at
the outer side, the lower extremity and styloid process
of the radius can be well defined. The bone 1s here
superficial in front and behind. The styloid process
lies more anteriorly than does the corresponding process
of the ulna, and also descends about % an inch lower
down the limb. The outer surface of the radius at the
wrist is erossed by the tendons of the extensor ossis
metacarpi and extensor brevis pollicis. These are very
distinct when the thumb is abducted, and the slit-like
interval between the two ean be felt. About the centre
of the front of the wrist is the palmaris longus tendon,
which is usually the most conspicuous of the tendons
on this aspect of the joint. It will be found absent in
quite 10 per cent. of wrists examined. It 1s rendered
most prominent when the wrist is a little flexed, the
fingers and thumbs extended, and the thenar and hypo-
thenar eminences as much approximated as possible.
A little to its outer side is the larger but less prominent
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tendon of the flexor carpi radialis. In the narrow groove
between these two tendons lies the median nerve, and
on the radial side of the flexor carpi radialis 1s the radial
artery. The venee comites surround the artery, and
when distended alter the character of the pulse (Hill).
Towards the inner border of the wrist the flexor carpi
ulnaris tendon is evident, descending to the pisiform
bone. 1t is rendered most distinct when the wrist 18
slightly flexed and the little finger pressed foreibly
into the palm. In the hollow which this posture pro-
duces between the last-named tendon and the palmaris
longus lie the flexor sublimis tendons, and just to the
radial side of the flexor carpi ulnaris the pulsations
of the ulnar artery can be felt. Beneath the thin skin
in front of the wrist a part of the plexus of veins can
be seen that end in the median and anterior ulnar trunks.
The ulnar nerve grooves the radial side of the pisiform bone.

At the back of the wrist the following tendons can
be readily distinguished from without inwards: the
extensor longus pollicis (extensor secundi internodii),
the extensor communis, and the extensor carpi ulnaris.
Of these, the most prominent is the first-named. It
is rendered most distinet when the thumb is foreibly
abducted and extended. The tendon leads up to a
small but prominent bony elevation on the back of
the radius that marks the outer border of the osseous
groove for its reception. This tendon, when it reaches
the radius, points to the centre of the posterior surface
of that bone, and indicates also roughly the position
of the interval between the scaphoid and semilunar
bones. The lower end of the ulnar is very distinct.
When the hand is supine, its styloid process is exposed
at the inner and posterior aspect of the wrist to the
inner side of the extensor carpi ulnaris. In pronation,
however, the process is rendered less distinet, while
the head projects prominently on the posterior part of

* Sometimes the superficialis vola arises higher and is larger
than usual. It then runs by the side of the radial in front of the
wrist, and, giving additional volume to the pulse, has been the
foundation of the so-called ‘*‘ double pulse.”.
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the wrist, and is found to lie between the tendons of
the extensor carpi ulnaris and extensor minimi digiti.

The wrist joint.—The tip of the styloid process of
the ulna corresponds to the line of the wrist joint, and
a knife entered below that point would enter the articu-
lation. A knife entered horizontally just below the tip
of the styloid process of the radius would hit the scaphoid
bone. A line drawn between the two styloid processes
-would slope downwards and outwards, its two extremities
would represent the extreme inferior limits of the radio-
carpal joint, and would fairly correspond to the chord
of the arc formed by the line of that joint. The line
between the styloid processes would be nearly & an inch
below the summit of the arch of the wrist jolnt.

There are several folds in the skin on the front of
the wrist; of these, the lowest 1s the most distinct.
It is a little convex downwards, precisely crosses the
neck of the os magnum in the line of the third meta-
carpal bone (Tillaux), and is not quite § of an inch below
the arch of the wrist joint. It is about } an inch above
the carpo-metacarpal joint line, and indicates very fairly
the upper border of the anterior annular ligament.

The palmar surface of hand.—The palm is concave
in the centre where the skin is adherent to the palmar
faseia. This “ hollow of the hand” is of somewhat
triangular outline, with the apex upwards. On either
side are the thenar and hypothenar eminences. At
the upper end of the former eminence, a bony projection
18 felt, just below and internal to the radial styloid
process, that is formed by the tubercle of the scaphoid
and ridge on the trapezium. The interval separating
these two processes of bone cannot always be made out.
At the upper extremity of the hypothenar eminence
is the projection of the pisiform bone, and just below
it the unciform process can be identified. Below the
hollow of the palm, and opposite the clefts between the
four fingers, three little elevations are seen, especially
when the first phalanges are extended, and the second
and third are flexed. These correspond to the fatty
tissue between the flexor tendons and the digital slips
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of the palmar fascia.

The grooves that may be seen
to separate the elevations correspond to those slips.
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Fig. 34.—Surface Markings on the Pa
The thick hlack lines represent the chief creases on the skin.

Of the many creases in the skin of the palm three
require especial notice. The first starts at the wrist,
between the thenar and hypothenar eminences, and
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marking off the former eminence from the palm ends
at the outer border of the hand at the base of the index
finger. The second fold is slightly marked. It starts
from the outer border of the hand, where the first fold
ends. It runs obliquely inwards across the palm with
a marked inclination towards the wrist, and ends at the
outer limit of the hypothenar eminence. The third,
lowest, and best-marked of the folds starts from the
little elevation opposite the cleft between the index
and middle fingers, and runs nearly transversely to the
ulnar border of the hand, crossing the hypothenar
eminence at the upper end of its lower fourth. An
unimportant crease running obliquely from the third
to the second fold gives to these markings the outline
of the letter M. The first fold is produced by the
opposition of the thumb, the second mainly by the
bending simultaneously of the metacarpo-phalangeal
joints of the first and second fingers, and the third by
the flexion of the three inner fingers. The second fold,
as it crosses the third metacarpal bone, about corre-
sponds to the lowest point of the superficial palmar arch.
The third fold erosses the necks of the metacarpal bones,
and indicates pretty nearly the upper limits of the
synovial sheaths for the flexor tendons of the three
outer fingers. A little way below this fold the palmar
fascia breaks up into its four slips, and midway between
the fold and the webs of the fingers lie the metacarpo-
phalangeal joints. Of the transverse folds across the
fronts of the fingers corresponding to the metacarpo-
phalangeal and phalangeal joints, the highest is single
for the index and little finger and double for the other
two. Itis placed nearly £ ﬂf an inch below the corre-
sponding joint. The Iﬂlddlﬂ folds are double for all
the fingers, and are exactly opposite the first inter-
phalangeal joints. The lowest creases are single, and
are placed a little above the corresponding joints (1 to
2 mm., according to Paulet). There are two single
creases on the thumb corresponding to the two joints,
the higher crossing the metacarpo-phalangeal articula-
tion obliquely. The free edge of the web of the fingers,
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as measured from the palmar surface, 18 about £ of an
inch from the metacarpo-phalangeal joints. The super-
ficial palmar arch may be represented by a curved line
across the palm starting from the pisiform bone and
running in a line with the palmar border -of the thumb
when outstretched at right angles with the index finger
The deep arch is between 4+ and 1 an inch nearer the
wrist, and its position may be accurately marked by a
line drawn from the base of the fifth metacarpal to the
base of the second. The digital arteries bifurcate about
4 an inch above the clefts between the fingers.

The dorsal surface of the hand.—On the outer side
of the wrist, when the thumb is extended, a hollow is
obvious between the extensores ossis metacarpi and
brevis pollicis and the extensor longus pollicis. French
writers have termed this hollow “ tabatiére anatomique.”
Across this hollow and beneath the tendons just named
runs the radial artery. Under the skin over the space
can usually be seen a large vein, the cephalie vein of the
thumb. Across the space also runs the internal division
of the terminal branch of the radial nerve. In the
floor of the “ snuff-box” are the scaphoid bone and the
trapezium. The extensor longus pollicis crosses the
apex of the first interosseous space. The sesamoid
bones of the thumb and the joint between the trapezium
and the first metacarpal bone can all be well made out.
The latter articulation is situate on the floor of the
“tabatiéere.” @ On the back of -the hand the wvarious
tendons and the surface veins, too, can all be clearly
distinguished. Between the first and second meta-
carpal bones is the first dorsal interosseous muscle,
which forms a conspicuous prominence when the
thumb is pressed against the side of the index finger.
The three rows of knuckles are fﬂrmed by the proximal
bones of the several joints.

The wrist and hand.—7The skin of the palm
and of the front of the fingers is thick and dense, while
that on th