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ANATOMY OF THE VALVES. 243

tape like stream ; and this in all conditions of the ventricle, but
more especially when it is distended. The conditions of the living
and dead hearts no doubt are not similar, as muscle is concerned in
the action of the living valves; but the distended and paralysed
condition of the pulmonic heart in asphyxia reduces it very much
to the condition of the heart in Mr King's experiments, which at
any rate show satisfactorily that the tricuspid is a less complete
valve than the mitral, especially in the distended state of the ven-
tricle, and will allow of regurgitation sufficient to relieve the ven-
tricle. The same ocecurs in the lower animals; and it is well known
to all experimenters, as Dr Reid particularly remarked, that when
the veins or right auricle are punctured, the distended right ventricle
at once empties itself backwards into the auricle. This is evidently
a double provision of nature for the protection of the lungs; the
perfection of the mitral valve prevents reflux upon them, while the
reflux at the tricuspid orifice is a safety escape in distension of the
pulmonic ventricle—so that the perfection of the tricuspid valve lies
in its imperfection.

Anatomy of the Valves.—It is noticed by most anatomical writers
that the external jugular vein has valves. They are commonly said
to be two in number, one near the lower end, the other, less con-
stant, about its middle; but that they do not efficiently resist the
backward passage of injection or the reflux of blood. All the other
veins in the neck and head are said to want valves. T have found,
however, that all the veins at the root of the neck are provided with
valves ; that valves regularly exist in the internal jugular and sub-
clavian veins ; also in the veins which join these, as the vertebral
and several of the tributaries to the external jugular ; as well as
constantly in the trunk of the external jugular, and at or near its
mouth.

Internal Jugular.—The mouth of this vein is always guarded by
a pair of valves. They are placed either exactly at the mouth or
a little way within it, sometimes as much as 4 or 4 inch up. In
attachment, they may be cither transverse or oblique, but are usually
oblique. In position, they may be lateral, or anterior and posterior,
or intermediate. They are most commonly oblique, with a position
chiefly lateral, the posterior horns meeting at the posterior and inner
part of the mouth, while the anterior horns stretch upwards and
outwards to their point of meeting. One may be larger than the
other, and occasionally there is a frenum at one end, formed by
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either anterior and posterior, or superior and inferior; but they are
most frequently transverse and placed one before, the other behind.
When oblique, they are usually superior and inferior, the posterior
horns, long and pointed, reaching inwards as far as opposite the
mouth of the external jugular, the anterior horns attached farther
out, and sometimes meeting in a freenum, and giving the appearance
of ene large valve or partial diaphragm. When transversely fixed,
they are generally anterior and posterior. The arrangement of the
parts of this valve varies much ; there may be two of equal, or of very
unequal size ; or there may be three, or the appearance of one only.
The appearance of one only may be due to a broad freenum uniting
the anterior horns of two obliquely placed flaps, or to the anterior
flap or valve having been divided in slitting the vein, as is very apt
to happen. Every one who has been accustomed to slit veins in
search of valves, knows how readily a divided valve is apt to be over-
looked, although a careful examination at the horns usually shows
the remains of the divided flap. When of unequal size, the larger
is a posterior transverse valve, with a very deep sinus, the valve
being large and loose enough, when floated up, to close the vein.
This is not to be confounded with two oblique valves confluent at one
end, both sinus and valve being differently placed. Occasionally a
third valve or flap occurs here, smaller than the other two, and placed
between the posterior horns of two transverse or oblique flaps, which
may or may not be united by a freenum at their anterior attachment,
The sinus of this little valve may be very deep. A valve across the
entrance of a small vein or divided thoracic duct near the subelavian
valves, must be distinguished from a true third flap. The occur-
rence of three valves is said to be rare in the human veins; I have
seen it only here, and in two subjects, in one of which it was present
on both sides. Here, however, one of the valves in each case was
diminutive. A similar condition may occur at the aortic valves,
apparently from arrested growth of one of the three.!

Whatever the variety, there is constantly an efficient valve in the
subclavian vein, placed immediately external to the entrance of the
external jugular. This valve therefore checks regurgitation towards
th.r: arm, but not along the external jugular. It is the only one con-
tained in the subclavian vein, nor are there an y in the axillavy until
usually opposite the lower edge of the subscapularis muscle, after a

! See the paper on Malformation of the Semi-lunar Valves of the Heart
Anatomical and Physiological Observations. Part 1. P 109,
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an inch above the clavicle. This is not, however, a sinus proper ;
it is merely the commencement of a large part of the vein, which
here receives several large tributaries from behind, the transversales
colli and humeri, and other smaller veins; and this increase in size
goes on as the vein proceeds downwards and inwards to end in the
subclavian. In some old subjects, this part of the vein appears very
much distended, compared with the part above, the terminal valves
allowing of regurgitation and dilatation, which is checked above by
the second pair of valves. This trunk valve I have always found to
be a double one, although one is apt to be slit and escape notice, the
two flaps being attached either obliquely or transversely, and some-
times lateral, sometimes antero-posterior.

When the vein is divided into two, as not unfrequently occurs,
then both divisions are guarded by a pair of wvalves, at or a little
way above the point of division. The larger tributaries to the ex-
ternal jugular are also provided with valves; except the anterior
jugular in which, though sometimes a large vein, joining the lower
part of «sthe external jugular, I have never been able to find valves.
The two principal posterior tributaries to the external jugular,—the
transversalis colli, joining a little way above the clavicle, and the
transversalis humeri, joining behind the clavicle,—have valves;
either a single fold or a pair at their termination, or half an inch
to an inch along, where their divisions may be gunarded by single
crescentic valves.

The only instance in which I have met with three successive
pairs of valves in the external jugular, is that referred to in experi-
ment IV. The usual trank valves existed above the lancet opening;
they could not be very satisfactorily examined on the left side, but
on the right side, the vein had divided, and each division had its
valve. On both sides below the lancet opening, there were two
pairs of valves, one terminal or nearly so, the other about £ inch
higher up.

In one subject only have I found valves in the higher veins of the
neck ; on one side, a pairin a large communicating branch between
the external and anterior jugular veins; on the other side, a pair in
the anterior jugular, where it terminated early in the internal
Jugular about the middle of the neck. I have not, however, exa-
mined the higher veins so frequently or with so much interest as
those at the root of the neck,

The vertebral vein is also guarded by a pair of valves, or b y one
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ExperiMENT I.—On a young female subject. The right ex-
ternal jugular vein was laid bare, about an inch above the clavicle.
Soon after the fluid was thrown in at the groin, the vein became
distended, and appeared large. The vein was pressed at the
" middle of the neck, and then emptied downwards. It immediately
filled again from below, evidently by regurgitation.

I now opened the vein at about an inch above the clavicle. The
fluid came freely, not in a jet, but in an active stream across the
neck. By renewing the injection at the groin, the same result fol-
lowed. The flow became more active when pressure was made on
the abdomen, or across the root of the neck.

On dissection I found a pair of well formed lateral valves at the
mouth of the external jugular at its opening into the subelavian ;
the opening was about two inches up from these, and half an inch
above it, the vein divided into two, each being guarded by a pair of
valves. The opening was thus made between the high and low
valves, and the fluid had overcome the latter.

ExperiMENT IL.—An aged male subject. The external jugular
vein speedily became distended on both sides. The distension at
first ceased at about an inch and a half above the clavicle, but soon
the entire vein became distended, previous to which the internal
Jugulars were seen to rise.

The vein (external jugular) was now emptied upwards by pres-
sure, and immediately became again distended by downward flow.
It was next emptied downwards, and did not again fill, higher than
the sinus, as long as pressure was kept on above. It was the same
on both sides. The right appeared larger than the left.

The right vein was now exposed, tied with a ligature, and opened
below the ligature, an inch above the clavicle. At first the fluid
spouted out with force, and then came as an active stream running
across the neck. In order to ascertain how much fluid would flow
spontaneously, the wound was closed until the veins were re-dis-
tended from the groin. On letting go the opening, 11 oz. of fluid
flowed spontaneously. After it had ceased, the flow was renewed
by pressure on the chest and abdomen.

The vein was now tied below the opening, and another opening
made above the first ligature, The fluid being again thrown in at
the groin, the internal jugulars rose, and the fluid, descending the
external jugulary flowed freely from the upper opening.
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spouted out freely in a jet, for a little, and then continued to run
actively and freely across the neck, in a large stream.

To ascertain how much of this came from above, a ligature was
applied above the opening, and a second opening made higher up.
From this orifice the fluid also flowed freely, but the stream was
smaller.

I now tried the effect of introduction of the probe and catheter
towards the heart. The probe was introduced, and held so as to
push aside one of the valves, but this had little effect in increasing
the regurgitating flow. As soon as the catheter passed into the
subelavian, the fluid came by it in an aective jet, as from a dis-
tended bladder; but as soon as the catheter was withdrawn a little,
so as to be within the external jugular, the flow through the instru
ment ceased, and the fluid came in moderate quantity by the side of
the catheter. This was repeated several times.

I may remark that some difficulty was experienced in this case,
in the introduction of the probe and catheter, first at the orifice,
and then in passing them on to the heart; but after I understood
the proper direction in which to pass them—yviz., obliquely inwards
and downwards, and also backwards, as if deeply behind the head
of the clavicle, they passed easily.

The external jugular on the right side was now tied, and the
experiment repeated on the left side. More fluid was thrown
in, and the left external jugular became distended. An opening
was made with the lancet, as on the right side, at the upper
part of the sinus, as in performing venesection on the living body.
The fluid gushed out actively, first springing, and then flowing
over the neck. It was received into a measure jar, and two ounces
escaped (a quantity fully equal to the capacity of the natural auricle or
ventricle). This escape was free and spontaneous, due alone to the
elastic reaction of the distended veins and heart, as the injection
at the groin was discontinued before the lancet opening was made.
By pressure on the chest and abdomen, other two ounces escaped.
We saw that here commenced the danger of entrance of air into
the veins; that as long as they were allowed to empty themselves
spontaneously, the air could not enter, as they were occupied by
regurgitating fluid; but that if artificially emptied by forcible
compression of the chest, the removal of this compression was apt
to suck in the air.

Before opening the jugular, the experiment of opening a vein at
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the fluid came by it as freely as from a distended bladder; but
ceased completely when the catheter was withdrawn from the sub-
clavian.

It is necessary in these experiments to guard against obstruction
from clots of blood. They may fill the eye of the catheter, and also
obstruct the opening in the vein, as occurred in this experiment.
After these were removed, a little fluid came spontaneously, but
very little. This obstruction by clots applies, of course, only to
experiment on the dead subject.

We inferred from this experiment that regurgitation by the ex-
ternal jugular vein will not take place unless it is distended, so as
to overcome the action of its terminal valves, the distension being,
in this experiment, prevented by the open state of the cranial sinuses.
The free escape from these showed, however, that the fluid had re-
gurgitated past the pair of valves at the mouth of the internal
jugulars ; and on dissection we found a more sufficient reason for non-
regurgitation by the external jugulars, in the presence of two pairs
of valves between its mouth and the lancet opening. In this case,
then, the external jugular had three successive pairs of valves.
The lowest at the mouth, or a little within it, as usual; the next
midway between these and the lancet opening. The fluid, there-
fore, had been unable to overcome the second pair of valves; but
came freely as soon as the probe was introduced to hold them aside.

Resuscitating means must be founded on a clear understnucliﬁg
of the physiology of asphyxia. We know that, in asphyxia, dark:
blood at first passes through the lungs, and is circulated in the
arteries, as Dr Reid’s experiments show, with undiminished force.
And that, as the result of this, under the influence of venous blood,
or from want of the stimulus of arterial blood, the functions of the
cerebrum, and afterwards those of the medulla oblongata, become
suspended. It is for this reason that after only a short immersion
in the water, respiration does not recommence although the lungs
and air are restored to their natural relation ; the brain is poisoned,
1s unaware of the state of the lungs, and. does not perform the
respiratory movement. But this consideration need not influence
our treatment of asphyxia, farther than reminding us that it is only
after continued artificial respiration that a current of arterial blood
can be sent to the brain,—that we must therefore persevere with
artificial respiration with the view of arterialising the brain, and
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In regard to this important indication I infer, from t]w:ese experi-
ments on the human subject, and from the general view X ha:re
presented of this inquiry—1, That it is generally 1}05?11113 to dis-
gorge the right side of the heart by jugular venesection ','smd ?,
That there is every reason to believe that jugular venesection will
prove a useful means in resuscitation.

In jugular venesection under other circumstances we make pres-
sure below the opening, and the blood flows from above. This
proceeding is to be regarded as a general bloodletting, as in bleeding
at the arm, and in addition, as a local bloodletting to the head; as
a more direct and rapid means of relieving congestion of the head
generally, and pressure on the brain from venous obstruction. In
asphyxia, jugular venesection may possibly be useful on this prin-
ciple also, as well as on the much more important principle of re-
gurgitation; but it is to be borne in mind, as my experiments
show, that the blood which comes from above may still be a regur-
gitating current from the internal jugular, on account of the very
free communication which always exists at the upper part of the
neck between the various jugular veins of the same side, enabling
injections to pass readily from one to the other.

There is one danger attending this procedure—that of entrance
of air into the veins. This accident is especially apt to occur at
the root of the neck, where the veins do not collapse easily, but are
kept open, or ¢ canalised,” by their relation to the bones; so that,
during the act of inspiration, air is very liable to enter. To leave
a wound in the external jugular vein in an open condition during
the performance of artificial respiration, would therefore place the
patient in very dangerous circumstances. It is, however, evident
that air cannot enter as long as the veins are distended or full.
The danger then may be obviated by closing the wound as soon as
the blood ceases to regurgitate actively, Recollecting that our
object is not to empty, but only to relieve the over-distension of the
auricle and ventricle, the escape, by regurgitation, of even 1 oz,
should afford very material relief. As, however, part comes from
above, the safe plan is not to close the wound until the blood ceases
to flow actively.

In conclusion let me state precisely what I recommend in regard
to jugular venesection.

We know that in the great majority of the drowned, although
the body is early recovered from the water, the vital actions have
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XVIIL.
DEMONSTRATION

ON THE

USE OF THE ROUND LIGAMENT OF THE HIP JOINT,

[Communicated to the Brirism Associatioy, September 1855; to the EDINBURGH
MEepico-CHIRURGIOAL SocIETY, February 1857 ; and Reprinted from the EpINBURGH
MepicAL JourNAL, November 1858, ]

PrEvious WRITERS have erred regarding the use of this important
ligament, from not employing a right method. By removing more
or less of the capsular ligament, they destroyed a structure which
naturally prevents several motions from going so far as to put the
round ligament on the stretch. They have therefore attributed to
it uses which it has not; while, from not seeing it in its natural
position, they have unavoidably failed to recognise its true use.

If we sit down to examine it in a preparation in which the cap-
sular ligament has been completely divided, the matter becomes
extremely puzzling, and we hardly wonder at the conclusion of our
own time-honoured Dr Barclay, that the use of the round ligament
seemed “the restoring the head of the bone to a right direction,
when it had partially quitted, or was disposed to quit, the cavity of
the acetabulum, and the maintaining it in that direction, so as to
replace the head of the femur readily in its socket, under a variety
of circumstances.” On further examination, we might agree with
Mr Mayo, that it checks rotation inwards ; next with Dr Knox, that
it checks all the rotatory movements, simple or combined. Then,
on considering the anatomy of the ligament, and G. and E. Weber’s
remarks and drawing, we might be persuaded that these anatomists
had finally proved the correctness of the view of various previous
writers, that this ligament checks adduction. The more so, as the
Webers’ plausible theory is, that by checking adduction, the liga-
ment serves, when we stand on one leg, to balance or keep up the
trunk, preventing it from falling over to the unsupported side. But,
when we consider that the trunk can be bent over laterally to a con-
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of the head, as in fig. 2, and it will be seen that the pit is situated
in the lower and posterior quarter, but only a little behind and
below the centre. The form and direction of the pit may be now
observed ; that it is elongated, or ovoid, and that the long axis is
directed horizontally backwards, or backwards and a little down-
wards. Amid some varieties as to size and depth, the above will
be recognised as the typical form, if a series of thigh bones be
examined, especially before the cartilage is removed or dried, the
pit being usually larger in the natural state than in the macerated
bone. Also, that its posterior termination becomes shallower and
rounded off at the edges. The ligament is not attached across the
breadth of the pit, but only to its anterior end, the posterior part
being a groove, now seemingly directed away backwards from the
ligament, but intended to lodge it during its action. The anterior
part we may distinguish as the pit, the posterior as the groove.

The cushioned recess in the floor of the acetabulum, varies a good
deal in form, size, and direction. Although it sometimes has a
rounded figure, the examination of a series of specimens will show
that it is generally somewhat square shaped; and, when the pelvis
is placed with its natural obliquity, is usually directed upwards,
and, taking it as a whole, a little backwards. This might seem to
indicate, that the round ligament naturally lies upwards and back-
wards; but, if carefully examined, it will be seen, that the anterior
superior angle of the recess is the highest part, sometimes consider-
ably prolonged, and that this part is vertically above the notch, or
even a little forward from its middle. This high part evidently
corresponds to the high position of the ligament, as in figs. 6 and 8.
The posterior superior corner of the fovea would seem to correspond
to the position of the ligament in rotation inwards, as in fig. 3; and
the anterior inferior angle, or near it, to its position in rotation
outwards, as in fig. 4. Not unfrequently the recess presents a
decided notch, or angle, just at the latter part. The recess averages
an inch to an inch and a quarter, and the height generally exceeds
the breadth. From a preparation before me, it is evident that the
recess goes a little higher up than the ligament can be carried, as
in fig. 7. It is probably more extensive in other directions as well,
and the want of these extreme parts may account for the oceasional
varieties of form. Whatever the variety may be, the typical form
15, that it broadens above the notch, and tends to throw out three
angles, forwards, backwards, and upwards, of which the latter is
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attached. The higher fibres of the ischio-femoral band join, or.
descend from, the ilio-femoral band, but are not specially concerned,
as the rest of the band is, in checking rotation inwards.

It will be granted that a ligament is not in use until it is tight ;
that, if a motion be checked, no matter by what, before the round
ligament is tight, that this ligament has nothing to do with check-
ing it; that, if a motion goes so far as to tighten the round liga-
ment, it is a function of the ligament to check, or assist in check-
ing, that motion ; and, finally, if the ligament can be made tense in
one movement, and in that only, that this is conclusive demonstra-
tion of its use. I may add, that the condition of the ligament in
several movements, might lead the careless observer to conclude
that it is tight, when it is merely extended, or nearly so, but not
tight. Let the experimenter begin at once, by rotating outwards in
the flexed position, and he will understand what tight really is. In
order to judge of the degree of looseness in different positions, pass
a loop of string round the ligament, and try whether it can be pulled
into an angle off the head of the bone, and feel with the finger
whether it is pulpy and round, or flat and firm.

Condition in the various movements.—Care must be taken that
the movements be not confused, especially that the limb be not
rotated unintentionally in either direction. Kach movement is
understood to be carried to the extreme, and to commence from the
state of extension.

1. Eatension, or the ordinary position in standing, and as the
subject lies on the table; the limb straight, and the toes a very
little everted. Ligament directed vertically upwards, and loose,
Groove directed downwards and backwards from it.

2. Flewion—Carries groove forwards; and ligament backwards
and downwards, and renders it more loose.

3. Abduction.—Brings down upper attachment of ligament to-
wards lower, and makes it entirely loose. Is checked especially by
pubo-femoral band.

4. Adduction—~See fig. 5.—Ligament is carried a little up, but
1s not made tense ; is round, twisted, and pulpy, and may be pulled
by the string away from the ball into an angle. Groove is directed
downwards and backwards from the ligament. Extreme attempt
at a_ddm::tiun is checked by some strongly resisting structure, but no
strain upon the round ligament. In the ligamentous preparation
this checking structure is seen to be the ilio-femoral band, especially
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7. Adduction with Rotation Inwards.—Ligament is somewhat tight,
but upper part of it is soft and round ; not bearing much, if any, straip.

8. Adduction with Rotation Outwards.—Ligament much as in
the last—that is, in either of the two rotations, combined with
adduction, the ligament is somewhat tighter than in either rotation
simply, but yet without strain, soft and round.

9. Flexion with Adduction.—Ligament not quite tight. Groove
away downwards and backwards from ligament. In extreme flexion
and adduction the ligament is loose.

10. Rotation Inwards with Flewion.—Ligament looser than in
simple rotation inwards.

11. Rotation Outwards with Flewion.—See figs. 6 and 8.—Liga-
ment directed upwards, and more or less forwards, according to the
less or greater extent of flexion. Ligament flat, straight-fibred, and
occupies groove ; completely tense, and evidently a checking struc-
ture. The effect of flexion is to make rotation outwards, carry the
ligament upwards, instead of forwards, as in simple rotation outwards.

In this position the limb may now be abducted and adducted ; the
round ligament still remaining on the stretch, as the effect of these
motions, in this position of the head of the femur, is merely to carry
the pit forwards and backwards, the upward strain, given by rotation
outwards with flexion, still remaining on the ligament.

The reason why the flexed position enables rotation outwards to
put the round ligament on the stretch is evident on the ligamentous
preparation. Flexion so relaxes the front of the capsular ligament
that the latter now allows rotation outwards to go much farther;
the round ligament then comes into play, and is assisted by the
upper or outer part of the ilio-femoral band, which, though at
first relaxed by flexion, is made tense again by the rotation now
going farther.

That the round ligament is not by any means the only check at
this stage of the movement might be inferred from its size, compared
with the force it would have to resist, and is shown by the fact that,
if the limb is held so as to make the round ligament tense, and the
ligament be then divided, there is no jerk or yielding. The other
checking structure is, as above remarked, the ilio-femoral band. Of
course, if two ligaments are to be of use naturally in checking a
motion, they must become tense at the same time; and the division

of one will not allow of yielding unless under a force sufficient to
rupture the other.
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That the use of the round ligament is to prevent or assist in
_ preventing dislocation in the forward and outward direction, as de-
termined by rotation outwards in the flexed position, is therefore a
matter of fact whether or not we understand why this movement in
particular should require such a provision to check it. But it does
not seem difficult to explain the why.

A glance at the skeleton will ghow that the acetabulum and femur
are so directed, that the head of the latter has a natural tendency
to be dislocated forwards by the outward rolling of the limb, as in
standing or walking with the toes, as they usually are, more or less
everted. Indeed, unless in the rotated inward position, part of the
ball lies naturally out of the socket, pressing forwards against the
capsular ligament. The natural tendency, then, of the hip joint,
from its necessary mechanism, is to dislocate forwards, although the
fact is that the forward dislocations are comparatively rare. Very
various notinns are probably entertained as to the way in which the
direction which the dislocation of the hip shall take is determined.
The backward dislocations are not the most frequent because the
back of the capsular ligament is comparatively thin; but, rather,
the back of the capsule is thin because the ball does not tend by
the natural motions of the limb to throw itself out backwards, and
becanse the front of the capsule checks rotation inwards as well as
rotation outwards. My idea of the matter is, that the ordinary
backward and upward direction of dislocation is determined simply
by the obliquity of the shaft of the femur, the force driving the
bone out in that direetion; and we would expect the accident as
all the more likely to oceur if the limb was caught in the rotated
inward position. Dislocations forward, on the other hand, whether
pubic or obturator, we would expect, theoretically, to happen from
the limb being wrenched in the rotated outward position, carrying
the natural motion so unmaturally far as to rupture the thick
anterior capsule.
~ Bat, whatever may be the explanation of the direction of the differ-

ent dislocations, it is evident that the natural tendency is for the bone
to throw itself out of the socket forwards. Now, to prevent this, there
are two strong ligaments. In the extended position, as in standing
with the toes turned more or less out, it is checked by the whole
front of the capsular ligament, including the entire ilio-femoral
band. But by flexion, the front of the capsule is relaxed, allowing
the outward rotation to go farther, until it is checked by the round






