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TRANSLATOR'S PREVACE.

Tits modest book has been translated in the hope that it may
prove uselul to English-speaking stitdents of medicine  as well
as to Freneh. and of interest to the many whose attention has
recently been drawn again to these aspeets ol operative surgery.
In peace time the teaching of Amputations and Ligations is
recarded as little more than a means ol introdueing the student
to the principles of surgical technique : bat inowar time these
operations assume a speeial importance.

To many surgcons it scems astomshing how little alteration
there has been in these branches of surgery doving the last lifty
vears.  Professor Broca believes that, far from advancing, some
of the guiding prineiples in performing amputations have been
cradually Jost sight of in reeent vears @ an this volume he
ciaphasizes ther importanee, and adds the mformation he has
cathered from his war expericnees,

The deseriptions are given in earciul debal, whieh is ol
espectal advantage to the inexperienced. as it s often the Little
1HrH|H which take |HI|II_;1'-.| Loy chiscover, T s ('llil‘”_\. i |~,||n'l.'|.'|l'|t_1_5|'
of hittle pomts which makes the difference between the reeently
appointed  hospital surgcon and the man with several  vears
{'.‘x}lt'ril'!tl':' on the stalff.

N.‘illil'u”}'. there are differenees i the teaching of the two
countries ; but I have simply translated the book as it is written,
without any editing or Tool otes, Teaving the reader Lo find the
differences himsell,  The title alone T have altered. from = Préeis
de Médeeie Opdératoire,” to *° Ligations and Amputations,” not
wishing to appear to elaim a wider scope for the book than it
[HOSSCSSUS,

<. W.

Decewber, 1916,
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PREFACK.

This book has a very delinite objeel @ Lo serve as a vnide Tov
students preparing for their practical examination in operative
surgery. [ do not elaim that 1t is an original work ; and il 1
am acensed of infringing Favabeut's admirable book, it will
indeed be praise. Al that 1 know, all that my fellow-students,
contemporary or junior. know. of surgical anatomy and of
operative sureery —ligatures, amputations and disarticulations -
has been taught us by Farabeul, either by his written or spoken
words or by his actions,

But the student hardly reads Farabeal's book: it is too
lone, and the niu'l‘nlin' |H'm'1'lf|.t|'1'-. desertbed arve too nmmerons,
for his taste: that s why this hittle book has been written.
whercin one procedure is deseribed Tor cach operation.

The procedure best snited for operations on the cadaver has
bheen seleeted : Tor althongh the contrary is sometimes ureed,
Lhis is also the best Tfor operations on the living whenever the
condition of the soft parts allows,

I as advantagesus, more often than is nsnally thonght, to
shorten the limb and ent o oo |i.'||1 i orvder to oblaim a uselnl
stump and so. eventoallve o serviecable artificial limb, T have
seci ailass mimberless sbimps of every quality, and only too
often have noted that the artificial Timb will he poor. beeanse the
hone s iIhlI“'H'it'Hl'_\.' covered or the sear |}.'rl||_13.' Ihl;!{'{‘il.

I o not insist further on this point. beeanse, as 1 have josl
sated, this book is written :-1111\' Forr stndents who take knife in
hand fer the tirst time. The practieal operabive strecry which
they are compelled to undertake is of nse principaliv: beeanse
students are thus compelled to revise their anaiomy as il is
applicd to operations @ it helps them also tooattain that mana!
dexterity which every practitioner needs, For Uhis  purpos

nothing is more valuable than leabures and disartienlations,



Vi PREFACLE

I have been careful to deseribe. with each operation, the
anatomical facts, a knowledge of which is necessary in order
properly to examine the different regions, to find the landmarks
ol mternal straetures, and to proceed with salety,

The anatomical drawings in the text are nearly all from
Farabeul : some are taken from his book, others rom the
excellent wall diagrams  which he used  when  teaching  Ins
students or his proscetors,

The dlustrations of operative teehnigue are from drawings,
exeeuted with great skill by M. Reignier. from o eollection of
stereoscopie photographs which 1 produced  myself. T have
tricd to enable the reader to Tollow i these lignres the suecessive
positions. attitudes, and movements ol patient., operator, and
assistant, and to study by their means the proper handling of
a knife: in short., to anderstand the general rales of surmeal
technigue.  To prevent confusion, the hands of the assistant
are tinted grev, T have endeavoured as far as possible so to
arrange cach figure, and the deseription which aceompanics it,
that the reader need not tarn g page i order to follow some
step or movement ;@ oand it has generally been possible to group
on the same page the suceessive movements ol cach stage of
the operation,

Y
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BROCA’S LIGATIONS AND
AMPUTATIONS.

SEcTION .
THE LIGATURE OF ARTERIES.

Cuarrer I
GENERAL INSTRUCTIONS.

STUDENTS can never perform too many of these operations; they are
excellent for training their manual skill, and give them also an accurate
knowledoe of the course of vessels, nerves, and tendons—the structures,
that is to sav, which must not be divided aceidentally in evervday
surgical procedures, such as the open-
ine of an abscess,

The inslrunends necessary are 1 —
1. Scalpel.
2. Dissecting foreeps, which

hold well at the points,
3. Director.® Fig, 1.—Retractors and directors.

4. Two retractors, of which
Farabeul's model is the most convenient (Fig, 1),
3. An ancurysm needle.

The successive steps of the operation are :—

A.~The search for the vaseulonervous bundle.
B.—Isolation of the artery.
C.—Ligature ol the artery.

Place yourself always facing the line of wour incision, the body
parallel {o it.

A, The search for the vaseulovervous bundle must proeced method-
iweally step by step. The skin and subcutancous tissue are first divided,
then the deep fascia, after which the muscular interstices are entered,
and the position of the various structures which serve as landmarks
is noted in passing, It is important alwavs to make sure the joints
of the subject are supple, and to move them therefore if they are stifl,

* It iz better to have two of these: one grooved to the end [(Fig. 1 a), with
i point eapable of tearing the connective-tissue planes and picreing easily the fascia
which iz to be divided (see p. 4); the other, probe-pointed (Nélaton's director,
Fig. 1 B), is vory convenient for clearing arteries.

1



2 THE LIGATURE OF ARTERIES

1. Before incising the skin the line of incision must be deter-
mined. It runs nearly always parallel to the course of the vessel, but
exceptionally it may ecross it (ligature of the external iliae, for
instance, the subelavian, and the axillary in its first part). Beginners
would do well to mark with a dermographic peneil the course of the
vessel.  This is ascertained by attention to the surface anatomy as
revealed by inspection and palpation : skin folds, tendinous or mus-
cular eminences and the corresponding hollows, bony projections,
and the lines of joints, are noticed. In many cases (carotid, brachial,
radial, and femoral arteries) the line of the vessel can be verified by
palpating  with the
whole hand the inter-
muscular  groove in
which it hes (Fig. 2).

In the limbs these
lines run parallel to
the axis of the limb:
and it is well to know
that, operating care-
fully in this direction,
a deep abscess, or the
bone, can be reached

Fig, 2,—Palpating the groove, without injury to the

artery or nerves whose

course has previously been noted. Do not hesitate to mark with a

peneil the external landmarks just enumerated, so that they may be

always before you ; and certain other points, too, may be marked,

which indieate levels—for instance, in the neck, the cricoid and
thyroid cartilages,

2. To incise the skin, begin by fixing and strefching it between the
left thumb and index finger, which should be applied together over the
line of incision and parallel to it, then separated so that this line
appears between them.

With a little practice it is possible to divide the skin in one stroke
without injury to the subjacent fascia, but beginners are often com-
pelled to make one or two attempts before reaching the subcutancous
tissues.  The most important fault is to make the incision incomplele
al the ends—what may be called a * tailed * incision.,

The skin should be completely divided at both ends, and under it
the successive tissue planes also should be divided for the same length ;
you will thus be working in a rectangular space and not al the bottom of
a funnel ; this is, moreover, the only way to separate properly the lips
of the wound and to see into it clearly.

Take the scalpel fully in your hand as you would grasp a table
knife, the free end of the handle resting against the thenar eminence,
the sides held near their junetion with the blade between the thumb
and middle finger, the index finger stretched along the back of the
blade above its heel.  Now prick the skin perpendicularly with the
knife at the left extremity of the line of your incision ; when you have




GENERAL INSTRUCTIONS 3

passed through the skin—a sensation easily acquired—lower the handle,
and with the blade slightly inclined to the axis of the limb, draw the
knife from left to right in one stroke, eutting with the full blade ;
arrived at the right extremity of the wound, raise the handle again and
bring the point out, again perpendiceular to the skin.

Let me repeat @ draw the knife from left to vight the whole length of
the incision ; this is the typical direction of all movements in every
operation,  Make the lips of the incision sape equally by separating
the thumb and index finger.

3. In the subcutancous tisswe the nerve filaments are always
necligible ; the veins, too variable in their anatomy to be serviecable
landmarks, should be spared—on the cadaver, because to divide them
floods the wound with black blood. The course of the principal
veins, therefore (such as the median basilie, saphenous, and external
jugular), should be known beforehand. They often show on the skin
of the cadaver as a brownish line, or the precaution may be taken to
make them prominent by centripetal pressure before incising the skin,
When a wvein is seen, it is freed by drawing the point of the kmfe
gently along one of its borders (the border away from the direction
towards which the wvessel is to be displaced),

This brings vou to the deep fascia, which should be seen, white
and pearly, from one end of the incision to the other: note earefully
its white or fatty lines and any longitudinal depressions there may be.

4. For dividing the fascia two methods are allowable, but in
cach case the limb must first be placed so that the subjacent muscles
are tense :

a. If the artery is some distance away, at the bottom of an inter-
space, or protected by a projecting musele, cut direetly. Holding
the knife like a pen, prick the fascia perpendicularly to a depth of
two or three millimetres at the extreme left of vour incision, then
divide from end to end from left to right,

b, If the artery lies just beneath the fascia, it is safer to use a
director, the best being one which is not probe-pointed. At one end
of the incision, right or left as the case may be, tear a little hole in the
fascia, holding the instrument perpendieular to it, then, dropping the
handle, gently push the director under the fascia to the other end of
the incision.  Proceed carefully so as not to perforate the artery
when making the first opening, and aflter raising the fascia on the
director, make sure you have not lifted the artery as well, by running
the index finger along the groove.  Next, place the back of a sealpel
in the groove of the director, handle close to handle, and push, left to
right or right to left as the ease may be, until the point is arrested by
the tip ; bring the instruments awayv together parallel to the wound,
without the point of the knife leaving the groove, which thus pro-
teets it and prevents it slipping into the depths of the wound (Fig, 3).

It Nélaton’s probe-pointed  director is used, nothing Ht|n|u-:; the
knife, so it is prudent to push the probe point out at the other end of
the incision and divide the whole faseia under vour eves (Fig, 4),

After division of the deep faseia, the limb is placed in a position
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to relax the muscles, and various manceuvres are necessary to separate
them, to seck for an interspace, or to free a nerve or a vein,  Retractors
are now used, placed in position always by voursell ; foreeps, held
always in the left hand like a pen: and a director or scalpel, according
to the instructions which will be given for each special ligature, The
rule is never to proceed without recognizing in passing the sueccessive
landmarks and the adjoining struetures—museles, tendons, or nerves,
Never hold a retractor in the left hand while working with director
or scalpel in the right.
Enlargement of the glands
is sometimes troublesome, though
it is true they accompany the
veins by preference ;  if they
overlap the artery, especially in
the neck, remove them before
proceeding further,

Fig, 3, Fig, 1,—Dividing the fasecia,

B. The artery is now reached. It is accompanied by two veins—
a single one in the case of large vessels—and is to be freed from these,
and cleaned, before tving,

In a vasculonervous bundle, structures can easily be recognized
from their appearance. The artery is grey pink, tinged with purple,
and is flattened, with a mesial longitudinal groove very obvious in
large vessels ; its walls are thick, and it ean be rolled under the fingers
when lyving on firm tissues (beginners would do well to educate their
index finger to recognize this). The vein is flaceid and blue, and its
thin wall is not felt by the examining finger. The nerve is a white
cord, uniformly evlindrical, which ean be rolled under the finger.

C. To elear an artery, it must first be separated from its connective-
tissue sheath, To do this, pinch the sheath longitudinally with a
pair of forceps that bite well at the points, held in your left hand, and
raise gently the little transverse fold in order to free it from its base ;
now with the point of yvour knife, held flat to the artery but perpen-
dicular to the fold, make a little buttonhole at the base of the latter,
Do not let go the foreeps, but place the end of a director between the
lip you hold and the artery. First give two or three little strokes in a
longitudinal direction, until the opening is a third to half an inch long ;
then elear the artery. This is done by little strokes of the dirvector,
dropping its handle while the point is gently pushed between the deep
surface of the artery and the sheath held stretched by the foreeps.
Do not stop until the other side of the artery is reached; then seize
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the other lip of the buttonhole and recommence the process in the
reverse direction, so completing the work which was already three-
quarters done. 1o not now let go the sheath von hold, but instead
of the director, pass an ancurvsm needle through the tunnel. For

Fig. 5,=Dinching the sheath, Fig, 6.—DButtonholing,

clearing large arteries, Nélaton’s probe-pointed director is the best
instrument. (Figs. 5. 6, 7.)

The ancurvsm needle should nearly always be passed in a definite
direction, the general rule being to enter it on the side where lies some
structure that must not be in-
jured, vein or nerve for instance.
To avoid loss of time, therefore,
in useless movements, clearing
should be commenced on the
side the needle should emerge,
and finished on the side it should
enter 3 this allows the operator
to put down his director and
take up the anecurvsm needle
without changing the position
of the foreeps.

The ligature should be passed
at the middle of the incision
exactly at right angles to the
vessel, It is tied in a flat knot
without drageing it towards one, Fig, 7. ~Clearing the artery,
so as to avoid locsening the
artery for the whole length of the wound,  The first hall-knot is tied
with a short pull on the two ends of the ligature, held carefully in
the plane of the wvessel ; the second half-knot should be eorrectly
tied to form a reef knot, otherwise it may slip, |

The following is a convenient method of practising reel knots
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with some string and a piece of wood. Take the two ends of the
string by their extremities between thumb and index finger of the
corresponding hands ; pass the right end in front of the left and fix
it between the left index and middle fingers, which hand now holds
the two ends crossed like a much elongated X. Take in vour right
hand the left end (which is now to the right), and pass it from before
backwards under the right end (which is now most to the left). The
knot will be a reef knot if the second half-knot is tied inversely ;
that is to sayv, the end now to the right (originally left) is passed in
front ;: and then under this, from before backwards, is passed the left
end (originally the right).
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LIGATURE OF ARTERIES IN THE UPPER LIMB.

1. GENERAL ARRANGEMENT.

The Brachial Artery is a large trunk situated on the inner side
of the arm. It is found under the internal border of the biceps, aceom-
T'“”i"'l by the median nerve, which passes in front of it nine Limes
out of ten.

From its onter side and above, a large collateral vessel takes
origin, the superior profunda, which rounds the posterior aspect of
the humerus quite close to the bone, then leaves it on the outer side,
between it and the supinator longus, at about the junction of the
upper two-thirds with the lower third of the bone.  This vessel is not
itsclf exposed to danger, but is accompanied by the musculospiral
nerve. which is endangered in fractures of the shaft of the humerus,
The posterior and external aspects of the arm may therefore be incised
without danger nearly to the bone.

To the inner side of the brachial artery and behind, separated
by an intermuscular septum, descends the wlnar nerve.

These relationships are shown in Figs, 8 and 9, where it is seen
that there is a danger zone on the inner side of the arm, where lie the
median and ulnar nerves as well as the brachial artery (see also the
sections, Figs. 14 and 15).

At the bend of the elbowe (Fig. 9), the brachial artery lies between
the biceps tendon externally and the median nerve internally. In front
it is separated from the median basilic vein by the semilunar fascia.
Posteriorly the elbow is only dangerous to incise on the inner side
(Figs. 8 and 9). where the ulnar nerve passes between the oleeranon
and the internal epicondyle, bony prominences which are easy to feel.

In the forearm also. the posterior aspeet may be incised without
fear of hiemorrhage or the division of a nerve, for all the large vessels
and nerves are in front (see Figs. 16 to 18),

As shown in Fig, 8, at the line of the joint, or one finger-breadth
below the inter-cpicondylar line, the brachial artery divides into
radial and ulnar arteries.  The ulnar soon gives off a large inter-
osseous trunk.

2. LIGATURE OF THE AXILLO-BRACHIAL TRUNK.

Course.— For the purposes of operation the axillary artery must
be divided into two very different segments @ the lower segment,
which is approached by way of the axilla, must be studied at the
same time as the brachial artery ; the upper segment, which is
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approached under the elaviele through the pectoral museles, must be
considered with the subelavian,

The axillo-brachial trunk, then, if we may consider it in this way,
begins at the level of the eoracoid process, and ends in the forearm
one inch below the fold of the elbowe, and at the centre of the fold, by
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Figs. 8 gnd 0, =General arterial arrangement in the upper Limb,

dividing into radial and ulnar arteries (Fig. 10). It is the radial
which continues in the same direction as the main trunk,

The upper landmark to search for is the apex of the avilla, which
may be marked by sinking the index finger as high as possible into
the axilla along the posterior surface of the great pectoral musele,
the finger pulp towards the head of the humerus, the arm being
slightly abducted.
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To mark the bend of the elboe, a director is placed, wilh one hand,
transversely on the anterior surface of the limb, groove towards the
skin. while with the other hand the elbow is Hexed to the maxonum,
The director, thus eaught in the angle of flexion, is Torced against the
apex of this angle, and marks by two grooves the place where ils lips
have pressed (Fig. 11).

Fig, 10,—=Line of the axillo-brachial trank,

To mark the mid-point of the fold of the elboe, grasp the two humeral
cpicondyles between the thumb and middle finger, and search for
the mid-point between these with the index finger : the mid-point lies
against the inner border of the biceps tendon, which thus gives a deflinite
landmark. In a thin subject the tendon is seen and felt at onee when
rendered tense by extension and supination of the forearm. In a
subject where the tissues are tedematous, or infiltrated with fat, flex

I'.l'f.. 11, —Markine the fold of the |.!||“.-|||-_

the clbow to a right angle with one hand, and with the other pineh
the fold of the elbow between the thumb and index finger, then extend
and supinate the forearm, and the tendon, which yvou have pinched
when relaxed, escapes from your grasp as it becomes tense @ a stroke
with the nail then sullices to mark its inner border,

Along this line, which must be considered to run horizontally and
transversely, as the arm is held abducted at a right angle, the artery is
in close relation with the short head of the biceps {and in the axilla with
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the coracobrachialis also), which lies along its course to the outer side
and above—or in front, il we consider the subject placed vertically.

This muscle mass eauses a prominence on the antero-internal
surface of the arm. which even reaches into the axilla in thin but
muscular subjects ; below, it narrows into the tendon, which passes
deeply at the bend of the elbow. In the arm, at its junetion with the
imternal intermuscular septum, behind which lies the inner head of
the triceps, a groove is formed easy to feel with the fingers.

With the arm abdueted at a right angle, a tense cord may be felt
(sometimes even seen) in this groove, when the subject is thin—the
median nerve—and this may even be followed into the axilla, where it
is continued by the brachial plexus,

Operation.—For all ligatures of this wvessel the arm is held
abdueted at a right-angle, the surgeon inside, the assistant outside the
limb.

The classical ligatures are :—

A.—In the axilla.
B.—At the middle of the arm.
U.—At the bend of the elbow.

A. The Axillary in the Axilla.—The subject should be brought
right to the edge of the table and placed quite flat on his back ; the
assistant, standing on the outer side, takes the limb by the forearm,
and presents it abducted at least to a right angle, a little flexed at the
elbow, the forearm semipronated, but with ne rotation.

The operator seats himsell’ opposite the axilla, and makes an
incision three inches long at the upper end of the line deseribed
above, The ineision should pass a little bevond the apex of the
axilla, and extend for three-quarters of an inch over the chest wall,
It should be behind the lower border of the pectoralis major—easy to
see and feel—but elose to this musele : over the prominence, often to be
seen, of the coracobrachialis and biceps ;3 in front of the hair line, and
also, when pereeptible, of the prominence due to the brachial plexus.
[t must be remembered throughout the operation that the artery lies
against the antero-external wall of the axilla, and that it is no use
hunting for it posteriorly.

The skin in retracting reveals the lower borvder of the peectoralis
major muscle, elose to the posterior surface of which the deep fascia
is to be divided, with the Enife held horizontally. The large end of a
retractor ean now be passed under the great pectoral, which is raised
verlically by the assistant.  Just behind this muscle, against the
external wall, the ecoracobrackialis and biceps muscles must next be
found, and their sheath divided from end to end of the incision. The
posterior border of these museles is freed with a director and pulled
aside on a retractor thrust deeply in (Fig. 12): a step which 1s
facilitated if the assistant momentarily diminishes the abduction of
the arm to relax the museles.

In place of the muscle ean now be seen and felt a tense cord, the
median nerve, which must be freed from end to end of the wound with
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a stroke of the director—always given from arm towards the axilla,
otherwise there is visk of injury to the nerve by piereing the fork made
by the junction of its two roots,  The nerve when freed is also taken
on the retractor, and raised vertieally (Fig. 13).

The artery is now found in the place where the nerve was lying.
It must first be isolated from the veins.  There is always a large venons
trunk to the inner side and behind, a little lower and nearer to the
operator, therefore, and this musl be displaced backwards @ it is a
continuation of the internal brachial vein, reinforeed by the basilic,
The external brachial vein, before joining the main trunk, passes to
rather higher level and erosses the artery superficially ¢ it often
receives the cireumflex veins (external collateral route), so that before
proceeding further one must be sure that this venous system is not
hiding the surface of the artery,

Figg, 12 and 13, —Lizature of the axillary,

Onee liberated from the veins, the artery is cleared ; then the
aneurvsim needle is passed, from behind forwards, on account of the
position of the vein—that is, from below upwards, as the operator is
seated.  The artery must be cleared as high as possible in the axilla,
so as to pass the ligature above the cireamflex arteries, the origin of
which is recognized before tving the knot (Fig. 13) 1 one vessel arises
in front, the other behind, at right angles to the main trunk ; they
mark the boundary between the axillary and brachial arteries.

I must lay stress on the point that the axillary structures lving
behind the median nerve should never be displaced 5 alwavs work
high up and not low down. Sometimes the musculocutaneous nerve
may first be met against the coracobrachialis, and not the median ;
it will be recognized by ils size and course. running towards the
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coracobrachialis, into which it passes ; knowing that it springs from
the outer head of the median, that nerve is easily found.

3. Brachial in the Middle of the Arm.- Make a skin incision
two inches long, preferably two or three millimetres in front of the
line of the vessel, certainly not behind it, so as to reach the fleshy
body of the biceps and not pass behind the musele border,  For this
first step and the following the elbow is extended.

There is nothing to fear in the subentaneous tissue ; the basilie vein
is certainly behind the ineision.

Open the deep fascia from end to end of the inecision, over the
biceps musele, the border of which must always be seen hefore pro-
cecding further. (When the ineision is made behind the line of the
vessel, and the border of the biceps is not seen in the wound, the
internal intermuscular septum is reached, and the operator runs the
risk of dividing this behind the artery ; the ulnar nerve may then be
taken for the median, and the inferior profunda artery for the
brachial.)

Free the border of the biceps by a stroke of the director from end
to end of the wound, and have it raised, vertically, on the broad end of
a retractor, flexing the elbow to relax the muscle.  In its place, under
a thin laver of fascia, lies the vasculonervous bundle ; open the fascia
from end to end, either on a director or with the point of a scalpel ;
nine times out of ten the median nerve will now appear,

With a longitudinal stroke of the director, held flat to the arm,
pass under the posterior surface of the nerve and have it raised,
vertically, by the assistant, on the same retractor as the biceps.

In place of the nerve the artery, with its two accompanying
veins, is now seen ; clear the vessel, and pass the aneuryvsm needle
indifferently from one side or the other,

Remember that in about one ease out of ten the nerve is behind
the arterv.

(. The Brachial at the Bend of the Elbow. —The elbow is
held extended, the forearm supinated.

A nearly transverse incision is sometimes advised, but this is, in
my opinion, very ugly, and does not give any better access than an
incision parallel to the vessel, that is to say, made somewhat obliquely
downwards and outwards along the internal border of the biceps
tendon, over the point where the line of the brachial in the arm joins
the line of the radial in the forearm.

The incision should be two and a half inches long, and is
supposed to be made half above and half below the fold of the
e¢lbow ; but since the artery deepens as it descends, just as does
the biceps tendon, the work is made casier if two-thirds of the
incision is placed above, and one-third below, the bend of the elbow :
a modest trick that will never count against a candidate in an
examination (see Figs, 10 and 11).

Always begin by an effort to define the course of the median basilie
vein (Fig. 9), which may be made to fill and stand out by pressure
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from below upwards on the front of the forearm, I seen, the line of
operation can easily be placed two or three millimetres outside it.
In anv case incise lightly, so as to divide the skin only, and pass
through the subeutaneous tissue with care.  If the median basilic
cein be met, as is usually the ease, liberate it by drawing the sealpel
along its outer border, and have it drawn inwards (small end of the
retractor).

There is now nothing more to fear until the deep faseia is reached,
which must be cleaned most carefully in order to sce the fendinous
cepansion of the biceps,

A little above the fold of the elbow there arises from the inner
side of the biceps tendon a flattened tendinous sheet, which passes
obliquely  downwards and inwards, spreading out, fanwise, to be
inserted into the crest of the ulna.  In the fork between this ulnar
tendon and the rounded radial tendon of the biceps lie the brachial
vessels, the median nerve, and the upper part of the muscles arising
from the internal epicondvle. The tendinous expansion joins the
deep fascia, into which its fibres pass, and where they can be recognized
by their obliquity. If the fascia is carefully cleaned, the upper edge
of the expansion is easilv seen ; moreover, if pressed with the point
of a director, the difference in thickness and tension will be felt from
this edge downwards (see Figs. 9 and 19).

The brachial artery, accompanied by two veins, is just under the
a ponenrotic expansion of the biceps on the same level as the main biceps
tendon.  To divide the bicipital erpansion, prick with the point of a
director just above the upper border of the expansion, recognized as
just explained, and pass the instrument obliquely downwards and
outwards—that is, perpendicularly to the upper edge. Pass the left
index finger along the groove of the director, and then divide the
expansion on it,  Next take each lip of the cut surface in turn in the
forceps, separate it, free it by a longitudinal stroke of the director, and
have it retracted (small end of the retractor). The artery lies between
the two retractors. If the operation is well done, neither the biceps
tendon to the outer side, nor the median nerve to the inner side, should
be seen,

Pass the aneurvsm needle from within outwards,

3. LIGATURE OF THE RADIAL ARTERY.

This artery is tied:—
A.—In the forearm.
B.—In the anatomical snuff-box at the point where it passes
to the posterior surface of the hand,

A. In the Forearm.

Course (see Fig. 19).—The radial artery takes origin at the
bifurcation of the brachial, about one inch below the fold of the
clbow. It passes externally, then dorsally (see p. 17) under the styloid
process of the radius. It can easily be tied at any part of its course,
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The incisions are made along a line which continues in the same
direction as the line of the brachial artery, from the mid-point of the
Jold of the elboze to the pulse groove (Fig, 20).

To mark the mid-point of the fold of the elbow, see p. 9 (Fig. 11).
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Figs, 14 and 15,—Sections 4 inches above, and at the level of,
the clbow, respectively,

The pulse groove is the hollow felt above the base of the styloid
process of the radius between two superficial tendons, the supinator
longus to the outer side and the flexor earpi radialis to the inner side.

The hollow is continued upwards as a depression which can
readily be felt with the pulps of the four fingers applied longitudinally
to the forearm. On the inner side this depression is bounded by two
muscles arising from the internal epicondyle, the pronator radii feres
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above, the flevor carpi radialis below 1 to the ouler side, along the
whole length of the forearm lies the prominent internal bovder of the
xu;u’mdnr..fma;{u.u. broad and muscular above, thin and tendinous
below (see sections, Figs, 16 to 18),
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Figs, 16, 17 wd 15 =Forearm @ 2cctions from above downwards,

The artery is accompanied by two veins. The radial nerve runs
alongside externally, but at some distance away, especially above,
and is not in the same sheath 3 so that it ought not to appear in the
ficld of operation,

Operation.—The assistant, standing on the inner side, presents
the limb to the surgeon abducted at a right angle, the forearm
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extended and supinated. The operator stands on the outer side, and
can operate therefore with the limb flat on the table.

1. Licarvre v tue Urper Toigp,—The incision should not
reach higher than three finger-breadths below the bend of the elbow,
so that it may still remain possible to tie the brachial artery at that
level under good conditions.

1. Median nerve and brackial artery reating on the brachialis anticus
muscle.

2 andd 2%, Pluar neree Iving, in the arm, belind the internal inter-
musculor septum, passing behind the internal epicondyle, and
coming forwards between the two Leads of origin of the fexor
carpd uliiaris,

3, Tenddirnais rrlm'uumn :r_lf Hu' J.lfu".-'.l.l.'!‘ |:|i||||i_|||_" I:'||13' ||:|||51u||_'$ l.\'hh.'h
originate {rom the internal epicondyle, and passing to the crest
of the ulna. Below the expansion these muscles are shown
divided (except the pronator radil teres), in order to exhibic
the structures beneath.

4. The ulnar artery a2 it meets the nerve, which then passes down-
wards (o its inner side,

3. Median neree.

B, frutermuscalar aponewrosiz, covering the tendons of the flexor
carpi radialis and palmariz longus (8) and (9), aod the ulnar
artery and nerve, These structures are also covered by

7. The deep fascia, which overlies also the tendon (divided) of the
flexor carpd ulnarks (2ee below),

14, The biceps at the bend of the elbow, sending inwards from
its radial tendon an expansion (3) through which it is inserted
into the ulna alzo,

13, The poesterior interogseous nerve, leaving the muscnlospirad to
the outer side and behind, and piercing the sapinator brevig
i L

2 The ,wrl,--a'rju.l'-.-." .fm:-_-;ur.#_ retracted to show
L1. The radial seree, which follows to the outer zide the course of

I, “The redial astery, which lies above on the pronator radii teres,
[ower down on the fexor sublimis digitorum, amd is covered
|:-|'Il::|'l.'|.' |=-1'|.'

T The cles I l|l'r:.'r-"|'-'F, which ensheathes the tendons of the ﬁ:l|ri1|:lhl'l'
lonens and flexor carpi radialis (2) seen through it. It s
separate from the fascial sheath of the Bexor corpi radialis and
palmaris longus, and posscs directly from the sapinator longus
to the fexor carpl ulnaris.

Fig, 19, —Anatomy of the front of the foerearm.

To ascertain whether one of the superficial veins passes over the
ficld of operation, the operator is well advised to make the veins stand
out by pressure from below upwards.

The incision should be about two inches long., Under the deep
fascia, which should be well exposed, a white or yellowish line is often
seen, marking the interspace at the internal border of the supinator
longus. The fascia is divided with the point of a scalpel along this
line, and the muscle is drawn outwards, after seeing its border, with
the narrow end of a retractor (Fig. 21).
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The flexor carpi radialis is not seen, united as it is to the pronator
radii teres by a layer of faseia, in which, exactly, lic the artery and
veins.  In the position previously oeccupied by lh(-llmrr'lr_r of the
supinator longus, the vessels are seen under '||]i!-i_rilh'l'l:l.. which must
next be divided. This may be done by tearing it from end to end
with a director ; but a more experienced operator buttonholes the
fascia, just as in
opening an  arterial
<heath, thus making
a window about half
an inch long,

Clear the vessel.
Pass the aneurvsm
needle from without
inwards,  although
the nerve 15 some
distance away.

2. LIGATURE IN
THE PULsE GROOVE,
—The lower bound-
ary is  the lower
extremity  of  the
radius., The assist-
ant holds the wrist Figs, 20 and 21, —Ligature of the radial artery,

in extension, so

stretehing skin, fascia, and tendons.  Make an incision in the pulse
groove rather nearer the supinator longus than the flexor earpi radialis ;
the incision should be vertical, a little more than an inch in length,

Under the skin and subeutaneous tissue the deep fascia is reached,
which must be defined earefully by light strokes with the point of the
scalpel.

The artery lies just beneath this fascia, which is opened (if the
operator is sure of himself) in a little buttonhole at the middle of the
wound : otherwise he may pierce the fascia at the lower extremity
of the wound with the director, and insinuate the latter horizontally
upwards. Pass the finger over the director before cutting, because
the artery is here very superficial and may well have been raised on
the instrument,

Now direet the assistant to flex the wrist and so relax the tendons :
retract each lip of the wound with the small end of a retractor; elear
the vessel: and pass the ancurvsm needle indifferently from one side
or the other,

B. In the Anatomical Snuff-box.

Course.—To pass from the anterior surface of the forearm to the
dorsal surface of the hand, the radial artery vounds the extremity of
the styloid process of the radius and passes under the tendons bound-
ing the anatomical snufl-box—the extensor ossis metacarpi pollicis
and extensor primi internodii pollicis to the outer side, the extensor
h:-l-urnli IIIII_I‘I'I'II:_I-IIIFII ||u“i:'i:-i. 1iy I_]Il' ilHIl‘l‘ HjI{l",
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1 *l*hv. vessel passes obliquely downwards, backwards, and inwards.
Inlluwml;l,r it line from the tip of the styloid process of the radius to the
upper limit of the first interosseous space. It is in contact deeply
with the trapezium, so that it must be sought for in the lower part of
the snuff-box.

Operation.—The assistant, standing at the end of the limb,
presents the hand with the
radial  border uppermost.
With one hand he pulls down-
wards the four fingers, with
the other he raises the thumb
and drags it towards him,
the proximal phalanx flexed,
so making the tendons of the
snuff-box  stand out, easy
both to see and feel (Kig. 22).

The operator stands on
the outer side of the limb.

The incision is made
along a line, rather more
than an inch long, passing
Jrom  the tip of the styloid
process o the base of the first

Fig, 22,—Radial in the snufl-box, melacarpal  bone ; it passes
between the two tendinous
margins and equi-distant from them, so bisecting the snuff-bo.

Cut the skin lightly, so as to avoid the eephalic vein of the thumb,
which nearly always follows the axis of the snuff-box in the sub-
cutaneous plane : draw the point of the knife along one of its borders,
and having thus got rid ol it, divide the deep fascia. The small end
of a retractor may now be placed on each tendinous cord ; but it is
nearly always useless. Take a director then, and seratch with its
point the back of the trapezium in the lower part of the incision (above
vou might open the wrist-joint) ; this is done in two strokes, down
and up, following carefully the obliquity of the artery, one above and
the other below it. Thus the vessel is exposed, and without clearing
it with a knife, the aneurysm needle is passed indifferently from either
side, perpendicularly to the direction of the vessel.

4. LIGATURE OF THE ULNAR ARTERY.

Course,—From its origin at the bifureation of the brachial, one
inch below the middle of the fold of the elbow, the ulnar artery does
not take a straight course, but changes in direction as it descends

(Fig. 19).

1. In the upper third of the forcarm it runs obliquely downwards
and inwards, covered by the flexor sublimis digitorum in front, lyving
on the flexor profundus digitorum, until it reaches the inferspace
between the owter border of flevor carpi wlnaris and the inner border of
Slevor sublimis digilorum, From this point,
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2, In the lower two-thirds of the forearm, it descends vertically, to
the outer side of the ulnar nerve, for the whole length of the above
interspace (which beeomes intertendinous below).

The nerve deseends vertically, direet from the bend of the elbow,
and is therefore, in the upper part of the forearm, some distance from
the artery to its inner side.

The line af operation should lie over the interspace beliceen flevor
carpi ulnaris and flevor sublimis digiforiom, that is, along a line drawn
from the most promivent parl of the internal epicondyle (o the external
horder nf the }JJ-."HII'H"!‘H‘ bone, The common error (not to H'FH'EII{ of mistakes
with the lower landmark, the pisiform bone, which are inexcusable)
i= to draw the line from the front of the internal epicondyle along
the anterior surface of the forearm. Now, although the line of the
vessel becomes anterior at the wrist, higher up it should be placed
definitely on the internal border of the limb.

Operation.—The assistant, placed to the outer side, presents the
limb extended at the elbow and supinated, the arm abdueted to a right
angle and projecting beyond the edge of the table. The operator
places himself to the inner side.

1. Licarure 1y THE UppPER Tuirn.—The operator is seated before
the inner border of the limb, which is held horizontally.

The upper limit of the incision should be three finger-breadihs below
the internal epicondyle, for two reasons @ (a) The arterv at its origin
lies in the ‘middle of the forearm, therefore far from the internal
border : (b) The flexor carpi ulnaris and flexor sublimis digitorum
muscles have a common origin from a tendinous intersection which
runs downwards from the internal epicondyle ; the interspace between
them only commences, therefore, below the upper quarter of the
torearm.

Begmners would do well to end their ineision even three and a half
finger-breadths below the internal epicondyle.  From this upper limit
the incision should extend downwards for two and a half inches,

When the skin has been incised, and the deep fascia clearly exposed.,
the muscular interspace, along which the fasecia will be opened, must
be found.

Instruct the assistant to extend the wrist so as to put muscles and
tendons on the streteh, then drag with the left thumb the posterior
lip of the incision towards the erest of the ulna, and look carefully into
the wound. Nearly alwayvs a white strip will be seen running down-
wards from the internal epicondyle, vetting thinner as it descends, and
beyvond it a whitish or vellowish line, into which the point of a divector
can be pressed.  Give a glance to make sure that this corresponds to
the pisiform-epicondylar line, and then divide the fascia, with the point
of a sealpel, from end to end of the wound and from left 1o richt, over
the white intersection : to this the flexor carpi ulnaris adheres more
firmly than the flexor sublimis digitorum, at any rate below,

A searvch for the interspace should now be made in the lower part of
the wound, against that muscle which is not adherent to the faseia and
therefore bulges into the slit—the flexor sublimis. A delicate fatty line
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1s noticed ; into this push the point of a director, somewhat obliguely
downwards and inwards, beeause the border of the flexor earpi ulnaris
sometimes overlaps the flexor sublimis.  As soon as it is certain that
the point of the director is in the interspace, direct the assistant to relax
the wnuscles by flexing the wrist (Fig, 25), then thrust the director further
in, up to an inch in depth, holding the instrument horizentally, but
perpendicular to the axis of the limb, and free the musele from below
upwards. It must be done from below upwards because the fibres
of the flexor sublimis form an angle, open below, with the fascia from

Figs, 23, 24, and 25.—Ligature of the ulnar artery above.

which they take origin,  Slide the large end of a retractor under the
loosened musele, in place of the director, telling the assistant to draw
it directly upwards (and not obliquely towards himself, as he nearly
always does).

The first structure seen, near the fascia, is the wlnar nerve, which
passes from end to end of the wound. The nerve must always be seen
before continuing ; if not visible, make surve, first of all, that it has
not been retracted, and if this is not so, vou must be passing through
the libres of the flexor sublimis, not working in the interspace.
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Having seen the nerve, remember that the ariery lies oulside o,
tozcards the eentre of the limb, vesting on the flexor profundus digitorum,
Near the elbow the artery 1s well away from the nerve, bul reaches its
outer border in the lower part of the incision, and can be seen passing
obliquely to this position.  Pass the aneonrysm needle from within
outwards at the ecentre of the ineision.

Anomaly.—1I the artery is not where it should be, make sure
lirst of all that it has not been vetracted @ il it is not nnder the reltractor,
it probably lies superficially, and will be found under the anterior lip
of the divided fascia, between the fascia and the Hexor sublimis
digitorum.

2. LicaTure 1x TnE LowEr Tmirp or tne Forears.—With the
wrist extended, 1o render fascia and tendons tense, make a vertieal
incision one and a quarter inches long, above the pisiform bone, and a
fewo millimetres outside the flevor carpi wlnaris tendon.  The artery lies
under the tendon, so this line is a little outside it ;@ but when the
skin retracts, the incistion will lie along the outer border ol the tendon.
If the incision is exactly over the tendon, it will be exposed when
retraction takes place, and the result is ugly,

Define the deep fascia carefully.

The artery is very near the surface, but is covered in this position
by fwa layers of fascia: (i) The deep fascia of the forearm, which
ensheathes the tendons of palmaris longus and flexor carpi ulnaris,
and between these passes, like a bridge. over the tendons of flexor
sublimis digitorum : (ii) The infermuscular aponenrosis which passes
in a semicirele from radius to ulna, ensheathing all the flexor group
of tendons with the exception of those named,  Therefore :—

a. Open the deep fasein from end to end of the wound with the
point of the knile, under the inner lip of the incision, agains
the tendon of flexor carpi ulnaris, kept on the streteh by
extension of the wrist,

b, Have the wrist lexed. put the small end of a retractor on the
tendon of flevor carpi wlnaris, and  drawe it inwards.  Now
open the aponeurosis, button-holing it by the direct method
It yvou are sulliciently expericnced, or else open it on
director passed from above downwards (pass the index
finger along the groove of the instrument before culting, lest
the artery may have been raised with the fascin).

Clear the vessel, and pass the aneurvsm needle from within out -

wards,

. SveERFICIAL Paryan Arcen.—The ulnar artery differs from
the radial in that it remains on the anterior aspect of the forearm,
and descends on 1o the front of the hand to form the superficial
palmar arch,

It can be followed, therefore, to the ouier side of the pisiform bone,
at the base of the hypothenar eminence, and if the ineision is prolonged
S0 as to biseel the angle between the upper and widdle palmar folds,
vou are following the line of the superficial palmer arch, which lics
immediately under the palmar faseia.
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LIGATURE OF ARTERIES IN THE LOWER LIMB.

1. LIGATURE OF THE EXTERNAL ILIAC ARTERY.

Course. —The external ilinc artery runs in the subperitoneal
tissue along the brim of the true pelvis against the internal border
of the psoas musele. A large vein runs with it to the inner side
and behind, but comes to lie exactly to the inner side at the erural
ring, where the artery becomes econtinuous with the common femoral
artery. It reaches from the sacro-iline synchondrosis to the erural
ring, and its course lies along a line from the umbilicus to the wmiddle
of the fold of the groin (see Fig. 27). It gives off no branches until
just before reaching Poupart’s ligament (deep epigastric  inwards,
deep circumflex iliac outwards),

Operation.—The subjeet is flat on his back : the surgeon stands
on the side to be operated upon, his assistant faces him.

The line of incision (three inches long) runs parallel o, and one
Singer-breadth above Pouparl’s ligament, with its centre over the artery
at the mid-point of the fold of the groin (Fig. 27). The operation is
made easier if the outer extremity of the incision is curved upwards,
which renders possible a more extensive exploration of the iliac fossa.

Under the skin and subculaneous tisswe, the aponeurosis of the
external obligue must be cleaned and then divided. The fibres of the
indernal oblique and transversalis muscles are now seen.  An experi-
enced operator will divide these with the full cutting blade of his
scalpel in several strokes, and knows how to stop at the right moment
in the subperitoneal tissue without opening the peritoneum: a
beginner should proceed carefully, and seek for the border of these
muscles outside the inguinal eanal, elose to Poupart’s ligament, with
a director.  The muscles are then freed from within outwards, seraping
the upper surface of the ligament, the director pointed towards the
thigh to avoid opening the peritoncum.

Similar precautions should be taken with the transversalis fascia,
which is divided at the middle of the ligament, and quite close to it,
for a distance of one inch. The large end of a retractor is now intro-
duced, the handle towards the umbilicus, and the tissues are retracted
from below upwards, the handle of the instrument being somewhatl
raised so as to strip back the peritoneum under which the end has
been slipped.  In this manner the subperitoneal plane of cleavage is
opened in the iliae fossa, along the course of the artery, and the vessel
is now seen.  Clear as high as possible, and pass yvour ancurysm needle
from within outwards,
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2. LIGATURE OF THE FEMORAL ARTERY.

Course.

ilize,
Poupart’s  ligament in front,
Gimbernat’s  ligament  intern-

allv. the iline fascia on the
outer side, and the iliopectineal
cminence posteriorly, It then
descends almost vertically (for
it is the femur, truly speaking,
which winds round the artery),
and inner
of the femur four finger-breadths
above the internal condiple,
ing at this point through the
apening in the adductor magnns
to the posterior
limb, where it
popliteal artery.

This course corresponds Lo

crosses the baorder

|h'1!-».!-i—

aspect ol the
becomes the

a line drawn from the meiddle
af the fold of the groin o

the posterior  surface  of  the
indernal condyle of the  femur,
but which comes to an end
four finger-breadths above the
condyle.

The fine of the fold of the
groth runs  from  the  anterior
superior spine  of the  ilinm
(alwavs easily felt) to the pubic
spine.  To feel the pubie spine
it must be approached  from
below upwards, not from above
downwards,  Pinch the
veneris as low down as possible
between the thumb and index
finger, then, all the while keep-
mg the tissues closely grasped

s

<0 1% to feel the bones,
the fingers upwards  towards
the abdomen.  As the
spread out, the fingers become
separated until arrested under
the pubic spines, which over-
hang. so to speak, the broadest
the pectineal ridge,

push

bomnes

enlers e j.l'u':.l'p uuh':‘fur'f” .f.ﬁnrH;_{.I'J e eraral i'J"H__r_{,

The femoral arvtery. which is a continuation ol he external

Iving between

Higeus_ -
rgeus ; ~_ External ilac
artery

-faf ﬁ.r::'c.r.wﬁ"ﬂ
i (1% Pertorating)
|‘ i “Fr&caﬁ 9

falaliclorlongus
2 gl TR onafing
fda"a"'ucfm

revis

3‘" f%rfwfm_;
—lemorg imserdon

aaa’ MAGAUS

Hunlers canal _
gpen in Front mapwd

-Cr’

afeny St brfaral
f?_ﬂasfamoh

MIgna

Hﬂ:ga'

b =

Fcsiteor

ma_gwu &

f.lﬂ. b =——Anterior aspect of the thizh,

part of the pubis at its junction with



24 THE LIGATURE OF ARTERIES

To mark the mid-point of the fold of the groin, place the thumb
and middle finger, like the points of a pair of compasses, on pubic
spine and anterior superior spine of the ilium, and mark the mid-point
between them with the in-

dex finger. The artery is a S——
little inside this point : its = Wi
pulsations can be felt in the _;"-’Ir . S
‘l"i VE 1 st o . R, [ > Sy 1
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The lower landmark should also be marked, behind the internal
cotdyle of the femur—in the popliteal space therefore.

The line corresponds in the deeper tissues 1o the bed of the arlery
in the angle between two muscular planes @ (1) the peri-femoral
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muscular sheath (vastus internus) ; (2) the adduetor group descending
fan-wise from the ischiopubic region of the pelvis to the linea asperi
ridge below,

of the femur and the internal condylar

the bed can be veritied by
palpation with the pulps
of the fingers,

The muscle most related
ta the vessel is the sartorins,
which runs from the an-
terior  superior  spine  to
behind the internal
dvle. thus Iving first out-
side the artery and some
awayv  from it
then in front (from this
point only is it used as a
landmark) in the middle
third of the thigh, lastly

=

ilistanee

to the inner  side  and
behind (Fig. 29).
Lyving in the psoas

sheath, the anterior crurval
nerve 1S from
the femoral artery by the
iline  fascia. Emerging
from the sheath it ter-
minates in a spray  of
branches, one of which,
the long saphenows nerve,
enters the sheath of the
vessels in front of the
artery.

The femoral vein, a
single one, lies to the inner

separated

sidde of the artery at its
commencement 3 it grado-
ally passes posteriorly un-
til, in the popliteal space,
it comes to e delinitely
behind the artery.

The anatomy and distri-
bation of the arteries of the
thigh mav  be studied in
detail in Figs, 26 and 28,
and  the means by which
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collateral circulation is established after ligature mav thus be understood.,
This takes place through the system of perforating arteries.

Below Poupart’s hgament, sometimes very elose to it, the teepy fenmorial
arfery takes origing forming with the '\ll|u'l'['I{'i:t|IIi,-rnru‘nf a A which sits astride
the upper border of adductor longus, so that the decper artery deseends



26 THE LIGATURE OF ARTERIES

between adductor longus and adduetors brevis and magnus, close to the inner
surface of the femur,  From the postero-internal aspect of this vessel a series
of perforating arteries arise and pass through tendinous and museular inter-
spaces to the posterior aspect of the thigh, behind adductor magnus, where
they divide into ascending and deseending branches which anastomose freelv
with one another.  In this way a posterior collateral arterial route is formed,
and is ready to dilate if necessary.  There are two, or sometimes three, per-
forating arteries, properly so-called ; but higher up, the internal civcumfles
arlery,. passing above pectineus and appearing behind between quadratus
femoris and adductor brevis, constitutes the first link in the chain, and com-
municates through its ascending branch with the terminal branch of the
sciatic artery coming from the internal iline. Below the third perforating
artery the termination of the trunk of the deep femoral forms a fourth per-
forating artery. Finally, the passage of the superficial femoral through the
adductor magnus gives us a fifth perforating vessel, the popliteal artery,
with which the posterior collateral route is connected by various peri-articular
anastomoses.  Figs. 26 and 28 show the departure from in front and the
arrival posteriorly of these perforating artervies, 1, 2, 3, 4, 5.

Operation.—The three clussical sifes of ligature ave : (1) Al the
hase of Scarpa’s friangle (ligature of the common femoral artery) ;
(2) Al the apex of the triangle ; (3) In Hunter's canal.

The surgeon alwavs stands outside the limb, which is stretehed
flat on the table ; his assistant faces him.

1. LIGATURE AT THE Basie or ScarrA’s TriaxgLe.—This triangle
is bounded above by Poupart’s ligament, to its outer and inner sides
by the sartorius and adductor longus museles respectively. The
artery rests on the angle formed by the meeting of the psoas ilincus
muscle externally and the pectineus internally. It is covered by
superficial fascia and by the deep fasecia, fascia cribriformis, stretehing
like a bridge between sartorius and adductor longus. Between these
two layers runs the internal saphenous vein, which turns backwards
above, like a shepherd’s erook, to pierce the fascia eribriformis and
end in the femoral vein., A number of lvmphatie glands may trouble
the operator, though for the most part they lie in front of the vein.
In order to avoid these, as well as the internal saphenous and femoral
veins, the incision is made at the mid-point of Poupart’s ligament,
over the outer border of the artery (see p. 5).

The vessel must be tied as close as possible to Poupart’s ligamen!
to ensure that the thread is passed above the origin of the deep femoral
artery, which usually arises one inch to an inch and a half below the
ligament, but sometimes at a much higher level.

The skin incision should be placed vertically, two inches long,
at the middle of the fold of the groin, extending for half an inch on
to the abdominal wall above the fold.

Poupart's ligament must be used as a vallying point, so the sub-
entancous tissue is divided in the upper half inch of the wound until
the white fibres of the external oblique and the rounded tendon in
which they end are seen and have been well eleaned.

Having seen Poupart’s ligament, divide the superficial and deep
Jaseia on a director, making a little hole with the instrument just below
the ligament, and passing it from above downwards (see p. 4).  Prick
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carelully, so as not to transfix the artery, and if neeessary divide the
layers suceessively in two or three steps, passing the finger each time
along the groove of the director before cutting.  The vascular bundle
is now reached, without having seen the anterior crural nerve (see
Figs. 29 and 31).

After dividing the fascia, place the small end of a retractor on
cach lip, and approach the artery from the outer side, bearing in
mind that the vein sometimes overspreads its anterior surface.  Free
the outer border of the vein, and have it drawn inwards by the
corresponding retractor ; clear the artery, elose to Poupart's ligament,
and pass the aneuryvsm needle from within outwards,

2. LIGATURE AT THE APEX OF ScarpPA’s TriancLe.—At the middle
third of the thigh the sartorius musele reaches the outer side
of the artery, and then passes in front of it. It is contained in a
fascial sheath formed by a splitting of the deep faseia of the thigh,
and the posterior wall of this sheath, which is continuous with the
coverings of the adductor longus and vastus internus, roofs in the
angle between these muscles, thus forming a curvilinear triangle.
bounded antero-internally by the sheath of the sartorius (see Fig. 52).
To reach the artery, therefore, it is necessary, after dividing the
skin, to open the superficial laver of the sartorius sheath, retract this
musele, and then open the deep laver.

The limb is placed flat on the table, slightly abducted and
externally rotated.

Along the line deseribed (see Fig. 27), make an incision three inches
long : beware of the internal saphenous wvein in the subeutaneous
tissue,

Clean the deep fascia with care, then divide it. from end to end of
the wound, on to the muscle. The sartorius is recognized by the
direction of its fibres, running obliquely downwards, inwards, and a
little backwards, Having made sure of this landmark, seize the inner
lip of the fascial opening, draw it a little inwards, and, close to it,
loosen the inner border of the muscle with a director (or with a sealpel
if sulliciently skilful), Have the muscle drawen outwards with the small
end of a retractor ; put a seeond retractor on the internal lip, and the
deep layer of the muscle sheath will then be seen, through which the
vascular bundle is visible, This layver may be opened from end to
end on a director, or better, if you are clever enough, by buttonholing
it so as to make a window two-thirds of an inch in length.

Next seize in the foreeps each lip of the opening in succession,
free it with a longitudinal stroke of the director, and have it retracted.
Between the two retractors the femoral artery and vein will be seen ;
free the outer border of the vein with a direetor, and have it drawn
inwards under the retractor: clear the artery, and pass an aneurysm
needle from within outwards,

3. Licarune iy Huosrer's Caxar.—Truly speaking, Hunter's canal
begins at the apex of Searpa’s triangle, where the deep layer of the
sheath of sartorius blends with the sheaths of vastus internus and
adductor longus,  But below the point where the sartorius has become
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internal after erossing the anterior surlace of the vessels, this fascial
union beticeen vastus internus and adductor longus or magnus heeomes
very thick (Fig. 33) 1 a canal is thus formed with a strong cnlerior wall,
hounded to the onter side by vastus internus, to the inner side by the
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strong, tendinous, condylar head of adductor magnus, behind by the
Hattened tendon of adductor longus as it passes to be inserted into
the linea aspera, and below this tendon by the adductor magnus

musele.  Between the two heads of adductor masnus ;u;_{.'iin-;t_hllll'
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internal border of the femur, four finger-breadths above the inlernal
condyle, is the opening through which the artery passes backwards to
become the popliteal artery.

After dividing the anterior fibrous wall of the canal (junction
between the condylar tendon of adductor magnus, and vastus internus),
the artery is reached, with its accompanving vein to the inner side
and behind @ there is often also a collateral vein anteriorly.  In front
of the artery descends the long saphenous nerve, which perforates the
anterior wall of the eanal, at its lower extremity, to become sub-
cutancous.  Together with the nerve, or a little above it, a branch of
the femoral artery also passes out, the anastomotica magna.

For this ligature it is very necessary fo mark carefully, behind the
indernal condyle. the lower end of the line of operation, otherwise you

Fig, 34, —Munter's ennal and the long saphenots nerve,

may pass in front of and outside the canal, and penetrate the fibres
of the vastus internus.

With the limb extended and rotated outwards, make an incision,
three and a half inches in length, along the line deseribed, ending four
finger-breadths above the internal condyle ; remember that there may
be superficial veins in the subeutancous tissue which should be spared.
Clean the deep fasein with care.

Next, open the sheath of the sarforius, and see this muscle (first
rallying point). The usual tendeney of beginners is to divide the
fascia with the knife blade direeted towards them, as when incising
the skin. and they then find themselves in the vastus internus,
recognized by the direction of its fibres downwards and outwards.
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The blade must be divected wearly cevlically, under the inner Lip of the
incision : by so doing the knife is passed on the flat under the external
surface of the sarforins, which musele, at this level, is placed almosl
exactly against the internal surface of the thigh.,  In this way the
muscle is freed, after it has been recognized, from ils long parallel
fibres running obliquely  downwards, inwards, and  backwards (the
work mav be completed by a stroke of the director).  The loosened
muscle now falls backwards, deagged by its own weight, and must nol
he retracted further or freed more extensively for the moment, a
common mistake, which
might lead the operator
hehind  the adductor
maenus tendon into the ,_'f';r_.”’f;,r
: imsertion o
popliteal space, daaliclor magnus
Having dealt with
the sartorius, the position
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A beginner  should not
hesitate  to feel  the
stretehed  tendon  with Soleus. -
his index linger, then to
search to its outer side
and below for a little Fig. 35.~Floor of the popliteal spac
depression  (rather  like

that felt on pressing the tip of the nose), which denotes the point
of exit of the long saphenons nerve (thirvd rallyving point). A\ practised
operator, however, cleans the fibrous surface with a director, notes
the adductor tendon and the transverse fibres of the anterior wall
of the canal, then looks lower down and frees the long saphenous
nerve directly.  Pass the director from below upwards through this
opening, run the finger along its groove, and divide the canal Crom
ened to end of the incision. Be careful to keep close to the tendon,
i order to keep clear of the vastus internus.
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To isolate the vessels, pick up each fascial lip in turn, loosen it
with a longitudinal stroke of the director (point directed towards the
wall of the ecanal), and have it drawn aside with the broad end of a
retractor @ a manipulation easily done, as there is a well-marked plane
of cleavage between the wessels and the aponeurotic wall, The
vessels now lie between the two retractors : isolate the artery, bearing
in mind the possibility of an anterior collateral vein, and pass the
needle from within outwards.

3. LIGATURE OF THE POPLITEAL ARTERY.
\ Course.—The pop-
liteal artery commences

; Greatdewre above at the opening
A feree in adductor magnus, be-
Lengtead  iween the femoral and
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ham, next between the

Fig. 36.—The popliteal space. condvles of the femur,

and finally in the leg,

In other words, it descends in the = popliteal space,” a space formed
by the junetion of two muscular triangles (Fig. 35) :—

1. A femoral triangle, elongated, and formed by the diverging ham-
string museles, the biceps externally, the semimembranosus and semi-
tendinosus internally—tendons easily felt and seen.

2. A gastrocnemial friangle, shorter, and formed by the coalescing
heads of the gastroenemius,

These two trinngles are roofed by the deep fascia of the limb, and

— Biceps tendon

Satereal head
af gasirocmemws |
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the hollow within them s filled by fatty tissue (wilh Ivimphatie ghands),
in which lie the vessels amd nerves,

v little to the outer side of the median line the greal setalic neroe
deseends, and after its bifureation the internal popliteal nerve con-
tinues in the same direction as the main trunk,  The external popliteal
nerve does not concern us here ; it lies underncath and elose Lo the
deep fascia,

The vessels are to the inner side and in front of the nerve—some
distance awav, beeanse they lie elase to the bones (lfemar, posterior
livament of the knee-joint, tibia covered by the poplitens musele
—_—i ."1!'_2'. '5‘5]

They are reached at the level of the femur, on the smooth sarface
helow the linea aspera, between the condyviar rvidges.  The artery is
separated from the bone by a little connective tissue only, the vem
lies in close contact with the artery, behind and to the outer side.
The artery presents to the inner side. therefore, a surface uncovered
by wvein,  Remember that this vein has thick walls, and appeirs to
the eve, and sometimes even to the finger. like an artery.

Operation.  The subjeet is placed flat on the abdomen. and the
surgeon stands outside, the assistant inside, the limb,

The line of operation is the mid-line of the ham, and it must be
performed  in the femoral triangle, above the fold of the faam @ Lhis
fold forms a transverse line, which is marked by bending the knee
over a direetor, as deseribed on p. 9 in the ease of the elbow,

Make an incision four inches long, dividing the shin : then, withoul
hesitation, the swbentancons Hssue ; and then the deep fascio by the
direct method.  Put the laree end of a retractor on each lip of the
wound,  Underneath the external lip. elose to it. a tense cord, the
greal sciatic nerve, is seen,  Free the inner border of this, and retract
it outwards,  Continue to pass into the depths of the wound, strietly
in the middle line, palpating the artery as it lies against the bone il
not very experienced.  The vascular bundle is reached bhetween the
two retractors thrast deeply in.

The structure first seen is the vein, to the inner side of which
the artery projects, It is necessary, therefore, to free the funer border,
then the amberior surface of the vein, with longitudinal strokes of the
director.  Have it retracted outwards when freed,  Clear the artery,
and pass the anearvsm needle from without inwards,

4. LIGATURE OF THE POSTERIOR TIBIAL AND PERONEAL
ARTERIES.

Course. - On reaching the arch of the soleus, the popliteal artery
divides into the pasterior fibied, which continues under the soleas in the
same direction as the main trank, and the anterior tibial which passes
torwards, at right angles, over the interosscous ligament (Fig 37).

The posterior tibial artery, alter a course ol aboul an ineh and a
hall, gives off a large branch, the peroneal artery ; the two vessels
then pass to each side of the interosscous space, and vun vertieally

i
ak



34 THE LIGATURE OF

downwards along its borders, They
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are placed nearly symmetrically
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al.—Arteries of the lez,

groove in

mid-line  of the ealf,
continuing the direction
of the internal popliteal

nerve. Below the upper
half of the ealf this
nerve  runs  obliguely

inwards, to take up a
position against the pos-
tero-internal  border of
the posterior tibial ar-
tery, in company with
which it passes behind
the internal malleolus,
Below  the malleolus,
vessels and nerves bened
forwards to follow the
the os caleis,
and there divide
the plantar vessels and
nerves. "The peroneal ai-
tery usually  disappears
into the flexor longus
hallucis ; its anomalies
are of interest to us
when tyving the dorsalis
pedis artery (see pp. M)
and 43).

In the
lie

indo

calf these
viessels under the
deep  surface of  the
soleus musele, a thick
muscular  sheet which
arises, along a line run-
ning obliquely  down-
wards and  inwards,
from the upper end of
the fibula, the oblique
line of the tibia, and
the internal border of
the tibia.  They
buried in a thin layer
of fascia which, passing

H

across  from  Libia  to
libula, covers the three
muscles which fill the

interosscous space:
tilvinlis  posticus in the
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middle, Nexor longus digitornm on the inner side, and flexor longus
hallucis on the outer side (Figs, 838, 39),

This laver of fascia becomes thicker as it nears the malleoli. At
the level of the ankle-joint, belind the ilernal wmalleolus, it is very thick,
and provides two strong sheaths for the tendons, and between these o
rather sceaker sheath tov the posterior Ubial vessels and nerve. The
tibialis posticns and Hexor longus digitorum tendons lie in front and
to the inner side : the flexor longus hallueis tendon, which passes over
and grooves the posterior border of the astragalus, lies to the ouler
sidle.  Behind these sheaths the deep fascin passes across o the
external malleolus, ensheathing as it goes the tendo Aclallis (Frg, H0).
I confine mysell for the moment to the above general anatomical
deseription, veserving certain details for deseription with the separate
aperations.

Operation. There is, then, in the upper part of ihe leg, under the
“thick ™ of the ealf, a complicated syvstem of arteries with many and
large branches, and if hawemorrhage takes place in this region, b s
mmpossible to dingnose the exact source whenee it comes ; Irequently,
also, several vessels are injured al the same time.  The best
operative procedure in such a ease is that of Arnott @ divide the ealf
in the mid-line. make the posterior tibial nerve the rallving point, and
then search for the bleeding vessel on the deep surface of the soleus.
But in the dissecting room the tvpical ligature of the posterior tibial,
or the peroneal, is performed above, through a lateral incision. T will
not deseribe the ligature of the peroneal artery, becanse that of the
posterior tibial through the inner border of the ealf is exactly similar.

The posterior Lilval arvtery may be tied at any point of its course.
The elassical operations are performed in the upper part and behind
the mternal malleolus.

A. Ligature in the Upper Part of the Leg. The subject is
placed on his back, the knee is placed sideways, flexed, and moderatels
abdueted ; the surgeon stands on the outer side, the assistant aces
him.

First make the veins prominent by pressure from below upwards,
and note their course, then make an inecision, four inches in length,
wong a vertical line running dowerzcards from the * garter region,” and o
thwmb=breadth inside the postero-internal borvder of the tibia. By the
Tgarter region © is meant the narrow part of the leg aboul the level
of the head of the fibula, between the popliteal space and  the
prominence of the call ; it is in this position that ladies formerly wore
their garters, and it is there that the band of knickerbockers is
lastened.,

The skin is divided, the subemtancous tissue, and the deep fascia,
and the first rallying point is then veached, the internal burder of the
tnner head of gastroenemins,  Thrast your divector under this border,
for a distanee of one inch, to free it from the soleus, to which i is nol
adherent at this level, and place the large ends of two retractors above
and below, perpendicular to the musele,  Give the retraclors o an
assistant, and tell him to pull towards the table, in order to retract the
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gastroenemins without stripping it from soleus, as will happen i he
pulls on them with the handles vaised,  There should be ananterval
of one and a half inehes between the tibia and the edge of gastroenemims,

In this space appears the soleas, tendinous above, red anl
musceular below @+ this muosele must be divided in orvder to reach Lhe
artery, which lies beneath it.  Lean forwards to see whal you are
doine. and make the incision about one awd o quarier ivches inside
the tibia, with the scalpel held horizontally (FFig. ¥2). The muscle shonld
be divided by several strokes of the knife from endd to end of the wonnd
and from left to rvicht @ at the end of each stroke depress the

Fiox. 1[1 12, sndd 13, -|_i_"|||,|l'|' iol TRy |'|.l-:|"'!|r|' '”lill .I.!HrL-'.

inner lip of the muscular opening with the Hat of the blade, while the
assistant reinserts the retractor, above when the lower end is reached,
and at the lower end when a start is azain made from above (or
inversely according to the side operated upon).  This continues until
the second rallying point is rveached, the inframuscalar dendon of the
solews—a bad name, for it is not alwavs imbramuscular ;. here
knowledee of anatomy is essenlial,

The soleus arises at the tibio-fibular line from between two
tendinous sheets which run vertieally and transversely like a A, one
branch posterior, one anterior.  The anterior branch, which extends
very low down, often gives origin to muscular fibres in front (that is
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from its deep surface), but not always ; sometimes, therefore, it is in
direct contact with the vessels, sometimes, on the other hand (and
only then is it to be regarded as intramuscular), it is separated from
them by a muscular pad of variable thickness.,

The soleus must be divided then, as just stated, until a sehite and
reststant tendinous sheet is seen, and this in turn must be divided with
the extreme point of the knife from end to end of the wound (Tor it is
not known whether there is a muscular pad on its anterior surface or
not), holding the sealpel vertieal to the plane of the tendon. Next
place the retractors at each end of the inner lip of the divided tendon,
and it will then be seen if there are musele fibres under it or not :
if they are present, divide them just as before, but more earefully,
for it is impossible to say how thick they are, and the division
must stop as soon as the connective-tissue plane is reached over
which the deep surface of the muscle glides.,  The surgeon places
the retractors in position himself, close to the divided muscle
(Fig. 43). so as to be certain not to include vessels and nerve, and
has them drawn inwards ; not too foreibly, or the musele mav be
loosened unnecessarily.

The third rallying point must now be scen, the posterior ibial
nerve, and the tissues must not be separated bevond it. The artery
indeed lies internally and is therefore nearer to the operator than
the nerve,

The wvessel is difficult {o clear: (1) Beecause its vene comiles
frequently make a network of anastomoses over the vessel, and these
are often dilated and full of blood : the director must be passed
through one of the meshes of this vascular net ; (2) Because the
artery is offen atheromatous and therefore easily torn.

Pass the ancwrysm needle from without imwards, for the nerve
lies outside.

3. Ligature behind the Internal Malleolus.—The limb is
rotated outwards and placed flat on the table : the surgeon places
himself on the outer side ; the assistant, standing opposite to him,
holds the foot at right angles to streteh the tendo Achillis,

Along a vertical line, equidistant from the inner border of the tendo
Achillis and the posterior border of the internal malleolus, make an
incision two and a half inches long, having its fower extremily opposile
the tip of the malleolus (Fig. +4).  There is nothing to note in the sub-
culaneous lissue.

Two lavers of fascia must then be divided in suecession @ (1) The
deep fascia : (2) The internal annular ligament, ensheathing the
vessels, as deseribed on p. 35 (Fig. 40).

1. The deep faseia passes from the posterior margin of the internal
malleolus to the inner border of the tendo Achillis, which it ensheathes ;
Lut in order to reach its insertion into the os ealeis, this tendon leaves
the deeper tissue plane, and becomes separated from it h}.' fatty con-
neetive tissue.  As the limb is presented to the surgeon, the fool
at right angles, the outer border resting on the table, the fascia runs
nearly  horizontally from  before backwards, and is best divided—
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“"“"'l’l"hll." atd Trom end to end of the wonnd—agimmsl Lhe edee of
the tendo Achillis, the blade Nat to the deep surface of the tendon
and cutting in a vertical divection, as i aiming Lo ent the table
(Fig. 45). When the fascin is divided, the tendon reteacts and
CXPOSeS the subjacent fatty bissue.

2. The internal amidar Lgament lies against the postevior sarfacee
of the bone, separated from it only by the thickness of the tendons.,
It forms. therefore. i we eonsider the subject in the eveet position,
a partition extending vertically and transversely @ or, for the operator,
vertically and anteroposteriorly. Under it are three compartments,
one immediately behind the internal malleolus for the tibialis posticuas
and flexor longns digitorum, one for the fHexor longus hallueis as it
passes obligquely downwards and inwards from the tibia over the tail
of the astragalus,  and
an intermediate  come-
partment for the vessels
amd nerve.

A practised operator
mav divide diveetly the
sheath  of  the  vasculo-
nervons  bawdle in the

axis of the skin incision, with the

knife Dblade direeted  horizontally,
: because the ligament to be divided
is placed vertieally ; but it is wiser
to make wse of a divector (Fig. 15).
Have the tendo Achillis stretehed
by dorsiflexion of the ankle. and
insert the direetor horizontally in
the lower end of the wound. per-
pendicular to the tendon. DPress
the tendon backwards a little and
push the instrument forwards until

Figs, 4 and 45, —Ligatare of the . : g
pasterior tibial below, the ligament is perforated, exactly

ovier the s<heath of the vessels.

Now rotate the director, bringing its handle towards the sole with
the point under the ligament, then push it longitudinally from the
foot towards the leg, Make sure, by feeling with the index finger,
that only the fibrous tissue has been raised, and move the director
about a little also, to make certain that the point is not held in a
narrow aponeurotic tube (as it will be i a tendon sheath has heen
picreed by mistake) 1 then divide the lignment,  Next let  the
assistant extend the foot and so relax the vessels and nerve ;. free
the nerve, which lies, as the operator stands, to the inner side and a
little behind, and have it drawn inwards on the small end of
retractor,  Clear the vessel, i pass the needle from without
inwards,
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5. LIGATURE OF THE ANTERIOR TIBIAL AND DORSALIS PEDIS
ARTERIES.

Course. - The anterior tibial takes origin on the posterior aspect
af He leg where the popliteal artery bifurcates, at the arch of the
soleus @ the other branch being the posterior tibial (Fig, 87). It runs
straight forwards to pass above the upper border of the interosseous
ligament, then bends at right-angles, and passes downwards in the
anterior compartment of the leg. The part of the vessel on the front
of the leg is the only one now to be considered ; the posterior portion
is annexed, surgieally speaking, by the posterior tibial.

The anterior tibial artery first lies deeply against the inter-
osseous lignment, a vein on either side : but it leaves the ligament
little by little as it descends, and at the same time comes nearver to
the tibia.  Above, it is separated from this bone by the thick belly of
the muscle most related to it, the tibialis anticus ; in the lower quarter
of the leg. however, the muscle has become a tendon, behind and
outside which the artery lies directly against the anterior surface
(which higher up is the outer surface) of the tibia.

To the ouler side of the vessel lies the exiensor longus digitorum
above ; lower down, first the fleshy body, then the tendon, of cxtensor
longus hallueis.

Above the ankle the wessel is situated midway between the
malleoli, and between two tendons, the tibialis anticus internally,
the extensor longus hallueis externally ; of which the former is very
casily felt and seen.

From this point it passes under the anterior annular ligament,
then under the extensor longus hallueis tendon, then, as the dorsalis
pedis artery, it runs straight to the posterior extremity of the firs
interosseous space, through which it passes, to end on the sole of the
foot. The dorsalis pedis artery lies between the bone and the inner
border of extensor brevis digitorum, which overlaps it. It is not
very exceplional, however, for the anterior tibial to terminate at the
ankle, and for its place on the dorsum of the foot to be taken by
the anterior peroneal, which, in this case, courses obliquely forwards
and inwards, under the extensor brevis digitorum, to the posterior
extremity of the first interspace,

In the leg, the anterior tibial nerve approaches the artery from the
ouler side, erosses it very obliquely in front, and reaches the inner
sidle of the vessels at the level of the ankle-joint,

A. Ligature of the Anterior Tibial Artery. The muscular
interspace at the bottom of which the artery lies is that between
tibialis anticus and the extensors—extensor longus digitornum above
and extensor longus hallueis below ; it corresponds to a fine drawn
f'rom the anferior fibular depression to the mid-point of the ankle-joint
in front,

To mark the anlerior fibilar depression, scmiflex the limb and
apply the pulp of the thumb behind the head of the fibula in the
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popliteal space. its extremity above and to the ouler side, then |:1_|-\i|
the thumb from behind forwards, round the head of the libula, pressing
firmlv all the time.,  Just in front of the head the thumb drops into o
|{:-|nu-;-\ai:-lu. which is marked with a stroke ol the nal (Fig. H5).

To mark the mid-point of the ankle, take the base of the two
malleoli between thumb and middle finger, and mark the mid-point
hetween them with the index finger. It is a poinl casily verified, Tor
it lies just at the outer border of the tibialis anticus tendon, whieh
nearly always projects and has a little eallosity over il 5 noany case

Fig, AG.—Line of the anterior tibial artery,

it may readily be made tense by placing the foot in a position of
COUIne-varus,

Sometimes the muscular interspace can be palpated along the
line deseribed.

1. LicaTrrRE ABove.—The leg is placed in the semillexed position,
a bloek under the thigh, The assistant, standing on the inner side,
presents the limb to the operator slightly rotated inwards to expose
the antero-external surface.  The surgeon, standing on the outer side,
makes an incision three and a quarter inches long, with its upper
limit three linger-breadths below the line of the knee-joint (or even
four finger-breadths below this point, because the lower the opera-
tion is performed, the easier it becomes).

Now divide skin. subcataneons fissue, and  deep fasciv,  after
exposing it carcfully, all the while Leeping the fool extended, fo render
tense the subjacent muscles. Divide the deep fascia with the point of
the knife lightlv, so as not to injure the muscle,

The muscwlar interval hbetween tibialis anticus and extensor longus
digitorum must next be found. anmnd Tor this it is necessary to know
its exact anatomical position.  T'wo points must be borne inomind :

1. T oa longitudinal divection, the interspace only exists below,
for the museles both take origin above from the same tendinons inler-
seetion.  One should proceed, therefore, just as deseribed on p. 18
when ligaturing the ulnar artery @ then look for o grevish or vellowish
line in the lower part of the wound, and throasting into it the point ol
a director, free the muscles from below upwards,  T1 is necessary,
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however, to raise somewhat with the director the internal muscular
lip of the incision, heeause

2. I oa transverse divection, the interspace is not flat, but concave
inwards and backwards, In a transverse section of the limb, the
tibialis anticus muscle, which is always very thick, is shaped like a
comma, the tail of which covers the extensor longus digitornm to a
greater or less extent : the tail, indeed, may nearly reach the septum
dividing the extensor group of muscles from the peroneal group, a
strong librous sheet attached to the border of the fibula by one edge
and to the deep faseia by the other, and giving origin anteriorly to
the extensor longus digitorum, posteriorly to the peronei musecles,
i1, therefore, the connective-tissue line of the interspace is not seen at
onee, seize the outer lip of the faseial opening in the foreeps, and pass
the point of a director transversely, first backwards, then forwards,
bringing the handle of the instrument towards you, so as to pass
under the edge of tibialis anticus and hook it forwards, There should
now be seen a smooth, rounded, fleshy belly, which ean be freed in a
longitudinal direction without dilliculty. The two margins of the
interspace are smooth, and branches from the anterior tibial vessels
can be seen entering them in series. perpendicular to the axis of
the muscles—giving an appearance like the backbone of a fish.

To widen this interspace, it is best to introduce the large ends of
two retractors, transversely and back to back, at the middle of the
opening, then turn them at right-angles and pull one upwards and
the other downwards., A rectangular space is thus formed, as broad
above as below, and in the depths as on the surface of the wound.

In this space the nerve is first noticed, then the artery and its
vense comites. The artery is diflicult to elear beeause of the depth
of the wound.

To pass the anewrysm needle, introduce it longitudinally until the
back touches the interosseous membrane between artery and nerve ;
then lower the handle, rotating it a little, so as to pass the point under
the artery. and bring it out obliquely.

2. Licarure BeELow,—The limb rests flat on the table, the sur-
geon is on the outer side, the assistant faces him.

Make an ineision two and a half inches long, ending about two
finger-breadths above the line of the ankle-joint. Divide the sub-
cutaneous tissue, in which there is nothing to avoid, and clean the
deep fascia.  Then direct the assistant to place the fool in a position of
equino-varns, fo render tense the tibialis anticus tendon, and with a stroke
of the knife-point open the deep faseia from end to end of the wound
along the border of the tendon, Take in the foreeps the inner hp
of the opening thus made, and pass a direetor transversely under it,
hetween it and the tibialis anticus tendon, which ean be seen. When
the divector is arrested by the insertion of the fascia to the crest of
the tibia, draw it towards vou, pressing on the point, until it rounds
the prominence of the tendon and drops into the hollow between it
and the extensor longus hallueis. Now have the muscles relaxed by
dorsiflexion of the foot. and with a longitudinal stroke of the director
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make room for the small end of two rvetreactors, one on each lip.
Between the two lies the artery, resting on the bone @ the nerve is in
front and to the inner side. Pass the necdle from within outwards.

It the artery is not seen at once, make sure that two tendons
have not heen passed over to the outer side of the tilual erest instend
of one, with the result that the extensor longus hallucis has been
retracted with the tibialis anticus,

13. Ligature of the Dorsalis Pedis Artery. The line of opera-
tinn runs from the mid-point of the ankle, owlside the lendon of tibialis
anilicis, o the f‘m.ﬂ'h'rffu' r'.ih'r'mﬁ_}f ”f I fri
Sfirst inlerosseous spuice. '

The limb rests in extension, (lat on i
the table, the assistant stands on the \
inner side @ the surccon, who fGees him, P \
makes an dneision one and a half inches !
lomg. ending at the posterior extremity
of the first interosseons space. The in-
cision lies about the thied of an inch
oiitside the tendon of  extensor  longsns

-

hallueis, which should not be seen during
the operation.  After passing through the
subeutaneous  tissue,  where  superficial

veins and nerves should be seen and spared.
the thin deep  fascia is rveached, under
which the inner border of evtensor brevis
digitorum can be seen. The fascia s
divided with a stroke of the point of the
knife over this hl:il‘ffl'l', rom ened to end ol Fig, 47.~Line of the dorsalis
the wound, the musele is then loosened by P,
a director passed on the flat benecath it
and drawn aside on the small end of a retractor.  The arlery is
seen, accompanicd by oits venme comites. in the position previously
occupied by the cedge of the muscle, and the needle may be passed
indifferently from cither side,

If the artery is missing from its accustomed place, it is becanse
the anterior peroncal has supplanted it, and this will be found at the
posterior extremity of the first interosseous space,
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Cuarrer 1IV.
LIGATURE OF ARTERIES IN THE NECK.

The Origin of the Arteries at the Base of the Neck. The
innominate, left earvotid, and left subelavian arteries take origin in the
thorax from the upper surface of the aortie areh in a manner which
must be known exactly in order to understand the arrangement of
the structures at the base of the neck. In this connection Fig., 458
may be studied with advantage.

The horizontal portion of the arch of the aorta runs obliguely
backwards and to the left, riding on the angle hetween the trachea
and left bronehus,  In front and to the right, behind the manubrium
sterni, but separated from it by
the union of the two innominate
veins to form the superior vena

Iraches_, cava (Fig. 50), arises the innomi-
ort nate arlery., the mother trunk of
ﬁ the right subelavian and common

carotid arteries. This trunk passes

oot obliquely upwards and to the right,
i léﬂ"ﬂ"ﬂ
Lelt common

carofid
i) il Dors

fanaf:befe
arfer
. =

Figs, 45 and 0, — Aortic origin of the arferial trunks,

crossing the right tracheo-bronchial angle, and continues in the
direction of 1I1{~-righl subelavian, which forms a curve, with coneavity
downwards, over the apex of the right pleura.  From the innominate
trunk as it lies in contact with the trachea, the right common carotid
arises. and ascends vertically, lyving in the neck for the whole of ils
COUrsoc.

The left common carotid. on the other hand, arvises direet from
the aortic areh, behind and to the left of the innominate artery, and
ascends first of all in the thorax, in front of the left border of the
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trachen, the anterior

surlace ol which
diverging vessels,

can be sceen between  Lhe
Further hack still, near the thivd dorsal vertebra and  elose 1o
the asophagus (Fig, 49), the left subelavian artery arises, and after
ascending ot first nearly vertically, curves outwards, like its fellow
on the other side, over the apex of Lhe IIITI;_", tor hecome horizontal.
At the point where the subelavian arterics become horizontal, their
first branch arises, the vertebral artery @ the vessels then pass between
the sealene muscles,
We must now consider in order s (1) The elavo-arvillary trunk al

the bese of the neel @ (2) The caralids in the lateral vegions of the neelr.

1. THE CLAVO-AXILLARY TRUNK.
Course.

It is more convenient, for the purposes of operation,
to consider together the ligatures above and below the claviele of this
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great vascular trunk, which, after leaving the thorax. crosses the
first rib, and passes behind the elaviele into the axilla. along the border

of the coracobrachialis musele, where it beeomes continuous with the
axillo-brachial trnk already deseribied,



I THE LIGATURE OF ARTERIES

This trunk, then, the intrathoracie portion of which does not
concern us here, enters the supraclavieular fossa at the base of the
neck, resting on the first rib, between the sealenus anticus and sealenus
medius muscles, At this level, therefore, it lies behind the firm
rounded tendon by means of which the sealenus anticus is inserted into
the scalene tiuberele on the upper surface of the first rib. Under the
artery the broad first vib lies nearly horizontally, and is hollowed oul
somewhat to form a shallow groove in which the vessel rests (Fig, 54).
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Figs, 51l 7and 32.—=The axillury
canal.

From this point the arterial trunk courses outwards and down-
wards under the mid-point of the claviele. which is here padded by
the subelavius musele, and reaches the inner surlface of the shoulder-
joint elose to the anterior wall of the axilla, erossing diagonally the
first intercostal space.  The position of the supra- and infraclavieular
portions of the vessel is such that their relative length varies as the
shoulder is raised or lowered.

The corresponding vein is situated al first to the inner side and
in front of the arterv, separated from it at the base of the neck by
the thickness of the sealenus antieus, in front of which it crosses the
first rib.,  About two finger-breadths below the claviele, at the middle
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of the anterior wall of the axilla, it reaches the artery on its inner side.
It is voluminous, and frequently overspreads the anterior surface of
the artery.

The nerves of the brackial plevus lic above the artery in suceessive
rungs which unite between the fiest vib amd elaviele into a bundle of
nearlv  parallel  cords  running
obliquely  downwards and  out-
wards like the artery. Behind
the elaviele, and  immediately
below it they  lie against the
outer border of the vessel ;: but
the latter, at the level ol the
coracobrachialis, passes into their
midst between the two heads of
the median nerve ; and so we
reach  the axillo-brachial trunk
(Figs. 52 and 54).

These vascular and nervous
trunks are covered, beneath skin
and subeutancous tissue, by fieo
minsculo-aponewrotic layers, above and below the claviele @ (1) Sterno-
mastoid, trapezius, and deep faseia above, pectoralis major below :
(2) Omohyvoid and a deep laver of cervieal faseia above, amd costo-
coracold membrane below,

Further anatomical details will be given in deseribing the lizature
of the vessel above
and below the
clavicle,
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Telesus st The bony  land-

meeirhes are the same

Scalenusanbicus. . _ for  both  ligatures,
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Sude!/_ 1 ﬁ L ciedl of the  bone,

/ THR A -Sube/ acromial and sternal,

ol _ LW AR G miarked with a stroke
of the nail ; the

& mid - point  between

these is then marked
will the index linger,
Fig, 51.—The subclavian artery while  thomlby  and

midldle  finver  are

placed al each end.  The sternal end is very easilv found, for the
bony head of the claviele projects at the root of the neck @ bt
mistakes are possible in marking the acromial end.  To find l!:i._-;, e
fmger is made to follow outwards the anterior border of the elaviele,
coneave forwards at this point, until it is arrested at the level of the
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shoulder by the acromion process, the point of which reaches in front
ol the corresponding surface of the elaviele,
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Fig, 3, —2uperlicial structures in the supraclavienlar fossa,

The mid-point of the claviele corresponds on the surface with the
point where the artery passes under the bone ; but the vessel runs
obliquely downwards and outwards ; it reaches the clavicle half an

i
Fleaus brackal
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Fig, dG==npraclavicular 1ossa,

inch inside the mid-point (end of the subelavian artery), and leaves
it about half an inch outside the mid-point (beginning of the axillary
arteryj.
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Operation. —For these two ligaiures the suigeon stands on the
outer side of the shoulder, facing the claviele ; his assistant stands
opposite to him, at the narrow end of the table, behind the shoulder,
The subjeet is placed quite at the edge of the table, and tilted a hittle,
the nape of the neck and the upper part of the back resting on a hlock
placed longitudinally so that the eoncavity lies under the seapula,
and this bone, lving free posteriorly, ean be raised or lowered with
the shoulder and claviele at will.

Be careful alwavs to aseertain as far as possible the course of the
superficial veins (external jugular, eephalie, and a possible anastomosis
between the two), which can be done if they are filled and made to
swell by pressure from below upwards.,

1. LicATURE ABOVE THE CLAVICLE (third part of subclavian avlery).—
The supraciavicular fossa, where lies the accessible part of the artery,
is made as wide as possible by carrying the shoulder dowonicards,
forwards, and inweards, and by placing the forearm, flexed at right
angles, transversely across the abdomen of the subject.

The cutancouns incision, three and a quarter inches long, begins
fwoo finger-breadths outside the sternoclavicular articadation, along a line
parallel with the upper border of the clavicle and half an inch above if.
Shin, subcutancous tissue, and platysma are divided without danger,
and the deep faseia is reached, which may be divided by the direct
method, as the external jugular vein has already passed deeply in
this position.  Make the incision free enough inwards, and do not
hesitate partly to divide the sternomastoid musele if its clavieular head
is broad and encroaches on the incision, which must be quite open
at its inner end.  This is the point at which the operator must work
in order to free the calernal jugular vein and divide (below omohypoid)
the deep layer of the ecervical fascia, which is attached behind the
claviele at the point where the jugulars and the subelavian vein unite.
Hall' an inch above the elaviele is still some distance from the great
venous trunk which runs transversely, but the external jugular will
be met with in the outer hall of the wound, for it descends vertically
and then turns inwards, forming a coneavity directed forwards and
inwards, to follow more or less the border of the subelavian vein until
it reaches the junction of the subelavian with the internal jugular
(Figs. 55 and 56),

The deep layer of cervical fascia, then, must nexl be divided at the
inner angle of the incision, working with a director towards the
sternomastoid and close to that muscie. A retractor is placed in the
iittle funnel thus made, and the tissues are drawn transversely out-
wards, including the curve of the external jugular, over the coneavity
of which the instrument has been placed. It is easy to retract the
vein outwards, for it receives no tributaries from the inner side, while
on the outer side it is fixed by the seapular veins.

o gain a better view, put in a second retractor and draw it
imwards, also transversely, so as to displace the sternomastoid musele,
The assistant should pass his hand behind the head of the subject Lo
hold this retractor properly ; and he should be directed also to prress

4
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the elbow of his other arm against the side of the occipital region,
and push it towards the side not being operated upon ; this stretehes
the tendon of the scalenus anticus, the next rallying point,

To practise linding this cord, begin by seeking for it with the left
inder finger.  Thrust the finger deeply in over the middle of the
claviele, the pulp towards vou, and it will reach the scalenus anticus
muscle ; pass downwards towards the first rib, along the tendon, until
the finger is arrested by bone, and the projecting scalene tubercle
will be felt between pulp and nail, Now, without leaving the bone,
draw the finger towards vou, maintaining a steady pressure ; the
arterial trunk as it lies on the bone is felt to eseape from under the
finger,

A practised operator will not use his finger in this way, but relies
on the director, with a few longitudinal strokes of which he exposes
the scalene tendon, easy enough to do if the muscle is kept tense.
Behind the tendon, in contact with the rib, lies the artery,

Figs, 57 and b8, —Subelavienlar region,

To isolate the artery, work on the rib and perpendicular to it,
but parallel to the course of the vessel—that is, obliquely forwards
and outwards—without leaving the bone : this gives a space about
half an inch long to operate in. If the bone is left, there is a risk
of perforating the apex of the pleura behind or the vein in front.

Clean the vessel, and pass the aneurysm needle from within out-
wards. Before tving the ligature, make certain that it is really the
vessel—lving in contact with the rib and sealenus anticus— that is
seeured, and not a nerve trunk, which may be recognized as a white
and rounded cord.

2. Licature BELow THe Cravicre (first part of axillary arlery).
Increase the extent of the subelavicular hollow by carrying the
shoulder upwards and backwards, which happens readily il a block is
placed under the back, as deseribed on p. 49, the arm resting on
the table, slightly separated from the body, the elbow pushed towards
the head.
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Palpate the anterior border of the elaviele and the coracoid pro-
cess, then make an ineision, three and a quarter inches long, parallel to
the clavicle id hadf an inch belww il reaching from the coracoid process
to one and a guarter inches ontside the sternoclavienlar juind.

In the subeutancous tissue be on the look out for a possible pre-
clavicular anastomosis beticeen the cephalic and exvternal jugular veins
if it exists, free it on the inner side, and have it deawn outwards,  The
pectoralis major musele next comes into view.  With the lefl thumb
on the elaviele, draw the inner lip of the skin inecision towards the
neck, and with a full blade divide the muscle close to the bone.  There
is no reason to fear penetrating the posterior surface of the muscle,
for it is separated by connective tissue from the costocoracoid membrane
(Fig. 57). The latter, which is continuous with the deep eervieal
(ascia, forms above, ju.-ai under the elaviele, a sheath for the subelavius
muscle, and below, a sheath for the pectoralis minor ; so that between
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Fig, 50, =—Ligatare of the lirst part of the left axillary artery.  The wound iz shown dizsected,

1. Clavicular oricin of ]H'I"Hll'ill.i"-: !I]I:I:I\'.II'.

2 subclavins musele,

3. Divided elavicalar head of pectoraliz major, reteacted downwards,

4. Axillary %,
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termination of the coplalic vein, and oll the aeromio hormeie vessels,

. Axillary artery.

- lxternal anterior thoracic nerve,
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B, Truuks of the beachial plexus,

these two museles a triangular space is left, with an upper border
running horvizontally (subelavius), and a lower border running obliguely
upwards and  oulwards (pectoralis minor) to the apex externally
(coraconl process).  This aponeurosis is eribriform ; it is picreed by
the eephalie vein, which curves in front of the artery, against the
sheath of the subelavius, to join the axillary vein; also by the
acromiothoracie axis’ artery and its branches, and by the external
anlerior thoracie nerve (g, 59).

In order to open the aponcurosis without injury to these structures,
the knife must pass above it, through the sheath of the subclavius
muscle,  Prick this, with five or six millimetres of the knife point, on
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the fat, under the elaviele, and divide it from end to end: the
musele-pad proteets the veins from injury. I the left index finger
is now placed in the wound, and an endeavour made to hook and
depress the lower lip of the aponeurotic opening, a sharp resistant
edge will be felt, beeause the membrane is thick on its outer side,
at its coracoid insertion,  Keeping the membrane thus stretehed with
the pulp of the index finger (an unnecessary manceuvre for an expert
operator), make a eut downwards and towards vou, with the point of
the knife, against the coracoid process, for a distance of three to four
millimetres ; immediately the fibrous edge can be drawn downwards
on the broad end of a retractor, and with it the cephalic vein,

The artery (which ean be felt to roll under the left index finger
passed  from within outwards over the thoracie wall), is crossed in
front by the exiernal anterior thoracic nerve. This nerve, a branch of
the brachial plexus, perforates the membrane under the subelavius
muscle, curving slightly, with the concavity forwards and inwards, and
enters the deep surface of the pectoralis major. It descends nearly
vertically, so that in order to sce it the operator must work in this
divection, at right angles to the elaviele, and half an inch outside its
mid-point.  Having found this landmark, take it on a retractor and
have it drawn outwards and a little downwards., The arlery now
appears in place of the nerve ; and as it lies internal to the brachial
plexus, there is no risk of tving one of the nerve trunks by mistake.
The vein lies to the inner side and in front ; it is thin-walled, easily
penetrated therefore, and is frequently of large size, spreading over
the artery. Search earefully for its outer border, and free it by a
few strokes of the director in an oblique direction downwards and
outwards, hali’ an inch outside the mid-point of the clavicle. Put a
retractor on the outer border of the vein and draw it inwards. Clear
the artery close to the clavicle, and pass the ancurysm needle from
within outwards,

2. LIGATURE OF THE CAROTID ARTERIES.

Course.—The common carotid artery enters the neck deep to the
projecting sternoclavicular joint ; it passes almost vertically upwards,
but a little obliquely outwards and backwards, as it is directed towards
the carotid ecanal at the base of the skull,  Between the upper border
of the thyroid eartilage and the great cornu of the hyoid bone it
bifurcates into the external and internal carotids.  The internal carotid
(which likewise gives off no branches in the neck) may be considered
as the continuation of the common carotid artery, and the external
carotid as a large branch arising from this trunk on its antero-internal
aspect, to supply the upper part of the neck and the face. The main
arterial trunk, as we regard it, then passes from the base of the neck
to the base of the skull, flanking (on either side) the pharyngo-
eesophageal tube, and resting posteriorly on the prevertebral muscles,
internal to the anterior tubereles of the transverse processes of the
vertebre. It is accompanied to the outer side by the internal
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jugnlar vein, a large, thin-walled. and flaceid vessel, which often
spreads over the front surface of the artery, especially in the lower
part of the neck : in the angle between the two vessels. posteriorly,
the vagus nerve deseends, These three sbructures have o conmon
connective-tissue sheath 3 the sympathetie cord is behind the artery,
in front of the vertebral colummn, but lies outside the sheath.
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The first covering, common to all the earotids, is the deep fascia,
which ensheathes laierally the wmuscle most related o the arlery, the
sternomastoid,

This musele can be seen passing upwards, backwards, and out-
wards from the sternoclavieular region below 1o the oceipitomastoid
region sbove ; the anterior border is prominent, and a groove exists,
which can easilv be followed with the fingers, between it and the
trachea.  This groove corresponds 1o e line of the artery, and runs
Jrom the sternoclovicular arlicilaiion lo the parolid depression belind
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the angle of the jee.  But it must be noted that the lines are not
exactly parallel, for the arteries pass upwards nearly vertieally, while
the muscles diverge as they ascend, leaving a faseial space between
them, which is equal above to the whole breadth of the face. The
parallelism is more marked before the musele is freed by dissection,
hecause its anterior border is held close to the angle of the jaw by
the continuity of the fascia over it with the fascial septum between
the parotid and submaxillary glands. At its lower extremity, just
above the sternum, the anterior border of the musele extends over the
inner side of the arterv, which lies behind the interval between the
sternal and elavieular heads : in the middle of the neck the muscle
lies alongside the artery ;: above, it passes away from it somewhat,
to the outer side and behind,

The deep tissue planes, which differ above and below, will be
studied with regard to (1) the common carotid, and (2) the external
carotid,

Im addition to the prominence of the sternomastoid, the entancons
landmarks to note before operating are :

«. The anterior portion of the ericoid eartilage.  This is felt from
below upwards in the middle line of the neck {level of the transverse
process of the sixth cervical vertebra).

b. The upper border of the thyroid cartilage (the upper limit of
the common carotid).

c. The body and great corner of the hyvoid bone, felt, like the
thyvroid eartilage, by pinching the neck transversely between the
thumb and index finger.

d. The course of the superficial veins, making them stand out by
pressure from above downwards,

1. LicaTere oF TnE Comyoxn Carorip ArTErY.—The artery is
covered below by fico musculo-aponeurotic layers -

a. The deep fascin and the sternomastoid muscle,

b, The deep laver of cervieal fascia (pretracheal fascia), and the
omohyoid, sternohyoid, and sternothyroid museles.  This fascia forms
a triangle, with its apex at the hyvoid bone, and bounded postero-
externally by the horder of the omohyoid muscles.

The vessel may be tied at any part of its course ; the place of
cleetion is at the level of the tubercle of the transverse process of the
sixth cervieal vertebra (Chassaignac’s tuberele), that is, at the level
of the ericoid eartilage. and above the upper border of the omo-
hyvoid musele. It is not necessary in this operation to divide the
second laver of fascia,

The subjeet is placed on his back, a block under the nape of the
neck, the shoulders resting on the table ; the surgeon stands on the
side to be operated on, with the assistant facing Lim.,

The incision, along the line indicated above, should be two
and a hall to three inches in length, reacking wpwards as far as the
wpgpier border of the tproid cartilage.  Belore ineising, streteh the skin
and sternomastoid by turning the face to the other side.  Under the
skin, which is thickened by the platysma muscle, be on the look out
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for the external jugular vein, and, to the inner side, for a branch of
the anterior jugular which is somelimes present. Have these vessels
retracted, the one outwards, the other inwards, and divide the deep
fascia directly, for the whole length of the wound, over the anlerior
border of the sternomastoid muscle (or better still, a Little outside the
horder, <o as to be certain of the musele).  Never proceed wilhont secing
this landmark. Seize with foreeps the inner lip of the aponcurotic
opening, and with the point of the knife on the flat under the muscle
(dirceted therefore somewhat towards the operator), free the latier
and retract it outwards, after relaxing it by putting the head straight
again,  The broad end of a retractor is now placed on the laryvnx, ool
drawn inwards : the surgeon will then have hefore him the deep layer
of the sheath of the sternomastoid. which separates him from the vasculo-
nervous bundle. A beginner would act wisely now Lo explore the
wound ot the level of the ervicoid eartilage with the left index linger
perpendicular to the vertebral column, on which he feels Chassalgnac's
tuberele (a projection on the transverse process of the sixth eerviceal
vertebra, overhanging the seventh transverse proeess) : then, drawing
the finger towards himsell, pressing firmly the while, the artery will be
felt to roll under the pulp of the finger.

The sheath is divided, according to the experience of the operator,
cither by buttonholing it directly, or by the use of a direetor,  On the
anterior surface of the artery the descendens hypoglossi nerve should
be avolded if it is seen ; to the outer side, the inner border of the vein,
often spreading over the artery anterviorly, is sought for, freed carefully
with a direcetor, and drawn outwards on the same retractor as the
sternomastoid.  The vessel should be cleared on its posterior aspect
with especial eare, in order to avoid tving the vagus nerve with the
artery (make quite sure of this point before tyving the knot).  The
ancurvsm needle s passed from without inwards.

2. LicaTture oF e EXTERNAL Canorin.—The positions of the
surgeon, his assistant, and the subject, are the same as for ligature
of the common carotid.

The classical method is to incise the skin along the anterior border
of the sternomastoid from the angle of the jaw to the superior border
of the thyroid cartilage. I think it more convenient (see the
anatomical résumé on p. 52) to make an almost vertical incision,
about two and a quarter inches long, from a point on the horizontal
ramus of the mandible one finger-breadth in front of the angle,
redching to the upper border of the thyroid eartilage,  Its mid-point
corresponds very nearly to the great eornu of the hyoid bone, a land-
mark to be noted with care ; il can easily be made to projeet if the
assistant pushes the bone from his side.

Under the platyvsma, be careful of the external jugular vein and
its anastomosis with the facial, then divide the deep fascia directly,
It 2 vertical incision has been made, it is in the lower part of the
wound only that the mderior border of the sternomastoid will be seen,
freed, and retracted outwards (as in the case of the common carotid)
this border must always be seen (livst rallving point), A retractor s
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put on the inner side of the wound, eare being taken not to hook
with it the great cornu of the hyoid bone,

Now have the head straightened, and whereas hitherto the blade
of the knife has been held vertically, from this moment work with
sealpel and divector horizontal.  In this manner the larynx and the
greal cornu of the hyoid bome are approached (which the assistant
makes prominent), removing on the way any Ivmphatic glands that
may be inconvenient. A beginner would do well to take his bearings,
several times if necessary, by feeling for the great cornu with the left
index finger. Having then carvefully felt the cornu, divide the deep
tissues just above and in contact with it with a director {or the knife
point if clever enougli). In the depths of the incision will now be
seen a venous trunk, the thyro-linguo-facial vein, running transversely
to join the internal jugular : higher up lies the hypoglossal nerve.
To hunt for these structures and isolate them, work with the
director parallel to their direction, transversely that is, and not longi-
tudinally as heretofore.  The wvein, the Dbluish track of which is
recognized immediately, lies about a third of an inch below the great
cornu ; free its upper border and take it under the outer reiractor.
The nerve, which must be freed behind the lower pole of the parotid
in order to be seen, lies a third of an inch above the great cornu ; place
it under the inner retractor and have it very gently retracted. Now,
just at the place where it was lyving, between it and the vein, at the
level of the great cornu, lies a large vessel, the external carotid artery.
Clear it in the usual way, and pass an aneurvsm needle from without
inwards.

A mistake is made sometimes by tying instead the common
carotid below the bifureation (a pardonable error if the bifureation
is abnormally high), or the internal earotid. This last mistake oecurs
beeause it is often forgotten that the eviernal carotid (so ealled because
it supplies the external parts of face and neck) lies at its origin a little
internal to, and in front of, the internal carotid. But neither the
common nor the internal carotid has branches. Therefore, before
tving the knot, free with a director the anterior surface of the vessel
round which the thread is passed, and make sure that branches take
origin from il. The typical ligature should be tied between a vessel
running obliquely  downwards and forwards (the superior “l}'l‘ﬂiil
artery), and a vessel running transversely forwards (the lingual
artery, or common linguo-facial trunk).

3. Braxcues oF Tne EXTeERNAL Carorin.—Practically speaking,
the best way to tie the branches of the external carotid in the
majority of cases is to take them at their origin—that is, to lay bare
the parent trunk, and seek the desired artery at that level.

It is usual, however, to teach certain classical ligatures :—

a. The Facial Artery, where it crosses the lower jaw in front of
the border of the masseter muscle.  An incision one inch long is
made under the border of the jaw at this level : the artery lies
against the bone.

b. The Cecipital Arlery, under the mastoid process. It is found
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by a transverse incision, two inches long, ending in front at the tLip
nlil the process.  Between
this point and the trans- | A
verse process of the atlas |

the artery is covered by
the posterior portion ol
the sternomastoid,  the
splenins eapitis, and the

trachelomastoid museles, Pleryg edb.-

c. The Superficial
Temporal Artery (ter-
minal branch).  This is
reached by a  vertieal

Pl ¥ e

gl A T
incision, one inch long. Y50
. e = A
hetween the tragus and fi
the condyle of the lower  #dconste L
jaw, passing at its mid- Hyoglosse_ |

point over the zvgoma. fae ;i_:%c .
. The Lingual Arlcry. m-;’-"
starting from the an- b o
tevior aspect of the ex- 15
ternal carotid,  between 1 Carint
the superior thyroid and £
facial arteries, the lingual ‘ F i - - - Brakesc fypoglosse

artery livst forms a loop e
with  concavity  down-
wards, ihe upper end of
which rises  above the
hypoglossal  nerve : it
then comes Lo lie antero-
posteriorly and  trans-
versely like the nerve.
But whereas the nerve,
accompanied by the
lingual vein, lies on the
outer surface of  ihe
hyoglossus  muscle,  the
artery  passes  between the deep
surface of the hyvoglossus and the
middle constrictor of the pharvox,
about o third of an inch above the
great cornu of the hvoid bone,
The decp structures in Lhis
revion, os scen  alter removal of
the  more  superficial  structures,
are arranged as  follows ;. Above
the greai cornu of the hyoid bone
the digastric muscle forms a loop,
with the concavity upwards, ils

Figs, G1, G2, and 635,
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two red musele bellies united by an intermediate tendon elose to
the anterior portion of the great cornu (at its junction with the
body of the hyoid), te which it is attached by a fibrous band.
From the great cornu, obliquely upwards, forwards, and inwards,
runs the hvoglossus muscle ; it is erossed behind by the posterior
belly of the digastric, and in front by the mylohvoid running
obliquely  backwards and  outwards.  This surface of the hyo-
vlossus is thus divided into two portions : one posterior, between the
posterior bellv of the digastric above and in front and the great cornu
below (Béclard’s triangle) ;. one anterior, between the posterior belly
and tendon of digastrie behind and the mvlohvoid in front (Pirogolf’s
triangle).  The hvpoglossal nerve, Iving on the hvoglossus, passes
between it and the digastrie, and then disappears under the mylo-
hvoid, The artery is deep to the hvoglossus, and at a slightly lower
level than the nerve, the distance of which from the digasirie tendon
is somewhal variable,

Fig. G,

The whole of this region is covered by the submaxillary gland,
which lies in a fibrous sheath formed from the cervieal lascia,

The elassical ligature of the dissecting room is in Pirogoll's triangle,
II' the artery is to be tied proximal to the origin of the dorsalis
linguwe (which is most often necessary in practical surgery), it must be
sought for behind the posterior belly of the digastrie, in Béelard's
triangle.

i. Ligature in Front of the Digastrie (in Pivogoll's triangle).—The
head is placed in extension, turned towards the sound side: the
operator stands three-quarters facing the subject; the assistant s
above the head and works over it.

Make a horizontal incision, two inches long (it will become a little
convex downwards, as the skin retracts), equidistan? from the fower
bovder of the mandible and the great cornw of the hyord bone, terminating
one finger-breadth in front of the parvotid hollow. Divide the skin
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and platvsma (heware of the facial vein posteriorly) @ elean the deep
fascia. then divide i under the lower lip of the wound, dragged dowen-
weards for the purpose.  The fascial sheath of the submavillary gland
is thus opened. and the lower bovder of the gland (an indispensable
landmark) must be freed, as it usually reaches below the digastrie
loop.  Seize the lower lip of the aponceurotic opening in the foreeps,
lonsen the lower border of the gland with a director, and pass the
laree end of a retractor, perpendicular to the horizontal ramus of
the mandible, along the path thus made.  Drag the retractor towards
the face, keeping the handle well raised. and ot once the gland s
freed and drawn upwards beneath the jaw.  The digastric lendon,
with the ends of the two musele bellics, now comes into view in
place of the gland. The nerve must next be found : it often lies in
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Fig, G, Frp, G,

contact with the tendon (when the fibrous band is slack): the
direcctor must be used transversely therefore, parallel to the digastrie
tendon and elose to it, In a few strokes the nerve is frecd, and
the area of Pirogofl"s triangle is seen, between the nerve above, the
digastric below, and the mylohyoid in front ; in this area the libres

of hvoglossus are visible, At the centre of the space pinch up a
transverse fold of this muscle with the forceps, and buttonhole the
base of the fold in a dircetion parvailel to the neeve.  Enlarege the

little opening thus made with a director (do it gentlyv, or the middle
constrictor of the pharvnx may be perforated), and the artery is
reached.  To clear it, pinch the sheath of the vessel longitudinally
with two pairs of forceps, the ends touching, so as to raise two
transverse folds, and break it by separating them sharply,
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i, Ligatwre Belind the Digastrie (in Béclard's  triangle)—The
ineision is a horizontal one, an inch and three-quarters long, parallel
to the greal cornn and a Little above it, reaching as far as the anterior
border of the sternomastoid musele,

Divide the skin, the platyvsma, the subeutaneous tissue (keeping
a look out posteriorly for the anastomosis between the facial and
external jugular veins), and then the deep fascia.  If the submaxillary
gland is low down, the posterior part of its sheath will thus be opened,
but this is not essential ; whether the sheath is opened or not, the
gland is drawn upwards, under the jaw, as deseribed above, and search
made for the great cornu of the hyoid bone, which the assistant makes
prominent as previously described. The next landmark is the hypo-
glossal nerve, cleaned with one or two transverse strokes ol the director,
and the next the posterior border of the digastric musele as it runs
obliquely downwards, forwards, and inwards., Between these three
structures (Béelard's triangle), buttonhole the hyvoglossus musele as
above, clear the artery, and pass a hgature,

The linguo-facial wveins, which pass downwards towards the
internal jugular in the posterior part of the wound, should be pro-
tected by retracting them downwards and backwards.



SecTion 11

AMPUTATIONS AND DISARTICULATIONS.
Part 1.—GENERAL OBSERVATIONS.

Coarren V.

THE USE OF INSTRUMENTS AND SHAPING OF STUMPS.
AvprrarTion consists in the removal of the whele or part ol a
There are two kinds of amputations :—

limh,
is, removal by sawing the bone, an

1. In continuity. That
amputation in the true sense of the word.

2. In contiguity., ‘That is, removal through a  joint, more
correctly called a disarticulation.

For division of the soft parts, the same rules apply to both.

1. INSTRUMENTS.

s —

Fig, 67,—a, b, e o, ¢ Good :||!||-'II'|lil|n|| kuives, [, Kwnife paossessing |-'.|-;'_1.'_:[.|_1||:I X
and smeoth, ool zguared,” boack  thick,

that of havine two cutting edees @ bandle shorr, pounad,
oW Decaise e =il h.'nl- the hlmnde

proant il Lo :'Illll-[r--l ol Irogele, whoeh delect = pumde
rit ol low-grawnadl .,

i, With a bade of & to 10 inches for cireular amputation, or by beansfixion, through the thigh

Hlade & inches long. for arim. eg ote. =yme s kmifo, bhode 2 mches Qo D o, LisTrmee & Kol bilauuke
Loinches long @ . Finder knile. Bloade 4 nches long ;. o, Small Eoife for Gperaling on e small bk
of the hand, with a lomg handle, which ghould be held ke e Lilade IE behes o

Iiee knives are represeniod with blnck wooden haodles, s they woere moade ab Lloe time of Bl

exhibition m 1= Fuarirbeaf
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Knives.—The handle, 4 to 5 inches long, is nearly always the
same ; the sides should be flat.

There are three tyvpes of Wade :—

a. The ordinary amputation knife, the point of which is lowered
a little by a slight short convexity of the back of the blade. The
usual lengths are 5, 6. 7. and 11 inches.  The wrist knife is of the same
type, but has a narrow blade 4 inches long.

b. Syme's knife, for operations on the tarsus, has a short (2-inch)
blade, broad, and with the point in the axis of the blade, but the back
blunt : it may be likened in shape to a grain of corn.

In both these knives the entting surface, ending in a sharp point,
consists of two portions : the cufting portion of the blade, straight, and
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reachine from the heel to the cutting portion of the poinl, convex for a
distance of about half an inch.

e. The Hprt'i:ll knife for Lisfranc’s amputation, 6 inches lomgr,
L ineh wide, is characterized by the terminal convexity of the
dorsum of the blade, so that the point is dropped. and the culting
surface is straight from one end to the other,

Manner of Holding the Knife. An amputation knife is always
arasped fully in the right hand.

Fig, Tl.—Kunile leld
like a viclin bhow (revers-
e view of Ul dordim
|;_||' l| i Jinl -]_

Fig., 7T2.—Enife hold

like o violin bow @ view
of the pabmar surlace ol
thie hmeed, =lovwvang thee
bl e,

Fig, 5. — g, Com-
mencement of an in-

cl=ioEn W tle ol Jreint of
the knife, index fnger
stretched along the back
ol tlee lelaide,  Bainidle
ujrpiermast, E. Finl of
thie rpca=gon Al 0 Corres.
pondimge point o on the
| ;-n:-|.1-- =higas o] Klps Jomk,
Kulfe hield like @ violin

Fannne,

¢, The typieal hold is with the handie lving in the pablm, gripped
transversely by the four flexed fingers, the blade emerging helween
thumb and index finger in a direction perpendicular to the axis of
the forearm (Fig, G8).

L. From this hold, little sccondary movements of the fingers
around the handle bring us to another common hold, in which the
handle is held near the blade between the pulp of the thumb and the
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distal phalanx of the middle finger, and the index finger is stretehed
alomg the back of the blade ; the little and ring Iinm-ﬁ are lNexed on
!]w handle, lwhilr-h is nearly parallel to the axis of the forearm, with
||!.-;‘{-ml l'l"*l!"t!! in the hollow between the thenar and hypothenar
cmmences (Iigs, 69 and 70), '

¢. By rotating the handle a little until it lies almost transversely
between the thumb and
middle  finger, the knife
comes to be held like a
violin bow, the handle seized
between the pulp of the
thumb on one side and the
pulp of the four fingers on
the other (Figs. 71 and 72),

The student will not
attain  lichtness and pre-
cision of touch unless he
practises passing smoothly,
without jerks, from one of
these positions to the others
(Fig. 73 A and B).

. Sometimes the knife
is held like a dagger, the
mverse, that is, of the
position just deseribed ; all
the fingers closed, the
handle perpendicular to the
axis of the forearm, the
blade emerging between the
flexed little  finger and
the  hypothenar eminence
(Fig. T1).

The student must prac-
tise passing from the first
position  to this one and
back again, which is quite
casy.  Start with the hand
in semipronation, the point
of the knife upwards (first
hold).  Incline the knife
forwards a little, pushing
it with the thumb, and pass the index finger over it ; the handle is
now held between the corresponding lateral surfaces of the terminal
phalanx of the index finger and the head of the middle phalanx of
the middle finger, both stretched along it as on a pen. By Hexing
these fingers the knife is rotated further, and then grasped again
with the point downwards,

This change of hold is sometimes made in a single operative step,
as when [inishing a eircular eut on the anterior aspect of the limb,
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¢. The amputation knife proper is never held Wike a pen (Fig. 75) ;
but this hold is frequently used for a sealpel in operations on the small
hones of the hand or foot, in freeing a Hap. or in dividing accurately

certam lignments,

with the terminal convex por-
tion when turning a corner.,
In an incision parallel to
the axis of the limb, first prick
with the point at the distal
cnd of the incision, the wrist
ralsed (Fig. 76): as soon as
the thickness of the skin is
picreed, drop the wrist and
draze the knife directly towards
vou, without sawing, pressing
with the index finger on the
back of the blade, which is
inclined at an angle of 45 to
the axis of the limb (Fig. 77).

In this way about an inch of

the distal
cidre s used.

extremity of the
When the end
of a stroke is reached and it
Is necessary Lo turn a corner,

In this hold.

thumb and middle finger grasp the
sides  of the  blade,  limiting  the
serviceable  portion of the
while the end of the ring linger is
used as a support,

1'||:_'.'+:'.

Manner of Handling the Knife.
With the point. the tissues are
pierced.  With the edge, they are
cul : with the straight part of the
edge when cutting in a straight line,

Fig, 78,

prvot a little on the point, raising the wrist at the same time, so
as Lo cut with the convex part of the edge only (Fig, 78).
After turning a corner, it is often necessary to return along the

limb by * reversing *

(Fig. 71), the wrist now being abducted and

pronated, and the knife held like a violin how,
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The most precise and much the most frequently used movement
is that in which the operator cuts from left to right and from a more
distant point towards himself : this is called drawing the knife (Fig. 77).
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Mig, 80,

When the cut is made
in a direction away
from the operator, as
often  happens, it is
called reversing (Fig.
71). It is only excep-
tionally, for certain
special steps, that he
cuts from right to left
(Fig. 85).

To ecut the skin
transversely in front of
the operator, on the
anterior surface of a
limb, for instance,
which is held with
the extremity towards
him, he applies the
heel of the blade at
the left extremity of
the incision (Fig. 79),
the point lowered, then
cuts with the full edge,
using the whole length
of the blade, so as to
end with the point at
the extreme right (Fig.
80). The knife is now
vertical, the handle
downwards and held
like a violin bow, and
it is finally brought
out, exactly at the ex-
tremity of the incision,
by raising the handle
to the right, so that
the point emerges per-
pendicular to the skin.

When cutting the
skin, the blade must
always be perpendi-
cular to it, so thal

the cut is elean, and not oblique, with a margin of tapered skin.
The skin should always be kept tense, either by the left hand of
the operator, the hands of the assistant (Figs. 81-83), or the position

of the limb (Figs. 84 and 85).
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Figs. 81, 82, and 83 show a skin division similar o that of the
preceding figures, but with the incision markedly eurved.,  To perform
this, start with the heel of the blade in the same way, the handle
raised, and cut with the full edge as far as the apex of the curve, which

Fig, 81,

shape like a  eircumflex
accent., After  turning,
drop the wrist to  the
horizontal, carrving it a
little to the left at the
same time, to cut again
with the full blade ;@ and
cidl with the knife held
like a violin bow, the blade
vertieal, the wrist lowered.

1s  reached with  the
point. Now furn, which
is done by raising and
flexing the wrist, so
that the blade becomes
vertical, and at  the
same time the direc-
tion of the ineision is

altered to make it in

Fig. 81+ shows how a digital commissure is divided by reversing,
the operator standing at the end of the limb, the skin kept tense by
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the position of the finger, flexed, and separated from the remaining

Fig, 84,

il'-rl.lI ! .‘l.

with the point of the knife
by little jerks of the wrist,
the  blade being held verticeal
(Fig. 86).

fingers, which are
held by an assistant.

In FKig. B3 is
!"'-II{V“'" H | |]"‘II'II"| {}r
streteching the skin
of the axilla, by
abduction  of  the
arm, without the
necessity of an
assistant. In this
figure, also, it will
be seen how,  in
order to make the
cut as complete as
possible, the stroke
is  finished from
right to left, the
back of the blade
resting on the com-
missure of the
thumb.

Certain parts of
the skin which are
tough and fibrous
(palm of the hand
and sole of the foot)
must  be  divided

Fiog. =i,
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2. THE SHAPE OF STUMPS, AND HOW TO PLAN THEM.

A stump should be :

1. Well covered by Soft Tissues.—If the soft parls are too short,
the stump is said to be conical ; the bone appears Loo long, is painful,
and frequently adheres to the sear, which readily heeomes uleerated.
The soft parts should therefore be as thick as possible, and long enongh

Fg, 87, —=kin outline for a circular amputation, marked oldiguely to tlie axis
of the limb ; on account of the ereater retraction of the skin on thie inner side, thie
final result will e circular,  The cicatrix will be terminal,

to cover af least the corresponding diameter of the limb. It must
never be forgotten that after amputation the skin of a flap retracts
for about a third of its length ; and that it often retracts unequally
at different points in the circamference of the limb,

{ ]
g, w5, —A single anterior o, the posterior imcision wniting Jdicectly the two
limbs of the . Fee, =50 shows how a longer or ghorter posterior Map may b cut,
The anglez of the Uap are right-angles, but spitably rounded, and the aps monst

ot taper,  1ts length should be greater than the corresponding half dinmeter of

thiee Rireels. | TTE il'.l-'l'|1, I.".'.]I e o [ranEverse one andd Siooes bed ||I|-'|l|'J|I='II_'_

2. 850 Planned  that the Cieatrie weill not be pressed  wpon.

Its position should be terminal therefore, if the artificial limb is to
be supported by the periphery of the stump @ lateral in olher eases,
or perhaps termino-lateral.,

The hest example of a terminal cicatrix is seen in o cirenlar HITTTRTE
Lation (Fia. 87).
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The best example of a lateral cieatrix is seen in amputation by
a single flap (Fig. 88). a predominant flap (Fig. 89), or an ellipse
(Figs. 90 and 91).

J"J'y, 50, —Long anterior, short posterior faps.

Fig, 90, —ENiptical division of skin, which resaltz (Fig. 913 in o palmar fap with
two lateral curtains hiding the extremity of the bone,
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Termino-lateral  eieatrices are seen  aflter amputation by two
caual flaps or by a racket incision (Figs. 92-1).

.|l"-':.l'. BEL Maodufied
cirenlar incision, siving
two fittle angular flaps.
Tii=, with the angles
rontided to the guarter

of a eircle, makes the
racket meiswon { Py, 95 Fig. 02,
The racket conzizt2 of ’
handle amd a ring: the
trpical form  haz o
gtraieht handle (of diffor.
ent  lengths) anid sym-
metrieal ring,  The prin.
ciple remainz the =ame
when the emd of the
lundle i bent back at
right-angles (to Gacilitate
eertain  disartienlations),
amd when the ring s
made  asymmetrical, so
that a little flap can Dy
turned back (Fig. 9).
The scar of a racket is
termino=lateral.

Fig. 03,

Fig. ™,
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Cuarter VI,

ON THE DIVISION OF THE SKIN.

1. CIRCULAR DIVISION.

Tue eircular incision defines itself, although it has sometimes to
be somewhat oblique originally, in order to be truly eircular when the
skin has retracted. It should be a quarter of the ecircumference of
the limb below the level of section of the bone.

Practice the circular cut first of all in ko steps, dividing first the
posterior three-quarters of the cireumference, and then the remaining
quarter (see Figs, 95 and 96).

First Step @ Dhivision of Skin Posteriorly.—This is the best surgical
exercise for teaching how to eut with the whole length of the blade,
and how to turn the handle of the knife in the hand as the blade is
carried round the limb,.

Fxeept in the ease of the right thigh, when he stands outside the
limb, the umbilicus to his left (Fig. 93), the operator alwavs has to
the left the portion of limb which is to be removed ; and grasps in
the left hand the skin on the anterior surface of this left portion of
the limb between thumb and index finger, perpendicular to the axis
of the limb and a little below the hne of incision. An assistant,
placed on the operator's right, grasps the limb between his hands,
and, by drawing it towards the trunk, makes tense the skin which
has been fixed below (Fig. 97).

Choose a knife about as long as the incision to be made at a single
stroke, and grasp it fully in the right hand in the first position.  Then,
facing one side of the limb, which is held horizontally, pass the knife
under it, and with wrist half pronated, blade vertical, the point up-
wards, apply the heel of the blade as far forwards as possible (above,
as the operator stands) on the distal lateral surface,

M:ake the heel bite by pressure and by drawing it vertically
downwards, bringing the handle towards vou as it comes round the
limhb, making little sawing movements all the while, and nearing the
point of the blade as the end of the incision is approached. After
passing the mid-line posteriorly, rotate the handle between the middle
and index fingers, until the surface of the limb near to you is reached
with the knife again vertical, the handle uppermost ; the point is now
reached, and brought out in the usual way.

Second Step @ Division of the Skin Anleriorly.—In this, the two
ends of the first incision are united by a second. Expose the distal
angle of the wound by rotating the limb towards you, and apply the
heel of the blade at this angle, using the second hold, the index linger
extended along the back of the blade (see p. 63). Now draw the
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Fig, %5 —Cirenlor eut—{irst =tep (Faraleni),
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knife towards wvou, sawing gently, and proportionately nearing its
point as the end of the incision is approached. Drop the hand
eradually, and rotate it little by little until the knife is held like a
violin bow (see p. 64). LEnd with the point in the nearer angle of the
first incision, and bring out the knife in the usual way.

A practised operator makes the cireular cut in a single step (Figs.
97 and 98). Pass the right hand, with the knife, round the limb from
below, embracing it, so to speak, under the wrist, which is held in
extreme flexion and pronation. This position makes it possible to
apply the heel of the blade to the surface of the limb nearest the
surgeon, the knife vertical, point downwards, Then earry it round
the limb as deseribed above. 1

Fig. 98,

If the surgeon is skilful, the skin well stretched. the knife very
sharp and sufficiently long, the cut may be made without or almost
without sawing, by pressure and traction only.

If the incision is incomplete on the surface facing the operator,
it may be completed by reversing over the same around, allowing the
end of the handle to pass between the thumb and index finger so
that the knife is held near the blade, cutting surface downwards,
rather like a dagger.

2. ELLIPTICAL DIVISION.

This is nearly always done in one step, the suceessive surfaces to
be divided being exposed in turn by manipulating the limb, which is
orasped in the left hand near its extremity. The typical movements
necessary may be learnt in the disarticulation of the clbow, and may
be followed in Figs., 99-101. Twist the limb to the right in order to
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see to the left, start with the heel of the blade of the knife al the
apex of the inecision, and draw it in a straight line, cutting with the
full edge, 1o the other extremity
of the ellipse :  then untwist  the
limb, turning on the point of the
knife at the same time, and eross
the anterior surface with the arm
in the normal position.  Now twisl
the limb to the left, in order to
expose its right side, and draw the
knife again to the place from which
the start was made, finishing the
stroke with the point.

Fig, 1000,
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3. A CUTANEOUS FLAP.

A good flap should be U-shaped, that is, the same width at the
free end as at the base, and rectangular, wiih the angles rounded to
a quarter of a circle.  The sides should be at least as long as half
the diameter of the limb at the point where the bone is to be divided.,
and the two limbs of the U should end one finger-breadth below
this level.
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The diameter of a limb may be approximately determined by
Macing the knife flat on the limb, and perpendicular to it, so that
the point just reaches to one surface, while the level of the other is
marked with the index finger on the side of the blade. Maintaining
the index linger in this position, measure off this length on the long
axis of the limb below the point of section of the bone. A single Hap
should be equal to the diameter of the limb at the point of section ol
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the bone, plus a third, to allow for retraction : if two flaps are made,
the sum of their lengths should be the same.

Measure the anteroposterior dianmeter for an anterior or posterior
flap. and the transverse diameter for a lateral flap,

1. To Cut an Anterior Flap.

A.—In the great majorily of cases stand at the extremity of
the limb, a little towards the rvight, and grasp in gour own lefi

Figs, 100, 105, and 106, —Cutting an anterior ap i the forearmn.

hierid the partl whick is Io be removed, below the corresponding articu-
lation. Now with the left hand feist and incline the imb toicards the
right, so as to see ils surlface (o Lhe lelt,

With the index fhinger stretehed along the back of the blade,
commence at the appropriate extremity of the ineision by pricking
with the knife nearly perpendicular to the skin (Fig. 104, Then
drop the handle to an angle of 45, to make the terminal part of the
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edge bite, and draw the knife straight towards vou (Figs. 76 and 77).
without sawing if the edge is sharp, until the curve of the left angle
of the flap is reached. Arrived there, turn with the point, by very
slight sawing movements, raising the hand until the |J|=lt|t". iH‘nmrl‘v
vertieal (Fig. 103). 3

As vour right hand begins to bear from left to right, move the
limb in the opposite direction with the left hand, reversing the rotation
to the richt with which you started, until there is no rotation at all

Figs, 107, 108, and 108 =Cutting an anterior flap in the left leg.

when the anterior surface of the limb is crossed.  If the limb is narrow,
the transverse cut is made with the point ; if broad, with the full
cutting edge.

The same movements with the point are made to round the right
corner of the flap, and now rotation and inclination of the limb to the
left is begun ; this, when completed (raising the limb at the same
time), will expose to view the right branch of the U, along which the skin
is divided by reversing. the hand turned away from the operator, the
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knife inclined at an angle of 45 to the limb, and held like a violin how,
Bring the handle towards vou in order to make a neat upper angle
to the wound, removing the knife with the point perpendicular to the
skin (Fig. 106).

Frgs. 110, 111, and 112, —Cutting an anterior flag from thie left thich,

I the right branch of the U js long, it may be diflicult to reverse
as far as the extreme end of the wound : rul;:lq-‘. therefore, on the richt
oot when the corner is turned. so as to face the branch to bhe eut, :ml
at the same time, with the left hand, ineline the extremily ol the



80 AMPUTATIONS AND DISARTICULATIONS

limb strongly to the left.  In this way the completion of the incision
is made easy, however long it may be. The attitude advised is seen
m Fig. 127, showing the eutting of an external flap for amputation
of the leg ; the position is the same in cutling an anterior flap in the
left thigh: but is quite unnecessary in the ease of the upper limb.

Figs. 107 to 109 show that the movements are the same. when
cutting an anterior flap from the leg. on whichever side the operation.

In the thigh the conditions are different, for then the surgeon must
always remain outside the limb. Tt is only in amputation of the feft
thigh that the part to be removed lies to the left (Figs. 110-112),

A practised operator ean manipulate the limb in this ease exactly
as in the two preceding deseriptions, and Fig. 110 shows the |u}.t-.iliu'|1
at the start, the limb rotated outwards ; it is easy to understand how
the external branch of the flap may be exposed by rotation inwards
and adduction of the thigh.

An operator who fears he may find it too tiring to support the
whole weight of the limb, ean have it supported by an assistant, and
then, stretehing the skin by pressure on the knee, he cuts the flap,
facing the outer surface of the thigh from the commencement
(Figs. 111 and 112).

B. Sometimes—in  amputation through the right thigh, for
instance—the root of the limb is to the left, and an assistant must then
support and manipulate the limb.

Grasp with the pronated left hand the flap that is to be made,
and stretch the skin by approximating fingers and thumb ; the
veneral direction of the knife will be round this left hand, beginning
at the angle farthest away and finishing at the angle nearest the
operator. Thus, in order, prick the skin, draw the knife downwards,
turn on the peoint, cross the limb, cutting with the full blade, turn
again on the point, and reverse upwards to the proximal angle of
the flap—or better still, rotate on the left foot so as gradually to face
towards the extremity of the limb, and then finally draw the knife
upwards.

While this is being done. the assistant holds the limb horizon-
tally, without changing its position except to rotate it slightly in a
direction opposite to that followed by the knife ;: that is to say, he
starts with the limb in external rotation as the ineision is begun,
restores it to the normal position as the limb is crossed, and rotates
it inwards at the finish, exactly as the surgeon would handle the limb
himself to expose the suecessive surfaces to be divided (see p. 77).

When the anterior incision is completed, divide the skin post-
eriorly by a second stroke, passing the knife under the limb as for
the circular cut ;: no attempt is made to round the angles. IF the
anterior flap is sufliciently long, the two ends of the U may be united
direetly by a slightly convex incision (see Fig. 104); but il the
anterior flap is not long enough, the arms of the Y are joined by an
incision at a suitable level (see Figs. 107, 113).

In either case care must be taken not to cut into the base of the
anterior flap when commencing the second incision.  To avoid this,
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it is useful to start with the heel of the blade on sound sKin al some
distance from the first ineision, the point upwards @ then, as the
knife is brought towards the operator, when the point is seen to be

ey, :]- ]tl, il B R e T T [T 1] RS B '!|!| vy Edge Fpicbal
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opposite the first incision, raise the wrist again and move it away
from the limb, so dividing with the knife-point the little bridee of
skin which had been left. After this, the surgeon recommences the
circular movement, bringing the handle towards him, and cutting
with the whole blade from heel to point ; then with the point, while
the handle is raised, he rejoins the nearer arm of the |J,

2. To Cut a Posterior Flap.—
Take the extremity of the limb
in the left hand, the fingers above,
nails downwards : generally speak-
ing. the movements (prick, draw,
turn, cross, turn, reverse) are the
same as for cutting an anterior
flap : but to begin the left branch
of  the posterior flap, the knife
must be passed under the fexed

Figs, 116 and 117.—Cutting a plantar (lap.

and  pronated left hand. The rules for bending the limb, twisting
and untwisting it, are the same as before ; but when crossing | the
posterior surface, the limb is raised vertically upwards to expose
fully the line of incision.

The rules for the right leg are the same as for the sole of the foot,
and the operator finishes still standing on the outer side of the limb,
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In the ease of the left leg, however, he should be on the inmer :‘-:-Illl[' ol
the limb at the finish of the incision, the umbilicus to his left : he
«tarts. therefore. in o direction opposite to the one just deseribed

Fig. 115,

(Fig. 119), and ends facing
the dorsum  of the foot,
after turning to the right :
this  method, however, is
much less important  here
than when amputating at
a higher level, (It is un-
necessary  for an assistant
to support the heel as
shown in Fig, 120 : it was
done to steady the limb
while the photograph was
taken.)

3. To Cut a Lateral
Flap. — It matters little
whether the flap to be cut
is an external one (which
is used almost exclusively),
or an internal one ; mulalis
mutandis, the deseription of
one applies to the other also.,

In the position which
the surgeon occupies to
operate, parts external to
the axis of the limb lie to his
left in the case of the right
limb, to his right in the Fig. 120.
case ol the left limb,

The general movements are always the same @ begin by pricking
with the knife at the anterior extremity of the U, then draw it at
an angle of 45 along the ecorresponding braneh  ecross the external
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surface, cutting with the full blade, turn on the point, and reverse
along the posterior branch, which is completely exposed by elevation
of the limb.

The knife being always held in the right hand, however. there
are certain essential differences in the manipulations requisite when
the left or right limb, as the case may be, is to be amputated.

Fig, 122,

Suppose, for instance, the operator is about to cut an external
Map from the left arm or leg.  He grasps in his left hand the extremity
of the limb, and it is evident that nothing will prevent his following
from :l‘lh' to end the contour of the U : the flap lies to his right, and
II{*?HIH cut round it in a single stroke. Commencing in front, he cuts

,F'l-..ll

all the while from left to right, and by manipulating the limb in a
direction opposite to the incision, exposes sueccessively the surfaces
which are to be divided, The principle is alwayvs the same —twist
the limb to the right in order to see to the left, raise it to see its
posterior surface, both hands working together.

After piereing the skin, the operator draws the knife straight
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towards him along the anterior branch of the U: then rotating the
Limb inwards and r_'q_i:-.iu;_:_' il ;_Il‘:lllll;'l“}’ at the same time, he erosses
the outer surface : lastly, after turning on the point, he finishes b
reversing along  the pos-
terior hranch, eutting with
the point of the knife in
hittle sawing movements
(Figs. 121—4).

It has not been
thought necessary to in-
trovluee  Turther  lioures
showing how to cut an
external flap from the left
leer : it is  sullicient  to
show  the [finish at  the
end of the posterior inei-
stonn (Fig, 124), and to
state  that  the positions
are the same as in the
case of the arm. and that
the finish should be made
similarlv, with the limb
raised in order to expose
the posterior surface.

In the case of the
right arme or leg, on the i 12k
other hand. if the attempt
is made to operate by grasping the
limb with the left hand and proceed-
ing as on the left side, the operator
will find himself obliged to move
round to the right, towards the in-
ternal aspect of the limb and away
from the flap, in order to continue
the incision.  To avoid this the limb
is seizedd as before, but the operator
raises his left elbow. with the wrist
well flexed and pronated. and passes
his right hand. holding the knife,
under the bridge so formed, just as
in cutting a posterior flap. e ean
now  proceed  without  interruption,
and eut the flap in a single stroke,
performing with the right hand the
manipulations deseribed above, and rotating the limb with the left
in a corresponding manner (Figs, 125, 126 127).  In the more bulky
portion of a limb, such as the thigh, the work is aeillitated i an
assistant supports the part.  The operator must himsell turn round
the Hap. so tao speak, as he euts it finishing with his face towards
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the dorsum of the foot, as shown in Fig. 127, Afterwards he will face
the side of the limb, the umbilicus to his left, the onlv convenient
position for completing this amputation. The operator finds himself

in a similar position, without crossing the hands, at the finish of the
incision for cutting an external flap from the left leg (Fig. 124).

The faps for amputation of the little and index fingers are cut
symmetrically to the axis
of the hand, presented in
pronation, as shown on
the left hand in Figs. 128
and 129, Both flaps are
external and palmar, but
one lies to the right (the
little finger), and the other
to the left (index finger) :
the surgeon therefore euts
straight forwardly  for the
first, and with one hand
passed under the other for
the second—using in fact
the same method  just
described in the case of
the leg,

If Figs. 104-129 are
compared, it will be under
stood that similar move-
ments  are  required for
cutting flaps  from the
other side of the limb, the hands being crossed at the start when
the flap is to the operator’s left.
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. The Racket Incision.—The simplest racket ineision is made
when a longitudinal slit is drawn to meet a eircular incision, It is
frequently used @ to disarticulate a finger, for mstance (Fig. 1:350),
or in disarticulation at the hip-joint (Fig. 506).

But the line of incision is more graceful—and the movements
also—if. after a rectilinear course of varving length  the incision
is made to divide into two branches which pass round the limb
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Fig, 130, —Circular iacizicn with slit,

obliquely, like the shoulders of a racket (see Figs. 131 363). In
this manner two rounded faps are made, with the convexities towards
one another.

The incision is made in two steps :—

a. With the left hand grasp the limb bevond the joint subjacent
to the racket : pierce the skin at the extremity of the handle of the
racket and draw the knife along the straight portion : then, with the
handle raised and cutting with sawing movements of the point of
the knife, turn along the right shoulder of the racket.  After
turning, lower the handle of the knife, and at the same time rotate
and bend the limb to the left, so stretehing the skin and  exposing
the lowest part of the circle ; continue with the whole blade from
heel to point, the knife held like a violin bow, eutting transversely
from right to left as far to the left as possible, cither exposing the
palmar surface by rotation when feasible (see Fig, 1320, or dropping
the back of the blade towards the commissure of vour right thumb
(see Figs. 1335, 370}

b, The racket is completed by reversing to form a left shoulder.
For this, rotate and bend the limb to the richt with the left hand.
<0 stretehing the skin and exposing the end of the first incision.  Now
pass the right hand over the limb, apply the heel of the knife in the
angle exposed, and finish (in the violin-bow position) by rejoining
the handle of the racket with the point of the knife.
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Frpg, 1301, 182 amd 1535 —=The racket onceision = lirst step.

J’"r-.r. 134, —The rickel incizion @ zecond Bl
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4. FREEING THE SKIN.

Whatever mav be the later steps of an amputation, the skin miust
alicays be freed most carefully, and the muscle flap to be cut. or the
line of the joint to be disarticulated, must be completely cleared

Fig, 135, —The surgeon  lolds
between thaimb and dex linger the
I:||l of the incision under which the
akin s toe e frecd. The work 18
doe with the point, the Glade parallel
to tlee skin mdd Bore,

Fig., 137.—Ii the skin & to
e licrated for o considerable
distance, an assigtant 20ectoles
The :f:l[- at ek I, il
exposes  the connective - tissue
rands by traction ; the =2urgeon

divides them as they appoar.

Fig, 138, —In wrning back o euif,

the action i3 the same, ot the Lilaale
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otherwise the Hap may be buttonholed, or its edges injured, as the
operation proceeds.

The skin is nearly alwayvs freed by dividing with the cutting
part of the point of the knife, from end to end of the incision,
the connective-tissue strands running from the deep lasecia to the
subeutaneous fat, while the assistant retracts the skin. It is well to
direct the blade somewhat obliquely, so that the point is engaged
beneath the skin to be freed.

i .
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'k\ . WA Fig., 1530, —<Freeing a skin
foe =y L | [ - flap from the palmar surface of
- v 1\ " I > s
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Fig, 140 —Method of frecing o palmoae
flap in dizarticulation ot o metacarpo-
phakangeal joint, The blade is hield parallet
to the bone, and moved in a semicircular

direction,

To turn back a enff, pass the knife in a circular direction from
left to right round the corresponding half circumference of the limb.
insmuating half an inch of the point on the flat between skin and
musecle, the knife held parallel to the long axis of the limb.

The same movement is used to liberate the skin of the palm in
disarticulating a linger,

It is nearly always best in liberating the skin to begin by holding
the edge onesell (Figs. 135, 136), and then have it retracted by an
assistant if it is necessary to proceed further (Figs. 137, 1:38)



CHAPTER

ON THE DIVISION

VI1I.

OF THE MUSCLES AND THE

PREPARATION OF THE STUMP.

Tur: muscles should be divided obliquely. so that they are shorter

than the skin.

1. Circular Division.
—The museles are always
arranged round a limb in
two concentric layers. The
long museles are the more
superficial, and run longi-
tudinaily : the short mus-
cles lie round the bone
like & muff. The first of
these lavers should be left
longer than the second, in
order that the divided
bone may lie at the apex

I'Il':l. llla_l ircnlar I|:i1.:|3-|:|_|'j i h;”n.'l.--,:

secoil st niE,

deseribed (#70. 1 k1),

The chiel procedures used are :—

first stawe,

of a hollow muscular cone: but as the

long muscles retract more
than the others, it is neces-
to divide the second
layer fwice,

Suppose  a  ecircular
division of skin has been
made. and that the skin
has  been properly  freed
and retracted to leave a

sary

space of about an nch
between the lips of  the
incision, Now, at the

level of the retracted skin
civide the
direction perpendicular to
the bone, and down Lo
the bone, cutting with the
whole blade from heel to

muscles i a

point, and going througl
the same movements s
when dividing the skin-—in

one step or twao, as alreadds

This will wive a stump it would he imipossible

to suture, and which would certainly become conieal later on il suture

were feasible,
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Tell the assistant, therefore, to grasp the whole cireumference of
the limb and retract the soft parts towards its base,  This exposes the
hone, over which museles and skin form a projecting cone. At the
base of this cone, close to the skin, divide the tissues cireularly asain.
even slanting the blade a little towards the root of the Iirlxln{f-‘}ﬂ. THJ,
This division may be carried out in one step (which is diflicult), or
in two.  An adherent collar of musele will now be left round the
bone below the point of section ; after using the saw the museles
will fall back into place and form a hollow cone below this point.

Fig. 145, —Finizh of dissection, with the el

2. Muscle Flaps.—A muscle flap may be cut by (a) Lissection ;
(L) Transfivion ; (¢) Dissection to begin with, finishing with transficion.

i, The main actions in dissecling a flap consist in gripping the
frec extremity, and applyving the blade transversely and obliguely so
as 1o et awayv from you, using the full blade with a transverse
sawing movement,

The manauvre is more rapid and more graceful if the dissection
is made by turning round the flap.  That is to say, first draw an inei-
sion along one branch of the U, the point reaching to the bone,
which must be felt and followed ; then cut transversely with the whole



THE DIVISION OF THE MUSCLES 0

blade under the free end of the ap, and finish by reversing up the
other branch of the U, after turning on the heel of the blade, keeping
the heel and adjoining part of the edge in contact with the bone,

The tyvpe of this method of dissection i1s best shown in amputa-
tion of the right thigh by an anterior llap, which may be studied in
Figs. 14F and 145,

standing on the outer side of the limb, the operalor pierces the
tissues to the bone at the upper end of the inner branch of the .
with the knife held horizontally, while he retracts the skin with his
fingers (Mg, 144, Then, after drawing the point along the bone, and
crossing the front of the limb so as to eut the museles obliguely, he
approaches the upper end of the

outer branch with the heel of the -
blade, holding the Hap out of the
wiay with the left hand (Fig. 145). ;

G R

Figs, LG and 117, =Disgeetine o plantar i

Ir t|!u-::||:||| is to be a posterior one, or on the surface distal to the
surgeon as the limb is presented, the same method is used, but with
the hands erossed, right under left. It is in this way, for instance,
that the muscles are cut in disarticulation of the first metacarpal
bone : the muscles are on the palmar surface, it is true, but the hand
15 presented in pronation, the dorsum towards the surgeon,
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I a flap is to be cut from part of a limb which faces the operator
directly, as in the case of Chopart’s and Lisfrane’s disarticulations,
he entrusts the end of the
foot to his assistant, and
picking up the edge of the
flap, he dissects transversely,
turning from left to right,
the blade parallel to the
skin (Fige, 146, 1471, And
alwavs. when starting from
the left end of the incision,
twist and incline the limb
to the right, put it straizht
when crossing it, and twist
it to the left when finishing
on the right side. Just as
in dividing the skin, the lefl
hand should move in the
opposite  direction to  the
right.

In certain cases it is
necessary to  dissect up the
Jflap, muscle by muscle, in
successive steps—in the leg,
for instance, where the deep
muscles are hidden at the
bottom of the interosseous
space. It is necessary there-
fore : (1) To divide longi-
tudinally, on either side, the
muscle sheath ; (2} To pinch
up the musele transversely
between the left thumb and
index finger, and cut it
obliquely elose to the fingers
(Figs. 148-150).

This method must also
be adopted in disarticulation
at the hip-joint by a racket
incision, in order to ensure
hirmostasis : and it is best
to use it in disarticulation
at the shoulder-joint, unless
sure of the assistant.

The metacarpal  and
metatarsal bones may truly
be said to be enucleated, so closely must the bone be shaved.

h. In transfivion, the base of the flap is pierced transversely
with the knife, the edge towards the operator: then, by means of
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sawing movements, it is brought out again at the level of the
retracted skin,  The blade must be long enough to allow both ends
to remain outside the skin eontinuously while these movements are
being made,

The point should enter the branch of the U to the operators
right as high as possible, and emerge equally high on the branch to
his left.

If there are two bones at the point of amputation, as in the fore-
armn, the limb should be placed quite flat in supination, and the blade
flat against the borders of the bones; otherwise there is a risk of
perforating the interosseous space and passing behind the bone which
lies to the operator’s left,

[}
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Frog, ol —Tran=iivion.  The mascles are kept tense by extension of the wrise.

If there is one bone only, the knife must be so passed that the
point is arrested by the lateral surface of the bone ; drop the handle
to bring the point on to the anterior surface, then raise it again to
pass round this and on to the opposite lateral surface.  These move-
ments are reversed if, as may exceptionally happen, a posterior flap
is 1o be transfixed,

The muscles to be divided must be kept tense — in the forearm by
extension of the wrist (Fig. 151) : cut with little sawing movements,
the blade quite flat, without allowing the point to re-enter the tissues
until the free end of the flap is reached (Figs, 1520 153). To finish
the movement, turn the blade perpendicular to the muscles, edgee
upwards, and come out level with the skin (Fig. 154).

c. Sometimes after pariially dissecting the flap it is finished by
fransfivion.  This method is merely mentioned here ; the details may
be studied in the disarticulation of the third metacarpal bone (see
p. 173), and in amputation of the leg by an external flap (see p. 121).
In tarso-metatarsal and scapulo-humeral disarticulations (Frgs, 155
157). the surgeon transfives after disarticalation : alter a preliminary
disseetion of the flap, he opens the joint and passes the knife trans-
versely under it, then replaces the joint in position (re-articulation).
and brings the knife out close to the bone (Fig, 155).
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Frgs, 132, 153, and 1éd.—"The successive steps in transfixion
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In this manwuvre it is necessary, before replacing the joint over
the blade, to make sure the angles of the wound have been carefully
freed, so that the whole breadth of the blade may be used on the fat
without injury to the base ol the fap.

Frge. 1556, 156 aml 167 i—Re-articelation wd tranafixjon.

-
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THE PREPARATION OF THE STUMP.

In the living, after disarticulation or division of a bone, the
operation is completed by a series of steps which unfortunately are not
as a rule carried out on the cadaver.

The first care will be to seenre, then to ligature, the arleries, which
must be done quickly to avoid loss of blood ; the student must learn,
therefore, to seize the principal arteries without hesitation, There
will be no difliculty in this, if he is thoroughly familiar with the
anatomy shown in the sections in Figs, 14-18 ; 32, 83 ; and 38-40, and
can therefore make straight
for the place where the vessel
is to be found. This can be
practised in the dissecting
room. A jet of blood forms
a euide to the smaller vessels
in the living.

Next it will be necessary
to resecl the large nerves,
which may form painful
neuromata if they end on
the surface of the stump.
This step is absolutely essen-
tial if the nerve lies in a flap
on which pressure will be
borne—the posterior  tibial

Fig. 158, —Hezecting the nerve,

nerve, for instance, in a subastragaloid amputation (Fig. 158). It is
almost essential when a large nerve appears on the divided surface of
any stump : take the end in a pair of foreeps, pull it down, and
resect about an inch : the nerve is then drawn upwards and hidden
in the tissues,

If, finally, the student practises sufuring, his day’s work will not
have been wasted.
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Cuarren VI
THE CHOICE OF OPERATION, AND OF THE ARTIFICIAL LIMB.

A pariest with an artificial imb should be able :

1. To utilize the movement of the last joint preserved.

2. To take pressure on the stump below this joint.

The apparatus consists, generally speaking, ol two parts :—

1. A part to maintain it in position, fixed above the last joint
preserved.,

2, A part, more or less complex in shape and in its articulations,
into which the stump is passed, taking support from it and eom-
municating movements to it.

In an amputation of the leg or forearm, for instance, the
apparatus is lixed to the thigh or arm, articulated at the knee or
clbow, and moved by the stump of the leg or forearm.  In the same
way, after amputation of the thigh or arm, the apparatus is fixed to
the trunk above the hip or shoulder, It is necessary it should be thus
fixed and suspended, otherwise it would Tall off owing to its weight.

Lt us suppose the fixation has succeeded (its exact arrangement
does not interest us here) ;. we must next consider the mechanieal
conditions bearing on the transmission of weight and movements
from the stump to the functioning part of the apparatus. From
these considerations we are able to determine the best form of pro-
codure for each amputation,

In a general way it may be stated that, whatever the terminal
arrangements or mechanism of the apparatus may be, its bhase consists
of a cone, into which the stump is passed.  This cone must fit the
stump  exactly, for it transmits thereto pressure of two kinds :
(1) Vertical pressure : (2) Lateral pressure, corresponding to  the
movements of the articulation above,

1. Vertical pressuve is taken at two points @ (a) The apex of the
cone presses on the extremity of the stump ; (b)) The base of the cone
presses on the bony prominences below the last joint.  The fit s
never close enough to allow much vertical pressure to be taken by
the sides of the cone,

2. Lateral pressure is transmitted by the whole of one surface of
the stump to the corresponding surface of the cone : by the anterior
and posterior surfaces only in hinge-joints such as the knee and elbow,
but by any part of the surface in joints like the hip and shoulder,
where circumduction is possible,

Having stated the general principles which should gsuide us, we
have now to consider their application in detail, to the upper limb
m amputations above or below the elbow, and to the lower limb in
amputations above or below the knee,
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1. THE UPPER LIMB.

After disarticulation of the shoulder or amputation through the

arm, the cone of adaptation (fixed to the trunk by a shoulder-strap)
encloses also the anterior thoracic wall and the seapular region. It
15 evident, therefore, that to make the transmission of movements
possible—forwards, backwards, or outwards (it is never very good),
a fairly long humeral stump is neeessary : the power of the lever
15 not of much value, indeed, unless the amputation 1s below the
middle of the arm. The apparatus keeps its place much better, and
its suspension from the shoulder-picce is much more seeure if the
stump 1s flilled out by the head of the humerus and the anatomiecal
neck : hence the superiority of an intradeltoid amputation over a
disarticulation ; this is almost the only advantage, however, for the
transmission of movement by the fragment of bone preserved is
practically nil.

When the stump of the humerus is long enough to be used, the
pressures sustained by it in the transmission of movements to the
apparatus are taken by the anterior, posterior, and outer surfaces.
There is no pressure in a longitudinal direetion. A terminal cieatrix,
therefore, is no inconvenience, if it is not adherent to the bone, and
a circular amputation, or one by equal lateral flaps, may be emploved
according to taste.

The same applies to amputation of the forearm, where the stump
executes hinge movements in the sagittal plane. and there is no
terminal pressure. In this ease it is of considerable importance to
keep the lever as long as possible, both to give the stump more
mechanieal advantage and to enable it to be better enclosed.

Amputation at the wrist allows, in  certain special actions, a
direct use of the stump without apparatus—in pushing something, for
instance, or in maintaining an objeet in position by pressure. The
ends of the bones must therefore be well padded by palmar skin, and
the cieatrix definitely dorsal @ an anterior flap. or one of its modifica-
tions, is for this reason to be preferred.  But Dueroquet has drawn
attention to the fact that the projection of the styloid processes and
articular heads of the bones is undesirable, and that it is perhaps
hetter to remove them-—that is to say, to make a very low amputation
of the forearm, comparable to Syme’s amputation at the ankle,

After amputation of the arm, neuromata of the median and ulnar
nerves oceur frequently, and are very troublesome : these nerves
must. therefore he resected as high as possible.  In my experience,
this difliculty is much less common in amputations through the fore-
arm.

2. THE LOWER LIMB.

In contrast to those of the upper extremity, the principal
function of stumps of the lower extremity is to sustain vertical
pressure while transmitting the weight of the body to the ground in
standing or walking ; and we have more especially to consider whether
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pressure should be taken from the end of the stump, from the bony
projections below the lowest joint, or from both of these combined.

Twao essential conditions  must be Tullilled if direct terminal
pressure is to he possible —the cieatrix must not be terminal, and the
ends of the bone must be well padded by a thick and non-adherent
flap.  When a stump is used in walking, we have not only to deal
with direet pressure, but also with the friction caused by a necessary
to-and-fro movement of greater or less extent,  Perfect conditions
for this friction are only 1ealized if the skin of the flap is structurally
adapted for this purpose, as is the ease on the sole of the foot : where
dermis and epidermis are thick, the subeutaneous librous network
is continuous with the deep fascia, and encloses numerous little spaces
filledd with fat, forming a cushion of little liquid balls which glide over
one another when pressure and friction arve sustained.  The skin over
the apex and the posterior aspect of the heel is less adapted for this
purpose than the sole ; it is good and serviceable none the less, and
a patient is able to walk on the stump after a Syme’s amputation
without having part of the pressure supported by the tibial tuber-
osities,

Fortunately, skin which is not normally suited by its structure
for thas purpose can adapt itseli’ to pressure and friction if only it is
amply padded with a double laver of muscle, and, wherever possible,
with fibrous tissue as well. Skin not so padded, especially in fair,
stout patients, with thin and tender skins, is easily uleerated by
friction. or even by pressure alone ; corns and blisters may also
appear.  Consider, for instance. the condition of the skin over the
dorsum and external surface of the foot in a bad ease of equinovarus,

The museles of the flap under the bone do not remain as muscular
tissue, but become fibrous.  They are useful nevertheless, because :—

1. They interpose a fibrous sheet of greater or less thickness
between bone and skin, so that the skin continues to be movable
over the bone and is not directly compressed.

2. They adhere to the bony surface, forming a tendinous attach-
ment thereto, which inereases their action on the piece of bone pre-
served,

A Hap supports pressure badly when the museles have retracted
to the level of the bone, leaving it covered with skin only : the soft
tissues after an ampulation should remain soft and lax.

There is no doubt the length of bone that ean be saved is often
a consideration of  oreat importance, and in crushes followed |}Iv
suppuration the surgeon is frequently placed in a dilemma, his decision
resting between a stuwmp with short solt parts, cicatricial and adherent
in places, and a bone well ecovered with movable tissues, and with a
good scar, but so short that it is diflicult to adapt an artificial b,
This is a question which calls for careful judgement, and it is necessary
sometimes to sacrifice without hesitation an inch or two ol bone.
For instance, a good subastragaloid amputation is better, far better,
than a Chopart with short (laps,

We will now proeced to the consideration of special coses,
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Amputations of the Fool.—The general rule is to preserve the
plantar skin for the patient to walk on. arranging the scar entirely
on the dorsal surface, so that the anterior extremity of the hones is
covered by a flap as thick as possible, and there is no pressure on the
secar.  Pressure is exerted principally on the sole, but also on the
end of the foot,

After amputation of all five toes at once, the artificial apparatus
comsists simply of a boot with the toe artificially filled. This opera-
tion, which is frequently necessary for frost-bite, is only suceessful
i all the plantar skin can be saved, the line of inecision passing through
the digito-plantar fold, and preserving at least half the skin over the
proximal phalanx of the great toe.  liven then the flap will not reach
above the heads of the metatarsal bones, but the tension on the sear
is not excessive,  If this amount of skin eannot be saved, it is better
to sacrifice without hesitation the heads of the metatarsals, rather
than to be hypnotized, so to speak, by thinking of the support
provided, by the head of the first metatarsal especiallv, in walking
and standing. Our experience is that the functional disadvantages
of complete or partial amputation of the first metatarsal bone have
been much exagoerated : it is far better to sacrifice the head of this
bone than to leave it, a constant source of pain, pressing continuously
on thin, tense, and cieatricial skin.

In amputations through the tarsus and metatarsus, we should
aim al preserving as long a foot as possible : an intrametatarsal
operation would therefore be preferred to a Lisfrane, and Lishane’s
amputation to that of Chopart. In proportion as the length of the
lever in front of the tibiotarsal joint is diminished, the predominance
of the extensor muscles over the dorsiflexors is increased ; especially
is this true of the tendo. Achillis, for the length of the posterior
caleaneal lever is in no way shortened.

It must alwavs be remembered, however, in applving this rule,
that the soft tissues of the sole must be long enough to be sutured
without tension on the dorsum of the foot.

In Lisfrane’s amputation, for instance, the chiel dilliculty lies
in the considerable projection on the inner side made by the internal
cuneiform bone ; if this prominence cannot be padded by bringing
the plantar flap in front of and above it, it is better to remove the
bone, shaving it as closely as possible in order to preserve the librous
expansion of the tibialis anticus, which is inserted into the internal
cunciform and the base of the first metatarsal bone.  This librous
shell is continuous below with the plantar ligaments, which must also
be preserved, by shaving the plantar surface of the disarticulated
metatarsal bones ;. in this manner retraction of tibialis anticus 1s
prevented, and it develops secondary attachments to the seaphoid bone.,

Whatever amputation is practised, it s most important  to
preserve the fibrous bands on the sole (running from tarsus to meta-
tarsus and constitut ng the articular ligaments), the tendon sheaths,
and the origin of the short museles of the foot.  These serve to build
up a well-padded fap which supports pressure much better than musele
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tissue alone. It is for this reason that in Lisfrane’s and  Chopart s
amputations the old method by simple transfixion must be abandoned :
and the procedure by dissection up to the line of the joints seems Lo
us equally undesirable.  When the plantar flap is cut by transfixion
commencinge with disarticulation, and without preliminary dissection,
there is a risk first ol all that sullicient skin will not be preserved on
the dorsum of the foot @ secondly, that in passing the blade on the
flat under the metatarsal arch, concave downwards, the cul will pass
through the plantar muscles and not deep to them.  On the other
hand, if disseetion is fully earvied oul from before backwards (some
surgeons even advise approaching Lisfrane’s ligament from below,
beeause it is easier). it is not possible to get near enongh to the bone
to preserve the fibrous shell.  This is only achieved by working, with
the blade vertieal, from left to right and rom end to end of the wound
in the front part of the foot, this being depressed vertically after
section of the dorsal lignments,

Dissecting-room theory this was often ecalled in times of peace,
when a set amputation, as practised on the cadaver, was exeeptional ;
but we have sinee seen numbers of amputations for injury, with
results good, bad, and indifferent : the bad and indifferent are in the
majoritv.  Doubtless this is generally due to the conditions imposed
on the surgeon by suppuration ; but it is due in a great measure
also to an ignorance of those principles on which Farabeufl was wont
to insist,

What we have just said is perhaps not of such great importance
in Lisfrane’s amputation, but it is essential in that of Chopart. In
this the dorsal tendons are left without an attachment, and retract
i they are not reinserted into the fibrous tissue of the sole, so
that the heel becomes raised and the front of the os ealeis presses
insupportably on the anterior part of the flap. If. however. the
plantar fibrous tissue has been preserved, the dorsal tendons—the
extensors and tibialis anticus—may be fixed to it by a few sutures ;
they then lift the anterior extremity of the os ealeis from below, and
counterbalance the tendo Achillis.

It is better, though not essential, to reseet the nerves in the flap,
They are small, and, if the os ealeis does not become tilted, they are
not pressed upon when the patient stands or walks,

After Chopart’s and Lisfrane’s amputations, the patient walks
on the os caleis, covered with its normal plantar skin.  In subastraga-
loid, tibiotarsal, and supramalleolar amputations, the posterior part
ol the bony skeleton of the foot is partially or wholly removed, and
the plantar skin must be freed by enueleation of the os ealeis, and
brought under the remaining bone (astragalus or lower extremities
of the leg hones).

The plantar or internal flap of a tibio-tarsal or subastragaloid
amputation gives a perfeet direet support if two conditions have
heen observed :

L. The soft parts must he shaved off quite close to the bone,
leaving fibrous tissue in the (lap.
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2, The posterior tibial nerve must be resected.  Otherwise a
neuroma will form and walking will be impossible,

The flap for a Syme’s amputation is perfect if the tendo Achillis
has been divided quite close to its insertion and remains adherent
to the skin of the heel. There is no need to fear a neuroma in this
amputation.

Guyon’s supramalleolar amputation permits an apparatus which
presses directly on the end of the stump : the body weight presses
on the posterior skin of the heel, reinforced by the tendo Achillis,
and brought down under the divided bones. Pressure will not cause
atrophy of this skin if it is padded by the tendo Achillis : and the
tendon will not retract if divided quite close to the bone. The
tendon may also, with advantage, be cut obliquely at the level of
the upper border of the os ealeis ;: and the fibrous sheet which unites
it to the skin may be held in position by suturing its lower border
to the tendons in front.

I have considered the supramalleolar operation with amputations
of the foot, because the prosthetic prineiples involved in each are
similar. As already pointed out, the surgeon must remember the
following principle whenever compelled to saerifice the foot. The
length of the segment preserved is important without doubt, but only
on condition that the soft parts are long enough to be united without
tension : a good subastragaloid amputation is far better than a
Lisfrane (and still more, than a Chopart) with a shortage of skin, a
Syme is better than a subastragaloid under like conditions, and a
Guvon than a Syme.

Amputations of the Leg.—1t was long believed that in any ampu-
tation higher than the supramalleslar, the support should come from
the upper part of the tibia, and that direct support from the end
of the stump should not be used, or only to a minor extent ; after
amputations at the so-called *site of election,” pressure was borne
on the tubercle of the tibia, the patient walking with his knee flexed
at a right angle.

It is now recognized that the artificial limb is more serviceable
in proportion as a greater direct pressure is taken on the end of the
stump.* and that this pressure ean be supported-—with great advantage,
morcover—in high amputations such as those at the site of election.
Now this is incompatible with a terminal cieatrix, as left after a
circular amputation ; it necessitates a padded flap.  Below  the
middle of the leg a posterior flap is the best, above this level an
external one, These are padded with a thick layer of muscle, and
cover the projecting tibia very well.

f The same statement will be found in the last edition of Farabeui's Manual
The guestion was treated ina different way in the first edhition, and the difference i
principles as stated in 1872 and 19049 imay be observed. But it must be recogiiaed
that 1n I;”u-lig-:« direct support on the end of the stump was, even ol the later
time, =till imperfect, and morely accessory.  To-day this is really the chief point of
support. thanks expecially, we believe, to Dueroguet.
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With reeard to the bones, there are two indispensable conditions
il support is to be taken from the extremity of the stump @ (1) The
tibial erest must be divided obliquely ; (2) The fibula must be divided
above the tibia, which alone must press on the apparatus.  In high
amputations, about three inches below the knee-joint, it is best to
remove the small end of the fibula remaining, for it tends to become
displaced outwards if left, and to project under the skin.

Until the last few vears, the only practical apparatus after an
amputation at the site of election was the peg and bucket, the
patient walking on the knee flexed at a right-angle ; pressure wis
quite well supported by the skin in front of the tuberele of the tibia,
Present-day apparatus, taking pressure both from the end of the
stump and the tibial tuberosities, allows active flexion of the knee
to be preserved when the stump is three inches long or more.
Moreover. the apparatus now made is much stronger than it used
to be.

We no longer insist on the principles in vogue but a short time
since—namely, low amputation, with the use of the leg and knee in
walking, when an expensive artificial limb is possible : amputation
at the site of election in the case of a labourer, who will then have
to walk on the flexed knee. The form of apparatus used in the
latter case is, however, the only one possible when the knee is flexed
and stiff, incapable of active extension.

Although an apparatus with free movement at the knee has
become available for all elasses (though it will still be necessary to
note, in a few vears” time, the results attained in those who follow
manual occupations). it does not now follow that it is always necessary
to amputate in the lower part of the leg for this to be applied ; the
high position is no longer the * site of election.” and that is all. Two
other points must also be mentioned : (1) If half the leg is saved,
there is not much difference in the value of different stumps as regards
the adaptation of the cone to them and the power of movement ;
(2) If a good solid apparatus is to be fitted, direct pressure on the
endd of the stump is essential. and therefore a long [lap must be
made, which is not stretehed over the bone. A circular amputation
through the lower part of the leg, in particular, nearly always gives
an unpadded deplorable stump.

Amputations of the Thigh.— Disarticulation of the knee is mechani-
cally the same as a true amputation ;. the lowest functioning joint is
the hip, and the only difference between this and the higher amputa-
tions is in the length of the lever preserved,

The indirect support, beneath the lowest active joint, is taken
from the ischium. and it is very advantageous to relieve it freguently
even to replace it, by support taken diveetly from the end of the
stump.  Now Ducroguet has taught us (what, we believe, he himsell
has learnt sinee he has been studying our wounded soldiers) that
i amputations through the middle of the thigh, or even above this
level, excellent limbs may be made which take direet pressure from
the end of the stump @ so that indireet support is only necessary
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at all in amputations in the upper third, and even then should he
relieved by direet support.

But this arrangement is impossible with a terminal eieatrix ; it
necessitates a flap, preferably an anterior Hap. This fact must be
kept in mind, and the surgeon must not allow himself to be influenced
exclusively by the question of the length of bone to be preserved.
The length is of greater importance when the bone is sawn above
the middle of the thigh: for in this case a stump which is too
short does not remain firmly in the cone of the apparatus ; more-
over, as terminal pressure will be absent, or at most accessory to
indirect pressure, the position of the cicatrix is less important.,

Below the middle of the thigh, a little length must always be
sacriliced for the sake of an eflicient pad.

For instance, we believe that disarticulation at the knee-joint
is often disappointing because the projecting femoral condyles must
press on thin skin not reinforeed by muscle. 1t is preferable in this
region, if it is desired to take direct pressure on the end of the stump,
to amputate through the condyles and remove the patella : a surface
of skin accustomed to friction, and reinforeed by the quadriceps
tendon, is thus brought over the broad flat surface of the divided
bone.  Care must be taken to divide the patellar tendon as low as
possible, so that it will be long enough to sulure to the sofi tissues
posteriorly.  The bony extremity is very well covered in this way,
and we are not convineed that there 15 any advantage in fixing to
it the freshened posterior surface of the patella.

Neuromata of the sciatic nerve seem to be less frequent and
mich less troublesome than those which oceur after division of the
nerves of the arm,
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ParT 2.—AMPUTATIONS IN CONTINUITY.

Cuarrer 1IN,
GENERAL OBSERVATIONS.

Ix the preceding pages the general rules have been given for planning
and cutting Haps. which are the same both for amputations and dis-
articulations,  There only remain: to explain the rules for sawing in
amputations in continuity,

This may be considered in two stages @ (1) Exposure of the bone
at the point of section ; (2) Sawing.

1. To Expose the Bone it is necessary to push back the solt parts
still further, beeause the museles and skin of the completed flaps reach
to a lower level than the point where the bone should be divided.
Divide the periostenm therefore, all round the bone, with a periosteal
clevator ; or, more simply, scerape the whole cirenmference of the
bone from below upwards with the heel of the knife.

Then pull back the flaps, protect them under a linen retractor
(with two ends if there is one bone, but three ends if one of them has
to be passed between two bones), and use the saw.

The refractor wilth fiwo ends consists of a square of linen split to
the centre from the middle of one of its sides,  The bone is placed in
the fork from below upwards, the two ends are placed one in front
of the other, and by pulling on them and on the body of the retractor
the soft parts are deawn upwards out of the wayv,

The retractor with three ends is similar, but has two slits, leaving
between them a tongue about two and a half inches wide,  Both bones
are placed in the fork as before, and the ends brought one in front of
the other, then the median strip is passed through a hole in the inter-
osseots membrane and held in front of the other ends.,

2. Manipulation of the Saw. T'o use an ordinary amputation saw,
ke pthe hand uppermost and pull and push alternately. It is usnally
during the pulling movement thal the sawe bites, and it is in this movement
therefore that a little pressure may be applied, but alwayvs very little.
To saw quickly the whole length of the saw is passed to and fro without
haste, and with hardly more pressure than the weight of the instru-
ment,  Whether the portion of the limb to be saerificed is held by
the surgeon  himsell, or |Jl'o.' an assistant, it shooald be allowed to
drop slightly. so as to make the opening gape a little in front ; not
too much, or the bone may break when only o thin laver remains,
Beginners are apt to raise the limb so that the blade becomes
gripped between the two surfaces and eannot be moved.,
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The first step in sawing is to make a track for the saw. To do this,
apply the nail of the left thumb perpendicularly to the bone, the
distal phalanx flexed ; then apply the heel of the saw to the bone,
against the thumb nail, and by drawing it lowards him the operator
makes a shallow furrow. For this step the blade must be held
perpendicular to the bone, even though it is to be used obliquely
afterwards.  After a few very slow to-and fro movements, the groove
is deep enough to proceed in the usual way.

A frame-sawe also may be used ;  this is an instrument consisting of
an open framework with a narrow blade which can be adjusted by
serews at either end, and the blade, being narrow, can turn in any
direction in its passage between the bony surfaces, so allowing a
curvilinear section to be eut and projections to be rounded off (see
Figs, 184 and 1835).



L0

CHarren X,
AMPUTATIONS OF THE THIGH.

1. CIRCULAR AMPUTATION Lower Portion of the Thigh.

A cmevear amputation may be performed at any level : but the
lower part of the thigh is usually chosen to practise this operation
in the dissecting.room. In the living it is probably better to make
flaps. because. as already explained, modern artificial limbs allow the
pressure of the body weight, or part of it, to be taken from the end of
the stump if the cieatrix is not terminal,

General Plan. - The principle is the same for all ecircular
amputations :  the skin must be divided at a distance below the
point of section of the bone equal to a quarter of the eirecumlerence
of the limb (casily measured with a piece of string folded in four).
After retraction the skin will then project beyvond the bone for a
distance of half a diameter all round the limb.

Line of Incision.—
It must be remembered
that in the thigh, especi-
ally in the lower part
of it, the skin retracts
mare on the mnner side f’

- L

and behind than on the .
outer side and in front. <
In order therefore to HE_-/
mike an ineision which

will ultimately be cir-
cular, it is necessary to cut an ellipse, running obliguely  downwards
and inwards.

It the femur is to be sawn about four inches above the joint.
the incision should begin in front above the base of the patella ; it
then deseends on the inner side over the internal condyle, nearly
to the line of the joint, crosses the imb posteriorly at the same level,
and aseends again on the outer side to its stanting point (Fig, 159).

The patient is placed flat on his back, the gluteal fold at the edge
of the table, the sound limb drawn out of the way ; the limb to be
removed now reaches bevond the edge of the table for its whole
length, and is held m the horizontal position by an assistant, A
second assistant, standing on the outer side at the level of the hip,
stretehes the skin by grasping the eircumference of the limb in his
lwo hands,

Fig, 134,

The surgeon, using a knife with a blade about eight inches long,
also stands outside the limb, but at the level of the knee.



110 AMPUTATIONS

DISARTICULATIONS

Division of the Skin.—This is done by the novice in Lo steps :
(@) Resting the left hand on the limb, he passes the right, which

Fiwg, 100,

Fig. 151,

grasps the knife fully,
under the posterior sur-
face, and, with the point
upwards, applies the heel
of the blade to the in-
ternal surface.  Now he
draws the knife towards
him round the thigh, and
ends with the point on
the outer surface, handle
uppermost, having rotated
it in  his fingers while
making the incision. ()
Then, passing the knife in
front of the thigh, and
drawing it towards him
from heel to point again,
he joins the two ends of
the first incision (see Figs,
95 and 96).

A practised operator
divides the skin in one
step.  Kneeling on one
knee, he passes the right
hand,  strongly pronated
and extended. round the
limb  from Dbelow, and
applies the heel of the
blade to  the external
aspect of the limb, handle
uppermost : he then draws
the knife over the skin,
sawing gently, and rises
little by little from the
time the knife reaches the
posterior surface until he
finishes erect, the knife
handle again  uppermost,
retracing with the point
the commencement of his
incision (Figs. 160, 161).

The skin must be com-
pletely — freed  until  the
assistant is able to retract

it and leave an interval of rather more than an inch between the lips
of the wound, the deep faseia at the level of the internal and external
intermuscular septa being divided with a stroke of the point,
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Division of the Muscles. —(a). The first division. The assistant
who is retracting the tissues grips firmly the cireumference of the
limb near the edge of the divided skin, and the surgeon divides the
museles to the bone elose to the skin.

This division is made exactly as in the ease of the skin, in two
steps (lirst from below, then from above), or in one step, according to
the skill of the operator
(Figs. 162 163),

(by. The second divi-
sion. The assistant, grasp-
ing the limb as  before,
drags his hands towards
him : the skin gapes, and
discloses 2 muscular cone
reaching from its base at
the skin edge to its apex
at the bone where the first
incision  has  been made,
The base of the cone must
now be divided at the
level of the skin, exactly
as before, i two steps or
in one (Figs, 164 163).

Below the point of the
second section a collar of
muscle is seen to be left
round the femur ( Fig, 166).
The muscles have now
been divided cireularly and
also obliquely, and  after
division of the bone its
upper end will be at the
bottom  of  a  muscular
funnel.

Raising the Perios-
teum. Belore using a saw,
the periosteum must  be
raised, which is done by
seraping the bone with the Fig. 168,
heel of the knife. At the
linea aspera, it will be remembered, the tendinous attachments are
firmi and a vigorous stroke of the heel of the knile will be required.

Sawing the Bone.— T'he bone is sawn with the handle of the <saw
raised. finishing on the external surface, I the frame-saw is employed,
it is held horizontally instead of obliquely, and the prominent angle
of the linea aspera ean be rounded off.  "This proceduare, which is the
same whatever the operation, is represented in Figs. 176, 177, and
Figs, 184, 185.
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2. FLAP AMPUTATION OF THE THIGH - Middle Third.

This is the method to seleet in amputation through the middle
of the thigh.  The sear must be on the posterior surface. so an anterior
flap must be cut, not a single Map. but a predominant one,

Line of Incision.—The anterior flap should be in length from a
diameter to a diameter and a half of the limb at the point of section
of the bone, measured anteroposteriorly. It is U-shaped, as broad
below as above, and descending a little further on the inner side than
the outer, beeause the skin on the inner side retracts more. The
branches of the U should descend vertically, about a finger-breadth
behind the mid-point of the limb, and should commence one finger-
breadth below the point where the bone is to be divided.

Fig, 1G7.

The paosterior flap, equal to halll an anteroposterior diameter if
the anterior flap is of one diameter length, is straight, or convex down-
wards ; it unites the two branches of the U about three finger-breadths
below their commencement.

The positions of the surgeon, of his assistants, and of the patient
are the same as for the eircular amputation,

The procedures on the right side and on the left are different,
amd must be deseribed separately.

A, Tur Ricur Sipe,

Division of the Skin Anteriorly.— I acing the limb, which is held
horizontally before vou, grasp the anterior surface of the flap that
is to be made, thus stretehing the skin, By a movement of out-
ward rotation the assistant presents the inner surface of the thigh ;
now lean a little forwards, and pierce the skin with the point of the
knife ;: then draw the blade downwards (Fig. 168), turn on the point,
making a rounded right angle, and cross the anterior surface with the
limb in the normal position (Fig. 169). Turning again at the outer
angle of the flap, begin to rotate on the left foot until vou face the
dorsum of the patient’s foot, and ean draw the knife along the outer
branch of the U while the assistant rotates the limb inwards (Fig.
170).  The skin must then be thoroughly freed.
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Division of the Skin Pesteriorly.— Facing the limb again, pass
the knife under the posterior surface and cut with the same movement
as inoa cireular amputation, using the whole length of the blade :
start with the heel, point upwards, blade vertieal (Fig, 171) : eross with

Fig, 171,

the blade horizontal, making a slight convexily downwards ; and end
with the point, handle uppermost, blade again vertical. Repeat this
mancauvre to free the skin, paving special attention to the angles
where the Hlaps join, and the sites of the lateral intermuscular septa,

Dissection of the Anterior Flap.— Grasp the flap with the pro-
nated left hand, thumb close to the outer lip, fingers elose to the inner.
Now raise the flap by dragging it outwards, and cut the muscles
longitudinally, with the point of the knife in contact with the bone :

Fig, 172

piass behind the artery if amputating above the middle of the thigh :
but in front of it if below this level (Fig. 172). Turn at the level of
the inner angle of the flap, and follow the convexity of the femur
from below upwards, shaving the bone with the middle and heel of
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the blade (Fig, 173), and raising the tissues with the left hand,
first straight upwards, and finally upwards and inwards,  The dissec-
Lion is made in one stroke or two, according to the experience ol the
operator,

The assistant standing at the root of the Timb now seizes the lap
and raises it
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Division of the Muscles Posteriorly.— This is accomplished
with the knife passed under the limb by the same movement as in
dividing the skin ; one semicireular stroke is made right to the bone
from heel to point of the blade (Figse 174, 175). The edge should
be applied at the level of the retracted skin, and directed slightly
towards the base of the limb so as to cut the muscles somewhat
obliquely.

Iﬁﬂﬁliﬂn of the Bone. This includes pushing back the musculo-
periosteal eulf for about an inch, seraping the linea aspera, and sawing
the bone, and is always done in the same way, whatever method

for division of the soft parts may have been employed. Begin by
dividing the periosteum circularly at the base of the muscle mass,
then with the elevator, or the heel of the knife, raise the periosteum,
with the muscles inserted therein until, two finger-breadths higher,
the point is reached where the bone is to be sawn, In Fig. 176
is shown the method of clearing the tendons [rom the linea aspera;
the binde is held horizontally, with its edge slightly turned towards
the root of the limb,
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The soft tissues are next deawn upwards by a linen retractor
with two ends, as deseribed on p. 107, The saw, which should be
broad amd with a detachable back, is held at an angle of about 45
(Fig. 177) : the external surface should he the last to he divided, and
not the linea aspera, which easily breaks. While the operator is sawing,
the assistant should pull on the leg and earry it a little downwards,
to make the saw-track gape,

B, Tur LerFr Sine.

Division of the Skin Anteriorly.— Scize the leg just below the
calf with the semipronated left hand, the knee and hip slightly Hexed,
and bring the limb into a position of abduction and external rotation

Fig, 178,

(Fie. 178). An assistant standing at the root of the limb stretches
the skin ; a second may support the foot and relieve the operator’s
left hand of some of the weight, This position enables the operator
to draw the knife along the inner branch of the incision, turn, eross

Firp, 179,

with the limb in the normal position, and then, rotating little by
little on his right leg until facing the patient’s foot, draw the outer
?H‘Hl"'h of the incision upwards as the limb is gradually rotated
mwiards, addueted, and slightly flexed again, -
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The manipulation of the limb may be entrusted to an assistant,
the operator then pressing with his left hand just above the knee to
keep the skin tense (Figs. 179, 180), and cutting very much as
described for the right thigh, -
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Fig, 180,

The skin is divided posteriorly, and freed, exactly as on the
right side,

Transfixion of the Anterior Flap. (On this side the surgeon
is not in a convenient position to dissect a flap).— Grasping the flap
from below upwards with the pronated left hand, the outer lLip is drawn
inwards by a movement of the thumb, and the blade of the knife is
passed horizontally inwards, quite at the base of the U. the edge to the
left. until the point touches the bone. Now drop the handle and
then raise it, so that the point, rising and descending in the opposite
direction. follows the curve of the bone from without inwards, to
emerge finally at the inner branch of the incision——which is drawn
open by the lingers—again quite at the base of the U.  According to
the level of the amputation, the knife will come out in front of or
behind the femoral artery as already deseribed.

In Fig, 181 the left hand, which is drawing the outer lip of the
incision towards the axis of the limb, is removed in order better to
show how the knife is directed horvizontally, and held like a trocar,
the end of the handle resting against the palim of the operator between
the thenar and hypothenar eminences.  But the action of the thumb
on the outer lip, and the fingers on the inner lip, of the wound is readily
understood by reference to Fig, 182,

Onee the knife is in position, raise the Hap upwards, pinching
it broadly from side to side, and cut the museles with sawing move-
ments of the horizontal blade as it rests in contact  with the femur
(Fig. 182), until the end of the flap is reached, when it emerges at
the level of the divided skin, with the edge upwards (Fig. 183).
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Fig, 181,
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While making the sawing movements described, both the heel to the
outer side and the point of the knife to the inner side should remain
outside the mass of muscle which is being divided, To increase the
tension of the muscles—they can be divided more neatly if they are
tense—ask the assistant to flex the knee a little.

The Division of the Muscles Fosteriorly, and the Raising of the
Periosteum, take place as on the right side,

Sawing the Bone.—'The manner of using the ordinary amputation
saw is deseribed on p. 116,

Fig. 185,

On the right side an assistant to retract the soft parts of the
stump may be dispensed with, but on the left side, as shown above,
the root of the limb lies to the surgeon’s right, and retraction by an
assistant is essential,  Fig, 184 shows the first step, in which the
operator is making a path for the saw by drawing the blade towards
him for one or two strokes, guiding it to the proper position by the
nail of the index finger.

In Figs. 184 and 185 is shown the use of the fret-saw. the narrow
blade of which enabiles it to eut a curved section. It is used horizon-
tally, not at an angle of 45 like the ordinary amputation saw, and
it is brought out through the linea aspera, HIII{T:riliiil,L:!,' the projecting
angle as it does so: the back of the framework is inclined towards
the knee, and the teeth therefore turn in the opposite direction,
towards the stump.
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AMPUTATIONS OF THE LEG AND FOOT.

I rrorosk now to deseribe in order :—

1. The high amputation with evternal flap.  In this the two sides
must  be  considered  separately.  The surgeon stands  with  the
umbilicus to his lelt.

2. Amputation belowe the middle of the leg, with a posierior flap.
An elliptical amputation may also be performed at this level, much
in the same way,

3. Guyon's elliplical supramalleolar amputation,

1. AMPUTATION OF THE LEG WITH EXTERNAL FLAP—The
so-called *Site of Election' Amputation.

Amputation of the leg at the site of election, allowing the patient
to walk on the bent knee. is performed at a hand-breadth below the
line of the knee-joint, four finger-breadths below the tuberosities
of the tibia,

g, 1aG,

Line of Incision.-—The flap, which should be one and a hal
times the anteroposterior dinmeter of the limb at the point of section
of the bone, is U-shaped. and is as bhroad below as above ; the anlerior
branch runs downwards from one  finger-breadth below the point
of section of the bone, along the inlernal surface of the tibia, half an
inch inside the tibial crest 1 the posterior braneh rans upwards in the
mid-line of the calf, but stops two finger-breadths below the highest
point of the anterior branch,

The highest point of the posterior branch is united to the anterior
by o transverse postero-internal incision. which therefore reaches the
anterior branch two finger-breadths below its upper limit.

It is best to have fico assistands, one facing the operator, the
other at the patient’s foot. A knife with a blade six inches long shoulid
be used,



122 AMPUTATIONS AND DISARTICULATIONS

Division of the Skin.—The level of the ineision, which must not
reach as high behind as in front, may be easily marked as follows,
An  assistant  standing  to
the outer side of the left
limb, or to the inner side
of the right, grasps the
limb in his hand, thumb
above, index finger over
the ealf, both exactly per-
pendicular to the axis of
the limb ; the thumb marks
the point of departure of
the incision anteriorly, and
the index finger marks this
level posteriorly  (Fig, 188
et seq.). The leg is presented in
extension and nearly horizontal,

A, Ricnr SinE.

Standing at the extremity of
the limb, a little to the outer side,
seize the front part of the foot with
the left hand, and passing the right
hand under the left, make the an-
terior incision by drawing the point
of the knife, in contact with the
bone, along the limb as it is held
horizontally (Fig. 187); then turn
on the point, cross, turn again (Fig,
Fig. 188, 188), and ascend the posterior branch
with little sawing movements of the
point (Fig. 189). Whilst performing
these movements  with  the right
hand : (1) Raise the leg in the left
hand, so that it is nearly vertical at
the end of the incision, and twist it
to the left to expose the posterior
surface ; (2) Gradually rotate to the
right, pivoting on the left leg, so
finally facing the patient’s foot.

An assistant, placed at the level
of the thigh, has seized in his left
hand the postero-external aspect of
the limb  between his thumb and
index linger, the thumb marking the
upper limit ol the anterior branch of
Fig. 180, the U, and the index finger therefore
the same level posteriorly, two linger-

breadths below which the incision must end,
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The operator thus finishes the ineision standing on the outer side
of the limb, the patient’s umbilicus to his left, and continues in this
position  during  the re-
mainder of the operation,

Division of the Tuler-
wal  Skin.~This is done
transverselv, with the full
cdge of the knife from
heel to point. cutting be-
tween the head of the
posterior branch of the U
and the anterior branch,
which is reached therefore
two linger-breadths below

its conumencement.

IFree the skin  ecare-
fullv, especially at  the
postero - internal angle,
which must be quite free.
The small internal eutane-
ous flap over the inner
surface of the tibia, is
held  between  the  left
thumb and index finger.
and freed from below up-
wards with the blade on
the flat (Fig. 192 : photo-
graph  taken from the
inner side).

Fig, 140,

. L.err Sipe.

The surgeon  grasps
the inner border of the
foot in s lelt
hand, pierces the
skin at the head
of the U with the
puint of his knife
(Fig. 190), and
draws it along {he
imternal  surlace
of the tibia : he
turns at the
angles ofthe U as
they are reachedd,

exposing the surlaces by rotation of the limb with his left hand : and
finally he reverses, sawing with the point, along the middle line of
the ealf, which lies dircetly opposite to him as he raises the hmb (o
an angle of 45 . The incision is terminated two finger-breadihs below
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the assistant’s index finger, which marks the point of departure as

already deseribed (Fig. 191).

The skin on the postero-internal rspecl can now, without change of
position, easily be divided transverselyv, exposing it by rotating the

limb to the right.

This completed. the surgeon takes his stand to the inner side of
the limib, which is supported in a horizontal position by one assistant

Frg, 104,

Fig. 195,

who holds the calf and
another who holds the
foot. The small inter-
nal flap is freed from
the tibia, as shown in
Fig. 192 for the right
side. and the surgeon
then proceeds to com-
plete the external flap.

Division of the
Muscles. — On  which-
ever side the surgeon
is operating, he is now
placed so  that the
patient’s  wmbilicus  is
on his left, and he must
first of all dissect up
the exiernal flap, then
the musecles on the pos-
terior aspect of the
limb.

A. LEFT SIDE.
(Viewed from without).

Pulline  aside ihe
skin. held between the
left thumb and index
finger, the operator ex-
poses the deep fasecia,
and pricks it with the
point of his knife as
high as possible and
close to the crest of
the tibia, along which
it is then divided from
end to end of the wound
(Fig. 193).

Then seizing with his left hand the skin and muscles of the
flap. he passes the right hand over the limb, and cutting with the
whole edge, and away from him, divides the fascia and muscles thash
with the skin until arrested by contact with the fibula (Fig. 194).

The raising of the flap (which cannot be seen from this side,
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but ean be seen on the right side in Fig, 196) is commenced by insinu-
ating the left thumb between the tibia and tibialis anticus, and passing
the knife along the path thus opened. A series of strokes with the
I:n:iul are now made from lelt to T‘i_f_ﬂll, amd from end to end of this
portion of the wound : first the external surface of the tibia is lightly
cleared, then the interosseous liganment, and then the internal surface
of the fibula, the museles being detached from their origins and
pressed outwards, together with the artery, by the flat of the blade.
This process is continued until the anterior border of the fibula has
been eleared for the whole length of the flap. and the septum between
the extensors and peronei has been opened,

The postero-external muscles of the flap are divided by trans-
fixion (Fig, 195). The base of the flap is taken between the thumb
and index fincer of the left hand, the fingers dragging as much of the
call as possible forwards and outwards, the muscles are relaxed by
flexion of the knee. which is turned inwards as far as possible, and
the knife is passed through the ilap, from before backwards, at the
level of the posterior head of the U, where the point is brought out.
The blade is inclined a little, so that its edge turns towards the fibula
and its back towards the posterior tibial vessels, which are also pro-
tected above and drawn out of the way by the pulp of the left thumb.
Starting in this position, the knife is made to cut from left to right
along the fibula, and on reaching the free end of the flap the blade is
turned through a right-angle and brought out, dividing the muscles
transversely on the way.

The remaining muscles on the posterior aspect of the leg are
divided transversely at the level of the skin, the knife being passed
under the limb.

B. RicnT Sipe.

After piercing the deep fascia alongside the erest of the tibia as
high as possible, and dividing it for the length of the wound, turn,
dropping the handle at the same time, and divide the museles
transversely at the skin level as far as the fibula.  The anterior tibial
arterv is cut therefore at this level, and should not be divided again,

The museles being thus mobilized below, raise them with the
left hand at the base of the llap to prepare a path for the knife. which
is used nearly longitudinally : and with several strokes of the point
from end to end of the wound, tibia, interosseous membrane and
fibula are cleared (Fig., 197).

The postero-external muscle mass s divided by transfixion,
just as deseribed on the preceding page.  In Fig, 198, which depicts
this step, notice @ (1) The position of the limb and of the left hand,
which is dragging the eall outwards ; (2) The slight inclination of the
edge of the blade towards the bone; (3) The back of the biade
directed towards the vessels.

It is unnecessary to deseribe the fransverse division of the posterior
muscles,  When it is completed, the bones are cleared with the heel
of the knife up to the point where they are to be divided,
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Fiy. 196.

g, 197

Fig. 195,

DISARTICULATIONS

The final prepara-
tion before division of
the bones is the figiure-
of-8.

The Figure-of-8.
—This  movement is
explained in the follow-
ing figures (left leg,
amputation at site of
election, external flap).

1. The blade is
drawn  towards  the
operator with the edge
resting horizontally on
the anterior borders
of the two bones, so
dividing the peri-
osteum over  these
horders.

2, Raising the
handle, foree the point
over the internal sur-
face of the fibula, then
throuch the interosse-
M= ||;Il'|'tlhl'i:l“l'. l.]:"_‘l'l
over the external sur-
face of the tibia (Fig,
194).

4. Lowering  the
banidle, divide the
periosteum  over  the
inner  surface of the
tibin (FMig. 200).

L. Now, passing
the knife under the
limb, the point up-
wards, attack with the
heel the external sur-
face of the fibula (Fig.
201 ).

3. Aflter drawing
the blade horizontally
over the posterior bor-
ders of the bones and
following by a slight
depression of the han-
dle the internal surface
ol the fibula, perforate
the interosseous liga-
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ment vertieally, taking great care not to injure the artery at the
base of the flap (Fig. 202),

6. Coming in contact with the tibian again, emerce against its
internal surface, the han- '
ille of the knife above
{ Fig. 20:3).

Sawing the Bones.

Apply the nail of the
left  index linger to the
crest of the tibia, andd
make the saw hite trans-
verselv, perpendicular to
the bone, at this level.
As soon as it s engagzed,

Fi, 200,

direet the saw obliquely
to vour right, handle
above, so as to same e
fibice olliquely hall way
through  its  thickness
(Fig. 204). Now leave
this saw track, and, not-
ing its lower limit, apply
the saw, again  trans-
versely and horizontally,
one linger-breadth below
the commencement  of
the first cut (Fig. 2035).
When half wayv through
the bone, raise the han-
dle of the saw and divide
the  fildda half an inch
higher up.  ‘Then resume
and complete the divi-
sion of the tibia in a
horizontal direction.  In
this manner the project-
ing erest of the tibia has
been rounded off,

A stump in which
the bones have not been
sawn  thus — the  tibia
obliquely and the fibula
higher than the tibia—
is  generally  a painful
e,

The steps of  this
part ol the operation
can be followed in Figs,
204-207 :
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Fig, 204,

Fig. 907,

DISARTICULATIONS

Fig. 204 illus-
trates the first stage
in sawing the tibia,
The saw is directed
obliquely through the
internal surface and
anterior  border up
to haif way through
the bone.

In Fig. 205 the
second stage is
shown. The saw is
directed transversely,
and so euts off the
COTNEer,

To saw the fibula
on the left side. vou
have only to leave
the tibial saw track
when half way
throngh that bone,
raise the handle, and
saw with the hand
well raised (Fig. 206).
Continue sawing the
tibia after the fibula
is divided.

To saw the fibula
on the righi side, be-
oin by sawing half
way through the tibia,
then leave the tibial
track ; instruct the
assistant to flex the
limb and rotate it
inwards, so  bringing
forwards the [fibula,
which is situated con-
siderably behind the
tibia : then depress
the handle of the
instrument, and saw
from below upwards
(Hig. 207)., returning
Lo vour tibial track
when the fibula has
been divided halt an
inch higher up.
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2, AMPUTATION OF THE LEG WITH POSTERIOR FLAP

(Middle of the Leg or below).

Line of Incision. DBegin by estimating, as deseribed on p. 746,
the anteroposterior diameter of the limb which has to be covered :
then eut a pnxh'r'fﬂr (lap.

This flap is U-shaped. as broad below as above, and the arms of
the U should reach one finger-breadth below the point of section
of the bone.  The two branches pass downwards, one a little in front
of the inner border of the tibia (over the superficial internal surface
therefore). the other behind the fibula,  The Aap thus made is placed
a little to the inner side of the leg, and is broader than the transverse
diameter of the limb,  Its length should be one and a third diameters,
allowing the third of a diameter for retraction.

A transverse ineision should join the two branches of the U in
front at about an inch below their upper extremities. I the skin on
the posterior aspeet is insuflicient the length of the anterior flap must
be correspondingly increased.

Division of the Skin Peosteriorly. The surgeon’s movements
must be so arranged that he is standing at the side of the limb when
the anterior muscles have to be divided and the saw to be used.
The rule is, as in the preceding operation, to operate with the root
of the limb to the left ; but it is also possible to saw holding in the
left hand the part to be removed.

If the foot is taken in the left hand, the thumb under the sole,
and the right hand is passed under the left, the ineision will be from
left to right, and will finish to the inner side of the right limb, to the
outer side of the left limb : the foot to the left in each case.

To end with the umbilicus to the left, the ineision must be made
in the opposite direction ;. from within outwards on the right side.
from without inwards on the {¢ft, as shown in Figs. 208 to 211.

The sole is then grasped with the operator’s left hand under the
heads of the metatarsal bones, thumb inside, wrist extended, hand
m extreme pronation ; and the elbow is then raised to the level of
the shoulder, bringing the limb, which is kept extended at the knee,
nearly to a vertical position. The tibiotarsal joint s maintained
in dorsiflexion, so keeping tense the posterior skin and the tendo
Achillis, and the limb is carried inwards and twisted at the same time
to expose the external surface.  The operator, standing at the end
of the himb, rather to the inner side, and facing the sole of the loot,
applies the point of his knife at the head of the outer branch of the
U. and draws it longitudinally towards the sole (Fig, 208).

After turning on the point with slight  jerking movements, he
ditinishes the torsion of the limb 1o the left, bends his elbow
a hittle, still keeping it horizontal, andd rotating at the same time
on the left leg, he begins to face the internal surface of the limb
(Fig., 200).

Aiter erossing the posterior surfiee, cutbing with the full edee of

0
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the knife, the limb still raised, the inner angle of the U is turned with
the point of the knife, and the limb is then carried and rotated to the
left, and dropped to an angle of 45° with the horizontal. The operator
is now standing on the inner side, facing the patient’s foot, and can
draw the knife towards him, cutting with the point along the inner
branch of the U (Fig. 210).

Division of the Skin Anteriorly.—Facing thus the inner side of
the limb, and ecutting with the full edge, the surgeon next divides

Fig., N8,

Firg. 21, Fig, 211,

the skin on the anterior swrface from without inwards, and then frees
it carefully, while an assistant holds the foot and maintains the leg
in a horizontal position.

Dissection of the Posterior Muscles. - The leg is given to an
assistant, placed opposite to the operator, who raises it almost verti-
cally, the ankle-joint dorsiflexed to streteh the tendo Achillis. Turning
on his left foot, the operator resumes his position at the end of the
limb, facing the heel, the leg rotated and carried to his vight (Fig, 211).
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The skin is now freed. and the deep fascia is then incised longitudinally
over the imner border of the tendo Achillis — to the operator’s left, that
is—by drawing the point of the knife from below upwards, the handle
raised (Fig. 211).

still keeping the limb raised, it s next carvied and rotated to the
left and the deep fascia divided, this time from above downwards,
alonge the outer border of the tendo Achillis exposed ir_'\ the manipula-
tions (Fig. 212),

Fig. 214, Mg, 214,

The limb is next brought back 1o the sawittal plane, without
any rotation, and, level with the skin, the operator divides transversely
the tendo Achillis, which faces him directly. The division should
be made obliquely, at the expense of the anterior surface, and as soon
as it is completed, hyperflexion of the foot becomes possible (Fis, 213).

The limb being again inclined and rotated to the right, the inter-
muscular aponeurosis is  divided  from  below upwards  along  the
posterior border of the bone to the left of the operator (Fig. 214,
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The Tlimb is next rvotated and inclined to the left once more, so
that the aponeurosis to the right of the operator may be divided from
above downwards close to the
bone (Fig, 215).

The left thumb and index
finger are now inserted through
the openings which have been
made in the aponeurosis, and
the tibialis posticus and flexor
muscles  are picked up and
divided obliquely at the expense
of the anterior surface ; care
being  taken, after the blade
comes in transverse contact with
the bones, to raise the handle
of the knife and carry it a little
to the left to make sure the

Fig, 216, point reaches as far as the
interosseous membrane at the
bottom of the interosseous space (Fig. 216).

Division of the Anterior
Museles. — When the posterior
flap has been completed and
turned back, the foot must be
grasped just above the heel in
the supinated left hand, and
the operator, turning slightly
to the right, divides the deep
faseia  longitudinally on  the
anterior aspect of the limb,
first along the border of the
tibia (Fig. 217). then alongside Fig. 217.
the fibula.

The anterior museles are then divided transversely, the operator
standing still more
to the right of the
limb (in the illus-
tration the surgeon
is shown at the ex-
tremity of the limb,
in order to give a
better view of the
ficld of operation),
amnd taking ecare to

Fig. 18, raise the handle of
the knife again so as
to reach the interosscous membrane with the point (Fig, 218).

Sawing the Bones.—The rules for this step are the same as for

amputation at the site of election,
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1. Carry the detachment of the musecles a finger-breadth higher
up.

2. Divide the periosteum in a figure-of-s8,

3. Round off the erest of the tibia, and divide the fibula half an
inch higher.  The tibia should always be partly sawn first, then the
fibula completely, lastly the tibia again.

In sawing according to these rules, when the foot lies to the left,
the fibula is attacked on the right side with the handle raised and the
limb extended ; on the left side the fibula may be sawn by dropping
the handle of the saw or bringing forwards the bone by flexion of the
knee and rotation of the thigh inwards,

3. SUPRAMALLEOLAR AMPUTATION (Guyon's Elliptical Incision).

This is an excellent operation, which allows the patient to walk
on the end of the stump, and ean still be performed when the skin is
destroved or injured to the point of the heel.

Landmarks.— It is suflicient to mark the position of the malleoli.

The Line of Incision is an ellipse, the lowest point of which
reaches the apex of the heel behind, and the highest point the level
of the joint in front. The ellipse is not regular. but has a bend
opposite the malleoli.

Frp, 219 —Guyon s supramalleckar aepantaaon, o g2 §L oo Ll iiemman
the curved shape of the (lap has been preseryved. Inr v iz dloe® ot onenr
tbue j]:1F| retrachs and L thoe mmndleall as Soaom a2 Phiee packsion 12 ""”'i'i""' 1. RIS T

the Tlilir. j.\- shiown Lhe ||'||','[!| of e to Be romavel :|'||-|.||.|| il}l.

The line begins on the outer side at the apex of the heel, or o
hitle i front of this if the condition of the skin allows, and slopes
slightly upwards to a point half an inch below the tip of the external
mallealus, more to the front of the process than behind.  Here the
line hends to form a curve with the convexity forwards, and then
passes, like the lower edge of a gaiter, on to the dorsum of the oot
Just at the level of the line of the joint ; it then descends svimmelrie-
ally to a point about one inch below the tip of the internal malleolus,
whenee it passes somewhat obliquely to the starting point (Figs, 219
and 220,
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Principal Steps of the Operation.—

1. Division of the skin.

2. Detachment and division of the tendons behind the external
mialleolus.

3. Section of the tendo Achillis.
4. Section of the tendons behind the internal malleolus.
a. _awing,

A knife with a blade about 2} inches long (Svme’s knife) is to be
preferred.

Division of the Skin.—The thigh of the patient is placed against
the trunk. and an assistant, standing to the outer side, takes the knee
under his arm, as shown in Fig. 394, and presents the leg hanging,
with the calf supported. The surgeon now takes his stand at the
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extremity of the limh, seizes the forepart of the fool with his el
hand, and twisting it to the vight in order 1o see to the left, commenees
with the heel of the blade at the lowest point of the cllipse (Fig. 221, A),
a little bevond the middle line ; cutting with the whole edge, he
follows the line deseribed [rom left to right (Fig. 221, »), ending the
imcision on the right side with the point, handle to the left and held
like a violin bow, having completed the ellipse in a single stroke
(Figx, 293) While the right hand is exceuting the movements
deseribed, the left hand twists the ool so as o present N SUCees-
sion the surfaces which are to be divided,

The skin alone is to be divided, and then freed with greal care
all round.

Dissection of the Flap. When the skin incision has been made,
Lhe easiest procedure is to disarticulate at the ankle and enueleate the
os caleis as in a Svme’s amputation (g.v.), but with less trouble.

A neater procedure is to elear the bones at the point of section n
three stages without disarticulating.

1. Divide the tendons behind the external malleolus,

2, Divide the tendo Achillis,

3. Divide the tendons and vessels behind the internal malleolus,

It is best to get into the way of ending on the inner side, because
it is in this position that the posterior tibial artery is cut across, and
a copious flow of blood results,

The operation figured is that practised on the left foot. in the
following order, commencing to the right :

1. Leg horizontal, the external malleolus is freed.

2. Leg raised to assist in dividing the tendo Achillis, foot held
by an assistant,

3. Ler horizontal again. the internal malleolus is freed, the
assistant  still holding
the forepart of the foot.

The order is the
same  when  operating
on the right side, but
in this case beginning
to the left.

Such  being  the
order of the manipula- Pig. 221,
tions  (which are ex-
cellent for training the hands), they will now be deseribed in detail.

1. Ercternal Malleolus (to the operator's right)-——Incline the foot
to the left with the left hand, and insinuate the blade of the knife,
horizontally and on the flat, along the anterior border of the malleolus,
between the skin and bone, the edee to the right,  Now with small
SAWInG movements piass from left to rvight, rounding the shight con-
vexity of the bone, until its posterior border is rveached (Fig, 224,
At this point the edge of the knife is felt to lose the support of the
bone.  Turning the blade through a right angle, cut on to the bone.
close 1o and just behind its border, and divide the tendon sheaths
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perpendicular to the bone by drawing the knife longitudinally down-
wards as far as the wound extends., The blade is thus placed longi-
tudinally between the bone and the anterior surface of the tendons.
If now your Hexed and pronated wrist is moved away from you

Fig, TU6G,

Fig. 329,

(Fig, 225), and the handle dropped towards the leg and a little to the
left, pushing gently at the same time, the point of the knife will pass
under the tendons obliquely and come out again to the right, the
back of the blade resting asainst the lateral surface of the os ealeis,
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Next press on the point, and at the same time make a fanshaped
movement of the hand. bringing the handle forwards, and with the
left hand twist the foot firmly to the left.  In this way the tendons
are divided under which the knife was passed, the os caleis being
usedd as a leverage point.
{Fig. 226 shows the ten.
dons held in a pair ol
artery forceps after
division).

2. Section of the Tendo
Aehillis. — An  assistant,
seizing the front part of
the foot, raises it, with
the sole wvertieal, until it
reaches the level of the
operator's  chin.  Taking
now the heel flap between
the index flinger ancd Fig. 230
thumb of his left hand,
the surceon liberates the
skin over the back of the
heel by eutting away from
him with the blade hori-
zontal until he fecls the
knife pass  bevond  the
bone (Fig. 227). The
insertion of the tendo
Achillis  has now been
reached : it s divided
close to the bone, turning
the blade upwards through
an angle of 90° (Fig, 228).
The flap now lies beflore
the surgeon, and he con-
tinues to liberate it as far
as the malleoli (Fig, 229).

G, Internal Mallealis
(to the left)—"Twisting the
foot to  the right, pass
round the superficial
surface of the internal
malleolus with the lat of Fig. 232,
the knife from right to
left ; as soon as the posterior border of the bone is reached, draw
the knile downwards (Fig. 230) against this border to divide the
tendon sheaths, and then slip the point between bone and tendons
as before,  Now turn the wrist and handle towards the left, in oz
manner similar to that shown in Fig. 225, Fig. 231 shows how the
tendons are next divided by bringing the wrist and handle towards
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vou while the point is held fixed against the bone on which they are
divided : at the same time the tendons are stretched by dorsiflexion
of the foot (Fig. 232),

When the malleoli are cleared and the posterior flap is liberated
as far as the point of section of the bone, take up a position to one
sidde of the limb, still holding the foot in the left hand, and divide
the antero-external museles transversely at the level of the retracted
skin.  Next divide the periosteum eircularly (there is no interosseous
space at this level).

Sawing the Bones.—Saw the bones with the hand well raised,
commencing and ending with the tibia.

The erest of the tibia must be rounded off, as deseribed on p. 127,
and care must be taken to reseet the posterior tibial nerve, which will
otherwise be pressed against the divided bones.

The operation gives excellent results, and terminal pressure
is well supported if the skin is reinforced by the tendo Achillis,
P. Duval and Farabeufl even advise taking off the surface of the
os caleis with a saw where the tendon is inserted.
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AMPUTATIONS OF THE ARM AND FOREARM.

AMPUTATIONS OF THE ARM.

Brrow the deltoid insertion a eirewdar amputation is the best to
choose ;. or two equal Haps may be eut, anterior and posterior. A
terminal cieatrix does nol matter here. because in using an artificial
limb the patient does not press on the end of the stump, but makes
lever movements only, in different directions, without thrusting.

Ahove the deltoid insertion an exterval flap must be eut.  This
is not beeause the sear must be arranged on the inner side, for even
lever movements are almost completely absent with so short a stump,
but because of the way in which the deltoid is inserted. covering
closelyv the upper third of the humerus at least.

No deseription is needed of the amputations at lower levels,
which are ecarrvied out just as in the case of the thigh. It is only
necessary to mention that the skin on the inner side of the limb
should be divided lightlyv. because the vessels are very superficial,

The line of the circular incision may be perpendicular to the
axis of the limb, as the skin retracts very nearly to the same extent
all the wayv round.  Nevertheless, there is a little more retraction in
front and to the inner side, and the appearance of the stump will be
better, therefore, if the ineision is inelined in this direction.

The ehief steps of the operation are the same as in a cireular
amputation of the thigh.

The biade of the knife should be 6 inches long, and the surgeon
should stand so that the hand of the patient is to his left ; the arm
is abducted to a right angle. I an assistant is not available at the
root of the limb to compress the artery and retract the tissues, the
surgeon may stand the other way round and grasp the circumierence
of the limb with the left hand,

After amputations of the arm. the great nerve trunks, especially
the median and ulnar nerves, are likely to give rise to painful neuro-
mata unless they are carefully reseceted for about an inch of their
length after division of the museles,

INTRADELTOID AMPUTATION (with Exlernal Flap).

Line of Incision. The transverse diameter of the Lhimb having
been estimated, as deseribed on p. 76, a U-shaped flap is marked out,
at least a diameter in length (the skin on the internal surface can be
used on oceasion to supply the extra third made necessary by retrac-
tion). The flap should be as wide below as above: the extremitics
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of the U should be placed at each end of the anteroposterior diameter
of the shoulder, or a little to the inner side of these points, and should
begin a finger-breadth below the point of section of the bone,

A small internal flap is
marked out by uniting the
two branches of the U across
the axillary surface of the
arm,

Division of the Skin. —
The operator must first make
sure that the position of his
hands allows him to cut the
whole flap without interrup-
tion, This position should be
as indieated on p. 85; on the
left side he attacks the flap
directlyv, his hands alongside
one another and the flap to
his right: on the right side,
however, he starts the incision
with the right hand passed
under the strongly flexed
amnidl  pronated left forearm
and wrist.

The assistant, standing
behind the shoulder, stretches
the skin with one hand on
cach side of the stump.
The surgeon, grasping the
internal surface of the limb
with his left hand, holds
it in a horizontal position,
slightly abduected and rotated
outwards, while with the
blade held nearly vertieal he
pierces the skin at the head
of the anterior branch of
the |J. He draws the knife
along the anterior angle and
crosses the limb transversely
while he rvotates it progres-
sivelv inwards, After turning

P AR again posteriorly, he raises

the limb until wvertical, ab-

ducting it and rotating it still further inwards, while he reverses

from above downwards along the posterior branch of the U (Figs.
233-235).

After frecing the skin, without being afraid of injury to the deep
fasecia, the surgeon stands outside the limb, which is now held
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horizontally and abducted by an assistant and, passing his right hand
under the i'unll, the point upwards, he umtes the two branches of the
U by a eut somewhat convex downwards, siving an internal flap
equal to about half a diameter.

Division of the Muscles.—One of two procedures may be used :

1. Transfirion. - old the flap, raise it. and transfix it, as described
for the thigh on p. 115 : but pierce the limb vertically and not hori-
zontally. from above downwards on the right side, from below upwards
on the left side.

2. Dissection . —Grasp-
img the flap in the left
hand, pass  the  knife
longitudinally  under the
anterior lip, which is raised
by the thumb (Fig. 236),
and draw it towards vou,
the point in contact with
the bone., Turn with the
blade held obliquely  and
reverse up the posterior
branch of the U. raising
the flap with the left hand
as vou proceed (Fig, 237).

Division of the Tissues
and Vessels internally.
This is done transversely,
cutting with the whole
blade. The coracobrachi-
alis is held with the lefl
hand to make it tense, and
divided by the surgeon
drawing the knife towards
him. An assistant, stand- Fig. 937,
ing at the root of the limb,
then grips the vessels while the operator divides them transversely.

Sawing the Bone.- This is done with the hand above. The
surgeon stands outside the limb if two assistants are available ; if
there is only one assistant, he stands in such a position that the
patient’s hand lies to his left.

AMPUTATIONS OF THE FOREARM.

In the upper part of the forearm, where there are thick masses
of musele, a fHap amputation is performed, the best method being
with equal anterior and posterior flaps : one or other of these may
e made to predominate, according to the needs of the case,

The flaps are planned with the forearm in supination ; the external
branch is arranged along the palpable outer border of the radius,
a little behind the transverse axis of the limb therefore, and the
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imternal branch a little in front of the anterior border of the ulna,
that is, a little in front of the transverse axis.

The blade of the knife should be 5 or 6 inches long,

The positions necessary to divide and to liberate the skin are
the same as in disarticulation of the elbow with an anterior flap.

The museles are divided, with the forearm supinated, either by
transfixion or dissection ; first in front and then behind.

The steps used in dividing the periosteum in a figure-of-8, and
sawing, are the same as for an amputation lower down.

CIRCULAR AMPUTATION WITH CUFF.

In the lower part of the forearm there are no musele masses, and
there is little more than skin available to pad the stump ; a cireular
amputation with a euff of skin is therefore used,

It is more convenient to have two assistants for this operation,
one holding the hand and standing at the extremity of the limb, the
other placed on the inner side at the level of the arm. A single assistant,
standing opposite the surgeon, and holding the wrist with one hand
and the arm with the other, will, however, sullice if necessary,

Principal Steps of the Operation.—

1. Circular division of the skin.

2. The turning back of a cuff.

3. Division of the muscular faps.

4, Division of the periostenm and interosseous membrane in a
fisure-of-5.

5. Sawing.

A wrist knife is used for this operation,

The himb is presented horizontally and in supination. The
surgeon stands so that the patient’s hand is to his left.

After determining where the bone is to be sawn, measure the
anteroposterior diameter of the limb at this point, and, using the right
index finger as a marker, apply the knife to the anterior surface of the
limb, and note the level at which the skin must be divided eircularly,
and perpendicularly to the axis of the limb,

Division of the Skin.—An inexperienced operator does this in fwo
steps, first eutting the posterior skin by drawing the knife across the
under surface. Starting with the heel of the knife, blade vertical,
point uppermost, on the border away from him. he crosses the limb
posteriorly, and finishes with the point. handle above, on the border
near to him @ he then divides the anterior skin by drawing the knife
across the arm between the two ends of the first incision.

It is easy to practise in this case the cireular division of skin in a
single step. To do this, the right hand in extreme pronation is passed
under and over the limb, and the heel of the blade applied, point down-
wards, to the surface nearest the operator, the handle being held fully
in the hand. The blade is then passed circularly round the limb till
the point is brought out at the starting-place, handle above ; in this
movement the handle rotates in the palm, and at the end is only held

between thumb and index linger.
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Turning back the Cuff. The assistant drags the divided skin
towards the stump. and as he does this, the surgeon [frees it by
dividing, with the knife used on the flat, the connective-tissue strands
which unite skin and deep fasein.  Begin this process on the anterior

Fig, 238, <Preeing the call

surface with the forearm supinated., and continue on the posterior
surface in pronation : repeal this many times, turning and re-turning
the limb, while the assistant turns back the cuff of skin, until the
level is reached where the bone is to be divided.

Division of the Muscles. —This is done by transfixion,

With the knife held on the flat, pierce the tissues just in front
of the bone, the edge towards the wrist, the back to the cull,
and emerge, with the knife still on the flat, in front of the more distant
bone. The passage of the knife is facilitated if the museles are relaxed
by slight Hexion of the wrist,

Frg, 2389 -<Transfixion of thie anterior aigseles

Then extend the wrist to streteh the museles, and turning the
knife through a right-angle, edge upwards, divide the muscles so as to
form a little flap hardly broader than the blade of the knife.

Now exceute a similar manaeuvre posteriorly, reversing the move-
ments of the patient’s wrist : extending it therefore to relax the museles,
and flexing it to streteh them,

Divisions of the Periosteum and Interosseous Membrane. —

1. In Front.—Passing the knife over the imb and haslelings it |'||Ei_1.'
in the hand, apply the heel of the blade over the inner surface of
the ulna, the point reaching vertically downwards,  Now, drawing
the knife from helow upwards, until the anterior surface is reached,
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divide the periosteum transversely over both bones at the same
time. When the point reaches the anterior border of the ulna, raise
the handle slightlv, and so pass the point of the knife over the outer
surface of the ulna, the interosseous membrane, and the inner surface
of the radius ; now lower the wrist, and pass the blade from heel to
point over the outer surface of the radius, ending with the point verti-
cally upwards, the handle having rotated in the palm until it is held
like o violin bow between the thumb, index, and middle fingers.

2. Behind.—Pass the knife under the limb as for the circular
division of the skin, the blade vertieal, the point uppermost, and apply-
ing the heel to the inner surface of the ulna, draw the knife from above
downwards., -~ Continue to draw the knife transverselv with the edge
against both bones, and follow the contour of the bones as you reach
them with the point of the blade by lowering the handle as deseribed
above. When passing over the interosseous membrane, lower the
handle until the blade is vertical, and then pierce the membrane
from below upwards. End with the point on the outer surface of
the radius, the blade vertical, handle above (Figs. 199-203).

This deseription is for the left side, the surgeon standing on the
outer side of the limb ; on the right side, the sureeon standing to the
inner side of the limb, the radius is the more distant bone.

Sawing the Bones.— With the limb in supination, begin obliquely,
with the hand at first above, by making a track on the ulna, the bone
which is more solidly attached to the humerus:; now. with the saw
horizontal, and then slichtly ascending, commence and complete the
division of the radius; after this, raising the hand again, end with
the ulna.
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Cuarrer  XI1I
GENERAL OBSERVATIONS.

It is essential to have a very exact knowledge of the surgical
anatomy of anv articulation before entering it with the knife, so that
it mav be possible by examination of the bony landmarks to deter-
mine the line of the joint.  The ligaments must also be specially con-
sidered in their relation to the surface from which the joint is to be
apened,

Every articulation has what may be termed its surgical side,
through which it is best opened @ and it will readily be understood
that while an error of half an inch in sawing a bone is of no conse-
quence, it is necessary to be exact to a millimetre when a joint has
to be opened.  If the skin is divided too high, the bony end projeets :
if too low, the knife seratches vainly against the lower bone.,

In the following pages an anatomical séswmé precedes  each
deseription of an operation, because greal aceuracy is necessaryv in
making the aps, and in entering the joint when its position has been
determined, A joint should be opened from left to right, with the
point, body, or heel of the knife, as the ease may be, after once more
noting the landmarks : and ecare must be taken to make the line of
the joint gape at the point where it is to be entered, either by traction,
torsion, bending the limb, or, sometimes, by holding it in a definite
position, such as the equinovarus position in mid-tarsal and sub-
astragaloid amputations.

A joint must be entered without foree, the knife following lightly
its direction, and even the sinuosities ol its outline, which should
alwavs be kept in mind,  The ligaments (and tendons also sometimes)
may be considered the kevs of the joint ; a knowledge of their direction,
and how to make them tense. enables the operator so to touch their
left border (that is, the horder to his left) with the point of his kuife
that they almost divide themselves. To do this suceessfully two
conditions must be fulfilled @ the knife must be applied exactly at
the right spot, and force must be used with the left hand only,
while the right depends entively on skill and precision. It is for
this reason that disarticulations provide such a valuable education
i manual dexterity,
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Cuarrer XIV.
DISARTICULATIONS OF THE HAND AND WRIST.

DISARTICULATION OF A PHALANX.

Anatomy. The interphalangeal joints are ginglyvmus joints ; the
upper articular surface shows two small eondyles like those of the
femur, the lower surface two little depressions, almost flat, and
separated by a blunt crest which is prolonged posteriorly into a little
projecting beak, so that the dorsal surface of the inferline is shaped
like a civenmflew aceend much Maltened.  The palmar border of the
upper surface of each phalanx is lengthened by a glenoid pad, to
which is attached the sheath of the flexor tendon. The bones are
held in position by two lateral ligaments, running somewhat obliquely
downwards and backwards, and joining on the dorsal surface the
fibrous plane of the extensor lendons.

Examination.—If with the hand in pronation the sides of the
extended finger are nipped from below upwards between the nails of
the thumb and index finger, the articular enlargement is felt to be
formed on each side by two little superimposed tubercles between
which the nail slips into a groove,

If the joint is flewed, the lower phalanx becomes displaced towards
the palm, and it is the trochlear surface of the upper phalanx which
projects under the skin : if a line tangential to the dorsal surface is
prolonged beyond the head of the bone, the line of the joint will be
found 3 to 4 millimetres below it, in the direction of the palm, running
horizontally.

Line of Incision.—The cicatrix must be dorsal, so a palmar
flap must be cut, limited laterally by two lines following the junction
between the dorsal and lateral surfaces, and extending downwards,
with rounded angles, so as to include the whole palmar surface of the
phalanx which is to be removed.

Across the dorsal surface an incision is made, which should not
extend on to the lateral surfaces, and which lies slightly below the line
of the joint, so that after retraction the head of the phalanx will still
be well covered.

Principal Steps of the Operation.—1. Transverse division of
the skin and extensor tendon on the dorsal surface, with the joint
flexed so that it can be entered directly.

2, Sucecessive division of each lateral ligament.

3. To shave closely the palmar surface of the removed phalanx
with the point of the knife, in order to leave in the flap the detached
olenoid eartilage.

4. Completion of the palmar flap by transfixion.
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Division of the Skin.—To divide the skin on the dorsal surface,
the assistant, }}l:lrr{l to the outer side, presents the hand to the
operator im a nearly vertieal position, the wrist pronated and extended.

Pressing the nail of the
distal phalanx with the
left thumb, and with his
index finger over the dor-
sum of the proximal
phalanx, the operator
Mexes hoth interphalangeal
joints to a right angle, and
applies the middle of the
blade of the scalpel about
3 millimetres below a line
tangential to the dorsal
surface  of  the  middle
phalanx (Fig. 241). Draw-
ing the knife from left to
right, pushing slightly at
the same time, the joint is
entered, as announced by
a little dry eracking sound
and a slight increase in
flexion of the distal
phalanx under pressure of the operator’s thumb,  The fault usually
made is to incise the dorsal skin over the head of the middle |=|I:I|;III;.\:
with the blade more or less vertical instead of horizontal (Fig, 212),
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In such a ease the knife reaches the neck of the middle phalanx,
disarticulation becomes difficult, and the bony end remains exposed
instead of being hidden under a little hood (compare the two results
in Fig., 240),

Fig, 245,

Fig. 244,

When the joint has been entered,
the projection on the posterior sur-
face of the distal phalanx is freed
with a short stroke of the knife
made like a circumflex accent, and
the bones are seen to gape (Fig, 243).

Division of the Lateral Liga-
ments.—To divide the lateral liga-
ment on his left, the operator presses
the hand to his right, makes an
incision about 5 millimetres  long
from below upwards at the level of
the lateral border of the bone, and
divides the ligament, stretched by
hvperflexion, with 1 or 2 millimetres
of the point of the scalpel. held
vertically and near the point like a
pen, the little finger being used as a
support (Fig. 244).

The liganment to the right of
the operator is similarly divided

after pressing the hand to the left and drawing a short preliminary
ineision with the point of the scalpel.
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The finger is then replaced in the former position, still hyper-
flexed, and from left to right the palmar surface of the phalanx is
shaved with the point of the knife so as to make a path, elose to the
hone, between the lateral ineisions, as long as the blade is broad,

The bones are now re-articulated behind the blade eneaged on
the flat, the distal phalanx is pinched between the operator’s thumb
(below) and index finger, and with little transverse sawing movements
the knife is brought out at the end of the pulp in contact with the
nail (Fig. 245).

METACARPO-PHALANGEAL DISARTICULATIONS
{Excepting the Thumbj.

Anatomy. The metacarpo-phalangeal articulations of the fingers
are condylarthroses running transversely between @ (1) The hewd of
the mrf.r.rr'.'”"nuf hone, 1 segment of a h|l|ll'l‘{' with flattened sides: and
(2) The upper exvtremity of the phalane, shaped like a glenoid cavity
with the long axis placed transversely. slightly hollowed. and extended
at its palmar border by a glenoid cartilage, which blends with the
flexor tendon sheath and often contains sesamoid bones (especially
in the case of the index and little fingers).

The bones are held together by :

1. Two lateral ligaments running somewhat obliquely downwards
and forwards,

2. The extensor fendon on the dorsal surlface, which adheres to the
capsule, and is united on either side by a tendinous expansion to the
lateral ligaments as well as to the tendons of the interosseous mseles
and lumbricales.

Examination.—The lines of the joints are very nearly in the same
transverse line, but those of the index and little fingers are somewhat
above those of the two middle fingers., The joints are not situated
at the level of the interdigital commissures or the digito-palmar folds,
but lie in the palm nearly a finger-breadth above,

On the dorsal surface, in exlension, the lomgitudinal prominence
in the middle line of each digit made by the extensor tendon is seen,
with a small Hattened area on cach side of it at the level of the joint.
This flattened area becomes hollowed transversely by the sinking in of
the skin when the joint surfaces are separated by traction on the
hnger (as children do when they try to erack their fingers), and the
line of the joint ean then easily be loealized between the nails of thumb
and index finger applied from below upwards to the lateral surfaces of
the phalanx,

Without traction the sides of the joint may similarly be made to
gape by slight Mexion of the finger combined with little lateral move-
ments,  As flexion inereases, the phalanx slides towards the palm,
the head of the metacarpal bone becomes disengaged, and tinally, i
com plete Mewinn, is the only bone to project, the phalanx Iving at right
angles to the metacarpal. It is with the heads of the metacarpal
bones that a blow with the elenched list is struck, In 1'1||||]||4-[|' Hexion
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the metacarpal bone projects for about half an inch behind the line
of the joint : and below it the extensor tendon ean be seen. with a
Hattened area on either side.  The line of the joint, still transverse, is
now parallel to the plane of the palm.

Line of Incision.—It is the palm of the hand and the borders
of the palm which have to withstand blows and pressure, so the scar
must be placed dorsally and towards the axis of the hand.

In disarticulation of the middle fingers (middle and ring) the scar
will be protected by the adjoining fingers, and a symmetrical racket
may therefore he made.

The easiest method is to make a circular transverse incision al the
level of the digitopalmar fold, and a median dorsal slit, which reaches from
a quarler of an inch above the line of the joint to where it joins the first
incision (Fig, 246). A little palmar pocket is thus formed, about

three-quarters of an inch

- below the head of the bone,

i and two little rectangular
fe- lateral flaps (the corners of
: which are easily rounded
by an expert operator).

In disarticulating an
end finger (index or little
finger), a flap must be cut
which is external to the aris
of the hand (or excentric,
if the word is preferred),
in order that the scar may
be placed on the dorsum of
the hand, near the adjacent
sound finger which will
form henceforth the border
of the hand.

The incision commences
therefore at the excentric border of the extensor tendon, on a level
with the line of the joint, and follows this tendon longitudinally half-
wayv down the proximal phalanx, or even a little farther, where a
rounded corner is cut. It then crosses the lateral surface of the
phalanx and passes obliguely over the palmar surface as far as the
commissure, where it ends, still remaining on the finger that is to
be removed, The palmar part of the incision, therefore, is a recti-
linear one, passing obliquely upwards and inwards (in relation to the
axis of the hand), a direction inverse to that of the digito-palmar
fold. which it joins obliquely at the level of the commissure.

The dorsal and palmar ends of the flap are united by a straight
tnicision passing from the level of the commissure upeards (an experienced
operator makes it slightly convex inwards).

The above deseription applies equally to disarticulation of the

Fig, 246,

toes 3 disarticulation of the great toe will however be described

separately.
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The general rules for planning the Haps in disarticalation of end
fingers and end toes are the same.

Principal Steps of the Operation: (1) Division of the skin: (2)
Dissection of the lap or flaps : (3) Section of the Hlexor tendon about
half-way down the phalanx : (4 Disarticulation, leaving the glenoid
cartilage in the Hap.

An ordinary scalpel is used,

DIVISION OF THE SKIN FOR A MIDDLE FINGER.

The assistant, placed on the outer side, grasps the two borders of
the hand, thumb above, fingers below, in order to flex and separate
the patient’s ring and index fingers, while with the thumbs he stretehes
the dorsal skin, At the same time he raises the hand to a convenient
level for the aperator, and presents it vertically and pronated. the
palmar surface forwards,

Py 2w,

Divisiun of the palmar skin and the flevor tendon.—The SUTECON,
taking in his left hand the end of the finger, holds it in the air, rather
like a pen-filler, in order to expose clearly the digito-palmar fold.  The
assistant keeps the adjoining fingers out of the way by flexing them
at o right angle to the metacarpus.  In this position the centree of the
blade of the scalpel, held flat to the dorsum of index and ring fingers,
s applied to the digitopalmar fold (Fig, 247). and is made to cul
deeply by drawing it from left to right. the movement ceasing only
when a sudden hvperextension of the finger shows that T!:q-. r!:-xu;r
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tendon is completely divided (Fig. 248). If the lips of the bony

groove in which the tendon lies project, the deeper fibres will probably

have escaped division, and this must be completed by raising the

handle of the knife so

s that the point reaches

the remaining strancds

of the tendon at the

bottom of the groove
(Fig. 249).

The finger is next
brought back from
hyperextension to the
vertical position, and
the skin is freed in
front of the articulation
by passing about an
inch of the blade on
the flat against the
hone, handle ahove,
and cutting from the
left to the right side
of the finger in a semi-
circle (Fig. 298).

Hand and finger
are then lowered until
horizontal,  and  the
dorsal half of the circle
is made by cutting
transversely from left
to right across the
dorsum of the flinger,
from one  comimissure
to  the other (Fig.
250). Then, with the
finger flexed to streteh
the skin, the median
dorsal slit is drawn
(Fig. 251), and the
little angular flap thus
made on either side is
aken between index
finger and thumb and
carefully freed. The
juint is now accessibie

from every side, and
can easily be disarticu-
lated,  The manipulations requisite for this are the same for any
fincer, and will be found on page 157.



DISARTICULATIONS OF THE HAND 158

CUTTING A FLAP FOR AN END FINGER.

Figs. 246251 show the cireular method with a dorsal slit.  In
making a symmetrical racket, it will readily be understood that the
line of incision is the same, but with rounded angles.  The division
of the skin in this ease is commenced on the dorsal surface, turning
thence to the right over that commissure and along the digitopalmar

fold. A second siroke, made by reversing. divides the left commissure,
I have thought it unnecessary to show this incision (which is similar
to that for the third metacarpal bone shown in Figs, 205 and 296),
because the different steps can be understood by reference to the
figures for the same operation on an end finger, when an asymmetrical

racketl incision is made with an eceeniric palmar flap.  The general
rules for this procedure must now be deseribed ;0 they are |||.|- I
for both metacarpal and metatarsal disarticulations.

The chiel rule is so to arrange the movements that the flap can
be cul withoul futerruption by diacing the kenife from left to right.
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When the hand is presented in pronation, the right index finger or
the left little finger will be to the operator’s right.  If he takes one of
these fingers horizontally in his left hand, he can draw the knife towards
him along the back of the phalanx, turn, without interruption, towards
the side which lies to his right, and then eross the palm obliquely to
Join the outer digital commissure while he raises the finger before him.

Fig. 262,

Returning to the back of the hand, the ineision is completed by a
second stroke made by reversing from the palm towards the dorsum.

But in the ease of the left index finger or the right little finger the
incision must be commenced with the hands crossed.  Seizing the end
of the finger in his flexed and pronated left hand, the surgeon passes
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the scalpel under this hand, and is thus enabled, without interruption,
to draw an ineision along the dorsum, turn, then, raising the finger,
to cross the palmar surface obliquely.  The commnussure 1s next
divided by drawing a second incision from the dorsum to the palm.
Left Little Finger.—The finger being held extended at the level of
the distal phalanx between the operator’s index and thumb, the
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assistant separates the other fingers downwards and holds the ulnar
surface of the hand above, while the operator pierces the skin at the
level of the joint over the extensor tendon, and draes his knife along
the tendon to a point hall-way down the proximal phalanx (Fig, 253).
At this point the cor-
ner is turned, and the
palm is then crossed.
as will be deseribed for
the left index finger
(Figs. 255 and 256).
f-‘:'._r_f, 254 shows
how the commissure
1s divided by a second
inciston made in the
reverse direction with
the full blade from
the palmar to the dor-
sal surface, the opera-
tor stretching the skin
by bending the flexed
finger towards his
right and twisting it
slightly to the left.
Left Index Finger.
In order properly to
cut the flap. the hands
must be crossed at the
commencement of
the  operation, the
right under the fully
flexed and pronated
left hand, which grasps
the  distal  phalanx.
The finger being raised
to the erect position,
the first incision is
drawn along the ex-
tensor tendon, as jusi
deseribed. From Figs.
235 and 256 it will he
seen how, after reach-
ing hait-way down the
proximal phalanx, the Fig, 255
finger is raised  little
by little, while the knife turns the outer corner and passes Lo the
palm exposed by the manipulations.

Phe finger is now replaced in a horizontal position. and the secomnd
tneesion 1s made by drawing the knife from the dorsal to the palimar
surface (Fig. 257),
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Fig. 256,

Fig. 257,

DISARTICULATIONS

The next step is to liberate
on all sides the lips of the skin
incision, then to disseet the flap
as far as the palmar surface of
the articulation ; this is done
by entrusting the finger to
an assistant, who holds i in
the normal position (extension
makes the head of the bone
project towards the palm) : the
operator then grasps the edge
of the flap between thumb and
index finger, and shaves the
bone with the flat of his scapel,
held like a pen (Fig. 258).
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DISARTICULATION OF A FINGER.

After the skin has been divided and freed, and section of the Hexor
tendon has been completed, the method of disarticulation is always

Fig. 250,

N R ™

““'_ ARG, The hand is presented pronated and in a horizontal
position to the surgeon, who takes the finger in his left hand at the
level of the first interphalangeal joint and pulls on it, so separating
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the articular surfaces.  He then inserts half an inch of the point
(not more, or it may perforate the palm) on the flat against the left
side of the phalanx, the blade wertical, edge towards the wrist
(Fig. 259), and reverses until the tubercle at the base of the phalanx
is reached. Round this the knife is passed, and a line of non-
resistance can then be felt,  The blade is now turned through a
richt-angle, and cuts with little sawing movements towards the right,
In this manner the left lateral licament is divided, and in a single
stroke, with the blade still vertical, the line of the joint is traversed
from left to right, dividing at the same time the fibrous sheet
formed by the dorsal liganment and extensor tendons (Fig, 260), 1t is
necessary to fix the tendon by pressing with the left thumb against
its right border, otherwise it may escape before the knife. When the
right lateral ligament has been divided, the little vertieal and trans-
verse sawing movements are stopped., and without removing the
scalpel from the wound. the finger is twisted with the left hand from

Fig. 201,

right to left (Fig. 261) : the only ligaments which still hold are those
on the palmar surface (glenoid ligament and sheath of the flexor
tendons), and these are brought upwards by gradually increasing
torsion until the palmar surface becomes uppermost and they can be
divided, ¢lose to the palmar surface of the phalanx, with little strokes
of the point of the knife drawn from left to right.

This method of twisting the finger in one direction while the knife
cuts in the other should be carried out most carefully, as it is very
important for the teaching of general surgical technigue.

DISARTICULATION OF THE THUMB.

Anatomy.— The metacarpo-phalangeal joint of the thumb follows
the tyvpe of interphalangeal articulations, and the trochlear surface
in which the first metacarpal ends (the general shape of which bone
is that of a phalanx) takes very clearly the bicondylar form, with
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marked projections towards the palmar surface.  The glenoid cartilage
attached to the palmar border of the upper surface of the phalanx
is very well developed, and always contains two sesamoid  bones,
internal and external, into which the muscles of the thenar eminence
are inserted.  The lateral lignments are also attached to the sesamoid
bones, as they pass over them, by a deep fasciculus, the metacarpo-
sesamoid licament ; the imternal ligament s the stronger. and Lhe
internal sesamoid bone the lareer,

Examination.—The fransverse line of the joind is not hidden in
the palm as in the ease of the other lingers, but corresponds to the
root of the thumb at the level of the metacarpo-phalangeal fold.

To feel the line of the joint, the articular swelling must be pinched
from above downwards between the thumb and index finger of one
hand, while the other hand holds the distal phalanx in extension and

imparts little movements to the thumb. The nails then slip into the
grooves of the joint at the sides of the thumb (Fig. 262).

Line ef Ineision.—A pafmar flap must bhe made, so that the
cicatrix will be on the dorsal surface. ‘The line of incision is an ellipse
for perhaps more like a pessary with U-shaped ends) of which the
uppermost point 1s on the dorsum of the thumb, 2 or 3 nullimetres
below the line of the joint (which ean be marked with the operator's
thumb-nail), and the lowest point is on the palmar surface, 2 or 3
millimetres below the interphalangeal fold. The edges of the line
run along the middle (or rather nearer the dorsum) of the corresponding
lateral surfaces of the phalanx., A little hood is thus formed which
covers the lower extremity and lateral projections of the head of the
metacarpal bone (Fig. 263).

The assistant holds the forearm with one hand in semipronation,
and with the other holds the four fingers, which arve flexed and pressed
downwards away from the thumb,
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. Division of the Skin. —The operator seizes the distal phalanx with
his pronated left hand, and twists it rightwards in order to see to the

left. Commencing as far to the left as possible (Fig. 264), he incises
the skin on the palmar surface transversely, turns on the point of his
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knife at the left lower angle of the fap, and reverses along the
lateral surface as far as the left upper angle, all the time moving his
left hand correspondingly, untwisting from right to left, so that the
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thumb is in the normal position and the hand in semipronation when
the dorsal surface is reached.  He crosses this transversely (Fig. 265)
then holding the thumb to the left, and twisting lefiwards in order

5 lnlrI i,

| to see to the right, he turns, and dreaws a longitudinal incision along
this lateral surface.  Finally he turns again, to the right  of the
imterphalangeal fold, and rejoins the palmar incision (Fig. 266).

11
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Dissection of the Flap (Fig. 267).- The thumb should be entrusted
to an assistant, who, taking it between his own thumb (above) and
i:|{|l¢~.'~: linger. holds it vertical and slightly extended. The SUTTEON NOW
takes the palmar flap between thumb and index fine T isseets 1
upwards to the level of the joint, working rm"]‘*lli;;a-:". ril:lfilr ‘I:;:; {I'Ir:ullz
above downwards, as the
thumb is placed,

The flevor tendon must
be divided ( Fig. 268) about
the middle of the phalanx,
the blade perpendicular
to the bone, while pres-
sure from the assistant’s
finger keeps the joint ex-
tended and the tendon
stretehed.

Disarticulation.  This
is carried out as with the
middle finger (p. 157):
the assistant retracts the
skin  while the surgeon
crosses  the joint  trans-
versely from left to right,
the bony surfaces being
held apart by traction on
the finger. Finally, in
order to leave in the flap
the glenoid cartilage and
sesamaoid bones, the knife
is brought out after shav-
ing with short strokes of
the point the palmar bor-
der of the upper surface
of the phalanx., which is
strongly twisted to the
left,

DISARTICULATION OF A FINGER WITH ITS METACARPAL.

There are a few general rules for this operation, and the same
apply, for the most part, to operations on the metatarsals as well

The type of incision is the racket, the ring of which surrounds the
root of the finger to be removed at the level of the interdigital com-
missure, while the handle stretehes over the back of the metacarpal
bone,  The handle may end in a straight line, or may curve backwards
over the border of the hand or foot (5th metacarpal, 1st metatarsal).
For a middle linger the racket is svmmetrical ; for an end linger it is
arranged to give a palmar, excentrie flap, for the same reasons as
those given on page 153,
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Principal Steps.  After division of the skin and the extensor
tendons, the principal steps of the operation are :

1. Freeing the palmar skin as far as the head ol the metacarpal
hone.

2. Separation of the metacarpal bone  from the muscles which are
atioched to il. This is done by shaving the bone with the knife, to save
the muscles as far as possible amd to avoid injury to the adjacent
arteries.  The metacarpal and metatarsal bones are shaped like a rod
with flattened sides, and terminate in a head, the posterior part of
which is nearly in line with the dorsal surface, while the = chin® projects
towards the palm.  The heads of the hones are united by the frans-
verse intermetacarpal Ngament, which is continuous with the palmar
portion of the capsular licament and with the sheaths of the flexor
tendons, Tt is alwavs necessary to begin by dividing this ligament
with the point of the scalpel, held verticallv and cutting longitudinally,
and an inecision is next made transversely, under the “chin® of the
bone, with the blade perpendicular to the bone ; exfting the throal of
the head. so to speak, which has been alveady eleared on the palmar
surface as well as the sides. It is then easv to pass in succession
along each side of the metacarpal between bone and muscles (thenar,
hypothenar, or interosscous), from the distel end towards the provimal.
and from left to right.  Except then for a speeial manceuvre which will
be deseribed for the first metacarpal, the rule is to Leep the end of the
fimels to the left during the enucleation.

DISARTICULATION OF THE FIRST METACARPAL.

Anatomy.- The line of the trapezometacarpal joint is concave
downwards on the dorsal surface, and its general direction is obligue.
running downwards and inwards.  The slight anteroposterior convexity
of this saddle-shaped articulation is negligible.

The capsule is thin and weak, but a ligament is formed by the
tendon of extensor ossis metacarpi pollicis, which is inserted into the
external tuberele of the metacarpal bone to the outer side and behind,

The palmar surface of the metacarpal is Hat (like a phalanx) ; it
faces inwards, and is padded by the prominent muscles of the thenar
cminence.  The dorsal and external surface is superficial, separated
from the skin by the tendons of extensor primi internodii and extensor
ossis. metacarpi pollicis externally, and extensor secundi internodii
pollicis internally.  These tendons diverge above to take up their
position against the stvloid process of the radios, leaving between
them the anatomieal snuff-hox (see p. 17).

The radial artery crosses the snulf-box (see Fig. 22, p. 158) in close
contact with the inner side of the capsule of the joint.

On the palmar surface at the root of the thumb fioo folds of skin
are to be seen @ the fold of flevion, which nearly corresponds with the
line of the metacarpo-phalangeal joint. and to the inner side anad
above, the fold of opposition.

To find the line of the (irapezo-melacarpal joint. —This can be
done by pinching the articular swelling from  below upwards ; the
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external tuberele of the first metacarpal bone is then felt. and just
above it runs the line of the joint. But it is more convenient to
palpate the joint from above downwards (Fig. 269). pinching the base
of the metacarpal bone between thumb and index finger of one hand
while the patient’s thumb is moved by the other. The level where the
hone should be nipped is
mdicated by the upper ex-
tremity of the first inter-
osseous space.  In adduetion
the metacarpal bone pro-
jects on the outer side ; in
abduection the trapezium
projects on the dorsal sur-
face : the line of the joint
is to be found between
these two projections. If
the snuff-box is palpated
trom above downwards, the
trapezium is found about
half an inch above the joint.
Fig, 269, Line of Incision.—
A racket incision with a
straight  handle  should be
used. Starting half an inch
above the articulation
{about one finger - breadth
helow the tip of the styloid
process), over the tendon of
extensor  primi  internodii
pollicis, it follows this ten-
don along the dorso-external
surface for rather more than
an inch. The line then
bends and runs downwards,
half an inch below the fold
ol opposition, crossing the
palm  transversely to the
point  where the folds of
flexion and opposition meet ;
it then passes svmmetrically
over the inner surface of the
metacarpal bone to rejoin
the handle of the racket
(Fig. 270),

Division of the Skin.—Standing outside the limb, the assistant
fixes the forearm with his left hand, and with his right grasps the
ulnar border of the hand, his thumb and thenar eminence stretching
the skin on the dorsal surface, while his fingers hold the patient’s
fingers flexed and out of the way., The hand is held horizontally,
thumb uppermost.
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Standing at the extremity of the limb, the operator seizes the
thumb in his left hand, and passing the knile over it, pierees the skin
at the upper extremity of the racket over the outer tendon of the
snuff-box (Fig. 271) : he draws the knife, tarns af the right side of
the head of the metacarpal bone (Fig. 272), and continues over Tlh-
palm as far as possible towards the left (Fig. 273), exposing the palmar
surface by bending baek the thumb and supinating the hand.

Replacing the hand in pronation, and earrving the flexed thumb
to the right, a second incision is now made by reversing, catiing the
stretehed  commissure with the whole blade, the right hand fully
extended and pronated (Fig, 271).

It will often happen that the extensor tendons have already been
divided as they were Iving stretehed over the bone ;o il this has not
oceurrcd, they should now be divided by transtfixion, the edge of the
knife away from the operator (Fig, 275).

Division of the Muscles of the Palm. Kaising the thoamb again,
the head of the metacarpal bone must first be freed with one or two
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strokes of the knife on the fat round the bone from left to right and
close to it. At the same time the thumb is kept raised, and carried
alternately to the right and left to expose the surfaces as required ;
this process is discontinued when the red musele mass under the
articulation comes into view.

The operator next seizes the distal phalanx of the thumb from
above in his pronated hand, holding it like a pen-filler, and raises it.

Fig, =+ Fig. 277,

[He carries the thumb to the
right, and then thrusts about
half an inch of the point on
the flat under the palmar sur-
face of the metacarpal bone,
and draws the knife from left
to right, sawing all the time,
until arrested by the sesamoid
bones (Fig. 276G).

The thumb must now be
held quite  straight, neither
adducted nor abducted, while
the blade, applied on  the
flat, perpendicular to the bone
below  the  sesamoid  bones,
cuts the throat of the meta-
carpal. so to speak, from left to right, until the edge reaches the
hone., It should be remembered that the tough flexor tendon has to
bhe divided in this stroke (Fig. 277).

When this section has been completed, it is easy to shave the
right side of the metacarpal by reversing, the right hand flexed and
pronated, the left raising the thumb and carrying it to the left
(Fig. 278).
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Disarticulation is completed (Figs. 279, 280) just as i the ease
of the middle linger, deseribed on page 157,

Fivp. 2RI,

DISARTICULATION OF THE FIFTH METACARPAL.

Anatomy.—The upper extremity of the 5th metacarpal bone
articulates : (1) By its base with the inner half of the unciform
bone : (2) By its outer surface, with the 4th metacarpal.

1. The unci-metacarpal articulation is slightly saddle-shaped, the
surface of the unciform being somewhat convex transversely and
concave from before backwards.  Seen from the dorsal surface, there-
fore, the line of the joint is slightly conecave upwards, but from the
operator’s point of view it may be considered flat. It runs obliquely
downwards and ouwtwards from a point on the ulnar border of the
hand 4+ or 5 millimetres above the postero-internal tuberele of the
Jth metacarpal bone,

The unci-metacarpal ligaments proper are weak ;@ but the union
of the bones is made secure anteriorly by the pisi-metacarpal ligament,
a prolongation of the tendon of flexor carpi ulnaris ;. and behind and
to the inner side by the tendon of extensor carpi ulnaris. which is
inserted into the postero-internal tuberele,

2. The intermetacarpal articulation is a plane surface running
obligquely vpwards and omtwards @ with the wrist flexed. the line of this
Joint s directed from the upper extremity of the interosseous space
towards the tip of the styloid process of the radius, IE is supported
by strong fibrous bands on the palmar sarface,

Examination. When  the pronated  hand s held  streaight, in
a horizontal position, the projection formed by the bead of the wlua is
seen on the back of the wrist 1 il this is nipped between thumb and
mdex finger, a depression will be noticed below it, about hall an inch
broad : lower down a bony mass is felt, formed by the superimposed
cuneiform and pisiform bones.  In the palm, at the internal border ol
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the hand, the pisiform marks the root of the fleshy mass formine the
hypothenar eminence.  On the dorsum of the hand the surface n?' the
cuneiform bone is eontinuous with the superficial dorsal surfaces of the
unciform and the 5th metacarpal, to the outer side of which runs the
extensor tendon.  If the inner border of the hand is followed from
below upwards, the finger is arrested by the projecting postero-internal
tuberele of the fifth metacarpal, about half an inch below the pisi-
cunciform mass and about one inch below the head of the ulna
(Fig. 281).

If the finger is now alternately adducted and abdueted, the upper
end of the metacarpal can be felt to move a little, and the line of the
joint can easily be marked with the finger-nail,

Fip. 281,

Line of Incision.— The incision is racket-shaped, with the end of
the handle curved forwards and the ring asymmetrical in order to form o
Hap shaped switably for an end finger.

It commences at the ulnar border of the hand, over the line of
the joint (+ to 5 millimetres, therefore, above the tubercle of the
5th metacarpal bone), at the point where the fleshy mass in front
reaches the bone, and it runs transversely outwards for rather more
than half an inch. Over the dorsum of the metacarpal bone it turns
in a rounded right angle, and continues straight along the inner border
of the extensor tendon as far as half-way down the proximal phalanx.
It then bends sharply on the inner surface of the phalanx and crosses
the palm obliquely to the interdigital commissure,  The outer shoulder
of the racket runs in a straight line from the commissure {(over the
finger to be removed) to rejoin the dorsal incision about an inch above
the metacarpo-phalangeal articulation (Fig, 282),

The assistant stands on the outer side of the limb, and presents
it with the forearm vertical and semipronated, the elbow flexed at a
right-angle and resting on the table,  With one hand he holds the
middle of the forearm, with the other he grasps, and drags towards
him, the three outer fingers,

Division of the Skin.—Stand facing the ulnar border of the hand,
in front il it is the left hand { Fig, 282), behind if it is the right (Fig. 286).

Hold the finger by the distal phalanx, as if it were a pen-filler ; twisi
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it a little to expose the palmar surface, and start from this surface,
piercing the skin with the point of the knife at the commissural end

of the flap (Fig. 232,
left ; Fig. 286G, right).
After crossing the palm
in an oblique direction,
the inverse to that of
the digitopalmar fold,
turn on the point over
the side of the phalanx
half’ an inch from this
fold, and  draw the
nile from above downe-
wards and from left to
richt over the back of
the metacarpal (Fig.
253) ;. then bend the
tail of the incision to-
wards the ulnar border
at the level of the arti-
cilation,  drawing  on
the left side (Fig. 281),
reversing on the right,
On both sides the second commissurval {neision s made stmilarly, by
drawing the full blade from the palmar to the dorsal surface of the

Fg, 2H),
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1L1u;:ur to be removed, the skin being kept tense by separating the
finger from its fellows (Figs. 285 and 287).

Fig, 283,

1~.

Frg, 28, Fig. 287,

Clearing the Metacarpal Bone.— Entrust the linger to the assis-
tant, who should hold it vertically, without hyperextension (in Fig.
288 the finger is shown in hyperextension in order better to display
the field of operation, and moreover it represents the stage reached
after the head of the metacarpal has been rounded, when this position
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is not disadvantageous), and commence by disseeting the palmar flap,
from the distal end towards the proximal, holding the skin between

Fliep, 280 Fip, 2000,

the left thumb and index finger, shaving the inner and lower surface
of the phalanx, then the head of the metacarpal bone, with yvour
scalpel held, aceording to taste, like a pen or a knife.  When the red
palmar museles are seen appearing under the head. turn the knife



172 AMPUTATIONS AND DISARTICULATIONS

through a right-angle and * ecut the throat * of the metacarpal ; then
follow the palmar surface of the bone from end to end (Fig. 288, right,
starting heneath the head), shaving it closely for two or three strokes,
and taking care at each stroke to L
divide the muscles right to the level
of the curved tail of the wound (Fig.
289, left) : otherwise the flap does not
open sufliciently, and it is difficult to
find the joint.

When this flap has been
dissected  up, the inlerosseous
surface of the melacarpal bone is
next freed by passing the knife
along it from above downwards
while the bones are held apart
with a finger (thumb on the right
side, Fig. 200 : index linger on
the left). slipped like a wedge
between the heads of the 4th
amd 5th metacarpals as soon as
the intermetacarpal ligament has
been divided., By this means
also the line of the intermeta-
carpal joint is made to gape,
and the point of the knife can
be passed into it when it has
reached the base of the denuded
bone.,

Disarticulation. —The main
joint is to be entered through
the intermetacarpal joint, the obliquity of which must always be
borne in mind. Direet the assistant therefore to flex the wrist to a
right angle, and then—
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A —On the right side. Holding the knife in vour right hand in
extreme pronation, the edge towards vou, pass hall an inch of the
point into the intermetacarpal joint at the upper extremity of the
interosseons space, held apart as deseribed (Fig, 290), aiming the blade
at the tip of the stvloid process of the radius.

As soon as the knife is felt to be engaged belween the two bones
and arrested by contact with the uneiform, bring the flexed right hand
forwards and downwards, so making the edge bite from below up-
wards, while the left hand twists the finger and disloeates it towards
the ulnar border (Fig. 292). By this double movement the inter-
osseous ligament almost may be said to divide itsell, and the bone
remains held by the tendon of the extensor earpi ulnaris alone.  Apply
the sealpel with the edge upwards and forwards over the dorsum of
the hand, e¢lose to the metacarpal bone, which is now hanging ;
press the metacarpal towards the hand, back to back. and eut
from below upwards the tendon benecath which the knife is now
lving (Fig. 203).

B.—Left sid-.  1If the forearm is inelined towards the operator, the
dorsum of the Hexed wrist is placed horizontally, and he is in a position
to enter the joint. with the edge of the knife away from him, by aim-
ing at the stvloid process of the radius, while with the left hand he
dislocates and twists the finger (Fig. 291). This neat but delicate
maneuvre may be avoided by taking the sealpel in hand like a pen,
and moving to the outer side of the limb by a short step to the right.
The operator then enters the joint as on the right side, shaving the
bone. with the point held vertically and aimed towards the styvloid
process of the radius,

While carrving out this step the assistant rvetracts the skin, with
a hook if needful.

DISARTICULATION OF THE THIRD METACARPAL.

Anatomy.—The upper extremity of the 3rd metacarpal bone
articulates : (1) At its base, with the os magnum : (2) On either side,
with the 2nd and #Hh metacarpals respectively.

1. The dorsal line of the carpometacarpal joint is half an inch wide :
in its inner two-thirds it is straight and transverse, on the outer side
it is raised by the projection, 5 millimetres long, of the styloid process,
into which is inserted the extenso carpi radialis brevior., It is joined
perpendicularly at either end by

2. The vertical fines of the intermetacarpal articulations, 5 milli-
metres deep. These joints are very narrow, and will hardly admit the
point of a sealpel.  On the dorsal surface they are both steaight : the
internal (Hh metacarpal) remains flat throughout ; but the outer
(Znd metacarpal) is concave outwards, so that to enter it from the
back of the hand the sealpel should first, and for the third of an
inch, be direeted obliquely  downwards and inwards, then, in the
palmar half, downwards and outwards.

The most powerful ligaments are on the palmar surface, where
the erest of the third metacarpal is the meeting place of various
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intermetacarpal and interosseous fibres : but the union with the
os magnum is wealk,
The deep palmar arch lies about half an ineh below the carpometa-

carpal articulation ; it is separated from the bone by the palmar
interosseous muscles only.

Fiy, 204,

Examination.-—The dorsal surface of the metacarpal bone should
be followed from below upwards with the pulp of the index finger,
and at its upper extremity the carpometacarpal depression and the
styloid process are readily felt (Fig. 294),

Line of Imecision.The incision is a symmetrical racket, of which
the handle commeneces hall an inch above the line of the joint, while
the ring passes over the sides
of the head of the metacarpal
and of the proximal phalanx,
and  crosses the palm in  the

digitopalmar fold (Fig. 295).

The assistant, standing on the outer side of the limb, grasps the
borders of the hand longitudinally, thumbs uppermost, and flexes the
patient’s fingers in the palm to the maximum extent, excepting the
middle finger, which remains free and projecting forwards.  The skin
on the whole dorsum of the hand is stretched between the thenar
eminences of the assistant, and the hand is presented horizontally
in pronation.
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Division of the Skin. — Facing the patient, the surgeon seizes the
finger, with his thumb above, at the level of the first interphalangeal
joint, and pierces the skin at the upper extremily of the racket with
the point of the knife. handle above (Fig, 2935),

Dropping the handle of the Knife, he then draws an ineision
along the handle of the racket, turns at the right shoulder, and
passes  transversely over the
digito-palmar fold, blade hori-
zontal, edge upwards, extend-
ing the ineision as far to the
left as possible, and crossing
the hands at the finish to end
with the point. The flexion
of the fingers to a right-angle
allows the knife to pass over
the palmar  surface without
interruption (Fig, 296).

The left shoulder of the
racket is made by a second
incision reversing, from heel
to point of the knife, over
the interdigital  commissure
while the flinger is flexed and
twisted to right left (see Fig.
274).

After freeing the dorsal
skin, the extensor tendon is
divided, either directly or by
transfixion (Fig. 297), as high
up as possible.  while it s
held tense by flexion of the
linger.

Then, with his left hand
holding  the finger vertically
from above by the distal
phalanx, the operator shaves
the bone from left to right
with his blade flat to the bhone
(nearly vertical therefore), and
in one stroke, or several, he
carefully - frees  the  phalanx
from its attachments on the

|'H.!_II|:II‘ aspect as far as the head of the metacarpal bone (Fig. 208),

Without changing position he then perfi B o g heeir oalle
cn performs what has been ealled

*the Liston stroke.

fh‘”rf”g the Ifl".lH{’ .f,l_.rj i f--fl-"!'liﬂ‘“ r"'le'H.l’n'!".'—'r|.1|Il' TR T T T,

t Inger being raosed.

ivperextended, SArTie r o e 4

I_| xtended, and carried to the right, a preliminary incision is

drawn along the left side of the bone, the right  hand  passing

under the left: the incision is not ended until the ligament



176 AMPUTATIONS

DISARTICULATIONS

between the heads of the metacarpal bones has been completely

Fig, 300,

divided (Fig, 299),

Now carrving the finger
to the left, a second incision
is drawn in the same way
along the right side of the
metacarpal bone, commenc-
ing as high up as possible,
and again continuing until
the intermetacarpal  liga-
ment on this side also has
been  completely  divided
(Fig. 300).

To follow the contour of
the anlerior surface of the
bone the blade is first ap-
plied, edge downwards, in
the incision to the right of
the bone, and the point is
then passed under the right
side of the palmar surface of
the bone, the heel lying be-
tween the two heads (Fig.
301).

The finger is now raised,
while the assistant presses
on the dorsum of the hand,
and the heel of the blade
15 turned until it can be
brought horizontally under
the head of the bone, shav-
ing it closely, 'The move-
ment is continued, the point
remaining stationary, until
the heel appears to the left
of the head, leaving it com-
pletely clear (Fig. 302),

The heel of the blade
is next brought back again
a little to the operator’s
right, while at the same
time, by raising the handle,
the point is dropped slightly
and passed under the palmar
surface of the bone, re-
appearing as high as possi-
ble against the left side.
The surgeon then draws the
knife towards him, with
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sawing movements, dividing as he does so the tissues underneath
the bone between the pro-
jecting point of the knife
and the left side of the
head  of  the metacarpal
(Fig. 303).

Disarticulation. The
joint between the Sed and
Hh metacarpals must  first
be  opened,  beeanse it s
more ecasilv done on that
side 1 moreover, the joint
between the 3rd and 2nd
metacarpals can afterwards
be made to gape and allow
the passage  of the knife
more readily.,

The Sred and 4th meta-
carpals are therefore wedged
apart with the left index
finger (Fig. 304), and with
the knife held in the right
hand like a pen, one inch
from the point, edge up- 1,
wards, at an angle of 15°, L.
the side of the 3rd meta- N, z
carpal is  shaved upwards, .
towards the wrist, until, at
the apex of the interosseous
space. the joint is opened.

it

The surgeon now rests the i Mg
tip of his middle finger R NN
agamst  the back of the s

i Fiog. 303,
metacarpal bone, and pivot-

ing  around it raises the

handle of the knife (Fig, |
S03). A little eracking sound
announces that the palmar
fibres of the interosseous ligra-
ment have heen divided, and
these are the only powerful
libres round the joint,

The 2nd and 3rd meta-
carpals are now in  turn
wedged apart with the index
linger, and the procedure
Just deseribed s repeated ;
this  time  in  two steps,
First, about a third of an
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inch of the point is inserted from the dorsal surface (Fig. 306), then
from the palm towards the dorsum rather less than an inch is
inserted, and the handle is dropped so that the knife enters the
palmar portion of the joint, The operator must not forget to incline
the knife a little transversely in inverse directions when passing

Fig, M, Fogp. 306G,

through the two portions of the joint. for the first is directed
obliquely downwards and inwards, and the second downwards and
outwards (Fig. 308).

The metacarpal is now only held by the tendon of the extensor
carpt radialis brevior. The assistant exercises pressure on the hand

Fig, 35,

and holds it horizontal, while the operator applies his knife on the flat,
over the handle of the racket, edge towards him ; on to this edge the
tendon is drawn by pulling the metacarpal bone backwards over the
hand, dorsum to dorsum (Fig, 307) ; during this manipulation the few.
weak, remaining fibres of the palmar ligament are also torn through.
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DISARTICULATION OF THE WRIST.

Anatomy. The bony surfaces in contact are @ above, those of
the hones of the forearm ; below, those of the three first bones of the
proximal row of earpal bones.

The forearm surface is coneave transversely, and the posterior edge
extends lower than the anterior ;3 it is formed from without inwards by
the internal surface of the styloid process of the raddius, the horvizsontal
portion of the lower extremity of the radius, and then, for about a
third of its breadth, by the triangular eartilage over which the head
of the ulna moves, In disarticulation, this eartilage should be left
belined.

On the carpal surface, a semi-elliptical condyie is formed by the
seaphoid, semilunar, and euneiform bones.

At each border of the hand the entrance to the joint lies beneatl
the tip of the corresponding styvloid process ; the sivlowd process of
the radins reaches about half an inch lower than the process on the
ulnar side.

The horizontal level of the tip of the styloid process of the radius
corresponds to the head of the os magnum on the dorsum of the hand,
which is the highest point of the midearpal joint, belween the threce
botes of the proximal row and the four bones of the distal row {(trape-
zitnm, itrapezoid, os magnum, and unciform).

The anterior surfaces of all the bones which liec at the sides of
the wrist are surmounted by projections on their outward margins,
These bones arve the seaphoid and trapezium outside, the cuneiform and
uneiform on the inner side. The projection of the cuneiform is sur-
motunted amd inereased by the pisiform bone. A deep groove is thus
formed on the front of the wrist, which is bridged over by the powerful
anderior annwlar ligamen!, transforming the groove into the carpal
canal. through which pass the flexor tendons and the median nerve.
From the projecting bony and ligamentous margins of the canal the
muscles of the thenar and hypothenar eminences take extensive
origin : nearly in contact at the middle line, they diverge from above
downwards. It is these museles which form the fleshy heel of the
hand. and between the two masses stretehes the palmar fascia, in the
form of a triangle, base downwards, below the annular ligament.

The ligamenls of the joint consist of 1 —

1. Two laleral ligaments, passing from the corresponding styloid
process above to the seaphoid on the outer side and to the cuneiform
and pisiform on the inner side.  They are superficial at the sides
and posteriorly, and ean be divided with certainty bheneath the styvloid
'IH’HI"I'"-.-\{'H:‘_

2. A posterior ligament, running chielly from radius to cuneiform
bane, and eovered only by the extensor tendons,

3. A strong anterior ligament formed of fasciculi from the ulna
and radius which descend towards the axis of the hand and eross
obliquely over the os magnum, to which the majority of their libres
are attached. The radial lignment is a much stronger portion of the
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anterior ligament which passes from the lower border of the radius to

be attached firmly, by deep-seated fibres, to the semilunar bone,
Examination. —The wrist should be examined from the dorsum

with the hand pronated, and it is best to begin by palpating the styloid

Fug. 205, Fiep, 3140,

processes.  With the patient’s wrist extended, and supporting the palm
on his three inner fingers, the surgeon passes the pulp of each index
finger from below upwards along the corresponding border of the meta-
carpus until arrested by the projecting processes: above the anatomi-

Fir, 811, —Coronal section throngh the radiccarpal, midearpal, and carpometacarpal jointa,
(1) Inferior radio-ulnar artieolation : (2) Line of the radiecarpal joint ; (3) Line of tha
midearpal joint ; (1) Line of the carpometacarpal joint ; (3) Toangular cartilage ; (6) Cuner-
form bone : (7) Interceseous carpometacarpal ligament ; (8) Intermetacarpal lignment,
k]
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eal snuff-box on the outer side, above the pisi-cuneiform mass on the
imner side,

The index fingers remaining in place. marking therefore the two
ends of the joint line, when the wrist is exlended, or even in the normal
position, the bones of the proximal row of the carpus disappear be-

Fra, 312, l:'.|1'|-:|| PO

e of trapeziam : (2 Trapezinm : (3) Treapezoid ; (1) Hook of  uneiform

i HOFI 5 (b ) L5 1Enmn,

[

Fig, 315, —Transverse section througsh the wrist,

\adinctor naimimed digivi s (20 Flexor ecarpl uloarz 2 (3 Ulnae artery ond perve ;. (1)

frnnn ¢ 00 =emilunar ;o (6) Cuneiform 2 (7)) Extensor i wlnars ) (8) I % tiephsat Binituimnni

it o b Extensor coreininnis sligitomim 3 (1) Extensor secondi intermodin padlieis ;. (L)
Exten=ar canu idiah= brevior D (2] Extensor carpi medialis longior ;. (5B Seapeloid 3 (L)
fladiu= 3 (15) FExtensor os=i5 metacarpd paellici= ; (16) Hadind stery 5 (17) Flexor enepid rod inlis ;

iri= Domgi-,

neath the posterior border of the radius, and it is the midearpal joint
(head of the os magnum) which lies in the line between the two lingers,
In flevion of the wrist. on the other hand, the condyle Tormed by
the proximal row of bones projects on the dorsal surface, and would
e exposed by oa transverse incision between the two lingers,
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In the forearm the vertical line of the radio-ulnar articulation
must also be noted : it ean be felt to move when the head of the ulna
15 grasped between thumb and index finger and pressed gently for-
wards and backwards,

I'n the palm, the upper border of the anterior annular ligament is
shown by the projection of the pisiform bone. At this level, between
the roots of the fleshy masses of the hand, and the forearm. a trans-
verse cutaneons fold is noticed. When the wrist is extended. this

Fig. 3ld.—Anterior aspect of the left wrist-joint.

() Ulas s, (B Radiuz: (1, 2, 3, 4) Fibres of the anterior radiocarpal ligament : (3)
Very weak external lateral ligomeot ;. (6) Tendon of loxor carpi radialis ; (7) Tendon of exten-
sor ossis metacarp pollicis § (5) Anterdor annular ligament 3 (9) Pisimetacarpal ligaments,
expansions from the tendon of Mexor carpi ulnaris ; (10} Extengor carpi ulnariz ; (11) Flexor
carpd wlnaris ; (12) Internal lateral lisament : (130 Anterior radio-ulnar ligament,

line is about three-quarters of an inch below the line of the joint
on the inner side, rather less than half an inch below on the outer
side ; in Hexion, the scaphoid and pisiform bones almost come into
contact with the radio-ulnar margin.,

The wiid-live of the palmar skin is marked by a vertical fold.

Line of Incision.— The line for amputation by an elliptical incision
is as follows:

O the palmar surface (Fig. 316), exposed by supination, the line
vuns centrally from the edges of the hand near their dorsal surface,
starting on the outer side a little below the first carpometacarpal joint,
and on the inner side between the pisiform bone and the tubercle of
the 5th metacarpal.

The length of the flap should be two good finger-breadths (three
finger-breadths is too long) below the fold which marks, in flexion, the
limit between the forearm and the lateral palmar eminences, and it
should be symmetrical about the mid-line of the palm. marked in nearly
all patients by a fold of the skin. 1t should be equal in breadth to the
forearm. not to the hand ; so that starting from the edges at the
points named. its radial border is traced by aiming at the outer side of
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the 2nd metacarpal bone, and its inner side by aiming at the connis-
<ure between the #th and 5th metacarpals, rather more towards the 5th.

The angles of the flap should be rounded right-angles, and its two
margins therefore must pass straight downwards almost to the fine of
the transverse portion,

On the dorsal surfece (Fig. 3153), the apex of the ellipse should be
apposite the radio-ulnar articulation, hall an inch below the joint, and
not at the mid-point of the forearm. This point is united by a curved
line with the two extremities of the palmar Hap.

Fig, 315,

Fig. 316,

Two other incisions give excellent results 1 —

1. An Anterior Flap.—In this the palmar incision is exactly oas
desceribed. but the dorsal incision simply unites the two heads of the
U by a straight line running obliquely downwards and outwards as
would a line joining the tips of the two stvloid processes. This is
carricd out just as the elliptical incision.

2. A Cirewlar Incision. —This is arranged somewhat obliguely
about an inch below the joint ; passing on the inner side over the
upper extremity of the 3th metacarpal bone, and on the onter side
hall an inch below the first carpometacarpal joint,

In this procedure the skin is first divided as in all eircular ampu-
tations, and the palmar region is subscquently treated as alter the
clhptical incision ; but before disarticulation a dorsal cufl must be
raised to expose the stvloid processes.  There are no special features
about the disarticulation.

Principal Steps (clliptical incision or anterior flap) :
1. Division of the palmar skin.

2. Dhivision andd liberation of the dorsal skin.
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3. Opening the joint from the dorsal surface, with section of the
tendons and ligaments at the same time.

k. Division of the fibres of the anterior ligament, the radiocarpal.

3. Opening the carpal eanal, in suecession on either side.

G. Division of the flexor tendons thus exposed.

A wrist knife. which has a narrow blade four inches long, is used
for the operation.

Fug, 320,

Division of the Palmar Skin. The assistant grasps the forearm
it both hands, presenting it horizontally and supinated.
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The palm being fattened, as shown in Figs. 317-320, the heel
of the blade, point downwards, 1s applied to the left border of the
hand at the upper limit of the palmar Y. By drawing the knife the
tissues are now divided down to the bone (Fig. 3149) the corner s
turned on the point and the palmar skin is divided transversely with
sawing movements of the point, the handle raised (Fig. 320). The
right corner of the Mlap is then turned, after which the handle is again
dropped and the blade made to et again right down to the bone
while reversing along the right branch of the Y (Fig. 321).

The museles of the thenar and hypothenar eminences must e
completely divided to the bone, but between them the knife should
not do more than divide the palmar fasecia transversely,

Before leaving the palm it is best to widen the opening in the
divided Faescia by extension of the wrist, and to free the faseia from the
tendons for about hallf an inch with little strokes of the point, the
blade nearly flat to the hand (Fig, 322),

Dorsal Incision. The hand is pronated, the assistant stretehes
the skin with his two thumbs, while the operator grasps the left border
of the hand with his left hand, thumb above, I the museles of the
thenar and hvpothenar eminences have been completely divided, the
ends of the palmar incision will be elose to the dorsal surface.  Twist-
ing the hand a little to the right to see elearly the left extremity of
the U, and flexing the wrist slightly, the operator applies the heel of
the blade at that spot, point downwards (Fig, 323) : the lirst half of
the incision is made by reversing, the second by drawing the knile,
alfter turning on the point al the apex of the ellipse (Fig, 824) ; and
the incision is ended with the point, handle bhelow, at the right border

ol the hand, which has now been rotated slightly towards the lefl
(Fiz. 325).
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The skin must be carvefully freed, so that when the assistant
retracts it, the stvloid processes and the line of the joint will be well
exposed,
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Disarticulation. —The pronated forearm is inchned npwards al an
angle of about 45°, and the wrist is Hexed to the maximum ; the oper-
ator feels the styloid process to his left with the pulp of his index finger.
and then brings the finger towards him until a space a few millimetres
broad is left between the nail and the tip of the process. To this
interval the blade is applied transversely.
hand uppermost  (Fig., 326), and  the
dorsal tendons and ligaments are divided
completely, from left to vight, on to the
. - projecting condyle of the earpus: the
: edoe is directed downwards, as il the

k.
. K-I"

;
I carpal bones were to be divided coron-
i EE allv, parallel to the surface ol the palm,
{ but it is made to follow approximately
the upward convexity of the joint line.

The cartilaginous upper surfaces of
the carpal bones now appear, and the
hand becomes dislocated backwards
(Fig. 327).  The stroke is terminated
to the right, with the hand below. to
make sure of dividing the left lateral
heament.

The powerful anterior radiocarpal =
ligament may nert be divided from left ‘
to right against the anterior border of the radius. with the " point
of the knife, blade horizontal ; but it is neater to follow tradition
and divide the ligament against the carpies (Fig. 328).  For this purpose
the tissues at the extreme left of the carpal canal are pierced with the
point for about one and a  hall inches, blade verticonl. edge to the
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right, and the knife is passed to the right with sawing movements
until arrested by the bony projection to the right of the earpal canal.
When operating on the left side, this projection will be the pisiform
bone, and care must be taken not to open the articulation between it
and the cuneiform.

Freeing the Palmar Flap and Opening the Carpal Canal.
Alter division of the ligament as just deseribed, the wrist is still held
by : (1) The connections between the anterior annular liament and
the palmar flap : (2) The flexor tendons as they pass beneath this
ligament. Two steps must therefore be taken at both sides of the
fap : (1) The detachment of the muscles, thenar or hvpothenar, from
their origin : (2) The division of the annular ligament close to its
lateral insertions, thus liberating the flexor tendons.  These steps are
carried out, first, by dividing the museles close to their origin, with the
blade flat to the bones, until the resistance of the projecting bones has
been passed : then. by turning the blade through a right-angle, slipping
the point under the projection, and dividing the annular ligament.
This movement is facilitated by twisting the flexed wrist with the
left hand.

The bony projections on the radial side (tuberele of the scaphoid
and ridge of the trapezium) are solid, and can be rounded without
special precautions; but care must be taken on the ulnar side in
rounding the pisiform bone, or it may be left in the flap.

After the joint is opened, the hand is left hanging in pronation.
The carpal canal should alwayvs be attacked first on the side to the
right of the operator : the radial side, therelore, when operating on
the rvight hand, but the ulnar side in the case of the left hand,

Radial Side.—Grasping the patient’s hand as it hangs before him
in his semipronated left hand, fingers over the dorsum, thumb over
the metacarpal bone on the right border of the palmar incision, the
operator twists the hand to the left until the palm faces to the right,
by supinating his own left hand.

The cut surface of the palmar muscles now comes into view, and
they can be detached by two or three strokes of the knife, held on the
flat (Fig. 329), drawn from heel to point of the blade, from earpus
to metacarpus.,
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When the carpal projection is passed, the operator turns the edge
towards him. and. with the point beneath the projection, drawing the
knife towards him  from
carpus Lo metacarpus,
divides the annumlar  liga-
ment against the bones, at
the same time twisling the
hand  still  Turther by a
movement of his left hand.
(This second step is shown,
for the ulnar side only. in
Fig, 332, in which three
points may be noted @ (1)
A tendon which marks the
upper border of the annular
licament : (2) The position
of the blade: (3) The
divided annular ligament).

Ulnar Side. — The
operation  figured  in the
text is performed on the
richt wrist, and the ulnar
sielee,  therefore. which  lies
to the operator’s left, is
reached last,

The pisiform bone must
first be freed.

For this purpose the
hand is grasped as it hangs
v the operator. thumb
above, the index finger
stretehed beneath i, feeling
with the pulp the pisiform
bone, e now pulls the
hand a hittle towards him,
at the same time lowering
the wrist so that the dorsum
of the carpus rotates a little
towards him : then twist-
g the hand a little to the
right. he clears the pisiform
bone with two  or  three
strokes of the point from
left to right, the at of the
ilivde acainst the hone. the
point  directed  downwards 3 Fig. 31
and towards him, his rieht
hand pronated, the elbow above (Fig, 330).

The operator next alters the position of his leit hand, ltf:ll'illu:IlfH
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thumb on the palmar surface of the metacarpo-phalangeal articulation
of the patient’s little finger, his fingers over the dorsal surface of the
wrist, which is now twisted to the right until the palm faces to the
left. The divided surface of the palmar museles on this side is now
seen, and they are divided close to the bone, cutting from left to right,
from metacarpus to ecarpus, the edge of the knife away from the
vperator, until the bones have been cleared (Fig. 331). Finally, the
annular ligament is divided against the bone, the blade again pointed
towards the operator (Fig. 332).

The hand is now held by the tendons only ; the surgeon pulls it
towards him, while he holds the flap with the other hand and drags it
away from the tendons (Fig. 333). These are held firmly on the hand

Fig. 334,

side between the left index linger and thumb (Fig. 334), and are
divided transversely with the blade vertical, about an inch from the
bones of the forearm.

Circular Amputation of the Wrist. —"This is generally performed
for practice in the dissecting-room on hands which have already been
used Tor enucleation of the metacarpal bones.  On the living, also, it
is an excellent method, for the dorsal skin retracts considerably, and
the final result is much the same as that left after an elliptical amputa-
tion or ome by an anterior flap. The only difference in the operation
ties in the division of the skin (see the line of incision in Figs. 317 and
318) ; this is carried out by the surgeon holding the patient’s hand
horizontally and pronated in his left hand, so that by untwisting little
by little, the palm is brought uppermost, and the skin is easily divided
in one step. The palmar tissues are freed just as in the flap operation,
the bones are disarticulated from the dorsum, and the earpal ecanal
opened exactly as above deseribed.
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Cunarrer XV,
DISARTICULATIONS OF THE ELBOW AND SHOULDER.

DISARTICULATION OF THE ELBOW.

Anatomy.— The arlicular surfaces are formed above by the lower
extremity of the humerus, below by the upper extremity of the two
bones of the forearm : the radius on the outer side, Iving under the
sphervical eapitellum ;. the hook-shaped upper extremity of the ulna
on the inner side, fitting the trochlear surface,

The line of the joint is practically horizontal on the outer side and
m front ; but posteriorly it is raised nearly two finger-breadths by
the olecranon process.

(1) Atderior lis LIent,

(2 Intersaal fnteral lisnment,

{3y Mosterior fazcienlus of futernal
Literal lisament.

Gy Arcunte bbnes,

In semiflexion, a line joining the two epicondyles, of which the
internal projects sharply, touches the tip of the olecranon ; but in
extension. the tip of the oleeranon reaches above this line,

The shape of the line of the joint viewed from in front may well
be deseribed as a hyphen two-thirds of an inch long over the head of
the radius on the outer side, and a eiveumfler aecent one and a gquarter
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inches long over the coronoid process of the ulna on the inner side,
In flevion, the beak of this process and the radius pass in front of the
corresponding articular surfaces of the humerus, and the plane of the
supinated bones of the forearm cuts the lower extremity of the
humerus from before backwards.  In evlension, the capitellum and
trochlea become free, and the plane of the supinated forearm bones
cuts them coronally at the junction of their anterior third with the
posterior two-thirds,

It is in extension and supination that the joint gapes and becomes
aceessible from in front. In order to enter it in this position, the
lignments to be divided are the anterior ligament, reinforced by the
tendons of brachialis anticus and biceps. and the two lateral lisaments,
which pass downwards from the epicondyles to the corresponding

(1) Anterior lHgamend.

{2y External lnteral liganment.

{3y Posterior fagciculuz of external
Interal licament,

{4y Anmular ligament.

Fig. 336, —Lignments on the outer side of the elbow,

borders of the coronoid proecess. The external lateral ligament is
attached, by fibres which deseend vertically, to the upper border of
the annular liganment of the radius, but not to the radius itsell, so that
on this side the joint is loose.

The lateral ligaments have also a strong posterior fasciculus which
passes from each lateral eminence 1o the corresponding border of the
oleeranon, to the whole length of which it is attached.

Finally. to the posterior surface of the olecranon process, the
bulky ."rnn'-un of the triceps 13 attached. I,t is divided at the end of the
upvr:.ninm after opening the joint rll'lllll in front. . .

Landmarks.— The line of the epicondyles must first he -Ll-t:f_'!‘lillll‘i{‘[].
"This is done by grasping the supinated forearm near the wrist m_the
left hand and slightly flexing the elbow, while the supinated right
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hand grasps the posterior surface of the elbow. The projection to Lhe
right is now felt by the thumb, that to the left by the middle finger,
while the flexed index-finger palpates the summit of the olecranon
process.  In semiflexion these three points are in line  with one
another :  in extension the oleeranon reaches above the inter-epi-
condyvlar hine.

A director is then taken, and applied transversely to the bend of
the elbow, grooved surface towards the skin,  The bend can now be

Fig, 337.—Markine the bend of the elbow,

marked by flexing the joint while pressing on the director (Fig. 337).
The transverse portion of the articulation lies two finger-breadths
below the upper limit of the epicondyles, one finger-breadth below
the fold of the elbow. Its exact position can easily be determined by
rotating the wrist with one hand while the head of the radius is felt
to turn between the thumb and forefinger of the other hand.

The muscuwlar prominences to note are the biceps tendon, the
supinator longus, and the musecles arising from the internal epicondyle ;
behind these last the posterior border of the ulna can be felt, continuous
with the olecranon.

Line of Incision for an Anterior Flap.—'This flap is U-shaped,
as broad below as above, and the two branches should be a little

i

‘._." s

behind the median coronal plane of the limb ; the external over the
outer surface of the radius, the internal on a level with the anterior
surface of the ulna.
L - : .
T'he internal branch starts one finger-breadth below the line of
135
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the joint, the external two finger-breadths below, beeause the skin
retracts much more on the outer side. The flap must extend at least
four finger-breadths below the line of the joint (Fig. 338).

The heads of the two branches of the U are united posteriorly by
a straight line (Fig. 339).

Line of Incision for an Elliptical Flap.—The summit of the
ellipse lies over the oleeranon, the lowest point over the prominence of
supinator longus. a little below the middle of the forearm. By grasp-
ing the side of the limb to his left, thumb over the ulna below, fingers
above, the surgeon can mark the lowest point of the ellipse by stretch-
ing upwards his little finger (Fig. 340).

Fig., 340,

The movements for dividing the skin are the more graceful in
this operation, but if the posterior skin can be preserved, we think
the anterior flap gives better results.

Line of Incision for a Circular Flap.—If the condition of the
soft parts allows of it a eirewlar amputation also gives exeellent results,
The line is an oblique one ; it should lie four finger-breadths below
the joint on the antero-external border of the arm over the supina-
tor longus, and only two finger-breadths below the joint line on
the postero-internal border over the crest of the ulna,

Principal Steps of the Operation: —

1. Division of the skin.

2, Division of the tissues anteriorly,

3. Disarticulation,

If the anterior muscles are divided by transfixion, the last two
steps are the same, whether the incision bhe elliptical or with an
anterior fap.

In the circular amputation, the forearm is earried away from the
body to a right-angle, and is held by an assistant standing on the outer
side. The surgeon, standing so that the hand is to his left, seizes the
forearm above the wrist, and makes the incision in one step or two
(the first behind and below the limb, the second in front) according to
his ability. The difficulty is to retract the skin at the sides above the
level of the joint, so that it will not be injured when the muscles are
divided or when disarticulation is being performed. The liberation
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of the posterior skin (Fig. 345) should be carried out most carefully,
and must extend to the summit of the olecranon.  The section of the
anterior muscles is better accomplished by disscetion than by trans-
fixion. The method of disarticulation is the same in each procedure.
The nerves should alwavs be resected as high as possible.

The assistant stands opposite the shoulder, the surgeon at the
end of the limb, slightly to the right,

Division of the Skin.

Anterior Flap.—The operator grasps the lower part of the
supinated forearm with his pronated left hand, thumb below, and

Fig, 341,

Fig., 342,

carries it to the right in extreme supination, slightly rotated to the
right, extended, and horizontal. Along the left branch of the U.
which is thus exposed, che knife is now drawn towards the operator
(Fig. 341). After turning on the point, the front of the forearm
is crossed transversely, cutting with the full blade, the arm now in
simple supination without torsion (Mg, 342), On reaching the right-
angle of the flap, a second turn on the point is made, the limb is placed
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in pronation. and the knife ascends along the right branch of the U,
while the surgeon rotates on his right leg so as to face this branch at
the end of his incision (g, 343).

Fig. 343

After liberating the skin, togelher with which the deep fascia
may be taken, the forearm is flexed Lo a right-angle until it is nearly
vertical and the operator faces the posterior surface. The knife is
now passed under the left hand, and divides the posterior skin from
left to right (Fig, 344).

Fup. 344, Fig, 345,

The forearm is next entrusced to an assistant, who holds it still
vertieally, at a richt-angle (or better perhaps at an obtuse angle}, while
the operator takes the posterior skin between finger and thumb and
{vees it as far as the oleeranon, the blade passing beneath it parallel
to the bone (Fig. 3145).
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Care must be taken that the skin is completely liberated at the
angles of the wound.

Elliptical Incision
on the Right Side.——
The limb is grasped
as deseribed on page
194 (Fie. 340). It is

then flexed slightly, pronated,
and rotated to the right. The
wrist is lowered, so raising the
elbow and displacing it to the
left.  The oleeranon can now be
seen by the operator ; over it he
applies the heel of the blade, and
then draws the knife towards his
little finger, which is marking
the lowest point of the ellipse (I'ig. 3146).

Turning on the point, while the left hand untwists the limb until
it reaches a position of supination and extension, the anterior surface
is crossed obliquely as far as the internal border (Fig, 547).
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The elbow is then flexed by the surgeon extending his own left
arm, and a nearly horizontal incision is drawn along the postero-
internal border of the forearm thus exposed, ending with the point
of the kmife over the olecranon, whence the incision started (Fig. 348).

The arm is then entrusted to an assistant, who holds it supinated
and almost vertical whilst the surgeon takes the skin of the posterior
surface, now before him, between thumb and index finger, and frees
it with one or two strokes of the knife, blade parallel to the oleeranon
(Fig. 319).

Elliptical Incision on the Left Side.—Holding the limb as before
in his left hand, the surgeon stands definitely on its outer side and a
little behind it.

Flexing the elbow at a right-angle, and pressing the strongly
supinated forearm well to the right, the humerus is also rotated
strongly to the right, and the point of the elbow comes to be in front
of the surgeon and to the left. The heel of the blade is now applied
over the olecranon, and drawn as before towards the operator’s little
finger (Fig. 350). As the incision passes towards the right, the limb is
carried to the left with the left hand, so
that it lies straight when the point of the
knife has reached the outer border.

Fig, 300, Fig. dal.

The corner is turned on the point ; the forearm is then flexed at
an acute angle, and earried as far as possible forwards and to the left,
first a little j:rnn:ulmi as the corner is being turned, then in supination
and the knife is drawn over the postero-external surface, which lies
hefore the operator, until it rejoins over the olecranon the point
whenee it started (Fig. 351).

The frecing of the skin behind the olecranon, not so important
here as in the operation with an anterior flap, but a wise step none the
less, is carried out as on the right side.

Whatever the procedure adopted, the skin miust be completely
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freed all rvound the limb, and it is possibly advantageous to reflect the
deep faseia with at,

Transfixion of the Anterior Flap. The arm is  supinated,
slightly flexed, and placed so that the hand lies to the operator’s lefl
he then pinches the flap transversely in his pronated left hand, and
passes the hlade horizontally and on the flat through the limb, the

edge to his left, from a point as high as possible on the right branch
of the U, to emerge as high as possible on the left side ; the skin is
retracted meanwhile by dragging it upwards and towards the axis of
the limb. While the point is traversing the tissues, the assistant
should flex the wrist to relax the museles : but when the point has
emerged, they must be made tense by extension of elbow and wrist,

f-|!|l. oy,

The knife then cuts its way downwards on the Hat (Fig, 352) as far as
the level of the retracted skin : the operator’s left hand pinching the
flap and raising it.

At this level the blade is turned through a rvight-angle until the
edee looks upwards, when it is brought out (Fig. 353)., while the
assistant momentarily inereases the extension of the wrist,
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Transhixion is carried out in the same way after an elliptical
incision. It is only necessary to retract the skin at the edges more
energetically when piercing the base of the flap and when bringing
the knife out.

After transfixion, the flap is entrusted to an assistant, while the
surgeon, moving to the extremity of the limb, seizes the wrist, fingers
below, and maintains it in supination, the elbow extended,

Disarticulation.—The assistant takes the flap in both hands, and
raises it as far as possible ; the surgeon first makes sure that the skin

Fig, 351,

posteriorly is retracted as far as the angles of the wound, then applies
the blade flat to the bones of the arm, edge towards the elbow, and
cuts upwards until the knife is arrested, after passing the bicipital
tuberosity, by the inner lip of the trochlea (Fig. 354) : this is the
level of the articulation.

Al

Mg, 35d.

The point of the knife is now made to follow the line of the joint
anteriorly, in shape like a circumflex accent over the coronoid process
and a hyphen over the radius (Fig, 3553).  This movement takes place
from left to right ; the coronoid process, therefore, is first attacked
on the left side, the radius on the right,

The line of the joint thus manifest, it is easiest to continue dis-
articulation by dividing the external postero-lateral ligament, where
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there is more space : the ligament to the right, therefore, in the case
of the left imb (Fig. 356), but to the left in the vight limb (Fig. 359).

Left Side~—The forearm, still extended and supinated, is placed
in a position of cubitus varus (pressed to the left, therefore, in the
case of the left arm), the assistant resisting the movement by a firm

hold on the upper arm.  The surgeon then applies the heel of his knife
transverselv, handle below, to the right side of the joint line which
s thus been made to open (Fig, 356), and cuts with the whole hlade
from above downwards, ceasing only when the border of the oleceranon
is reached @ hie passes the knife vertieally through the joint again until
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the heel bites in the angle between radius and oleeranon, then turns
the blade upwards through a right-angle, edge towards the humerus,
and at the same time by moving the left hand he increases the extension
and varus.  In this way the posterior external liganmentous fibres of
the olecranon almost divide themselves, and the joint gapes widely
(Fig. 357).

Liberated thus on the outer side, the inner side of {he joint also
gapes a little and can be attacked similarly.

Bending the limb into a position of cubitus valgus (to the right,
therefore, on the left side) the heel of the knife is applied transversely
to the ulnar side of the joint, handle above, and the ligaments are
divided from below upwards (Fig. 358). |

When the inner border of the olecranon is reached, the blade is
turned through a right-angle until the edge is towards the humerus,
and the valgus position is exageerated while the knife is passing
upwards,

Right Side.—The joint is attacked from the radial border, which
is to the operator’s left. with the knife vertical, handle above (Fig.

359), the joint being made to gape as already deseribed, while the
blade is passed first inwards, then upwards, as before. When the inner

side is attacked, which now lies on the operator’s right, the knife cuts
from heel to point, the handle below ; when the edge reaches the
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olecranon process, the knife is pushed back. and cuts again from heel
to point and from above downwards, as before (Fig. 560).

An experienced operator can always start to the left, handle
above, and finish to the rvight, handle helow.,

The forearm is now held by the triceps tendon only.,

Fig. 361,

To complete the disarticulation, the surgeon passes his left hand
upwards until it grasps the middle of the forearm : he then pulls
(Fig. 361). at the same time placing the wrist against his abdomen
to increase the leverage. The head of the ulna becomes dislocated

forwards, exposing the triceps tendon, which is now divided trans-
versely by repeated semicircular movements of the knife, the edge
towards the bone, cutting from edge to edee of the tendon from the
heel to the point of the blade —a common movement when plaving
the violin (Figs. 861, 362).
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DISARTICULATION OF THE SHOULDER.

Anatomy.—The shoulder is a ball-and-socket joint (enarthrosis)
hetween the small glenoid cavity of the seapula, almost flat, and the
large head of the humerus (the third of a sphere).

The bones are united by a cone-shaped capsule, attached above
to the sides of the gienoid eavity and to the glenoid cartilage, below
to the humerus—to the anatomical neck in front, behind, and on
the outer side, but to the surgical neck internallv, The capsule is
continuous with the muscwlar cone which covers it, formed on the outer
side by the muscles from the dorsal surface of the scapula which are
imserted into the great tuberosity, and to the inner side by the sub-
scapularis muscle, inserted into the lesser tuberosity,

Inside the articulation is the long tendon of the biceps, which arises
just above the glenoid cavity, winds round the head of the humerus,
and leaves the joint in the bicipital groove between the tuberosities.

The junction of the acromion process and the clavicle overhangs
the joint, while underneath this the coracoid process projects, united
to the acromion by the coraco-acromial ligament. From the coracoid
process descends the large fleshy body of the coracobrachinlis muscle,
behind which lies the axillary wvaseulo-nervous bundle,

The bony plane formed by the spine of the scapula, the acromion,
and the claviele, gives origin to a sheel of muscle fibres (deltoid and
pectoralis major) which is attached below to the upper third of the
humerus.  The tendon of pectoralis major is inserted into the outer lip
of the bicipital groove, and therefore binds down the long tendon
of the biceps, behind and to the inner side of which are the super-
imposed tendons of latissimus dorsi (at the bottom of the groove)
and teres major (inner lip).

Examination.—The bony landmarks ave very easily felt.  Follow-
ing with the finger from within outwards the spine of the scapula
posteriorly and the claviele anteriorly, the acromio-clavicular joint is
reached at the aeromial angle, where also the shoulder projection
begins.  Two finger-breadths to the inner side of this point, and one
finger-breadth below it, the outer portion of the anterior wall of
the axilla is raised by the ecoracoid process.

The ecavity beneath the coraco-acromial ligament is filled by the
head of the humerus.  When the arm hangs alongside the body, without
rotation, the bicipital groove runs almost vertieally downwards beneath
the tip of the acromion : on the inner side of the groove, projecting
forwards, lies the lesser tuberosity ; on the outer side, projecting
outwards, the great tuberosity.

If the humerus is moved, it will be noticed that the head dis-
appears under the coraco-acromial arch in flexion, but projects in
extension. The great tuberosity is brought forwards by internal
rotation, and with it the posterior part of the capsule of the joint,
which is thus made tense.  In external rotation the lesser tuberosity
hecomes definitely anterior. and the antero-internal portion of the
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capsule is stretched and becomes accessible  (together  with the
aceessory  ligaments),

Line of Incision.—The line of inecision (Fig, 363) 1s a rackel
with a straight handle. It commences midway between the coracoid
and acromion processes, and follows vertically the anterior profile
of the limb for about two and a hall inches.  The ring surrounds
syimmetrically the posterior and Iateral surfaces of the limb, crossing
the posterior surface about two and a hall inches below the bifurca-
tion of the racket. So that if a line five inches long is traced on the
anterior surface of the arm, the handle of the racket will bifurcate
half-way down the line, while the lowest point of the ring posteriorly
will be level with the lower end of the line,

Principal Steps :-

1. Division of the skin.

2. Dissecting the two deltoid lips.

3. Division of the pectoralis major tendon,

+. Disarticulation.

5. Division of the muscles and vessels on the inner side.

A knife with a blade five or six inches long should be used.

The patient is placed at the edge of the table, the shoulder
reaching beyvond the edge.  The assistant stands behind the shoulder,
between it and the head, and marks with his two thumbs the coracoid
process and the tip of the acromion, at the same time stretehing the
skin.  (In Fig. 363 he is shown standing on the other side of the head,
so that the field of operation is not hidden.)

Division of the Skin.— The surgeon grasps transversely the
posterior surface of the arm. below the middle, in his supinated left
hand. and by drawing his lingers together makes the skin tense,  He
then abducts the limb slightly in the horizonial plane, and with the
knife grasped fully in the right hand, the index finger stretehed along
the back of the blade, pierces the tissues to the bone midway between
the two landmarks, handle above, blade nearly vertical (Fig. 364).

When the bone is felt, he inclines the blade at an angle of 457,
and draws it towards him, along the bone, as far as the lower extremity
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of the handle of the racket (Fig. 365). Turning on the point. he then
passes downwards along the right shoulder of the racket (Fig. 366),
while with the left hand he twists the limb to the left and raises it

Fig, 364, Fig. 365,

Fig, 366,

Fig. 368,
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a little to sce the posterior surface, which in turn is crossed trans-
verselv. and the inecision carried as far as possible to the left.

"!;f“-r making sure that the skin has been completely ihivided, the
limb is abdueted nearly
to a right angle, and
twisted  to the  right
(Fiz. 36G7), to expose
the left posterior surface
and the termination of
the first incision @ the
heel of the blade is then
applied transversely,
handle above, at that
point, and an incision
1= made by reversing
along the left shoulder Fig, S6,
of the racket, from heel
to point, while with the
left hand the arm s
lowered and rotated Lo
the left in order to
streteh the skin (Fig.
368).

In disarticulation of
the wight showlder, the
first part of the incision
is made exactly as on
the left side, but the
richt shoulder of the
racket leads the opera-
tor to the axilla, which
he crosses transversely
from heel to point, the
arm in abduction, saw-
ing lightly  with  the
blade to avoid injuring
the vessels (Fig. 369).
During  this  step the
knife should lie horizon-
tally, held like a violin
bow, and should rotate
little by little towards
the back of the opera-
tor's  wrist,  edge up-
wards, point  to  the
right ; with the knife in this position the skin is divided as far as
possible to the outer margin of the limb (Fig. 370).

Fig. 371 shows how the incision is completed on this side by a
second cut, upwards from the postero-external surface, the imb being
raised, addocted, and rotated to the right.
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Division of the Muscies.—The following structures must now
be divided @ (1) The tendon of pectoralis major, on the inner side

at the level of the bicipital groove ;
(2) The deltoid musele, on the
outer side and behind at the level
of the retracted skin.,  This is done
by a eut shaped like a very
pointed  circumflex  aceent, angle
above, the knife first passing away
from the operator, then towards
him again after turning on the
point.  On the left side. therefore,
the cut starts from the axilla and
ends posteriorly on the outer part
of the shoulder : while on the
right side the knife is passed in
the reverse direction.

Before procceding to this step,
the surgeon slips his left hand
downwards along the arm until
it grasps the limb transversely,
thumb in front, at the level of
the lower end of the humerus,
This hold is maintained to the
end of the operation, giving as it
does great power to rotate the
limb (Fig. 372).

Left Side (Fig. 373). — The
assistant separates the lips of the
wound with his thumbs, and the
surceon, twisting the limb to the
right, and holding it horizontally
alongside the trunk, applies the
point of his knife over the stretched
and wisible tendon of pectoralis
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major, handle above, edge towards the shoulder. e then divides
the tendon with the point by reversing along the hicipital groove
between the tuberosities of the humerus, without leaving the bone,
as far as the coraco-acromial arch (Figs. 373, 374).  The biceps tendon
now appears from end to end of the incision.  After turning on the
point. the blade next follows the obliquity of the skin incision to
the right, the operator raising the limb and twisting it to the left with
his left hand, while he drops the right and divides the deltoid obliquely,
eutting with the whole blade (Fig. 375).

Fig, 376,

Itight Side.—The assistant retracts the flaps as already described,
holding them between index fingers and thumbs, while the surgeon
first attacks the deltoid flap by
reversing, using the whole edge
of the knife, and cutting down
to the bone, with the lLimb
rotated inwards (Fig. 376) ;: he
then turns on the point between
the tuberosities (Fig. 377), notes
the line of the bicipital groove,
and divides the pectoralis major
tendon with the point of his
knife along the whole length of
the biceps tendon (Fig, 378).

An inexperienced  operator
(or an experienced, when a good
assistant  is  not  available to
retract the edees of the wound
and seize the vessels) may divide
the postero-external  fibres  of
the deltoid as deseribed without
danger, but he should divide the
anfertor muscles in several suceessive strokes, pinching them up between
index  finger and thumb  before each stroke. The tissues to be

14
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divided in this manner are: (1) The anterior fibres of the deltoid
at the level of the skin until the pectoralis major tendon is laid
bare : (2) This tendon itsell close to the bicipital groove ; (3) The
coraco- brachialis after its sheath has been opened with a longitudinal
stroke of the point,

The vaseular bundle now comes into view., The artery is sought
for beneath the median nerve, the first nerve to be seen, and tied
below the origin of the cirenmilex arteries.

Freeing the Head of the Bone (Fig. 379).—The operator now
pulls on the limb, insinuates the point of the knife on the flat beneath
the coraco-acromial arch, and rounds
the head of the bone from left to
right, holding the limb horizontally
and twisting it from right to left.

Frg, 380,

Disarticulation.—Tle limb is replaced alongside the trunk,
twisted vigorously Lo the right, and the heel of the knife is applied
to the left side of the head of the
humerus, blade parallel to  the
bone, handle over the shoulder
(Fig. 380). With little sawing
movements the knife is now made

to cut forcibly on to the head of the bone, while the surgeon twists
the limb to the left, exposing the eapsule gradually over about three-



DISARTICULATION OF THE SHOULDER 211

quarters of the circumference of the head ; in this process the biceps
tendon is also divided, The tissues are divided from left to right,
or towards the operator, always with the heel of the blade, until a
position of extreme left rotation is reached (Frg, 381).

”I'uppill;_{ the left hand, the head is next levered forwards, and
behind it the operator passes his knife transversely, shaving the bone
closely to divide the remainder of the posterior portion of the capsule.
Transtixion is then completed, the assistant seizing the wvessels al
the back of the blade before thev are divided. 1If the hone has
been closely shaved posteriorly, the cirenmilex vessels and nerve will
be uninjured behind the eapsular collar,
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Cuarrer XVI.

DISARTICULATIONS OF THE FOOT AND ANKLE.

DISARTICULATION OF THE TOES.

Anatomy.— The metatarso-phalangeal articulations are con-
structed on the same plan as the eorresponding joints in the hand.
They are situated one good finger’s breadth behind the digito-plantar
fold. and their normal position is slight hyperextension, so that the
heads of the metatarsal bones (on which we walk) project towards
the sole. On the dorsum of the foot, the joint is felt at the bottom of
an angular hollow when the toe is pulled upon and moved slightly in
different directions,

The metatarso-phalangeal arliculation of the great loe is quite
analogous to that of the thumb. The size of the sesamoid bones in
the glenoid pad is noteworthy, and it must be remembered that
the outer bone, which is wvery
prominent. passes beneath the
head of the second metatarsal.

If the great toe is pinched
from the dorsal to the plantar
surface between thumb and index
finger, and the fingers
are then slipped back-
wards towards the
heel, they are arrested
by the projection of
the sesamoid bones.
The line of the joint
lies just in front of
this projection. It may be sought for also on the inner side with the
finger-nail while little movements of the toe are made—flexion, exten-
sion, and especially adduction ; in this manner the line between the
lateral tubercles of the phalanx and metatarsal bone (of which the
metatarsal tubercle is the more prominent) is made to gape.

The operative procedure for disarticulation of the great toe will
alone be described.

DISARTICULATION OF THE GREAT TOE.

Line of Incision (Fig. 383). — This resembles that already
deseribed for end fingers (see Fig. 252). On the left side the skin
must be divided with the hands crossed (see Fig, 255).

The assistant, standing on the outer side, holds the base ol the
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thigh, with the knee flexed, between his arm and side, and thus
presents the foot nearly in a horizontal position.

Division of the Skin.— The surgeon, standing opposite the toes,
seizes the distal phalanx of the great toe in his pronated left hand,
thumb beneath the pulp of the toe, and starting with the point at
the posterior extremity
of the line of the dorsal
incision, draws the knife
along the outer side of
the tendon of extensor
longus hallueis as far as
the middle of the dorsal
surface of the proximal
phalanx (Fig. 384).

Turning then on the
point, the knife is passed
with little jerking move-
ments, over the inner
side of the phalanx and
beneath the eallosity on
the distal phalanx ; the
assistant  is  asked  to
raise the toes by flexing
the ankle-joint, and the
surgeon erosses the plan-
tar surface obliquely, as
it stands vertically  be-
fore him, still with little
movements of the knife-
point, as far as the inter-
digital commissure, while
the foot is rotated slightly
to the left (Fig. 3835).

Second  Ineision.
The foot is next held
by the assistant in a
horizontal  position, in-
clined to the right of
the operator, who grasps

the toe in the semipro-
nated left hand, thamb
over the nail.  index
finger beneath the pulp, Fi
the back of his middle

finger pressing the second toe outwards and so stretehing the eom-
missure,  He then applies the blade of the knife near its point.,
handle above, at the left extremity of the plantar incision (Fig,
S86), and  dropping the handle, cuts away from him from the
commissure Lo the joint line, where he rejoins the first incision.
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Dissection of the Flap. The leg being horizontal, the foot at
a right-angle to it, the sole facing the operator, the assistant holds
the distal phalanx vertically in his right hand, like a pen-filler, without
flexion or extension: the
surgeon  then  pinches  the
plantar flap between the
nails of his left thumb and
index finger (thumb above),
and dissects it backwarids as
far as the articular swelling,
holding the secalpel like a
pen, the blade parallel to
the bone (see Figs, 139
and 140).

The flexor tendaon is next
divided.

Disarticulation. — The
leg remaining horizontal, the
front of the foot is dropped
into a position of equinus,
the assistant retracts the
left lip of the incision with
his right thumb, while the
surgeon  passes about an
inch of his blade wvertically
into the wound, flat to the
left lateral surface of the
phalanx, edge towards the
metatarsus, and reverses un-
til he has felt, and passed
just beyvond, the tubercle at
the base of the phalanx
(Fig. 387).

The tubercle of the
phalanx being cleared, the
surgeon next flexes the toe
a little, carries it to the
right to make the joint gape
on the left., and turning the
blade transversely, edge to
the right, he cuts towards
the richt with vertical saw-
ing movements, using about
an inch of the blade, divid-
ing as he goes both dorsal
ligaments and the extensor tendon, the latter fixed by the pressure
of his left thumb against its right border (Fig. 3588).

After dividing the lateral ligament, the surgeon flexes the toe
still more, and twists it to the left, while with the point of the knife,
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blade almost horizontal, he shaves the palmar border of the posterior
surface of the phalanx with several little strokes from right to lefi,
in order to leave behind the glenoid ecartilage and the sesamoid bones
(Fig. 189).

The head of the lirst metatarsal bone is very bulky, and projects
both downwards and forwards. It must therefore be covered by
supple and mobile skin, with neither a plantar nor a dorsal cicalrix.
The procedure just deseribed, with an infero-internal flap, is much
to be preferred @ a symmetrieal racket incision is mosl undesirable.

If. in the living, the skin is insullicient to cover the head of the
hone, it is better to reseet the head. A certain amount ol supporl
i< lost. no doubt, but the inconvenience is much less than might be
anticipated.

OPERATIONS ON THE TARSUS AND METATARSUS.

General Anatomy of the Bones of the Foot. Whatever
u]wruti-:m is to be performed on the tarsus or metatarsus, the same
bony landmarks are used. These will be desenbed in detail hefore
cach operation.

The posterior portion of the fool is formed by two superimposedd
bones, the astragalus and os ealeis 1 their anterior extremities are in

HJ?HL :I
f 11 11
Frg, S, Skeleton of the foor, esternonl b

(L and 9 O= culeis ;. (20 Posterior joint between astracalue and o2 caleiz 3 (3 Suilaces
of the astracalo=balar articualation . l:IJ Mok of the axtracaluz above thie sines Larsi g {.'lr :';-l'iLIIII.Il.IiI :
(6 Middle cuneiform, to the nner side of which the internoal coneiform can just be seen ;. (7)) Seconld
metatarsal ; (5 Phalangez ;o (10) Caboid, showing the groove for the perones longus tendon
(11 _dth metatarsal, with its tuberogity posteriorly.

the same coronal plane, the astragalus above and to the inner side,
the os caleis below and to the outer side.  The posterior extremity
ol the os caleis, to which is attached the tendo Achillis, projects back-
wards for about an inch and a half, forming the heel.  The astragalus
is held above in the socket formed by tibia and fibula, and on either
side of it desceend the malleoli @ the external malleolus (libula) is more
pointed, it reaches lower, and lies further hehind,  With the ool at a
right-angie to the leg, the anterior extremity of the astragalus reaches
one finger-breadth in front of the anterior border of the tibia,
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The anterior part of the larsus contains a single bone on the outer
side, and four bhones in two rows on the inner side.

On the ouler side. the cuboid forms an anterior prolongation of
the os caleis, and bears distally the bases of fiwo metatarsal bones—
the 4th and 5th.  The 5th projects behind the articulation in a strong
tuberosity into which is inserted the tendon of peroneus brevis. This
tuberosity, often marked by a callosity, is the only projection to be
found on the outer side of the foot towards the sole.

Fig, 30].—=keleton of the [oot, internal horder,

(1) 1=t metatarsal. Note the tubercle on the plantar aspect at the posterior extremity, situated
ab the mid-point of the side of the foot ; (2) Iuternal coneiform ; (3) Scaphoid ; (1) Astragalus ;
() Facette for the internal malleclus, overbanging the sustentaculum tali.  This articolates
-lI|l4':'i|a-t'|"l.' with tlH‘ h(‘i"l Llf the :l.iTI‘.l.'_:':ll'u.%, atid the juirn. fu|':||||_-|l 1= WO LS i_:| frc:.:'.[ 1.1.'il||

1 tragalo-scaphoid joint, Between the spstentaculom tali and the tuberosity of the seaphoild
i of the astragalus articulates with the very powerful calcanco-zcaphoid ligament, which
completes the articular socket in the fresh state.  (6) Os caleis,

On the inner side, the scaphoid bone, about one finger-breadth
in width, is placed between the astragalus and the three cuneiform
bhones, each of which bears the base of a melatarsal.

Behind and towards the sole, the seaphoid forms a very marked
projection at the summit of the internal arch of the foot (fuberosity
of the scaphoid).

The internal cuneiform does not project : in front of it the 1st
metatarsal bone forms the inner border of the foot, bearing at its
posterior extremity a fuberele, which projects towards the sole and is
the most prominent portion of the junction between the shaft and
base of the bone.

Examination of the Foot.

1. Line of the First Cuneo-metatarsal Joint. —The leg being
presented horizontally by an assistant, the surgeon takes the fore-
part of the foot in one hand, fingers below, while he pinches the root
of the great toe between thumb and forefinger of the other hand,
placed outside the axis of the foot. The foot is now slightly plantar
flexed, and inelined a little outwards, to render visible from above
the junction of the plantar and internal surfaces of the metatarsal
bone,  The plantar surface of the bone is then followed from before
backwards by the index finger of the hand which lies internal to
the axis of the foot, and in this way the tubercle of the first meta-
larsal bone is reached (Fig, 392). The line of the joint lies two or
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three millimetres behind this, and into the groove it forms the nail
can be passed.

The line of this joint also lies at the mid-point of the inner side of
the foot. as measured from the point of the heel to the end of the great
toe.  This measurement can be made with a tape (Fig, 393) folded in
two ; if the centre of the tape and the line of the joint are marked,
it will be seen that the marks are at the same level.

2. Articulations of the Scaphoid, —If the pulp of the linger is
passed backwards, beneath the arch of the foot. behind the first cuneo-
metatarsal joint, the under surface of the internal cuneiform is felt,
then the tuberosity of the scaphoid. then, at a higher level, the internal
malleolus, the last overhanging the anterior caleanco-astragaloid joint
and the fore part of the os ealeis.,

In adduction of the foot, the tuberosity of the seaphoid dis-
appears, sinking into the sole towards the anterior extremity of the
os caleis, while the head ol the astragalus becomes prominent on the
dorsum of the foot.

In abduction, on the other hand, the space between the internal
tlleolus and the tuberosity of the seaphoid inereases, and the head
of the astragalus comes to project between these two,
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The line of the astragalo seaphoid joint lies in front of the
tuberosity of the scaphoid, which reaches half an inch below it
towards the sole.

The articulation between the scaphoid and cuneiform bones lies
about a finger-breadth in front of the astragalo-scaphoid joint.

3. The Inlermetatarsal Joints.—In a general way the posterior
extremities of the metatarsal bones are 1.!'('1‘|;.{:*-5]!I:l|h‘.‘ﬂ1. with the apex
of the wedge downwards, They articulate with one another, except
the Ist and 2nd, the latter of which articulates with the internal
cunetform instead of the 1st metatarsal (see Lisfranc's disarticulation,
p. 227).  The joints run antero-posteriorly, with a very slight obliquity
downwards and outwards, In a transverse section. they radiate from
the sole like the spokes of a fan ; the first (between the 2nd meta-

Fep, 394,

arsal and internal cuneiform) being vertical, the last {between the 4th
and 5th metatarsals) inclined at an angle of 45 to the horizontal
(Fig. 438).

4. The Inter-cunciform and Cunco-cuboid Joints,—In a vertical
direction the lines of these joints radiate like those just deseribed :
but antero-posteriorly they run obliquely backwards and inwards.

5. The Tuberosity of the S5th Melatarsal Bone on the Outer Border
of the I'ool (see p. 225).

G. Dorsum of the Fool.—The prominences caused by the tendons
must be noted : the tibialis anticus tendon, running obliquely down-
wards and inwards, erosses the seaphoid to reach the inner side of the
internal cunciform ;3 while the tendon of extensor longus hallucis is seen
over the dorsum of the 1st metatarsal,
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7. The Malleali —At the sides of the oot posteriorly the malleol
may be felt. the external reaching lower and Iving slightly behind
the internal.  Between them lies the line of the tibio-tarsal joint.,

Position of Assistant and Patient. The patient is placed  so
that the leg and lower two-thirds of the thigh project bevomnd the
table ; the assistant stands to one side of the limb, which is flexed at
the knee, and squeezes the thigh between his elbow and trunk, al a
areater distance from the knee the less the joint is flexed. In this
manner both his hands and forearms are left free to support the leg
or the ham, to hold the foot, retract the skin, or present the limb in
whatever position the operator may wish (Fig, 394).

DISARTICULATION OF THE FIRST METATARSAL.

Anatomy.— The internal cuneiform presents to the 1st meta-
tarsal bone an oval surface, practically Aat, with the long axis vertieal.
The posterior extremity of the metatarsal bone ends in two pro-
jeetions, a small internal fuberele (see page 216), and a large external
tuberele. which is a continuation of the external border of the bone,
and reaches obligquely backwards under the 2nd metatarsal.  Into this
is inserted the tendon of the peroneus longus,

On the back of the foot the line of the joint runs obliquely
forwards and outwards ; if continued, it would cut the 5th metatarsal
bone about the middle,

The ligaments are not very strong. On the inner side they are
strengthened by an expansion of the tibialis anticus tendon : to the
outer side, on the plantar surface, the tendon of peroneus longus, and
its expansion to the internal cunetform. have to be divided.

Examination.— Sce page 211.

General Instructions. —As previously stated. in order to lay
bare and to disarticulate the bone, the extremity of the limb should
lie to the operator’s left, and he should therefore stand on the inner
side for the right limb, on the outer side for the left.  In this position
it is easy to *cut the throat ° of the metatarsal—that is. to divide
the short muscles and the Hlexor tendon—then to shave the bone
from before backwards.,

The surgeon mav stand as  deseribed above throughowt ihe
operation, commencing the incision at the commissure on the plantar
aspect of the foot, as represented for the 5th metacarpal bone on
page 169,

Or he may- stand at the end of the limb to commence with, this
being held straight before him on the right side and to his left on the
left side. This is the method represented here. The surgeon then
passes to the side of the limb for the second part of the incision, and
there he remains,

The assistant stands on the outer side, and presents the foot as
deseribed above,

It is possible to complete the operation from the end of the
limb, clearing the bone by the Liston stroke (see p. 175): but the
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considerable projection of the head of the bone makes this difficult,
and it is better to proceed with enucleation in the usual way.

Line of Incision.—The line of incision is a racket, with the ex-
tremity of the handle turned inwards, and with the internal shoulder
shaped anteriorly to form a flap, as usual for ead toes or fingers.

The incision commences close to the sole, over the inner tubercle
of the metacarpal bone—two or three millimetres, therefore, in front
of the joint—and passes nearly vertically over the inner border of the
foot (sloping just a little forwards and outwards, like the joint), as
far as the extensor tendon, alongside which it then runs as far as
half-way down the proximal phalanx. The inecision then turns
bluntly towards the sole, which it reaches about one finger-breadth
beyond the digito-plantar fold, and crosses the plantar surface
obliquely to the interdigital commissure, over which it passes, remain-
ing on the toe to be removed. Finally, it rejoins the handle of the
racket, in a very pointed V. rather more than an inch in front of the
point where it first bent forwards {(Fig. 3935).

Division of the Skin.

Right Side.—FExposing the internal border of the foot as already
described, and standing at the extremity of the limb, commence the
incision with the point of the knife perpendicular to the border of
the foot, edge to the left, handle above, right
hand flexed and pronated (Fig. 396).

f"a:;_ At

After turning on the point, draw the incision straight forwards
as far as the middle of the proximal phalanx (Fig. 397).

The division of the internal and plantar skin, and the second
incision on the dorsum, along the outer shoulder of the racket, are
carried out as for disarticulation of the great toe (see p. 212).

Left Side.—The operator, seizing the great toe in his pronated
and flexed left hand, his left elbow raised, exposes the inner border
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of the foot by earrving and bending it outwards (towards his right).
Then, with ttlu_- pronated right hand crossing beneath the left wrist,
he applies the point of his knife at the end of the curve of the handle
of the racket (Fig., 400).

On this side as on the other, after turning on the point at the
rounded angle of the handle, the surecon draws a straight incision
. as far as the middle of the proximal
phalanx. which is held quite straight,
without flexion or extension  (see
Fig. 397).

Fry. 397, Fiy. 308,

Fig, 3990,

Then, rasing the foot until the sole fces him, he turns, and
crosses the plantar surface as in disarticulation of the great toe
(Fig, 401).

The incision is repeated as before, in order completely to liberate
the skin ; the assistant then drops the foot to a horizontal position,
and the operator moves to the outer side of the limb, so that the toes
lie to his left, Now with his left hand, which has never released the
toe, in supination, he flexes the toe and moves it to the left, while
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with the tip of his middle finger he presses against the inner surface
of the second toe. so keeping the commissure tense, and allowing it
to be divided easily along the outer shoulder of the racket, reversing
with the blade from heel to point (see Fig. 398).

Fig, A0,

During this stroke, or in a second over the same ground made to
free the skin, the eviensor tendon is divided at the level of the skin (see
Fig. 399), stretching it over the bone by flexion of the toe. If neces-
sary, it ean be divided by transfixion (see Fig. 297).

Fig. 101,

Clearing the Metatarsal Bone.

Left Side.—Standing on the outer side of the limb, begin by
{-I(-urin;{ the interosseous border from end to end. First divide the
intermetatarsal lignment between the heads of the 1st and 2nd meta-
tarsals ; then, wedging apart the heads of the bones with the thumb,
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free the outer sesamoid bone,  This lies partly beneath the head of
the 2nd metatarsal ; the blade must therefore pass in that direction,

Fig, 402, Fio., 403,

while the handle of the
knife is inclined away
from you (see Fig, 403,
right side). Then., with
a stroke of the knife
from left to right, the
tissues  are  separated
from the bone by shav-
ing the interosseous side
of the metatarsal with
an inch of the point.
The inner surface
of the bone has next
to be freed. To achieve
this, the toe is en-
trusted to an assistant.,
who holds it horizon-
tally in his left hand,
while the operator
raises the digito-plantar
flap as far as the head
of the metatarsal bone,
the blade on the flat
hetween skin and bone
(Fig. 402, right side).
Having  reached  the
insertion of the mnseles
to the inner sesamoid

bone, turn the knife against the bone, and ewd the throat of the

Fig. 15
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metatarsal (Fig. 404).  Taking the flap again between the finger and
thumb, strip the tissues from the plantar surface of the bone with one

Fg, A=,

or two strokes of the
knife, wusing about an
inch of the point, the
blade again fAat against
the bone (Fig. 405). On
reaching the joint, enter
it from within outwards
(Fig. 407).

Right Side. — The
steps  are similar, but
the operator begins by
raising the plantar Hap,
and standing on  the
inner side of the limb,
he enters the joint from
without inwards (Fig.
H0G).

Disarticulation.— The
rules for this step are the
same  as in metacarpo-
phalangeal articulations.
The blade is applied
against the base of the
metatarsal, and the line
of the joint is followed
transversely (or with a
slight  obliquity, if the
line is to be followed
accurately). Finally the
bone is twisted well to
the left, and the plantar
licaments and the tendon
of peroneus longus are
divided with little strokes
of the point (Fig. 408).
The leverage for the
requisite torsion is much
increased if the toe is
held flexed to a right-
angle in the operator’s
left palm.

On the left side (Fig.
407}, the joint is entered
perpendicularly  to  the
edge of the foot; but
on the right side, in order

to enter the joint from its outer aspect, the blade must first be
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applicd obliguely arainst the ouler spde of the st mectalarsal, <o oas
to engiagee the point beneath the 2nd metalarsal (see Figs, 15, F16G),

DISARTICULATION OF THE FIFTH METATARSAL

Anatomy.—The 5th metatarsal bone artiealates : (1) With the
cuboid  behind @ 2y With the th melatarsal on the inner  side.
Both these joint surfaces are flat,

The articulation with the enboid lies in a vertieal plane. It rans
obliquely forwards and inwards at an angle of about 5 to the axis
of the foot. and the line of the joint, if prolonged, would eut the 1st
metatarsal bone about the middle.

The tuberosity of the Sth metadarsal overlaps the outer horder of
the joint for half an inch : into this is inserted the strong tendon of
peroneus  brevis, forming the only ligament of importancee Lo the
surgeon,  The plantar lignments are strong, and the weak dorsal
ligaments are strengthened by the tendon of peroneus tertius, but
their division presents no dilliculty.,

The line of the intermetatarsal joind is practically antero-posterior
as seen from the dorsal surface, but slightly oblique backwards and
outwards,  From below it passes upwards and outwards at an angle
of 45 with the horizontal.  As the removal of the middle metatarsal
bones will not be deseribed, and the posterior articulations of the
metatarsals will be considered with Lisfrane’s disarticulation, it may
here briefly be explained that the posterior extremities of the meia-
tarsal bones are wedge-shaped. with the apex downwards, and that
the lines of the joints radiate from the sole of the foot like the
spokes of a fan,  The joint between the 2nd metatarsal and internal
cunciform is vertical (see Lisfrane’s operation) ;. the suceeeding joints
tend more and more to the hovizontal, until the last, between the Hth
and 5th metatarsals, is inclined at an angle of 45 with the vertieal,

These articulations are supported by some unimportant dorsal
fibres, and by stout plantar interosseons ligaments, situated below and
in front of the articular surfaces.

Examination.— The dorsal surlface of the 5th metatarsal bone

can be directly palpated from the outer side ; it lies superficially on
the dorsal aspect of the outer border of the fool. separated from the
skan by the extensor tendon onlyv,  The plantar museles (short muscles

1.5
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ol the little toe) cover it, forming a pad along the line where the thick

plantar skin joins the thin dorsal skin.

If the bone is followed with

the pulp of the index finger from before backwards, the prominent
tuberosity of the metatarsal is reached, often marked by a callosity,
and behind this the finger falls into a depression corresponding to

the external surface of the euboid (Fig, 409).
Line of Inecision. A\ straight-handled

Fig, 410,

racket incision is used,
with a little internal flap
over the dorsum of the
proximal phalanx.
Starting from a point
half an inch behind the
tuberosity, over the pal-
pable bony surface (to-
wards the back of the
foot, therefore), the line
of the incision runs
straight along the dorsum

of the foot as far as the first interphalangeal joint. Turning thence

inwards in a rounded
richt-angle, the ecommis-
sure is soon reached, and
the racket is closed by
passing  backwards and
outwards alone the digito-
plantar fold, and rejoining
the straight portion of the
ieision about the middle.

The handle of the
racket must lie over the
bone, towards the dorsum
of the foot, as shown in
Fig. 410, so that the skin
is divided above the plan-
tar tissues, which  will
otherwise project and give
a result that is most ugly.

Tie bone may bhe
cléared by  the Liston
stroke, or enucleated.
An ordinary scalpel is the
best Lo use.

Division of the Skin.—
The operator stands at the
ends of the limb, and com-
mences with hands parallel
on the right side, but

Frg. 413,

crossed on the left, in order to cut the llap without interruption.
[le then moves so that the extremity of the toe lies to his left
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(standing on the inner side for the right toe, therefore, on the outer
side for the left ). and divides the external skin together with the
extensor tendon.,  This position enables the surgeon subsequently to
clear the sides of the metatarsal and cul ils hroal, exactly as represented
for the great toe,

Disarticulation.— The knife, directed away from the operator
obliquely towards the tarsus, is passed between the 4th and sth
metatarsals.  ‘The plane of the joint is inelined to the horizontal at an
angle of 13 (see Fig. 138). so that the joint is made to gape, and the
passage of the knife facilitated by pressing with the thumb on the

flexed and abducted metatarvsal bone (Fig, 413).  In this manner the
interosseous fibres almost divide themselves ; the blade is then pushed
onwards a little, and the line of the cuboid-metatarsal joint, running
obiiquely at an angle of 45 backwards and outwards, i1s entered
without difliculty. The bone is then only held by the tendon of
peroneus brevis, and this is divided by bending the metatarsal back-
wards over the dorsum of the foot, while the operator divects the
Llade towards himsellt (Fig, 114).

TARSOMETATARSAL DISARTICULATION
(Lisfranc's Disarticulation).

Anatomy.—The two important points to know are: (1) The
exact position on the dorsum of the foot of the line of the articula-
tions : (2) That in addition to the dovsal ligaments, there is a
powerful ligament between the external lateral surface of the internal
cuneiform and the internal lateral surface of the base of the 2
metatarsal bone (Lisfrance’s ligament ).,

The firsi step in disarticulation is to cut the dorsal licaments, and
thus to enter the joint : the second is to divide Lisfrance’s lgament ;
the fore part of the foot can then be depressed and the plantar tarso-
metatarsal ligaments easily detached.

1. The Darsal  Line of the Joinds—The metatarsal  bones
articulate : the two outer with the euboid, the three inner with the
three cuneiform bones,
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The cuboid bears the #th and 5th metatarsals. The line of the
Sthe joint, which is about half an inch broad, runs obliquely forwards
and inwards at an angle of about 45 with the transverse diameter of
the foot ; if prolonged, this line would eross the first metatarsal bone
about the middle. The tuberosity of the Sth metatarsal bone, into
which is inserted the tendon of peroneus brevis, projects bevond the
joint posteriorly for a distance of half an inch. The line joins that

g

Fig, 415 —The line of the tarso-metatarsal .'I:I'li:'tl|:|tll.l:|-'. ' |
¢ Phie reader should follow the interline in both directions with addry pen or a pencil.)

QJU

Right [oot, seen from above,

of the #th joint, which is more transverse and slightly posterior, at
a very obluse angle,

The line of the #th joint, if prolonged, does not pass over the Srd
joint (between the Srd metatarsal and the external cuneiform), but
.l'lilh' the side of the euneciform two to three millimetres behind its
anterior extremity, which projects to this extent beyond the cuboid.
At the point of contact between the #h metatarsal and the external
cunciform there are a few weak ligamentous libres,
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The line of the J3red joint, which is hall an inch broad, is trans-
verse @ a prolongation of it wounld cut the base of the 2nd meta-
tarsal.

The 2nd metatarsal is imprisoned by the three eunciform hones
as follows @ The three bones form a socket, the floor of which is formed
by the middle cuneiform, the inner side—anteroposterior and  hall
an inch long — by the internal cunciform, and the outer side -
quarter of an inch long and oblique forwards and outwards—by the
external cuneiform.  The length of the outer side is less constant
than that of the inner.  The dorsal half of the surfaces forming the
socket is articular, the plantar half is fixed to the metatarsal bone
by interosscous  fibres,  The external ligament is weak, but the
imternal (Lisfrane’s ligament) is very strong,

The line of the 1st tarso-metatarsal joint has already been con-
siderved (p. 219) ; it is situated two or three millimetres behind the
tubiercle on the inner side of the plantar surface of this bone,  As

Fig, 116 —<Dhaeram of ths inner povtion of
thie 15t rigdet tarso-metatar=al foint, with e Lone
sepurared,

. bmtenul cuneiform ; 1 1st meetatarsal ;
1. “2nud panena sl y . I]"1-".-||--:- il JrenoneL=
longu=z attaehed to the outer tulercle of the 1st
Ieiaaler= l||.' f. Lisfranc's ..i_'lllll'lu-. rl'll_'l'l|-|'|,|_-|| Fl_‘._'
e diagrammatic separation of the bowees,  The
ik of the !'l-i t of thee Knife =lwld rest acainst
20 that the edee may divide [,

scen from the dorsum of the foot, the line is slightly obligue forwards
and outwards, and would, if prolonged, reach the 3ih  metatarsal
hone about the middle,

Apart from Lisfrane’s ligament, it is unnecessary to study in
detail the lignments of these joints, On the dorsum of the fool they
are. weak, and should be divided by the surgeon transversely, On
the sole, however, they form a thick fibrous cushion connected with
the sheath of the peroneus longus tendon.  The plantar surlace of
the metatarsal bones must be shaved closely in order to leave Lhis
cushion in the flap, as will be deseribed on p. 246,

For a deseription of the tendons of peroneus brevis and tibialis
anticus, see pp. 218, 219, and 227,

2. Lisfranc’s Ligament.—1t is neecssary to know exactly  1he
muode of wwion beticeen the base of the 2nd metatarsal bone and the owter
strface of the internal cuneiform.  The dorsal half of the surfaces in
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contacl is occupicd by articular eartilage, the plantar half by a power-
ful transverse ligament.  Until this ligament is divided, the metatarsus
cleaves solidly to the tarsus. It ean only be divided from below
upwards, the dorsal joint surfaces being too closely in contact to
allow the blade to pass from above downwards. The division is
carried out by what is known as the coup de maitre, and this can only
he done correctly if the operator remembers accurately the connee-
tioms of this lisament with the base of the metatarsal bone and the
tendon of peroneus longus,

The outer surface of the 1st metatarsal bone is nearly vertical ;
posteriorly, as it reaches the enlarged base of the bone it becomes
oblique from above on the inner side, downwards and outwards, and
it terminates below in the tubercle to which is attached the tendon of
peroneus longus,  This tendon enters the groove under the cuboid
at the outer border of the foot, and passes obliquely forwards and
inwards, beneath the posterior extremities of the 3rd and 2nd meta-
tarsals, to its attachment. The process into which it is inserted, and

Fig. A17.—Horizontal section of
the Istand adjoining tarso-metataraal
joints on the fefr side,

The letters and Henres corresponid
to those in Fig, 4146, Note that o few
fibres only, surgieally unimportant,
pozz from [ to the 1st metatarsal,
Note alzso that fibres pasz from the
external cuneiform to the 2nd and
Ith metatarsals ag well ag to the Jrd.
Tleae are sometimes strong enough to
require a zpecial stroke of the knife.

the adjoining portion of the outer surface of the 1st metatarsal bone,
lic beneath the plantar surface of the 2Znd metatarsal ; this may be
understood if the reader imagines the bones. which are represented
separate in Fig, 416, replaced in position.

It is only exceptionally that a real articulation exists between
the 1st and 2nd metatarsal bones, but the bones are in contact never-
theless for a length of about three-quarters of an inch. The line of
contact on the dorsal surface runs obliguely backwards and inwards
from the upper extremity of the first interosseous space to the antero-
external angle of the internal cuneiform,

To enter this space with the knife, it is necessary :—

1. To direct the point, with the edge uppermost, along the outer
sidle of the first metatarsal, the axis of the blade running obliguely
bhackwards and outwards towards the external maileolus,

2, To incline the edge inwards towards the internal malleolus.

Examination.— The bony landmarks are :—

1. On the inner border of the foot, the tuberele of the 1st meta-
tarsal bone, found as deseribed on p. 216 (Figs. 392, 393).
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2. (On the outer bovder of the foot, the tuberosity ol the Sth
metatarsal bone, found as deseribed on op, 225 (Fig, 1049).

These points may be palpated simultancously with the two index
ingers, in the following manner. The foot being presented in oo
horizontal position, the surgeon grasps the fore-part of the (oot in
his two hands, thumbs across the dorsum over the heads of the meta-
tarsal bones, the three outer lingers beneath the sole @ the index
fingers, flexed slightly, are then made to follow with the pualp the
corresponding  metatarsal bones from head to base, at the junction
of the bone with the soft parts of the sole,

In Fig. 118 the fingers are scen placed on these landmarks, and
it will be noticed that the inner finger is about two finger-breadths
in front of the outer. It must however be remembered that the
tuberele of the 1st metatarsal bone is one or two millimetres in front
of the joint line on that side, while the tuberosity of the 53th meta-
tarsal projects for half an inch behind the outer extremity of the
Jth tarso-meiatarsal joint.

Line of Incision.- -\ plantar flap is to bhe made,  On the dorsoam
of the fool, the line of the incision starts from the inner border, one
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inch in front of the tubercle of the first metatarsal, nearer to the
dorsum than the sole, and a little inside the tendon of extensor longus
hallueis.  From this point it runs transversely outwards to the middle
of the 2nd interosseous space, then eurves gently backwards to reach
the outer border of the foot approximately over the tuberosity of
the 5th metatarsal (or half an inch in front of this if the operator is
an expert : the final result is better). This end of the incision also
should lie more on the dorsum than on the sole of the foot, over the
palpable surface of the bone, and should not reach the plantar
muscles (Fig. 419).

Between these two extremities. the plantayr incision follows longi-
tudinally from end to end the metatarsal bone at each border of the
foot. and erosses the foot at the anterior extremity of the sole, reaching
nearly to the digito-plantar folds,

Fiy, 190, —Doreal view of the tarzus and tarso metatars:] articnlations.

Principal Steps of the Operation:—

1. Division of the dorsal skin,

2. Division of the plantar skin, followed by dissection of the
flap as far as beneath the heads of the metatarsal bones,

3. Disarticulation,

+. Transfixion of the plantar Hap.

The knife used should be six inches long, half an inch broad. and
the point on a level with the rest of the edge, this being essential for
the performance ol the coup de mailre. .

The limb is drageed beyvond the table, and the assistant, placed
on the outer side, presents it as deseribed on p. 214,



DISARTICULATIONS OF THE FOOT 2334

Division of the Dorsal Skin.- The surgeon, placed  at the
extremity of the limb, grasps the sole of the foot in his supinated
left hand, thumb over the left landmark, index finger over the right
landmark. the pulp of the fingers towards the dorsal surface, so that
the dorsal skin is made tense when the fingers are approximated,
The forefinger remaining in place, the thumb is withdrawn an inch
(Figs., 19, 121).

The assistant applies the palm of one of his hands over the ankle
and stretehes the skin with the ulnar border of his hand, while with
the other hand under the ealf he supports the limb and maintains
the foot in a horizontal position (Fig, 121).

Beginning at the left border of the Toot with the heel of the koile,
point downwards, handle above, index finger stretehed along the
back of the blade, the surgeon draws the knife from left to right
over the dorsum of the fool, ending at the right border with the point,
knife vertical, handle below (Fig, 122). At the commencement ol
this ineision he twists the limb somewhat towards his rvight, and al
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thie end towards the left,
back of the foot, so that

the handle ean

The knife is held lightly as it crosses the
turn a little between the

lingers, until at the end it is held like a violin bow and the index finger
i no longer stretehed along the biade (Fig, 422),

It possessed of sullicient dexterity, the surgeon can next reverse
over the same incision, still holding the knife like a violin bow, passing
from right to left. from the point to the heel of the knife, while the
assistant retracts the skin., In

this way the connective Lissue,
and the dorsal tendons even, may

be divided.

Division of the Plantar Skin.—-
The assistant removes the hand
previously placed over the ankle,
and places it instead a little above
the malleoli, behind the leg, which
is thus presented in a horizontal

position.

e

L

Fig. 124.

The surgeon takes
the toes in his Hexed
and pronated left hand.,
the thumb on the plan-
tar surface, the fingers
over the dorsum, and,
with the foot wvertical,
dorsifllexes the toes and
carries them :||n\.'1ll‘l|.~'-.
Then, raising the lefl
clbow, he inelines the
foot towards the right,
and with his right hand
under the left, draws
an incision along the
left border of the foot
as far as the digito-
plantar  groove (Fig.

123). He now turns on the point of the knife, at the same time

bringing the foot back to o vertical position, and divides the
plantar skin somewhat obliquely with the point of his knife in little
sawing movements (Fig, 424).
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Arrived at the right border of the foot, he inelines it to the lelt
by dropping his elbow again, and reverses along this border until
he rejoins, with the point of the knife, the corresponding extremity
of the dorsal imcision (Fig, 125).

Special attention must be paid to the angle where the palmay
and dorsal incisions meet, to see that the skin is completely divided.
The flap must be very broad in front ; it is important, therefore, that
the incision should not turn to cross the sole at the neck of the bones.
but should continue forwards until the side of the head of the meta-
tarsal has been reached.

Dissection of the Plantar Flap.— The assistant takes the toes
in the hand which was supporting the lower part of the leg, thumb

=1

above, and presenting the leg horizontally, keeps the toes vertieal

4
!
-)..-‘I
-
= i
A,
[ \ > g™
T ——
=
Faog, I3

without hyperextension, which would make the heads project towards
the sole. The foot is then inclined to the right,

The operator now having the =ole of the (oot directly in front of
him, hooks open the lower lip of the plantar incision with his finger-
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Fig. 4121,

Fig. 428,
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tips. thumb under the sole : then raising his rvight elbow, the right
hand pronated, he thrusts the point of his knife under the bhody of
the metatarsal bone, the blade Hat between the bone and the shorl
muscles.  He then deaws the knife towards him, using about two
inches of the blade, until the head of the metatarsal is reached (Fig,
F24i ).

Turning on the point of the knife, and holding down the plantar
flap with the thumb, he next divides the plantar fal, cutting with
the whole blade, until a point is reached well behind the heads of
the metatarsal bones. It must not be forgotten that the head of
the st metatarsal projects strongly towards the sole, and is consider-
ably in front of the head of the 5th metatarsal (Fig, 427 ).

The blade is next inclined so that the edge is towards the bones,
and with sawing movements of the whole blade, fol owing also the
abliquity of the metatarso-phalangeal line, the throals of all the
metatarsal bones are cut @ special care being taken to divide the
muscles attached to the 5ih and 1st bones.  This stage is ended by
reversing beneath the body of the metatarsal to the right, the blade
at beneath the bone, while the assistant exposes the spot by inclining
the foot to the left (Fig. 1429),

Rivht Side.—"The incision commences beneath the 30h metatarsal,
and after turning on the point at the side of the head of this bone,
the surgeon raises his elbow and direets the blade obliguely upwards
and to the right from the head of the 5th to that of the 1st metatarsal,
The knife is then passed @ (1) Obligueiv towards the ankle until the
heads of the bones are felt (Fig, 127) : (2) Perpendicular to the necks
when the heads have been passed (Fig, 128),

In carrving out this procedure the whole of the blade should be
nsed, with sawing movements, the point reaching bevond the left
border and the heel bevond the right border of the Hap, which is
retracted by the left thumb.,

The short muscles must be detached earefully from the two outside
metatarsal bones, especially from the first, from end to end, and elose
to the bone : otherwise, when the operation has been completed by
plantar transfixion, two ugly tongues will remain at the edges,  Some
surgeons advise dissecting the flap right under the plantar surface
of the articulations, so that there is no necessity for teansfixion ; but
by so doing the fibrous tissues which form a musculo-tendinons pad
posteriorly are sacrificed (less important, it is true, in this operation
than in a Chopart) : moreover, the procedure is not so neat,

Left Side.—The incision commences beneath the Ist metatarsal,
and it must be remembered that the head of this bone is very large,
and more diflicult to round with the knife than the head of the 5th
metatarsal, After reaching the head of the bone, the operator lowers
s elbow so that the heel of the knife lies opposite the head of the
Stho metatarsal and the direction of the blade is obliguely upwards and
to the left (Fig. 429). This position must bhe maintained while the
heads of the bones are being rounded, and afterwards in the action of
cutting their throats,
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Beginners make this liberation in several strokes, experienced
operators in a single stroke, It is the same movement as that made
use of to free the head of the 1st metacarpal bone,

Belore proceeding to disarticulate, the dorsal skin must be com-
pletely freed, and attention must be direeted to two points : (1) That
all the tendons arve divided ; (2) That the skin is so well retracter
at the two extremities of the wound, especially over the 1st meta-
tarsal, that ready access is possible to the joints on the dorsum and
al the borders of the foot. 1If the skin is not supple, or the assistant is
not sufliciently adroit, beginners would act wisely to turn back a
culf, half to one inch in length, over the internal cuneiform and at
the angles of the dorsi-plantar junetion,

The liberation of the skin must obviously be easier to carry out
if the dorsal incision begins near to the sole, at the appropriate
border of the foot, But this is likely to give an unsatisfactory result,
especially on the inner side, where the internal cuneiform bone
is very prominent : the bone is not adequately covered, and the
plantar flap is narrow at the base. and wvery ugly. On the outer
side, where the tuberosity of the 5th metatarsal bone projects
behind the obliquely sloping anterior end of the cuboid, the draw-
backs of the method are not so marked. The eutaneous angle should
he arranged to form a tinv pocket, in which the projecting bone can
he hidden.

To retract the skin, the assistant may use the ulnar border of
his hand, applied transversely over the dorsum of the foot as shown
in Fig. 421, when the incision is being made: or, as represented
in Fige, 430-436, he mav use the two thumbs applied over the
dorsum of the foot, the fingers beneath the os caleis.  He should hold
the base of the femur between one of his arms (left for the right side.
right for the left side) and his trunk, as shown in Fig. 394, so that his
hands are free.  The knee is flexed at an acute angle : the leg, there-
fore, hangs nearly ver-
ticallv, and the dorsum
of the foot projects
nearly horizontally be-
fore the operator. The
knee is a very mobile
joint, so the obliquity
of the leg can easily be
altered.

Disarticulation.

Right Side.—With
the foot at right angles
to the leg, and lowered
Lo s {'ll“l'l""il""t ]}(}Hitiﬂtl.
the operator grasps the
fore-part of the foot in
his left hand, thumb above, marking with his index finger the dorso-
external surface of the 3th metatarsal. e then applies the flat ol
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the blade, using about an inch of the point, edge away Trom him,
against the outer side of the tuberosity ol the metatarsal, just heyond
|i,,. index fincer-nail. and follows the bone backwards with the knife,
the foot placed slightly
in the varus position,
until the resistance of
the  tuberosity  has
heen passed (Fig, 130).
The knife  is  then
turned through a
right -angle, edge to
the vright, and the
tendon of  peroneus
brevis divided.,

Now, pressing with
the left hand on the
front of the foot, and
maintaining it in the
same position, the sur-
geon enters the joint Fig. 131,
hetween  the  cuboid
and 5th metatarsal bone, the knife sloped somewhat towards him,
the edge aiming for the middle of the Ist metatarsal (Fig. 431).
The point is moved to the right with slight jerking movements, in
contact with the metatarsal,
until arrested by the wvery
shight projection (about one
millimetre) of the #th meta-
tarsal : round this it is carried
without effort, and continues
transversely until again arres-
ted. this time by the external
cunciform. To round this the
blade is brought two milli-
melres towards the operator,
and  then  proceeds  trans-
versely again until the base of
the 2nd metatarsal is reached
(Fig. 432). At this point the
knife is withdrawn, and the
first tarso-metatarsal joint is
next  attacked.,  Duarine the
whole of this movement no
forece must  be  used ; the

Fig. 432, blade is held nearly vertical,

and Tollows lightly the line of

the joints, cutting almost by its weight alone, while the line is made
to gape by maintaining a position of equina-varus,

To make sure of the position of the 1st tarso-metatarsal joint. the
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left” thumb is placed on the infero-internal tuberele of the Ist meta-
tarsal bone, and the heel of the blade is applied Aat against the thumb,
the edge away from the operator, the point above, while the foot is
held in the valgus position to make the joint gape on this side. Two
to three millimetres behind the tuberele the blade is turned through a
richt-angle and euts on the
line of the joint, thus divid-
ing the internal lateral liga-
ment  and  some fibres  of
the tibialis anticus tendon.
The line of the joint is then
followed on the dorsum of
the foot by raising the han-
dle of the knife a little, so
lowering the point, and aim-
ing for the middle of the 5th
metatarsal bone (Fig. 433).

The joint between the
2nd metatarsal and the mid-
dle ecuneiform bone  must
now be opened. It is made to gape by pressure on the front of
the foot ; the surgeon seeks for it about hall an inch behind the
prominent anterior extremity of the internal cuneciform, a quarter
of an inch behind the anterior extremity of the external cunei-
form  (but this distance is much more variable), and opens it
with a transverse stroke
of the full blade from
left to rieht, the knife
held like a violin bow,
or the point of the knife
may be used, as shown in
(Fig., +#34). A beginner
may  with  advantage
ascertain the exact posi-
tion ol the joint before
opening it, by making
two or three fight antero-
posterior strokes ol the
point, drawn from the
middle cunciform  over
the base of the 2nd
metatarsal.  The little Fig. 131
depression between  the
bones is felt, and its exact position can thus be determined.

The dorsal ligament between the middle cuneiform and the 2nd
metatarsal is weak, and ean be torn throngh without much violence
when the Tront of the foot is lowered alter the coup de maitre, so
that @ noviee may be forgiven for not opening it beforchand as
deseribed ; but it is a step always taken by an expert operator.
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Left Side.—"The incision should commence Lo the left of the oper-
ator, at the first farsc-melatarsal joint,

A beginner should verify the position of the tuberele of the first
metatarsal towards the sole with his left thumb-nail, and apply the
point  of  his  blade
against the nail : but «a =l
practised operator finds -~
his  position with  the #
point of the knife with- -
out using the thumb.

The point is applicd
to the left surface of
the metatarsal, handle .
above, the edge away . =
from the operator. The SR )
tuberele s felt, and i T G e
beyond it a  depres- S e ;
sion, where the blade \ :
is turned through a - %zl
richt-angle, and the Fig. 155,
joint is entered trans-
versely at the border of the foot, held slightly in the valgus position
to widen the interval. The internal licament and some libres of tibialis
anticus tendon are first divided, and then the dorsal lisament, the edge
being aimed for the middle of the 5th metatarsal bone, while the front
of the foot is depressed.
until the blade is arrested
by the 2Znd metatarsal
bone (Fig. 135).

Passing transversely
over the base of the 2nd
metatarsal, and serateh-
ing the dorsal surface of
the bones beyvond with
the point of the knile at
the level of the retracted
skin, in the divection of
the tuberosity of the Sth
metatarsal.  an experi-
cneed operator will nearly
alwavs find the lines of
the  three  owder  joints,
witlened above by holding the foot in Co uino-varus,

In any case the joints may be found by reversing with the blade
from hefore backwards at the edge of the fool. as lolicws (see also p.
238).  The fore-part of the foot is depressed into a position of eguino-
varus, whilst the surceon. holding the knife in his lexed and prromaled
right hand. edee towards the tarsus, picrees the tissues vertically with
(HITE |lr|ilht acainst the outer surfaee of the 5th metatarsal (Bio, 3i)

1
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and reverses, with jerking movements of the wrist. until the bony pro-
minence has been passed.  He then turns the blade through a right-
angle until it is perpendicular to the outer border of the fool, and.

Frg, A8T.—Bkeleton of the metatarsus, showing the dicection amd sinnosities of the joint lines.

continuing the Little sawing movements divides the peroneus brevis
tendon,  Onee the tendon is divided, the blade is turned still further
forwards, through an angle of 457, and aimed towards the middle of

Fig. 458, —O0bligue seetion of the foot through the boases of the five metatarsal bonres,
dowinge the transverse srell of the foort, and the increasing slope of the intermetatorzal
joints from the 15t to the dth,

the 1st metatarsal bone : the surgeon then follows the line of the joint
lehtly from right to left. Turning the blade rather morve transversely,
the line of the 4th joint is followed ; when the point reaches the
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sishtly projecting external cunciform, it is bhrought a little towards
the operator, and the line of the 3rd joint is similarly lodlovwed until
the blade reaches the outer surface of the 2nd metatarsal.

The interline of the 2nd joint is opened, as on the right side, by 2
transverse stroke of the Tull blade,

The Coup de Maidre——The lateral and dorsal licaments and the
tendons of peronens brevis and tibialis anticus being divided. the
tarsus and metatarsus are still held together by the rather weak inter-
osseons fibres which unite the sides of the external eunciform to the
ond and Hh metatarsal bones, and by the very strong librous union
between the internal cunciform and the 2nd metatarsal @ the latter
is divided rom the sole towards the dorsum of the foot by the coup de
rrenidre.

The anatomy of this region having been already deseribed,
I have only to remind the reader that the bases of the 1st and 2nd

Fig, 43— the left is seen the inner portion of the rvieht to=e-metatazal joing,
LU I L] Faangnies l|:'-||'|'.l'.l|'-|_ Loy shiow Pl s=trwectures oomeerned o thie Ly e anenifre, T
fieupe on the right shows a horizonial section throweh the saome articonlation on the el sile,

I, Tenadon of e vuapneaE Lon s i f The eamenl to e dividid i the n----l.rn'r hriffelie

e, Internal ecuneiform,

metatarsal bones are in contact along a plane which runs obliguely
upwards and inwards, beeause of the projection to which peroneus
lonens is attached on the ogter side and Dhelow,

Fig. 439, with the bones separated, shows clearly the interval
through which the point must pass in performing the coup de mailre.
If the back of the blade is supported by the tendon of peroneus longus
(p), and the edge bites consequently on the plantar border of Lisfrane’s
ligament (1), while the point lies hetween the internal eaneiform and
the 2nd metatarsal, it is evident that when the handle of the instru-
ment is raised, Listranc’s ligament will be divided from below up-
wards and from before backwards, bheeanse the back ol the blade is
held in position by the peroneus longus tendon and eannot recede. 1
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is essential that the point should be on a level with the rest of the edge.
or it might penetrate downwards and divide the peroneus tendon
instead of Lisfrane’s licament.

The interval described is best reached by following the outer
surface ol the 1st metatarsal from before backwards, commencing
close to the head, the axis of the knife as nearly as possible in line
with the axis of the bone, the flat of the blade against the bone.

The outer surface of the bone, however, does not lie in the sagit-
tal_plane for its whole length. It is exactly sagittal anteriorly, but
posteriorly it inclines rom above outwards and downwards, to become
continuous with the process to which is attached the peroneus longus
tendon ; so that if the Hat of the blade is applied against the surface
anteriorly, edge upwards, and the knile is then pushed backwards
without losing contaet with it, the point becomes directed outwards
towards the external malleolus as it nears the base of the bone, and
the edge turns a little inwards. The point must be dropped a little
to pass beneath the base of the 2nd metatarsal, and the blade must
be direeted a'ong the side of the base in a practieally horizontal
direction, otherwise it may pass under the peroncus longus tendon
instead of over it.

It is useful to practise this stroke on the skeleton of a foot with the
ligaments preserved. The knife is applied against the outer surface
of the metatarsal, and passes backwards three-quarters of the way in
the sagittal plane, but after this the edge inclines inwards. This in-
clination is accentuated if the heads of the metatarsals are wedged
apart, for the head of the 1st metatarsal is thus depressed and
pushed inwards, and the joint between the internal euneiform and
the 2nd metatarsal bones is made to gape; but at the same time
the peroneal process is displaced inwards and upwards, inereasing
the obliquity of the posterior quarter of the surface,

T'o pass the Enife securcly into the proper position, the tissues of
the 1st interspace should first he divided from end to end, and the
heads of the corresponding metatarsal bones wedged apart with the
thumb as near to the toes as possible.

The knife should next be grasped like a troear, edge upwards, the
index finger extended, the end of the handle resting against the
operator’s palm, and the tissues are pierced horizontally, the blade
against the bone elose to the nail of the left thumb, which is wedging
the hones apart. The blade is then pushed onwards, the point aim-
ing for the external malleolus, the edge turned towards the internal
malleolus.  The point will be arrested when eaught between the in-
ternal cuneiform and the 2nd metatarsal (Fig, 440) ; and if the back
rests properly against the peroneus tendon, the knife will maintain its
position when no longer held by the surgeon (Fig, 441).

The stireeon therefore releases the handle to make sure of this,
then grasps it again like a dagger, and raises it. at the same tune
depressing the front of the foot by pressure from the base of his
left hand (Fig, 442),

During this step the inclination of the edge towards the internal
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nalleolus must be correeted, beeause Lhe line of the joint s antero-
posterior, or even slightly oblique backwards and outwards  (see
Fis. 415).

I the coup de maitre is properly carried out, Lisfrane’s hzament
may almost be said to divide itself : and after further dividing with

Frg, 1,

a stroke or two of the point any fibres of the interosseous ligaments
attached to the external ennciform bone which have not alveady been
torn through by the pressure of the left hand, the front of the foot
becomes nearly vertieal,
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The deep surface of the metatarsal bones is next shaved from left
to right, with the blade vertieal, in order to detach the plantar liga-
ments (Fig, 183), special care being taken to free completely the end
metatarsals where they are attached to the fap.

Transfixion of the Plantar Flap.— llaving thus prepared a path
for the blade, the surgeon passes it transversely, on the flat, beneath
the metatarsals, edge towards him ;. he then re-articulates the bones,

and places the toes in extension (holding them like a pen-filler) to
streteh the plantar museles, and  finally completes the transfixion
with little sawing movements (Fig, HHE).
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A very experienced operator can rvely entirely on translixion,
without troubling to disseet the Hap from the plantar surface, having
only divided the plantar skin beforchand,  "The prominent heads ol
the metatarsals make this procedorve dillicult, however, amnd it has
neither the advantage of rapidity or of neatness, for in any case il s
necessary Lo free the skin as far as beneath the heads of the metatarsal
hones.,

MIDTARSAL DISARTICULATION
(Chopart’s Disarticulation).

Anatomy. The midtarsal joint lies between the os ealeis and
astragalus behind and the cuboid and seaphoid in Tront,  The os
caleis and cuboid are situatcd below and on the outer side, resting on
the ground ; the astragalus and seaphoid lie to the inner side and
above, Torming part of the internal arch of the Toot,

The astragalis ends anteriorly in a rounded head, which is capped
by the concavity of the scaphoid.  The line of this joinl is therefore
concave backicards 1 the bulky tuberosity of the seaphoid overlaps i
behind and below.,  The head of the astragalus has no bony suppor
to the inner side and below, but rests on the powerful, libroas caleaneo-
seaphotd ligament passing from the sustentaculum tali to the plantar
border of the scaphoid, and reinforeed on its inner side by the strong
tendun of tibialis posticus. which is inserted into the tuberosity of the
seaphoid,

The caleanco-cuboid joint is saddle-shaped, concave Fowards trans-
verselv, convex forwards Trom above downwards.  On the dorsum of
the Tool the line of the joint is slighily concave forwcards, but practically
straight @ on the sole of the fool a projection ol the euboid extends to
aogreater or less extent beneath the os ealeis, and is sometimes en-
barrassing to the surgeon,

With the foot at right angles to the leg, hoth joints are in the
samne transverse plane @ in the equinovarus position the os ealeis passes
3 to 4 millimetres in front of the astracalus.

The dorsal ligaments are weak, and can be divided transversels
without the necessity of a detailed knowledee of their arrancement.
The same may be said of the very powerful plantar ligaments, which
are detached by shaving closely the lower surface of the cuboid and
scaphond after depressing the fore-part of the foot., The tuberosity
of the seaphoid must be rounded with care, in order Lo divide Lhe
tendon of tibialis posticus and the caleanco-seaphoid ligament.  Bul
Phe Towel can 1III||_\' §T8 fl{‘FH't"hHl"f! alter section of the }'-.ﬁ:f.r;”:rrf ligament.
a strong partition placed nearly vertically between the caleancocuboid
and astragalo-seaphoid joints.  This hoament arises from the antero-
superior portion of the os ealeis. and sends one branch outwards Lo
the cuboud, the other inwards to the seaphoid ;o its thick lower horder
1= conbinuous wilth the plantar ligaments,

Examination.- The bony landmarks to determine the transyverse
line of the midtarsal joint are :

1. The J'H-lrn'i'n."il'-.fli; n_-f e M-HF‘I'H”',L o Lhe mnner horvder of the Toaol
owards the plantar surface,
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2. The tuberosity of the 5th melatarsal bone, on the outer border of
Lhe fool.

They may be palpated as deseribed on pages 217 and 225,

[t must be remembered that : (1) The tuberosity of the scaphoid
reaches a quarter of an inch behind the line of the joint ; (2) The
Luberosity of the 5th metatarsal is about a linger-breadth in front of
the joint.

When these landmarks have been noted with the foot in the normal
position, it must further be remembered that in the valgus position
the seaphoid passes obliguely upwards and outwards over the head
of the astragalus. and the tuberosity becomes less prominent as it
passes away from the sustentaculum tali, while the astragalus projeets
on the inner border of the Hattened Toot.

In equino-varus, on the other hand, the seaphoid moves back-
wards, downwards, and inwards, and the tuberosity nearly comes in
contact with the sustentaculum tali. The infero-internal portion of
the head of the astragalus can then no longer be palpated, but the
upper and outer portion, uncovered by the scaphoid, projects markedly
at the middle of the dorsum of the foot.

Line of Incision.— A gaiter-like dorsal ineision is made, and a
plantar flap is cut, the general form of the ineision being similar to
that for Lisfranc’s disarticulation (Fig. 415).

g, 445,

The dorsal incision passes rom the outer border of the foot, one
finger breadth behind the tuberosity of the 5th metatarsal, to the
anterior part of the tuberosity of the seaphoid on the inner border. I
starts from a point nearer to the dorsum than to the sole of the foot.
especially on the inner side. It is not straight, but slightly convex
forwards, passing one finger-breadth in front of the line of the joint a
the mid-point of the foot.

The plantar flap is bounded laterally by two longitudinal lines
following the corresponding borders of the foot, over the palpable
surfaces of the metatarsal bones, above the tissues of the sole : and n
front by @ curved line parallel to the metatarso-phalangeal joints,
reaching a little further forwards on the inner side than on the outer.
11 is sullicient to pass beneath the heads of the metatarsal bones: but
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o an indact Tool in the dissectine-room, The imeision s naule Lo oreach
nearly as Tar as the digito-plantar Tolds, just as in Lisfrane’s dis-
articulation,

Principal Steps of the Operation.— These are the same as for
Lisfrane’s disarticulation, and are carvicd oul in the saome order

1. Ihvistion of the dorsal skin,
. Division of the plantar skin and dissection of the museles.
3. Dhisartieulation,
k. Transtixion of the plantar Hap.

A knife with a blade 6 inches long should he ehwosen @ Lisfrane's
Lnife is convenient,

Division of the Skin and Muscles — The soft paris arve divided
just as in Lisfranc’s operation.  The sole is grasped in the siaane way.,

-
-

& -

thumb over the left landmark, index finger over the rvight ;5 the skin
is stretehed and ineised similarly, and in the same way also the plantar
fap is cut and disseceted backwards (see p. 233 el seq.).

It is neater perhaps to divide the dorsal tendons at onee, by pass-
ing the blade back from right to left, and to enter the joint direetly at
the same time.  But if the disarticulation is to be continued in this
way, the dorsal meision must reach nearer towards the sole, and the
resulting flap is ugly and too narrow at the base,

The skin must be liberated with especial care at the dorsi-plantar
anvles of the wound.

Disarticulation.

1. Eudering the Line of the Joint from the Dorsal Aspecl. There is
a tendeney among beginners to ent perpendicularly to the bones at

the level of the retracted skin (Fig., $16), and in this way the st plio-
cunciform artieulations are frequently entered by mistake : or else they
serateh a bony surface, the seaphoid or the neek of the astracalus
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according to whether the incision is correctly placed or too far back.

cquino-varus  position, opens
immediately (Fig. 118).

2. Division of the Y-
shaped Ligamont.—In Fig, 118
the insertion of this ligament
on the dorsum of the foot is
clearly  shown  between  the
twao  joints, the astragaloid
joint supero-internal and con-
vex  Torwards, the ealeaneal
infero-external and  coneave
forwards, It forms a  par-
tition which passes from the

the latter being a commaon
Fault.

It must be horne in mindd
that if the front of the foot
is fwisted into a position of
cquino-varus, the head of
the astragalus becomes un-
covered and projects on the
dorsum of the foot above
and  outside the seaphoid.
If therefore the blade is
applied  edge  towards  the
leg, flat to the external sur-
face of the dorsum of the
foot—handle above for the
right side (Fig. 447). below
for the left — and then
pushed  onwards  without
losing  contact  with  the
bones, the edge will be
arrested by the head of the
astragalus.  The blade is
now turned through a right
angle, and the dorsal liga-
ments are divided trans-
versely with the point. from
left to right, handle above :
the joint, stretehed by the
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os caleis to the adjacent surfaces of the seaphoid on the inner side of
the foot and the enboid on the outer side, and may be considered
the kev of the joint. Tt is divided by applyving hall an inch of the
cdee of the point to its left margin, blade vertieal, handle above, then
pressing the knife to the richt with little sawing movements.  T'wo
or three strokes will sullice to divide it, each one deeper than the
last un'il the plantar surface of the joint is reached, while the Toob s
held in equino-varus (Fig, FH).

Division of the Plantar Ligaments. When the Y-shaped liga-
ment is completely divided, the Toot drops into a position of extreme
plantar Hexion under pressure of the operator’'s left hand, and across
the joint the powerful plantar ligaments arve seen, the caleanco-cubaoid
amd  caleanco-seaphowd.  The
fool is also held al the sides
by the peroneus brevis tendon
attached to the tuberosity of
the Sth melatarsal, and the
tibialis posticus attached to
the seaphoid.  The front of
the foot is now pressed down-
warids until its posterior sur-
face faces shohtly Torwards,
and  with the point of the
knife.  held  vertically,  the
leaments and librous  tissue,
which must remain in the flap,
are divided close to the hone
in several strokes [rom the
extreme left to the extreme
richt, following the plantar
concavity (Mg, 450).  On the
inner  side of the foot the
projecting  tuberosity  of  the
seaphoid  must  be  carefully
rounded in order to divide the tibialis postiens tendon @ oand it must
e bwosrme an movined that the I'illi_:{‘ aof the cubwoad sometines 'JI‘Jrjl'l‘lH
rather Far backwards beneath the os ealeis on the outer side.

Foeg o L

When the bones have been eleared Tor about an ineh in the manner
deseribed, the surgeon passes the blade on the flat between the bones
and the flap, re-articulates, and finishes by transfivion (see p. 2 1H6).

The result may be considered good i the dorsal imtegument  pro-
jeets a few millimetres in front of the hones, forming a tiny pocket
where it joins the plantar lap at cach bordor of the foot.

Greater care must be tauken than in Lisfrance’s disarticulation Lo
shave the bhones VEery l‘liht']_‘u.', s si= Loy frreserye all the |||:||||;:||' lilaresng=
tissue and the musele pad.  The Hap which will bhe turned over the
remaining hones is thus o thick one, and, especially il the dorsal
tendons are sutured to it will resist the action of the eall muascles.

which temd to rotabe the os ecaleds indao ]J”“iii”l! ol 1-:||4i||||:--._ foy Lhe
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living, il sullicient tissue for an adequate plantar flap has been
preserved. the operator should not hesitate to make the disartieulation
in front of the seaphoid.

SUBASTRAGALDID DISARTICULATION.

Anatomy. T'wo articulations, approached ITrom the dorsal and
external aspect of the foot, must be opened :

A. The Asrracavo-scarnoin Awrricvratiox.— This has already
heen considered (see p. 247).

. THE ASTRAGALO-CALCANEAL ARTICULATION.—In this articula-
tion there are three points that call for consideration :

1. The Surface on which the Astragalus yests.—This is formed
by {wo structures : (a) The upper surface of the os caleis : (b) The
caleanco-seaphoid  ligament.  This licament reaches forwards and

Ach

P, A3l —The inwer surface of the right ankle-joint.
a. Haeel of sstragalus 3 & seaphoid @ 8, tendon of tibialis posticus ; 10 and 1], tibialis

anticns  tendon,

inwards from the sustentaculum tali to the corresponding hall circum-
ferenee and tuberosity of the secaphoid. It is reinforeed by the tibialis
posticus tendon, which Trequently contains a sesamoid bone,

The upper surface of the os ealeis shows two articular surfaces :
(i) Posteriorly. an extensive, slichtly convex surface, commencing at
the level of the posterior surface of the tibia, one and a quarter inches
in front of the point of the heel, and running obliquely  forwards,
dowcnseards, and inwards, (i) Anferiorly, a small, shzhtly concave
surtace, nearly horizontal, but a little higher on the inner side and
hehind.,  This lies over the upper surface of the sustentaculum tali.

These two surfaces converge on the inner side. where they are
separated by a narrow groove only ; on the outer side the groove be-

comes wider and deeper.
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The astragalus may be likened in shape to a snail which has
hollowed its ventral surface in order to thrust out its head.  nder
the tail and body of the snail, posteriorly, is a large [acette which
rests on the posterior facette of the os ecaleis ;. beneath the head is
another facette divided into two parts, one for the os caleis, the other
for the caleanco-seaphoid ligament.  The hollow ventral surlace, wide
on the outer side. narrow on the inner, lies over the ealeaneal groove,
forming together with it the sinus tarst, a Tunnel-shaped passage with
the wide opening in front and on the outer side.

The astragalus sits erosswise on the os caleis 3 the long axis of the
body is nearly antero-posterior, but the head turns obliquely down-

Fig, 452, —The outer surlace of he right ankla-joint,

i, scaphoid branch of the Weshapod ligament @ the ceubold branch can alzo be seen

Goand G, dorzal liswmentz, easy to divide,

wards and inwards, while the anterior extremity of the os ealeis turns
outwards and upwards. -

The anterior articulation is continuous with the astragalo-seaphoid
joint.

The movements bhetween the astrasalus and os caleis are very
slight. and the bones are held very firmly tozether. ‘

2. The Ligaments which hold the Bones in Position.

(. The superficial tibio-tarsal lignments. which pass over the
astragalus,  These are ; (i) On the outer side, the middle fascienlus of
the external lateral licament passing from the fibula to the os ealeis :
fit) On the inner side, libres of the internal lateral licament passing
Fanwise from the tibia to the os ealeis, the caleanco-seaphoid lignment,
and the seaphoid,  This powertful ligament is continuous bheneath the
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sustentaculum tali with the tendon sheath of flexor longus hallueis,
and beneath the ealeanco-seaphoid ligament with the sheath of the
tibialis posticus tendon.

b, The subastragaloid interosseous ligament.  This consists of @
double row of lamine converging inwards, arising from the hollow
above deseribed along the edge of the artieular surfaces.  The anterior
row is much stronger than the posterior. The ligamentous fibres run
obliquely  Torwards, inwards, and a little upwards, but are nearly
horizontal in the normal position of the foot, If the anterior ex-
tremity of the os ealeis is drageed forwards, downwards, and inwards,
by placing the foot in a position of equino-varus, the fibres become
nearly  vertieal, and give a little play to the articulations, thus
allowing the os ealeis to slip a little forwards. It is in this position
that the line ol the posterior ealeaneo-astragaloid articulation gapes
on the outer side of the foot, about the level of the external malleolus,
allowing the blade to enter.

S, The Caleaneal Canaf.—'This canal, on the inner surface of the
os ecaleis contains the tendons, vessels, and nerves which pass from
the posterior aspect of the leg to the sole of the foot.  These structures
(flexor tendons, tendon of tibialis posticus. and the posterior tibial
vessels and nerve) are held down by the internal annular ligament
passing from the tail of the astragalus and from the sustentaculum
tali to the inner border of the plantar fascia and the postero-internal
tubercle of the os caleis ; an osteo-fibrous canal is thus formed
between the ligament and the smooth hollow internal surface of the
os caleis.  Behind the tail of the astragalus, and under the susten-
taculum tali, the tendon of flexor longus hallueis lies immediately in
contact with the bone.

Behind the ealeaneal eanal, the bulky tendo Achillis is inserted
into the os caleis,

Examination.— The foot should be palpated as deseribed on
page 216, and the following points noted @ —

1. The position of the malleoli.

2. The insertion of the tendo Achillis, easily felt if stretehed by
dorsiflexion of the foot.

3. The tuberosity of the scaphoid internally, and the tuberosity
of the 5th metatarsal externally.

4. The inner surface of the internal cuneiform :  the scapho-
cunecilorm joint, which is on the same transverse line as the tuberosity
of the 5th metatarsal ; and the first cuneo-metatarsal articulation.
5. The extensor tendon of the greal toe, easily made visible by
plantar flexion of the toe.

Line of Incision.— On the outer surface of the fool, one good
finger-breadth below the tip of the external malleolus, the line runs
horizontally forwards from the border of the tendo Achillis to a point
above, but on the same transverse level as, the tuberosity of the 5th
metatarsal (Fig. 453).  The line then curves, like the lower edge of o
aniter, across the dorsum of the oot as far as the prominence ol the
extensor longus hallucis tendon, still at the level of the tuberosity ol
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the 5th metatarsal, and therefore at the level of the seapho-cuneciform
joint also (Fig. 454).  From the tendon the line runs forward, erossing
the inner surface of the internal cuneilform dingonally, so that the
plantar surface is reached heneath the first cunco-metatarsal joint
(the mid-point of the inner horder of the fool). The sole is then

5t

crossed somewhat obliguely outwards and backwards, reaching the
outer border of the foot at the tuberosity of the 5th metatarsal, and
from this point the line runs backwards along the outer border of the
sole until, curving upwards at the outer horder of the tendo Achillis,
it rejoins at richt angles the commencement of the incision (Fig. 1535).

In the following figures (1550
and &), taken from Farabeuf, the
plantar flap and the method of
suturing it are shown.

f

q
s
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Principal Steps.

1. Division of the skin, and incision of the soft parts of the sole
as Iar as the haone.

2. Disarticulation. The articulation should be entered from the
onter side.,

3. Liberating the plantar flap by detaching the structures of the
cialeaneal ecanal, and dividing the tendo Achillis,

A broad. short knife, about
24 inches long (Svme’s knife).
s used.

It is necessary to deseribe
the operation separately on the
left and on the right sides.

Lewr Sipe (the easy side).

Division of the Skin.—The
assistant stands to the inner
side of the limb, and grasps its
postero-external surface in his

Fig, 456, left hand to stretch the skin

and rotate inwards the half-

flexed knee.  In this way the dorso-external surface of the foot is
presented almost horizontally to the operator.

On this side the skin is divided in two steps.

First Step.—The surgeon stands outside the leg, grasps the dorsal
surface of the front of the foot in his left hand, and applies the heel of
his knife, point directed slightly downwards, against the prominence
of the extensor longus hallucis tendon,  Cutting with the full edge.
he now passes from left to right over the
dorso-external surface of the foot, exposed
oradually more and more by twisting the
foot to the left while the assistant increases
the adduction of the thigh. This part of
the incision is ended by curving, with little
sawing movements of the point, along the
outer horder of the tendo Achillis as far
as the plantar surface of the heel (Fig.
136, A, B).

Second Slep.—-The surgeon next passes
to the inner side of the limb, while the
assistant abducts it with the knee semi-
flexed,  With his pronated left hand the
operator now  grasps the outer border ol Fig. 157,
the fore-part of the foot, thumb beneath
the toes, and twists it to the right by pressing it downwards, then
starts the incision with the point of the knife over the prominence of
the extensor longus hallueis tendon at the commencement of the first
incision, the right hand under the lelt (#Fig. 457). The tissues are
divided, somewhat obliquely. to the bone, the knife passing to the
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sole and across it along the line deseribed, the operator bringing his
left hand eradually more towards him until the sole faces him, leg
horizontal, the knee and hip flexed at o right-angle (Fig., $558) ¢ the
incision is terminated by drawing the knife downwards along the
auter border of the foot as far as the heel, where it curves to rejoin
the posterior extremity of the first incision (Fig. 459).

The tissues of the sole and on the outer surface of the foot must
he divided to the bone, with sawing movements of the point of the
knife. and contact with the bone must never be lost. It is best to
divide the dorsal tendons also in the first stroke ; but the division
ean casily be ecompleted when the skin s
being freed before disarticulation.

Disarticulation.

Position of the Limb—'The assistant flexes the knee to a right-
angle, and with his left hand maintains the thigh in a position of
adduction and internal rotation, so carrying outwards the leg and
foot. The internal surface of the supramalleolar region rests at the
edre of the table, and on the outer surface he presses with his right
hand. at the same time stretehing the skin on the dorso-external
aspect of the feet withi the ulnar border of the hand (Fig, 46O},

The operator now grasps the plantar surface of the front of the
foot in his left hand, thumb over the 5th metatarsal, and holds it in
the equino-varus position.  The head of the astragalus is thus made
to project. and agamst it the kmife enters the astragalo-seaphoid joint
perpendicular to the outer border of the foot. The head of the
astracgalus is next rounded until the blade lies horizontally ;  then
pressing the foot downwards with his lelt hand. the operator euts
horizontally from left to right, dividing the interosseous ligianent
with little sawing movements, and thrusting the point into the narrow
part of the sinus tarsi as the heel of the blade passes backwards, until
the posterior  ealeanco-astragaloid  articulation has  been  opened
(Fig. #60). Under the pressure of the left hand this joint now sapes.
and the upper surface of the os ealeis rotates towards the operator,

IF-
i
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allowing the upper and internal surfaces to be shaved closely without

the point leaving the bone (Fig, 461).

iy, 460,

Frg, 4l

of the Toot is reached.

This is the best moment to

commence to  divide the
tendo Achillis and enueleate
the os ealeis, using  light
suwing movements of the
point engaged behind  the
posterior extremity of the
bone. By strongly twisting
the foot inwards with the
ankle flexed, and so ecaus-
ing the retro-astragaloid
portion of the os ealeis to
project upwards, it is pos-
sible  nearly  to  complete
the decortication without
further dilliculty (Fig. 462).

Freeing ihe Flap.—
The foot being thus well
freed towards the heel, the
surgeon hooks his  thumb
over the inner border at
the level of the internal
cuneiform, and rotates it
until the sole faces upwards.
e then Tollows the eal-
cancal canal from the ex-
treme left to the extreme
right, dividing the tibialis
posticus tendon against the
scaphoid, then the ealeaneo-
scaphoid fibres of the in-
ternal lateral ligament of
the ankle-joint, then the
sheath  of  flexor longus
hallueis tendon beneath the
sustentaculum tali, which is
rotated still further towards
him. The remaining  soft
parts of the sole adhere
less  closely to the bone.
They are divided in several
strokes, while the [oot is
{wisted  more  and  more,
until the sole looks vertie-
ally upwards when the skin
incision on the outer border

It must e remembered that the ealeaneal

canal runs obliquely downwards and forwards, and its curve must
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he followed lightly, the edge of the knife inclined towards the bone.
blade nearly horizontal.  Each stroke must begin at  the extreme
left, at the edee of the plan-

tar incision, and terminate

at the extreme right., after iy
passing  round the posterior
extremity ol the os ealeis
{ Fig, 463).

—
-

TR
g
Ricur Sineg

(the diflicult side).

Division of the Skin.-
This 1s carvied out /v o single
step.  The assistant, standing
on the outer side, grasps the -
lower part of the leg in his Y i
supinated right hand, streteh- Fig. W3
ing the dorso-external skin
with his thumb, passed transversely above the external malleolus :
while with the pronated left hand he grasps the patient’s knee.
thenar eminence over the
external condyle of  the
femur, thumb  descending
over the head of the fibula,
The knee is flexed and
rotated inwards by adduc-
tion of the thigh, so that
the leg is presented almost
horvizontally to the surgeon,
the outer surface upper-
maost.

The surgeon stands al
the extremity of the limb.
a little to the outer side,
and grasping the toes in
his strongly pronated left
hand, thumb below, twists
the fore-part of the fool
downwards and to the right
until he can see the apex
of the heel and the outer
part  of the sole,.  Then
with the right wrist flexed,
the handle of the knife
above, edge towards the

Fug, 16b, external  malleolus, he

prerces the skin as near as

possible to the sole, close to the outer border of the tendo Achillis,
and ascends alongside this tendon, with jerking movements of the
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wrist, as far as one finger-breadth below the level of the tip of the
external malicolus, where he turns forwards (Fig. 161).

He now begins to untwist the foot, earrying the toes upwards
and to the left, while the blade, inelined at an angle of 45°, is drawn
across the dorsal surface (Fig. 165). The assistant at the same time
lessens the adduction
of the thich, so that
when the blade
reaches  the tendon
of  extensor longus
hallucis  the foot is
once more  straight
(Fig. 166).

The operator then
turns a little on the
point  of his knife.
and  beginning  to
rotate the foot to
the left. crosses dia-
gonally the inner sur-
face of the internal
cunciform, and then
crosses the sole as it
stands vertically be-
fore him: at the
same time he turns
gradually on his lefl
foot, until, placed on
the outer side of the
limb, he is in a suit-
able position to complete the inecision
by drawing the knife straight down-
wards along the outer border of the
sole as the foot 1s inclined gently
inwards (Fig. 468). The posterior
extremity of the incision must be
curved upwards to rejoin accurately
the point whenee it started at the
outer border of the tendo Achillis.

This incision should divide the
soft parts down to the bone. It s
especially  important (o divide com-
pletely the tissuwes of the sole, which is
crossedd with sawing movements of
the point  without losing contact
with the bone ; the same process is continued along the outer border
of the foot. 1t is best to divide the sole somewhat obliqrely, and
if necessary the incision may be repeated. until it is certain that the
tissues have been completely divided, both beneath, behind, and on
the outer side of the heel.

Fig, 4060,

Fig, 467,
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The operator may now proceed al onee to disarticulate, or he
iy disscet the Map before disartienlation.  The first of these pro-
cedures is the one here deseribed.,

Disarticulation.— The limb may bhe placed against the edge of
the table, as on the left
side 3 but it is equally
convenient i the assist-
ant  presents il nearly
horizontal, the knee
semiflexed  and  rotated
inwards, while he retracts
the dorso-external  skin
with the ulnar border of
his rieht hand (Fig. 469).
Returning to  the ex-
tremity of the limb, the
operator applics the base
ol his left palim over the
dorsum of the foot, s
fingers curved  beneath
the sole, and presses the
foot into the varus posi-
tion with slicht equinus ;
then, holding the knife
in his strongly Hexed and
pronated richt hand, and
beginning in the posterior
caleanco-astragaloid arti-
culation at the left border
of  the sub-astragaloid
ligament, to the left of
the  caleanco-astragaloid
depression, he passes the
blade horizontally  Trom
left to right, edge towards
him, in little semicircular
movements around  the
point. which is pressed
deeper and decper into
the narrow antero-iter-
nal portion of the sinus
tarsi, dividing the liea-
ment as it goes. The
joint opens incereasingly until the knife reaches well bencath the
head of the asteagalus in the anterior ealeanco-astragaloid joint @ the
head of the astragalus ean then readily be separated from the seaphoid
by passing the blade round it (Fig. 170).  The Tool can now he rotated
imwards as much as desired, by pressure of the opertor's thinnb
hookad aver its inner border where the bissaes of the sole are attoaehed
te the bones, from which they must next be Treed (Fig, 171).
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Freeing the Flap.—The caleancal eanal may be eleared safely
and without difliculty from the heel towards the toes, if eare is taken
lirst to clear the posterior surface of the os ealeis, and then to divide
the tendo Achillis at the extreme left of the wound with the point of
the knile [lat against the hone.
The operator can now depress the
heel, and holding  the foot  trans-
versely before him  (Fig, 471), he
follows the coneavity of the os ealeis
with his blade, the edge turned
slightly towards the bone, and care-
fully divides the sheath of the flexor
longus hallucis tendon beneath the
sustentaculum tali, as shown in the
figure.  Successive strokes ol the
knife are next made from the ex-
treme left to the extreme right of
the wound, the handle held lightly.

Fig. 172, turning in the surgeon’s hand as the
point follows the curve of the bone.

This method is more convenient than that shown in Fig. 472, in
which the operator faces the heel and [rees the flap from the toes
towards the heel.

To avoid these dillicult manipulations, Farabeul advises that fhe

-

Fig. 175

flapy be raised before disarticulation, as vepresented in Fig, 473, which
is horrowed from his book.  In this methad, as soon as the sole has
been eompletely incised, the surgeon picks up the postevior border



DISARTICULATION OF THE ANKLE 2058

of the flap, and shaves the os ealeis with his knife from behind
forwards.  The postervior portion of the Hap is raised first, and after
the tendo Achillis has been divided, the concavity ol the os ealeis can
be followed without dilliculty.  When the lap has been completely
raisedd  Trom  the  plantar
and internal  surlaces  of
the hones, disarticulation is
performed  from  the outer
aspeet of the joint as above
deseribed.

Resection of the Pos-
terior Tibial Nerve. In
the living this step is essen-
tial. The nerve is sought
for at the base ol the tlap.
between  the  tendons  of
Hexor longus  hallueis and Fig. 171,
flexor  longus  digitoram,
with a stroke or two of the director; it is then divided, and the
distal portion removed (Fig. Fi4).

TIBIOTARSAL DISARTICULATION
(Syme’s Amputation).

Anatomy.— The tibia and fibula, solidly united together, form a
socket beneath which playvs the astragalus.

The socket is formed above by the horizontal anferior surface of
the tibia, of which the posterior border reaches rather lower than the
anterior, and on either side by the malleoli passing downwards at
right angles to the inferior surface of the tibia,  The internal malleolus
1= formed by the tibia, the external by the fibula., The fibular
nulleolus reaches rather lower, and its axis lies a little hehind that of
the tibial malleolus.

The astragalus bears a nearly vertical articular facette on either
stide, at o blunted right-angle to. but  continuous with, the upper
articular surface,

The anterior lganments arve unimportant ;. the capsule is merely
reinforeed by a few libres beneath the extensor tendons and the tendon
of tibialis anticus,

The fateral ligamends arise on each side from the corresponding
mialleolus in fwo laygers @ o deep laver (astragaloid), stopping at the
astragalus, amd o superficial (trans-asteagaloid) laver, which passes
over Lhis bone to the os ealeis,

The trans-ustragaloid or superficial layer is Tormed on the outer
sidle: by the middle fascieulus of the external lateral Heoament, o
rounded,  cord-like  structure which runs obliguely  downwards  and
hackwards (nearly horizontally) : on the inner side by the fan-shaped
internal fateral ligament, which passes downwards to the os ealeis, the
caleanco-seaphoid ligaonent. the sheath of tibialis postiens, and the
seaphoid,
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The astragaloid or deep layer is formed on either side by two kinds
of fibres : slender anterior strands running to the neck of the
astragalus ¢ powerful posterior fibres passing to the tail of the
astragalus and to the groove for the flexor longus hallueis tendon.
Dyisarticulation cannot be completed without dividing these posterior
fibires,

The fendons on the lateral and posterior aspeets of the joint are :

1. The peroneal tendons lyving behind the external malleolus, and
curving forwards beneath it to the outer surface of the os caleis.

2. The tibialis posticus and flexor longus digitorum  tendons
behind the internal malleolus.

3. The flexor longus hallueis tendon passing nearly behind the
astragalus, and curving forwards beneath the sustentaculum tali.

4. The tendo Achillis, a wvery bulky tendon, passing to the
posterior surface of the os caleis. It is not attached, however, to the
upper quarter of this surface, being separated therefrom by a bursa.
On either side a flattened area separates the tendon from the malleoli.

Examination.—The tip and anterior border of each malleolus
must he palpated.  The line of the ankle-joint passes upwards along

Post, liofib, Ly,

fue. lat. lig.

H - Extl. faf. lig.
{nsfrag. porfiemn)

{preest, fersc, )

fat, far, lig.

~ Exef. daf, leg.
frupeesansirary,  prorfecRy

{mudiffe fusc).

sl |rl|'.|'|l|-'!!1_ 1'|’.|J|l', |r|'-|'f. e

Fig, AT8—The ankle-joint and the inderior tibiofibular articulation, scen from behind,

these two borders, and transversely between them beneath the anterior
border of the inferior surface of the tibia ; it can readily be felt by
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alternately flexing  and  extending  the joint.  In dorsillexion the
astraealond 'F'lll_”l;'_\' becomes hidden beneath the tibia @ in |.r|:l|||.'ll'
lexion it projects anteriorly.

The external malleolus is slichtly hehind the internal, and reaches
about a linger-breadth below it

Line of Incision. -\ number of dillerent incisions have heen
suggested. A flap may be emploved similar Lo that used inoa sub-
astragaloid disarticulation, but a finger-breadih shorier. The casies
procedure, however, as well as the best, is Syme’s amputation with o
heel Hap.

The incision commences one linger-breadth below the tip of the
internal malleolus, passes thenee vertically beneath the sole, and ends
just beneath the tip of the external malleolus.  On the dorsum of the
foot the heads of this U are united by the shortest route, and the
incision therefore passes about a finger-hreadth in front of the line of
Lhe joint.

\

L

Ty
:f.’-’

Feg, bt —=vme s ampuiatn, showing ihe outline of the Leel fop and thee lines ol

the =ub-plantor aml * eaiter ' incizicns,

The operation only gives a good rvesult il well-padded  plantar
skin is brought bencath the divided bones, and if the cieatrix is
definmitely superior,  If the condition of the skin does not allow of
this, it is better to perform a supramalleolar amputation (p. 133).

Principal Steps.—

. Division of the lateral and plantar skin,

. Division ol the dorsal skin, and opening the joint.

. Disarticulation, by section of the lateral licaments,

F. Division of the tendo Achillis, and decortication of the os caleis.
3. Sawing the bones,

Syvme’s knile is used. as for the subastragaloid disarticulation.

Division of the Lateral and Plantar Skin.—The assistant, stand-
g on the outer side, grips the base of the thigh between his elbow
and trunk. the knee nearly al a right-angle ;. then, holding the postero-
lateral surfaces of the limb in his hands, thumbs above, he presents
the leg in a horizontal position.
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The surgeon, placed at the extremity of the limb, seizes the toes
and heads of the metatarsal bones in his left hand, thumb beneath
the sole, and rotates the foot rightwards, in order to see to the left.
He then passes his right hand under the raised left elbow, and pierces

the tissues at the left extrem-
Vi ity of the U, knife perpen-
dicular to the sole, which
stands vertically before him.,
Cutting from left to right,
and at the same time rotating
the foot little by little to the
left, he passes to the right
extremity of the U, cutting
with sawing movements, and
dividing the tissues from end
to end of the wound dowen
fo  the bone, contact with
which should not bhe losi
during the incision (Figs.
177, 478).

The toes are next en-
trusted to the assistant, who
holds them wvertically with
his outer hand, while the
operator liberates about an
inch of the flap over the
lateral and plantar surfaces,
hooking it back with the left
thumb, and passing the knife
two or three times from left
to right, blade Hat to the
heel. between the left, plan-
tar, and right surfaces of the
bone and the deep surface
of the flap.  Ower these three
surfaces everyvthing must be
divided, including the lateral
tendons, until the posterior
tubercles of the os ealeis are
freed.

Dorsal Incision. — The

Fia. 479, assistant  lowers the leg to

an angle of about 45 with

the horizontal, and the surgeon grasps the dorsum ol the oot in his

left hand and places it in the equinus position.  The dorsal skin s

then divided with the full blade (Fig, 479, A), ending with the point,

handle below, and held like a violin bow (Fig., 79, 8). Skin and

tendons must be completely divided.  With the foot at a right-angle
to the leg, the incision should ceross the neck of the astragalus.
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Disarticulation.— At the level of the skin, retracted by the ulnar
border of the assistant’s
outer  haned,  the surgeon
(RERALS l"'l'ltl'l"\-i lhl' llu':"-;:li ””1.'
of the joint, transversely,
just below  the border of
the  tibia,  the  foot  n
copuinus @ the  astragaloid
pulley  then  comes  into
view., Hanked on  cither
side by the surfaces of
the malleoli.

The malleoli are nnited
to the tarsus by two liga-
mentous lavers: one super-
ficial, the trans-astragaloid,
which is attached below
to the os caleis: one deep.,
which is inseried into the
astravalus below and
behind  the corresponding
articular facette. The pos-
terior portion of the deep
plane is inserted into the
ail of the astragalus and
the groove for the tendon
of flexor longus  hallucis.,
This ligament is a powerful
one, especially on the outer
side.

The cquinus position
allows some plav in these
Joimnts, because the astra-
walus 15 broader in front
than behind, and in this
position, therelore, the
joint can be made to gape
on one side by carrving the
foot to the opposile side.

The opening is hroad-
est between the base of
the malleolus and the bor-
der of the upper surlace
aof the astrasalus, as ean
readily be understood, so
that the casiest way is to
procecd as represented for
the right side of the joint in
Figs, 182, 183,
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With the oot in equinus and twisted to the left, about an ineh of
Lhe Blade is introduced bLetween the astragalus and malleolus, edge
downwards (Fig. 482) ; the tissues are then divided, first over the
sidde of the astragalus, then over the side of the os ealeis. Under
pressure of the surgeon’s hand, the astragalus becomes dislocated and
rotates still further forwards ; the posterior fibres attached to the
astragalus can then be divided in a second stroke by thrusting the
knife still deeper (Fig. 453).

On the left side of the joint exactly the same steps may be taken,
with the foot in equinus and rotated to the right ; but a practised
operator employs the Tollowing more rapid and neater method —

Cutting away from him, he passes along the anterior border of
the malleolus from apex to base, dividing the anterior licaments from
without, first over the os ealeis, then over the astragalus (Fig. 480).
The articulation opens under the pressure of the left hand, and the
point can be thrust still further backwards to divide the posterior
astragaloid ligament (Fig. 481).

Operating in this manner, disarticulation can be completed with-
out change of position ; the joint is entered on the left by reversing,
the dorsum of the astragalus is followed transversely, and the knife
is then brought out on the right, in the order of Figs. 4801582,

Decortication of the 0s Calcis.—When the two malleolar joints
have been opened, the foot rotates freely ; pushing his left hand
forwards, the operator makes
the posterior extremity of the
os ecaleis project towards him,
together with the tendo Achillis
and the skin over it. Then
bv successive strokes of the
point, made with little sawing
movements—not too deep, in
order to avoid buttonholing
the skin—the os caleis is enu-
cleated, the blade held flat to
the bone, Tollowing first the
left surface, then the upper
surface (or the posterior sur-
face when the upper has been
cleared), and linally the rvight surface.  Each stroke of the knife should
be a semicireular one, shaving the bone closely, passing from the
extreme left to the extreme right of the incision, always at the same
depth, while the left hand twists the foot from right to left in order to
present the different surfaces in suecession to the blade (Fig. 484).

To decorticale correctly, the operator should pull on the foot as
well as depress it : and he must also remember that although the
skin is thick and protected by the tendo Achill s posteriorly, it is thin
at the sides. It is at the sides especially that an inexperienced
operator is likely to buttonhole the skin, and for this reason it is best
to free it from belore backwards early in the operation, after dividing

"
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the plantar skin, amd to divide the tendons at the sidde aoainst the
lateral surfaces of the os ealeis at the same time. I this precauation
has nol been taken, the skin at the sides is thrown into folds, and the
base of one of the folds may be perforated durving the manipulations
for enacleation above deseribed. 1T the operator is not sure of the
precision of his movements, the lateral borders of the Hlap should he
retracted.

Freeing the Bones up to the Point where they are to be
Sawn. — This is done, as in raising a enlf, in two semicirealar strokes,
one in front, the other beliind, the blade flat between the soft parts
and the bone, and passing round the bone from left to right (Fig, #85).

The retromalleolar tendon-sheaths are then divided longitudinally, so
that the tendons may be preserved in the flap. The operator next
leaves the extremity of the limb, and standing so that the feot lies to
his left. he divides the periosteum eircularly.

Sawing the Bones.—The internal malleolus is seized in its lony
axis by lion forceps @ it is a more solid structure than the external
malleolus.  (If Farabeuf's lion forceps are preferred, the smaller grip

should be used.) The bones are then sawn, with the hand above ; the
tibia is first attacked, then the fibula, and finally the tibia azsain
(Fig. 156).

The saw is applied at the level of the lower surfzee of the tibia,
just above the base of the malleoli, so that it passes beneath the little
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depression in the articular surface of this bone close to its junection
with the fibula. On the outer part of the tibia, therefore, a little
cartilaginous dise is left, and in the part removed there is a little hole
corresponding thercto. There is no practieal drawback in sawing the
bones two to three millimetres higher,

Fig, 157,

The heel flap fits the sawn ends of the bone very well as shown
in Fig. 487. It will readily be seen that the cieatrix, situated above
and in front. is protected from all pressure when the stump is used in
walking. The tendo Achillis reinforees the flap, to whieh it will be
adherent helow if the os ealeis has been shaved elosely enough during
enucleation, It is maintained in position by suturing it to the
anterior tendons.,



Cuaprer NXVII
DISARTICULATIONS OF THE KNEE AND HIP.

DISARTICULATION OF THE KNEE.

Anatomy. -There are two articnlations at the knee : (1) Between
the femur and patella ; (2) Between the femar and Libia,

1. Juoint betiweeen Femvr and Patella.—Into the base and borders of
the patella the fibres of the quadriceps tendon are inserted, and the
apex of the bone is attached by the bulky patellar ligament to the
tubrerele of the tibia.  In extension of the knee the patelia lies over
the thich, above the line of the femoro-tibial joint : in semiflexion,
the position in which the joint is entered, it lies tangentially to the
femoral condyles, and its middle part alone is incont act with bone,

2. Joint betiwween Femur and Tibia.—This is placed horizontally and
transversely between the femoral condyles (separated by a large eleft
posteriorly) and the upper surface of the tibia, to which are attached
the semilunar cartilages. There are in reality two tibial articular
surfaces and two interarticular cartilages, separated by the projecting
bifid tibial r-||liill".

Ligaments—1. The external lateral ligament, a thick. evlindrieal
cord running obliquely downwards and backwards from the tubercle
of the external condyle of the femur to the head of the fibula, holding
against the Temur the popliteas tendon, and related externally to the
deep surface of the bhiceps tendon, which, from the operator’s point of
view, must be considered with it.

2. Tie internal lateral hgament, a long flattened band running
obliquely downwards and forwards from the tuberele of the internal
condyle of the femur to the inner surface of the tibia, bencath the
insertions of the semitendinosus, gracilis, and sartorius,

These two licaments are free for some distance between the
titherele of the condyle and the line of the joint, and it is in that part
of their course, against the bone, that they must be divided ; for
below the femur they are adherent deeply to the corresponding semi-
lunar cartilages, which shoulid be removed with the tibia.

3. The anterior erncial haament, which passes froin in front of
the tibial spine very obligquely hackwards and upwards to the internal
surface of the external {'IIIIIfI\'ii'. In Nexion of the knee it rests
between the two points of the tibial spine, and in this position, using
the tibia as a block, it is easily divided transversely.

4. Tae posterior crucial Lhganent, passing from  the external
surface of the internal ('“I'I'll_".'Jl' of e Temar to Hhe 'HIHI[‘I‘iHJ" [yoarder
of the upper surface of the Ubia, e behind the spine, where il is
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inserted into o fairly large depression lying between the articular
surfaces. It may easily be divided transversely, therefore, if it is
approached from before backwards, against the posterior border ol
the bone, the blade nearly paraliel to the posterior surface of the
tibia (see Fig, 504).

3. The posterior ligament (with which are connected the semi-
membranous tendon and the sheaths and tendons of the mastrocnemninus )

Fig, 188, —~The knee-joint viewed from behind.

(1) Inper head of pastroepemiuz i (2 Semimembranosus 3  (3) Extenzion of the

semimembrenosns tendon ; (1) Cuter head of goastrocnemius ; () Dieeps ;  (6) Extoernal

lateral :E,_'.Illl':n'l; (7} Aremit |-'l;l|i.l1.||. Tt N ) | |_'||n|a'|i[r|-||- mitEcio,

surrounds the condyles posteriorly, and forms a resistant plane of
fibrous tissue reachng from the femur to the posterior border of the
upper surface of the tibia behind the posterior erucial Ii_-_?mllunlt.
Popliteal Vessels and Internal Popliteal Nerve—These lie in the
intercondyiar noteh elose to the posterior ligament.
Examination.—The edges of the patella are easy to feel and to
mark.  The hroad line of the joint between the condyles of the femur
and the upper surface of the tibia, its breadth corresponding to the
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thickness of the semilunar eartilages, may also readily be palpated by
making little movements of Hexion and extension.,

Line of Incision.—The cieatrix  must  lie posteriorly,  This
result may be attained by an elliptical incision. a very graceful one
to make, the upper extremity  being  situated  posteriorly, half o
diameter of the limb below the line of the joint, and the lower
extremity over the tibial crest, a full diameter below the joint line.
But if the ealf is thin and the knee laree, or if the skin is nod

sulliciently supple, it will be found difticult to reflect the anterior
skin, I should therefore advise an anterior flap in preference to an
ellipse.

The anlero-posterior diameler of the limb having been estimated,
the anterior Hap, which should be equal in length to this diameter,
is marked out by two svmmetrical lateral lines at the level of
the head of the fibula—a little bhehind the median coronal plane of
the limb, therefore—their upper ends one finger-breadth below the
articulation.

The two branches of the U are united transversely behind, so as
to leave a posterior flap cqual to hall the diameter of the limb,

Principal Steps of the Operation.

1. Division of the skin_ first in front, then behind.

2. Raising the anterior lap as far as the upper border of the
patella,

3. Opening  the joint transversely, beneath the apex of the
patella.

Lo Division ol the lateral licaments,

3. Division of the erncial ligaments.

G. Detachiment of the posterior ligament close Lo the tibia, and
completion of the operation by transfixion.

A knife with a blade 6 inches long s used,

One assistant, placed on the outer side of the thieh, is suflicient ;
but it is more convenient to have bwo,

Division of the Skin.—Standing al the extremity of the limb.
the operator scizes the foot in his left hand, the knee in extension, an
twists it to the right in order to see the left head of the U. where the

145
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point of the knife is applied, the blade at an angle of 457 (Fig. 490),
and drawn downwards along the corresponding branch of the Q.
After turning on the point (Fig. 491) in a rounded right-angle, the
surgeon crosses the limb anteriorly (Fig. 492) while it is held in the
normal position ;  then turning again (Fig. 493), he changes his

Fig, 4Mb,

i, 11,

position in order to face the righl surface. and twisting the limb to
the left (Fig, 4004), he passes upwards along the right branch or the U.

The skin is liberated by repeating the incision.  The operator—
now standing inside the right limb, but outside the left—next divides
the skin transversely on the posterior aspect of the limb from heel
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(point above) to point (handle above) of the kmle, The movement is
the same as in dividing the skin posteriorly after cutting an anterior
flap from the thigh, The surgeon can hold the foot himsell in his lefi
hand, but it is more convenient to entrust it to an assistant,

The skin must again be most carelully freed. especially at the
angles,

Dissection of the Flap.—The operator entrusts the fool Lo lis
assistant. who holds the limb in extension : then, taking the edge of the
flap in his own left fingers, he raises it in a hali caft for two or three
finger-breadths, with the blade flut to the bone (Fig, 195).

The assistant now takes the ap in his two hands, spreads it oul.,
and pulls it upwards (Fig. 196), while the operator holds the ankle
in his left hand an the normal position, and with violin-bow moyve-
ments of the knife, from left to rvight and from rviecht to left, divides
the white eonnective-tissue strands which appear between the osleo-
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aponeurotic surface and the Hap. The edge of the knife is turned o
little obliquely towards the tibia, and the limb is flexed little by little
until it reaches an acute angle. The process is continued until the
anterior surface of the
patella has been  bared
(Fig. 497), this being con-
firmed by little taps with
the back of the blade.

Opening the Joint.—
The edge of the knife is
now applied transversely
over the patellar tendon,
facing obliquely upwards
(Fig. 498), and the ten-
don is divided until the
blade is arrested by the femoral condyles (Fig, 499). As the assistant
continues to retract the Hap
the patella passes away from
the surgeon : and within the
joint, which opens before him
as the knee is flexed to s
maximum, the ligamentum
mucosum is seen.  This the
surccon divides, cither by a

Fig. 4975,

Fig, 198,

stroke of the point, or by
passing the blade transverse-
Iv behind it and bringing it
out edee upwards and to-
wards him.

The anterior portions of Fry, 409,
the condyles are now exten-
sively exposed, and the structures next to be divided are the lateral
and the crucial ligaments.
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Division of the Lateral Ligaments.—\With the knee Hesed nearly
to a richt-angle, the surgcon besins with the licament to his left, bend-
ing the knee to the right
by twisting the leg in that
direction with his left hand.
In myv opinion the best
course is  first  to divide
the antlerior }}lll"!iull of the
ligament with a stroke of
the  knife-point  over the
femoral condvle and above
the semilunar  eartilage :
this is not an essential step.
but it facilitates the sub-
sequent procedure. Then,
using the bone as a support.
amnd keeping a little above
the eartilaginons  border.
push  the blade as  far
backwards as possible, and
divide the remainder of the
lgament from the heel to
the point (Fig. 500). There
is no danger il the skin
has been sufliciently freed,
When the lisament on the
left has been  completely
divided, the leg is twisted
to the left. so bending the
knee in this direetion, and
the blade is passed round
the femur at the level of
the eartilage, ending with
the handle below, and di-
viding the licament to the
operator’s  right  over  the
condule, as  for back s
possibile, Trom the heel to
the point  of the blade
(Figs. 501, 502).

On hoth sides, while the
ligament is beinge  divided,
the knee is first held moder-
ately flexed, and the flexion
is gradually inereased until, Fia

-
=¥
af, =BT,

when  the posterior  fibres

are being divided, the joint is in acute Hexion.  While lexion is
increased. the leg is also inclined to the right when the left licamens
is divided, and to the left when the right licament is divided,
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It is most important that the skin should be freed very carefully
everywhere on the posterior aspect of the joint, and that the assistant

.‘"ru.l, ally,

crucial ligament appears, run-
ning nearly vertically upwards
from the posterior margin of
the tibia to the internal con-
dvle, It is divided with the
point, from left to right, close
tor the tibial border (Fig, 504),

Transfixion. — The tibia
now comes still further for-
wards, and the blade is passed
hehind it, flat against it, the
eidee  Tacing  downwards and
forwards.  The leg is then re-

should  retract it above the
condyles ; otherwise it will be
injured.

Division of the Crucial
Ligaments.—The operator, who
was  standing a little to the
rigcht of the limb, now resumes
a position directly opposite to
it. and removing his left hand
from the ankle, grasps the leg
posteriorly at the level of the
upper extremity of the tibia,
the thigh being presented at
an angle ol 45°, while the leg
hangs vertically.  With  the
left hand he pulls the tibia
straight towards him, and the
anterior erucial licament comes
into view, running nearly hori-
zontally from before backwards
over the upper surface of the
tibia and in the cleft of the
bifid spine. At this point it
is divided transversely, the
edge of the knife perpendicular
to the tibia, which serves as a
block (Fig. 503). The traction
being continued, the tibia can
now be dislocated completely
forwards, and  the posterior

articulated, the knee placed in extension, and the knife is brought oul
with sawing movements at the level of the skin posteriorly (Fi2. 505).
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For an artilicial apparatus which necessitates direet support, dis-
articulation of the knee often gives an unsatisfactory result 3 the thin
skin is compressed beneath the projecting condyles more than it will
sulfer.  The rvesult given by a transcondylar ampadalion is perhaps
hetter,  The operation is carried out much as has been deseribed, but
the Lateral incisions reach up to a point level with and just bhehind the
tubercles of the femoral condyles,  The condyles are sawn. aller dis-
articulation, and when the patella has been removed, a good fibro-
tendinons pad remains,

DISARTICULATION AT THE HIP.

This will only be deseribed briefly, to indicate the prineiples
involved ; it is not an © examination * operation, and a student would
hardly be expeeted to know more than the anatomy of the joint and
how best to enter it,

The prize method, in which a eandidate is able to show that he
can handle a knife neatly and safely, is disarticulation scith an anterior
Hap.

O the living, the rackel operation is to be preferred. with ligature
of the vessels before disarticulation, whether an external or an anterior
racket be chosen.  The chiel danger is from haemorrhage, either from
the smaller vessels or from the femoral artery itself. A very practical
method is first to perform a cireular subtrochanteriec amputation, and
make sure the vessels are adequately secured, then to elear the bony
stump and open the joint from the outer side.

It is this procedure that will here be deseribed, especially beeause,
in the dissceting-room. a disarticulation at the hip is never performed
except on subjects on which the thich has already been amputated
at a hicher or lower level.

,

The manipulations deseribed will be Tor the lelt side.  One assist-
ant, standing on the outer side at the level of the butltocks, is sullicient .

The thigh having been amputated, then, the operalor grasps the
anterior surface of the stump in his left hand, and slightly flexes and
adducts it. He then pierees the skin with the point of the knife down
to the neck of the bone, mid-way between the upper border of the
great trochanter and the iliae erest (Fig, 506), and draws the knile
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along the anterior border of the great trochanter and down the femur
as far as the eut surface of the thigh, The point of the knife should
never leave the bone from one end of the inecision to the other.

The assistant now seizes the lips of the wound, one in each hand,
and separates them, while the operator takes the divided end of the
femur in the large grip of Farabeufl™s lion foreeps.  The denuded outer
surface of the bone ean now be seen, and the rest of it is readily eleared
by drawing two or three strokes of the knife along it anteriorly from

_!'I.l'!lj_ .‘rll?l

end to end. and a similar number posteriorly, keeping in each ease
close to the bone (Fig. 307).

The anterior surface of the great trochanter, and the capsule
covering the head and neck of the bone, can now be seen @ posterioriy
those parts are still adherent to the museles of the buttock.  Two steps
AT NOW NEecessary,

1. Incision of the Capsule.—This is done at the middle of the neck,
with a stroke of the point parallel to the axis of the neck—obligquely
downwards and outwards, therefore. Extending the femur and rotat-
ing it outwards, the operator pierces the tissues as close to the ilium
as possible, so as to divide first the glenoid eartilage and then the
capsule, stopping only when the blade comes into contact with the
areat trochanter.

2. Division of the Two Lips of the Capsule. The two lips ol the
slit which has just been made are held tense by extension of the limb,
and must first be relaxed by flexion. They then separate, and leave
an interval on either side between them and the neck of the femur.
The two halves of the capsule must be divided along their insertion
into the intertrochanterie lines. The following description applies to
the left side :—

The thigh being flexed and slightly abducted, the point of the
knife is insinuated on the flat between the anterior surface of the neck
and the outer lip of the eapsule, edge towards the great trochanter, and
perpendicular to the axis of the neck (Fig. 508). When the upper
horder of the great trochanter has been passed, the handle is raised,
and the blade is engaged, still on the Hat, behind the posterior surlace
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of the neck.  The surgeon then makes a double movement @ with the
left hand he extends the femur and places it in addoaction and internal
rotation, so stretehing the outer lip of the divided eapsule, and tend-
ing to wedge the blade between it and the upper border of the hone,
while with the richt hand he lowers the handle of the koife towards

Fig, 508, —DPoint engaged between the neck of the femuae ol the owter lip of the
capsule. I the leg is vwisted to the befo and extended, while the vight Daod 13 deoppeed,
the capsile will be dividel.

him, aiming for the posterior border of the great trochanter. The
upper part of the posterior insertion of the capsule, and the trans-
verse portion of the liganment of Bigelow, are thus divided close to
the bone,  This manipulation resembles that in which the tendons
are divided behind the malleoli in a supramalleslar amputation
(sce p. 13H8).

The manauvre for division of the inner lip of the eapsule is
similar, but the inverse of that just deseribed. The handle ol the

P, 300 —=pction of the lesmentum teres ofter di=loeatinge thie hoad of tlee femm

by Mexion and addoction,

knife is lowered in order to pass the point on the (lat beneath the
neck @ the femur is then placed in extension, abduction and external
rotation, tending to imprison the blade, with its edege towards the
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operator, between the capsule, the neck, and the lesser trochanter.
at which level the capsule and vertical portion of Bigelow's ligament
are divided.,

On the right side, the process commences on the inner and finishes
on the outer side.

Fig, Bl —INvision of the remaining posterior portion of the capzale.

If now the flirst incision into the capsule has divided the glenoid
cartilage as well as the eapsule, the head of the femur becomes dis-
located forwards by the external rotation. The licamentum teres is
divided with a stroke of the point on to the head of the femur, which
serves as a bloek (Fig. 5309): and nothing remains but to bring the
knife out by shaving transversely the posterior aspect ol the neck of
the bone and the great trochanter (Fig, 510).
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from the question of Treatment, one may seek to arrive at an accurate forecast
of what will probably happen to the individual patient.
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The principal difference between a safe and a dangerous doctor 1s that
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In purely medical cases it is seldom that life and death hang on the
prescribing of a particular remedy. But it is too common for lives to be
sacrificed because a case ol .'Lppuun;lici[is., Cancer, mtestinal obstruction, or
empvema is temporized with until too late. On the other hand, to operate
needlessly is highly immoral and dangerous.
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the present time towards the formation of a sound judgement in dithcult
Cases.
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4 By EpMUND OwWEN, IF.IR.C.5., D.5c. (Hon.), Late Consulting Surgeon to
St. Mary's Hospital,

The object of this volume is to help in making early operation the routine
treatment of Appendicius. The author insists that safetv in the treatment of
Appendicitis can be obtained only by early recognition of the disease and by
prompt operation.
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L Dickie, F.R.C.S. (Eng.), Surgeon North Riding Infirmary, Middles-
brough ; Consulting Surgeon Eston Hospital ; and ErxeEsT Warp, M.A,,
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This unique work is not intended solely or even perhaps chiefly for the
Surgeon ; but will be found invaluable to the conscientious General Practi-
tioner, who is at any time liable to be confronted by emergencies demanding
surgical interference. It also enables Operating Surgeons who are unacquainted
with the details of Continental practice to compare those methods with their
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By RuTHERFORD Morisox, M.B., F.R.C.S. (Edin. & Eng.) Consult-
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4 rorD Morison, M.A.. M.B., F.RR.C.S. (Edin. and Eng.) ; Consulting
Surgeon Roval Victoria Infirmary, Newcastle-on-Tyne; Prof. of Surgery,
University of Durham; Examiner in Surgery in the University ol Liverpool.

The object of this volume is to elucidate those fundamental general
principles of Diagnosis and Treatment upon which all true Surgery must be
based. When these are clearly grasped—I{or they hold the kev to many a
difficult problem—ihe student and practitioner cease to be overwhelmed by
the otherwise seemingly endless complications which are often met with in
the wards, and in daily practice.















