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PREFACE

As a science Surgery is progressive; as an art it is under-
going constructive evolution. The teaching and practice of
Surgery must keep pace with the rapid advances that are con-
stantly taking shape, and as is only natural, the Indian Medical
Council, the various Universities and the Faculties of Medicine are
making increased demands on teaching centres, the courses of
instruction synchronise with the latest advances in the science.
This is indisputably true, and text-books must of necessity be
re-edited continuously.

With regard to the present book, I had held up the manus-
cript of the third edition until the ideas of various authorities had
become standardized as was bound to be the case, where all are
working for a common end. I found this essential at the present
time, owing to conflicting methods and was forced to delay pub-
lication to render the book of greater utility to teachers, pupils
and practitioners.

The study of anatomy is the landmark of the Renaissance of
medicine, and gross anatomy in its relation to surgery, particularly
to operative surgery, has a most practical and direct bearing on
the subject. In schools of medicine, the department of Surgery is
responsible for the proper approach to gross anatomy. With
these ends in view, I have attempted to deal in detail with
regional, topographic and organ anatomy, elaborating surgical
approaches in sequential order to pathologic conditions for which
particular operations are planned. It is my hope that this will
help the student to anticipate and visualise matters, and infuse in
the practitioner a sense of confidence and preparedness to meet
eventualities and unforeseen conditions in the wards and operating
theatres.

I have felt it incumbent on me to introduce much additional
matter in every chapter and also to add new chapters. For
instance new matter will be found in the chapters on operations
on nerves, muscles, bones and joints. New chapters on the
surgery of the Central and Sympathetic Nervous Systems and the
Thorax have been introduced, and several additional chapters on
Abdominal and Urogenital Surgery have been added. The last
chapter in the text is on Electrosurgical methods of operation.

Tropical Surgery has become more or less a special branch
and this is why the short chapter on this has been deleted and
references in the text made to my book on Tropical Surgery and
Surgical Pathology (John Bale Sons & Danielsson, London). I have
had to introduce many additional illustrations, 108 in number.
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These have been kindly lent by the publishers of Bickham’s
Operative Surgery (an encyclopedic work of a very high
standard), Prof. Wilkie’s book on Operative Surgery, Operative
Surgery by Grey Turner, Callander’s Surgical Anatomy, Jaime-
son’s Illustrations of Regional Anatomy, Nelson’s Loose-leaf
Surgery, Straub’s Surgery of the Chest, Gask and Ross’ Surgery
of the sympathetic nervous system.

Due acknowledgement has been made in the text for any use
that has been made of these authorities but should there be an
inadvertent omission, I hope it will be kindly overlooked.

I desire to express my sense of appreciation of the help
rendered by two of my younger colleagues of the Department of
Surgery, Carmichael Medical College, Mr. Amiya Sen, M.B.,
F.R.C.S., has made various suggestions and looked through
manuscripts and proof sheets. Mr. P. N. Ray, M.B., F.R.C.S,,
who is also connected with the Calcutta Medical College, rendered
me assistance in the early stages of the book. One of my former
House Surgeons Dr. K. M. Seal, M.Sc., M.B., has been good enough
to help me in the labour of writing and arranging the press matter
with my Publishers.

T also take this opportunity to thank my publishers, Messrs.
Butterworth & Co., for rendering me very valuable services in
many ways. Indeed Mr. Judson’s patience and courtesy has been
of a character that only a hard pressed author can properly
appreciate ; more particularly when authorship conflicts with the
calls of practice.

K. K. C
Woop STREET, CALCUTTA,

3rd August, 1936.
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CHAPTER 1
GENERAL PRINCIPLES

The responsibilities of an operating surgeon are as much shared
by his assistants as the credit of a satisfactory result from it. The
operator uses his judgement and discretion in selecting his assistants,
—the personnel of his team. For efficient and successful team-
work there should be a sense of mutual understanding and co-
operation between them. From the time of the preparation of the
patient to the completion of the operation and subsequent dressing
of the wound, asepsis and antisepsis have to be maintained, and
all possible sources of sepsis should be eliminated by the united
efforts of all concerned. A careful study of the clinical conditions
and a consideration of indications and contra-indications for opera-
tions, attention to the minutest details of technique, untiring
patience and thoroughness will help to bring the operation to a
successful issue. These are moments of intense concentration when
each one of the operating team exerts all his faculties and instincts
to attain one goal, that is, completing the operation with quickness
and thoroughness. The object of an operation is to do the patient
the greatest good as expeditiously and with as little damage to the
tissues as possible. The best assistant is he who knows how to
get surgically clean and keep clean, is foresighted and resourceful
and is steady and patient. Such an assistant has learned to obey ;
he is quick but not in a hurry ; he does his part but is not meddle-
some ; he keeps the field of operation clean but his hands away
from it. He knows the stages of operations, anticipates events,
follows the operator at every step, and has the right thing ready
at the right moment. He understands the operator’s unspoken
language.

The operator is quick, cool and deliberate, but he does not
sacrifice details thoroughness and conservation of tissues for speed,
yet he does not prolong his operation due to dilatoriness, wavering
or indecision. He knows every step of the operation. He knows
what he may find and what he may not find. He follows a definite
plan for each operation. Each operation consists of units, steps or
stages, each unit should be complete and satisfactory, so should be
the aggregate of the units constituting the complete operation.
This is achieved by simplicity and directness of purpose in personal
technique, calmness and patience under most trying circumstances,
attention to detail by each unit of the operating team.

A patient is safer in the hands of an apparently timid and
painstaking surgeon than in those of a bold, destructive operator.
Boldness is an asset but it is the judicious boldness that comes
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from a close study of the case, a thorough knowledge of anatomy
and a genuine inspired confidence in the surgeon himself.

Consistent with the nature of the case the operation should be
performed expeditiously because prolongation of the operation
means prolongation of the anszsthesia, of exposure of tissues, of
trauma caused by retraction, manipulation and handling of struc-
tures which affect prejudicially the end results of the operation and
the patient’s recovery. The desirable acquisitions for a surgeon
are ‘ the eye of an eagle, the hands of @ woman’ and ‘ the soul of a
man ’,

THE KNIFE AND ITS MANIPULATIONS

The knife is meant for cutting the skin and deeper structures.
The skin incision is the key to the further stages of the operation.
It should be made in such a way that the position, direction and
length of the incision allow free access and facilitate further stages
to the operation. The margins should be clean and not ragged and
the depth should be uniform throughout, i.e. there should not be
any ‘ tailing ’ of the ends. The cut margins should come together
naturally when closing the wound. In order to attain these the
knife should be held first in the stab-incision position at right angles
of the skin which punctures the skin for its whole thickness,
then the knife is lowered so that the edge is at an acute angle with
the skin ; the knife is now held in a dinner-knife position (F4g. 1)
and the whole length of the skin incision is made with a sweep of
the belly of the knife but just before completing the incision the
first stab-incision position is resumed. The knife therefore enters
the skin in the stab-incision position, changes to dinner-knife
position and reverts to stab-incision position.

The knife is to be manipulated in different ways for further
stages of the operation. It should be held in the pen-holding
method (Fig. 2) for careful dissections and separation of delicate
structures. By violin-bow method (Fig. 3) a more delicate and

Fic. 1. Fic. 2.

Fic. 3.
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controlled belly-sweep of the knife is used by which one can judge
the force exerted and the depth of the desired incision. The stab-
incision method is useful for the skin incision, for cutting through
hard tissues such as the sole of the foot or when cutting through
soft tissues down to the bone.

THE SKIN INCISION

Steady the skin with the left hand by stretching it between
the forefinger and the thumb, otherwise the edges will be serrated
particularly in lean individuals. Avoid superficial veins as far as
possible. The incision should be longer in fat patients. The in-
cision should expose the involved regions freely, give free access
to the parts and facilitate freedom of manipulation. A free incision
will conserve tissues from avoidable damage as is sure to happen
if manipulations have to be made through restricted skin opening.

INCISION FOR DEEPER STRUCTURES

The deep fascia and soft parts should be incised for the whole
length of the skin wound, otherwise it will result in a funnel shaped
wound. These incisions should be made in the line of cleavage
of the structures, layer by layer, as far as possible ; cutting across
muscle fibres should be avoided as much as possible. Incision
should be clean cut, blunt dissections should be avoided.

SUTURES AND LIGATURES

Sutures are used to bring into apposition structures or tissues
which are separated due to pathological or traumatic causes, or
in the course of surgical operations. The function of sutures are
mechanical and temporary, to keep the separated parts in contact’
till a natural tissue-union takes place and the réle played by sutures
is completed ; some sutures are absorbed and non-absorbable
sutures are removed if they keep irritating or offending the tissues,
otherwise they are allowed to get incorporated in the tissues. The
length of time required for tissue-union and absorption of the suture
material varies and it is desirable to see that the material selected
for suturing correspond with the anticipated time of tissue-union.
Another function of sutures is to counteract the strain due to
muscular and mechanical movements exerted on the parts that are
brought together. The principles of suturing are that they should
hold the parts in easy but secure apposition, i.e. they should not
strangulate or cause tissue necrosis either directly or indirectly.

Sutures may be applied to deeper structures like muscles, pleura,
peritoneum, etc. or to superficial tissues like the skin, subcutaneous
tissue and fascia. For surface sutures non-absorbable material may
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be used but for approximation of deeper tissues sutures should be
sterilizable, non-irritating and absorbable.

Ligatures are materials used to tie parts such as pedicles, to
obliterate lumens such as of vessels (to arrest hamorrhage), the
appendix etc.

Sutures and Ligatures are classified by Pearson as follows :—

(1) Absorbable and absorbent: Catgut, Kangaroo tendon
(also reindeer, whale and ox tendons).

(i1) Non-absorbable :—

(1) Non-absorbent : silver, gold, aluminium, aluminium-
bronze and other metallic threads, silkworm-gut.

(2) Absorbent : silk, Irish linen thread, Pagenstecher’s
or Braun’s thread which is celluloid hemp ;
horsehair.

SILK

Silk obtained from the cocoon of the silkworm is a non-
absorbable suture material. It may be twisted or braided, white or
dyed black. They are of assorted thickness and are numbered 1
to 20 according to increasing thickness. Silk suture is sterilizable
by boiling in water or in 1 per cent. watery solution of sodium car-
bonate. Fine silk is mainly used for intestinal sutures for which the
black dyed variety is often selected. Thicker silk is sometimes used
for buried sutures, pedicles and large vessels but absorbable sutures
are fast replacing silk even for these purposes.

CATGUT

Catgut is strictly speaking a misnomer, because it is made not
from the gut of the cat, but of the sheep. The submucosa of the
small intestine of the sheep 1s obtained by macerating and treating
the gut and spun into threads. It is arbitrarily sorted in fourteen
sizes from 000000 up to 8 according to its thickness but the sizes
that are ordinarily used are 00, 0, 1, 2, 3, and 4. Surgeons prefer
to use the thinner qualities of catgut as they tie more securely and
are less liable to carry infection as the preparatory solutions per-
meate these more satisfactorily than the thicker varieties.

As catgut cannot and should not be sterilized by boiling in
water, various other methods of sterilizing have been devised.

The tendency of catgut to cause suppuration is lessened by
using treated catgut than by using plain sterile catgut. Catgut 1s
sterilized by the iodine method, cumol method, formalin method,
etc.

Catgut may get absorbed sooner than it is desired, particularly
the plain sterile catgut. The period of absorption is generally
prolonged by treating with iodin, ete. but it is further prolonged
by treating it with a solution of chromic acid. The tensile property
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of catgut may be affected by the treatment it is put through.
Catgut is not used for skin sutures as the material used for this
purpose should be least absorbent and they need not be absorbable
as they can be easily removed after the requisite number of days.
For apparent reasons catgut is preferable to silk in septic wounds.

KANGAROO-TENDON

Kangaroo-tendon is made from the tendo-achilles or the tail
of the Kangaroo. It is absorbable like catgut though it takes
longer time ; it is stronger and is less liable to harbour organisms.
It is sterilized by chemical solutions as it cannot be sterilized by
boiling.

SILKWORM GUT

Silkworm gut is again a misnomer, as it has nothing to do with
the gut of the silkworm. It is a fibre drawn out from the silk-
worm when it is just ready to spin its cocoon. The silk-forming
gland of the silkworm is stretched and straightened and allowed to
dry. It should therefore be called ‘ silkworm suture ’ or ‘ silkworm
fibre ’. It should be sterilized by prolonged boiling in water or
steam-sterilized under pressure. It is white in its natural stage
but is often dyed blue, red or green for easy identification. Silk-
worm gut is supplied in three strengths, strong, medium and fine.

HORSE HAIR

Black hair from the tail of horses is used. It is non-absorbable
and is sterilized by boiling. It miniizes scarring.

PAGENSTECHER’S THREAD

It is prepared by immniersing linen thread in celluloid solution.
These are made in three qualities, fine, medium and heavy. It is
sterilized by boiling but is liable to become brittle if boiled too
often. It is used for the same purposes as silk but is smoother

and very much stronger.

METALLIC WIRE SUTURES

Silver wire is made from pure un-alloyed silver. It is advisable
to sterilize it by passing it through flame to red-heat as it anneals
it and makes it less brittle. It isused in bone-surgery and the ideal
method is to remove it after union takes place. Strong silk-worm
gut suture very often serves the purpose. Aluminiuni wire is used
for the same purpose and are now being largely used as it is absorbed
though after a varying and uncertain length of time. Either pure
aluminium or aluminium-bronze is used. It is sterilized by boiling.
Gold wire and other metallic wires are also used.
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WOUND SUTURING

Sutures are meant to bring into apposition structures anatomi-
cally and functionally similar which were temporarily divided.
For instance while closing an abdominal wound (in the case of a
medial laparotomy wound), the structures to be united layer by
layer are peritoneum to peritoneum, deep layer of rectus sheath
to the deep layer of the sheath, rectus to rectus, superficial layer of
rectus sheath to the superficial layer, fascia to fascia and skin to
skin.

The approximation should be accurate and there should not
be undue tension on the parts. This temporary approximation
should be such as to lead to a permanent tissue-union which would
be mechanically and functionally strong and bear the strain satis-
factorily.

Too close and too tight approximation defeats the objects in
view by causing tissue-necrosis. This should be remembered in
skin-suturing and allowance should always be made for the pre-
liminary oedema and swelling of the parts.

Some tissues undergo tissue-union more readily than others,
for instance endothelial tissue unites in twenty-four hours, that is
why very fine absorbable sutures are used for peritoneum, pia
mater, pleura, ete. Tissues also vary in their power of absorbing
absorbable suture material.

DIFFERENT METHODS OF SUTURING WOUNDS
1. THE INTERRUPTED SUTURE

The threaded needle enters the skin about 1” from the margin
on one side of the incision, enters the raw surface of the other side
of the cut margin also }” away and emerges upon the skin and the
two ends are tied off on one or the other side of the incision by
a double knot or a friction knot (see LIGATURES). Interrupted
sutures may be for deeper structures, buried sutures and for the
skin. The interval between each stitch depends on the tissues
apposed. This is the safest and best method of suturing. (Fig. 4.)

Fic. 4.
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2, THE CONTINUOUS SUTURE

It is begun by making a stitch at the near end of the incision
and knotting it off. It is carried from side to side 3" to 4" from the
margins adjusting the tension accurately by pulling up each loop
in turn till the far end of the incision is reached where it is com-
pleted by securing it with a knot. The only advantage of this
suture is that it is rapid. It is used in suturing serous membranes,
ete. (Fig.5.)

Fic. 5.

3. THE CONTINUOUS BLANKET SUTURE

It is a continuous suture in which each loop is caught up with
the needle as it passes. The needle passes through the line of
the incision at right angles, and, after piercing, passes over the
suture, while it is held down on the side of the emerging needle
under finger of the opposite hand. (Fig. 6.)

Fia. 6.

It is a right-angled method of continuous suturing. It is
commenced with a knot and completed by tying the looped end
with the free end.

4. SUBCUTICULAR CONTINUOUS SUTURE

The advantage of this suture is that it minimizes skin in-
fection and scarring. The disadvantage is that if it gives way
at one spot the whole suturing is rendered useless. The needle
enters the skin 1” from the margin and pierces the deeper layer of the
skin and subcutaneous tissue of the wound from side to side for
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the whole end of the wound. The free ends of the suture are left

outside the wound and pulled taut to approximate the edges.
(Fig. 7.)

Fia. 7.

MANNER OF PLACING THE SUBCUTICULAR SUTURE :—Having
anchored the end of beginning, and brought the suture into the wound, the
needle then passes through the resistant layer of the true skin, alternately
upon the two sides near to, and paralleled with their surfaces—while the
margins of the skin are held in easy relationship for the on-coming needle,
by means of special skin-forceps—the opposite borders of the wound being
presented in alteration.

5. TENSION OR RELAXATION SUTURE

If there is a tendency for the wound to gape due to tension,
interrupted tension sutures or mattress sutures are applied. The
interrupted tension sutures (Fig. 8) are applied alternately with the
ordinary interrupted approximation sutures. Mattress sutures are
applied by inserting the needle about $” away from one margin of
the wound and emerging it at a corresponding point on the other
side ; it is then carried in a rectangular fashion, parallel to the
edge of the wound for about 3", made to enter again and emerge
through the former edge of the skin about ” from the point at
which the free end of the suture is lying and tied off there. Split
shots, buttons, glass rods, rubber tubings, etc. are sometimes placed
under the tension sutures to take off undue strain on the punctures.

6. METALLIC SUTURES

Michel’s suture clips and other devices have been introduced
for suturing skin. They leave less linear scars and allow escape
of sertun and fluids without capillary or other drainage.
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LIGATION OF ARTERIES

Divided ends of arteries are ligatured to arrest hamorrhage.
The vessel-end is picked up in its axis and secured by hamostatic
forceps and the part of the vessel just proximal to the tip of the
forceps is tied by a reef-knot or surgical knot.

Arteries are also tied in its continuity but the indications for
this form of ligation of vessels are getting less with the advance of
the knowledge of surgerv and improveinents in surgical technique.
This is however freely practised on the cadaver.

The chief indications are :—

1. Aneurvsms—the artery is ligatured either
proximal or distal to the aneurvsm.

2. As a preliminary step to some operations for
the arrest of heemorrhage, e.g., the common carotid is
tied before the removal of the upper jaw or of a parotid
tumour, the lingual arteryv before excision of the

tongue.

3. In some cases of primary or secondary
hemorrhage.

4. To arrest hemorrhage from malignant
tumours.

The following are some of the methods of applying ligatures.
Items of importance are the knot and knot-tying. The ligature
should be of sufficient length so that while manipulating it and
tying the knot a suflicient length is available for a purchase in the
palms of the hands besides the part actually required for applying
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the knot on the vessel. The knot should be so constructed that
it should be able to counteract the factors which tend to loosen,
undo, or slip it.

In tying a knot the ligature has to be twisted. A half-hitch
means twisting one end of the ligature completely round the other.
On the manipulation or disposition of these half-hitches depends
the quality and strength of the knot.

THE FALSE OR ‘ GRANNY '’ KNOT

The false or * granny ’ knot should not be practised in surgery ;
this can easily be untied as in this the loop of one knot passes in
front of one limb of the ligature and behind the other; in other
words the two half-hitches are made in the same direction.
(Fig. 9.)

Fic. 9.

THE REEF-KNOT OR THE SQUARE KNOT

The loop of the knot passes in front of both the limbs of the
ligature at one end and behind both limbs of the ligature at the
other end, i.e. the second half-hitch is the reverse of the first one.
(Fig. 10.)

Fic. 10.
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A FRICTION-KNOT

A friction-knot is made by carrying the ligature twice round,
i.e. by making a double hitch.

A TRUE OR SURGEON’S KNOT

A true or surgeon’s knot is made by making a friction knot and
completing it by applying the second stage or phase of the reef-
knot. (Fig. 11.)

Fic. 11.

For pedicles of organs such as the kidneys, testicles, spleen,
etc., of growths (neoplasms), for excision of tissues and structures
such as the omentum, mesentery, etc., the ideal surgical method
would be to ligate the individual vessels and structures constituting
the pedicle independently, but as it is not always possible the
following methods and their modifications among others have been
devised for the purpose.

TRANSFIXING LIGATURE

Pass a looped ligature through the middle of the pedicle by
means of a blunt needle or a fine pair of forceps avoiding vessels
while doing so ; pull out the loop and divide it and tie the two half-
sections of the pedicle separately and finish up by taking the ends
round the whole pedicle and tying it. Each half of the pedicle has
a separate ligature and the whole pedicle has another one. Large
pedicles may be taken in three sections or tied by interlocking
ligatures described later.

STRAFFORDSHIRE KNOT LIGATURE

Pass a double ligature through the pedicle. Pass the loop
over the organ or growth and then pass one of the ends of the
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ligature above the loop and the other below. Pull the ends of the
ligature tight and tie. Bring the ends of the ligature round and
tie again, if necessary. (Fig. 12.)

Fia. 12.

INTERLOCKING OR CHAIN LIGATURE

This is suitable for large or thick pedicles, for omentum,
mesentery, etc. Pointed h@mostatic or other forceps are passed
through the tissues and loops of ligature are drawn through from
the less accessible to the more accessible side. These loops are
divided at their domes so that each one forms two units ; then the
adjacent limbs are interlocked so that one limb of each loop crosses
the adjacent limb of the neighbouring loop and each ligature is
tied by the limbs of its own loop.

In the ligation of arteries certain general rules are followed and
the steps of the operation are as follows :

OPERATION

Position of the Patient. The patient and the operator
should be in such positions as to ensure easy access to the field
of operation. The operator ordinarily stands on the side of the
patient to be operated on and places the limb or the part in such
posture as to mark the anatomical line of the artery easily.

The Line of Artery. This is to be ascertained by means
of anatomical points and marking these after placing the part or
limb in the necessary position, e.g. turning the head on one side
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or the other, placing the hand or leg in an extended, flexed, or
abducted position.

The Incisions. The method of making the skin incision
has been described. Make the incision sufficiently long, i.e. long
enough to bring clearly into view the deeper parts of the field of
operation. Avoid superficial veins as much as possible.

Divide the deep fascia or aponeurosis in the line of the skin
incision and for the whole extent of it. This exposes the under-
lying soft structures, muscles, tendons, etc. ; identify these and the
intermuscular spaces and septa. Separate these for the full extent
of the incision and if necessary change the position of the part or
limb to relax the muscles.

Retract the skin, subcutaneous tissue and muscles to get a
good view of the depth of the wound. If the incisions are made
as describad above, the wound will be of uniform length throughout
and not funnel shaped.

Exposure and Identification of the Artery. Feel for the
artery with the finger, it would feel like a thick, elastic thong
with an axial depression in the centre, i.e. the margins will feel
thicker than the middle part if palpated along the length of the
artery. The vene comites may be seen and the discerning eye
might see the vasa vasorum.

The nerves are uniformly rounded and thick like a cord. The
veins are correspondingly larger, they are thinner, less elastic and
easily compressed.

Opening the Sheath. Pick up the sheath with a pair of
dissecting forceps in the centre or middle line of the artery so
that the fold of the sheath is at right angles to the long axis of
the artery. Hold the knife in the violin-bow position in such a
way that the flat surface of its blade is parallel to the vessel wall
and the edge at right angles to the fold and make a nick or open-
ing in the sheath for about 5 to 10 m.m. according to the size of
the artery.

Passing the Ligature. The cellular space between the
artery and its sheath is now in view; keep holding on to the
sheath with the forceps with the left hand and with the unthreaded
aneurysm needle held by the right hand clear this space all round
the vessel. Commence from your side and clear it half way to-
wards the deep aspect of the vessel and then working from the off
side down till the whole circumference of the artery is cleared of
its sheath and the needle emerges from underneath the artery ;
about one centimetre of the artery is cleared.

In order to tie the ligature pass the aneurysm needle unthreaded
from the more dangerous side, i.e. the side on which veins, nerves,
and other structures are in close relation to the artery to the free
or less dangerous side but always from the side of the forceps
holding the sheath. Move the needle gently from side to side to
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make sure that it is resting quite free. Thread the needle as its
tip and eye emerge, hold one end of the ligature and draw the needle
back gently with the other end.

Tying the Knot. Take the two ends of the ligature in
either hand, get a good hold of it in the palm and tie the first
phase of the surgical knot and in doing so let the tips of the two
forefingers meet upon the artery and to tighten it either let the
distal knuckles of these fingers come in contact or use the two
thumbs for it ; now complete the second phase of the knot simi-
larly. The ligature should be exactly at right angles to the long
axis of the artery.

Comment :—1. Some prefer using a reef-knot.
2. The knot should be tight enough to obliterate the
lumen but not tighter. 3. Do not pull the artery
out of its bed. 4. Do not use force but pull steady.
5. Cut sheath with exact precision holding the flat
surface of the knife parallel. 6. Do not release hold
on the sheath till the ligature is pulled through. 7.
Hold the needle always at right angles to the long axis
of the vessel. 8. Do not be too anxious to separate
the vene comites ; some transverse branches may be
cut and the oozing obscure the view. These vene
comites are present in the arteries of the leg below the
knee, the arm, forearm, and hand; in the smaller
arteries of the trunk, the pudic, deep epigastric, deep
circumflex, and the internal mammary. The arteries
of the head and neck have accompanying single veins
excepting the lingual.

Fra. 12A.



CHAPTER 11

LIGATION OF ARTERIES
PRELIMINARY REMARKS

In ligaturing an artery in its continuity : (1) Define the
anatomical landmarks and the line of the artery. (2) Make the
incision. (3) Expose sheath. (4) Pick sheath up with dissecting
forceps. (5) Hold scalpel by the violin-bow method with the blade
parallel to the sheath (Fig. 3) and make a small nick in it just
enough to pass the aneurysm needle and the ligature conveniently.
(6) Pass the unthreaded needle from the side of the artery which
has important structures close to it, towards the opposite (less
dangerous) side, thus avoid injuring these structures or including
contiguous structures in the ligature. (7) Thread the needle and
bring it back. (8) Tie a reef or surgical knot (and in doing so,
pass the tips of your forefingers down to the vessel) tight enough
to obliterate its lumen but not tighter. (9) Do not pull the artery
from its bed. (10) Do not jerk. (11) Do not use force but pull
steadily, the ligature will not snap then. (12) Do not use ligature
too thin, it might cut through the coats of the artery.

ARTERIES OF THE UPPER EXTREMITY

SURGICAL ANATOMY
THE SUBCLAVIAN

The Subclavian arises on the right side from the innominate,
behind the right sterno-clavicular articulation and on the left side
at a slightly lower level from the arch of the aorta. It becomes
axillary at the outer (lateral) border of the first rib opposite the
middle of the clavicle. The scalenus anticus (scalenus anterior)
divides the subclavian into three parts: the first part, from the
origin of the artery to the inner (medial) margin of the scalenus
anticus (scalenus anterior), the second part, behind that muscle,
and the third part, from the outer (lateral) margin of that muscle
to the outer margin of the first rib.

THE AXILLARY

The Axillary is divided into three stages : the first stage, from
the outer border of the first rib to the upper border of the pectoralis
minor, the second stage, behind it and the third stage, from its
lower border to the lower border of the teres major. (Fig. 13.)
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Frae. 13.

SURFACE MARKINGS OF THE ARTERIES OF THE UPPER
EXTREMITIES.

THE BRACHIAL

The Brachial extends from the lower border of teres major to
a little below the middle of the bend of the elbow. The ulnar and
the radial, the terminal branches of the brachial, commence at the
inner side of the neck of the radius. (Feg. 13.)

THE ULNAR

The Ulnar artery ends by passing over the anterior annular
(transverse carpal) ligament at the wrist to form with a branch of
the radial, the superficial palmar (volar) arch. (Fig. 13.)

THE RADIAL

The Radial artery terminates by passing backwards over the
radius above its styloid process to reach the dorsal surface of the
hand ; it then passes between the two heads of the first dorsal
interosseus muscle to enter into the formation of the deep palmar
(volar) arch. (Fig. 13.)

INDICATIONS FOR LIGATION

The following are the main indications for ligaturing the
arteries of the upper extremity — '

(1) Hemorrhage from an injured artery (due to fractures,
dislocations or wounds). (2) Secondary hemorrhage. (3) Aneurysm.
(4) Preliminary to amputations, etc. (5) In vascular sarcomata, to
check its growth and arrest heemorrhage.



Fi1a. 14.

LIGATION OF THE SUBCLAVIAN ART. (RIGHT).

To , ce page 17.
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LIGATION OF THE SUBCLAVIAN ARTERY
(In its third part)

POSITION

Dorsal position on the edge of the table. Raise thorax, turn
head on opposite side, depress shoulder by pulling arm down along
the side of the body. Stand facing the shoulder. An assistant
stands between the head and the shoulder of the same side.

SURFACE MARKING

The cervical course of the subclavian artery is represented by a
curved line from the sterno-clavicular joint to the mid-point of
the corresponding clavicle, the convexity of the line extending
upwards into the supra-clavicular fossa for about £” to 1” above
the clavicle. The outer (lateral) border of the scalene muscle
usually corresponds to the outer border of the sterno-mastoid
(sterno-cleido-mastoideus) muscle, and consequently the third part
of the subclavian artery is represented by that part of the curve,
which lies between the outer border of the sterno-mastoid and the
mid-point of the clavicle. It is ligatured in the third part.

OPERATION

Draw down the skin over the posterior triangle of the neck
with the left hand to avoid wounding the external jugular vein.
Make an incision from the outer margin of sterno-mastoid (sterno-
cleido-mastoideus) to the inner (medial) margin of the trapezius
(base of posterior triangle), through the skin down to the clavicle,
about 3” long ; allow the skin to retract ; the wound is now seen
half an inch above the clavicle. This incision cuts through integu-
ment, platysma and some supra-clavicular nerves and exposes the
deep cervical fascia. Divide this in the whole length of the skin
incision. Retract external jugular vein or cut it between two
ligatures. Define outer argin of scalenus anticus (scalenus
anterior) and omohyoid, seek with the finger for the scalene
tubercle of the first rib and the vessel as it rests on the rib. Expose
the lowest cord of the brachial plexus by dissection. The sub-
elavian vein lies at the lowest part of the incision. The transverse
cervical and the supra-scapular (transverse scapular) arteries may or
may not be seen. Pass needle from above downwards and from
behind forwards, avoiding the subclavian vein below (Fig. 14).

Comment :—(1) Draw down the skin and cut
down on the bone. (2) Do not prick or scrape with
the knife. (3) Do not pass the needle from below,
you may include the lowest brachial cord. (4) Do not
injure the subclavian vein. (5) Do not injure the
pleura.

)

p4



18

COLLATERAL CIRCULATION

(1) Supra-scapular (transverse scapular) from thyreoid axis
(thyreocervical trunk) and posterior scapular (descending branch)
from transversalis colli (transversalis cervicis) with acromio-thoracic
(thoraco-acromial) and subscapular from axillary. (2) Superior
intercostal (costo-cervical) aortic intercostal and internal mammary
with long thoracic (lateral thoracic) and subscapulars.

LIGATION OF THE AXILLARY ARTERY
SURFACE MARKING

Take a point at the middle of the clavicle. Divide the space
between anterior and posterior folds of the axilla vertically into
threc parts. Take a point at the junction of the upper third with
lower two-thirds of this line. Join the point at the middle of the
clavicle to this point. This line represents the linc of the artery.
This artery is ligatured in its first part or third part (see Fig. 13).

A. Inthe First Part of the Artery
POSITION

Same as for ligation of the subelavian artery : do not depress
shoulder but let the arm lie along the side of the body.

OPERATION

A curved incision with the convexity downwards is made,
three inches in length about half an inch below the clavicle. in such
a way that the centre of the incision is opposite the centre of the
clavicle. The skin for this incision need not be pulled up or down,
as there are no veins of any importance lying under the superficial
structures. The skin, superficial fascia, platysma. and deep fascia
are divided, and the clavicular head of the pectoralis major muscle
is cut for the entire length of the wound. The costo-coracoid
membrane (coracoclavicular fascia) is seen and the cephalic vein
noted as it comes inwards (medialwards) in the groove between the
deltoid and the pectoralis major muscles piercing this membrane
and entering the axillary vein. The cephalic vein is a good guide
to the axillary artery : the latter lies above and to the outer side
of the axillary vein. The subclavian musecle may appear in the
wound above, the pectoralis minor below. The axillary vein lving
below and to the inner side slightly overlaps the artery. The thick
axillary sheath is opened in the usual way and the aneurvsm needle
passed from within outwards,

Comment :—(1) Do not injure the axillary vein.
(2) See that none of the cords of the brachial plexus
is caught in the ligature.



19

B. In the Third Part of the Artery
POSITION

Abduct arm at right angles to the trunk. Stand between the
arm and the trunk facing the axilla. Assistant stands in front
between the head and the shoulder.

OPERATION

Make an incision three inches long horizontally along the line
of the artery dividing integument and fascia. This exposes the
inner (medial) margin of the coraco-brachialis with the musculo-
cutaneous nerve entering it. Retract this outwards. Seek for the
artery which is sarrounded by large branches of the brachial plexus.
The median nerve lying in front and to the outer (lateral) side is
included in the retractor for the coraco-brachialis. The musculo-
spiral (radial nerve) is behind the artery. The ulnar nerve and
the veins are on the inner side. Pass the needle from within out-
wards (Fig. 15).

Fia. 15.
LIGATION OF THE AXILLARY AND BRACHIAL ARTERIES.

Comment :—(1) The coraco-brachialis is the guide
on its inner side. (2) Do not include any of the
nerves or veins surrounding the artery in the liga-
ture. (3) An aberrant slip from the latissimus dorsi
may be passing across the vessels to join the pectoralis
major or biceps, this should not be mistaken for
coraco-brachialis muscle.
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COLLATERAL CIRCULATION

Superior profunda (arteria profunda brachii) with subscapular,
anterior (humeral) circumflex and posterior (humeral) circumflex.

LIGATION OF THE BRACHIAL ARTERY

This artery is ligatured in the middle of the arm or at the
bend of the elbow.

SURFACE MARKING

Place the arm and the forearm in the position as for axillary
artery. Take the point where the axillary artery ends. Take
another point at the mid-point at the front of the bend of the
elbow at a level of the head of the radius. The line joining these
two points is the line of the artery. The last point represents its
bifurcation into radial and ulnar arteries (see Fig. 13).

A. Inthe Middle of the Arm
POSITION

Abduct arm to a right angle and supinate forearm. Stand
between the limb and the trunk. Place assistant opposite, on the
other side of the arm. The arm rests on a small block placed
under the olecranan. The middle of the upper arm should be free
from any pressure from underneath to avoid pushing triceps
forwards.

OPERATION

Make an incision two and a half inches in length along the
inner (medial) edge of the biceps in the line of arterv. The thin
fascia is divided. Identify the inner margin of the biceps carefully.
Dissect gently and expose the median nerve lying in front of the
artery. Retract the nerve outwards (lateralwards), separate venwe
comites, if possible; pass aneurysm needle according to choice
avoiding veins and nerves (see Fig. 15).

Comment :—(1) Do not rest the upper arm on the
block, the triceps may be pushed up and mistaken for
the biceps. (2) The median nerve though usually in
front may pass behind the artery. (3) An abnormal
high bifurcation of the brachial into ulnar and radial is
not unusual. (4) The artery may be retracted with
the retractor for the biceps. (5) The basilic vein, the
median nerve and the inferior profunda (superior
ulnar collateral) artery have sometimes been mistaken
for the brachial artery.
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B. At the Bend of the Elbow (Cubital Fossa)
POSITION

Same as for the previous operation. Flex and extend the
elbow joint to determine the exact position of the biceps tendon
and leave it in a slightly flexed position for the operation.

OPERATION

Make a slightly oblique incision two inches long through the
skin and deep fascia along the inner (medial) edge of the biceps,
the centre being on the crease of the elbow and its lower end
pointing towards the thumb. Retract the superficial nerves and
veins. The bicipital fascia is now exposed with its fibres directed
obliquely downwards and inwards (medialwards). Divide the
fascia in the line of skin incision, i.e. against the direction of its
fibres. This exposes the artery with its vens® comites. The
artery may be embedded in fat and freely movable. The median
nerve may be seen on the inner side, at the upper part of the
incision. The ulnar nerve does not come into view. Pass the
needle from the inner (medial) side avoiding the median nerve

(Fig. 16).

Fic. 16.
LIGATION OF THE BRACHIAL ARTERY AT THE ELBOW.

LIGATION OF THE RADIAL ARTERY
POSITION

Arm abducted at right angles and forearm supinated. Operator
stands on the outer (lateral) side of the arm.
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SURFACE MARKING

Draw a line from the middle of the anticubital fossa at a level
of the head of the radius to its styloid process outside the scaphoid
(navicular) tuberosity (see Fig. 13). It can be ligatured in four
situations.

A. In the Upper Third of the Forearm
OPERATION

Make an incision two and a half inches long in the line of the
artery, dividing the skin, superficial and deep fascize. This exposes
the interval between the longitudinal fibres of supinator longus
(brachio-radialis) and oblique fibres of pronator radii teres (pro-
nator teres) muscles. The artery will be found under cover of
the brachio-radialis muscle. The needle can be passed from
either side as the nerve is not in relation with it.

B. In the Middle Third of the Forearm
OPERATION

Divide skin and superficial tissues in the line of the artery.
This exposes supinator longus (brachio-radialis). Define its inner
(medial) border. Retract it outwards. The artery is found lying
on the insertion of pronator radii teres (pronator teres). Separate
vena comites. Pass needle from the radial side as the nerve lies
on this side (see Figs. 17, 18),

C'.  In the Lower Third of the Forearm
OPERATION

Make an incision one and a half inches long in the line of the
artery between the tendons of brachio-radialis and flexor carpi
radialis. Divide the thin fascia. The artery is exposed with the
radial vein lying in front of it. The vens comites are firmly
attached to it. Separate them if possible. Pass needle according
to choice (Fig. 17).

D. At the Back of the Wrist (in the tabatiére anatomique)

POSITION

Hand rests on its ulnar border, the thuinb extended and
abducted, and the fingers extended by the assistant.

SURFACE MARKING

Draw a line from the tip of the styloid process of the radius
to the upper angle of the first interosseus space. This indicates
the line of the artery.



Fiu, 17,

INCISIONS FOR LIGATING RIGHT RADIAL AND ULNAR
ARTERIES, AND SUPERFICIAL AND DEEP PALMAR ARCHES:—A,
Ligation of radial in upper third of forearm ; B, of radial in middle third;
C, of radial in lower third; D, of deep palmar arch; E, Ligation of ulnar
in middle third of forearm; F, of ulnar in lower third; G, of superficial
palmar arch; H, Center of bend of elbow; I, Antcro-internal aspect of
styloid process of radius; J, Radial side of pisiform bone: K, Anterior
aspect of inncr condyle of humerus; L, Point on inner aspect of forearm
at junction of upper and middle thirds.

REPRODUCED FROM BICRHAM'S OPERATIVE SURGERY
By the Courtesv of THE W. B. SAUNDERS €O,
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OPERATION

Make an incision one inch long in the centre of the space
between the extensor ossis metacarpi pollicis (abductor pollicis
longus) and extensor brevis pollicis. This incision crosses the line
of the artery almost at right angles and when deepened exposes
the artery. Pass needle from either side.

Comment :—(1) Deepen incision cautiously as the
artery is liable to be cut across. (2) Do not open the
tendon sheaths.

LIGATION OF THE ULNAR ARTERY
POSITION

As for the radial artery.

SURFACE MARKING

Take a point (@) at the tip of the internal condyle (medial
epicondyle) of the humerus and another (b) at the outer (lateral)
side of the pisiform bone. dJoin these points by a line and divide
it into three equal parts. Take a third point (¢) at the junction
of the upper third with the lower two-thirds of this line (a, b).
Take a fourth point (d) at the middle point of the elbow, at a
level of the head of the radius. Join the three points (d, ¢, b).
This represents the line of the artery (see Fig. 13). This artery can
be ligatured in the middle or the lower third of the forearm.

A. In the Middle of the Forearm
OPERATION

Make an incision three inches in length along the line of the
artery exposing the thin deep fascia. Incise the fascia a little to
the outer side of the skin incision. This exposes the white inter-
muscular line between flexor carpi ulnaris and flexor sublimis
digitorum. Now, flex the wrist to relax the muscles. Retract
flexor carpi ulnaris inwards (medialwards) and flexor sublimis
digitorum outwards (lateralwards). The ulnar nerve is exposed.
The artery is on the outer (lateral) side of the nerve. Pass the
needle from within avoiding the nerve (see Figs. 17 and 19).

B.  In the Lower Third of the Forearm

OPERATION

Make a two inches long incision along the line of the artery
just to the radial side of the flexor carpi ulnaris tendon, the lower
end of the incision ending above the pisiform bone (see Fig. 17).



LIGATION OF THE ULNAR ARTERY.

To face page 24.
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POINTS OF TREPHINING FOR HZEMORRHAGE FROM THE
MIDDLE MENINGEAL ARTERY. The course of the artery has been marked
on the outer surface of the skull.

REPRODUCED FROM DAVIS' APPLIED ANATOMY
By the Courtesy of THE J, B. LIPPINCOTT CoO.

To face page 25.
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Divide the deep fascia. Expose and define the flexor carpi ulnaris,
flex the wrist to relax the tendon and retract it inwards. The
artery is attached to the flexor (digitoruin) profundus by a fascia.
Divide it carefully. The ulnar nerve is close to its inner side.
Pass the needle from the ulnar side avoiding the nerve.

COLLATERAL CIRCULATION

After ligature of radial or ulnar arteries: Anterior (volar)
and posterior (dorsal) interosseii with anterior (volar) carpal,
posterior {dorsal) carpal and recurrent branch of the deep palmar
(volar) arch.

Comment :(—(1) Do not cut_too deep. (2) Flex
and extend, pronate and supinate to determine the
various muscles. (3) The direction of the fibres of
the brachio-radialis and pronator radii teres {pronator
teres) are vertical and oblique respectively. (4) The
flexor carpi ulnaris is tendinous at its insertion on
its outer (lateral) side, but has muscular fibres attached
to its inner (medial) side. (5) Position of the
operator and assistant may be varied according to
convenience. (6) For hzmorrhage from the ulnar
or radial, proximal and distal ligatures should be
applied in consideration of the free anastomotic cir-
culation through the palmar arch.

ARTERIES OF THE HEAD AND NECK

LIGATION OF THE MIDDLE MENINGEAIL ARTERY
INDICATIONS

The middle meningeal artery is ligatured in cases of haemor-
rhage from this vessel giving rise to symptoms of compression of
the brain.

SURGICAL ANATOMY

The middle meningeal artery is a branch of the internal
maxillary. Tt enters the skull through the foramen spinosum, and
lies in a groove in the temporal bone. It takes a variable course
in the middle fossa of the skull and at a point just above the centre
of the zygoma, bifurcates into anterior and posterior branches.
The anterior branch is larger and is more liable to injury since:
(a) its cranial protection of the temporal bone in this region is
very thin and (b) it is strongly adherent to the dura, so that any
impact on the skull which tends to separate this membrane from
the skull tends to rupture the vessel.



26
POSITION

The head is turned to the opposite side. The operator stands
on the side he is going to trephine. The assistant stands exactly
opposite to him. ‘

SURFACE MARKING
The Anterior Branch

Draw a line horizontally backwards from the external angular
(zygomatic) process of the frontal bone; mark off points one,
one-half, and two inches on that line behind that process. Drop
lines at right angles to the above line from the above three points
on to the zygoma and measure these vertical lines; at the first
point the artery lies an inch, at the second point an inch and a
half and at the third point two inches. Join the upper termina-
tions of these vertical lines. This will form an oblique line
representing the anterior branch of the middle meningeal artery
(Fig. 21).

Fria. 21
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The Posterior Branch

The posterior branch may be reached by placing the trephine
just below and in front of the parietal eminence, one and a half
inch above the external auditory meatus.

The Main Trunk

The main trunk may be secured by working a little lower
i.e. nearer the zygoma.

INSTRUMENTS—Group VIII
OPERATION

Take any of the three points in the oblique line. Put the
trephine pin on the point, drive it through the scalp on to the
skull, making a superficial impression on the bone. A semi-circular
scalp-deep incision is made with the convexity upwards. The
scalp is reflected. Now the choice lies between a muscle-flap
operation or a split-muscle operation. The latter has distinct
advantages. The temporal muscle is split down to the pericranium
on a line with the puncture made by the trephine pin. Along the
edges of the split the muscle is reflected from the skull and retracted
outwards and inwards ; with the impression on the bone as a guide,
a trephine, an inch or three-quarters of an inch in diameter is
applied. After the circular impression on the bone is made deep
enough, the pin is withdrawn and trephine impression is deepened
by steady and cautious circular movement till the dura is reached.
The bone-dust is removed and sawing is stopped as the dura mater
is reached. The circular piece of bone is raised by an elevator
and removed. The artery is seen lying on the dura mater with
its vein. It is separated from the dura, and the aneurysm needle
passed so as to include the two veins with the artery. In some
cases it will be found necessary to pass a fully curved threaded
needle through the dura mater under the artery. The split fibres
of the temporal muscle are allowed to come together and close the
trephine hole and the scalp flap allowed to return.

Comment :—While using the trephine avoid
injuring the dura, brain or the artery by manipulating
this instrument and the elevator cautiously.

LIGATION OF THE COMMON CAROTID ARTERY

INDICATIONS

The common carotid is ligatured : (1) in cases of aneurysm
of the innominate, the internal carotid and the cerebral arteries ;

>

(2) to control haemorrhage from the face and neck : (3) for pulsat-
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ing and the so-called idiopathic exophthalmos; (4) as a pre-
liminary measure to removal of tumours ; (5) for elephantiasis of
the face ; (6) for epilepsy.

POSITION

Dorsal position near the edge of the table ; raise shoulder,
turn head on opposite side. The operator stands on the side of
operation and the assistant opposite to him.

SURFACE MARKING

Take three points : (a) angle of the jaw, (b) tip of the mastoid
process, (¢) sterno-clavicular articulation. Join (@) and (b), and
take its middle point (d). Join (¢) and (d), this line marks the
line of the artery. The seat of election for the ligature of the
artery is above the point where the anterior belly of omo-hyoid
crosses it, here the artery is more superficially placed and less
surrounded by complicated structures.

A. At the site of Election.—(Above the Omo-hyoid.)
OPERATION

Determine the position of the cricoid cartilage, make an inci-
sion two inches long dividing the skin and the platysma in the line
of the artery keeping its centre on a level of this (see Fig. 23A). This
exposes the deep fascia. Divide it along the anterior margin of the
sterno-mastoid (sterno-cleido-mastoideus). Define the edge of the
muscle and follow it till the omo-hyoid muscle is felt. Demonstrate
the angle of the meeting of these two muscles. Retract the sterno-
mastoid outwards (lateralwards) and the omo-hyoid downwards.
Feel for the (pulsation of) artery as it crosses the prominence of
the carotid tubercle. The sterno-mastoid vessels, middle thyreoid
vein and the sheath of the artery are thus exposed. Open the
sheath on the inner side avoiding the descendens nomi (hypoglossi}:
nerve lying on it and the internal jugular vein lying on the outer
side. Separate the sheath from the arterv with great care and
pass the needle from without inwards (lateral to medial side)
keeping close to the coat of the artery (see Fig. 23).

COLLATERAL CIRCULATION

(1) Superior thyreoid, lingual, facial (external maxillary) and
occipital with corresponding vessels of the opposite side. (2)
Superior thyreoid and inferior thyreoid. (3) Vertebral with the
vertebral of the opposite side. (4) Princeps cervicis (ramus
descendens) of occipital and deep cervical (cervicalis profunda)
branch of the superior intercostal.
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INCISIONS FOR LIGATION OF CHIEF ARTERIES OF HEAD AND
NECK :—A,A, Tnnominate, by angular incision; B,B, Same, by oblique
mcision ; C,C, Same by partial bony resection, through an oblique incision ;
D,D, Same, by partial bony resection (Bardenheuer’s oparation) ; E, Same, by
splitting manubrium ; F, Common carotid, above omohyoid; G, Same, below
omohyoid ; H, External carotid; below digastric; I, Same, above digastric;
J, Thyroid, at origin ; X, Lingual, at origin; L, Lingual, beneath hyoglossus;
M, Facial, over inferior maxilla; N, Occipital, behind mastoid process;
O, Temporal, just above zygoma; P, Trunk of middle meningeal, by tre-
phine-opening exposed by curved oblique incision (lower of two trephine-
openings); Q, Anterior branch of middle meningeal, by trephine-opening
exposed by horseshoe incision (higher of two trephine-openings);
R, Posterior branch of middle meningeal, by trephine-opening exposed by
horseshoe incision; S, Internal carotid, near origin; T, Third part of
subclavian; U, Transversalis colli and suprascapular, at outer margin of
sternomastoid ; V, Internal mammary, in second Intercostal space; W, First
part of axillary, by curved transverse incision below clavicle.

REPRODUCED FROM BICKHAM'S OPERATIVE SURGERY
By the Courtesy of THE W. B. SAUNDERS CO.
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Comment :—(1) Do not turn the head too far to
the opposite side, this may lead to the overlapping of
the vessels by the sterno-mastoid (sterno-cleido-
mastoid). (2) The anterior jugular vein may have to
he divided between two ligatures. The small sterno-
mastoid artery and other small veins may be found
to cross the artery. (3) Open the sheath well on the
inner side, because the internal jugular vein is on the
outer side and may even be overlapping the artery.
The needle must be passed with great care, closely
in contact with the vessel and passing directly
between it and the sheath, and by this you will avoid
transfixing the artery and including descendens nomi
(hypoglossi), the pneumogastric (vagus), recurrent
laryngeal or even the sympathetic in the ligature.

B.  Below the Omo-hyoid
OPERATION

Incision about three inches long in the line of the artery,
comiencing a little below the cricoid cartilage and extending to the
sterno-clavicular articulation (see Fig. 23A). The steps of the
operation are the same as in the previous operation, but omo-hyoid
is drawn upwards and the sterno-thyreoid and sterno-hyoid inwards.
The sheath is opened on the inner side and the needle is passed
from without inwards (see Fig. 23).

Comment :—(1) The vessel lies deeply in the
neck and renders the operation dangerous and difficult.
(2) The inferior thyreoid and the internal jugular
veins may obscure the view of the artery. (3) Other
points of comment apply to this as to the previous
operation. (4) In some cases of ligature of the com-
mon carotid, hemiplegia may follow due to extension
of thrombus from the site of ligature along internal
carottd to the cerebral arteries, an attenuated form
of infection being a probable factor.

LIGATION OF THE INTERNAL CAROTID ARTERY

SURGICAL ANATOMY

It commences from the bifurcation of the common carotid
artery on a level of the upper border of the thyreoid cartilage
and extends to the carotid canal in the base of the skull. The
line of the vessel is practically an extension of the common carotid.
1t lies rather posterior and lateral to the external carotid

(see Iig. 23A).
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INDICATIONS

(1) Wounds of the artery. (2) Aneurysm of the internal and
common carotid arteries. (3) Orbital aneurysm. (4) Traumatic

exophthalmos.
OPERATION

This artery is not often ligatured and whenever this is done
it can only be tied just after it leaves the common carotid and
the method of operation is almost the same as that of the common
carotid artery. Make an incision in the line of the artery over the
medial border of the sterno-mastoid (sterno-cleido-mastoideus), its
centre being on a level with the supertor border of the thyreoid
cartilage. This brings the external carotid into view and when
this is retracted medially, the internal carotid is exposed. The
needle is passed from the medial to the lateral aspect close to its
origin and the vessel ligatured. Care is taken to avoid the vagus
or sympathetic nerve trunks which lie behind it.

LIGATION OF THE EXTERNAL CAROTID ARTERY

POSITION

The same as in the previous operation.

SURGICAL ANATOMY

The common carotid artery divides at the level of the upper
border of the thyreoid cartilage into the internal and external
carotids. The external carotid about an inch from its origin lies
very superficially being only covered by skin and fascia, and
overlapped by the sterno-mastoid (sterno-cleido-mastoideus) muscle.
It terminates behind the condyle of the jaw by dividing into
superficial temporal and internal maxillary arteries. From below
upwards, the following branches are given oft: ascending pharyn-
geal, superior thyreoid, lingual (opposite the greater cornu of the
hyoid bone), facial (external maxillary), and occipital. The hypo-
glossal nerve crosses the external carotid artery an inch above its
origin (Fig. 24).

SURFACE MARKING

(1) A direct prolongation upwards of the common carotid
line. (2) Draw a line from the tip of the lobule of the ear to the
greater cornu of the hyoid bone.

OPERATION

At the site of election, i.e. between the superior thyreoid
and lingual branches of the artery (Fig. 24).

Make an icision, about three inches long, in the line of the
artery commencing on a level with the middle of the thyreoid
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cartilage and terminating near the angle of the jaw ; the centre of
the incision will correspond to thé greater cornu of the hyoid bone
and it divides the skin and platysma only (see Fig. 23A). Expose
the anterior border of the sterno-mastoid (sterno-cleido-mastoid) in
the lower part of the wound. Retract it outwards, search for the
posterior belly of the digastric at the upper angle of the wound.
Below this, the hypoglossal nerve is seen. Expose the artery
opposite the level of the tip of the great cornu. Pass the needle
from without inwards, avoiding the facial (anterior facial) and
superior thyreoid veins (see Fig. 24).

Comment :—(1) There are large veins running
over and in relation to this vessel. (2) The hvpo-
glossal nerve is often a good guide. (3) The artery
has complicated relations with important structures.
It must be identified from its own numerous branches
and from the internal carotid which has no branches
in the neck. (4) The branches of the external carotid
of either side anastomose so freely that the ligation
of one vessel does not materially affect the haemorrhage
in the regions supplied by these vessels.

COLLATERAL CIRCULATION

The circulation is re-established by the free communications
between (a) most of the large branches of the artery (facial,
lingual, superior thyreoid, occipital) and the corresponding arteries
of the opposite side; (b) by the anastomosis of its branches with
those of the internal carotid : (¢) of the occipital with branches
of the subclavian.

LIGATION OF THE INFERIOR THYREOID ARTERY

INDICATIONS

In cases in which thyreoidectomy is contra-indicated and in
some cases of thyreoidectomy, the vessel is ligatured as a preli-
minary measure with the object of curtailing the blood supply
to the gland and reducing its size.

SURGICAL ANATOMY

The inferior thyreoid is the most important branch of the
thyreoid axis. It is in close relation to the carotid sheath. The
recurrent laryngeal nerve crosses behind the bend of the artery
and ascends upon the longus colli muscle.

OPERATION

Make a transverse incision commencing in the middle line on
the lower third of the neck from the lower part of the thyreoid
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gland laterally to the medial border of the sterno-cleido-mastoid
muscle. Divide the skin, platysma and deep fascia, retract the
sterno-cleido-mastoid outwards (laterally) and the sterno-thyreoid
inwards (medially). The carotid sheath is now exposed on the
outer (lateral) part of the wound and the thyreoid gland in, the
inner (medial) part. If the carotid sheath and its contents are
gently retracted outwards (laterally) the inferior thyreoid is found
lying behind. Pass the aneurysm needle from without in, taking
great care to avoid the recurrent laryngeal nerve which lies
posteriorly and crosses the vessel.

LIGATION OF THE LINGUAL ARTERY

INDICATIONS

(1) Preliminary to excision of the tongue. (2) In cases of
inoperable cancer of the tongue to check the rate of its growth
and to restrain hemorrhage. (3) In cases of hemorrhage due to
wounds of the vessel. (4) In cases of macroglossia.

SURGICAL ANATOMY

The lingual artery arises from the external carotid opposite
the greater cornu of the hyoid bone. It first ascends to a point
a little above the level of the hyoid bone ; here it is covered by
the skin, platysma, fascie, and some veins, and it lies upon the
middle constrictor of the pharynx. It then descends and runs
just above the greater cornu still lying upon the middle con-
strictor and is covered by hyoglossus and mylo-hyoid muscles.
The hypoglossal nerve and the lingual vein are separated from it
by the hyoglossus muscle. Finally, it emerges from under the
hyoglossus muscle and runs to the under surface of the tongue
with a tortuous course as ranine artery being covered only by
its mucous membrane (Fig. 24A).

A. At its Origin

Incision as for ligature of the external carotid artery and the
operation corresponds to its ligation at the site of election. Pass
the ligature from without inwards (see Fig. 25).

B. At the site of Election—i.e. beneath the hyoglossus
POSITION

Patient is close to the edge of the table in dorsal position
with the shoulder raised and face turned to the opposite side.
The operator stands on the side of operation. One assistant keeps
the chin drawn well upwards and the lower jaw fixed. A second
zzssistant stands by the side of the operator to retract the digastric

endon.

3
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Figc. 25.

LIGATION OF THE LINGUAL ARTERY.

OPERATION

Commence the incision from a point a little below and external
to the symphysis menti curving down to a point near the cornu of
the hyoid bone, and then curving upwards to terminate below and in
front of the angle of the mandible (see Fig. 23A). Divide the skin,
superficial fascia, platysma and then the deep fascia. The sub-
maxillary gland which is now exposed is separated from its deep at-
tachments and retracted upwards on to the face. This exposes the
digastric triangle with the anterior belly of the digastric and the
mylo-hyoid muscle in front, and the posterior belly of the digastric
behind, the floor being formed by the hyoglossus muscle. Running
across the floor on the muscle are the hypoglossal nerve above and
the ranine vein (vena comitans hypoglossi) below ; displace these
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two structures upwards and pull the digastric tendon downwards
with a blunt hook. Make a small transverse incision on the
hyoglossus muscle (across its fibres) below and parallel to the
ranine vein. The artery will come into view as soon as the whole
thickness of the muscle is divided. The needle is passed from
above downwards.

Comment :—(1) Ligaturing this artery presents
certain difficulties :—(a) The soft structures may be
matted together due to old cellulitis, (b) there may be
large veins, e.g. lingual and facial, (¢) in old people
the artery may lie at a considerable depth in the
wound, (d) there may be enlarged lymphatic glands
and the submaxillary salivary gland may be unusually
large. (2) The hypoglossal nerve is a surer and
better guide than the ranine vein (vena comitans
hypoglossi) due to its variation in position and ab-
normal conditions. (3) The hyoglossus muscle is to
be divided by repeated light touches of the scalpel
to avoid injury to the underlying artery. (4) Fix the
digastric tendon securely and pull it down effectively
in order to obtain a good view of the field of operation
and put the hyoglossus muscle on the stretch before
division.

LIGATION OF THE FACIAL ARTERY (EXTERNAL
MAXILLARY)

INDICATIONS

. (1) Wounds of the artery. (2) Preliminary to excision of the
lower jaw.

SURGICAL ANATOMY

The facial (external maxillary) artery comes off the external
carotid in the neck about an inch above its bifurcation, passes
up to the submaxillary gland and is embedded in it, crosses the
jaw at the anterior edge of the masseter and then goes to the side
of the face (see Figs. 23A and 26).

OPERATION

A small horizontal incision is made along the lower edge of
the jaw from the anterior edge of the masseter through the skin,
fascia and platysma. The artery is at once exposed. Pass the
needle from behind forwards as the facial (anterior facial) vein
lies behind the artery.
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LIGATION OF THE (SUPERFICIAL) TEMPORAL
ARTERY

INDICATIONS
Wounds and aneurysms of the artery.

SURGICAL ANATOMY

The superficial temporal artery is one of the terminal branches
of the external carotid. It is given off at the bifurcation of the
external carotid behind the jaw at a point midway between the
condyle of the jaw and the tragus. It then passes over the root
of the zygoma, ascends for about two inches and then divides into
anterior and posterior branches under the covering of the dense
parotid fascia (see Fig. 26).

OPERATION

Make a vertical incision one inch long, in the line of the artery
with the mid-point opposite the root of the zygoma, cutting through
the superficial and deep fascie (see Fig. 23A). This exposes the
artery with the auriculo-temporal nerve lying in front and the
temporal vein behind. Pass the needle from behind forwards.

LIGATION OF THE OCCIPITAL ARTERY
INDICATIONS

Wounds of the vessel (stabs, gun-shot wound, ete.) and cirsoid
aneurysm of the scalp.

SURGICAL ANATOMY

Tt comes off as a posterior branch of the external carotid from
a point corresponding to the branching of the facial. It makes an
upwards course under cover of the digastric and stylo-hyoid
muscles to the interval between the transverse process of the
atlas and the mastoid process. It then turns backwards, lying at
first in a groove of the temporal bone and then on the complexus
(semispinalis capitis) being covered by the posterior cervical
musecles. Then running vertically upwards and piercing the trape-
zius, it ascends to the scalp (see Fig. 26).

OPERATION

An oblique incision two inches long extending from the tip of
the mastoid process towards the external occipital protuberance,
dividing the superficial structures and exposing the sterno-mastoid
(sterno-cleido-mastoid) insertion (see Fig. 23A). The arteryis now
found lying in the space between the mastoid process and the trans-
verse process of the atlas under cover of the posterior belly of the
digastric. Pass the needle according to convenience.
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LIGATION OF THE VERTEBRAL ARTERY
INDICATIONS

(1) Wounds. (2) Traumatic aneurysm. (3) In epilepsy, to
reduce the blood supply to the hind-brain.

SURGICAL ANATOMY

The vertebral is the first branch of the subclavian and
springs from its upper and back part. It passes along the inner
margin of the scalenus anticus (anterior) and enters the foramina
transversarium of the upper six cervical vertebree to become the
basilar artery by uniting with its fellow of the opposite side.

POSITION

Same as that for ligation of the common carotid.

OPERATION

Make an incision three inches long, along the lower part of the
posterior border of the sterno-mastoid (sterno-cleido-mastoid)
extending down to the clavicle and dividing the skin, superficial
fascia and platysma. Now, divide the deep fascia taking care
not to injure the external jugular vein which lies superficial to it.
Retract the sterno-mastoid forwards and define the scalenus anticus
(anterior) at the carotid tubercle. Displace the carotid sheath
inwards. The artery can be felt immediately below the tubercle.
Pass the needle from without inwards, keeping clear of the veins.

Comment :—(1) The artery is deep in situation
and there is a fair amount of venous oozing. (2)
Relax the muscles of the neck in order to get as good
a view as possible. (3) The carotid tubercle is a
good guide to the artery. (4) Contraction of the
corresponding pupil on applying the ligature indicates
that the vertebral has been secured.

LIGATION OF THE INTERNAL MAMMARY ARTERY
INDICATIONS

Hzemorrhage from the artery due to punctured, stab, or gun-
shot wounds or due to fractured ribs.

SURGICAL ANATOMY

Coming off the first part of the subclavian, it descends along
the external margin of the sternum, half an inch external to it,
lying on the pleura and triangularis sterni (transversus thoracis)
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muscle. It terminates behind the sixth costal cartilage by dividing
into musculo-phrenic and superior epigastric (Fig. 27).

OPERATION

Make a transverse incision about one and half inches long
from the outer margin of the sternum in an intercostal space
according to indication (see Fig. 23A). Split the fibres of the pec-
toralis major and retract; cut the anterior intercostal aponeurosis
(membrane) and the internal intercostal muscle avoiding anterior
perforating vessels and nerve. The artery is now exposed. Pass
the needle from without inwards.

Comment :—It is often difficult to isolate the
artery. Do not injure the pleura while cutting
through internal intercostal. Do notinjure the artery.

LIGATION OF INTERCOSTAL ARTERIES

SURGICAL ANATOMY

The nine pairs of aortic intercostal arteries usually arise
separately from the back of the aorta. The thoracic aorta lies on
the left of the vertebral column ; the right intercostals have to
cross the front of the column and pass posterior to the oesophagus,
the thoracic duct, and the vena azygos ; these are therefore longer
than the left intercostals. As each artery runs postero-laterally,
across the side of the vertebral column to an intercostal space, it
passes posterior to the pleura and is crossed opposite the head
of a rib by the sympathetic trunk. The lower arteries are crossed
by the splanchnic nerves also; the left intercostals are crossed
by the hemiazygos and accessory hemiazygos veins. Each artery
gives off a posterior branch as it passes laterally between the neck
of two contiguous ribs. In its course it passes along the intercostal
space to the costal groove (Fig. 27). In its forward course it
lies between the internal and external intercostal muscles ; in the
costal groove the artery has its corresponding vein above and the
nerve below.

POSITION

Supine; a sand-bag supports the back and renders the side of
operation prominent and widens the intercostal spaces. Operator
stands on the side of operation, the assistant opposite.

OPERATION

Pull the skin from the intercostal space up on the corres-
ponding superior rib and make a two-inch incision down to the bone
following the curve of the rib. As you let the skin go down, the
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incision falls in a line with the intercostal space. Feel for the sub-
costal groove and clear it by light touches of the knife and cutting
the fibres of the external intercostal muscle. The artery will be
seen lying between the vein above and the nerve below. Clear
the nerve and the vein from the artery, pass the aneurysm needle
from below lifting the artery up from its bed and apply proximal
and distal ligatures.

Comment :—(1) The above operation is the one
generally indicated and commonly performed for liga-
tion of the portion of the artery anterior to the angle
of the rib. For ligation posterior to the angle,
remember that the artery lies between the two ribs
and has not as yet reached the costal groove of the
upper of the two ribs. It has to be sought for in the
intercostal space. (2) If difficulty is experienced in
exposing the artery expose the rib subperiosteally
and find the artery through a partial semi-linear
excision (Hartley’s method). (3) Proximal and distal
ligatures should be applied as the blood supply comes
from both directions.



CuaptER III

LIGATION OF ARTERIES (Continued)

THE ABDOMINAL AORTA AND THE ILIAC
ARTERIES

SURGICAL ANATOMY

The thoracic aorta enters the abdomen to become the
abdominal aorta through an opening in the diaphragm opposite
the lower border of the twelvth dorsal vertebra. It descends
between the pillars of the diaphragm in front of the lumbar vertebra,
at first in the median line, later inclining to the left of the spine
(Fig. 28). ’

The site of bifurcation of the aorta corresponds to a point
1 inch below and a little to the left of the umbilicus, or a little
to the left of the mid-point of a line joining the highest points of
the iliac crests.

The vena cava in the upper part is anterior to the aorta, the
right crus of the diaphragm lying between the two vessels ; in the
lower part the vein lies somewhat posteriorly and in contact with
the aorta. At the seat of election for ligation, the aorta is covered
by peritoneum. Betwcen the serous covering and the artery are
sympathetic nerve cords from the aortic plexus lyving along the
aorta between the superior and inferior mesenteric arteries to the
hypogastric plexus between the common iliacs.

The abdominal aorta bifurcates opposite the middle of the
body of the fourth lumbar vertebra to form the two terminal
branches, namely the common iliac arteries (arterie iliace com-
munes) a little to the left of the mid-line of the body. FEach of
these arteries passes downwards and laterally across the bodies
and intervertebral disc of the fourth and fifth lumbar vertebree
to the level of the lumbo-sacral articulation anterior to the cor-
responding sacro-iliac joints and terminate by dividing into the
external iliac and internal iliac (hypogastric) branches. The point
of bifurcation of the aorta being a little to the left of the mid-
line, the right artery is a little longer than the left. The coeliac
axis, its first branch, is about four inches above the umbilicus and
the superior mesenteric is just below it. The renal vessels are
about half an inch below the superior mesenteric and three inches
above the umbilicus. Then come the internal spermatic (testicular)
or ovarian arteries and a little below that the inferior mesenteric
artery about one inchb above the umbilicus. Owing to these
numerous important branches, the aorta is ligatured at a point



Fic. 28.
STRUCTURES ON POSTERIOR WALL OF ABDOMEN.

To fuce puge 4.



41

between the origin of the inferior mesenteric and bifurcation of
the aorta.

The common iliac arteries resulting from the bifurcation of the
aorta pass downwards and outwards over the body of the fifth
lumbar vertebra to the pelvic brim and bifurcate opposite the
upper border of sacro-iliac synchondroses into internal and external
iliac arteries.

The internal iliac (hypogastric) artery about 1} inches long
descends into the pelvis to reach the upper margin of the great
'sacro-sciatic foramen and divides into anterior and posterior
branches. :

The external iliac is larger and about 3% to 4 inches long, runs
obliquely downwards and outwards along the brim of pelvis and
inner border of psoas muscle, passes under Poupart’s ligament
midway between, anterior superior iliac spine and symphysis pubis
to become femoral. The external iliac vein at first lies at its inner
and posterior aspect but lower down on its inner side.

LIGATURE OF THE ABDOMINAL AORTA

SURFACE MARKING

Take a point about four inches vertically above the umbilicus
and a point a little below and to its left. A line joining these two
points indicate the line of the artery.

OPERATION (INTRAPERITONEAL)

The aorta can be reached intraperitoneally or extraperitoneally.

Position dorsal with the shoulders slightly raised. Make a
meldian vertical laparotomy ¢ncision about four inches long with
the umbilicus as its centre and slightly to its left (see Fig. 29).
Feel for the aorta, make a small nick 1n the peritoneum and identify
the inferior mesenteric artery and the bifurcation of the aorta ;
clear the vessel at this part and pass the needle close to the vessel
and thus avoid including the sympathetic in the ligature.

Retroperitoneal ligation is seldom done..

THE ILIAC ARTERIES

THE COMMON ILIAC ARTERY
INDICATIONS

(1) Aneurysm of the external iliac. (2) Wounds (gunshot,
stabs, etc.) causing Immediate or secondary hemorrhage. (3)
Pdsating tumours.



42

Fia. 29.
INCISIONS FOR LIGATIONS IN THE ABDOMINO-PELVIC REGION.

REPRODUCED FROM BICKHAM'S OPERATIVE SURGERY
By the Courtesy of THE W. B. SAUNDERS CO.

SURFACE MARKING

Draw a line from a point about half an inch below and half
an inch to the left of the umbilicus to the centre of a line joining
the anterior superior iliac spine and the symphysis pubis. Divide
this line into three equal parts. The upper third represents the
common iliac and the rest of it the external iliac.

OPERATION

The artery can be ligatured either extraperitoneally or trans-
peritoneally.

Extraperitoneal method

Make an incision six inches long, two inches above, and to the
outer side of the middle of Poupart’s (inguinal) ligament curvig
at first towards the anterior superior iliac spine, then directly
upwards and, finally, bending slightly in the direction of tae
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umbilicus (Fig. 29). Subsequent stages of the operation are
similar to ligation of the external iliac (see p. 47); in this case
it has to be traced upwards till the common iliac is found.

Transperitoneal method

Open the abdomen by a median incision four inches long. The
further stages of the operation resemble those for the ligation of
the external iliac by transperitoneal route (Fig. 29).

COLLATERAL CIRCULATION

(1) Internal mammary and lower intercostals with the deep
(inferior) epigastric. (2) Lumbar arteries with the ilio-lJumbar
and circumflex iliac. (3) Middle sacral with lateral sacral. (4)
Superior hemorrhoidal with middle and inferior heemorrhoidals.

LIGATION OF THE INTERNAL ILIAC (HYPOGASTRIC)

INDICATIONS

(1) Gluteal and sciatic aneurysms. (2) Hemorrhage from
punctured and other wounds. (3) Inoperable uterine tumours and
pelvic sarcomata. (4) Prophylactic, against heemorrhage in pelvice
operations, e.g. panhysterectomy and abdomino-perineal excision
of cancerous rectum. (5) According to some older surgeons to
bring about atrophy of the enlarged senile prostate.

OPERATION

This vessel can be ligatured transperitoneally or extraperi-
toneally. The incision and preliminary parts of the operation are
the same as those for the ligation of the common iliac artery (Fig. 29).
Look for the bifurcation and the external iliac branch which is
comparatively superficial in situation. Identify the upper margin
of the great sacro-sciatic (sciatic) notch which corresponds with the
lower end of the artery. Pass the needle from within out ; avoid
the ureter (Vide Chapter XX VIIT).

BRANCHES OF THE INTERNAL ILTAC (HYPOGASTRIC)

The internal iliac (hypogastric) artery bifurcates into anterior
and posterior divisions. These divisions give off several branches ;
of these, ligations of the terminal branches of anterior division,
namely the sciatic and internal pudic (pudendal) and the gluteal
branch of the posterior division will be described.
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LIGATION OF THE SCIATIC BRANCH OF THE
ANTERIOR BRANCH OF THE INTERNAL
ILTAC

SURGICAL ANATOMY

The sciatic, the larger of the two terminal branches descends
over the sacral plexus and pyriformis muscle to the great sacro-
sciatic foramen ; it escapes from the pelvis between pyriformis and
coccygeus muscles with the pudic artery in front and internal to it.

Fic. 30.

INCISIONS FOR LIGATIONS ABOUT THE BUTTOCK:—A,
Posterior superior iliac spine; B, Great trochanter; C, Tuberosity of
ischium; D, Incision for exposure of gluteal branch of internal iliac at
its emergence from upper part of great sacrosciatic notch; E, For exposure
of sciatic and internal pudic branches of internal iliac at their emergence
from lower part of great sacrosciatic notch.

REPRODUCED FROM BICKHAM'S OPERATIVE SURGERY
By the Courtesy of THE W. B. SAUNDERS CO.
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SURFACE MARKING

Flex thigh slightly and rotate inwards. Divide a line joining
posterior superior iliac spine and ischial tuberosity into three
parts; at the junction of the middle and lower thirds the sciatic
and pudic arteries emerge from the sciatic foramen in the gluteal
region (Fig. 30).

POSITION

Semi-prone position with the side for operation uppermost;
flex knee and rotate thigh inwards. Stand on side of operation
with the assistant opposite.

OPERATION

Make a 4-inch incision from above and behind, downwards
and forwards (i.e. in the direction of the fibres of gluteus maximus)
across the line of the artery at the junction of its middle third with
the lower third. Split the fibres of gluteus maximus and retract
fibres up and down. Identify the pyriformis and trace up sacro-
sciatic ligament to the spine of ischium. Apply ligature to the
artery as it emerges from beneath the pyriformis lying posterior
and external to the pudic (pudendal) artery (Figs. 30 and 31).

Fia. 31.

LIGATION OR RIGHT INTERNAL PUDIC AND SCIATIC ARTERIES UPON
THE BUTTOCK, BELOW THE PYRIFORMIS.

REPRODUCED FROM BICKHAM’S OPERATIVE SURGERY
By the Courtesy of THE W. B. SAUNDERS CO.
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LIGATION OF THE INTERNAL PUDIC (PUDENDAL)
BRANCH OF THE INTERNAL ILIAC

The operation is the same as for the sciatic branch ; the arteries
lie side by side at their exit from the pelvis (see Figs. 30, 31).

INDICATIONS

Injury to the vessels and aneurysms.

LIGATION OF THE GLUTEAL BRANCH OF THE
POSTERIOR DIVISION OF THE INTERNAL
ILIAC

SURGICAL ANATOMY

The gluteal, continuation of the posterior division of the
internal iliac is the largest branch. It leaves pelvis at the upper
part of sacro-sciatic notch above pyriformis with gluteal vein and
superior gluteal nerve. It emerges from the pelvis under gluteus
maximus and gives off its branches just above the upper border
of the pyriformis.

INDICATIONS

Injury ; aneurysm,

SURFACE MARKING

Flex thigh slightly and rotate inwards. A point dividing a
line from posterior superior iliac spine to the tip of greater
trochanter, into upper and middle thirds corresponds with the
emergence of the artery from the sciatic notch (see Fig. 30).

POSITION OF PATIENT

Same as for ligation of sciatic or pudic arteries.

OPERATION

Incision on the line of artery about 4 inches long. Divide
skin, superficial fascia and gluteal fascia ; gluteus maximus is ex-
posed with its fibres parallel to skin incision ; split its fibres for its
whole thickness. Look for the interval between gluteus medius and
pyriformis guided by a branch of gluteal artery if encountered.
Divide fascia below this muscle and feel for upper margin of sciatic
notch. The gluteal artery with the vein and superior gluteal nerve
will be found between lower border of gluteus medius and upper
border of pyriformis (I'ig. 32).
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Fic. 32.

LIGATION OF RIGHT GLUTEAL ARTERY UPON THE BUTTOCK, ABOVE
THE PYRIFORMIS.

REPRODUCED FROM BICKHAM'S OPERATIVE SURGERY
By the Courtesy of THE W. B. SAUNDERS CO.

LIGATION OF THE EXTERNAL ILTIAC ARTERY
INDICATIONS

The chief indications are : (1) Aneurysm of the upper part of
the femoral. (2) Wounds of the external iliac. (3) Aneurysm of
the common iliac (distal operation). (4) Elephantiasis of the
lower extremity (disproved theory).

SURFACE MARKING
Same as for the common iliac. The lower two-thirds of the
line represents the line of the external iliac.
OPERATION
This vessel can be ligatured by extraperitoneal or trans-
peritoneal routes.
Extraperitoneal method—(Old method)

POSITION

Dorsal position. Operator stands on the side to be operated
on, facing the patient. Assistant stands on the opposite side. Two
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classical methods have been described : (@) Cooper’s method by
oblique incision ; (b) Abernethy’s method—by vertical incision.

OPERATION

(@) Cooper’s Method (modified).—An oblique incision, three
and half inches long is commenced at a point 1% inches external
to the pubic spine (tubercle) and carried parallel to the Poupart’s
(inguinal) ligament, half an inch above it and then curved upwards
and inwards to terminate at a point an inch above and internal
(medial) to the anterior superior iliac spine (see Fig. 29). This inci-
sion divides the skin and subcutaneous tissues. The aponeurosis of
the external oblique is divided in the entire length of the skin wound.
This exposes the spermatic cord and the internal oblique muscle.
Define the external border of the conjoined tendon (falx inguinalis)
and retract it. The lower fibres of the internal oblique are drawn
upwards and divided close to their attachment to Poupart’s (in-
guinal) ligament. The transversalis fascia is exposed and divided
in a transverse direction, avoiding the deep (inferior) epigastric
artery. Remove by carefully loosening the subperitoneal tissue.
The peritoneum is then peeled off the artery by gauze-covered
fingers. The artery is now found lying on the inner side of the
psoas (Fig. 33). Pass the needle from within out. Close the
abdominal incision by bringing together the individual muscles.

Comment :—The parietal incision somewhat cor-
responds to the incision for inguinal hernia. While
making these incisions : (1) avoid injury to external
ring (subcutancous inguinal ring) spermatic cord and
circumflex iliac vein; (2) avoid wounding the
peritoneum ; (3) avoid injury to the genito-crural
(genito-femoral) nerve or its inclusion in the ligature ;
(4) the ilio-inguinal nerve may be exposed when
dealing with the muscles, do not injure it; (5) the
deep (inferior) epigastric artery may be injured while.
dividing the transversalis fascia ; (6) the artery should
be ligatured at least one and three-quarter inches
above Poupart’s (inguinal) ligament, i.e. at a safe
distance from the point from which the larger
branches (deep epigastric and deep circumflex iliac)
are given off.

(b) Abernethy’s method.—This method differs from Cooper’s
in the direction and position of the incision. This is made by
commencing at a point an inch above and an inch to the inner
side of the anterior superior iliac spine, then curving downwards
and inwards to terminate at a point 14 inches above and slightly



Fia, 33.

LIGATION oOF THE EXTERNAL ILIAC ARTERY.

To face page 48.
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external to the centre of Poupart’s (inguinal) ligament. The rest
of the operation follows the same method as Cooper’s.

Comparison of the two methods

The one advantage claimed for Abernethy’s operation is that
the ligature is placed higher up than in the other method, and this
is a matter of consideration if the operation is undertaken for
aneurysm of the femoral artery. Its disadvantages are many, viz. :
(1) There is a greater risk of post-operative -(ventral) hernia.
(2) One has to work at a greater depth to secure the artery. (3)
Therefore, there is a greater risk of wounding the vein.

The advantages claimed for Cooper’s method are: (1) This
operation is easier to perform. (2) There is less division of muscles.
As a matter of fact that operation can be performed by splitting
the muscles and not dividing across their fibres. (3) There is less
disposition to ventral hernia. (4) The peritoneum in this part is
not so firmly adherent to the vessel sheath as it is higher up.

Transperitoneal methods

OPERATION

A laparotomy incision, three inches long, is made through the
pararectal route (vide infra) commencing one inch above the
umbilicus. The artery is exposed and ligatured as in the above
methods.

Comment :—The advantages of this operation are
manifold. (1) The artery is fully and easily exposed.
(2) Important pelvic structures can be better avoided.
(3) It affords greater care and accuracy. (4) The
danger of opening the peritoneum and its infection,
which was a strong point in favour of extraperitoneal
methods in pre-antiseptic days can now be disregarded.

COLLATERAL CIRCULATION

(1) Deep (inferior) epigastric with internal mammary, lower
intercostals and lumbar. (2) Deep circumflex iliac with ilio-
lumbar, lumbar and gluteal. (3) Gluteal (superior gluteal) and
sciatic (inferior gluteal) with internal and external circumflex
(medial and lateral femoral circumflex). (4) Obturator with
circumflex and epigastric. (5) Internal pudic (pudendal) with
external pudic (pudendal).

4
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ARTERIES OF THE LOWER EXTREMITIES
THE FEMORAL ARTERY

SURGICAL ANATOMY

It is a continuation of the external iliac and extends from the
lower border of Poupart’s (inguinal) ligament to the tendinous
opening in the adductor magnus at the junction of the upper
two-thirds with the lower third of the femur. In the upper half
of its course the artery lies in Scarpa’s triangle (the femoral trigone),
which is a triangular space bounded by Poupart’s (inguinal)
ligament above, the inner (medial) margin of the sartorius externally
and the inner margin of the adductor longus internally, the flcor
being formed by the psoas, iliacus, pectineus and adductor longus
muscles. The base of the triangle is formed by the Poupart’s
ligament and the apex at the point where the sartorius and adductor
longus muscles meet. In the lower half of its course it lies deeply
in Hunter’s canal (adductor canal) this is a musculo-aponeurotic
sheath or tunnel in the middle third of the thigh extending from
the apex of the Scarpa’s triangle to the femoral opening in the
adductor magnus. It has the vastus internus (vastus medialis)
on its outer side, adductors longus and magnus behind and the
roof is formed by an aponeurotic sheath extending from the vastus
internus to adductores longus and magnus on which lies the
sartorius muscle.

The femoral vein lies on the inner side of the artery in Scarpa’s
triangle and at its apex it goes behind the artery. It crosses
the artery from behind in its passage through Hunter’s canal and
gets to its outer (lateral) side at the lower part of the canal.

SURFACE MARKING

Place the limb slightly flexed at the hip, abducted and everted.
Take the mid-point between the anterior superior iliac spine and
the symphisis pubis and join it to the most prominent part of
the internal condyle (medial epicondyle, adductor tubercle). This
represents the line of the femoral artery. Upper third of this
line represents the artery in Scarpa’s (femoral) triangle ; middle-
third represents it in Hunter’s (adductor) canal and from the
lower-third, it becomes the popliteal artery (see Fig. 34).

LIGATION OF THE FEMORAL

A. At the base of Scarpa’s or femoral triangle

INDICATIONS

(1) Wounds. (2) Removal of growths from the Scarpa’s
(femoral) triangle. (3) Erosion of the artery by new growths or



51

Fic. 34.

SURFACE MARKINGS OF THE ARTERIES OF THE LOWER
EXTREMITY.

septic processes. (4) Aneurysms of the superficial femoral (femoral)
and popliteal. (3) Aneurysmal varix of the groin. (6) As a
preliminary measure to amputation at the hip-joint.

POSITION

Flex hip slightly, abduct and rotate the thigh outwards and
flex the knee ; the leg rests on external surface. Operator stands
on outer side of the limb and the assistant opposite to him.
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OPERATION

Skin incision, two inches long, commencing a little above
Poupart’s (inguinal) ligament in the line of the artery. Divide a
layer of fatty tissue covering fascia lata, avoiding superficial veins
and lymphatic glands. Divide the cribriform fascia. Avoid
external pudic (external pudendal) and superficial epigastric arteries.
The femoral sheath is exposed, the artery will be found in the
outermost of the three compartments. Clear the sheath. The
crural branch of the genito-crural (lumbo-inguinal) nerve lies
upon the sheath on its outer side. The vein lies in the middle
compartment and the crural (femoral) canal is the innermost.
Open the sheath carefully on the outer side, avoiding the genito-
crural (genito-femoral) nerve. Pass the needle from the inner
side, i.e. from the side of the vein (see Fig. 35).

Comment :—(1) The middle of Poupart’s ligament
is outside the line of the vessel and does not
correspond with the mid-point between symphisis
pubis and anterior superior iliac spine. (2) The
vein lying in the middle compartment is not likely
to be injured, but do not wound any of the superficial
veins or arteries as they are needed for collateral
circulation. (3) Cut the sheath slightly on the outer
side so as to avoid the genito-crural (genito-femaral)
nerve, which must not be included in the ligature.

COLLATERAL CIRCULATION

(1) Superficial circumflex iliac with external (lateral femoral)
circumflex. (2) Gluteal (superior gluteal) and sciatic (inferior
gluteal) with circumflex and superior (first) perforating. (3)
Comes (comitans) nervi ischiadici with perforating of profunda
and articular of popliteal. (4) Obturator with internal (medial
femoral) circumflex.

B. At the apex of Scarpa’s (femoral) triangle—i.e. at the site
of election

INDICATIONS

(1) Popliteal aneurysm. (2) Aneurysmal varix. (3) Wounds
of the femoral artery. (4) Hemorrhage from the femoral artery.
(5) To reduce the blood supply in cases of elephantiasis of the
leg and sarcomata.

POSITION

As for ligation of common femoral.
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Fic. 33.
LIGATION OF THE FEMORAL ARTERY.

OPERATION

Make an incision, in the case of the right thigh, from above
downwards, and on the left, from below upwards, three inches
long, in the line of the artery, the centre of the incision corresponding
to the apex (see Fig. 35). The tributary to the internal (great)
saphenous vein is exposed, retract it. Divide the fascia lata.
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The sartorius is exposed at the lower and outer part of the
wound, retract it outwards ; identify it by the fibres which have
a downward and inward direction. Now, feel for the artery (and
its pulsation). Superficially, branches of the internal cutaneous
(medial femoral cutaneous) nerves are seen and deeper, on its outer
side the long saphenous (the saphenous) nerve. Open the sheath
and pass the needle from within outwards, keeping it close to the
coats of the artery (see Fig. 35).

Comment :—(1) Roughly speaking, the upper end
of the incision could be a hand’s breadth below
Poupart’s ligament. (2) Scarpa’s (femoral) triangle
is smaller than is seen in a dissected specimen. (3)
Sartorius is the only muscle in that region, which has
its fibres running obliquely downwards and inwards.
(4) Do not wound internal (great) saphenous vein,
which is rather superficial. (5) Remember that the
femoral vein lying behind the artery, may be injured
while passing the needle.

COLLATERAL CIRCULATION

(1) External and internal circumflex and perforating branches
of the profunda (deep femoral) with branches of popliteal and
anterior tibial recurrent. (2) Comes nervi ischiadici (arteria
comitans n. ischiadici) with perforating branches of the profunda
(deep femoral) and branches of popliteal.

B. In Hunter's (adductor) canal
INDICATIONS

(1) Hemorrhage from the stump after amputation in the
lower-third of thigh or knee. (2) Wounds incised, punctured, etc.
(3) Aneurysm.

POSITION

As for the previous operation.

OPERATION

Make an incision, three inches long, in the line of the artery
in the middle part of the thigh. The internal (medial femoral)
cutaneous nerve and the long saphenous vein may be seen in the
subcutaneous tissue. Retract them inwards (medialwards). Divide
fascia lata exposing the sartorius, identifying it by the direction
of its fibres running downwards and inwards. Retract it by its
outer edge inwards. The roof of Hunter’s canal is now exposed,
formed by a fascia, with its fibres running transversely from the
vastus internus (medialis) to adductors magnus and longus. Make
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an incision in the roof in the line of the original wound. This
opens Hunter’s canal and exposes the artery. The vein lies behind
and partly to the outer side. Pass needle from either side (see

Fig. 35).
COLLATERAL CIRCULATION

After ligation of the femoral artery below its profunda branch
the external circumflex artery anastomoses with the muscular
branches of the femoral, anastomotica magna and superior
articular arteries. The perforating arteries anastomose with the
muscular branches below the ligature and with the superior articular
arteries.

Comment :—(1) Keep rigidly in the line of the
artery and in the middle-third of the thigh in making
the incision, for (@) if the incision is made too far
outwards (lateralwards) the vastus externus (lateralis)
is exposed instead of the sartorius. The vastus fibres
run downwards and outwards, the sartorius fibres
downwards and inwards ; (b) if it is made lower than
the middle-third, the vessel is exposed below the
opening in the adductor magnus after it has become
the popliteal. (2) Avoid the vein and internal
saphenous nerve (the saphenous nerve). (3) The site
of the canal is best demonstrated by fully adducting
the thigh which makes the fibres of adductors magnus
and longus prominent.

LIGATION OF THE POPLITEAL ARTERY

INDICATIONS

(1) Injury to the popliteal artery (e.g., due to dislocation,
fracture, punctured and crushed wounds, or during osteotomy).
(2) Aneurysm of the lower part of the popliteal. (3) Wounds of
the leg with haemorrhage of uncertain origin (e.g., from anterior
or posterior tibial).

SURGICAL ANATOMY

This vessel commences at the opening in the adductor magnus
near the junction of the upper two-third with the lower-third of
the femur on its inner aspect. The vessel at first passes obliquely
downwards and outwards to the mid-point of the popliteal space
and then vertically downwards to the lower border of the popliteus
muscle. Here it terminates by dividing into anterior and posterior
tibial arteries. The point of bifurcation corresponds with the
tubercle (tuberosity) of the tibia. It can be tied best at its com-
mencement on the inner side of the thigh, where it is found between
the tendons of semi-membranosus and adductor magnus.
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A. In its upper part—I(i.c. on the inner side of the thigh)
POSITION.

Flex hip slightly. Fully abduct the thigh and rotate it out-
wards. Flex knee-joint at right angles. Operator stands on the
outer side and bends over the limb. The assistant stands opposite.

OPERATION

Incision, three inches long, on the right side, from above
downwards and on the left side, from below upwards, begins at
the junction of the middle and lower-thirds of the thigh. It runs
parallel with and just behind the tendon of the adductor magnus.
The subcutaneous fat is exposed with a branch of the internal
cutaneous nerve (the medial femoral cutaneous nerve). Retract
the nerve outwards. Define the anterior edge of the sartorius and
retract it backwards. If the internal (great) saphenous vein is
exposed lying on this muscle, it is retracted with the muscle.
Divide the deep fascia, seek for the adductor magnus. Draw it
forwards. Expose the semi-membranosus, retract it backwards.
The artery will be found in the interval between the semi-
membranosus and the adductor magnus, surrounded by much
connective tissue and lying close to the bone. The internal popliteal
nerve (tibial nerve) lies on the outer side of the artery. The artery
is most superficial of all these three structures. Take an aneurysm
needle with a large lateral curve and pass it from below upwards
(Fg. 36).

Comment :—(1) This operation is the easier of the
two and the one most commonly performed. (2)
The internal (great) saphenous vein is on the surface
of the sartorius muscle and the deep branch of the
anastomotica magna artery (highest genicular artery)
along the anterior surface of the adductor magnus
tendon ; avoid both. (3) The tendon of the adductor
magnus is a good guide to the vessel.

COLLATERAL CIRCULATION

(1) Anastomotica magna, (highest genicular), superior articular
(superior genicular) and descending branch of external (lateral)
circumflex with inferior articular and recurrent anterior tibial
(anterior tibial recurrent).

B. In its lower part—(i.e. tn the popliteal space)
POSITION:

Place patient in prone position. Extend leg fully. Operator
stands on the outer side of the left limb and the inner side of the
right. Assistant stands opposite.



Fra. 36.

LIGATION OF THE POPLITEAL ARTERY.

To face page 56.
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OPERATION

Make a vertical incision three and half inches long in the
middle line of the popliteal space, commencing about the level
of the knee-joint, and extending downwards over the interval
between the two heads of the gastrocnemius. This divides the
skin and superficial fascia and exposes the short saphenous vein
and nerve (sural nerve). Divide the deep fascia in the same vertical
line. Identify the heads of the gastrocnemius muscle and separate
them widely. The following structures are now exposed ; plantaris,
crural (tibial) arteries and the communicans tibialis nerve (medial
sural cutaneous nerve). Draw these to one side. The short
saphenous (small saphenous) vein is the guide to the vessel. Flex
the knee-joint to relax the gastrocnemius. The following structures
are now found in order from behind forwards ; first the internal
popliteal nerve (tibial nerve), then the popliteal vein and then
the artery. Draw the nerve and vein to the innzr (medial) side,
clean the artery and its sheath and pass the needle from the inner
side.

Comment :—(1) Avoid injury to the vein by
retracting it carefully together with the internal
popliteal nerve. (2) Knee should be fully flexed to
relax the muscles before passing the needle.

COLLATERAL CIRCULATION
As after the previous operation.

LIGATION OF THE ANTERIOR TIBIAL ARTERY
INDICATIONS

(1) Wounds to the vessel (incised, punctured, gunshot, due to
fracture and after amputations). (2) Traumatic aneurysm of the
tibial artery. (3) Aneurysm of the popliteal artery (according to
some authorities).

SURGICAL ANATOMY

The popliteal artery bifurcates at the lower border of the
popliteus muscle behind the knee-joint, into anterior and posterior
tibial arteries. The anterior tibial passes over the upper border
of the interosseous membrane along the anterior and outer aspect
of the limb (see Figs. 34, 37).

SURFACE MARKING

Take a point midway between the head of the fibula and
the tuberosity of the tibia ; take another point midway between
the internal and external (medial and lateral) malleoli. Join
these two points to indicate the line of the artery.

POSITION

The patient lies on his back. The leg lies straight upon the
table with the foot projecting beyond its edge. Extend foot
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forcibly and rotate leg fully inwards. Operator stands on the outer
side and assistant opposite to him.
A. In the upper third of the leg
OPERATION

Incision for the right side from above downwards and for the
left from below upwards, three and half inches long over the line of

Fie. 37.
SURFACE MARKING OF THE ANTERIOR TIBIAL ARTERY.
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the artery, its upper end being about one inch below the head of the
tibia (Fig. 37). The strong deep fascia, which is exposed, is
divided. The intermuscular line between the tibialis anticus
(anterior) and extensor longus digitorum is now seen. Relax these

Fic. 38.
LIGATION OF THE ANTERIOR TIBIAL ARTERY.
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muscles now by flexing the foot. Separate these two muscles, retract
them and look for the external border of the tibia. The artery will
be found lying bound down on the interosseous membrane. The
nerve lies on the outer side of the artery. The needle is passed
from without inwards and the artery ligatured with the venw
comites as the latter can hardly be separated (see Fig. 38).

Comment :—(1) Before incision try to define the
tibialis anticus (anterior). (2) One and half inch or
a thumb’s breadth on the outer side of the anterior
crest or shin of the tibia will roughly define the line
of the artery. (3) If the intermuscular line is not
distinct, feel for it with your finger.

B.  In the middle third of the leg
OPERATION

Make an incision three inches long on the line of the artery
with its centre opposite the centre of the limb, dividing the skin
and the deep fascia (see Fig. 37). The white line indicating the inter-
muscular septum between the tibialis anticus (anterior) and extensor
longus hallucis is now exposed. Flex the foot to relax these muscles
and separate them along this line and retract them. The artery
will be found lying on the interosseous membrane. On its outer
side is the extensor longus hallucis and in its front is the anterior
tibial nerve (deep peroneal nerve). The needle is passed from its
inner side (see Fig. 38).

Comment :—(1) Missing of the intermuscular
septum can be avoided by (a) identifying the tibialis
anticus (anterior) which is the first muscle external
to the (anterior) crest of the tibia and (b) keeping close
round its outer margin while opening the inter-
muscular septum. (2) Flex the foot to relax the
muscles while looking for the artery.

C. In the lower third of the leg

POSITION

As for ligation of the upper third, without the inward rotation
of the foot.
OPERATION

Make an incision two to three inches long along the line of the
artery on its lower third (see Fig. 37).

Clearly identify tendon of tibialis anticus (anterior). Divide
the upper part of the superior band of the anterior annular ligament
in the line of the wound. In the interval between the tendon of
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the tibialis anterior and the tendon of extensor longus hallucis
will be found the anterior tibial artery, accompanied by two venz
comites and with the anterior tibial nerve on the outer side.
Pass the needle from the nerve. In closing the wound, suture the
anterior annular ligament (see Fig. 38).

LIGATION OF THE DORSALIS PEDIS ARTERY

INDICATIONS

(1) Wounds of the vessels. (2) Traumatic aneurysms. (3)
Hemorrhage from the plantar arch from trauma, or (4) secondary
hamorrhage due to septic processes in the sole.

SURFACE ANATOMY

It is a direct continuation of the anterior tibial artery com-
mencing midway between the external and internal malleoli. Tt
runs downwards through the first interosseous space to join the
external plantar artery and thus forms the plantar arch.

SURFACE MARKING

Take the mid-point between the two malleoli and join it by
a line to the first interosseous space. The artery lies between the
tendon of extensor longus hallucis (on the inner side) and extensor
longus digitorum (on the outer side) (see Fig. 37).

POSITION

Flex the knee, the sole of the foot rests on the table. The
assistant holds the foot in that position. Operator stands on the
outer side.

OPERATION

Make an incision two inches long on the line of the artery
between the tendons of extensor longus digitorum externally and
extensor longus hallucis internally. The artery is found on the
fatty tissue lying on the bone, the anterior tibial nerve being on
its outer side. Pass the needle from the nerve (see Fig. 38).

THE POSTERIOR TIBIAL ARTERY

LIGATION OF THE POSTERIOR TIBIAL ARTERY

INDICATIONS

(1) Wounds (punctured, incised, gunshot, etc.). (2) Traumatic
aneurysm.
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SURGICAL ANATOMY

The posterior tibial artery formed by the bifurcation of the
popliteal at the lower border of the popliteus muscle, continues
down the back of the leg between the superficial (gastrocnemius,
soleus, and plantaris) and deep (flexor longus digitorum) muscles
on the posterior aspect of the tibia.

Fic. 39.
SURFACE MARKING OF THE POSTERIOR TIBIAL ARTERY.
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SURFACE MARKING

A line drawn from a point at the lower part of the centre
of the popliteal space to another point midway between the tendo
Achillis and the internal malleolus (see Figs. 34, 39).

F1a. 40.
LIGATION OF THE POSTERIOR TIBIAL ARTERY.
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POSITION

Flex the knee and place the leg on its outer side. The
assistant holds the leg in that position standing on the inner side
of the leg. The operator stands on the outer side.

A.  In the middle of the Calf

OPERATION

Make an incision four inches long parallel to and a finger’s
breadth behind the inner border of the tibia, its centre corresponding
to the mid-point of the leg (Fig. 39). Divide the skin avoiding
the internal saphenous vein and then the deep fascia. If the
gastrocnemius comes into view, draw the inner border downwards.
This exposes the fibrous aponeurosis of the soleus. Divide this
and the muscular fibres of the soleus along the length of the incision.
Retract the cut margins. This brings into view the intermuscular
aponeurosis which covers the vessels and the deeper muscles of the
leg. Split this up for the whole length. The flexor longus digitorum
with its fibres running obliquely downwards is exposed. Plantar-
flex the foot and also the knee to relax the calf muscles. The
vessel will be seen bound down to the deep muscles by a fascia.
The posterior tibial nerve lies on the outer side. Pass the needle
from the nerve (Fig. 40).

Comment :—(1) In muscular subjects, fleshy fibres
of the gastrocnemius may be mistaken for soleus.
The latter muscle can be recognized by the direction
of its fibres running obliquely whereas those of the
gastrocnemius run paralle]l to the long axis of the
limb. (2) Sometimes the interval between the super-
ficial and deep calf muscles is difficult to recognize
and the deep muscles may be detached from the tibia
by mistake. To avoid this, recognize the inter-
muscular aponeurosis of the soleus. (3) The fibres
of the flexor longus digitorum may hide the artery
and this can be obviated by searching for the artery
behind the posterior surface of the tibia and not in the
middle of the wound. (4) In dividing the soleus
keep the knife towards the tibia or too much of the
soleus will be cut.

B. At the lower third of the Leg

OPERATION

Make an incision two inches in length on the line of the
artery midway between the margin of the tendo Achillis and
inner edge of the tibia (see Fig. 39). Divide superficial and deep
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fasciee with the upper part of the internal annular ligament. The
artery is seen lying on the flexor longus digitorum with the nerve
on its outer side. Pass the needle from the nerve and ligature it
including the vens comites.

C. Behind the Internal Malleolus

OPERATION

Make a curved incision with the convexity towards the heel,
half an inch behind the internal malleolus and corresponding to
its curve (Fig. 39). Divide the skin and the superficial fascia.
The strong deep fascia which forms the internal annular ligament
is exposed and divided. The artery is thus exposed with venee
comites lying on either side. It is separated from these and the
needle passed from the nerve (see Fig. 40).

Comment :—(1) From the inner margin of the
internal malleolus towards the heel are found four
compartments : (az) the first compartment contains
tibialis posticus (posterior) in its sheath; (b) the
second, flexor longus digitorum ; (c¢) the third, in
order, the vein, artery, another vein and the nerve ;
(d) the fourth compartment contains flexor longus
hallucis tendon. (2) Remember the order of the
compartments and do not cut the tendon sheaths.



CHaPTER IV
OPERATION ON NERVES

Nerves may have to be exposed for the following objects :—

1. For nerve stretching (neurectasy), e.g. the sciatic for
sciatica.

2. For the division of a nerve trunk (neurotomy) for neuralgia,
e.g. the fifth cranial nerve.

3. For resection of nerve (neurectomy), e.g. the spinal
accessory for spasmodic torticollis.

4. For extrication of a nerve from cicatrix or callus (neuro-
lysis).

5. For suturing (neurorrhaphy) in cases of accidental division
or rupture, e.g. the median in the forearm (Figs. 41-45).

Figs., 41-45.

METHODS OF NERVE-SUTURING :—1,—A, B, C, Sutures passing
through entire thickness of nerve and sheath; D, E, Sutures passing
through nerve-sheath only.

REPRODUCED FROM BICKHAM'S OPERATIVE SURGERY
By the Courtesy of THE W. B. SAUNDERS CO.

6. For nerve anastomosis, nerve bridging (neuroplasty) and
nerve transplantation, e.g. the facial with the hypoglossal or spinal
accessory nerves (Fig. 46).



Fia. 46.
NERVE ANASTOMOSIS

REPRODUCED FROM BICKHAM’S OPERATIVE SURGERY
By the Courtesy of THE W. B. SAUNDERS CO.

To fuce puge 66,
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7. For nerve implantation or nerve grafting (Figs. 47-50).

8. For nerve avulsion, i.e. tearing away of a nerve from its
proximal and distal connections.

Figs. 47-50.

NERVE GRAFTING—III:—A, The darker, smaller nerve has lost all
function ; B, is divided transversely and its distal end sutured into the
sound nerve. C, The darker nerve has lost all function; D, is divided and
sutured to the split portion of the sound nerve.

REPRODUCED FROM BICKHAM’S OPERATIVE SURGERY
By the Courtesy of THE W. B. SAUNDERS CO.

EXPOSURE OF NERVES OF HEAD AND NECK

THE SUPRA-ORBITAL NERVE
SURGICAL ANATOMY

The nerve leaves the orbit through the supra-orbital foramen
which is situated at the junction of the middle with the inner
third of supra-orbital margin. The supra-orbital vessels are on its
outer side and superficial to it.

OPERATION

Steady the skin over the supra-orbital region with the left
hand and make an incision about three-fourths of an inch long
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horizontally along the superciliary ridge (arch) keeping the
supra-orbital notch at its centre. On cutting through the integu-
ments and the orbicularis muscle, the nerve is exposed. The
vertical incision cuts across the fibres of the muscle and is not
recommended (Fig. 51).

Fic. 51.

Showing positions of supraorbital (A), infraorbital (B) and mental (C)
foramina, and the lines of incision (D, E).

THE INFRA-ORBITAL NERVE
SURGICAL ANATOMY

This nerve is a branch of the second division of the fifth and
emerges through the infra-orbital foramen on the front of the
superior maxilla (the maxilla). To find the infra-orbital foramen,
draw a line from the supra-orbital notch to the interval between
the two lower bicuspid (premolar) teeth which is in a line with
the mental foramen (Fig. 51) ; the foramen lies on this line about
half an inch below the infra-orbital margin.

OPERATION

Make a transverse incision three-fourths of an inch long and
one-fourth of an inch below the lower margin of the orbit, crossing
the infra-orbital foramen. This incision euts through the sub-
cutaneous fat and orbicularis (oculi) muscle and exposes levator
labii superioris (quadratus labii superioris). This is divided and
the nerve is reached.

THE FACIAL NERVE
SURGICAL ANATOMY

The seventh or the facial nerve after traversing the internal
auditory (acoustic) meatus and aqueductus Fallopii (canalis facialis)
emerges through the stylo-mastoid foramen. It now runs forward
and slightly downwards along the upper border of the posterior



Fia. 52,
PARQTID GLAND AND SUPERFICIAL NERVES OF HEAD.

To face page 69.
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belly of the diagastric, gives off the posterior auricular nerve and
muscular branches, and enters the substance of the parotid gland
at the level of the lower margin of the tragus, opposite the posterior
border of the ramus of the lower jaw. On the face it divides into
five branches: Temporal, Zygomatic, Buccal, Mandibular, and
Cervical (Fig. 52).

POSITION

Same as for ligature of common carotid artery.

OPERATION

Make an incision similar to that employed for ligature of the
external carotid but at a slightly higher level. This divides the
skin and the fascia; the sterno-mastoid (sterno-cleido-mastoideus)
is cleared and retracted backwards. Similarly the parotid gland
is cleared and pulled forward. This part is cleared up to the
posterior belly of digastricus; the nerve is found above it and
accidental stimulation gives rise to facial spasm. The nerve is
raised on an aneurysm needle and traced back to the stylo-mastoid
foramen (see Fig. 46).

THE SPINAL ACCESSORY NERVE
SURGICAL ANATOMY

The nerve leaves the cranial cavity through the jugular foramen
and runs down the neck between the internal carotid and the
jugular vein. It then passes obliquely downwards and backwards
across the vein beneath the posterior belly of the digastric and
piercing the sterno-mastoid (sterno-cleido-mastoideus) at its deep
surface, it passes through the muscle, crosses the posterior triangle
to become distributed to the trapezius (see Figs. 24 and 46).

POSITION

Patient lies on his back and in order to expose the anterior
and posterior triangles of the neck a sand-bag is placed behind
the shoulder and the chin turned to the opposite side.

OPERATION

Make an incision three inches long from the apex of the
mastoid process along the anterior border of sterno-mastoid muscle
dividing the skin and then the deep cervical fascia. Feel for the
transverse process of the atlas. Bend the neck slightly on the
same side and retract the sterno-mastoid backwards. Identify the
posterior belly of the digastricus and the nerve will be seen
emerging from beneath it a little below and external to the trans-
verse process of the atlas. It can now be stretched or excised for
severe spasmodic wry-neck.
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TRIGEMINAL NEURALGIA

A few words on the treatment of Trigeminal Neuralgia will
not be out of place here.

Two methods of treatment are known :

Alcohol injection of the gasserian ganglion and section of
the sensory root of the fifth nerve. Other operative methods,
such as section of the main divisions, or partial or total excision
of the ganglion are obsolete.

INJECTION OF THE GASSERIAN GANGLION

The needle may be entered in the cheek, opposite the upper
second molar tooth, as recommended by Purves Stewart, or } inch
in front of and below the eminentia articularis of the zygoma.
The needle is so directed that it is at an angle of 110° with the
vertical plane so that when seen from the front it is aimed at the
pupil, and from the side, directly deep to the eminentia articularis.
A protractor may be used to measure the angle (Fig.' 53). The

Fia. 33.

INJECTION OF THIRD DIVISION OF FIFTH NERVE. Method
of measuring angle (110 degrees) in vertical plane with protractor.

injection must in every case be checked by the sensation of the
patient, and, therefore, local anasthesia or morphine and scopolamin
are preferable to general anssthesia. No alcohol must be injected
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before a preliminary injection of a few drops of novocaine solution,
which should cause anwsthesia of the corresponding side of the
face. If the needle is in the ganglion, definite resistance is felt
while pushing the piston. After an®sthesia has been secured by
novocaine the needle is left ¢n situ, and a syringe containing
absolute alcohol is attached. ¥rom 1 to 2 c.c. of alcohol are
injected very slowly, a careful watch being kept upon the sensation
of the patient and upon the other cranial nerves.

RESECTION OF THE SENSORY ROOTS

The alcohol injection being easier and without much risk and
therefore popular, this procedure is seldom adopted.

OPERATIONS ON THE PHRENIC NERVE IN THE
TREATMENT OF PULMONARY TUBERCULOSIS

Amongst the various methods which aim at a diminution in
the volume and mobility of the lung, when its lower part is affected,
section of the motor nerve to the diaphragm is becoming quite
popular. It is specially helpful in cases in which due to extensive
adhesions, an artificial pneumothorax is undesirable and is of little
benefit.

SURGICAL ANATOMY

The anatomical relations of the phrenic nerve are very variable.
In many persons it is duplicated in the neck and in some even
three trunks have been found. It receives filaments from the
sympathetic, sometimes from the nerve to the subclavius muscle
and from the hypoglossal, the spinal accessory, the vagus or
suprascapular nerves. Section high in the neck may leave the
accessory nerves in tact and no hemidiaphragmatic paralysis occurs.

RADICAL PHRENICECTOMY

Goetze’s operation involves considerable dissection to expose
the nerve and to cut it low down in the neck, below its anastomosis
with the inferior cervical sympathetic ganglion.

It appears that for practical purposes only the accessory
phrenics are to be considered, while the other fibres, arising with
the nerve to the subclavius, are so rare that they may be dis-
regarded and the simpler operation of phrenic avulsion is sufficient.

PHRENIC AVULSION, PHRENIC EXERESIS

This operation is almost invariably done under local infiltra-
tion ansesthesia.
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An incision of about 1} to 2 inches in length is made along
the posterior border of the sterno-cleido-mastoideus, the centre of
the incision being at the level with the cricoid cartilage. The
alternate incision is one over the posterior triangle, parallel to
the clavicle and a few centimeters above it. Better cosmetic
results have thus been obtained. Dissecting down, the scalenus
anterior is exposed and, if the nerve is in its normal position, it
is seen crossing the muscle from above, downward and medially.
After the nerve has been surely identified, it is cut as high as
possible the distal end seized with forceps and released from its
muscular sheath as low as possible.

Fic. 54.
SURGICAL APPROACH TO THE PHRENIC NERVE.

It is then twisted and pulled out. Ten to twelve, at times as
much as 25 or 30 c.m. are pulled out including the main terminal
branches, while all the accessory branches are thus ruptured. To
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secure the desired result at least 11 c.m. of the distal portion of
the nerve must be cut (Fig. 54).

Comments :—Simple as it appears, the operation
is not always so easy. In some subjects it cannot be
easily found. The recurrent laryngeal, the cervical
sympathetic trunk and the vagus have been mistaken
for the phrenic and severed with the consequent
results of permanent aphonia, Horner symptom-
complex or instant death. Injury to the cervical
veins may be responsible for air embolism, and to
the thoracic duct give rise to a chylous fistula.

EXPOSURE OF THE NERVES OF THE UPPER
EXTREMITY

THE MEDIAN NERVE

This nerve has to be exposed for suturing after accidental
division. It may be exposed in three different situations, viz. :
(@) in the middle of the upper arm, (b) at the bend of the elbow,
and (c) above the wrist.

(@) In the middle of the arm.—It can be exposed by the same
process as the brachial artery. The nerve is seen first and then
the artery (see Fig. 15).

() In the front of the elbow.—The operation is similar to
that for the exposure of the brachial artery in this situation. The
incision, however, can with advantage be made about half an
inch internal to the biceps tendon. The nerve lies one-fourth of
an inch internal to the artery (see Fig. 16).

(c) Above the wrist.—It can be exposed about an inch above
the transverse crease on the front of the wrist. A vertical incision
there exposes the palmaris longus tendon and the nerve will be
found lying either beneath or just on the radial side of this tendon.

THE ULNAR NERVE

This nerve is generally injured in the ulnar groove at the
back of the elbow or just above the wrist.

(a) In the upper arm.—The nerve can be exposed by the
same incision as for the brachial artery (see Fig. 15). It lies on the
inner side of the vessel. Lower down, the nerve can be exposed
by an incision on the ulnar groove at the back of the internal
condyle (medial epicondyle) or by prolonging the incision upwards.

(b) In the forearm.—The nerve can be exposed by the same
incision as for the ulnar artery. It lies internal to the vessel.
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THE MUSCULO-SPIRAL (RADIAL) NERVE

This nerve is frequently damaged in fractures of the shaft
of the humerus or it may get caught in the callus after the frac-
ture is united. It may give rise to wrist-drop. It is usually
exposed at the back of the arm.

At the back of the arm.—Flex the elbow at right angles
holding the upper arm in the vertical position. Make a vertical
incision four inches long in the middle line of the posterior aspect
of the arm, the centre of the incision being opposite the centre
of the bone. The triceps is exposed and its fibres separated
vertically. The nerve is found in the musculo-spiral groove (sulcus
nervi radialis) with the superior profunda (profunda brachii) vessels
crossing the line of incision obligquely.

EXPOSURE OF THE NERVES OF THE LOWER
EXTREMITY

THE SCIATIC NERVE
SURGICAL ANATOMY

The nerve appears immediately below the inferior border of
the gluteus maximus. It lies on the adductor magnus between
it and the hamstring muscles. This nerve is exposed for stretch-
ing in cases of obstinate sciatica but this operation is, however,
becoming very rare.

POSITION

The patient lies prone with his head turned to one side., The
operator stands on the side to be operated on.

OPERATION

Commence an incision at a point midway between the ischial
tuberosity and the great trochanter and carry it vertically down-
wards for three inches. This exposes the gluteus maximus above
and hamstring muscles at the inner margin of the wound. They
are retracted upwards and inwards respectively. The sciatic
nerve is found lying on the posterior surface of the adductor magnus
in the depth of the wound (Fig. 55).

THE EXTERNAL POPLITEAL (COMMON PERONAEAL)
NERVE

SURGICAL ANATOMY

This nerve is one of the two terminal branches of the sciatic
nerve and lies close to the outer side of the popliteal space, and



Fra. 53.

EXPOSURE OF THE GREAT SCIATIC NERVE AT THE
LOWER BORDER OF THE GLUTEUS MAXIMUS :—a, (iluteus maxi-
mus; b, Small sciatic nerve; ¢, Semitendinosus; d, Biceps femoris;
e, Great sciatic nerve and a muscular branch.

REPRODUCED FROM BICKHAM’'S OPERATIVE SURGERY
By the Courtesy of THE W. B. SAUNDERS CO.

To face paye 74.
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crosses the outer head of the gastrocnemius to the neck of the
flbula immediately behind or below the tendon of the biceps
femoris.

POSITION

Flex the limb and rotate it fully inwards.

OPERATION

Identify the biceps femoris tendon and make an incision two
inches long and parallel to it in such a way that the centre of
the incision corresponds to the point of insertion of the tendon.
Divide the skin and retract the flaps; the nerve will be found
behind and below the tendon.



CHAPTER V

OPERATIONS ON TENDONS AND MUSCLES

OPERATIONS ON TENDONS

A tendon may be divided completely, complete tenotomy, or
only a part of the thickness of the tendon may be divided, partial
tenotomy.

Tenodesis or tendon fixation to bones or periosteum (Fig. 56).

Fra. 56.

WOLFF'S METHOD OF UNITING A TENDON TO THE BONE
BY IMPLANTATION UPON FRESHENED BONE AND
SUTURE TO ADJACENT PERIOSTEUM.

REPRODUCED FROM BICKHAM’S OPERATIVE SURGERY
By the Courtesy of THE W. B. SAUNDERS CO.
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Tenorrhaphy or tendon-suturing.—In recent cases the divided
ends may be approximated but in old cases tendon lengthening

may be required (Figs. 57-60).
e
Wi
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@
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Figs. 57-60.

TENORRHAPHY :—A, Single suture through entire thickness of
tendon ; B, Two sutures entirely through tendon, in opposite directions ;
C, Peripheral sutures; D, Woelfler’s quilt sutures.

REPRODUCED FROM BICKHAM'S OPERATIVE SURGERY
By the Couriesy of THE W. B. SAUNDERS CO.
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_ Tendon lengthening is required as a secondary tenorrhaphy
(Figs. 61-64). '

Fias. 61-64.

LESS USUAL FORMS OF TENDON LENGTHENING :—A,
Splitting one end longitudinally and transversely, reinforcing where bent,
and suturing split end into opposite unsplit end; B, Splitting both ends
longitudinally and transversely, reinforcing where bent, and suturing
split portions end to end; C, Same, with suturing of split portions
laterally, D, Same as last, with different sutures (lateral knotted and
ordinary).

REPRODUCED FROM BICKHAM’S OPERATIVE SURGERY
By the Courtesy of THE W. B. SAUNDERS CO.
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Tendon shortening—when the muscle action is impaired due to
lengthening of tendon or muscle contraction is lessened, as in
paralysis and in the deformity known as talipes calcaneus. Partial
tenectomy is one of the methods of tendon shortening (Figs. 65—
68).

Fics. 65-68.

TENDON SHORTENING BY DOUBLINGS OF THE FRESHENED TEN-
DON UPON ITSELF, FOLLOWED BY SUTURING :—a, Single doubling of tendon
upon itself, with suturing together of its freshening lateral aspects: b, Double doubling,
with the same technic; ¢, Median splitting, followed by doubling of the two spht
halves and suturing : d, The miethod of placing the sutures, in ¢, seen in a.

REPRODUCED FROM BICKHAM'S OPERATIVE SURGERY
By the Courtesy of THE W. B. SAUNDERS CO.
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Tendon grafting—tendon transplantation or tendon implanta-
tion. By grafting or transplantation is meant grafting one
tendon upon another, strictly speaking, by implantation; the
receiving tendon is cut to take into its substance the received or
entering tendon. This operation is performed in cases in which
a particular tendon is destroyed and the deficiency is too great for
bringing into apposition the distal and proximal ends or in cases
of paralysis of tendons, one or more of the paralysed tendons is
grafted to an unparalysed group; e.g. for the relief of talipes
valgus the tendon of peroneus brevis is sometimes divided and
inserted into the tendon of tibialis anticus (anterior) (Fig. 69).

Fi1a. 69.

TENDON GRAFTING :—The paralysed peroneus brevis tendon is
grafted into the normal tibialis anterior tendon.

REPRODUCED FROM TURNER'S OPERATIVE SURGERY
By the Courtesy of CASSELL & CO., LTD.
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TENOTOMY

Tenotomy can be performed in one of two ways :

(@) The subcutaneous method has for its object the division of the
tendon with the least disturbance of the surrounding parts and with
the smallest opening in the skin. In pre-antiseptic days this was
the operation of choice, but at present the open method is
advocated. The subcutaneous method has certain advantages :
(1) It is simple and leaves no scar. (2) It is suitable for well-
defined tendons which have no important structures near it.

(b) The open method should be chosen: (1) When there are
important structures surrounding the tendon. (2) When tenotomy
is only a part of the operation for the cure of deformity. The
objects for which tenotomy is performed may in many cases be
achieved by tendon lengthening and tendon shortening.

Indications.—
(1) For correction of deformities :—

(@) Those due to infantile paralysis.

(b) Those resulting from spastic paraplegia ; in these cases
improvement follows the division of tendons of such
muscles as are in a state of spastic contraction.

(¢) Those of traumatic origin ; these are due to cicatricial
contraction from the wounds, burns, etc., especially
if the patient keeps his limb in a particular position
for any length of time.

(2) For torticollis of the non-spasmodic form.

(3) In certain cases of congenital deformities.

(4) To prevent tilting of the heel after certain operations
such as, Chopart’s amputation.

INSTRUMENTS.—Group XXXI.
OPERATION

Subcutaneous tenotomy. The tendon, if it is not already
prominent, should be made so by the disposition of the limb, but
it should not be over-stretched. Attempt should be made to cut
the tendon without opening its synovial sheath. There are two
methods :—

(1) The sharp tenotome is entered through the skin close to
the tendon to make a way for the blunt-pointed tenotome. The
latter is now introduced through the opening, in the flat position,
so that the edge, on entrance, is not in contact with the tendon.
It enters on the deeper side of the tendon, i.e. the tendon lies
between it and the skin. The edge is now directed towards the

6
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tendon, and it is cut with a sawing movement while the assistant
is putting the tendon more and more on the stretch.

(2) In the other method, after the skin puncture, the blunt-
pointed tenotome is introduced superficial to the tendon, i.e.
between the tendon and the skin and the tendon is cut from the
side of the skin towards the deeper structures. The left fore-
finger is kept on the skin at the site of operation in order to feel
the movements of the tenotome and to control it. The division
of the tendon is felt by a creaking sensation and a snap.

TENDO ACHILLIS (TENDO CALCANEUS)
INDICATIONS

(1) Chiefly for talipes equinus. (2) To rectify deformity
which may be caused by Chopart’s amputation ; but this amputa-
tion has practically been given up. (3) It is occasionally necessary
in order to reduce a dislocation or fracture of the foot, e.g. Pott’s
fracture.

Fic. 70.
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OPERATION

Select the position and divide the tendon about an inch and
a half above the heel where it is narrowest (see Fig. 70: f).

TIBTALIS POSTICUS (TIBIALIS POSTERIOR)
INDICATIONS

In cases of congenital club-foot and other deformities.

SURGICAL ANATOMY

The tendon passes along the posterior aspect of the tibia into
the first of the four compartments behind the inner malleolus, oc-
cupying a special synovial sheath (see F'tg. 70 : e). Itisinserted into
the scaphoid (navicular), the cuneiforms, the cuboid and the second
and third metatarsal bones. It is in close relation to important
structures as described before.

OPERATION

It should be divided by the open method either (a) above,
immediately before it passes under the internal annular or laciniate
ligament or (b) below, just behind its insertion into the tuberosity
of the scaphoid (navicular).

TIBIALIS ANTICUS (TIBTALIS ANTERIOR)
INDICATIONS

This muscle which is a powerful adductor of the foot is divided
to overcome deformities such as talipes equino-varus.

SURGICAL ANATOMY

After passing through the innermost sheath in the anterior
annular ligament, the tendon of the tibialis anticus crosses the
ankle in front lying upon the astragalus (talus), scaphoid (navicular),
and the internal (first) cuneiform bones and the ligaments uniting
them, to be inserted into the internal cuneiform and the base of
the first metatarsal on their inner aspects. It has its own synovial
sheath.

OPERATION

It is divided as it crosses the scaphoid bone on the inner side
of the foot to gain insertion into the base of the first metatarsal
and the internal cuneiform bones.
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HAMSTRING TENDONS
INDICATIONS

(1) In cases of ankylosis of the extra-articular type of the knee
due to the contraction of these tendons from injury, disease or
after operation. (2) These tendons are exposed as a preliminary
measure to an operation for shortening them or for tendon grafting,
in cases of extensor paralysis of the infantile type.

SURGICAL ANATOMY

Hamstring tendons consist of the biceps, semi-membranosus
and semi-tendinosus. The biceps tendon is the strong cord which
forms the outer boundary of the popliteal space. It is inserted
into the head of the fibula. Along its posterior border runs the
external popliteal nerve (the common peronaal nerve). The semi-
membranosus and the semi-tendinosus tendons with the sartorius
and gracilis form the inner boundary of the popliteal space. The
semi-tendinosus is smaller, more superficial and placed nearer the
middle line than the semi-membranosus. The gracilis and the
sartorius tendons are more difficult to feel.

Division of the biceps femoris tendon :—In consideration of its
close relation to the external popliteal (common peronzal) nerve
which can be easily injured during subcutaneous tenotomy, the
open method should be adopted. An incision half an inch long
is made on the outer aspect of the tendon ; the tendon is defined
and separated from the nerve. It is then divided in the usual
way.

Division of the semi-membranosus and semi-tendinosus
tendons :—A subcutaneous tenotomy is not attended with any
particular risk. The tenotome is introduced beneath the tendons
and cut towards the skin.

Comment :—Tendon lengthening or transplanta-
tion would naturally be a more rational surgical pro-
cedure than tenotomy for the above conditions.

PERONEI TENDONS

INDICATIONS

(1) Rarely in advanced cases of talipes valgus due to infantile
paralysis. (2) These tendons are exposed for tendon grafting
(see Fig. 69).

SURGICAL ANATOMY

The two peronei tendons pass into the foot behind the outer
malleolus, grooving it deeply as they run beneath it. They have
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a common synovial sheath, the peroneus brevis being the upper
of the two tendons. The peroneus longus crosses the foot obliquely
and is inserted into the undersurface of the internal or first
cuneiform and the base of the first metatarsal bones.

OPERATION

For tenotomy it is divided two inches above the external
malleolus, the guide being the posterior margin of the fibula.

THE STERNO-MASTOID (STERNO-CLEIDO-
MASTOIDEUS).

INDICATIONS

(1) Permanent wry-neck is generally seen in early infancy, as a
result of injury during childbirth or in later life due to gummatous
infiltration. The sternal head is more contracted and is often con-
verted into a firm fibrous cord. In this respect it differs from de-
formities of the talipes variety due to infantile paralysis, where
the contraction occurs in healthy muscles.

(2) The tendons of origin have sometimes to be divided in the
course of certain operations, e.g. ligature of the innominate artery.
This part of the sterno-mastoid muscle is in close relation with
important veins, viz. the internal jugular on its deep surface, the
external jugular behind its posterior border and the anterior jugular
crossing its inner margin. Moreover, the deep cervical fascia
(fascia colli) makes a separate sheath for this tendon and undergoes
contraction with the tendon. In tenotomy of this tendon the
fascia has to be divided and an attempt to perform this by the
subcutaneous method is attended with the risk of injuring the
veins. This operation should, therefore, be performed by the
open method. The tendon should be rendered tense by a sand-bag
placed under the neck. An oblique incision is made across the
lower end of the sterno-mastoid and tenotomy is performed through
this opening (see Fig. 22).



OPERATIONS ON MUSCLES

The following operations are performed on muscles.

MYOTOMY

Division of a muscle (a) preliminary to muscle lengthening,
(b) for deformities and (c) for exposure of underlying structures.

MYECTOMY

Excision of part of muscle as in Mikulicz’s operation of
excision of lower two-thirds of sternocleidomastoid for marked
torticollis.

MYOPLASTY

Portions of partly detached muscles are utilized for correcting
defects or deformities.

MYORRHAPHY

Muscle suturing may be required for muscles which have been
cleanly divided in the course of an operation or for ruptured
muscles with uneven and irregular proximal and distal ends. The
limb or other parts should be so placed that the muscles are fully
relaxed. While looking for ruptured ends of muscles it must be
remembered that these retract considerably. Ragged ends of
muscles have to be trimmed before suturing. The skin incision
should be placed away from the proposed line of muscle suture in
order to avoid fibrous adhesion between the two sutured struc-
tures. The muscle sutures should be applied in mattress fashion
at right angles to the line of cleavage of the muscles otherwise
they are apt to give way. Rather too many than too few sutures
should be used. After operation the limb should be so immobilized
that the sutured muscles are in a state of complete relaxation,
(see Fig. 71.)

MUSCLE LENGTHENING
INDICATIONS

Muscle lengthening or muscle shifting is practised in cases in
which due to contraction or loss of muscle tissue, approximation of
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Fia. 71.

MYORRHAPHY :—a, By mattress-sutures alone—which are here
being placed through the anterior and posterior aspects of the biceps
muscle; ¢, The mattress-sutures tied; b, The approximation is here
accomplished by mattress-sutures, reinforced by a continuous marginal
stitch.

REPRODUCED FROM BICKHAM'S OPERATIVE SURGERY
By the Courtesy of THE W. B. SAUNDERS CO.

the separated ends is rendered impossible as in the following
conditions :—

1. To enable parts other than the muscle, below to be
approximated, e.g. the triceps in case of fracture of .the olecranon
or the quadriceps extensor, in cases of fracture of the patella.

2. Contracted muscles in cases of deformities, old dislocations
and fractures.
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OPERATION

Make a free skin incision to reach the muscle by the shortest,
safest and most accessable route. Isolate the muscle ; the muscle
can now be lengthened by several methods, two of the most
practised methods will be described.

() The ‘multiple cone’ method. The mass of muscle is
divided in a multiple cone fashion. The cones or serrations of the
proximal and distal masses are sutured together separately and
then the united proximal and distal cones are sutured. By this
means two inches or more in length can be gained. (Fig. 72.)

Fic. 72.

MUSCLE LENGTHENING BY MULTIPLE CONE METHOD.
REPRODUCED FROM BICKHAM’S OPERATIVE SURGERY
By the Courtesy of THE W. B. SAUNDERS CO.

(b) Inverted V-section of the muscle. The muscle is divided
80 that the proximal division looks like an inverted hollow V and
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distal is an inverted fleshy U. The apex of the U is slid partly
into the hollow of the V and sutured in such a way that the distal
part of the U is not included in the suture, the muscle gaining in
its length by this part of the disengaged V. (Fig.73.)

Fic. 73.

MUSCLE LENGTHENING BY INVERTED V SECTION :—a, Lines
of section; b, Separated ends of muscle; ¢, Sectioned ends so sutured as to
increase the total length to an extent corresponding with the amount of the
two limbs of the upper portion of muscle sutured together in the median line.

REPRODUCED FROM BICKHAM'S OPERATIVE SURGERY
By the Courtesy of THE W. B. SAUNDERS CO.

MUSCLE-SLIDE OPERATIONS

Tenotomy is indicated when a single muscle has undergone
organic shortening. But where large muscle groups are shortened,
wholesale division is open to serious objections, not only because
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much potential power is sacrificed, but because the resulting scar
is liable to contract afresh and repeat the deformity.

In such cases operations are designed to free the whole muscle
from its attachment to bone, with blood and nerve supply intact.
The best known examples of this principle are Steindler’s operation
for the correction of pes cavus. Soutter’s operation for hip flexion
due to contracture of the tensor fascia lata and glutei, and Max
Page’s operation for Volkmann’s isch@mic contracture.

In Steindler’s operation, the planter fascia, short flexors of
the toes and deep planter ligaments are detached from the os
calcis (calcaneus) and allowed to slide forwards. The original
operation was carried out through alarge horse-shoe-shaped incision
passing round the back of the heel. Instead of this two lateral
Incisions are now commonly employed, one on the inner side
following the middle third of the planter arch, and one on the
outer side passing backwards for 2 inches from the base of the
fifth metatarsal. These incisions leave scars which are less exposed
to pressure than that of the original approach ; besides, they allow
ready access to the short ligaments of the tarsus, which may require
division. :

The same principle forms the basis of Soutter’s and of Max
Page’s operation. In the former the tensor fascia lata and anterior
fibres of the gluteus medius and minimus are detached from the
iliac crest and anterior superior iliac spine. In the latter, after
isolation of the ulner nerve, the whole flexor group of the forearm
is cleared from the internal epicondyle and supracondylar ridge.

A similar operation is performed for torticollis due to shortening
of the sterno-cleido-mastoideus, the attachments of this muscle
being dissected away from the mastoid process and the superior
curved line of the occipital bone. The incision lies entirely in the
hairy scalp. The operation is inadvisable where more than one
inch of lengthening is needed to correct the deformity, since greater
mobilization of the muscle may damage the spinal accessory nerve.



CHAPTER VI
AMPUTATIONS
Preliminary Remarks

In former days, in amputating a limb, there used to be one
object in view, quickness of operation. Since the introduction of
anasthetics and antiseptic and aseptic methods in surgical technique,
the operator is guided by other ideas, viz. : (1} to avoid unnecessary
sacrifice of tissues, (2) to obtain the best end-results of amputa-
tion by keeping sufficient skin and muscle covering for the stump
for wearing an artificial limb, and (3) rapid healing of the wound.

The word amputation denotes any operation by which a limb
or any integral portion of a limb is severed from the rest of the
body. It is, however, preferable to subdivide amputations into
two distinet groups, viz.: (1) amputations proper, i.e. those in
which the limb is removed after division of bone, and (2) dis-
articulations, i.e. those in which removal is effected through one
of the joints.

INDICATIONS FOR AMPUTATIONS

Advances in modern technique and wound treatment have
greatly reduced the number of amputations, either in civil or
military practice. Each case is considered on its merits. Amputa-
tion of a limb should never be performed, unless it is absolutely
necessary for saving the patient’s life or if it is considered that
an artificial limb would be more useful than a maimed limb.
Esmarch’s indications were based on sound surgical judgment ;
these can be classified and summarized as follows :—

(1) Extensive fractures of bones, e.g. comminuted simple
fractures or severe compound fractures in which sepsis cannot be
eliminated, avulsion of limbs, compound dislocations.

(2) Extensive irreparable laceration of soft tissues, the skin,
muscles, vessels, and nerves.

(3) Injury to large blood vessels which might lead to gangrene
due to obstruction to circulation ; in some cases of aneurysm.

(4) Gangrene of a part of a limb, effects of extreme heat
and cold.

(5) Severe septic conditions of the bone or soft tissues, e.g.
diffuse spreading cellulitis, diffuse osteomyelitis, necrosis, etc.
endangering the patient’s life or rendering the limb useless.

(6) Malignant tumours of the soft tissues or of the bone, some
cases of elephantiasis.
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(7) Certain conditions of the limb when it is an useless
encumbrance to the patient, e.g. irreparable deformities with
callosities, contracture and ankylosis.

INSTRUMENTS.—Group III.
POSITION

(1) Dorsal position lyving on near side of the table; for the
upper extremities nearer the upper end of the table so that the
limb may be held away at right angle ; for the lower extremities
nearer the lower end of the table so that the limb may be either
held away from the side of the table or bevond its lower end.

(2) The operator or surgeon takes his position so that he
could grasp the limb with the left hand between the saw-line and
the trunk ; generally speaking he stands on the outer side of right
limbs and inner side of left limbs. Taking these positions he
obtains freedom of movement and does not get wedged in between
the limb and the table.

(3) The assistant stands facing the operator and grasps the
limb not at right angles but parallel to the limb so that he can
steady the limb against the movement of the saw, and so mani-
pulate it that the saw is not caught in the bone as it is divided.

METHODS OF AMPUTATION

The oldest method of amputation was the circular method as
was practised by Celsus. It consisted of a simple transverse
incision of all the soft tissues down to the bone in the same plane.
Various methods have since developed, in which much deliberation
and economy are exercised in fashioning skin flaps, muscle-and-
skin flaps and the cutting of skin and muscle at different levels.
It should be borne in mind that the retraction of skin and muscles
vary in different limbs and in different parts of the same limb
and allowances should be made accordingly. The objects to be
aimed at are as follows :—

(1) To leave the maximum of healthy tissues.

(2) The flaps to be so designed that they should have ample
blood supply and the danger of sloughing is avoided. '

(3) The skin and the muscles are cut in such a way that the
bony stump has sufficient cushion of muscles, and the muscles an
adequate covering of skin.

(4) The skin flaps are so fashioned that the resulting scar is
in a position in which it will not be subjected to pressure or friction.
The following are the methods generally adopted.
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1. Circular amputation

It is only done when the question of rapidity of operation
overweighs all other considerations. It leaves the scar over the
divided bone. The edges of skin are difficult to approximate
without putting them under considerable tension. It is most
unsuitable for the lower limbs. It may, however, in rare instances,
be performed on the upper extremities.

OPERATIONS

The right hand holds the knife, in such a manner that the tip
of the blade points towards the operator’s chest and the heel of
the knife is applied to the skin to commence the incision (Fig. 74).

Fia. 74.

MANNER OF MANIPULATING THE LONG AMPUTATING
KNIFE IN DIVIDING THE SOFT PARTS UPON
THE FAR SIDE OF THE LIMB.

REPRODUCED FROM BICKHAM'S OPERATIVE SURGERY
By the Cowrtesy of THE W, B. SAUNDERS CO.

With one clean sweep of the knife a circular division of the skin
and superficial fascia is made for the whole circumference by
drawing the knife from its heel to point. In some cases about
three-fourths of the circumference is thus divided, the knife is
withdrawn and re-applied with its heel at the point of the com-
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mencement of the incision and the circle is completed in like
manner (Fig. 75). Throughout this mancuvre the knife is

Fie. 75.

MANNER OF MANIPULATING THE LONG AMPUTATING
KNIFE IN DIVIDING THE SOFT PARTS UPON
THE NEAR SIDE OF THE LIMB.

REPRODUCED FROM BICKHAM'S OPERATIVE SURGERY
By the Courtesy of THI% W. B. SAUNDERS CO.

kept at right angles to the skin. The skin now retracts. The
assistant forcibly retracts it further up as much as possible. The
muscles and periosteum are then divided down to the bone with
another circular sweep of the knife on a level with the retracted skin
(Irig. 76).

In dividing muscles some discrimination is made between
the superficial and deeper layers. The superficial layer is first
divided with one sweep of the knife and allowed to retract and then
forcibly retracted as far up proximally as possible ; now the layers
of muscle are circularly divided on a level with the retraction of
the superficial layer and so planned that this incision comes down
on the bone sufficiently distal to the saw line to provide for a
musculo-periosteal flap. The soft tissues and the bone (or bones)
are cut in such a way that the resulting proximal stump is of
the shape of a funnel of which the sawed end of the bone is the
apex and the skin the base, the muscles and soft tissues, in a way,
forming its sloping wall. The distal part after being removed is
cone-shaped, the sawed end of the bone projecting from the



Fic. 76.
CIRCULAR AMPUTATION.

soft tissues and the muscles projecting beyond the skin. The
muscles are then retracted and the periosteum is reflected up to
the line of the future bone-section by a periosteal elevator. The
assistant now retracts all the divided soft tissues by retractors as
high up as possible. Now the saw is used on the bone working it
from point to heel.

The assistant must hold the limb in such a way that the saw
is not caught in the bone while dividing it.

Fic. 77.

INCISING SKIN AND FASCIA IN FLAP AMPUTATION—I:—In
cutting rounded flaps.

REPRODUCED FROM BICKHAM'S OPERATIVE SURGERY
By the Courtesv of THE W. B. SAUNDERS CO.
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11. Modified circular amputation

" This method has greatly replaced the circular amputation and
is suitable for the arm and the forearm.

Fia. T7A.

Fia. 78. Fic. T8A.
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OPERATION

There are three different modifications for the skin flaps.
The muscles are divided circularly as in circular amputations in
each case.

(@) A circular cut is made through the skin and fascia as in
the circular method. A vertical incision is then made from above
downwards to join the original one (see Fig. 77). The skin raised
from the vertical cut towards the circle forms two rather imperfect
skin-flaps.

(6) Two vertical incisions are made to join the circular wound.
Two square skin-flaps are dissected up (see Fig. 78).

(¢) Two short semi-lunar flaps of equal width and length are
dissected up (Fig.79). They are composed of the skin and sub-

cutaneous tissue. The small flaps having been raised, the skin
18 retracted as a whole.

This form of amputation is more common than the typical
circular amputation.

111.  Elliptical or Oval Method

This is an intermediate method between the circular method
and amputation by a single flap. The skin incision takes the
shape of an ellipse. The skin and subcutaneous tissues are reflected
and retracted. The muscles are divided as in the circular method.

1V. The Flap Method

By this method one or two flaps composed of skin and sub-
cutaneous tissue (skin-flaps), or those composed of skin and muscle
(skin-and-muscle flaps) are raised. When there are two flaps they
may be equal or unequal in length and they may be so fashioned
that one is placed anteriorly and other posteriorly in relation to
limbs, antero-posterior flaps, or they may be placed laterally,
lateral flaps.

7
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The skin-flaps are liable to slough from insufficient blood-
supply unless they are raised from the neighbourhood of joints
where the skin has a greater vascular supply, e.g. Stephen Smith’s
disarticulation of the knee-joint.

The skin-and-muscle flaps naturally have a better blood-supply,
but they are sometimes rather unwieldy.

Amputation flaps by this method may be classified as follows :—

I. Skin or Skin and <Smg(1)<i‘ﬂap
Fascia. —
II. Skin and Muscle. E \Doulf)ile
III. Mixed, i.. one aps.
skin flap and !
the other skin N
and muscle (

flap .. Double
flaps. )}

Equal

flaps.
Lateral
flaps.

flaps. Anterio-
- \ ' _/ posterior
Unequal ;

flaps.

The length of the flaps.—The skin retracts about one-third of
its original length when divided and therefore in fashioning flaps,
the length of a single flap or the combined length of two flaps
should at least be equal to the diameter of a limb plus one-third,
at the level of the bone-section.

Methods of cutting flaps.—(1) Cutting by transfixion, i.e.
cutting from within outwards. Mark out the skin and fascia by
an incision as in all other amputations by cutting from without
inwards to ensure the skin margin reaching a lower level than the
margin of the muscle flap. Take a sharp-pointed amputation knife
the blade of which is at least one and half as long as the diameter
of the limb at the level of bone-section, enter it parallel to the
bone and the sharp edge pointing distally at the level of the bone-
section through the skin and soft tissues till it touches the bone ;
push the knife forward and while doing so feel the flat surface of
the knife graze the bone by keeping it in close contact with it
till the point pierces the soft tissues and emerges on the off side
of the limb. Work the knife with a sawing movement hugging
the bone all the time and cut your way forward (distally) towargls
the demarcating skin and fascia incision, till it reaches near it,
then hold the knife at such an angle that it cuts the muscle in a
sloping bevelled fashion down to the free margin of the skin.
Retract this flap and cut the opposite flap in a similar fashion.
The many disadvantages of this method of raising flaps ou‘twelghs
the only advantage of quickness. The flaps are cut with less
precision, and they may be thin at places, particularly while be-
velling the muscles; the vessels may be split or otherwise injured.
This method is not much practised now and is used for a few
special amputations only.

(2) The simple skin flap.—The flap or flaps are marked out
by an incision, skin, and subcutaneous tissue deep. The flap is
raised and allowed to retract ; the muscular tissue is cut unevenly
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in such a fashion that the thinnest section lies nearer the margin
of the flap and the thickest at its base.

(3) The skin-and-muscle flap.—Mark out the flap by a skin
incision. The skin is allowed to retract evenly. The muscles are
then cut obliquely from near the margin of the skin flap, and the
deeper part of the soft tissues are either raised by dissection or
peeled off from the bone.

V. The Racket Method

This method consists of a vertical incision representing the
handle of a racket which bifurcates at its lower end into two
incisions, which may be called the two arms or limbs of the racket.
This part of the incision, therefore, takes the shape of 4.

The ends of these two incisions are joined by another slightly
rounded one. The limbs of the racket may be equal or unequal
according to the position in which the line of suture can be left
with advantage (Fig. 80). This method is suitable in dis-

Fic. 80.

articulating the shoulder and some of the smaller joints, e.g. the
toes and fingers.

Formerly the bone and periosteum were divided at the same
level leaving no periosteal covering for the bony stump. Later,
in the methods as described above the periosteum is divided at a
distal level than the bone-section, raised like a sleeve and allowed
to cover the bone-stump. It was, however, contended by some that
this periosteum gives rise to the formation of irregular bony spicules
and by others that the medulla gets swollen ; both these conditions
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according to them give rise to painful stumps. In order to obviate
these, osteoplastic and aperiosteal methods have been devised.

VI. Osteoplastic Method (Bier)

The sawn end of the bone stump is covered by an osteo-
periosteal flap raised from a contiguous proximal portion of the
bone (Fig. 81). Though the bone of this flap is divided the

F1c. 81.

ILLUSTRATING THE PRACTICAL TECHNIC OF THE OSTEO-
PLASTIC METHOD OF AMPUTATING—I:—Retracting the soft parts
and raising the periosteo-osteal flap.

REPRODUCED FROM BICKHAM'S OPERATIVE SURGERY
By the Courtesy of THE W. B, SAUNDERS CO0.

periosteal flap covering it retains its continuity with the main
periosteum covering the bone. A thickness of the bone is first
cut into vertically and then the requisite portion shaved off the
bone by working horizontally by a Butcher type saw or Gigli saw
and then the saw is worked vertically upwards to complete the
division of the bone flap, without touching the periosteum. A
slightly redundant area of periosteum is reflected with this flap
and the proximal undivided end of the periosteum keeps its normal
relation with the periosteum of the rest of the bone. The graft is
apposed to the free margin of the bone-section of the stump and
maintained there by stitching the redundant margin of the
periosteum to the musculo-periosteal margin of the stump (Fig.
82).
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F1c. 82.

ILLUSTRATING THE PRACTICAL TECHNIC OF THE OSTEO-
PLASTIC METHOD OF AMPUTATING—II:—Suturing the periosteo-
osteal flap to the musculoperiosteal margins of the sawn tibia and fibula.

REPRODUCED FROM BICKHAM'S OPERATIVE SURGERY
By the Courtesy of THE W. B. SAUNDERS (O.

VII. Aperiosteal Method (Hirsch, Bunge)

The periosteum is divided a little (about 1 c.m.) above the
level of bone-section and a ring of periosteum is detached from
the bone to prevent terminal ossification (Hirsch) ; the medulla is
scooped out from the medullary canal for a similar extent to destroy
sensitive endosteum (Bunge).

VIII. Tendinoplastic Method (Wilms)

While dividing the soft tissue one of the broad tendons is
left long to be reflected round the bony stump ; this is stitched to
the periosteum and soft tissues so as to cover the entire sawn
surface (see Fzg. 83).
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Fic. 83.

WILM’S TENDINO-PLASTIC METHOD OF AMPUTATION :—The
sawn bone is covered by a broad tendon from one aspect of the limb—which
is sutured to the periosteum and fibrous tissue of the opposite aspect.

REPRODUCED FROM BICKHAM’S OPERATIVE SURGERY
By the Couriesy of THE W. B. SAUNDERS CO.

IX. Musculo-periosteal Method

In the periosteal method of amputation advantage may be
taken of the overlying muscles by raising a flap consisting of the
periosteum and muscles in one adherent layer, i.e. without separating
the muscle from the periosteum.

DISARTICULATION

In disarticulation the separation of a limb is effected through
a joint and the stump consists of the articular end of the bone
covered over with skin, or skin and muscle. Advantage is often
taken of the capsule of the joint to cover the stump (capsulo-perio-
steal flap) ; sometimes the interposed cartilage is utilized as in the
case of disarticulation of the knee-joint in which the semi-lunar
cartilages are preserved and act as pads or cushions.

Comment :—These methods of amputation have
their advocates and adherents.

The old method of dividing the periosteum on
the saw-line has been carried to a further stage in
the aperiosteal method by denuding the lower part
of the bone-stump of a narrow ring of periosteum.

The musculo-periosteal method is an advance on
the periosteal method of amputation as in the former
case the bone-stump has a covering of periosteum and
muscle. This is certainly an improvement as it gives
a more substantial and secure covering to the
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stump, there is a better vascular snpply and it protects
the medulla in cases of accidental sepsis. It is how-
ever open to one objection, namely formation of
osteophytes.

The aperiosteal method claims this advantage ;
it prevents proliferation of the cells of the perios-
tenm and thus avoids the formation of hypertrophied
callus and involvement of nerve-endings init. It also
prevents irregular ountgrowths of bone like osteo-
phytes which make the stump tender. Hirsch on
the other hand thinks that tender stump is due to
the sensitive endosteum and the outgrowth of bone
of medullary margin.

There is some risk of necrosis in the osteo-
plastic method. Apparently, the osteoplastic method
would seem most logical but the periosteal or even
better the musculo-periosteal method is most
physiological, particularly if the periosteum is raised
evenly and with care from the bone. As a matter
of fact the formation of osteophytes giving rise to a
painful stump may to a great extent be minimized, if
not avoided by raising the periosteum in an intact
layer and not in indifferent shreds and ribbons
and apposing it carefully to the periosteum and soft
tissnes on the off side.

Some surgeons (Binnie) use free transplants of
bone to cover the bone-stump.

Tendinoplastic method is suitable for amputa-
tions through the ankle, knee, and humerus where
advantage could be taken of the tendo achillis, tendo
calcaneus, quadriceps extensor, quadriceps femoris,
and triceps tendon.

CHARACTERISTICS OF A GOOD AMPUTATION

1. There should be the least sacrifice of healthy tissue.

2. The operation should be simnple and performed with reason-
able rapidity.

3. Vessels should be divided transversely.

4. Muscles should be cut transversely excepting on rare
occasions when the muscle flap is to be bevelled.

5. Nerves should be cut short and the sheaths brought round
to cover the nerve fibres or stumps completely to prevent terminal
neuromata and a even more dangerous and troublesome condition
——ascending perineuritis nodosa.

6. The wound area should not be unnecessarily large and the
skin and muscle suture should be so placed that these are not
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exposed to pressure from within by the bony stump and from
without by artificial limbs.

7. There should be a good vascular supply to the flap and
there should not be undue tension on them. The muscles may be
apposed independently by quilting or other sutures. It should be
remembered that skin on different aspects of limbs retracts differently
and that muscles retract unequally.

8. The bone-stump should always be well-covered with a
musculo-periosteal or other suitable flap. In determining the saw-
line the age of the patient should be considered ; in children the
bone continues to grow up to a certain age, allowance should be
made in the muscle and skin flap for this.

Bearing these in mind and following the technique of individual
amputations in detail, conical stumps and painful stumps, the
two great misfortunes of amputation surgery will be avoided.

F1c. 84,

THOMAS’ FORCEPS-TOURNIQUET FOR CONTROLLING HE-
MORRHAGE DURING OPERATIONS UPON THE EXTREMITIES:—
The probe-pointed blade passes under the pectoral muscles and axillary
vessels and nerves, and the serrated blade over these structures—the former
coming out above the region of the previously divided clavicle.

REPRODUCED FKOM BICKHAM'’S OPERATIVE SURGERY
By the Courtesy of THE W. B. SAUNDERS CO.
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HAMORRHAGE

Heaemorrhage in amputations can be controlled by one of the
following methods :—

(1) Digital compression as in the case of disarticulation of
the shoulder.

(2) Postural method, viz.: (a) elevation of the limb, (b)
Trendelenburg position in cases of amputations of the lower limbs.

(3) Preliminary ligature of the main artery on the proximal
side.

(4) Tourniquets: (a) The metal screw-tourniquet by which
the pressure is limited to the main artery only. (b) Esmarch’s
elastic tourniquet, in this case Esmarch’s rubber bandage is applied
tightly from the distal to the proximal part rendering the part
bloodless and then the elastic tourniquet is applied where the
rubber bandage ends, proximally. The elastic bandage is then
removed before the operation is commenced. This serves two
purposes. First of all, the bandage expels blood from the part to
be amputated, and secondly, the tourniquet prevents entrance of
blood any more into the vessels. (¢) Pneumatic tourniquet of
Perthes, a hollow rubber band is used which is inflated with air
by means of a tubing and pump. (d) Lynn-Thomas’ forceps tourni-
quet which has one blade serrated and the other smooth rounded
and probe-pointed. The probe-pointed blade is inserted through
a small opening into the soft tissues, deeper to the vessels. The
serrated blade is applied to the skin. The skin and the soft tissues
with the vessels in it are compressed between the two blades,
and when the forceps are clamped, it effectually stops bleeding.
(Fig. 84.)

(5) Previous administration of calcium chloride and normal
serum, ete.



CuarrEr VII
AMPUTATIONS OF THE UPPER EXTREMITY

I. THE FINGERS AND THE THUMB

An attempt should always be made to leave as much as possible
of a digit, particularly that of the thumb and index finger. Even
a small stump which is not neat looking is wonderfully useful.
Even when other fingers have to be amputated, as much of the
little and ring fingers should be saved as possible. A very well
contrived artificial limb can never take the place of partially
amputated limb. Divide the bone as low as possible. The base
of the terminal phalanx has the flexor digitorum profundus tendon
attached to it, it should be preserved whenever possible. In the
second phalanx, at least the upper third should be saved to pre-
serve the flexor sublimis digitorum. Failing this, the tendon with
their sheaths should be stitched to the periosteum, theca or soft
tissues. Try to ascertain the line of interphalangeal and meta-
carpo-phalangeal articulations. The prominence of the knuckles
which are formed by the distal ends of the proximal phalanges on
the dorsuni of the fingers when the joints are flexed, lie above the
joint line. The last interphalangeal joint is 1”, the first inter-
phalangeal joint {” and the metacarpo-phalangeal joint }” beyond
the prominence of the knuckle.

In making a flap they should be cut comparatively long, as
the long bones of the fingers do not have a correspondingly soft
tissues to cover them. The palmar skin is thicker and more
vascular than the dorsal, so an attempt should always be made to
keep as much of palmar flap to cover the stump as is available.
Besides, the flap should be so fashioned that the scar is not over
the stump or upon its palmar aspect. Whenever possible, the
fibrous sheath of the tendons should be closed, as while the tendons
themselves retract, the sheaths do not, and they may form a channel
for the passage of sepsis in cases of accidental or unavoidable
infection. While suturing the sheaths it is desirable to secure the
tendons in the suture. Suturing the ends of divided tendons to
the periosteum or tissues and suturing of the divided ends of flexor
and extensor tendons over the ends of bones greatly facilitates
control of movements of the finger or stump.

POSITION

The operator stands in front and holds the finger to be
amputated between his fore-finger and thumb. The assistant,
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standing on one side, holds the adjacent fingers out of the operator’s
way or retracts them by gauze retractors.

A. The Terminal Phalanx

Amputation of the terminal phalanx by disarticulation through
the terminal or distal interphalangeal joint.

OPERATION

Make an incision down to the joint on the dorsal aspect of the
finger about }” below the knuckle of the terminal joint. Open
the joint and cut the collateral ligaments ; now pass the blade of
the knife through the joint transfixing the soft tissues round the
base of the terminal phalanx, keeping the knife closely applied
to the bone and carry it towards the tip of the finger. Complete
this flap by bringing the knife out at right angles to the palmar
surface. The small phalangeal vessels hardly need ligaturing
(see Fig. 80).

Comment:—(1) Do not make the flap pointed or
triangular, keep a broad margin to it. (2) Do not
scrape the inter-articular cartilage of the middle
phalanx. (3) This operation can also be performed
by raising the palmar flap from without inwards from
the tip of the finger upwards and then disarticulating
the joint. (4) This amputation can also be performed
by sawing through the phalanx just distal to its base

~ which has the insertion of the deep flexor tendon.

(5) Suture the deep flexor tendon to the periosteum
of the flap if it had to be cut through or in case of
disarticulation.

B. The Second Phalanx

Partial amputation of the finger (the middle and distal
phalanges). This operation can be performed in two ways . —

1. By disarticulation through the first or proximal inter-
phalangeal joint. In this case both the superficial and deep
flexor tendons are divided and these should be sutured to the
periosteum, sheath or glenoid (accessory volar) ligament. Accord-
ing to others, the flexor and extensor tendons are sutured round
the head of the first phalanx.

2. By sawing through the bone just below its base so that
the superficial flexor tendon retains its attachment though the
deep flexor tendon is divided ; this should be attached by suture
into the mouth of the fibrous sheath which ends at the middle of
the second phalanx and to the periosteum.
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OPERATION

Ascertain the line of the joint which is about 3" below the
knuckle and keep a palmar flap as in the previous amputation.

C. The Metacarpo-phalangeal Joint

Amputation of the whole finger by disarticulation through
the metacarpo-phalangeal joint (Fig. 85).

Fic. 85.

This may be done by the racket method : (¢) in the case of
the two central fingers with equal arms or limbs to the racket
(see Fig. 80), (b) for the thumb, little and index fingers with unequal
limbs to the racket (see Fig. 80). The joint is found a third of an
inch below the knuckle.

OPERATION

A vertical incision commences at the lower third of the meta-
carpal bone, and carried down in the middle line beyond the base
of the phalanx ; it then bifurcates and its equal limbs run obliquely
towards the palmar aspect ending in a line with the free margin
of the web. A transverse palmar incision, just below the crease
between the finger and the palm, joins the two limbs. Enter the
knife upon the dorsum from one side to the other and then deepen
it into the palmar cut. Hyper-extend the finger, deepen the
palmar incision to the bone, cutting through the flexor tendon.
Turn the finger first to the right, then to the left, in order to carry
the lateral incision to the bone. The digital arteries are now cut
across and the lumbrical and extensor tendon expansions are also
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cut. Dissect the flaps back as far as the joint line. Return to
the palmar aspect, extend the finger and open the joint. Cut
the glenoid and the lateral collateral ligaments and then the
extensor tendon.. The synovial sheath may be closed. The
glenoid ligament is left in the stump and the digital arteries
ligatured. The flaps are united in a vertical direction.

AMPUTATION OF THE INDEX AND LITTLE FINGERS
BY MODIFIED RACKET METHOD

A modification of the racket incision is necessary in the case
of these two fingers, in order to keep the cicatrix away from an
exposed position and pressure. To obtain this result the limbs of
the racket should be unequal (see Fig. 80).

FOR THE INDEX FINGER

The incision on the dorsum representing the handle of the
racket is made nearest to the middle finger. The incision represent-
ing the outer limb of the racket runs more vertically downwards
than that for the inner limb which runs more transversely inwards,
towards the web. This leaves a larger outer flap which when
united to the inner flap leaves the scar on the inner side and
not exposed towards the thumb.

FOR THE LITTLE FINGER

The vertical cut is made on the side nearest the ring finger
and the incision for the limbs made in such a way, that it leads
to a larger internal flap. The cicatrix lies towards the ring finger
and therefore not exposed to pressure and injury.

AMPUTATION OF THE THUMB BY DISARTICULATION
THROUGH THE METACARPO-PHALANGEAL
JOINT

POSITION

The hand is held in a pronated or supinated position according
to convenience and the stages of the operation. The assistant
stands facing the operator, steadies the hand and holds other
fingers out of the way of the operator.

OPERATION

The racket method is most suitable. The incision is commenced
three-quarters of an inch above the joint on the dorsum, and is
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carried along the outer side of the long extensor tendon to a
little beyond the base of the first phalanx. Here it bifurcates to
form the two limbs. The inner limb is carried directly across
the web of the thumb on to the palmar aspect. The outer limb is
carried down almost to the interphalangeal knuckle. The lower
ends of the limbs are then joined by an incision on the palmar
aspect. The rest of the operation is similar to that of disarticula-
tion of a finger through metacarpo-phalangeal joint. The two
extensor tendons are divided opposite the joint line. Flexor
longus pollicis tendon is cut at the level of the palmar incision
and attached to the sesamoid bone which is left on the stump.
The dorsalis pollicis and the two branches of the princeps pollicis
are secured (see Fig. 83).

DISARTICULATION OF THE INDEX FINGER WITH
ITS METACARPAL

Make a mid-dorsal incision as for the previous operation
for the handle of the racket, but in bifurcating it for the two limbs
of the racket, make the lateral (radial) limb which is to be the
longer of the two, slope more vertically down the dorsal aspect
thus making a larger angle with the handle than the shorter
medial (ulnar) limb of the racket. Let these limbs meet on the
palmar aspect as usual. Secure the digital, radialis indicis and
dorsalis indicis (dorsal digital) arteries, and suture the wound in a
vertical (dorsal) line which places it conveniently out of pressure
line.

DISARTICULATION OF THE LITTLE FINGER WITH
ITS METACARPAL

Make the mid-dorsal incision as in the previous two operations,
but the long ulnar limb diverges only slightly from the medial
incision and slopes gently downwards and inwards and then
across the palmar aspect to meet the short radial limb which
slopes more abruptly towards the web between the little and ring
fingers. This method of racket incision with unequal limbs places
the cicatrix in a position out of the way of pressure. Close the
synovial sac and preserve the hypothenar muscles as much as
possible. Suture the wound in a single dorsal line.

DISARTICULATION OF THE THUMB WITH
ITS METACARPAL

Commence a mid-dorsal incision just above the carpo-meta-
carpal joint line and extend it carefully and superficially down the
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 snuff-box ’ so as not to injure the radial artery, then along the
middle of the dorsum of the thumb to the neck of the metacarpal ;
here bifurcate the incision, carrying the long arm of the racket
slightly diverging it in a gently sloping direction to meet on the
palmar aspect the short limb which diverges more sharply on a
level with the free margin of the web. Clear the dorsal aspect
and while dividing the extensor tendons keep them sufficiently
long to suture these to the wound. Preserve the thenar eminence
and divide the muscles inserted to the base of the first phalanx
close to the sesamoid bone. Clear the palmar aspect of the bone
and when dividing the flexor longus pollicis, keep it long to suture
it to the wound and close its sheath. Disarticulate the joint from
the dorsum by dividing the ligaments and extensor ossis metacarpi
pollicis (abductor pollicis longus). Ligature the arteria princeps
pollicis or its branches and the dorsalis pollicis (dorsal carpal).

Comment :—1. Throughout the operation keep
the knife close to the bone. 2. Suture the tendons
and muscles into the wound and close their sheaths
if opened. 3. The skin suture when completed lies
in the mid-dorsal line. 4. The cut ends of the
tendons need not be attached as the entire finger
having been removed there is nothing for them to
work. 5. Sometimes for sesthetic or other purposes
the head of the metacarpal may have to be removed.
In that case, the soft tissues are raised up to the
neck, the head seized with lion forceps and
removed by sawing with metacarpal or gigli saw and
bevelling the bone from behind downward and forward
from the medial or lateral aspects towards the middle
line of the hand.

DISARTICULATION OF TWO CONTIGUOUS FINGERS
WITH THEIR METACARPAILS. (EXCLUDING
THE THUMB AND LITTLE FINGER)

The operation is essentially the same as that for a single
finger with metacarpal. The handle of the racket commences
just above the carpo-metacarpal joint line and extends vertically
down the dorsum midway between the two metacarpals to about
their middle, then divides; the outer (radial) limb passing to the
radial side of the outer of two metacarpals and inner (ulnar) limb
correspondingly to the ulnar side of the inner of the two metacarpal
bones to the junction of the fingers and webs and meet in the
digito-palmar crease. Deepen the incision, clear metacarpals, cut
tendons keeping them long and suture them into the wound.
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Comment :—1. In some cases one or more fingers
with parts of metacarpals may be amputated. The
operation is in principle the same as for disarticulation.
The metacarpal is freed of soft tissues up to the saw-
line and the bone sawn by a gigli saw and so bevelled
that the thin margin is not towards the dorsum or
the free end.

II. THE METACARPALS

AMPUTATION OF THE FINGERS AND THUMB
TOGETHER WITH THE METACARPALS

POSITION

The limb is held in pronation. The operator grasps the
finger with his own hand in supine position. The assistant stands
opposite, steadies the hand and keeps the other fingers out of the
way by gauze retractors.

OPERATION

Determine the joint line. Commence a mid-dorsal incision for
the handle of the racket just above the articulation, carry it down
on the dorsum of the metacarpus to the base of the knuckle.
Here the two equal limbs cross the web and meet on the palmar
aspect at the digito-palmar fold. This incision is only skin deep.
Now deepen the dorsal incision and divide the extensor tendons
on a level with the upper end of the skin incision. Free the sides
of the shaft of the metacarpal bone, of all structures keeping
the blades of the knife close to the bone. The finger can be
rotated inwards or outwards to facilitate this. Retract the skin
and introduce the knife between the bases of the contiguous
metacarpal bones to divide the interosseous ligament; turning
to the lower ends of the incision at the head of the metacarpal
bones, the soft tissues near the web of the finger and those on the
palmar aspect are cut through. The flexor tendons are now cut
across along the level of the neck of the metacarpal bones ; now,
over-extend the finger. Divide the ligaments of the joint, separate
the soft tissues from the shaft on the palmar aspect of the bone
as far back as possible. Now pull it back upon the dorsum of the
hand and divide such structures as may be still holding the shaft
on the palmar aspect. The digital arteries will be cut near the web.

In the case of the index and little fingers, the skin incision
will have to be modified in the same way as in amputations through
the metacarpo-phalangeal joints.
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THE WRIST

AMPUTATIONS OF THE HAND BY DISARTICULATION
THROUGH THE WRIST-JOINT

The different methods for this operation are :
(1) By an elliptical incision.
(2) By a long external radial flap of Dubrueil (see Fig. 80).
(3) By a modified circular incision.
(4) By a long palmar flap.

The last is recommended because : (i) it gives the best covering
for the stump, (ii) the cicatrix Hes on the dorsal aspect and (iii) the
flap carries a good arterial and nerve supply.

This will be described.

DISARTICULATION OF THE WRIST BY A LONG
PALMAR FLAP

POSITION

Abduct the arm. The operator stands facing the palm with
the assistant facing him.

OPERATION

Make an U-shaped incision on the palmar surface commencing
about half an inch below the styloid process of the radius,
vertically downwards over the thenar eminence, to the middle of
the metacarpal bone of the index finger. Angle it inwards and
carry it across the palm at a level of the middle of the metacarpal
bones in an arched fashion towards the ulnar margin of the hand,
and then turn it upwards to a point half an inch below the styloid
process of the ulna (see Fig. 85). The incision cuts the skin and
the superficial fascia. Now, pronate the hand and connect the
upper ends of the incision from styloid to styloid by a cut on the
dorsum of the hand. Deepen the palmar incision and dissect the
flap up including the thenar and hypo-thenar eminences and
other soft tissues down to the flexor tendons. Turn this flap
upwards to the level of the wrist-joint. Turn again to the dorsum
and dissect a small dorsal flap up to the joint line. Cut through
the extensor tendons which are now exposed on the back of the
wrist, at the level of the retracted skin. Now hold the hand again
in the pronated position. The assistant draws up the flap on the
back. Open the joint from the dorsum commencing on the radial
side, taking care not to injure the triangular fibro-cartilage con-
nected to the ulnar and the radio-ulnar articulation. The hand
remains connected to the forearm only by the flexor tendons.

8
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These are severed by cutting boldly from above downwards. This
completes the operation.

For an elliptical incision make the palmar flap longer and
the dorsal flap with a definite convexity upwards. For a modified
circular amputation, two small flaps are made on the dorsal and
palmar aspects about an inch below the level of the joint.

Dubrueil’s amputation is performed when the soft tissues on
the ulnar aspect of the arm are not available. There is no reason,
however, why the whole or part of the thumb should not be saved
if sufficient healthy soft tissues on the radial side of the palm can
be ohtained.

Comment :—1. This operation (disarticulation)
is preferable to amputation through the forearm
because (a) pronation and supination are usually
maintained and () the stump is better adapted to
an artificial limb. 2. Do not remove the styloid
processes especially the radial styloid as the supinator
longus (brachio-radialis) is attached to it. 3.
Commence disarticulating from the dorsum as this
is easier. 4. Do not injure the radio-ulnar articula-
tion ; it does not enter into the wrist-joint. 5. The
palmar flap though unyielding is preferable for many
reasons ; keep it long to give the joint a good covering.
6. After operation maintain the forearm in a position
between pronation and supination by a splint.

THE FOREARM
A.  Amputation through the lower third of the Forearm

INSTRUMENTS—Group ITL.

POSITION

Abduct the arm and stand on the outer side in the case of the
right limb and on the inner side in the case of the left. Assistant
stands on the left of the operator to steady the arm and retract
flaps. For the lower third of the forearm, it should be amputated
by the modified circular method and if possible below the insertion
of the pronator radii teres (pronator teres). This gives a fairly
good covering for the stump and the movements possible by the
pronator (radii} teres muscle are not interfered with.

OPERATION

Estimate on the skin the line of bone-section. The bone
should be divided below the insertion of the pronator radii teres
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which corresponds to the middle of the shaft of the radius.
Incision is made for an antero-posterior, modified circular flap, the
lowest point of the transverse line of the incisions reaching one
and half inches below the line of the future bone-section. Pronate
the arm for the posterior incision and supinate it for the anterior
one. The two incisions meet on the ulnar and radial sides of the
forearm. Dissect up the flap with gentle touches of the knife.
Retract the flaps and divide the muscles at the level of the retracted
skin by a circular sweep of the knife. Enter the knife into the
interosseous space and divide the interosseous membrane trans-
versely. Cut the periosteum on the saw line and raise it with a
periosteal elevator. Retract the muscles with the periosteum.
Saw through both bones at the same time, holding the arm in
supination. Allow the muscles to cover the bones and appose

the skin flap (see Fig. 79). :

Comment :—(1) Let the periosteum cover each
bone completely, preventing union between the bones
as this would affect movement. (2) The radial, ulnar
and the anterior (volar) and posterior (dorsal) inter-
osseous arteries will need ligature. (3) The total
covering would be equal to 11 diameters of the fore-
arm at the site of bone section, i.e. each half of the
flap will be three-fourths of the diameter. Of each
of these flaps, the distal half would be of skin and
fascia only and the proximal half should include
muscles and soft tissues. Remember that in a
muscular individual the transverse diameter is much
greater than the antero-posterior diameter.

B.  Amputation through the wpper third of the Forearm

This can be performed by equal antero-posterior flaps or by
long anterior and short posterior flaps, and the flaps would with
advantage be skin and muscle flaps.

POSITION

Same as for the previous operation.

OPERATION

The combined length of the flaps must be one-third longer
than the diameter of the limb at the point of bone-section in order
to make an allowance for skin retraction. Measure the antero-
posterior diameter of the limb at the point of bone-section between
the finger and the thumb. In the case of the right limb, for the
anterior flap, the incision is carried downwards through the skin
and fascia along the ulnar margin for about two inches or according
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to the diameter of the limb, then transversely across the flexor
aspect to the radial margin. It is then carried upwards along
this margin for a similar distance. Thus an U-shaped flap is
marked out on the flexor aspect. The assistant flexes the elbow
presenting the extensor aspect to the operator ; a similar U-shaped
flap is now fashioned on that aspect (see Fig. 79). Supinate the
arm. Raise a skin-and-fascia flap on the anterior aspect for about
half an inch ; and cut more and more deeply into the muscles as
the knife goes upwards till, by the time it reaches the line of the
bone-section, the flap has all the soft tissues in it down to the bone,
Change the position of the arm again and raise a similar flap from
the posterior aspect. Clean the bone, raise the periosteum and
make the saw cut as in the previous operation, the assistant having
retracted the soft tissues.

Comment :—(1) The vessels to be secured are the
sanie as in the previous operation. (2) For this and
the previous operation a three-tailed gauze retractor
will be found useful. (See Appendix.)

THE ELBOW

Amputation of the forearm by disarticulation through the
elbow-jornt

INSTRUMENTS—Group IIL

Several methods have been recommended :—

METHODS OF AMPUTATION

(1) Modified circular, (2) Elliptical, by (@) an anterior ellipse
and (b) posterior ellipse. (3) Lateral flaps, i.e., long internal and
short external flaps. (4) Antero-posterior flaps, i.e., long anterior
and short posterior flaps. (5) Long antero-internal and short
postero-external flaps.

The selection of the method will depend on the sound skin
and soft tissues available and upon individual choice. The antero-
posterior flap method will be described.

POSITION
The forearm is semi-flexed and supinated. The operator stands
on the inner side of the left limb and outer side of the right.

OPERATION

The base of the large anterior flap should be longer than half
the circumference of the limb and should be U-shaped. The
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anterior incision cominences either an inch helow the internal or
an inch and a half below the external condyle of the
humerus according to whether it is the right or the left elbow
to be disarticulated. For the right limb, the incision is commenced
at a point one inch below the internal condyle and is carried for
about three and a half inches down to the ulnar border of the
forearm. This forms the inner limb of the U. It is then carried
along the flexor aspect of the forearm slightly curved downwards,
representing the bend of the U to the radial side of the forearm,
and then carried upwards (representing the outer limb of U) to
a point an inch and a half below the external condyle (lateral
epicondyle). (Fig. 86.) The skin and fascia are raised for about

Fic. 86.

DISARTICULATION AT ELBOW:—By long anterior and short
posterior flaps.

REPRODUCED FROM BICKHAM'S OPERATIVE SURGERY
By the Couriesy of THE W. B. SAUNDERS CO.

an inch, then the knife goes deeper and deeper encroaching more
and more on the underlying muscles till it is carried to the elbow-
joint. This exposes the joint. Turning to the posterior aspect of
the forearm, a posterior flap, skin and fascia deep, is raised from
one extremity of the anterior flap to the other. This incision when
deepened exposes the posterior aspect of the joint. These flaps
are retracted by the assistant. The knife is inserted on the outer
aspect of the joint and the external (radial collateral) ligament,
the anterior, posterior, and the internal lateral (ulnar collateral)
ligaments are cut through ; the tendon of the triceps is detached
from the olecranon process.
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This completes the disarticulation. The radial and the ulnar
arteries are found on the anterior flap superficially, the inter-
osseous arterv more deeply. The superior profunda (arteria
profunda Dbrachii)} is in front of the external condyle (lateral
epicondyle) and the inferior profunda (superior ulnar collateral)
behind the internal condyle (medial epicondyle).

Comment :—(1) Open the joint from the outer side
as the radio-humeral joint is then more easily found.
The joint line of the elbow corresponds with the
radio-humeral line. Look for a depression at the back
of the elbow which corresponds to the interval between
the head of the radius and the capitulum of the
humerus which is also the interval between the
anconeus on the ulnar side and the brachio-radialis
with the extensors on the radial side. (2) The
internal condyle (medial epicondyle) is more pro-
minent and i1s on a lower level than the external
condyvle (lateral epicondyle). (3) When cutting
through the jomt remember that the humero-radial
articulation is horizontal but humero-ulnar articula-
tion slopes slightly downwards. * (4) The stump after
disarticulation is better adapted for artificial limbs
than after amputation. (5) The stump (lower end
of humerus) is large, so a liberal flap of skin and soft
tissues should be made more so for the large and
prominent internal epicondyle. (6) The muscles on
the outer (radial) side particularly the supinator
longus (brachio-radialis) retract more powerfully than
those on the inner side.

THE ARM

Amputation of the upper arm
POSITION

Dorsal position, near edge of the table. The arm is generally
in an abducted position but it may have to be held vertically or
across the chest during various stages of the operation.

1. AMPUTATION BY MODIFIED CIRCULAR METHOD
OPERATION

The skin incision for the flap is made according to the rule
for modified circular flap. The skin-flaps are so raised that the
lowest limit of the skin incision is at a distance below the saw
line equal to three-fourths of the diameter of the limb at the saw
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line, this secures a covering of 1} diameters. These skin flaps
(which are generally anteroposterior) having been raised, the
muscles are divided by the following method :—Hold the amputat-
ing knife in the usual way. Divide the superficial layer of muscles
including the biceps and the triceps at a little lower level to allow
for their retraction. Divide the deep muscles at a shght]y higher
level down to the bone. The periosteum is elevated in the usual
way and the bone sawn through at the contemplated site well up
the level of the base of the skin-flap.

The divided ends of the following vessels and nerves are seen:—

On the inner side the brachial with the median nerve ; the
superior profunda (anteria profunda brachii) with the musculo-
spiral (radial) nerve on the postero-external aspect, inferior pro-
funda (superior ulnar collateral) with the ulnar nerve on the inner
side of the brachial. Some muscular branches are also seen.

Comment :—(1) The biceps and triceps retract
much more than the deeper muscles, so cut these on a
lower level to cover the bone stump well. (2) The
musculo-spiral (radial) nerve in its groove in the
humerus should be freed from the bone and cut
short and closed otherwise it will be caught in the
callus of the stump and may give rise to a neuritis
and a painful stump. (3) Whenever possible
amputate below the middle of the arm, below the
insertion of the deltoid and the pectoralis major.
These will contribute greatly to the after-movement
of the stump and give better facilities for an artificial
limb.

2. AMPUTATION BY UNEQUAL ANTERO-POSTERIOR
FLAPS OF THE ARM (UPPER TWO-THIRDS)

This operation is performed by two unequal U-shaped flaps
and in order to avoid splitting the brachial artery and to keep
it in the posterior flap, the incisions are so placed that the inner
vertical limbs of the ‘U’ are not in the line of the artery ; this
is achieved by making one flap a large antero-external with a
deep U incision and the other a short postero-internal with a
shallow U incision.

The base of each flap should be equal to one half the circum-
ference of the limb at the saw line. The length of the large antero-
external flap is one diameter of the limb and that of the short
postero-internal flap equal to half the diameter.

Having made the skin incisions, retract the skin and divide
the muscles as follows :—

Along the vertical limbs of the U divide the muscles vertically
down to the bone, for the distal transverse rounded part of the
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flap cut obliquely upwards bevelling the muscles and a little before
reaching the saw line divide the periosteum and raise it with the
muscles in order to provide a musculo-periosteal covering for the
bone-stump. Free the musculo-spiral nerve and treat it as
described above and cut the nerves in the anterior flap short, as
the flap has to be taken round the bony stump for suturing. Tie
the brachial artery (which will be found in the short postero-internal
flap) and other vessels, namely the superior and inferior profunda
and muscular branches.

AMPUTATION OF THE ARM AT THE SURGICAL NECK
OF THE HUMERUS

This amputation is performed by a single large external U-
shaped flap composed chiefly of the deltoid niuscle, the vertical
limbs of the U being placed in the mid-anterior and mid-posterior
lines and the base of flap 1” below the saw line ; its width should
be half the circumference and its length equal to the diameter of
the limb. The upper free ends of the vertical limbs of the U are
joined by a cut slightly sloping downwards on the inner (axillary)
aspect of the arm.

The deltoid flap is raised in a bevelled fashion securing the
vessels as they are encountered, but the axillary vessels on the
inner aspect of the wound are divided after applying proximal
and distal ligatures. Divide the periosteum below the bicipital
groove and raise it with the biceps tendon ; cut the tendon low
down (so as not to open the synovial sheath) together with the
coraco-brachialis. Preserve the pectoralis major and detach the
latissimus dorsi and teres major subperiosteally. Raise the flap
and saw the bone at the lowest part of surgical neck. Close the
wound by quilting muscle and suturing the skin.

The disadvantages of this operation are: (1) the preserved
epiphysis may lead to the growth of the bone ; (2) the stump may
undergo strong abduction. The advantages over disarticulation
are : (1) mortality is less; (2) more suitable for an artificial limb ;
(3) muscular atrophy is less.

THE SHOULDER-JOINT

Disarticulation of the Shoulder-joint
SURGICAL ANATOMY

The following anatomical points should be noted. The spine
of the scapula terminates in the acromian process which overhangs
the joint. Exactly below this as the arm hangs by the side of
the body, is the greater tuberosity of humerus which can be felt
externally ; the supraspinatus, infraspinatus, and teres minor are
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inserted to this from above downwards. A little below this and
niore towards the front of the joint is the lesser tuberosity to
which is inserted the subscapularis. The greater tuberosity faces
in the same direction as the external condyle (lateral epicondyle).
Between the tuberosities is the bicipital (intertubercular) groove
in front of the joint. Near the groove, a little below the clavicle,
is the coracoid process of the scapula. The anterior fold of the
axilla is formed by the pectoralis major and the posterior fold by
the latissimus dorsi and subscapularis. The skin over the deltoid
is thick and less retractile than that over the pectoralis major.

There are numerous methods of removing the arm. Among
them are :—(1) By external and internal flaps. (2) By external
or deltoid flap. (3) By antero-posterior flaps. (4) By Furneaux
Jordan’s method, viz. a preliminary circular high amputation of
the arm and then a final disarticulation, and (5) by Spence’s
anterior racket method.

Haemorrhage can be controlled by one of the following
methods :—(i) Digital or instrumental compression of the sub-
clavian; (ii) preliminary high ligation of the axillary ; {ii} ligation
of the subclavian artery; (iv) compression by Esmarch’s cord
securing it by pins or sutures, and (v) ‘digital compression of the
axillary in the flap before it is cut ; (vi) compression of the vessels
in the axillary flap by forceps-tourniquet.

Spence’s racket method has advantages over other methods of
disarticulation and will be described. In this method hamorrhage
can be controlled either by preliminary ligature of the vessels or
by the assistant compressing them with the soft tissues in the
posterior aspect by his fingers or by forceps-tourniquet of Lynn
Thomas type (see Fig. 84).

POSITION

The arm is held abducted and slightly rotated externally the
patient being placed near the edge of the table. Elevate shoulder
and turn head to opposite side. Operator stands on outer side
of the shoulder either for left or right side or e may stand on
the inner side for the left. One assistant stands between the
shoulder and the head to retract parts and control heemorrhage by
compressing the flap ; the second assistant stands away near the
elbow to manipulate the limb.

DISARTICULATION OF THE SHOULDER-JOINT
(By Spence’s Anterior racket method)
OPERATION

1. The axillary vessels may be secured between two ligatures
in its third part as a preliminary measure.



122

2.  An incision is connmenced on the outer side of the coracoid
process and carried vertically downwards cutting through all the
soft tissues down to the neck and shaft of the humerus as far as
the lower limit of the anterior fold of the axilla. This incision
divides the anterior fibres of the deltoid and the insertion of the
pectoralis major.

3. The incision is carried outwards dividing all the structures
down to the bone as far as the back of the arm.

4. An incision, skin deep, is made from the lower end of the
vertical cut round the inner side of the arm to join the deep outer
incision (Fig. 87).

Fic. 87.

5. The large external flap with the deltoid and the posterior
{humneral) circuunflex artery entering into its deep surface, is raised
by the hand from the bone and the joint. It is retracted by gauze
or broad metal retractors.

6. The muscles attached to the tuberosities are divided by
cutting directly down to the bone. The capsular muscles, the
capsule and the long head of the biceps are divided. The head of
the humerus is rotated inwards or outwards and the arm is held
with the elbow flexed at right angles to facilitate this. Rotate head
inwards, the greater tuberosity appears, cut through the insertions
of the supraspinatus, infraspinatus, and teres minor ; rotate head
outwards, the lesser tuberosity presents, sever the insertion of
subscapularis.

7. The head is then pushed out of the glenoid cavity and
the posterior flap is dealt with as follows:—(a) if the artery has
already been ligatured, the soft tissues are cut across about the
level of the posterior skin incision ; (b) if the vessels have not been
previously ligatured, the assistant holds the soft tissues on the
axillary aspect between his thumb and palm from either side,
compressing the vessels as the operator holds the disarticulated
head and pulls it away from the wound. The soft tissues are now
cut across below the assistant’s hands and the vessels secured. The
nerves are cut short. The disarticulation is now complete.

Comment :—(1) At least two assistants are
necessary for this operation. (2) Digital or instru-



123

mental compression of the subclavian is not always
satisfactory. (3) Controlling haeemorrhage by passing
an elastic tubing under the axilla and fixing it above
the shoulder is not reliable ; it may slip at a critical
moment unless they are efficiently secured. (4) The
best methods are those already described, namely
preliminary ligature of the vessels or controlling it
by the thumb and the hand in the posterior flap. (5)
The axillary artery is divided between the origin of
the posterior (humeral) circumflex and superior pro-
funda (arteria profunda brachii). The vertical incision
may cut the humeral branch of the acromio-thoracic
artery and deeper down the anterior (humeral)
circumflex. (6) The operation should be done as
subperiosteally as possible conserving the periosteal
attachments of the pectoralis major, latissimus dorsi
and teres major ; this facilitates the movements
of the artificial limbs and protects important soft
structures from injury especially the circumflex nerve
and posterior (humeral) circumflex artery. Keep the
knife closely approximated to the bone when detach-
ing muscles, tendons, ete.

INTERSCAPULO-THORACIC DISARTICULATION OF
THE UPPER LIMB TOGETHER WITH SCAPULA
AND PART OF THE CLAVICLE

This operation devised by Berger consists of the following
stages :—

1. Subperiosteal Excision of the middle third of the Clavicle
and Division after Ligature of the Subclavian Vessels

Patient in dorsal position at the edge of table, shoulder raised
and arm abducted to the side. Incision down to the bone in the
middle line of the clavicle for its whole length commencing from
the lateral margin of sterno-mastoid. Superficial veins ligatured.
Periosteum raised all round and by a gigli saw the clavicle is
divided at the junction of inner and middle thirds. The distal
portion of clavicle is elevated by lion forceps and sawed at the
junction of middle and outer third and the detached middle third
removed. The subclavian vessels are exposed through a linear
incision in the periosteum covering the subclavius muscle and the
fascia. First artery and then the vein are divided between proximal
and distal ligatures.
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2. The Antero-inferior (Pectoro-axillary) Flap

Same position, but arm further abducted and head to opposite
side. Operator stands between arm and trunk. Commence skin
and fascia incision at middle of clavicular incision, carry it down
just external to the coracoid process along anterior part of deltoid
and anterior axillary fold across the lower border of pectoralis
major, then transversely across from the anterior to the posterior
axillary fold and downwards and inwards to the inferior angle of
the scapula. Deepen this incision eut the tendinous part of
pectoralis major, pectoralis minor near coracoid process, brachial
plexus near first rib and posteriorly the latissimus dorsi. This
frees the shoulder anteriorly.

3. The Postero-su perior (Cervico-scapular) Flap

Same position, draw arm across the chest to bring scapula
into prominence ; stand on the outer side. Commence a skin and
fascia incision at the distal end of the clavicular incision, carry it
back over the scapular spine to join the former incision at the
inferior scapular angle. Retract the skin flap and divide the
trapezius which is exposed at its attachment to clavicle and scapula.

4. Separation of Scapula from the Trunk

Retract the flaps and let the limb fall away from the body,
eut away from the bone, in order from above downwards, omo-
hyoid, levator angul® scapule, rhomboideus minor, rhomboideus
major, and serratus magnus. The separation is completed. Teres
major and minor, subscapularis, supraspinatus, and infraspinatus
need not be divided as they are muscles connecting the scapula
and the humerus.

5. Closure of the Wound

Cut nerves short; suture skin in a vertical oblique line ;
muscles can hardly be sutured.

Hemorrhage.—1. Preliminary ligation of the subclavian
vessels controls the major part. 2. In forming the anterior
flap branches of the acromio-thoracic, long thoracic, and sub-
scapular are ligatured. 3. In forming the posterior flap muscular
branches should be secured. 4. In severing the scapula, the supra-
scapular near the omohyoid as it enters the supraspinous fossa
and the posterior scapular vessels after dividing the levator angulae
scapule are ligatured.

Comment -—1. The clavicle may be disarti-

culated at the acromion after division. 2. Try to
ligature the suprascapular and posterior scapular
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arteries while exposing the clavicle, this reduces
hamorrhage to a minimum. 3. If the cperation
approach is made posteriorly (Littlewood’s operation),
it simplifies the operation regarding the ligation of
the subclavian artery (which is posterior in situation)
first and then the vein.



CuarTER VIII
AMPUTATIONS OF THE LOWER EXTREMITY

THE TOES AND METATARSALS
AMPUTATIONS OF THE TOES
General considerations and surgical anatomy

The weight of the body is chiefly supported on the heel
behind, and on the heads of the metatarsal bones in front. The
inner side of the foot being the main support, the heads of the
metatarsal bones and the whole of the great toe should be saved
whenever possible ; the outer four digits do not have a similar
importance.

A portion of a toe is of little or no use and it is considered
preferable to disarticulate the outer four toes at the metatarso-
phalangeal joint. This is not the case with the great toe in which
the base of the first phalanx should be saved whenever possible
and failing this the tendon attachments should be removed sub-
periosteally and sutured to the tissues of the stump.

The amputation scar should be planned to lie on the dorsal
aspect of the foot away from plantar pressure. In dividing bones,
a metatarsal or gigli saw should be used and not bone-forceps
which would crush these bones. In disarticulating, the dorsal
approach is preferable. In freeing flaps, the knife should be kept
very close to the bone in view of the proximity of the digital
arteries to the bone.

INSTRUMENTS-—Group IIL
POSITION

The foot should be brought well beyond the end of the table.
The operator stands at the end of the table, facing the foot, and
the assistant stands facing him.

A. THE TERMINAL PHALANX
Amputation by disarticulation of the terminal phalanges of the toes

These amputations are done by the same method as for the
fingers : a long plantar flap corresponds to the long palmar flap.
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OPERATION

Hold the toe between the thumb and the first two fingers of
the left hand. Make an incision down to the bone, commencing
from the joint line along the inner (tibial) side of the terminal
phalanx nearer the dorsal than the plantar aspect. This is conti-
nued across the tip of the toe beneath the free margin of the
nail, along the outer (fibular) aspect, as far as the joint line. The
plantar flap is thus marked out. Deepen the incision and dissect
the flap up from the bone. The joint is opened on the plantar
aspect. Flex the terminal phalanx. Make the dorsal incision
from the upper extremities of the lateral incisions on the dorsal
aspect of the joint. This incision divides the extensor tendon
and opens the joint. The internal and external lateral ligaments
are cut, the toe being rotated outwards and inwards while doing
this. The cicatrix lies on the dorsum.

Comment :—(1) The two small dorsal digital
arteries will be seen at the corners of the dorsal
incision. (2) The two plantar digital arteries lie
buried in the flap and should not be cut if the knife
is kept close to the bone.

B. THE SECOND (MIDDLE) PHALANX

Amputation of the second phalanx or disarticulation at the
first inter-phalangeal joint, corresponds to similar operations of
the second phalanx of finger.

Comment :~—(1) In this disarticulation either
remove the head of the first phalanx or amputate
through this bone on a level with the head, as the
large head will act like a foreign body, the muscles
of the sole of the foot being mostly inserted at its
base. (2) Use a fine metatarsal saw for dividing the
bone and do not try to cut the bone with bone-cutting
forceps as this is liable to crush the bone. (3) The
two dorsal and the two plantar digital arteries will
be cut.

C. METATARSO-PHALANGEAL JOINT
Disarticulation at the Metatarso-Phalangeal Joint

In disarticulating through these joints the following points
should be observed :—1. The disarticulation should be made from
the dorsal aspects as it would be easier to get at it than from the
plantar aspect the joint line being some distance above the web.
2. Owing to the disproportionately large size of the head, ample
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provisions should be made in the flap to cover it ; the heads should
not be removed. 3. The cicatrix should be on the dorsal aspect
away from the planter surface which is exposed to pressure.

D. AMPUTATION OF THE GREAT TOE BY DIS-
ARTICULATION AT THE METATARSO-
PHALANGEAL JOINT

This is performed by the racket incision with unequal limbs,
The head of the metatarsal bone is of large size, and sufficient flap
must be kept on the inner aspect to cover it.

OPERATION

Commence an incision three-fourths of an inch behind the
joint on the inner side of the extensor tendon and extend it forwa.rds
over the joint and then let it bifurcate.

The outer limb of the incision crosses transversely on the dorsum
towards the second phalanx and from thence round to the plantar
aspect. The inner limb is practically a continuation of the first
vertical incision. It is brought forward along the inner aspect of
this first phalanx to the proximal side of the inter-phalangeal
joint to meet the outer limb on the plantar aspect. Dissect the
flaps up. Locate the joint exactly by rotating the toe in different
directions. Open the capsule from the plantar aspect preserving
the sesamoid bone (Fig. 88).

Comment :—(1) The external plantar digital
artery is cut close to the web, the internal at the free
end of the inner flap. The dorsal digital vessels will
also be seen. (2) Remember that the large size of
the head should be well covered with plantar skin
as it has to bear the weight of the body. (3) The
sesamoid bones should be preserved ; they are situated
under the head and in the tendon of the flexor brevis
pollicis (flexor hallucis brevis). (4) Try to preserve
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the base of the first phalanx whenever possible as it
has many of the muscles of the sole inserted into it
and strengthens the sole of the foot. (5) The line
of the joint is sometimes difficult to find, even after
raising the flap ; movement of the toes by rotation,
flexion, and extension will help to determine its
position. While cutting into the joint keep the
blade of the knife close to the base of the phalanx.

E. DISARTICULATION OF THE LITTLE TOE AT
THE METATARSO-PHALANGEAL JOINT

This is also performed by racket incision with unequal limbs.

OPERATION

An incision about half an inch long is made from behind
the dorsal and outer (lateral) aspect of the head of the fifth
metatarsal bone to the line of the joint. Another incision is made
from the termination of the first incision transversely towards the
fourth toe. The first incision is carried along the outer side of the
little toe as far as the inter-phalangeal joint and then round the
toe to the plantar aspect, to complete the racket. In this case, as
in the case of the great toe, one limb of the racket passes almost
transversely across the toe while the other (the outer in this case)
is carried forwards for some distance in continuation of the vertical
incision, before encircling the plantar aspect of the toe. The
amputation is completed in the usual manner, the joint being opened
from the outer side.

Comment :—In forming the flaps in all amputa-
tions of the toes, consideration must be given to the
fact that the heads of the metatarsal bones are large
and require a larger flap with more soft tissues in it
to cover them than a cursory examination would
lead the operator to suppose.

F. AMPUTATION OF OTHER TOES

The operation resembles very closely amputation through the
corresponding joint of the finger.

Comment :—(1) The joint lines are further back
than in the case of the hand. (2) Always see that
the cicatrix comes on the dorsal aspect ; it should not
be on the sole which has to bear the weight of the
body.

9
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THE METATARSALS

(A) DISARTICULATION OF THE GREAT TOE WITH
THE METATARSAL BONE

The operation is exactly similar to that for removing the whole
of the great toe (through the metatarso-phalangeal joint) except
that the incision on the dorsum commences at the base of the
metatarsal bone.

(B) DISARTICULATION OF THE LITTLE TOE WITH
THE METATARSAL BONE

It is performed on the same lines as the previous operation,
the outer flap being kept longer than the inner.

THE FOOT
GENERAL CONSIDERATION AND SURGICAL ANATOMY

1. On the dorsal aspect —Extend the foot, and feel for the
head of the astragalus (talus) in front of the ankle joint.

2. Medially : from behind forwards :—(a) Internal tuberosity
of the os calcis (calcaneus) ; (b) sustentaculum tali (lesser process
of os calcis) 1” below internal (medial) malleolus : (¢) tuberosity
of scaphoid (navicular) 1” to 11” in front of internal (medial)
malleolus; (d) internal (first) cuneiform (very slightly); (e) base
(not clearly), shaft and head of the first metatarsal ; (f) base of the
first phalanx of the great toe and the internal sesamoid bone.

3. Laterally, from behind forwards :(—(a) outer tuberosity
(lateral process) of the os caleis (calcaneus), its outer surface and
anterior end, (b) trochlear process (peroneal tubercle) if present, 1”
below the lateral malleolus, (¢) base of the fifth metatarsal, its shaft
and head, (d) base of the first phalanx.

4. On the plantar aspect, inferior surface of the os caleis
(calcaneus) and the head of metatarsals.

5. Line of mid-tarsal articulation :—Take two points, the
astragalo-scaphoid articulation medially and the calcaneo-cuboid
articulation laterally ; these joined transversely is the line.

6. Astragalo-scaphoid articulation :—Over-extend foot, the
joint is just behind the scaphoid tubercle.

7. Line of tarso-metatarsal articulation :—From the prominent
base of fifth metatarsal (cubo-metatarsal) joint a line obliquely
forward across the foot to a point on the medial side of the foot
1”7 to 117 below the scaphoid tuberosity. The second tarso-meta-
tarsal joint (second metatarsal with cuneiform) is 1” to 1” higher
in level than the rest of the line.
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8. The ankle joint is somewhat like a ball and socket joint,
the prominent rounded superior surface of the astragalus (talus),
representing the ball is received into the socket constituted by the
concave articular'surface of the lower end of the tibia above and
the two malleoli on either side.

9. The line of the ankle-joint runs transversely in front of the
foot on a level 1" above the tip of the internal malleolus. .

10. The external (lateral) malleolus projects 1" below the medial
and lies 1" behind the posterior plane.

11. Movements of the ankle joint: Exfension (plantar flexion):—
Gastrocnemius, soleus, plantaris, tibialis posticus (posterior),
peroneus longus and brevis, flexor longus digitorum, and hallucis.
Flexion (dorsi flexion) :—Tibialis anticus (anterior), peroneus tertius,
extensor long digitorum, extensor prop. hallucis. Invertion :—
Tibialis anticus (anterior) and posticus (posterior). FKuvertion :—
Peroneus longus and brevis.

12, Vessels to be considered in amputation flaps :—Arteries,
branches of anterior tibial : internal and external malleolar and
dorsali’s pedis. Branches of the posterior tibial : internal calcaneal
and through its peroneal branch : anterior and posterior peroneals
and external calcaneal. Veins :—Tributaries of internal (great)
and external (small) saphenous.

AMPUTATION OF THE FOOT

General remarks

1. Conserve as much as possible of the metatarsals of the
great toe and little toe as they support the weight of the body to
a great extent.

2. Much useful purpose will not be served by amputating
a toe with part or the whole of the metatarsals, the exception being
in the case of the great toe. If the metatarsals have to be removed
it is best to do it as subperiosteally as possible.

3. In amputations of the foot, there is a tendencyv now to
consider the foot as a whole or unit disregardful of the various
joints.

4. A plantar flap and dorsal or terminal sutures should be
aimed at to protect the scar from pressure. Plantar, lateral or
medial sutures should always be avoided.

5. Lisfrane’s disarticulation gives a good stump but there
is hardly a disease or injurv in which this operation would be
feasible ; for instance, for sarcoma of the foot a higher amputation
is indicated ; for crushed and other injuries a Lisfranc plantar
flap would hardly be available, for septic or tubercular disease of
the foot Lisfranc’s or even Chopart’s amputation could hardly be
expected to extirpate the disease due to the anatomical arrange-
ments of the joiuts and their syvnovial membranes. In Chopart’s
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disarticulation, the unopposed action of the tendo Achillis (tendo
calcaneus) tilts the front of os calcis (calcaneus) downwards and
the weight of the body is thrown on its anterior articular surface.
Sub-astragaloid disarticulation which leaves a long limb with ankle
movement is an operation of some merit. Syme’s disarticulation
at the ankle-joint or one of its modifications have met with greater
approval of surgeons.

Amputations through the various joints of the foot

The following operations are performed :(—
Lisfranc’s—through the tarso-metatarsal joint.
Chopart’s—through the mid-tarsal joint.
Farabeeuf’s—sub-astragaloid amputation.
Syme’s—through the ankle-joint.
Pirogoff’s—intra-calcaneal amputation.

HOQRE

A. LISFRANC’S DISARTICULATION THROUGH THE
TARSO-METATARSAL JOINT

SURGICAL ANATOMY

Note two bony landmarks, the tip of the base of the fifth
metatarsal bone laterally and the tuberosity of the scaphoid
(navicular), medially.

POSITION

The foot projects well beyond the end of the table. The
opposite limb is tied or held out of the way by assistant. The
operator stands facing the sole of the foot. Place the forefinger
and thumb of the left hand on the landmarks, the palm of the
hand being on the sole. Hold the foot in full extension.

OPERATION

An incision is made across the dorsum of the foot, joining a
point one inch in front of the tuberosity of the scaphoid (navicular)
to the base of the fifth metatarsal bone, and curving in such a
way that it is convex towards the toes. This incision divides all
the soft structures including the tendons down to the bone leaving
a free skin margin of about 1. Now, flex the foot and map out a
plantar flap by an incision made on the outer (lateral) side of the
foot, starting from the termination of the dorsal incision on that
side ; it is then carried forwards along the plantar edge of the
under-surface of the fifth metatarsal bone until it reaches a point
half an inch behind the metatarso-phalangeal joint, whence it is
carried back along the inner (medial) side of the foot to join the
extremity of the original dorsal incision, an inch in front of the
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tuberosity of the scaphoid (navicular) bone. The flap thus mapped
out is raised by a knife, keeping its edge as close to the bone as
possible. The joints are to be opened from the outer (lateral)
aspect.

Commencing at the base of the fifth metatarsal bone, the edge
of the knife is inserted behind the-tuberosity of that bone and
carried forwards for about one-fourth of an inch. The blade is
now introduced into the joint, between the fifth metatarsal bone
and the cuboid, and then working from without inwards the two
succeeding tarso-metatarsal joints are opened. The three articula-
tions, i.e. the fifth, the fourth, and third tarso-metatarsal joints,
are almost in a straight line. After division of these three joints
the blade of the knife meets a bony obstruction formed by the base
of the second metatarsal bone which projects further backwards
than the bases of the other metatarsal bones. The knife is with-
drawn and inserted between the metatarsal of the great toe and

Fre. 89.

LISFRANC’S AMPUTATION—performed by first disarticulating from
the dorsum—and then cutting the plantar flap from within outward.

REPRODUCED FROM BICKHAM'S OPERATIVE SURGERY
By the Courtesy of THE W. B. SAUNDERS CO.
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internal cuneiform bone on the inner side, disarticulating this joint.
The second tarso-metatarsal joint is now disarticulated. The foot
is over-extended and the ligamentous band (Lisfranc’s ligament)
which binds the base of the second metatarsal and the internal
cuneiform bone is cut. The plantar flap is turned over the stump.
The transverse cicatrix lies o1 the dorsum (see Fig. 89).

HEMOSTASIS

The following vessels have to be ligatured in dorsal flap ; four
dorsal metatarsal and commuuicating branch of the dorsalis
pedis ; in the plantar flap, five plantar metatarsal -branches of the
external (lateral) plantar or possibly the external (lateral) plantar
itself and the internal (medial) plantar at its termination.,

Comment :—(1) The medial part of the flap
should be sufficient to cover this side of the foot which
is thicker. (2) The free edges of the flaps should be
wide and not pointed. (3) Do not mistake the
scaphoid-cuneiform articulation for the cuneiform-
metatarsal articulation.

B. CHOPART'S AMPUTATION
(Through Mid-tarsal Joints)

POSITION

As in Lisfranc’s operation.

OPERATION

The forefinger and thumb are placed behind the spur on the
base of the fifth metatarsal bone and behind the scaphoid (navi-
cular) tuberosity. These two points are joined on the dorsum by
an ineision curving downwards towards the toes, cutting through
all structures down to the bone.

A plantar incision is made commencing from the outer extremity
of the dorsal incision and carried to the middle of the shaft of the
fifth metatarsal bone. It is then carried across the sole of the
foot in an arched manner (convexity towards the toes) and finally
backwards along the inner aspect of the foot, to reach the inncr
extremity of the dorsal ineision. This incision is deepened to the
bone. The joint is opened from the inner side, behind the tuberosity
of the scaphoid (navicular), disarticulating it from the astragalus
(talus). The knife is now carried across to the outer side of the
foot through the joint between the cuboid and the os caleis (cal-
caneus) (Fig. 90).
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Fic. 90.
INCISIONS FOR CHOPART'S AMPUTATION

HEMOSTASIS

Dorsalis pedis artery is cut in the dorsal ap. Near the inner
part of the plantar flap the internal plantar artery is cut and near
the base of the second metatarsal, the external plantar. Digital
brarniches and metatarsal and tarsal branches are also cut.

Comment :—(1) When entering the knife into the
inner side of the joint, take care to see that it is not
entered in front of the scaphoid (navicular), i.c.
between the scaphoid (navicular) and the internal
(medial) cuneiform bones. (2) Two deformities
may result—the posterior aspect of the os calcis
(calcaneus) may be drawn up and in walking the
weight comes on the anterior articular surface of the
bone or the patient walks on the outer aspect of the os
caleis (calcaneus) in a varus position,

C. SUBASTRAGALOID DISARTICULATION OF THE
FOOT (FARAB(EUF)

In this operation the whole of the foot is removed excepting
the astragalus (talus), leaving the ankle-joint intact : in other words
the disarticulation is effected through the astragalo-scaphoid
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(talo-navicular) and astragalo-calcaneal (talo-calcaneal) articu-
lations (Fig. 91).

F1a. 91.

SEPARATING THE OS CALCIS FROM THE ASTRAGALUS IN
FARABEUF'S SUB-ASTRAGALOID DISARTICULATION :—The knife
is being drawn from left to right; it has divided the interosseous ligament
between the os caleis and the astragalus and is proceeding to divide the
tendo Achillis at the extreme right.

REPRODUCED FROM BURGHARD'S ‘AMPUTATIONS'.

POSITION

Place leg on its inner side ; foot projects beyond the table.
Stand facing the foot.

OPERATION

A modified racket incision is most convenient.

It is commenced at the outer part of the tuberosity of the
os calcis {calcaneus) at the insertion of tendo Achillis ; the incision
is then carried along the outer margin of the foot, about half an
inch below the external malleolus, until a point just behind the
spur on the base of the fiftth metatarsal bone is reached. A curved
incision is next.carried across the dorsum of the foot, with the
convexity towards the toes. This incision should reach the inner
side of the foot at the level of the first metatarso-phalangeal joint ;
it then traverses the sole to reach the starting point of the incision
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at the tubercle of the os caleis. These incisions involve the skin
and fascia only. When the skin has retracted, a second incision
is made along the same route dividing all the structures down to
the bone.

The tendo Achillis is divided at the starting point of the
incision, and the flap on the dorsum of the foot separated from the
underlying bones. The posterior aspect of the joint between the
astragalus and os calcis is opened, and the knife brought forward
from this position in order to divide the interosseous ligaments
which bind the astragalus (talus) and the os calcis. With the
foot twisted outwards, the soft tissues on the inner and inferior
aspects of the os calcis can be freed and the disarticulation com-
pleted.

Comment :—Hoeenmostasis. In the outer part of
the flap are the anterior and the posterior peroneals
and branches of the tarsal and metatarsal arteries.
In the inner part are the dorsalis pedis and tarsal
arteries. In the inner part of the dorsum and the
sole are the internal and external (medial and lateral)
plantars.

D. SYME’S DISARTICULATION OF THE FOOT
AT ANKLE-JOINT

Disarticulation of the foot at ankle-joint with removal of malleols
and articular surface of tibia.

This is a good operation for tubercular disease of the tarsus
or for crushed injuries of the anterior part of the foot in which a
heel-flap is available.

POSITION

Leg rests on a support (block) and foot projects beyond the
table ; operator sits facing the foot, assistant stands opposite and
steadies the leg.

OPERATION

Two bony landmarks are felt for, viz. the internal and external
malleoli. There are four stages of the operation: (1) raising
the heel-flap by a plantar ‘stirrup’ incision; (2) the dorsal
incision ; (3) the disarticulation ; and (4) removal of the malleoli
and the lower articular end of the tibia.

(i) T'he heel-flap.—Hold the ankle with the left hand and make
the plantar incision which is to be like a stirrup as follows :—Enter
the knife just below the tip of the internal malleolus and carry it
vertically down to the margin of the heel ; then carry it transversely
across the sole to the opposite margin of the heel ; next carry it
vertically upwards along the inner side of the ankle to a point



138

hal? an inch below the tip of the inner malleolus.  This * stirrup
meision. throughout it length ix made deep down to the bone and
mavks the line of the heel-flap : an exeision knite will be usetul.

Pull the heel-flap up from the bone by the thumb and fore-
finger covered with gauze and raise it with touches of the knife its
point strictly directed towards the bone.  Dissect the flap first
from the tuberosity of the os caleis and then from its posterior
surface.

(i) The dorsal incision.—Hold the foot in full extension. The
upper ends of the ineision are joined aeross the dorsum in front
of the joint by the shortest route : this mcizion divides all the
tissues down to the bone. The ends of the dorsal and plantar
incisions meet almost at right angles (Fig. 92).

Fra. 92,
DORSAL AND PLANTAR INCISIONS IN SYME'S AMPUPATION
OF THE FOOT AT THE ANKLE.JOIN'T, L.

REPRODUCED FROM BICKITAM'S OPERATINVE SURGERY

v othe Courtesv of THE W LB SAUNDERS CO.

(i) The disarticulation.—Cut through the anterior annular
(transverse crural) ligament thus exposing the joint. Introduce
the knife into the joint and divide the lateral ligaments cutting
from within outwards.  (C‘ut the posterior ligament. elear the upper
surface of the ox caleis and divide the tendo Achiilis.  This completes
the disarticulation.

(iv) The remoral of the malleoli —Clear the two malleoli and
the lower end of the tihia of all =oft structures by knife and perios-
teal elevator, Applv the saw a quarter of an inch above the
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inferior margin of the tibia and cut through the exposed bones
horizontally. The flaps can now be brought together (Fig. 93).

Fra. 93.

FORMATION OF THE HEEL-FLAP IN SYME'S AMPUTATION
AT THE LEFT ANKLE :—a, Anterior tibial vessels; b, Sawn tibia; c,
Posterior tibial tendon ; d, Internal plantar vessels; e, Severed tendo achillis
in the upper aspect of the heel-flap ; f, Extensor tendons; g, Sawn fibula; h,
‘Tendon of peroneus brevis; i, Tendon of peroneus longus.

REPRODUCED FROM BICKHAM'S OPERATIVE SURGERY
By the Courtesy of THE W. B. S4UNDERS CO.

Comment :—1. The following vessels have to be
secured :—The anterior tibial artery in the dorsal
flap at about its middle ; the external (lateral) and
internal (medial) plantar arteries in the inner section
of the heelflap; the internal malleolar (posterior
medial malleolar) of the posterior tibial behind the
inner malleolus ; the anterior peroneal (perforating
branch of peroneal) in front of the tibio-fibular joiut ;
the external (anterior lateral) and internal (anterior
medial) malleolars of the anterior tibial in front of their
corresponding malleoli : the internal (great) saphenous
vein in the dorsal flap, the external (small) in the
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heel-flap. 2. The inner vertical limb of the stirrup
incision is better cut from above downwards commen-
cing half an inch below the tip of the heel incision. 3.
While raising the heel-flap do not button-hole the flap.
The knife should be rigidly kept close to the bone
and in raising the flap with the thumb the periosteum
may be taken up from the os calcis. 4. In cutting
for the dorsal flap from the tip of the inner malleolus
do not go behind the tip, as by doing so the posterior
tibial artery may be divided before its bifurcation and
by this the internal (medial) calcaneal branch of the
external (lateral) plantar which is the main artery of
the flap may be lost.

A MODIFICATION OF SYME’S AMPUTATION

Instead of dissecting up the heel-flap from below, as described
in the previous operation, and opening the joint at a later stage,
it is thought niore convenient by some to open the ankle-joint
freely (after the incisions are made) througl the anterior incision
by dividing the ligaments and dislocating the astragalus (talus)
forward, so as to expose the superior non-articular surface of the
os calcis. The tendo Achillis is severed, and still working from the
dorsal aspect, all the lateral and inferior attachments of the soft
tissues to the os calcis are separated from that bone by rapid
strokes of the knife. The foot can now be removed, and the
operation completed.

Syme’s amputation can be very readily performed by this
method, but great care is necessary not to injure the heel-flap when
separating it from the posterior aspect of the os calcis.

E. PIROGOFF’S INTRA-CALCANEAL OSTEOPLASTIC
AMPUTATION OF THE FOOT, DISARTICULA-
TION OF THE FOOT AT THE ANKLE-
JOINT WITH REMOVAL OF MAL-

LEOLI, ARTICULAR SURFACE
OF THE TIBIA AND AN-

TERIOR PART OF OS
CALCIS (CALCANEUS).

This operation resembles Syme’s with the exception that the
os calcis (calcaneus) is sawn through and its posterior part is left
in the heel-flap. The lower ends of the tibia and fibula are sawn
through and the surface of the os calcis is brought into apposition
with it (i.e. with the sawn surface of the tibia and fibula).
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THE LEG
AMPUTATION OF THE LEG

SURGICAL ANATOMY

The fibula is on a posterior plane than the tibia. The lower
third of tibia has no muscles attached to it; its lower end which
has no crest, is rounded. The interosseous space is narrow at the
upper and lower parts and wide in the middle part.

The muscular prominence lateral to the crest of the tibia
is caused by the tibialis anticus (anterior), extensor longus digitorum
and extensor proprius (longus) hallucis. Further laterally, the
peroneii give the muscular contour. Medially is the shaft of the
tibia and posterior to it the muscular prominence representing the
calf is formed by the soleus and gastrocnemius tapering off into
tendo Achillis and beneath these are the flexor muscles of the toes
and tibialis posticus (posterior). The soft parts of the lower third
of the leg consist more of tendons than muscles.

The popliteal artery bifurcates about two inches below the
knee-joint which corresponds to the level of the base of the tibial
tubercle (tuberosity).

General considerations regarding amputations of the leg

For lower and middle third amputations of the leg, large
posterior skin and muscle flaps are recommended as the bulk of the
muscles are in the posterior aspect.

For upper third amputations, the muscles being chiefly postero-
external, external (lateral) flaps furnish the best covering.

Both bones may be divided at one sawing but it is preferable
to divide the fibula first in order to avoid splintering it, besides,
it is desirable to divide the fibula on a higher level, otherwise the
projecting end of fibula may hurt the soft tissues in the flap.

If these bones are divided transversely, the sharp anterior
crest of the tibia and the sharp margin of the fibula are likely to
hurt the soft tissues. In order to avoid this the anterior border
or crest of the tibia is bevelled from above downwards and from
before backwards and the fibula is bevelled from above downwards
and from without inwards. (See infra, * Farabceeuf’s amputation
of the leg ’, page 144.) .

Divide the interosseous membrane by cutting transversely in
order to avoid splitting the blood vessels which run vertically
downwards. .

Take special care to cut the nerves short and deal with the ends
as have been described.

If the amputation is one inch below the head of the fibula
the popliteal artery only is cut, if two inches below two main
arteries are cut, namely the anterior and posterior tibials and if
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three inches below three arteries are cut, the two tibials and the
peroneal.

In artificial limbs. the pressure on the stump is from the
sides except in peg legs in which the pressure is terminal ; scars
should be placed accordingly.

In amputations of the leg generally, the patient is brought
to the edge of the table and the limb made to project beyond it
to a greater or less extent.

In the leg the following amputations may be performed :—

1. In the lower third—

(A) Supramalleolar amputation by elliptical flap (Guyon).

{B) Antero-posterior flaps with long anterior and short
posterior flaps (Teale, Lister).

(C) Antero-posterior flaps with short anterior and long
posterior flaps (Farabceuf).

2, In the middle third antero-posterior flaps with short
anterior and long posterior flaps (Hey).

3. In the upper third, lateral or medio-lateral flaps, namely
a large external (lateral) flap and a nominal internal (medial)
flap.

In these amputations, particularly in amputations of the
lower third of the leg, the osteoplastic method is suitable. The
osteo-cutaneous flap may be raised from the subcutaneous medial
aspect of the tibial shaft as recommended by Kocher and others to
cover the bony stump of the tibia, the fibula which is divided at a
higher level not requiring a bony transplant. To ensure a satis-
factory and accurate apposition of these bony grafts, he suggests
a concave sawn surface of the tibia and a convex raw surface of
the bone flap.

After the skin incision, the muscles are divided at the line of
retracted skin and are allowed to retract, taking care not to separate
the skin, subcutaneous tissue and periosteum from the tibia. An
mcision is now made into the periosteum on the subcutaneous
surface of tibia in order to map out a bone-flap sufficient to cover
the sawn surface of the tibia and fibula or of tibia only as the
case may be. A small wedge-shaped cut is made into the tibia
at the transverse distal cut in the periosteum and a gigli saw
or a butcher saw or a Helferich type of saw being introduced
into this; a flap of the desired depth consisting of bone periosteum
and skin is raised in-one piece ; at the proximal end of this flap
the bone-flap is broken across by an elevator conserving the peri-
ostewm and soft tissues which act like a hinge. The periosteun
is raised a little further up and the tibia and fibula are sawn through
at this level.  This bone-periosteum-skin flap is turned over and
apposed to the sawn surface of the tibia or tibia and fibula and
secured there by suturing the periosteum and soft tissues or by
wiring or pegyging the bones.
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GUYON’S SUPRAMALLEOLAR AMPUTATION

This operation resembles Svme's disarticulation to some
extent ; the tibia and fibula are sawn through at a level below
their medullary canal, and the stump is covered by a heel-flap.
The joint however is not opened.

Take the anterior mid-point of the ankle and the highest
point on the convexity of the heel. Join these two points by a
skin incision running obliquely backwards and downwards on
either side skirting the two malleoli. Deepen this ineision dividing
the soft tissues and tendons and making a inusculo-periosteal
flap all round about two inches in extent. Divide tibia and fibula
on the same level slightly above the bases of the malleoli. The
anterior and posterior tibial and peroneal arteries are secured.
The convex heel-flap is apposed to the dorsal flap (Fig. 94).

Fia. 94.
GUYON’S SUPRA-MALLEOLAR AMPUTATION OF THE LEG:—
a, Line of skin incision; b, Line of bone division.

REPRODUCED FROM BICKHAM'S OPERATIVE SURGERY
By the Courtesy of THE W, B, S4UNDERS CO.

AMPUTATION THROUGH THE LOWER THIRD OF THE
LEG BY LONG ANTERIOR AND SHORT
POSTERIOR FLAPS

These amputations have certain disadvantages. It has
already been remarked that it is difficult to obtain sufficient soft
coverings for anterior flaps unless a considerable length of the limb
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be sacrificed by a high bone-section. In Teale’s amputation, a
rectangular anterior (extensor) flap equal in length and breadth
to half the circumference of the limb at the saw line and a similar
rectangular (flexor) flap but one quarter of this have to be made.
Lister’s amputation is much the same. Both these involve a high
bone-section.

AMPUTATION THROUGH THE LOWER THIRD OF
THE LEG BY SHORT ANTERIOR AND LONG
POSTERIOR FLAPS—FARABEUFS
AMPUTATION

POSITION

Patient supine, leg projects beyond the table. Operator
stands on the outer side of right and inner side of left limb. Assis-
tant steadies leg and manipulates it.

OPERATION

Say for the right leg. Assistant presents the inner (medial)
side of leg. Commence an incision at the saw line on the medial
side, carry it along medial border of tibia for a distance equal
to 11 diameters of the limb at the saw line and take it round across
the posterior aspect of the leg. Assistant now presents the outer
(lateral) aspect of the limb; commence a similar incision of the
same length from the saw line but on the external (lateral) side of
the limb, carry it along the fibula vertically downwards and round
it off to meet the first (medial) incision. Make the small anterior
flap by a slightly convex line joining two points a little below the
two proximal ends of the vertical incision so that it is about a
fourth in length of the posterior flap. The skin and fascia are
allowed to retract and the tendo Achillis (calcaneus) is cut at the
level of the retracted skin. The medial aspect of the leg is now
presented ; the upper end of the medial vertical incision is deepened
for about two inches and the muscles separated from the tibia.
The leg is turned again to present its lateral aspect and in a similar
manner the muscles are freed for two inches. Introducing the
thumb and index fingers the soft parts are picked up from the
bones, a long-bladed knife is put through and the muscles are
divided with the line of the retracted skin bevelling off towards
the free edge of the flap. The soft parts are freed back to the
saw line, the interosseous membrane being divided transversely
and the periosteum divided circularly at a sufficient distance below
the saw line and reflected up. The bones are divided and the sawn
ends bevelled, the fibula being divided first in order to avoid
splintering and the tibia next. The limb should be kept flexed
in the different stages of this operation.
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The peroneal and anterior and posterior tibial arteries and
the internal and external saphenous veins are secured. The
posterior tibial nerve is cut short and dealt with.

AMPUTATION THROUGH THE MIDDLE THIRD OF
THE LEG BY ANTERO-POSTERIOR FLAPS

In this amputation the greater part of skin-and-muscle flap
is obtained from the posterior aspect of the leg.

The posterior flap which is U-shaped has a width equal to
hemi-circumference and its length equal to one diameter of the
limb at the saw line. Commence the incision about one inch
below the level of saw line just behind the medial border of the
tibia, bring it vertically down, and rounding at its termination
carry it transversely towards the posterior aspect of the limb to
meet the other limb of the U which consists of a similar vertical
incision carried just behind the fibula posterior to the peroneii
muscles. Make the anterior flap which is one-third the length of
the posterior by joining the vertical limbs at their upper third
by a transverse incision slightly convex downwards across the
front of the leg.

The peroneal and anterior and posterior tibial arteries are
secured. Musculo-periosteal coverings are closed over the stump
taking special care that the muscles are quilted as the posterior
flap tends to sag backwards. The skin flaps are now sutured.

TIBIO-FEMORAL OSTEOPLASTIC AMPUTATION OF
THE LEG

A rather ingenious osteoplastic amputation has been devised
by Sabanajeff. For this operation the upper part of tibia and soft
tissues of the leg should be healthy and available.

An anterior flap is raised from the front of the leg by median
and lateral incisions rounding off and meeting in the front of the
leg at the level of the junction of the upper and middle thirds
of the limb. The posterior flap is one-half the length of the
anterior.

A transcondylar section of the femur is made. Then a bone
flap is raised from the upper and anterior part of the tibia by
sawing from its articular surface vertically down the shaft of the
tibia to a level below the tubercle (tuberosity) and attachment
of the ligamentum patellee and then the bone is separated by a
few strokes of the saw applied transverselv. This tibial bone-flap
with the soft tissues and patella attached to it is grafted to the
sawn surface of the femoral epicondyvles.

10
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FARABOEUF’'S AMPUTATION OF THE LEG (AT THE
SEAT OF ELECTION)

The bone-section goes through tibia and fibula about a hand’s
breadth below the knee-joint, a little above the great nutrient
foramen of the tibia or at a lower level (seec Fig. 78).

POSITION.

The knee-joint projects beyond the end of the table. The
other leg is held out of the way. For the right leg stand on the
outer side of the limb, for the left, at the end of the table, for the
skin incision. For the rest of the operation, the operator has to
change his position as necessary. The assistant standing at the
end of the table manipulates the leg in such a way that its inner
or outer side is presented to the operator as reqmred for different
stages of operation. A second assistant will be useful for support-
ing the thigh and retracting the soft tissues. The knee is flexed.

OPERATION

The flap is to be taken from the outer side of the leg where
sufficient muscular tissue to cover the bones is available. The
large external flap is U-shaped consisting of two limbs anterior
and posterior, representing the two vertical incisions, the lower ends
of these limbs being joined by a line slightly curved downwards.
The length of this flap equals a third of the circumference at the
level of bone-section (saw line).

1. The anterior limb of the U-incision commences opposite
the line of bone-section, and is carried down the leg slightly on the
inner side and parallel with the anterior crest of the tibia. The
posterior limb of the U commences on the calf directly opposite
the anterior limb about half an inch below the corresponding point
of the anterior imb. It is carried vertically downwards till its
lower end is on a level with the lower end of the anterior limb.
These two lower points are joined by a transverse incision slightly
sloping downwards. Free the skin along the edge of whole length
of the incision and allow it to retract.

2. Turn the limb outwards. Draw the knife across the inner
side of the leg from the upper end of the posterior incision to a point
on the anterior cut, half an inch below its upper end. The incision
is only skin deep. Free the skin slightly along this incision.

3. Turn the limb with its inner surface downwards. After the
skin of the great U-flap has been undercut for about half an inch
all round the flap, the external flap is raised in the following manner.
Insert a dissector or your fingers between the outer side of the
crest of the tibia and the tibialis anticus (anterior) and separate
it from the bone up to the lower limit of the flap. Turning to the
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lower margin of the flap, raise the muscle-and-skin flap by cutting
the muscles obliquely, so that it is thin at the lower part and gets
thicker at the upper part ; in other words the distal free end of the
muscle-and-skin flap is bevelled. Raise the muscles from the two
bones and the interosseous membrane and, in doing so, do not
raise this flap up too high, where the anterior tibial artery pierces
the interosseous membrane, as it may then be accidentally divided.

4. Turn to the smaller, inner flap and cut across the soft
tissues on a level with the retracted skin. Retract the soft tissues
by a three-tailed gauze retractor.

5. Divide the interosseous membrane transversely in the
line of the bone-section. Raise the periosteum from the bones
to a point just above the saw line. Stand on outer side of the right
leg and on the inner side of the left. Saw the fibula first in a
direction from above downwards and inwards at a slightly higher
level than the line of section of the tibia. Hold the saw in such
a way that its point be directed towards the floor in the case of
left limb and towards the ceiling in the case of the right. In sawing
the tibia it is necessary to make the anterior part of the sawn
tibia smooth by applying the saw an inch or more above the intended
line of amputation, and dividing the crest obliquely from above
downwards and backwards until the level for the transverse division
of the bone is reached (#igs. 95, 96). The coverings of the stump

Fra. 95. Fic. 96.

will thus rest on smooth bevelled surface instead of sharp edges of
the bones, if the latter be treated in the manner described.
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Comment :—The following vessels have to be
ligatured. The anterior tibial artery is divided at
the free margin of the internal flap. The posterior
tibial and peroneal vessels lie close together on the
inner flap. The muscular branches to gastrocnemius
and soleus are also cut. The nutrient artery of the
tibia will be divided as it enters the bone. If the
great muscles in the outer flap are raised too high up,
the anterior tibial artery will be in danger of being
divided as it pierces the interosseous membrane ; the
vitality of the flap depends upon the integrity of
this artery.

AMPUTATION THROUGH THE UPPER THIRD BY
BILATERAL FLAPS (STEPHEN SMITH)

Two points are taken, one posteriorly corresponding to the
saw line and the other anteriorly on the crest (anterior crest) of
the tibia at a point three-fourths of the diameter of the limb at the
saw line. Two incisions are made from the posterior point along the
medial and lateral aspects of the leg at first vertically downwards,
then curving forwards to meet the anterior point. A skin-and-
fascia flap is raised for about an inch and the muscles are circularly
divided and rvetracted to the saw line; these form the bilateral
hooded flaps and are sutured vertically.

The only advantages claimed for this operation are that the
scar is eventually drawn up and is then placed vertically posterior
and the stump is freely movable.

THE KNEE-JOINT
SURGICAL ANATOMY

Identification of the joint-line is of importance in operations
near the knee-joint. The following landmarks are useful in
identifving the joint-line. Inspecting anteriorly : (1) Cross one
leg on the knee of the other, the internal tuberosity (medial condyle)
of the tibia of the flexed limb projects beyond the internal (medial)
epicondyvle of the femur and makes the articular line more apparent.
(2) In the above disposition of the Hmb a depression between
the external tuberosity (lateral condyle) of the tibia and the
corresponding femoral epicondyle may be evident. (3) § inch
above the prominence of the tuberosity (tubercle) of the tibia is
the joint-line. (4) Extend the limb, the joint-line is slightly above
the apex of the patella. (5) Semi-flexing the leg, if you pass a
needle just below the apex of the patella it will enter the joint.
Inspecting posteriorly : (6) The transverse crease in the popliteal
space 1s practically on a level with the joint-line.
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The upper aspect of the head of the fibula is on a level with
the upper border of the tubercle of the tibia ; it can be felt at the
lateral and posterior aspect between the tendons of biceps above
and peroneus longus below.

Palpating on the popliteal aspect may be felt: from the
lateral side, ilio-tibial band of fascia lata, the biceps tendon. and
the popliteal nerve; from the medial aspect. sartorius (best felt
while manipulating the limb), gracilis with semimembranosus and
semitendinosus.

GENERAL CONSIDERATIONS REGARDING DISARTICULA-
TIONS AND AMPUTATIONS AT THE KNEE-JOINT

Disarticulation through the knee-joint, preserving the semi-
lunar cartilages gives good results ; it gives a rounded stump with
a broad base to carry the weight of the limb and body and takes
artificial limbs better. Besides, as the tendon of adductor magnus
is attached to the adductor tubercle the muscle is best utilized.
One drawback is that the artificial knee-joint comes either above
or below the level of the normal knee and the manufacturers of
artificial limbs naturally prefer an amputation at the so-called
‘ seat of election ’ for this reason.

The patella should be retained whenever possible as the patella
itself and the thick and dense skin makes a stronger flap ; besides,
the anterior flap depends for its blood supply to a great extent
on the integrity of the pre-patellar anastomosis and the detachment
of the patella from this flap might so interfere with the blood
supply that it may slough.

In cases of tubercular or septic arthritis and osteomyelitis,
the joint structures and articular cartilages may be disorganized
and it may be necessary to divide the femur either through the
condyles (transcondyloid ainputation) or above it (supracondyloid
amputation). If the patella can be conserved it may be grafted
to the sawn surface of the femur (osteoplastic transcondyloid
or supracondyloid amputation). The upper part of the anterior
aspect of the tibia may also be sawn off the bone and grafted to
the sawn surface of the femur.

This amputation has in the past been designated as ‘ amputa-
tion at the seat of election ’. In pre-antiseptic days in amputations
with bone-sections between the ankle and tibial tubercle, it was
found that the stump could not bear the weight of the body and the
patient had to rest the anterior aspect of the bent knee on some
type of artificial leg with the stump projecting behind. The
inconvenience of a long projecting stump could only be obviated by
amputating the leg as high up as possible, leaving just enough of
the tibia and fibula for the patient to rest on the anterior surface of
the knee. With the introduction of asepsis and improved technique
of amputations, such as tendinoplastic and osteoplastic amputations,
it is now possible to obtain a good and useful stump at any level
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in the leg. The term " seat of election’ has therefore lost its
significance and is of historical interest only.

AMPUTATIONS IN THE REGION OF THE KNEE-
JOINT

The following methods of amputations in this region are
known :(—

A. Stephen Smith’s disarticulation by lateral flaps.

B. Carden’s trans-condyloid amputation through the condyles
of the femur, by long anterior flap and removal of the patella.

(. Lister’s trans-condyloid amputation by oblique division
of the femoral condyles.

D. Gritti’s snpracondyloid osteoplastic amputation by long
anterior flap with removal of the articular surface of the patella
and apposing it to the sawn surface of the femur.

E. Stokes’ supracondyloid osteoplastic amputation (higher) by
long anterior flap. the patella being treated as in Gritti’s method.

A. STEPHEN SMITH’S DISARTICULATION AT THE KNEE-
JOINT BY LATERAL FLAPS

The two lateral flaps consist of integuments only, the internal
flap being slightly longer than the external. The soft structures
behind the knee are divided transversely about the level of the
articulation. The operation can be perfornied with great rapidity.

POSITION

Pull the leg down, beyond the end of the table, till the knee
1s quite bevond the edge. Stand on the ounter side. The assistant
holds the leg and rotates it as required.

OPERATION

Mark out two points with the thumb and a finger of the left
hand :—(a) the mid-point of the transverse crease in the popliteal
space behind, opposite the line of the joint, and (b) a point about
two inches below the tubercle of the tibia in front. The operation
can be described in four stages.

1. The skin incision.—Bend over the limb which is rolled
outwards. Commence an incision in the middle of the popliteal
space, carry it obliquely downwards, inwards, and forwards to a
point at the junction of the upper with middle-third of the tibia.
When it approaches the crest of the tibia, curve it upwards to
end at a point two inches below its tubercle. This marks out the
outline of the inner (medial) flap. Now the assistant lifts the leg
up vertically. Commence another incision below the tubercle of
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the tibia where the former incision ends. Carry it downwards,
backwards and then upwards on the back of the leg to meet the
original incision in the popliteal space. This marks out the outline
of the outer (lateral) flap. The lower point of this incision is on
a slightly higher level than that of the inner. These incisions
divide the skin and superficial fascia only (Fig. 97).

Fic. 97.

INCISION FOR STEPHEN SMITH'S DISARTICULATION AT
THE KNEE-JOINT :—It will be noted that the incision extends slightly
lower down on the inner than on the outer side.

REPRODUCED FROM BURGHARD'S ‘AMPUTATIONS'.

2. The skin-flaps.—Free the margin all round and raise these
flaps, which include the skin and the structures down to the tendons
and muscles. Cut transversely the lateral ligaments, structures
along the upper margin of the tibia on the anterior and lateral
aspects, ilio-tibial band, tendons of the sartorius, semitendinosus
and biceps and the anterior parts of the capsule of the joint. Enter
the knife between the semi-lunar fibro-cartilages (lateral and medial
menisci) and the head of the tibia cutting through all the soft
structures. Flex the knee and divide the crucial (cruciate) ligaments
close to the tibia as they meet the knife leaving the semi-lunar
cartilages (menisci) with the stump (IFig. 98).

3. The posterior aspect.—Divide all structures by a transverse
cut on this aspect of the leg which include the posterior ligament,
the popliteal vessels, muscles, and tendons.

Heemorrhage.—The following vessels have to be secured. The
popliteal artery and veins are the vessels of importance ; the
muscular arteries, the azygos (middle genicular) artery, branches
of the superior articular (genicular) vessels (on the outer or lateral
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DISARTICULATION AT THE KNEE-JOINT BY STEPHEN
SMITH'S METHOD :—The semi-lunar cartilages are seen in contact with
the condyles of the femur. The knife is dividing the posterior ligament of
the knee-joint and the popliteal vessels.

REPRODUCED FROM BURGHARD'S ‘AMPUTATIONS'.

side) and the superficial division of the anastomotica magna or
highest genicular artery or arteria genu suprema (on the inner or
medial side).

Comment :—(1) The internal flap is longer than
the external in order to provide an adequate covering
for the internal (medial) condyle which is larger and
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on a lower level than the external (lateral). The
skin flaps, after amputation on the dead subject,
may look disproportionately long and rather thin ; this
- 1s, however, not so when the operation is performed on
the living. The drainage is efficient from between the
flaps as the wound is vertical and its lower end looks
directly downwards when the patient lies i1 bed. (2)
The scar lies well behind and between the condyles
(Fig. 99). (3) The semi-lunar cartilages left under
the condyles form a natural cushion for the stump.

Fre. 99.

STUMP LEFT AFTER STEPHEN SMITH'S DISARTICULATION
AT THE KNEE-JOINT.

REPRODUCED FROM BURGHARD'S " AMPUTATIONS .

B. & C. TRANS-CONDYLOID AMPUTATION. (CARDEN,
LISTER)

In Carden’s original operation, the femur is divided through
the condyle and the patella is removed. A long anterior flap is
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made by an incision commencing from one condyle and extending
vertically downwards for about four inches, carrving across the
front of the tibia, a little below the level of the tubercle, and then
upwards to the opposite condyle. A small posterior flap is made
by a sweep of the knife through the skin and superficial fascia across
the back of the knee-joint. The long anterior flap, occasionally,
sloughs due to want of vascular supply. Lister modified this oper-
ation by cutting transversely across the front of the limb from side
to side at a level of the tuberosity of the tibia, and joining the
horns of this incision posteriorly, by carrying the knife at an angle
of 435 degrees to the axis of leg through the skin and fat. The
flap consisting of skin and subcutaneous tissue are raised as in
circular amputation,

The soft tissues are cut transversely across. The periosteum
covering condyle and the femur is divided and a saw applied not
at right angles to the bone, but at a slicht angle so as to cut a
little lower on the inner side, thus maintaining the normal obliquity
of the condvles. The patella is generally removed with the tendon
of quadriceps extensor. The muscles can be brought together over
the bony stump by a few sutures.

D. & E. SUPRA-CONDYLOID OSTEOPLASTIC AMPUTATION.
(STOKES-GRITTI METHOD)

In this amputation the flaps are made as in Carden’s operation,
i.e. by long anterior and short posterior flaps. The ligamentum
patelle is divided and the anterior flap, including the patella,
is turned up. The condyles of the femur are cleared and a portion
of the lower end of the femur is removed. In Gritti’s amputation
the saw traversed the bone in a transcondylar plane, whereas
in Stokes’ operation it is carried at a higher level through the
cancellous tissue about 4 to # inches above the upper limit of the
condyles or above the adductor tubercle.  With a small butcher’s or a
metacarpal saw the articular surface of the patella is removed. The
anterior flap is now turned over to meet the posterior flap, and
while doing so the sawn surface of the patella is apposed to a simi-
lar surface of the divided femur. In Gritti’s method the femur is
divided at a lower level, so that the cut surface is broader ; it is
often difficult to appose the patella resting on the anterior surface
of femur: besides, there is a disproportion between the sawn
surfaces of two bones. In Stokes’ operation the femur is divided
higher up so that the sawn surfaces of the bone can be more aceu-
rately apposed.



Amputations in the region of the knee-joint

Methods Operation Flaps Line of bone-section Advantages Disadvantages
A. Stephen Disarticulation, | Lateral. Between  semi-lunar (1) Scar in inter- (1) False joint of
Smith’s. cartilages (menisei) | condyloid space where | artificial limb at a
and head of tibia; | no pressure. lower level.
no bone-scction., (2) Semi-lunar car- (2) Unsuitable
tilages (menisci) act as | from an wsthetic point
cushions. of view.
(3) Flaps form a
good covering.
(4) Quick operation.
(3) Less shock.
(6) Broad-ended
stump.
(7) Useful for labour-
ing classcs.
B. Carden’s Transcondyloid | Long anterior, | 