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PREFACE TO SECOND EDITION

F. as one keeps on hearing. the sort of anatomy untastefully
Ical]ed “gross = were really finished, this re-edition would

count only as a funther impertinence  But wlule its predecessor
was received with unexpected kindliness, the not-intolerant
climate held just the echo of a salutary feline note ™ It’s all very
imterestmg.” said the Miller's Cat to the Mill-race, “ but if you
could manage to do your work—whose value I don’t in the least
dispute—a httle more soberly, I for one should be grateful.”
Meanwhile. however, Time. which finds ways of <etthng sobriety’s
worse disorders. has not been 1dle.

The former edition was written firstly for my friends, and 1t
15 by the wish of some of them that I meclude (or, if you waill,
thiust m) old and more recent work for convenient access. And
ance several of these adjunets go beyond the scope of limbs, the
1e-edition’s fitle, though still ~ lxtensile,” 1s shorter by a tail.
Otherwice I have left the text much as 1t was <o that parts of 1t
will * date ’—perhaps 1espectably like things men excavate which
keep about them “ glories of then fallen day ”; for instance,
bipp—mn Richard Stoney’s hands. But bipp, some find, has
strong survival value, and lately, hke the coelacanth, it has
turned up agamn

The present progiess i surgery 1s so rapid that one year now
15 like a former hundred, and ten can leave us not outstripped but
at the post IEven simple straight incisions have been altered,
and I am most grateful for the chance of taking my impressions
of then modein tiends fiom a variety of patients, with scars
long-healed and admuirable, put at my disposal by the courtesy
of Mr J. C. Sugars of the Adelaide Hospital, Dublin.

Approaching recent art one has at times to wrench oneself
towards acceptance Yet, after all, I should not grumble ; these
new cuts suit my thesis theiwr turnings keep mcisions long.
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vi EXTENSILE EXPOSURE

Let me revert to the gioss anatomy which I have tried to teach
for almost ten years m the uniquely happy circumstance of this
old College. Some while back a distingmished exponent of my
subject told me that his first answer to new students asking what
they should read was, *“ A dictionary.” That sound advice gains,
I find, with experience.  Laght dies before the uncreating word.”

Our own terms are Greek or Latin— Greek ’ sometmmes to
ourselves. Yet when an Oriental candidate writes “ the pulmonary
of the sacrum ” or  aleolar t1s,”” we suffer shock. How fortunate
for us that Sanscrit or Arabic did not pieponderate directly in
forming current medical nomenclature !

For good or ill there will always be division between the arts
and the bleakness of science It need not be absolute ke
earth and sky they are apart but they communicate at times by
flashes. A rare example must serve in lieu of portrait of a friend
and colleague whose name and work recurs through the text.
Once, after a class on the larynx at which I had to confess that
I did not know the meaning of the word * arytenoid,” I met T. P.
Garry on my way out and enquired. * Arytenoid . . .?” he
said ; *“ shaped hke a vase: Ruth at the well with her pitcher
balanced uneasily on her shoulder lhke the arytenoid on the
shoulder of the cricoid ”

The reader who would wish to match that satisfying gleam with
competence 1n practice may note—if he have patience to arrive
so far—the explanation of how a finger working blindly deep n
the pelvis can with quasi-certainty (the only sort anatomy will
grant) find and pick up a hip-joint twig and part it from the
mamn sciatic stem. Yet the talk 1s that gross anatomy has died.
One might 1magme 1t mstead decrassified and taking wing.

In a former preface I tried to specify my gratitude to thosc
who helped me with the first edition. Some of them through
the past ten years have never ceased in helpmng me to re-edit—
Miss Zata Stead, my artist; Mr Charles Macmmllan, Managing
Director of Messrs E, & S. Livingstone, my publishers, more
1ecently my mdispensable secretary, Miss D, MacDaniel. Repeated
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thanks are apt to seem like hollow resonance, so I will only say
that patience—lried as theirs—i1s 1a1e mdeed.

My friend, Col. G. M. Irvine. till recently my colleague, has
warded off, and even assumed. many distracting burdens on my
behalf.

I have attempted to acknowledge other debts in relevant
parts of the text: to my former Surgical Demonstrator, Mr
W. A. L. Macgowan. and to Mr M Stranc. Thanks are due m a
special degree to my present Lecturer, Dr M. Levine, and to Dr O.
Singer for thewr sketches: also to my Demonstrator, Mr M. S.
Matharu. for his clear photography.

Not least am I giateful for the loyal collaboration of my
technical staff in and out of the Dissecting Room . Robeit Syms,
Willham White. and that wise and kindly person Harry McCabe,
who died recently and whom I knew during most of the forty
years of his honourable service to these famous Dublin ** Schools
of Surgery.” thus curiously named smce 1789, but m fact the
modern school of medicine of this Royal College and a lLively
source of world-wide education. It 1s a School umque, I think,
m several respects, notably perhaps for quiet firendhiness, of which
I know 1ts students carry much that matters to themr patients.

ARNOLD K. HENRY

THE ROYAT, COLLEGE OF SURGEONS,
DUBLIN

May, 1957



PREFACE TO FIRST EDITION

Il 0T

—

XPOSURE that will vie
effectively with the - great
arsenal of chance” must

be a match for every shift, and
therefore have a 1ange, eaxtensile, like the
tongue of the chameleon, to reach where 1t
requires, This book, accordingly, seeks to enlarge the
scope of certain set and parcelled methods of approach. It
deals with means m which my confidence has grown from usmng
them myself and watching others try them. And while a smooth
success with first attempts pleased all concerned, mistakes (made
as they were by persons of intelhgence) proved 1eal auxiares
they marked exactly what was ill-concerved o1 msufficiently
described, and gave the chance for second thoughts—a chance
these pages strive to seize.

Bone carries our anatomy and forms 1ts central {act, and hone
wherever possible 1s made the core of each exposute. Iven the
few confined to nerves and vessels bung m a glhimpse of skeleton ;
and some of these (though well rehearsed mn other books and
easily accessible) are borrowed here agam. They form the roots
from which exposures spread, and serve—like 1oots—to bind
wrelative surroundings. The presence, too, of things so mstantly
attractive has let me note where charm may breed a moth-and-
lamp effect that makes us * strut to our confusion.”

The page who simgs m As You Like It is conrect: ' hawking,
or spitting, o1 saymg we are hoarse > ate only prologues to a bad
voice , and books, like songs, should be their own mterpieteis.
But 1t 1s rare that one unaided person can write, print, illustrate
and publish them. So debts alone may justify a pireface; and
mine are laige. My secretary, Mrs A. Wenham Birown—as quietly
concerned for *“ a mstake 1o the dust of a butterfly’s wing as m
the dick of the sun ”—has given deft, invaluable help at every

vip
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stage, and latlerly with mdexmg. Miss Zila Stead, the artist,
adds to her gift the knowledge gamed from actual dissection—
a rare concurrence, used by her with scrupulous regard. Then,
{00, I have been fortunate to meet with a collaborator at once so
eapert, slerhng and considerate as Mr Charles Macmmllan, of
Messis 180 & 5. Livmgstone Lid., my publshers; lie puls a
Scottish heart mio Ins work.

To Professor J. 11 Dible and the staff of his department 1
venture 1o express my gratitude for opportunities of contact with
a welcome, stimulating chmate—the evidence and birthright of a
univemh Dr J. Pritchard, 1oo, at the Department of Anatomy,
St. Mary's Hospital, has given me much friendly help.

That excellent {echmuan. Mr J. Robson (now m the R A.T7.),
has cained my speaal thanks, together with his friend, Mr V.,
Willmott, a very skilled photographer @ therr cheerful courtesy,
and that of Section Commander C. Ward. was aid indeed.

The text in a superlative degiee owes weeding and correction
to my wife.

Lds’rlv a debt 15 due throughout to surgeons from every
quarier of the Commonwcalth. ]n frendly groups they [oimed
(unwitimgly) a panel whose jurors brought me verdicts; and
so these pages prmi what seemed to wimn, if not then full,
unqualified approval, at least an wmprimatur. Should I be

wrong n that behef, the process of acquirmg illusion for once
sits smiling to the memory.

ARNOLD K. HENRY.
July, 1945,
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INTRODUCTION

NOMENCLATURE

. d’abord la clarté, purs encore la clarié et enfin la clarté
—ANATOLE FRANOR

Throughout the world 1n general—and, notably, wn that of those who thank and
urde—1I find it only 1 the ratio of the diamond o the mass of the planet
—PavL VALLRY.

NEW  nomenclature has recently appeared amongst

anatomists—the third m thuty years; and so, for men

of different age, a class to-day m operative surgery is
something like a class in Babel: one does not speak to 1t
collectively.

I hold no biief for any termunology; the new, the old, the
Basle have each then pomts. The new, for mstance, turns from
the vague “ axallary ” nerve of Basle back to the old and graphc
circumflex.  But change wlhich darkens what was clear 1s less
commendable The trunk, for instance, that we knew (and still
know well) as musculospiral, ended by forking mto branches
named respectively the *1adial ” and “ posterior interosseous.”
This trunk then fell in hne with continental usage and became
the radial of Basle nomenclature; 1its termunal divisions, too,
were well described as “ deep” and “ superficial.” The third
and new nomenclature confounds the trunk and superficial
biranch, and both are now called * radial.” With that peculiar
precedent of lost distinction the mternal pophteal nerve (ahas
the tibial, alhas the medial pophteal) might easily—n mounds
of new editions—be called * sciatic.”

An opportumity 1s mnpening; hke us, America and the
Dominions have now had time to sift the question of nomen-
clature in Englhsh. Is 1t too much to hope that any jomt,
definitive agreement will bear convincing signatures which prove

! This flux 18 not peculiar to anatomy Dons have 1t too, Hilaire Belloo records the fact

*“ They have turned the pronunciation of Latin {whereof we mught have made a common

tongue for general intercourse) quite upside down, consonants and vowels and diphthongs,

50 that my contemporaries can remember at least three quite different ways of pronouncmg

the simplest Latin phrase, three different fashions m the short space of a human hfe.
Perhaps a fourth 18 coming >’ For Dons, he adds, are capable of anything
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it acceptable to those who work m live anatomy ? Till then let
criticisms rain, but may there be a truce to efforts at establishing
parochial adjustments !

And meanwhile with Herodotus, who cared for clarity and
was (like us) unsettled by kaleidoscopic terms, I shall continue
to employ the names which custom sanctions,”—names which I
know our surgeons understand. So without fear of puzz
anyone I say ‘‘ the upper end ” of humerus, or, if I wish, 1its
“ proximal extremity ” Nor shall I waive the right to use
“1mner ” and “ outer”, ‘“internal to,” * external to”; “ -
wards ” or “‘ outwards.” ‘ Medial” and “lateral ” are useful
words; I shall employ them too, but not ad nauseam ; the
English tongue resents a curb, and answers best when remed
discreetly. Perhaps for reasons similar the French (who then
had much to lose) refused to bow the knee to ¢ Basle.’

We recogmise ! at once the mner aspect of the thigh (or arm
or leg), so why not speak of 1t? And though the present fiat
of anatomists restricts the term of * mner surface  to linings of
the hollow organs, yet, 1f I write that certam nerves lie to the
mner side of arteries, will someone really thmk they he withm
the lumen ?

Such things, of course, are trifles weighed agamst the fact
that every termunology has pockets of resistance to surgical
approach. And these (withmn the boundary of my text) I am
resolved to liquidate.

ON CERTAIN AIDS DERIVED FROM STRUCTURAL ARRANGEMENT

The operations of our wntellect tend to geomelry
—HENRI BERGSON

Que feroms nous sans le secours de ce quiv n’existe pas ? Les mythes
sont les dmes de nos actions —PAUL VALERY

Some general considerations.—Few that invade the structure
of anatomy are artists; the great majority take care, for the
convenience of their memories, to force its details mto shapes
of Euchd—triangles, quadmlaterals, crcles of pecuhar form.
The few (and they are very few) need no such framework; lke
pamters who from scribbled notes of “green” or “ yellow ”
produce a rephca with tone and shade m exqusite gradation,

1 Recognise, recognize, mobilsse, mobilize, etc  The Oxford English Dictionary 1s strong

for “z ’ But Pater who was ¢ Oxford ’ allows the * s ’’—like Quller-Couch of Oxford and
of Cambridge I shall abide by Kent’s uncompromising verdict ( King Lear, Act m, S¢ 2)
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along the border opposite the tether (p. 268). Angles of attach-
ment help or impede the separation of fibres from bone. And
muscles grasped and moved across their fixed companions provide
the swigeon with a kind of tangible mnemonic which helps him
for incising sk and sepa-
rating structures (7'he Lan-
cet, 1940, 1, 125). Allusion
to these angles and mobil-
ities are frequent m the
text and need some further
explanation.

THE ACUTE OR STRIP-
PING ANGLE.—A shaft is
stripped most easily of
fibres. whether of muscle or
of interosseous membrane,
by working the edge of the
rugine into the acute angle
which the fibres make with
bone at then attachment.
Used in the opposite direc-
tion—towards the obtuse
angle—the rugime tends to
leave the bone and tear into
muscle or membrane (Fig.
1). There is a two-way ap-
phication of this prmeiple
when we expose the shaft of Fig 2

femur ; here the stnpping Comparative muscle mobility

<1m The biceps—fixed at either end—can easily be
angle opens pro a'uy for moved across the widely fastened breadth of

adductors, dlstally for brachias Thus, for exposure of the front of the
. humerus, the fingers can discover (in spite of
vastl. Then> too, on the fat or swelling) exactly where we should incise
fibula the muscles have a and where to find the part of brachiahis that
separates shaft from skin
strippmg angle opposite
to that of inteirosseous membrane (pp. 294 and 296).
COMPARATIVE MUSCLE MOBILITY.%—-We can make use before
and durmg operation of the facihity of moving certam muscles

across therr much more fixed companions. Lines of mcision may

ey e
%
5

)
».///"%\

|

MOBILE
MUSCLE

1 Rooks, as members of the crow family, rank with ** the most intelhgent of birds > They
use the stripping angle when they pluck twigs for nesting, but with a difference standing
below the upward slant they tug from the obtuse angle (M Burton, D Sc, Illustrated
London News, October 8, 1955 )

*The Lancet, 1940 1. 125
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thus be ascertammed where fat, posture or swelling might cause
disorientation ; and planes of cleavage, too, can be located by
this means. Before we cut down on the front of the humeral
shaft we first- shall grasp and move the free biceps belly across
the widely fixed attachment of brachiahs fibres, and thus find
out exactly where to spht the portion of this latter muscle which
separates the skin fiom bone (Fig. 2). Behind the humerus we
move the long free head of triceps in relation to the lateral fixed
head, and so find out exactly where to split the loose half-sleeve
with which this pawr of superficial elements covers the musculo-
spiral nerve and deeper head (p. 18). A wad of three long bellies
flanks the radius and must be mobilised before we clear 1ts shaft.
The fingers move these muscles to and fro en masse across the
supinator and against the fixed extensor bellies. So we can feel
out lines for skin meision and planes of cleavage, front and back :
in front, when we approach the shaft of radius (p. 102); behind,
mn looking for the posterior interosseous nerve—the deep (terminal)
branch of radial mn Basle nomenclature (p. 115). The stiff edge,
too, of lateral intermuscular septum (a structure vital to one
femoral exposure) 1s recogmised by moving the lax mass of biceps
across 1ts greater fixity (p. 219). Lastly, for access to ulnar bursa,
nmuid-palmar space or deep terminal branch of ulnar nerve, finger
and thumb locate and move abductor digiti qunt: in the free
margin of the hypothenar mass.

Separation of closely related structures.—We shall m general
contrive to separate these structures cleanly if we begmn their
separation at the place where they begin to separate—a precept
which Fiolle and Delmas stress throughout a book that 1s the
breath of present-day exposure.! This principle has widespread
application . it works, I find, as smoothly m the chest as i the
limbs. The fiimsy sacs of pleura tear unless we start divorcing
them where they divorce themselves to clothe the apex of the
lungs (p 148). Soon the Iimbs we look for places of divergence :
a member of a bundle turns aside, or crowded bellies fan towards
their tendons

Sometimnes, as we shall see, a pair of thumbs (well gloved, of
course) laid lengthwise on a pair of bellies will open up a twisting
plane of separation—techmque that will be blamed by those
who have not learnt to trust the hand, the quintessential root—
m every sense—of surgery
1J Fiolle and J Delmas, Surgical Exposure of the Deep-seated Blood Vessels, London, 1921
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THE CUTTING OF CUTANEOUS NERVES

So when the buclled qirder
Lets down the grnnding span,
The blame for loss, or murder,
Is laxd upon the man
Not on the Stufi—the Man !
—Rupyarp KipLinG.

Incaisions must divide the branches of cutaneous nerves, but
they should aim to cut as few as possible and should at least
avoid the major stems. Once m a while pamnful neuroma follows
their section or their injury, giving the patient little rest and
sometimes ruining a life.  These cases, though infrequent,
are hiving accusations. e should endeavour not to swell their
ranks.

Incisions will be planned accordingly. I have twice lately
met with scars of operation on the knee, U-shaped and
classical, giving rise to sharp and frequent pain, m one case
lasting seven years—an extra reason for discarding crooked
cuts. We can as easily excise the knee—or do whatever else
we must—through an mesion that is straight and shorfer than
the U. (A piece of string bent and unbent will illustrate the
pomt.) Apart from nerves, however, the U that cuts the
blood supply on either side of skin tends to produce a margmal
necrosis.

In certamn regions 1t will not be possible to heed these
atraumatic counsels: a large exposure in the neck or shoulder
must cut some large cutaneous nerves, rarely indeed with after-
penalties, though I have seen two patients recently whose broken
clavicles had mjured branches from the neck, causing neuralgic
pamn. And often, mn the fingers, trigger-spots arise from tny
twigs 1n necessary scars.

These then are counsels of perfection. Yet, if we look, we
recognise abundant opportunities of sparing nerves, which those
in daily contact with post-operative limbs will try to seize. Some,
too, may find (as I believe) that these cutaneous disasters, though
commoner m people with a certain temperament, can yet assail
the balanced individual. To all of these unfortunates the pam
is real, and httle satisfaction can be got by blaming them for
faults of therapy or chance.

Such lesions should be treated urgently before the pain takes
root within the thalamus, thence to wear slowly out; or else
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wear out the patient. For when the thalamus 1s sick no surgery
can cure—except the gullotme.

Sometimes m early cases we succeed immediately. A procaine
wfiltration of the trigger-spot, if followed up at once by move-
ment, may stop the pain; and even (rarely) after long duration.
(This happened with the painful knee I mentioned, which was
cured for months by two imjections—till the patient fell and
bruised the scar.) But failure, too, 13 common. Sometimes
resection works a charm (1t cured my two clavicular neuralgics)
—or sympathectomy. They often faill. There is no rule whatever.
Therefore (once more ! ) let us respect cutaneous nerves.

TECHNIQUE

I shall guard my asepsts as a gurl should guard her virginity
—A colleague, thirty years ago

This modest note may find a welcome now that bones and
joints will come the way of general surgeons—stirrmg perhaps
unquiet memories; taboo and half-forgotten ritual; no-touch
technique for knees, long mstruments for femurs. But though
the need for care 1s paramount, there is need also for stmpheity.
The common sense of Moynihan has left us safe and easy methods
which retain the service of our best auxilhiary, the hand, and let
1ts well-gloved fingers touch both joint and bone. A twenty-year
experience of these measures in general suigery and in major
orthopeedics has made me certamn that a sigle ritual works well
in erther field.

The skin as enemy.—Moynihan would not permut the outer
surface of a glove to touch the skin at all—either the hands
of surgeons or the skin of patients. he branded contact as a
fault, however well the hands were cleaned or skin prepared.
And while for many years we all have learnt to don our gloves,
touchmmg therr mmer surface only, the gam 1s often lost by
using them to handle patients’ skm. If we avoid tlus fault
throughout the operation, a sterile and undamaged glove
remains as sterile as a metal tool, and may, I know, * explore
a knee joint . . with impumty ” (Moynihan, Bruish Jowinal
of Surgery, 1920, 8, 29).

But gloves (as L G. Gunn once said of cats when sutures
broke) ¢ ain’t what they used to be ”; so 1t may now be wise
to smear, m case of accident, some dettol cream upon the hands
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SIDE CURTAIN |} b = AN
(FINAL POSITION) ! )
R — ! zfﬂbfg
~— . [P /,__/:1_—\ 7\
/”SHEET - \{‘. ) T T — .
o — ~
Fig 3

Application of a side curtain. (A sterile sheet is already in place)
A Screen the patch of bare skin at one side of the wound with a plece of gauze

B Lay the curtain flat on the gauze and bring the edge of the curtain to the opposite edge of the wound
Depress the edge of the curtain deep to the whole edge of the wound before applying clips  (That 1s vital,
otherwise skin will bulge between them ) Fix this depressed edge of curtain with clips so that one jaw of

each clip fastens the cloth to subcutaneous tissue while the other bites directly on to the surface of the
skin (see inset)

C Lift the free opposite edge of curtain, and cover the clips by turning the curtain over through two
right angles  Discard the gauze, treating it as solled, having touched skin

(The second curtain, applied in the same way, is screened from skin by the first and needs no gauze )
D The two curtains in position Terminal chips can be hidden at will, as shown on the right side
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before the gloves go on.! Or should the skin resent it, as does
mine, wear fwo pair, using cream upon the first.

(This attitude to skan implies that we discard each knife used
for dividing 1t—with other tools that touch—and then take fresh
ones to continue )

Masks.—The parts of these that screen the nose and mouth
should be impermeable. The best are made entirely of cellophane
(except for fittings on the face and ears); but pockets stitched
to common gauze varieties of mask will hold thin sheets of
cellophane and screen effectively.

Marking the skin for final closure, though not concerned
directly with asepsis, allows of perfect apposition. The scratches
of a fine 70und-bodied needle should cross proposed meisions ;
a cutting needle 1s apt to leave a scar. These shght marks will
help in closing any operation wound; they are essential when
the parts take new position during closure, a lesson sharply
driven home by suturmg an unscratched case of old luxation
of the shoulder.

Side or wound curtains.—The use of these 1s almost universal,
though they are often so apphed that wads of naked skin bulge
mto view between the towel-clips. Fig. 3 and its legend show a
techmque due to my former colleagues, Richard Slattery and
Faid Yusry, and I shall only touch here on the value of Michel
clips for fastening these curtains. Clips have no handles, a special
virtue when one has to curtam neighbouring imcisions, say on the
foot.

LONG INCISIONS

Lines of cleavage and of crease.—A recent fashion teaches
that most things good or bad about 1ncisions must be hinked with
the so-called cleavage Imes of Langer, which Dupuytren some
twenty years before exploited by proving that a cobbler’s awl,
though circular m section, could leave deceptive lineas wounds

1 A friend whose skin was harbouring staphylococer has told me that use of dettol cream
allowed him to complete his operating sessions with hands and wrisls both negative to
culture tests In this connection, too, the observation made by L A Weed and Jessie L
Groves at Indiana Umversity Medical Centre 18 relevant One or more gloves were
found perforated at the close of almost three-quarters of the operations performed—
viz after 3409 operations out of a total 4549 (Surgery, Gynecology and Obstelrics, 1942,
75, 661) There 18, however, still on many sides an unashamed solicitation of infection
the septic case (apart from all emergency) 18 often touched, or even dressed, with naked
hands by persons who will presently affect aseptic rtual—a sight that stirs the gorgo
of those conditioned otherwise
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m skin—using the gist of his discovery to solve an actual
¢ who-dun-it.”

Aside from this. however, we now are told as follows Surgical
mcisions made along Langer’s lines heal with a mmimum of scai
tissue : 1mcisions crossing them heal with a broad or heaped-up
scar. Thirdlv, that where crease Imes exist (¢g., near joimnts),
the cleavage hnes usually comncide with the creases.

Alas! (if one may credit the accepted charts) the cleavage
lines that run behind the knees and at the front of elbows fail
utterly to comcide with the ciease hines of flexion. 1n fact, they
cross them. But at the present time the making of a longitudinal
cut duectly mn front of an elbow o1 behind the knee 1s fiowned
on o1. in curtent slang. declared non-U—the soit of thing Jean
Cocteau (D.Latt., Oxon, Hon. Causa, 1956) calls * comme-il-ne-
faut-pas.”  And so one sometimes wonders just how much the
cleavage lines—at least m hmbs—concern themselves with good.
cosmetic healing.

Perhaps the flexor crease 1s after all a dommating factor ;
for m the neck, when goitre surgeons cut circumferentially, they
 kall two birds with one stone . they follow there the ineluctable
comcidence of cleavage lines with flexor creases—the latter latent
or m bemg, on the neck Not so the orthopeedist who, in front
of elbows and behind the knee, feels bound to let the lengthwise
Langer limes go hang, and gives a crossway swerve to his incision
at or near a flexor crease.

One of my growing bevy of detectives makes, I think, a
comment apposite to this affair of crease and line ‘" Knowledge,
like fruit, I guess, has to ripen befoie 1t’s of any use ”

For neurovascular bundles.—The use of wide approach for
dealing thoroughly with nerves and vessels needs no defence,
but tends to shp at times into oblivion. These neurovascular
bundles are moored extensively along the imb by frequent offsets ;
they are impossible to mobihise through short incisions, nor
can they be explored. *Closed’ lesions of the vessels as a rule
m swollen, freshly mmjured hmbs demand a long mcision; for
often they are multiple and may occur m great variety, though
signs are few and pomt to nothmg certam but the need for inter-
vention. Then, too, a neurovascular bundle—like that behind
the knee—can bar the way to an objective and must be widely
mobilised before we can retract 1t safely.

For bones.—The long mcision 1s essential i exposing bones.
I do not know of any principle of surgery less easy to mstil;
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before the gloves go on.! Or should the skin resent it, as does
mine, wear two pair, using cream upon the first.

(This attitude to skin mmplies that we discard each kmife used
for dividing 1t—with other tools that touch—and then take fresh
ones to continue.)

Masks.—The parts of these that screen the nose and mouth
should be impermeable. The best are made entirely of cellophane
(except for fittings on the face and ears); but pockets stitched
to common gauze varieties of mask will hold thin sheets of
cellophane and screen effectively.

Marking the skin for final closure, though not concerned
directly with asepsis, allows of perfect apposition. The scratches
of a fine round-bodied needle should cross proposed incisions ;
a cutting needle is apt to leave a scar. These slight marks will
help m closmg any operation wound ; they are essential when
the parts take new position durmg closure, a lesson sharply
driven home by suturmg an unscratched case of old luxation
of the shoulder.

Side or wound curtains.—The use of these 1s almost umiversal,
though they are often so appled that wads of naked skin bulge
mto view between the towel-chps. Fig. 3 and 1ts legend show a
technique due to my former colleagues, Richard Slattery and
Faid Yusry, and I shall only touch here on the value of Michel
chps for fasteming these curtains. Clips have no handles, a special
virtue when one has to curtain neighbouring mcisions, say on the
foot

LONG INCISIONS

Lines of cleavage and of crease.—A recent fashion teaches
that most things good or bad about incisions must be linked with
the so-called cleavage lnes of Langer, which Dupuytren some
twenty years before exploited by proving that a cobbler's awl,
though circular in section, could leave deceptive linear wounds

1 A friend whose skin was harbouring staphylococe has told me that use of dettol cream
allowed lum to complete s operating sessions with hands and wresfs both negative to
culture tests In this connection, too, the observation made by L A Weed and Jessie L
Groves st Indiana University Medical Centre 18 relevant One or more gloves were
found perforated at the close of almost three quarters of the operations performed—
viz after 3400 operations out of a total 4549 (Surgery, Gynecology and Obstetrics, 1942,
75, 661) There 18, however, still on many sides an unashamed sohcitation of infection
the septic case (apart from all emergency) 18 often touched, or even dressed, with naked
hands by persons who will presently affect aseptic rmtual—a sight that stirs the gorge
of those conditioned otherwise
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m skm—using the gist of lus discovery to solve an actual
 who-dun-it.’

Asde from this. however, we now are told as follows . Surgical
meaisions made along Langer’s lmes heal with a mmmimum of scar
tissue ; mcistons crossing them heal with a broad or heaped-up
scar. Thndly. that wheie crease hnes exist (ec.g, near jomts),
the cleavage hnes usually comncide with the creases.

Alas! (if one may ciedit the accepted charts) the cleavage
lines that 1un behind the knees and at the front of elbows fail
utteily to coincide with the crease hnes of flexion . 1n fact, they
cross them. But at the present time the making of a longitudinal
cut duectly m fiont of an elbow or behind the knee 1s frowned
on ot. m curtent slang, declared non-U—the sort of thing Jean
Cocteau (D.Litt., Oxon.. Hon. Causa, 1956) calls ‘- comme-l-ne-
faut-pas.” And so one sometimes wonders just how much the
cleavage hines—at least m limbs—concein themselves with good,
cosmetic healing.

Perhaps the flexor crease 1s after all a dominating factor;
for mn the neck, when goitre surgeons cut circumfeirentially, they
 kall two birds with one stone ™ - they follow there the ineluctable
coincidence of cleavage limes with flexor creases—the latter latent
or in beng, on the neck. Not so the orthopedist who, in front
of elbows and behind the knee, feels bound to let the lengthwise
Langer lines go hang, and gives a crossway swerve to Ins mecision
at or near a flexor ciease.

One of my growing bevy of detectives makes, I think, a
comment apposite to this affair of ciease and hne - * Knowledge,
hike fiwt, I guess, has to ripen before 1t’s of any use.”

For neurovascular bundles.—Thie use of wide approach for
deahng thoroughly with nerves and vessels needs no defence,
but tends to shp at times mto obhwvion. These neurovascular
bundles are moored extensively along the imb by frequent offsets ;
they are impossible to mobilise through short mcisions, nor
can they be explored. °Closed’ lesions of the vessels as a rule
m swollen, freshly mjured hmbs demand a long incision; for
often they are multiple and may occur in great variety, though
signs are few and point to nothing certam but the need for mter-
vention. Then, too, a neurovascular bundle—hke that behind
the knee—can bar the way to an objective and must be widely
mobilised before we can retract 1t safely.

For bones.—The long mecision 1s essential m exposing bones.
1 do not know of any principle of surgery less easy to instil;



12 EXTENSILE EXPOSURE

yet on 1ts proper appheation depends success with compound
fractures that reach us emly—the rule to-day aside from stress
of battle. In these fresh accidents a septic outcome has, I have
found, been variously viewed by those concerned. To some it
was a normal happening ; to some a case of surgical musfortune,
to some again it seemed the sign of shipshod treatment for which
they felt a plain and personal responsthibity. Of late the
rediscovery of Pirogoff’s great finding—so useful n its proper
place—that septic himbs can stink their way to health 1n plaster.
has mnocently been the source of a defeatist question: What
harm 1f early fractures suppurate ? The answer 1s: The curse
of sepsis when 1t grips a bone; or (on another plane of evil),
the waste of time—and beds

We can frustrate this curse, almost with certamnty, by thorough
early cleansing, m company with secondary measures, so that
an open fracture which has skin to cover it should normally be
*“ simple ” m a week, while those devoid of skin are rescued from
the drag of suppuration. Incisions, therefore, must be long enough
for us to find and clear away both dirt and damaged tissue.

If we have reason to suspect that dirt has reached the bone,
then we must scrutimse the site of fracture—especially the
central portion of the broken ends For this too-frequently
neglected step a cut three-quarters of the length of shaft wll
only just suffice, even with bones so near the surface as the tibia ;
and thus, if dirt mgrams the ends, 1t can be hghtly chiselled off.
But if we do not look, 1t 1s mmpossible to know these broken
ends have not been soiled ; and if we leave them soiled (whether
from negligence or grim, extraneous necessity) we sabotage the
operation. Bone, mn the suspect case, will thus decide the
length of our mmcisions - those long enough to let us bring the
ends for scrutiny are long enough to let us cleanse the wound
throughout

A NOTE ON EARLY OPEN FRACTURE —The baokground of & damaging remark made
to me once by a surgeon, young, travelled, well nformed and capeble, evoked these most
unfashionable paragraphs ** Qur generation,” he sa1d, * associates the treatment of compound
fracture with a bad smell ” This turned my thoughts agein to Egypt where certain ancient
Greeks, too faithfully disgumsed as seals, once lay mn ambush and suffered terribly till rescued
from the deadly stench

These fractures were among the commonest emergencids of Cairo  Their treatment in my
umt was carned out by colleagues who, since 1926, believed themselves at fault 1f they fell
chort of turmng well over 90 per cent of open lesions mto clean or simple fractures Thas
work, I feel, deserves a record For 1t seems clear to me that if some thirty years ago such
high success could be achieved with soiled, subtropic fractures mn patients often underfed or
gapped by parasites, to day with newer means and better nourishment the meidence of
sepsis m early open fractures should be neghgible—a thing I failed to note since leaving

Egypt
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Our method m the Curo umt was based on pages of Lejars—remembered from a
1903 edition It was enhanced by what I learnt 1 1917-18 from Richard Stoney’s notable
results with bipp. dilute and harmless—another very grateful recollection

We did not uro a plaster caso ti1ll 1931 for open fractures, but only splints or gutters, yet
our success, considered in the hght of absent sepsis and rapid umon, was just as excellent
without as with 1t 1s the cleansing, not the plaster, that decides

The cleansing of the wound and of the bone are dealt with in the text, here I shall merely
s{rees the fact that any slachness i preparing normal shim was always paid for by an upward
trend of sepsis  our best results were got when wound and shin alike were cleaned with equal
thoroughness  We learnt to treat the hmb en massc—as 1f for sterile operation on a joint—
and, uang cther first, we pamnted all the shn with brilliant green—a 1 per cent solution mn
30 per cent alcohol

The need for mld antiseptres wn the wonund —No matter how well we execute the task of
cleansing a wound—not forgetting the routine but economie resection of 1ts orygimal demaged
border—our cleansing 1s onlyv macroscopie, and many dirty pomts remamn unseen It 1s, 1
believe, for this microscopic residue that mild antiseptics have their use m recent compound
fracture Those that served best i my time with the umt (1923-36) were (1) the dilute
non-toxic bipp of Stoney’s formula—well rubbed m after sousing the cleansed wound with
ether, (2) a 1 per cent aqueous solution of mercurochrome freely apphed—combined, as
we ghall see, with ipp

On not quite closing the wound —In 1927—just when we felt most confident—I learnt from
a septicerme death in a long, completely successful series, never agam to close the full length
of these wounds, and 1n our lmes of suture we thenceforth left an opening opposite the sito
of fracture  Through this mch-wide gap a wick of sterile gauze or bandage impregnated with
dilute bipp reached from bone to shin  If loss of deeper tissues left dead space, we used the
wick to fill the cavity  This paching of the cavity with a loose bulk of heavily bipped wick,
mumical to growth of organisms, 15 mercly an example of the old and far too much forgotten
Mikuliez device for dramage, 1t leaves no breeding pools nor burrows for discharge to loiter
mn, but mahes mstend—all round the well-bipped pach—a film, unstagnant and unstinhing,
that flows directly to the =urfacc

We then covered the line of suture with an equally well-bipped pad, and the hmb was
put n plaster, leaving a long window opposite the pad  After forty-eight hours we withdrew
the wick and renewed the pad (For the preparation of dilute bipp sce the footnote,
p 239)

(In thoracie non tubereulous empyema complete dramage—unobtamable by tubes—
cant be got by usmg a Mikuhes ““tampon’  When medmstinal stalnlity has been assessed a
wimdow 18 cut m the chest , through this the centre of a square yard of thinly bipped batiste
1= mvagmated to form a sac whose lumen 1s then judiciously distended with wide handage
t1ll the sac fills the whole empyema cavity  There 18 no pocheting, pus drams fiom the
film between sac and thorax along gutters m the gathered neck  The bandage 1s withdiawn
a span at a time begimning on the second day , the sac remams until 1t comes away unforced
and virtually of itsclf—this last a paramount condition for success A thicklv bipped
dressing over the protruding neck prevents the sucking m of aiwr (Lancel, 1044, 2, 816)

T have sometimes wondered whether this means (which works so well 1n the abdomen)
could not be used m the chest, with, say, pulmoncctomies when ronchial sealing 1s precatious,
or as a safety valve for questionable suture Iines in the wsophagus  Apart, too, from dramage,
surrounding tissues iight profit by a sort of restful, sphinted intetlude, while moy ing st1uctures
worked agamst the semblance of accustomed pressure )

Denuded fractures —A wide destruction of the tissues 1s found mn certamn compound
fractures and leaves exposed a length of bare and broken bone The cleansing of such wounds
when dirt-ingramed, by the slow process of picking up and cutting off each bit of damaged
tigsue tahes more time than some of these patients can well stand

The task compares in difficulty with piecemeal cleansing at low tide of rocks spread with
seaweed, when the tide flows, wide mats will rise on pedscles and lend themselves to clearance
Water from a tap at any place with clean supplies will serve to simulate the tide under the
stream the damaged tissues float on stalks, and these are then snipped off, in rapid contrast
with the weary plucking of a sheet of scum

The force, too, of the stream will help to clean the wound, 1ts whole might 15 brought to
bear on every part mn turn by narrowing the outflow from tap or tube This simple method
—far from original but little used—was put 1 hand for me by Faid Yusry in 1931
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Success began, I think, to smile on us one day in 1925 when I decided with my friend
Handusa to rank the compound fractures with acute abdommal emergencies That put ther
treatment m the able hands of five successive colleagues—Ahmed Handusa first, then Edward
Sadek, Fald Yusry, Lotfy Abdelsamie, Mohammed el Zenemnt When I see better results
than theirs m open fractures on as large a scale with any other method I shall wish to

try 1t

For muscles.—We need a long mecision, too, for mobihsing
certamm muscles—the wad of bellies, notably, that screen the
lateral face of radms. This wad takes origin above the elbow;
the kmife must therefore follow 1t and reach well up the arm to
let us view the radius widely i the forearm.

1

OPENING DEEP FASCIA

Division of the fascial envelope needs something of the care *
we spend on dura mater; for otherwise we plough the muscles,
wreck planes of cleavage, and even wound a shallow-lying pophteal
nerve or radial vessel-——n swollen imbs especially.

One useful method 1s to grasp the fascia with forceps and
make a cut to mtroduce the tip of Mayo scissors. The tip keeps
close agamst the fascia and opens shghtly on the flat; 1t then
alternately, 1n little steps, advances and divides. If it goes far
enough to rip the envelope * m one,” the contents, too, are ripped.

MEASUREMENTS
Those damned dots —LorD Ranporrr (CHURCHILL,

Throughout this book a use is made of fingerbreadths, thumb-
breadths and handbreadths, sometimes of spans, which may be
generous or otherwise. They have advantages. the means of
measuring are always with us, and those I shall describe have
stood the test of years Thewr own variety appears to chime with
the vagaries of anatomy that mock our text-book decimals—a
consonance I always find amazing; for students, surgeons,
patients and cadavers vary remarkably m size and shape.

1 The hyphens are left out, they may be dropped n compound words (says Fowler) as
soon as the novelty of the combmnation has worn off And here this argument apphes
Hippocrates employed the fingerbreadth, and this, no doubt, he * went an’ took—the

same a8 us >’



SECTION I
EXPOSURES IN THE UPPER LIMB

. el ayme plus souvent a les saisir par quelque lustre 1nusité —MONTAIGNE

UR first attack accords with the capiice of wounds.
OChoosmg the arm we * pmch 1t to the bone ” by an unwonted

aspect and thus obtam the windfall of a type exposure.
This comes conveniently and well equipped to illustrate the
4 Introduction. We find at once the means for wide inclusive
access : a muscle we can move and steer by ; a V, a half-sleeve
and seam, a bucket-handle, wuseful mobilities and friendly
dispositions. But terminology has seen to 1t that these auxiharies
(like persons in the fany-tale) are neutialised and checked from

full cooperation. They are, m fact, bewitched.

APPROACH TO THE WHOLE BACK OF THE HUMERAL
SHAFT EXPOSING FROM BEHIND
THE NEUROVASCULAR BUNDLES OF THE ARM

His opimaon, 1n this matter, was, That there was a strange kind of magick
bias, which good or bad names, as he called them, rresistibly impressed

—TRISTRAM SHANDY

The three heads of triceps.—A blight of terminology conceals
the simple plan of triceps, a plan which 1s the key to this approach.
And so we have the queer, ingramed confusion of a long head
(unquestionably long but medial too) companioned by a head
called ““ medial ” or ‘““inner” which has—mn man at least—no
title to the name. For the main bulk of so-called * medial head ™
springs, not as one might think, from medial parts of humerus,
but (as Albinus notes)® from the whole breadth: and, what 1s
more, the head lies covered by 1ts fellows. A curious example of
nomenclature—amusing, 1f 1ts “ magick bias > were not a drag
mmpressed on intervention.

When once we break that spell, the plan of triceps shows in full
simplicity : two heads—the long which leaves the scapula, the
lateral which sprmngs from humerus—are superfictal. And these

15



16 EXTENSILE EXPOSURE

heads joming V-wise form a loose half-sleeve that shrouds the third
(Fig. 4). This third head, therefore,—muscalled the “inner” or
“ medial ”—is certamnly the deep head of triceps.

INFRA~ 7
SPINATUS

TERES

U MINOR

TERES
MAJOR

TRICEPS
(DEEP HEAD)

TRICEPS

TRICEPS
(LAT HEAD)

{LONG HEAD)

OLECRANON

Fig 4
The three heads of triceps

The superficial heads (the long and lateral) meetinaVv,

they spread and form a loose half-sleeve aimost com-

pletely hiding the third and deep head of triceps (called

perversely ‘ medial * or *inner ')

The deltoid has been removed Note how it would

slope across and cover the pgoximal part of the lateral
hea

Viewed n this way the
whole muscle becomes a
kind of wish-fulfilment :
the very detals of
anatomy are on our side.

1Since that was written 1
found my wiew already held
by a professional anatomist
who long ago had called the
head deep Use of the term
medsal head *““18 apt,”’ he
wrote, “ to give rise to some
misconception of 1ts nature
and position” (T H Bryce
(1923), m Quawn’s Elements
of Anatomy, London, 11th
edition, vol 1v, Part II,
p 124) No echo followed
this gentle understatement,
but m an old number of the
Sunday Tymes I came (with
some surprise) on the appro-
priate remark “If Dons,”
1t quoted, ‘“are not even
accurate, what the hell are
they 77’

Albmus saw the facts
quite clearly, the magmfi-
cent folio of Zabule from
Dobbin’s  great collection
shows the deep head dis-
played by the cuttmng away
of 1its two companions
“qubus subjacet’’, and
the note on Fig 7, tab XIX
(1747) adds  “ Et imtio suo
occupat amplitudmem oss1s
Albinus calls the deep head
brachkialis  externus,  the
counterpart for him of our
plamn  brachialis—a muscle
which he qualifies snfernus
(This seems confusing till
you let your arm hang natu-
rally down, then you will
see the force of his descrip
tion ) So, for Albmus the
triceps has two layers (1) a
superficial, bicipital layer
whose long head 18 our
long head and whose short
liead 18 our lateral, (2) a
deep layer
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A DELTOID

. TR TRICERS
2R DATERKUHEAD)
- T

N

TRICEPS
(LONG HEAD)

3 FINGER-
BREADTHS

h 4
/] \
" OLECRANON

ZiTA STEAD

Fig 5

A Finding the long head of triceps —This
Is your guide (1) for incising the skin, (2) for
finding the V-shaped opening of the half-sleeve
Grasp 1t where it goes from scapula to arm and
move it on its stationary neighbours (deltoid and lateral head) Divide the skin and fascia
close beside 1ts outer edge , the entrance to the sleeve lies there (If you lose touch with
longus you tend to lose your way between deltoid and lateral head )

B The skin incision begins beside the outer edge of the long head three fingerbreadths
distal to the acromion It goes down to olecranon

C Opening the seam of the half-sleeve —Keep the finger close to the outer side of

the long head and enter the V Ease the loose sleeve off underlying structures Begin

the separation of long and lateral heads gently with the finger , continue with the knife,

dividing the oblique fibres of lateral head at their attachment to the tendinous lamina which

1s developed—as Albinus notes—by longus in the depth of triceps This lamina looks
forwards and out (see Fig 6)

2
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THE OPERATION

Finding the long head.—With the patient face-down we abduct
the arm and look first for the long head of triceps, our guide mn ths
approach.! Luckily the long head 1s far more mobile than the
neighbouring deltoid and lateral head, and we need merely grasp
and move 1t 1 order to distingumish it from erther (Fig. 5, ).

Incision.—This follows the outer edge of the long head
beginning three fingerbreadths below the acromial angle and gomg
straight down to the olecranon (Fig.-5, 8). When the skin has
been divided, we shall agamn grasp and move the prowimal part

BICEPS (sHoRT HEAD) BICEPS
AND CORACOBRACHIALIS {tonG HEAD)

1

DELTOID

3
'

" MUScULO-
| CUTANEOUS N

[

HUMERUS

TRICEPS
{DEEP HEAD)

ULNAR N

' MUSCULD-
SPIRAL N
(Radial n.BNA)

TENDINOUS
; LAMINA

TRICEPS
(LAT HEAD)

bt oy s — - — —_—— -

i ﬁlEEPS (L;NG HEAD)

Fig 6
The tendinous lamina developed by the long head

ft marks the seam of the half-sleeve Note, too, how the ulnar nerve lies at the

sharp, anterior edge of the long head This gulding edge Is separated from the nerve

by thin fascla Note, too, the small tongue of deep head of triceps that always separates

the musculospiral nerve from humerus (see legend to Fig 9) This figure (taken from

Poirler and Charpy, 2nd Edn, 1901, Vol 1l fasc 1, p 97) also shows the labile relation

of the ulnar nerve, which here lies lateral to brachial vessels and median nerve—instead ¢
of medially (See text, p 22, and Fig 72

1The V-shaped junction of the long and lateral heads may show as a depression on &
thin subject with the arm abducted in the face-down posture

]
\
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DELTOID

ULNAR N AND s
ItrJLNAr; COLLATERAL N, ‘/,. 4

[

{

MUSCULO -
SPIRAL
{Radial)}

TRUNK AND
BRANCHES
“\TO LATERAL
AND DEEP

-/ LAT HEAD

7 by, TRICEPS
’

/ DIVISION OF
DEEP HEAD
OF TRICEPS

LONG HEAD
{wiTH cur
FLESHY FIBRES
OF LATERAL
HEAD)

ZITASTEAD
Fig 7
The half-sleeve opened

The seam is ‘ ripped ', the two halves of the sleeve (the superficial heads—Ilong and lateral)
are separated, exposing the slanting neurovascular bundle This consists of musculospiral
nerve and profunda vessels , it crosses the deep head, which clothes the humerus behind
much as brachialis clothes it in front Some four fingerbreadths of the main neurovascular
bundle (ulnar and median, nerves, brachial vessels) show in the space between long head and
deep Note the useful gap between the two parallel musculospiral twigs, leaving room to
split the deep head (The medial twig is the ulnar collateral ) Note and take care of the
branch to the lateral head of triceps (For the unusual lie of ulnar nerve, see p 22)
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of the long head, so that we may open the deep fascia close to its
outer side. Here the finger will enter the V-shaped meeting-
place of long and lateral heads, and working down m contact
with the long head will presently hook mto the loose half-sleeve
(Fig. 5, c). But we must be sure to keep m contact with the
gurding belly ; the finger otherwise may open the wrong plane

and lose 1ts waybetween lateral

- m——r g e —~ -

Siogy oommge o) head and overlymg  deltoid.

N f s snik|,  That 15 the first prtfall
(Radaln BHA)

R %] IR,
&P GNP Separation of the superficial
o jfff*‘; ““E heads (the long and lateral).—
R A A finger hooked mto the V-
shaped opening Lifts the sleeve
from what les under. and
then begins to rip the seam
that marks the meeting of
these heads. But soon we
need a kmife (Fig. 5, c), for
fleshy fibres of the lateral
head slope down to jom a
Fig 8 shining lamma which the long
Raise the oblique bundle like a bucket-handle, head develops mn the depth
yorne fom oy a1 ¢ clar o dsp - of truoeps (Figs. 6 and 7).
weie from en: t% end (The r;rancg to Iatgetral The bnﬂghtw f_a(}e“C)f this
head mus b picked up wih e man e - oblique * mtrmsic ” fendon 15
from the proximal edge ) \_the-plane for clean separation.
Opening the half-sleeve we
find the laige bundle consisting of musculospiral nerve (the radial
of B.N.A ) and profunda vessels, a slanting band thinly divorced
from bone by the deep head of triceps (Fig. 7) And if we raise
the bundle gently hike a bucket-handle and loop 1t back (Fig. 8). we
then can pass the kmfe beneath, sphit the deep head lengthwise
and reach almost the whole shaft from behind (Fig. 9, a).
Mobihsing the musculospiral bundle.—Begin at the distal
edge of the bundle on the medial side of the wound and work
outwards. The lateral head of triceps receives a large nerve which
runs & more transverse course than its parent trunk, and so 1s
widely separate from the slanting bundle (Fig. 7). We must not

! This detail was famibar to Albinus  ** It 18 1mpossible to show in this figure * —6 of tab
XIX—* how the long head develops {efficsat) & wide tendon on the side next (z parte)
the lateral head, and how fibres of the lateral head reach it—just as on the surface of
triceps (extrinsecus) fibres of the long head reach the lateral ™ (I have used our term
<« the lateral >* for the head Albinus calls * the short **)
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A. MUSCULO-
SPIRAL N
(Radiai n. BNA),
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Fig 9
A, B, and C The humeral shaft exposed from behind with the musculospiral
(radial) nerve

The two halves of the deep head of triceps have been peeled off the bone and retracted,
exposing the lateral intermuscular septum  This retraction brings the small tongue of
deep head, which always parts musculospiral from bone, round behind the nerve (B and
Fig 6

Fogr d)istal extension of the musculospiral exposure (A and B), divide the lateral septum
plus the thin attachments of brachioradialis and extensor carpi radialis longus on its anterior
face , all three of these together screen the nerve

For a more proximal extension (C), divide the flat band of teres major plus latissimus tendon
(Note the Z-shaped cut for sound repair) Adduct the arm to relax the musculospiral

which can then be drawn out like a loop (as in B)
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fail to loop the branch and bundle up together (Fig. 8), for if
we overlook the branch, 1t will most probably be cut—a frequent
fault m maling this exposure. (An ascending leash from profunda
vessels may cross the field obhquely and go deep to deltmd (Fags.
7 and 10) ; sometimes 1t 1s large.)

Sphitting the deep head.—Even the nerves to this part of
triceps befriend our purpose the wnner half of the deep head 1s
supplied by the fine ulnar collateral, a musculospiral (radial)
twig that 1s often closely bound to the ulnar trunk and was long
mistaken for a true ulnar branch (Fig 7). This twig amses
high m the axilla and enters the deep head two handbieadths
distal to the acromion. The oufer half has a stronger parallel
twig (which also mnervates the anconeus) It amses erther with
the branch to the lateral head or mdependently, and like the
ulnar collateral enters the deep head two handbreadths below the
acromion ; thence 1t runs in the posteromedial pait of the belly
Thus we can split the deep head between two longitudmal branches
(Figs. 7 and-8). But the kmfe should keep close to the more
lateral of these and aim for the olecranon; otherwise we may
mnjure the ulnar nerve which sometimes bends outwards before
reaching the elbow.2

It was noticed by the friendly critic of a first reprint that in
Fig 7 the ulnar nerve near the top of the wound 1s shown as lying
lateral to brachial artery and median nerve That was the true
position 1n the spectmen when the drawing was made The
reason for this lay, I believe, in the presence of a common type
of ulnar collateral branch of radial nerve that fellow-travels
briefly, or (to quote Professor Last) ¢ hitch-hikes ’ m the substance
of the ulnar trunk.

Anticipating Fig. 8, the radial nerve (plus the profunda brachn
vessels) had been tentatively looped with a finger before Fig 7
was completed, and so had pulled upon 1ts ulnar collateral branch,
which thus drew the ulnar trunk out to a lateral posrtion—where
1t awarted the artist. My friend T. P Garry has therefore called
this neural arrangement “ an error of retraction ” (The orthodox
medial position of the median trunk at the lower part of the
segment seen in Fig 7 supports this explanation.)

Lahile relationship.—A qute different condition is apparent
m Fig. 6 (which 1s an accurate copy of one made for the text-book
of Powrzer and Charpy some fifty years before my Fig. 7). Here,

1 Ths curve 18 dangerous I have seen the ulnar trunk divided during the exposure, but
" fortunately, so far, in the dead
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too. the ulnar nerve lies laferal to the median—and to the brachial
vems and artery But Powrier’s specimen comes from an undis-
sected cadaver. hardened. as the figure shows, while the arm
lay pressed aganst the thorax. This piressure, imn virtue of the
natural mobility of mam newovascular structures at midarm
level. seems to explain the anomalous relations of Fig. 6. Such
relations. which come with diffuse pressure thiough skim and go
with 1ts reliel, aire_labile 1elations. I have found them at midarm
Ievel m cadavers with orthodox neuial patterns.

The posterior approach to the humeral shaft resembles that
for exposing the anterior, homologous face of the femmur There,
too, a loose half-sleeve of muscle covers a deep head crossed by
a neurovascular bundle; there, too, we rip a seam, loop the
bundle and spht the deep head to reach bone.

EXTENDING THE POSTERIOR VIEW OF THE MUSCULOSPIRAL (OR
RADIAL) NERVE 1 —VWhen the outer half of the deep head 1s fully
raised from the back of the humerus the lateral intermuscular
septum comes mto view and—n company with the flat thin
origins of brachioradialis and extensor carpr radialis longus—
screens off the musculospiral nerve which goes m front. Divide
this fibromuscular scieen as close as possible to bone and so
avold the twigs to muscle (Fig. 9, A); then relax the nerve by
adducting the arm (TFig. 9, B). That will let us deal with three
more mches of musculospiral trunk, a surplus gamm wlich often
saves the nwsance of making fiesh mcision to find and hberate
the nerve in front.

At the proximal part of the wound a smmilar length of
musculospiral can be won by dividing the compound band of
latissimus and teres_major_tendons, after easmng the ulnar and
musculospiral nerves safely away from 1ts anterior face. A
Z-shaped section of this band (Fig. 9, c)}—made tense by abducting
the arm—will favour strong repair.

THE MAIN NEUROVASCULAR BUNDLE OF THE ARM SEEN FROM
THE BACK.—The brachial vessels and median nerve are easily
explored mn thlis posterior approach, for when we separate the

1 *Musculospiral ”’ appears agan as an alternative The recent imposition of * radial ”
on stem and branch alike has robbed the word of meaning for those acchmatised to
both the previous terminologics And some (who weathered each) would willingly
agree with Pater that smce * all progress of the mind consists for the most part in
differentiation 1t 18 surely the stupidest of losses to confuse things which mght
reason has put asunder, to lose the sense of achieved distmetions
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Fig 10

The posterior exposure of humerus extended to the main
neurovascular bundle of the arm

Separate the long head from the deep, and thus enlarge the upper space through which

the bundle is already visible , a screen of fascla must also be divided Grasp the arm a5

in the figure (but through towels) Work the bundle up into the wound, using your

finger-tips to bring it round the inner side of the deep head (The median nerve sometimes

sticks to the front of the brachial artery ) Access is easy and room sufficient to explore

the bundle and recognise its frequent abnormalities (high division of the artery, etc)—
further merit of the long incision
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long head of tricep< fully from the lateral, some 4 m. of main
bundle are seen i the upper part of the field (Fig. 7). But
farther down the aim the bundle 1s first veiled by a sheet of
fascia and afterwards concealed by the deep head of tiiceps. in
front of which it rests. Turn then to this deep head and separate
the long head from 1t right down the arm. Through the covering
towels grasp and gently squeeze the inner side of the aim in
such a way that the tips of the fingers will biing the bundle round
the mnner <ide of the deep head and up mto the wound. Thus

we can deal from behind with the great anteiior nerves and
vessels (Iig. 10).

APPROACH TO THE IFFRONT OF HUMERUS
WITH EXTENSIONS TO ITS JOINTS
TO THE FOREARM AXILLA AND ROOT OF NECK

Duiing a <uigical exposure mmportant neurovascular struc-
tures are <pared m one of two ways. either we seek them
out for protection, or else avoid them completely. So,
our access to the back of humerus we find the musculospiral nerve
and loop 1t clear, whereas with frontal mtervention on the shaft,
the nerve will-—f we wish—iemam concealed and undisturbed.
And this exposure of the front of humerus provides, as we
shall see. a base for exploiation of the parts at either end—
the joints, axilla, neck, and forearm.

ANATOMY

The prozimal part of the bone 1s concealed in front by deltoid
fibres coming from the lesser curve of clavicle (Fig. 11); the
muscle forms a thick unyielding cowl which gives when pulled
aside a grudging revelation of bone and shoulder joint; and that
will often be the last successful thing 1t does. So, for a wide
approach we mobilise the cowl mn front and turn 1t harmlessly
away.

glothmg the dustal reach of shaft are longitudinal fibres of
brachialis belly whose outer flank, left free of hiceps, comes to the
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Fig. 10

The posterior exposure of humerus extended to the main
neurovascular bundle of the arm

Separate the long head from the deep, and thus enlarge the upper space through which

the bundle is already visible , a screen of fascia must also be divided Grasp the arm as

in the figure (but through towels) Work the bundle up into the wound, using your

finger-tips to bring it round the inner side of the deep head  (The median nerve sometimes

sticks to the front of the brachial artery ) Access 1s easy and room sufficient to explore

the bundle and recognise its frequent abnormalities (high division of the artery, etc)—a
further merit of the long incision
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long head of triceps fully fromi the lateral, some 4 m. of mamn
bundle aie seen m the upper part of the field (Fig. 7). But
farther down the arm the bundle 1s first veilled by a sheet of
fascia and afterwards concealed by the deep head of triceps, in
front of which it rests. Turn then to this deep head and sepaiate
the long head from it right down the arm. Through the covermg
towels grasp and gently squeeze the mner side of the arm in
such a way that the tips of the fingers will biing the bundle round
the muer side of the deep head and up mto the wound. Thus

we can deal from behmmd with the great anterior nerves and
vessels (Fig. 10).

APPROACH TO THE FRONT OF HUMERUS
WITH EXTENSIONS TO ITS JOINTS
TO THE FOREARM AXILLA AND ROOT OF NECK

During a surgical exposure important newmovascular struc-
tures are spared m one of two ways: either we seek them
out for protection, or else avoid them completely. So,
our access to the back of humerus we find the musculospiral nerve
and loop 1t clear, whereas with frontal intervention on the shaft,
the nerve will—f we wish—remamn concealed and undisturbed.
And this exposure of the front of humerus provides, as we
shall see, a base for exploration of the parts at either end—
the jomts, axilla, neck, and forearm.

ANATOMY

The prozumal part of the bone is concealed in front by deltoid
fibres coming from the lesser curve of clavicle (Fig. 11); the
muscle forms a thick unyielding cowl which gives when pulled
aside a grudgmg revelation of bone and shoulder jomt; and that
will often be the last successful thing it does. So, for a wide
approach we mobilise the cowl in front and turn it harmlessly
away.

Clothing the distal reach of shaft are longitudin
brachiahs belly whose outer flank, left free of bf:leps, cf;}ntfsbissﬂ?i
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The deltoid cowl whose front must be
swung back for wide access to the top
of shaft and to the shoulder joint
(Loteral ancisions that split the deltoid
threaten the circumflex nerve )
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Fig 12

The wide, bare outer flank of brachialls alone
separates skin from shaft in the distal half
of the arm (see also Fig 13)

Fig 13

Cross-section through mid-third of arm, showing

the outer flank of brachiahs which 1s bare of

biceps This flank is split in the direction of the

pointer to expose the distal half of humerus In

front  The cut slopes in to reach the middle
line of shaft  The musculo-spiral 1s safe
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surface m surprismg width (Fig. 12). Here, then,—on the outer
side of the arm—a single muscle (with its fascial coat) sepaiates
skin from bone; and heie we shall attack the shaft through this
uncovered flank of brachialis (Fig. 13).

The musculospval (or 1adial) nerve.—The sohd V of deltoid
msertion fits down mto a hollow V of
brachalis, behind whose rearward limb hes
the musculospiral nerve (Fig. 14); thus, we
detach the limb (or separate its fibves) to find
the nerve mfallibly—a fingerbreadth below
the deltoid emmence. But thatis as we wish :
the nei1ve need not be seen at all.

The cutaneous tunk of musculocutancous
curves forward at the outer edge of biceps
just wheire the belly joins the tendon of m-
sertion (Fig. 15). One of the outer cutaneous
filaments is hikely to be cut in the upper third
of the forearm, though care will leave 1t run-
nmg hke a thread across the wound. (Main
musculocutaneous branches to muscle are high
up under cover of the inner pairt of bhiceps
belly.)

The cephalic vern which follows the outer
border of hiceps and the mmer border of
deltord enters the deep fascia m the lower

HMUSCuLo-

third of the arm. It receives two or more
lateral tributaries which must be divided.
A humeral branch of the thoracoacromial
artery accompanies the vem in the deltopec-
toral groove, and gives twigs to both muscles ;
the knife, therefore, cutting down on bone,
should keep clear of this vascular gutter (Fig,
15) and go mstead through fibres of the
deltord that form 1ts outer lip.

From these facts it appears that our

Zira 5TEAD

Fig 14
Anterolateral view of the
humerus showing how the
solid V of deltoid insertian
fits into the hollow V of
brachialis The musculo-
spiral (radial) nerve lies
behind the outer limb of
brachialis V and can be
found a fingerbreadth
below the apex of the
deltoid eminence (see also

Fig 23)

meision, to expose the front of humerus will skirt the outer side
of the cephalc vem—below, where 1t follows the outer edge of
biceps, above, m the deltopectoral groove. So we shall keep
the knife a modest fingerbreadth lateral to the course we map
for the vessel (Fig. 15). In the distal reach, however, no mere
Ime will always guide the surgeon; fat or swel

hng may affect
disorientation, and I have made (and often seen) the shp of
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Fig 15

A The cephalic vein skirts the outer edge of biceps and the inner
edge of deltoild Incsions to expose the front of humerus follow
the vein along its outer side The broken line above the delto-
pectoral groove maps out the arching part, or * shoulder-strap *

B Note how the chief cutaneous trunk of musculocutaneous appears
where biceps belly joins with biceps tendon

C Cross-section showing that the deltopectoral groove is a
vascular gutter We shall avoid 1t and cut lengthwise through its
deltord lip to reach the bone
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cuttmg thiough the biceps belly in nmstake for brachialis flank.

We thereforegrasp thefront
of the lax answesthetised arm
(Fig. 16) and move the free
biceps belly across the fixed
mass of brachialis. Then
we can locate the outer
edge of biceps and with 1t
the cephalic.

We shall see, m a mo-
ment, how to find and
follow the course of the
deltopectoral groove m ex-
posmg the proximal part
of humerus.

Fig 17
imncision
described for humeral ex-

The origimally
posure The crooked
proximal part (designed
to give room to mobilise
the clavicular origin of
deltoid) is now replaced by
a ‘shoulder-strap’ (see
Fig 18) The figure is re-
tained to show the useful
' step-down ' at the arrow
which marks the acromio-
clavicufar joint

MUSCLE

Fig 16
Find the edge of biceps by moving its mobile belly

across the fixed mass of brachialis With this guide
we can (1) place our skin incision for the distal part
of the shaft a fingerbreadth from biceps , (2) avoid
the cephalic vein, and (3) find the flank of
brachialls, which (with 1ts fascial coats) alone
separates skin from shaft This flank we shall split,
directing the cut to the 1!731!)dline of humerus (see
Fig

THE PROXIMAL PART OF HUMERUS
AND THE SHOULDER JOINT

The mcision I once used for this

exposure was acutely angled at the
outer third of the clavicle mm order to

give plenty of room : first, for mobihs-

mg the deltoid cowl and turning 1t out of the way; then, at the
close of intervention, to allow easy fastening of the cowl back

mto place (Fig. 17)2

But crooked cuts m skin have three

1 Bruswsh Journal of Surgery, 1924,12, 84
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are troublesome_to. cloge, and thurdly, they compiomuse healing.

For many years, therefore, I have used incisions that cioss the
shoulder archwise from front to back (see Irsh Jowrnal of Medical

Science, 1927, p. 634)

faults : they are troublesome to fit with side-curtamns ; they

CORACOID
PROCESS

-
-
N e —

-
ST LN (SN
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R

Fig 18

Position and shoulder-strap incision for exposing the proximal
part of humerus

Make the back of the shoulder accessible to the knife by putting a flat sandbag 5 in square
by 2 in thick under the lower part of scapula on the side of operation The bag must
not obscure the scapular spine  Note how the coracoid tip is thrust into prominence
The knife goes through skin only, from deltold eminence to scapular spine , It follo;ls
the direction of deltopectoral groove and crosses the coracord before arching over the
shoulder To find the deftopectoral groove the hand lies flat on the chest and slides out
over the lax front of pectoralis major The tips of the fingers strike the firm, oblique
edge of deltoid , the groove lies deep to them

Position.—Care 1s required to make the back of the shoulder
accessible to the kmfe. The patient hes with a flat sand-bag
5 m. square by 2 . thick, under the lower part of the sc'apulﬁ
on the side of operation. The bag hfts the shoulder s'ufﬁcxently
to show the scapular spme, and also thrusts the tip of the
coracold process forward into helpful prommence (Fig. 18).
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To show the function of a limb
after the deltoid has been mobilised
and reconstituted In this case the
proximal fifth of humerus was
resected for tumour, and the shaft
slung with fasclal strips to the
scapula (see inset) Ten years later
the function remained excellent
The left and middle columns are
consecutive pictures from a film,
the patient, who worked in brass,
raises his right arm, keeps it
raised, and then lowers 1t The
right-hand column shows a com-
plete hammering movement
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to end. Thus useful detail—due to G. A. Mason ( Britesh Journal of
Swurgery, 1929, 17, 30)—divides a neghgible strand of muscle
from 1ts nerve. A small reflection of the shoulder skin gives access
to the piece of deltoid that springs from the outer third of clavicle

HINGED CHIP OF CLAVICLE

DELTOID COWL

BICEPS
(LONG HEAD)

ANTERIOR
CIRCUMFLEX ¥4
ARTERY

| CEPHALIC

OF DELTOID

BUFFERING -

CEPHALIC VEIN
\Vi4

Exposure of the proximal part of humerus and of the
shoulder joint

Mobilising the front of the deltoid.—Divide the fascia and
pertosteum on the upper face of this outer third near the front of
the bone. Then detach a mere shaving of the edge that carrics
the deltod origin  If you are right-handed stand ¢ below * the level
of the patient’s shoulder on his right side ; * above ’ it on his left?
Use a chisel and cut out as far as the acromioclavicular jomt

1 Or, if you prefcr, It vour stance m respeet of the might shoulder be caudad  of the

left, cephalad
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To show the function of a Iimb
after the deltoid has been mobilised
and reconstituted In this case the
proximal fifth of humerus was
resected for tumour, and the shaft
slung with fascial strips to the
scapula (see Inset) Ten years later
the function remained excellent
The left and middle columns are
consecutive pictures from a film,
the patient, who worked in brass,
raises his right arm, keeps it
raised, and then lowers it The
right-hand column shows a com-
plete hammering movement
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(Figs. 19 and 20). It s very easy to cut deep mto clavicle and so
1emove too much bone. Seat the tool therefoire on its bevel, and
use 1t—hike the blade of a carpenter’s plane—to sepaiate the edge
only (Fig. 19 a)

The front part of the deltoid cow!l can now be tuined out on a
lunged piece of clavicle, ke a curtam on a rod. But the wide
prospect we gam m this way 1s disappomting at first sight if we
forget the spiead of buisa that remains to mask (and be removed
from) our objectives (Fig. 20).

After dealing with bone or jomt a single suture passed thiough
the muscle and round the clavicle with a large cuived needle will
lash the small piece of bone back mto place and so reconstitute
the deltoid origm (Fig. 19)* (The bony chip which carries deltoid
need by no means be unbioken, I have often cut mstead a band
of mere contiguous flakes, and these umited quickly with the
clavicle, leaving the deltoid function quite mtact )

THE DISTAL PART OF THE HUMERUS (BELOW THE
DELTOID LEVEL)

- —_ —_———

Guiding our mnasion by testing for

i DIRECTION FOR
 NEDRO- s comparative mobility (Fig. 16), we keep
eCuLAR i the knife a slender fingerbieadth lateral

to the edge of biceps, and so 1espect
the vein ; then we continue four finger-
breadths into the upper third of the
foreaim, curving a hittle m towards the
middle ine. Hete we must open deep
fascia with extra care, especially m
swollen foreaims. The swelling seems to

MUSCULOSPIRAL N

Fig 22

Cross-section through mid-third
of arm, showing the outer flank
of brachialis which is bare of
biceps Thus flank is split in the
direction of the pointer to expose
the distal half of humerus in front
The cut slopes in to reach the
smuddle line of snaft  The musculo-
spiral Is safe

thrust the radial vessels (which are. I
notice, often sht m normal hmbs) still
farther mto danger. Surgeons, too, will
take a pride mn1escuing the lateral cuta-
neous twig of musculocutaneous which
runs m surface fat (Iig 15). A longt-
tudmal cut 1s then directed thiough the
bare outer flank of braclials, which
we identify agam by moving bieeps

T stll deseribe this way of mobilicing and reconstitutug the deltord ongim, which sers ed

me well through twenty yvears dealing with the following conditions

old subcoracmd

luxations, ostcoclastoma of the humeral head trented by resecting the proximal fifth
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Distal exposure of the humerus

A The skin incision B When we have sphit brachialis as in Fig 22, a partial flexion of the
elbow transforms the split into a wide and shallow wound If exploration of the elbow joint
is not required, check the cut two fingerbreadths above the epicondyles Musculospiral
meanwhile 1s safe and out of sight Should you wish to find the nerve, a touch with Mayo
scissors parts the screen of brachialis one fingerbreadth below the deltoid eminence (B and C)

of the humerus and suspending the rest with fascia to coracoid process and acromion
(see Tag 21, from the Irish Journal of Medical Scrence, Oct 1927, reproduced here
through the courtesy of my friend the Edator, Mr W D Doolin), recent subglenoid
luxations of the shoulder with fractures comminuting the proximal parts of humerus
In every case exposure was completely satisfactory, in none did the chip fail to umte
with clavicle, and none has required removal of wire, thread or catgut

I have often wondered, however, if a subperiosteal detachment of deltoid would be
compatible with the sound function I got after cutting the chip  And I had the fortune
t0 hear from the late Lt -Col H A Bnttamn, R AM C, that excellent results will follow.
More sutures must be used to tie the muscle back in place than when it swings out on a
rod , but that1s no objection
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Fig 24

Complete anterior exposure of the humerus, embracing shoulder
and elbow joints, is obtained by combining the proximal and
distal exposures in one procedure The inset shows the full incision
The flexor crease at the elbow lies two fingerbreadths below the
cpicondylar level The incision crosses just below the crease
Musculospiral does not appear unless we wish (see Fig 23)
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over 1t; the kmfe enters the flank a fingerbreadth lateral to
the biceps edge and goes obhquely in to reach the front of
the bone at #e nuddle line—a vital emphasis (Fig. 22). (I have
only once seen the nerve mjured mn scores of humeral exposures—
then by a glaneing, msdwrected cut, wide of the ample target.)
The outer strip of brachialis, thus separated, forms a buffer pro-
tecting the musculospiral (or radial) nerve from the rugme. The
nerve is not seen 1f the front only of humeral shaft 1s exposed ;
the back, too, can be cleared safely while the nerve 1s concealed.
But (should the surgeon wish) the musculospiral, m adults, 15
always found one fingerbreadth distal to the deltoid emmnence by,
gentle blunt dissection through the buffering shp of brachialis
(Fig. 23). Taght pressure on tlus buffer 1emoves the nerve suffi-
ciently from contact with the shaft to give a riagme access. (Ths
facultative finding of the nerve was plamn in the onginal account
(loc. cit.), but has been nmussed in later adaptations.)

The bracliahs may be spht to just withm two fingerbreadths
of the epicondyles without entering the elbow jomnt. Watch for
sharp bleeding from a vem divided in the upper fibres. The bone,
seen through the spht, lies, m extension of the limb, deep and
unworkable. Flexion of the elbow to a 1ight angle transforms this
appearance, relaxing the muscles and leaving the bone widely
accessible 1 a shallow wound (Fig. 23).!

The elbow jomnt.—This jomt can be opened—and even
excased from m front—by a further sphitting of braclialis. The
tip of the coronoid process and the trochlea are at once visible ;
the capitulum and head of radius appear with adequate
retraction

After a distal approach, extension of the elbow before
suturmg the fascia will close of itself the wide wound in
brachahs.

The whole front of humerus can be laid bare by combining
the proximal and distal approach (Fig. 24); and we can, of course,

expose any segment by usmg shorter lengths of the full-length
mciston.  But these should not be short.

I, therefore, 1t 15 possible to 1each objectives (sequestra are

the commonest example) without hinging back the deltoid, we

need not hinge 1t back,—a sentence one would hke to think
superfluous.

! For a continuation of distal exposure of humerus into antecubital fossa see p. 90



EXPOSURE OF THE PROXIMAL PART OF HUMERUS
COMBINED WITH AXILLO-CERVICAL EXTENSIONS
TO NERVES AND VESSELS

Some score yeais ago with D. Bowie. FR CS. then surgical
specialist to Cano Command, I saw a case of fractuie-dislocation
of the shoulder showing complete brachial palsy. e had thus to
exploie the bone, the jomt and proximal paits of all the brachal
neives. The shoulder-stiap mecision desciibed above (Fig. 18),
combmed with detachment of a clavicular chip (Fig 19), served
well ; bone and joint were dealt with, and, after dividing the
tendon of pectoralis major, each nerve was seen and fortunately
found mtact The following account will give a soit of formula
for multiple procedures of the kind

AXTLLARY EXTENSION OF THE PROXIMAL APPROACH TO
HUMERUS.—The shoulder jont and upper part of humerus are first
exposed (see p. 29) Then, when the deltoid 1s turned back. divide
the tendon of pectoralis major close to 1ts msertion and draw the
muscle mwaids (Fig. 25). The loose fascia now seen spreading
between the divergent coracoid onigins of pectoralis mmor and
coracobraclialis covers the mam neurovasculm bundle of the
axilla Open the fascia near the coracobrachial belly avoiding the
musculocutaneous nerve which enters a medial groove on that
muscle two fingerbreadths below the coracoid ; farther down, the
nerve tunnels through the muscle belly.!

When we have opened the loose axillary fasca it 1s quite easy
to take the wrong path—even after caieful warmng—and be lured
by the mvitmg space between bone and the composite band
formed by short head of biceps plus coracobracliahs (Fig. 25)
Resist that lure and keep dissection medial to the band. The nerves
lie there in easily remembered grouping 10und the vessels (Fig. 25).

Some special pomnts deserve a reference The median nerce can
as a rule be found, even with eyes shut, by Faiabeuf’s simple
expedient—drawing the pulp of a finger across the mam axillary
bundle towards coracobrachialis ; the nerve comes with the finger
and leaves the artery bare (Fig. 25). The cncumflex and musculo-

! Pictures an toat books of anntomy <how the musculocutnncous dissected out of the
coracobrachml proove , they thercfore stress a relation of nerve to muadle which begins
onlv at the lunnel  That 1 think, 1« why we learn to cxpeet the musculocutancous o n
third <tage avillary hgation and why we scldom find 1t the nonve has gunk nto the
groove nnd loft the median to shart the Intoral edge of ncurovascular bundle
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spiral nerves spring from the hmder cord; they thus lie deeper
than the rest and come less easily to hand.

The circumflex nerve.—This nerve, considered for a surgieal
exposure, has here two parts—axallary and retrohumeral (Fig. 26).

The azulary portion which suffers most from injury les deep ;
and having failed on moie than one occasion to find 1t quickly, I
learnt at length to recogmise 1t blindfold—definmg 1n the first place
with a finger the thick mass of mamn neurovascular bundle.

| DELTOID cowL CORACOID  :
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Fig 26
The posterior cord forks into circum-

usculospiral nerves Each nerve

has an axillary and a retrohumeral

segment

The quadrilateral space 1s seen

LOCATION OF THE AXILLARY
PART OF CIRCUMFLEX BY TOUCH.
—Stand behind the top of the
patient’s shoulder and use your
right index for lus left side, your
left for his right. Place the tip of
the finger on the tip of the cora-
coid ; aum mto the angle formed
by the divergence of pectorals
minor and coracobrachialis. Shde
the finger obliquely—down, mand
back—across the coracoid tip as
far as the proximal mterphalan-
geal jomt The tip of the finger
penetrates soft areolar tissue
above the level of the bundle.
and, slanting down belundt, stops
agamnst the front of the subscapu-
laris (Ing. 27). Now turn your
mdex and hook the distal phalanx
gently out towards the arm ; the
thick strand thus caught by the
pulp of the finger 15 the circumflex
bundle: the nerve hes next the

finger ; m front of the nerve are the posterior circumflex vessels.

But when we find this portion of the cncumflex we have achieved
a mete location : 1t hes as yet too deep, and seems too short, for
useful intervention Not till the clavicle 1s cut at the responsive
pomnt (p. 44). letting the limb fall outwards, will a workable length
of nerve come near enough to the surface for convenience.

The retrohumeral part of the circumflex disappeais through
the quadrilateral space above the thumbwide band of latissimus
and teres major tendons (Fig. 26). A finger casily enters the distal
part of this <pace and follows the transverse course of the bundle
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round behind the humerus; 1t hes m a loose zone of cleavage
between deltoid and surgical neck.

EXPOSURE OF THE RETROHUMERAL PART OF CIRCUMFLEX.—Tlus
portion of the nerve 1s only seen by further mobilising deltoid—
first distally as far as the msertion ; then at the proximal attach-
ment.

Separation of the acromial origin of deltoid.—Leaving a strand
to buffer the cephalic vem (pp 27 and 31) the whole deltord hood 15
mobilised without division of 1ts fibres. first by detaching the hinged

MAIN
NEUROVASCULAR

PECTORALIS
MINOR

CORACOID

A IN“CORACOID PROCESS PROCESS

Fig 27
Locating the axillary part of the circumflex nerve by touch

A The index finger (the left for the right side—as in this figure—and vice versa) slides
from above the patient’s shoulder, on its palmar aspect, across the coracoid tip, nto
the angle between pectoralis minor and coracobrachialis, behind the main neurovascular
bundle, viz down, in and back  Stop the finger when its proximal interphalangeal joint
covers the tip of coracoid The distal phalanx has then reached subscapularis—the soft
mass 1n front of scapula

B Now turn the finger out towards the arm  The distal phalanx hooks the nerve

clavicular chip completely, and then by cutting off with a chisel the
deltoid edge of acromion (Fig. 28). Adopt the stance employed for
sheing off the deltord chip (p. 82)—° below ’ the patient’s right
shoulder ; ‘above’ hisleft. And once 1t bites into the bone, seat the
chisel on its bevel (as m Fig. 19) and take the merest shaving from
acromion, ezcept at the acromual angle. Cut this angle off obhquely
in such a way that when replaced it will fit firmly on the scapula.
The whole bony margm—acromial plus clavicular—looks like a bent,
and sprawlng U with one limb broken (Fig. 28, ¢). This separation
1s by no means difficult, but does demand most careful study of
skeletal contour (Fig. 28) and gentle guidance of a sharp chisel. The

(4
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very wide exposw e thus obtained (Fig. 29) should also find a use
the rare case where meie clavicular detachment gives msufficie
access to the shoulder, and wheie as well we have the chance
saving deltoid function.

The final restoiation 1s extremely simple, for to secuie 1t -
need only tie back into place the clup fust cut from clavicle.
single hgature will thus 1econstitute the o1igin of deltoid—m froi
behind and at the side.

s

0
'!.l‘fl*sﬂA
Fig 28
Separation of the deltoid origin extended to
acromion

A The acromial angle , the broken line marks the
direction of the cut seen from above The sagittal
section shows 1n diagram the slope of the cut which lets
the separated angle fit back later hke a cap B The
‘ difficult ' corner between the bones—where it is
easy to drive the chisel through acromion instead of
round 1ts edge C The outline of the cut seen from
above—a sprawling U with one imb broken (The chips
from clavicle and acromion are linked across the joint
by higament so that a single suture round the clavicle
reconstitutes the deltord origin )

The musculospiral nerve.—The musculospial runs obliquely
front of a useful landmaik, the composite teres-latissimus tendc
which crosses the field four fingeirbreadths below the coracoid i
The neive lies, 1emember. like the circumflex, behind the ma
neurovascular bundle, shut off fiom 1t and hound by thm tran
parent fasma. so that when we draw the bundle mwards tl
musculospiral 1s often left unmoved and visible (Ing. 30).

The vascular fether.—But fiist we may have to sever a sho
leash of vessels that ties the bundle to the coracobrachal bell
near the latissimus tendon, A finger tiavelling down the bcl.]
catches the leash which comes either from Inaclial o1 profunc
vessels ;5 and since the lea<h 1s <hort these last are easly hooke
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Fig 29
Subtotal detachment of deltoid

Exposure of the retrohumeral part of circumflex obtained by detachment of the clavicular

plus the acromial origins of deitoid The wide, incidental, view of shoulder joint—

front, side, and back—suggests further use for this subtotal deltoid separation One
ligature (placed as in Fig 19, C) restores and clamps both origins
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up with 1t (Fig. 30). We shall do well, therefore. to separate and
view the structures caught by the finger before dividing the leash,
sparmg of course the large profunda.

BICEPS
(SHORT HEAD}

FASCIA

/CORACO-
BRACHIALIS

PROFUNDA A
ZITA S7ea0

Fig 30

A vascular tether binding the main bundle to coracobrachialls may
need division before the bundle can be drawn aside to expose the
musculospiral nerve A finger hooked down the medial face of
coracobrachialis picks up the tether—and sometimes the large
profunda vessels withit So look before you cut, and spare profunda

THE CORDS OF BRACHIAL PLEXUS —The cords from which the
neives arise are thoroughly exposed 1f the narrow, coracoid end
of pectorahs mino1 1s cut actoss

EXTENDING THE EXPOSURE FROM THE AXILLA TO THE NECK.—
For this the clavicle must be divided. The stte made use of by
Fiolle and Delmas affords a1eal seat of election, three fingerbreadths
lateral to the steinal end (Tig 31, Part 1). Division of the bone too
far n threatens the subclavian vein which lies so dangerously close
to the medial inch of clavicle; on the other hand. a section too
far out leaves an mmner piece of shaft whose oveilap conceals oul
mam objectives. The * seat of election ’ corresponds m general to
the outermost edge of the steinomastoid onigin—a place to re-
member: for there the external jugular vem penetiates deep
fascia; there. on a deeper level, we shall find the outer edge of
scalenus anterion undetlymg that of stetnomastoid—the two as
if about to comncide in Euchd’s mind.

When the clavicle 1s sectioned we can use the weight of the limb
—some 7 o1 8 pounds< m the adult—to lever the outer fragment
from m front of the pleaus

Position and mcision.—The field 1s opened by tmmng the
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patient’s head and neck away, and pulling on the hand to bring lus
shoulder down. Then comes the question of incision. Supposing,
for example, we have used a  shoulder-strap * and bared the jomt.
only to find that we must add an exploration of the root of neck,

r - - T T - T T e T e e
i
¢

CLAVICLE

CORACOID

PROCESS

ACROMION PROCESS

3 FINGER'
, BREADTHS
4

3

1

2 FINGER
BREADTHS

~

NN

Fig 31, Part 2
Skin incision for planned axillo-cervical approach

E For exposing axilla plus shoulder joint plus root of neck,
abduct the arm to straighten your cut  Divide skin length-
wise over deltoid, aiming a thumbwidth lateral to the
tlf of coracoid Curve the cut in along the lower edge
of clavicle, and up, two fingerbreadths from sternum
F For simple axillo-cervical approach again abduct the arm
By-pass the joint with an incision curved like E, but
aimed a thumbwidth medial to coracoid

Inaision E affords inclusive access to the joint (Fig 19)
Incision E or F leaves room for opening the pectoralis
lid to the axilla, then for dividing moorings of the
clavicle—a barrier which, cut across, not only swings
aside but lets the shoulder girdle turn and offer up the

contents of axilla on the scapula, as on a plate

the requisite incision goes inward from the ‘strap —a scgond-
best though workable procedure (Fhg. 31, Part 1) But if we
plan combined exposure—w hether of shoulder jomnt and neck with
axilla. or merely of axilla with neck—then we shall make 8
single cut. placing 1t farther in or out. to let us by-pass or include
the joint (Iig. 31. Part 2). Reflect skin sufficiently to show
three things : the site for dividmg clavicle ; the origm of pectoral
major lateral to that site; the lower fourth of sternomastoid.
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Add—to expose the shoulder jomt—the outer third of clavicle.

Division of pectoralis major and clavicle.—After severing the
muscle near 1ts humeral attachment we must divide 1t from the
clavicle as far mwards as the place for bone section, so that pres-
ently the lateral fragment (which blocks our view of nerves and
vessels) lies ready to be swung aside.

We now turn to the neck and open the most superficial of the
three layers of deep cervical fascia close to ths * seat of election.’
A finger introduced from above completes the 1solation of the
clavicle at the 11ght spot. The mnstrument of choice for dividing
the bone 1s a Gagli saw.!

Then, 1f we bring the imb well over the edge of the table, 1ts
weight will lever up the outer piece of clavicle and stretch the
belly of subclavius. This we must divide without dividing vessels
—variously termed the transverse scapular® or suprascapular—
whose long refroclavicular course (stiessed by the Baion Boyer m
Napoleon’s time) 1uns close behind subclavius. Many to-day, I
notice, find their site and magnitude surprismg. But John Bell,
who lived lus anatomy, often saw the artery (which frequently
springs from the third stage of subclavian) * large, very long,
tortuous Iike the splenic aitery, and almost equalling 1t in size ”
(Fig. 31, o, Part 1). The vein may bulk still larger.

Section of the clavicle allows votation of the scapula, winch

brings structures of axilla forwards, and, notably, the deep-seated
circumflex nerve.

Before proceeding to the neck let us 1mprove acquaintance with

the layers of cervical fascia and (like an expert “ digging up the
past **) enlist their help as gmdes.

THE DEEP FASCIAL PLANES ABOVE THE CLAVICLE

Three are found here. The fiist 1s an investing layer which
gives a sheath to trapezius and sternomastoid, and cloaks the

* By this I do not mean the futile things, of late mn regular supply, which cut slowly and
broke quichly—even with careful punctibo in the matter of angulation T mean the
tough Gigh saws (chosen with characterstic flair) that form part of the neurosurgeon’s
armoury They cost a trifle more, they cut fast, and for two years I watched class after
class bend them double and pass them on mtact

*‘Transverse scapular’ (BN A) a factitious, ‘ portmanteaun’ title caught from the
well-named transverse cervical vessels that lie contiguously * Transverse ’ they certanl
are—mn the neck, °scapular,’ certainly n destination y

But certsinly not ¢ transverse
scapular’  they have a lengthwise course along the bone
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mtervenmg triangle. Deep to this layer 1s a mass of fat and glands
mingled with terminal twigs of transverse cervical and supra-
scapular vessels.

Next comes a loose, wntermediate layer of deep fascia which
loops round the posterior belly of omohyoid and, hike a mesentery.
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Fig 32

The three planes of deep fascia above the clavicle The diagram A (after Paulet) shows t?g

three layers in sagittal section Note how the ‘ mesenteric’ layer, which contains ‘.,

omohyoid, dips behind the clavicle B shows the continuity of the * mesenteric layer .

through the medium of the clavicular periosteum—with the sheath of subclavlus (as s¢¢
in A), and thence with costocoracold membrane, and sheath of pectoralis minor

holds the muscle to the back of clavicle. Here the fascia blends
with periosteum through which 1t 1s contmnuous with the Tunder
layer of subclavius sheath. and that descends towards the chest
to form the costocoracoid (or clavipectoral) membrane which
aives a covering to pectoralis minor (Ing 32).

It will thus be clear that when we divide the clavicle we opt!

&
"M approaation of a fibrous shect spreading (bey ond both) from omohy ol to pectoral

munor, and « roxscd but not brohen by the adhorme casviele, s due toan admmable ;p*::‘
men myle bvomy friend NMajor 1 F Danlop, D.ADMS, Royal Australinn A7
Mediend € arp»



STERNOMASTOID SECTION AND BURNS SPACE 5l

most dangerous to shde a finger under and pick up this head of
sternomastoid for mass division. It is wiser, therefore (after
dividing the “ safe * lateral fingerbreadth), to cut gradually through
the front of the head, and use a finger to displace the deepest
fibres from the vem.

Occasion may be found for a further safeguard. using the
suprasternal space of Burns and Gruber’s diverticulum.

BURNS’ SPACE AND ITS DIVERTICULA.—Two accounts of
this space are currently accepted. Merkel’s. which prevails in
our own text-books.! supposes a suprasternal cleavage of the
investing layer of deep cervical fascia—an arrangement which,
if actual, would offer no surgical advantage.

The second and fruitful view 1s favoured by French anatonmusts,
though for 1easons that seem less cogent than the little-finger test
I shall describe. The French regard the space as an enclosure
whose boundaries are formed by adhesions occurring between two
fascial layers at the cavity’s mar gin—the mvesting layer (1) uniting
there with (2) the ntermediate or " mesenteric’ (p. 48). From
this central space of Burns a short cul-de-sac, the diverticulum of
Gruber, projects transversely on either side, extendmg for about
an mch along and belund the upper face of clavicle.

If the first or ‘ cleavage ’ view of Burns’ space were correct,
we should expect the fascia formung a Gruber’s diverticulum to
behave like investing fascia, m wlich event 1t would ensheathe
the lower end of stetnomastord It does not do so—the diverticulum
lies m a plane behind the sternal foot of the muscle, and may even
reach out behind the foot of 1ts clavicular attachment.

According to the second or ‘adhesion’ view the back wall
of Burns’ space, and so of Gruber’s diverticulum, 1s formed
by the second layer of deep cervical fascia—the intermediate or
" mesenteric’ layer winch 1s the special sheath of infrahyoid
muscles (Figs. 34 and 37.) When, therefore, we open the
central space of Burns, the httle finger passed mto 1t and out
along a Gruber’s diverticulum will, first, occupy the short
diverticular lumen and there Le sandwiched between the sternal
foot of sternomastoid m front and the mfrahyod strap > muscles
postertorly. Then, guided by the lumen, the finger can break gently
onward through the blind end of the cul-de-sac and shde past the
clavicular foot of sternomastoid. Moving close behind this foot

T H Bryce, however, supports the second view (Quamn's Element
Myology, 1923, p 64) ( ements of Analomy,
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Fig 33
The axillo-cervical exposure extended medially

The upper figure, A, is to remind us of anatomy. Sternomastoid has been cntlr‘c’:;
removed B Divide the clavicular head of sternomastoid surglcallr (see text), respect /
external and internal jugular veins , scalenus comes to view lIsolate scalenus osl ﬁ”
would an artery, releasing phrenic nerve and vessels crossing it € Divide Sﬂl’hn
n=ar the first b Note that its costal end withdraws and lets the two subcla¥ is
trunks touch in their second stage Note how the lowest trunk of brachal P'C"'”‘ of
ensconced between scalenus medius and subclavian artery, The posterior belly of
omohyold is not labelled in B and C In B it is partly hidden by the distal piece

clavicle whose cut face shows how the weight of the limb has rotated the sth':ULdf" girdle
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most dangerous to shde a finger under and pick up this head of
sternomastoid for mass diviston. It 1s wiser, therefore (after
dividing the * safe ’ lateral fingerbreadth), to cut gradually through
the front of the head. and use a finger to displace the deepest
fibres from the vein.

Occasion may be found for a further safeguard, using the
suprasternal space of Buins and Gruber’s diverticulum.

BURNS’ SPACE AND ITS DIVERTICULA.—Two accounts of
this space are currently accepted. Merkel’s, which prevails mn
our own text-books.! supposes a suprasternal cleavage of the
investing layer of deep cervical fascia—an arrangement whch,
if actual, would offer no surgical advantage.

The second and fruttful view 1s favoured by Fiench anatonusts.
though for reasons that seem less cogent than the little-finger test
I shall deseribe. The French regard the space as an enclosure
whose boundaries are formed by adhesions occurring between two
fascial layers at the cavity’s margin—the investing layer (1) uniting
there with (2) the mtermediate or * mesenteric’ (p. 48). From
this central space of Buins a short cul-de-sac, the diverticulum of
Gruber, projects transversely on either side, extending for about
an mch along and behind the upper face of clavicle.

If the first or ‘ cleavage’ view of Burns’ space were correct,
we should expect the fascia formimg a Gruber’s diverticulum to
behave like mvesting fascia, mn which event 1t would ensheathe
the lower end of sternomastoid. [f does not do so—the diverticulum
hies m a plane behind the sternal foot of the muscle, and may even
reach out behind the foot of 1ts clavicular attachment.

According to the second or ‘adhesion’ view the back wall
of Burns’ space, and so of Gruber’s diverticulum, 1s formed
by the second layer of deep cervical fascia—the intermediate or
" mesenteric’ layer which 1s the special sheath of infrahyoid
muscles (Figs. 34 and 37.) When, therefore, we open the
central space of Burns, the httle finger passed mto it and out
along a Gruber’s diverticulum will, first, occupy the short
diverticular lumen and there he sandwiched between the sternal
foot of sternomastmd in front and the mfrahyoid * strap * muscles
posteriorly. Then, guided by the lumen, the finger can break gently
onward through the blind end of the cul-de-sac and shde past the
clavicular foot of sternomastoid. Moving close behind ths foot

'T H Bryce, however, supports the second wiew (Quun’s Elements of Anatomy
AMyology, 1923, p 64) ’
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ACCESS BY STERNOMASTOID EVERSION 53

it opens a safe path m front of the internal jugular vem, and
in front, too, of any fringe of infrahyoid belly that may spread to
cover the vessel. For this reason the diverticulum of Burns’ space
can be used as a safeguard when dividing the clavicular foot of
sternomastord. And let no one scorn its aid: help of this kind
1s by no means superfluous : I have twice seen an internal jugular
vein severed along with the covering muscle by a single cut—
magnificent commando work but not surgery.

The transveise part of the anterior jugular vein which may
occupy Gruber’s diverticulum is easily spared.

The subclavian artery in continuity.—Section of the clavicular
head of sternomastoid gives a good view of scalenus anterior with
a glimpse of phrenic nerve (still under its cellophane fascia) sloping
down and 1m across the muscle. Then, if we first free the nerve
and 1ts small companion vessels, we can 1solate the scalene muscle
as we should isolate a great longitudinal artery ; and after cutting
through the belly close above the rib all three stages of subclavian
trunk are seen 1n continwuty (Fig. 33, c). Most of the branches, too,
are visible, or can be brought to light by gentle blunt dissection.
The vertebral artery with the vein m front of 1t disappears up
into the apex of the deep angular space between the divided
scalene muscle and the longus colli clothing the vertebral column.
{Fig. 33, 4, shows the origins of subclavian branches. Note the
thyrocervical trunk rising and branching beside the mner scalene
edge, directly opposite internal mammary.)

8.
&
rf;’}{

EXPOSURE OF CERVICAL STRUCTURES BY
STERNOMASTOID EVERSION

If Fiolle and Delmas had done nothing else for surgical exposure,
thewr short supplemental cut which turns the ordinary straight
incision along the front edge of sternomastoid mto a - hockey-stick ’
entitles them to fame. Tlis supplement crosses and cuts down on
the root of the mastoid process (Figs. 35 and 41) and so allows us
to detach and evert the upper wretractile part of sternomastoid.

There was one flaw mm this jewel: its authors advised a
separation of the mastoid tip m order to mobilise the muscular
attachment. But the attachment of sternomastoid chimbs much
too hugh on the mastoid process to be separated by cutting through
the tip ; 1t 1s also difficult to divade the bone cleanly, and the chisel
1s hable to smash a cellular process and leave 1t oozing. Mastoid
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Fig 35

The cervical part of the exposure got by sternomastoid eversion. (A)
Accessory and second cervical nerves enter an interval between superficial
and deep parts of sternomastoid (see Fig 53) i
At the root of neck the two arched structures of the left side are sccn—-thorﬂcfc
duct and inferior thyroid artery , also the vertebral artery, forming the shatt
of the broad arrow made by longus colli medially and scalenus anterior laterally
The inset shows how the great auricular nerve Is jeopardised (sec footnoté
p 56, for McCollum’s observation)
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section, 1n fact. 15 not only unlovely but useless. On the other
hand, when the borders of the skin mcision on the mastoid are
reflected nothing 1s easier than to peel off the fibies of sternomastoid
together with those of splenius

When this detachment 1s accomplished and the upper pait of
sternomastoid has been everted well beyond a right angle. a
superb appioach begins to open, not only for the surgeon but fo
students of anatomy, giving to both at a most trwial cost
m structure the freedom of the neck.

The special interest of Fiolle and Delmas lay, however, m the
carotid bundle, but when there 1s need for further exposuie we
must secute a much more complete eversion of sternomastoid
than they required for their hmited objective. The skm ncision
continues down along the anterior edge of sternomastoid to reach
the sternum. Then after dividing the mvesting layer of deep fascia
together with two cutaneous nerves (anterior cervical and great
auricular 1), plus the transveise part of the anterior jugular vem.
a sgle obstacle remains to stop eversion of the whole muscle and
prevent displacement inward of the carotid bundle.

The omohyoid check.—Opposite the sixth cervical vertebra the
omohyoid crosses deep to the sternomastord sheath and super-
ficial to the mternal jugular vemn which overlaps the carotid tiunh.
The tendon of the muscle is fastened to the deep face of the sheath.
which here unites with the * mesenteric’ layer of deep cervical
fascia—a fascia that wraps the omohyoid as though 1t were gut
and moors 1t loosely to the clavicle (p. 48 and Tag. 32). This
“mesenteric ’ layer also clothes and links the bellies of the othf:r
muscles of the mfrahyoid group, and with them represents M
man and other mammals the single fleshy layer in the seal and
certamn reptiles (Fig 37). The * mesenteric’ fascial layer 15 thus
what French anatomists have called wne aponévrose déshabiter. t
forsaken muscle sheath. It shows at birth a tiace of fleshy fibre
and may retain through hfe a few striped shreds that chng like
creeper to the internal jugular ven  The jugulo-omohyoid Tymph
gland. too. Iving where the muscle crosses the vem, can becom¢
a focus of infective mnduration stemming from an ulcer at the
tongue’'s tip. o1 <preading from nearby glands Care 1o i!m'-
required when we free and divide this omohyoid check. With

PAr & MoColluom Surgeon to the Adddarde Hoxpital, Dublin, tclls me that has men [m”r?;‘
who shve complun of the an osthoti area produced 1 front of the angh of the mandit
by ertion of the great nuricular nerve It <hould not be imposable (in the abwena '

y I
den ¢ adhicaunsy to rave the nerve and froo it for enough to Jease sternomastoid *on th
I=» t” hus motalr
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acknowledged and 1ecurnngly employed by Dr D. C. Elkm, then
a colonel m the U.S. Army Medical Service ( dnnals of Swigery,
1946, 124, 934). Nearer home, Mr Harvey Jackson, F.R.C.S,,
tells me he has used 1t on four occasions.

Prior to 1925, ligations of the vertebial, other than in the
first stage, had been performed wheie the artery lies in 1ts third
stage upon the atlas arch. Even mn the cadaver the passage of a
needle round this atlantal portion of the vessel tears the large
venous plexus which envelops 1t; and, whatever method of
exposure 1s used. the vessel remains deeply placed in a hmited
field.

Injury to the venous plexus, with serious loss of blood, occurred
m the two cases in which higation of the third stage has been
recorded,! and 1t seemed desirable to describe a sumple overt
method of tymng the second stage of the artery, particularly as
forcible hemorrhage from the cephalic end of the vessel has
occurred m cases where the vertebral was injured.

Actually, the question of tying this part of the vertebral arose
m relation to a case of large mnominate aneurysm which the
late Sir F. Conway Dwyer was treating mn 1925 at the Richmond
Hospital, Dublin. His imitial igation of the rnght subclavian and
carotid stems had resulted mm a shght immediate diminution of
the anemysmal swelling, too small, however. for Dwyer’s satis-
faction. It was therefore proposed to tie the vertebral artery,
but X-rays showed the anemysm extending from the aortic arch
to the seventh cervical transverse process—almost completely
covering the access to the first stage of the vertebral artery. I
therefore ventured (I was young once) to suggest the follow
method of tymng the second stage—needlessly, for the patient’s
aneurysm five weeks later had shrunk sufficiently to quash the

thought of intervention, much to my callow and unchmstian
disappomntment.

ANATOMY

In the adult skeleton the breadth of the examining thumb
hes comfortably between the transverse process of the atlas and
that of the axis vertebra ; § m. of the vertebral artery 1s available
n this mterval. Elsewhere in the neck the mtertransverse spaces
are comparatively small and are less easily identified. The second

'R Lauenstem, Zentralb f Chwr, 1918, 45, 149, and E Schemmel, 1/nd , 1918, 45, 871
) s y
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stage of the vertebral is thus most 1eadily exposed hetween the
atlas and axis (Fag. 38).
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Fig 38

The vertebral artery in the neck showing the second stage and the
site for ligature

Under the cutaneous, platysmal, and fascial covermgs of 1
neck, five stiuctures must be dealt with at successive depths:
1. The sternomastord muscle.

Q. The spnal accessory nerve. which enters the muscle t
(or <ometimes three) fingerbieadths helow the tip of t
mastoid process, running as a rule m a layer of fat &
often obscured by lymphatic glands (Iig. 42).

3. The dense and dubiously named prevertebral fascia Iy1
deep to the fat.?

Y The term presertsbral  appled to thes fasaon though aceeptable to morpholo.

n
beeans they hnow at covers muscle supphed by anterior ramn may ragee romé e

i curpeona who deal with what they sec For lovator scapnle, which springs from

transtessc prove <o of utlis and axis and from posterior talw ecles of those of € $and {
hes nt the bl and adcof nee kT (Gray ), for the moest part bedapd the verte hra
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4. The stout and quite separate first shp of the levator scapule
muscle arismg from the tip of the tiansverse process of

the atlas (Fig. 43).

5. The thin flat first tendon of splenius cervicis lying deep to

the levator shp.

Deep to structures 4 and 5 1s
the first intertransverse space,
bounded 1n front and behind by
an 1tertransverse muscle, and
contaming the part of thevertebral
artery to be tied (Fig. 38).

The posterior mtertransverse
muscle 15 as a rule very feebly
developed and does not scieen the
artery. The anterior intertransvei se
muscle, too, m 1itself does not
conceal the vessel. It 1s often,
however, continuous laterally with
the first slip of the splenius cervicis
(Fig. 39) which hes deep to that
of levator scapule and so, too,
must be cut m order to open
the first mteitransverse space.
The weak fibres of mtertransverse
muscle are easily divulsed.

The internal jugular vein (Fig.
42) 1s in danger durmg the
defimition of the spinal accessory
if the dissection is carried
front of the tips of the transverse
processes.

The anterior 1amus of the second
cervical merve crosses the vertebral
artery transversely and 1s fixed
and flattened out agamst 1t by the
tight translucent sheath that
clothes the vessel.

Bony raxpmarks.—The first
deep guide in this hgation is the tip
of the long transverse processof the
atlas (Fig. 40). It should be un-
mistakable when the sternomastoid

INFERIOR
OBLIQUE

SPLENIUS
CERVICIS

Fig 39
The head, in this figure, faces * half left,’
as if for operation on the right side of

the neck Inferior oblique partly masks
the top segment of the second stage of
the vertebral artery in the thumb-wide
first intertransverse space

The first anterior intertransverse muscle
often blends, as in the figure, with
splenius cerviais whose highest tendon
goes to the tip of the transverse process
of atlas where it 15 covered by the
highest tendon of levator scapula
Failure to recall this superposition of a
nearly finger-thick and  well-defined
levator origin upon a thin and flattened
splenius  tendon explains why the
surgeon, after easily surrounding and
dividing the levator piece, so often
thinks he has merely cut through part
of it So, for complete clearance of the
first Intertransverse space, divide levator
and splenial attachments to the trans-
verse process of atlas, disrupt the

anterior intertransverse muscle
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has been mobilised. and 1s felt one fingerbreadth below and one
in front of the mastod tip.

The transverse process of the axis, on the other hand, is much
shorter, and may be confused with a bony eminence behind and
below 1t which consists of the articular process of the axis and that
of the third cervical vertebra. During the operation this jomt
becomes surprisingly prominent when the head 1s turned away.

AXiS
TRANSVERSE
PROCESS

FINGER
{RIGHT)

PULP OF

RIGHT INDEX ON
COLUMNAR JOINT
BETWEEN AXIS AND C3

Fig 40
Find the thumb-wide space between the transverse processes of
atlas and of axis Mark the uip of each process with recognisable
forceps for easy reference throughout the operation When the
patient's head is turned away from the surgeon, the columnar
joint between axis and the third cervical vertebra becomes
prominent and may then be mistaken for the transverse
process of axis The figure shows how, on the right side, when
the pulp of the right index finger touches the articular promin-
ence, the adjacent middle-finger tip will touch the tip of the
transverse process of axis (Left fingers are used on the left

side )

These two bony points may be distingmished in the following

way : On the right side. when the right index finger-tip of the
surgeon. pointing fo the patient’s head. rests on the projeching joint.
the tip of the middle finger alongside (and touching the mdex)
rest precisely on the transverse process of the axis (Ig. 40).

THE OPERATION

Posture.-~The patient hes on his back with the neck ente
and the (lun turned away from the vewsel to be tied.

nded
'rhi“o
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of muscle disturbed by the needle will often remain (anterigr
intertransverse fibres); divulse these. Raise and divide the thin

first tendon of splemus cervicis on the needle.
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Fig 43

Division of the so-called prevertebral fascia exposes the topmost and quite separate slip
of fevator scapula

The vertebral artery 1s then seen passing up, forwards, and out
n the space between axis and atlas, It 1s crossed here at variable
heights by the anterior ramus of the second cervical nerve, and
this wregular location, together with the squeezing of the 1amus
by the tough perivascular sheath, may retard its detection. The
nerve swells surprisingly once the sheath 1s opened.

The simphety of the operation depends on a hvely and
constant regard for two bony pomts—the ipsilateral tips of the-

5
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Feel the deep guide, i.c.. the tip of the transverse process of the
atlas. Pick up and divide the thick - prevertebral * fascia obhquely
downwards from this bony point, parallel with the spinal accessory

\\\ y
LONGISSIMUS ¥ i
CAPITIS ‘ . N\
(The French W
Lesser Complexus) g

SPLENIUS
CAPITIS

STERNOMASTOID

Fig. 42 A
Mobilise the cut fibres of sternomastoid and splenius Turn them down and out throug

two right angles, exposing a layer of fat in which the accessory nerve runs obllq{gi‘l
Define the nerve, and from the tip (X) of the transverse process of atlas—your deep gurmed
cut through the fat, above and parallel to the nerve A thick fascia, questionably ‘fw tip
'!prcvcrtebral.’ is thus exposed , divide it along the same line as the fat Lc:c:m:'tw_rill
of the cervical transverse processes and work behind them to avoid injuring the in

jugular veln

Fre 13 The <tout. and quite <eparate. origin of the lcvni"f
~cipnla from the atlas transver se process 1s thus eaposed. Deh
A st below the atlas mn the <ame way as a vessel 1~ defined : use
Ancuism needle and divide the musele upon i, .\ few <hred-
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THE VERTEBRAL ARTERY
EXPOSURE OF THE SECOND STAGE FROM C2 TO C6

This portion of the artery hes in the channel formed alternately
by tunnels that pierce cervical transverse processes and the spaces
that separate them. The vessel can be exposed mn continuity if
we 1esect appropriate parts of costal elements of vertebrae from
C2 to C6, after a full sternomastoid eversion.

Two prevertebral muscles—longus colli and longus capitis—
e immediately m front of these costal objectives, and must be
mobihsed and drawn outwards To reach these muscles, say on
the right side, displace the right carotid bundle leftwards, and
with 1t the larynx and phaiynx after dividing the shoit sagittal
mooring that hinks the common sheath of the cervical viscera to
prevertehal fasaa (Fig. 45). Then deal with longus colh.

TRACHEA
AND
GESOPHAGUS

ANTERIOR
LONGITUDINAL
LIGAMENT

Fig 45

The visceral compartment of the neck containing thyrold gland, trachea, and cesophagus
At a higher level of section the compartment contains farynx and pharynx The figure
shows (1) how the sagittal partitions of Charpy—which are easily disrupted or stretched—
moor the viscera, but very loosely, to prevertebral fascia and bound the retrovisceral space
it also shows (2) how the retrovisceral space will allow of visceral displacement when one
of the sagittal partitions bounding it 1s either broken or stretched , (3) how there is a
relative solidarity between the cervical viscera which permits of en masse movement not
only vertically as in swallowing, but also transversely, thus allowing exposure of the interval
between right and left prevertebral muscles The figure shows that there is sufficient
union between the carotid bundle and the visceral compartment to let the bundle share in
rhe en masse sideways movement , and (4) how the median part of the anterior fongitudinal
igament lies uncovered between prevertebral muscle fibres on either side We can thus
work from there when we detach longus colh from the vertebral bodies (See also Fig 46)
g A a7

£
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THE REST OF THE VERTEBRAL SECOND STAGE 09

The ecrucial dise.—The transition, therefore, of ° vertical’
fibres from so-called ongn to so-called msertion (or better, irom
upper to lower molety) takes place at the disc between C4 and C5.
For that reason the infinitesimal * stnipping angle’ (p. 5) which
the longitudinal fibies of colh make with vertebral bodies opens
downwards above the disc and upwards below 1t. A rugme,
therefore, introduced medially at the level of this crucial disc
will best detach the ¢ vertical > part of colli by working into those
unseen but important angles—upwaids above the disc, downwards
below it.

Fortunately fo1 our purpose in these pages, a mudline fusion
of night and left ‘colh’ (normal in herbivore, where the two
form a single muscle) 1s very rare in man, so that, except near
atlas, a thumbwide space separates them and leaves the vertebral
bodies clothed only by anterior longitudinal ligaments. The
presence of tlis interspace holds a special benefit. it shortens
the distance through which we need to shuft larynx and pharynx
m order to make the medial border of colh accessible for
detachment.

Very rarely longus capitis will fuse with its fellow across the
muddle hne and cover the interspace between the two colli muscles
—a rub to test the art of surgery.

Longus capitis (formerly rectus capitis anticus major).—This,
which is the only other muscle immediately concerming us, covers
all but the mner edge of the upper obhique part of longus colli.
The longus capitis is the more anterior, more lateral, and more
bulky of the two prevertebral muscles, it forms with the
“vertical * fibres of longus collh a sandwich whose  filling * 15 the
upper obhque part of colli (Fig. 46) (Capitis often springs, as shown.
here n 7ed, from C3 to C6; 1t may also join with the lower oblique
part of colli and thus get origin from thoracic bodies.)

When, therefore, we detach and displace the ‘ vertical > part
of longus colli outwards, that muscle will carry off with it the two.
bellies that lie on 1ts anterior face—(1) 1ts own oblique upper belly,
and (2) the major part of longus capitis. This clearance of muscle
attachments from the front of a body and a transverse cervical
process must reach to and stop at the medial side of the relevant
anterior tubercle. A path 1s thus cleared to costal processes from
C3 to C6.

If, however, we wish to mclude m our exposure the vascular
segment encircled by the foramen transversartum of €2 we must
divide the topmost tendon of the upper oblique part of colh—a
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Fig 46

The three parts of lengus colli (in black) :
longus capitis (in red) seen from in front

The langitudimnal part of colli and the *red
muscle  (capitis) sandwich the upper oblique
part cf catli  When therefore, we detach the
deep  longitudinal part of colli from the
vertebeal bodies the whole sandwich—long;-
tudinat pare of colh the upper (tntervening)
part of coll und fongus capitis—can be turned
ut towards the anterior tubercles , for these
tuberdes are now the sole remaining attach-
ment. of s relevant parts

EXPOSURL

The ¢verhical * part of coll
(Ig  46).—This parl (whow
fibres curve gently and are
vertical to nothing) 1s the hey
to the postton: 1t 15 the
most medial and deepest com
ponent of a tnparhte muscle;
1t hes behind two oblique com
ponents, an upper and a lower
The lower obhque 15 the small
est and most varable of the
three!, 1t slopes up and oul
from bodies of T3, T2. T1 to
anterior tubercles of C6 and (3.
The upper obligue component
slopes up and m from anteror
tubercles of C6, C5, C4, and G
tothe lateral faceof the tuberele
on the anterior arch of atlas.

Important and powerful
additions pass with an upwad
and mward slant from ('osljll
elements of C5, C6, C7 to jom
the deep * vertieal * part and
seem to deternune the actual
outward curve of 1ty hbres
The gently curving * vertieal
fibres are attached only to
vertebral  bodies—the  lawer
motetyfrom T4 to C5. the upper
from the anferior tubercle of
atlas 1o Cf (As the sate
of longus coll nﬁq('lmwnh
eseapes conerse  descriphion,
give an or thodoy account.)

A\””"]"”_!. ta the ]uuh [Hl”l(ll’ﬂ\ nl ‘J"
Double, lomms collt g “the w7
viertable of all giascdeos g the pomn
wonoms - a remark whithappl <1
AT to the numdn o of sttt fa it
The b U‘l]l’l”"' ]Jun of enth ¥

howerver ae copstant a~ anytion’?
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The crucial dise.—The transition, theirefore, of * vertical’
fibres from so-called origin to so-called insertion (or better, irom
upper to lower morety) takes place at the disc between C4 and C5.
For that reason the mfimtesimal * strippmng angle’ (p. 5) which
the longitudinal fibres of colli make with vertebral bodies opens
downwards above the disc and upwards below 1t. A rugne:
therefore, mtroduced medially at the level of this crucal disc
will best detach the * vertical > part of coll by working info those
unseen but important angles—upwards above the disc, downwards
below 1t

Fortunately for our purpose mn these pages, a mdhne fusion
of mght and left * colli’ (normal m herbivore, where the two
form a single muscle) 1s very rare m man, so that, except near
atlas, a thumbwide space separates them and leaves the vertebral
bodies clothed only by anterior longitudimal hgaments. The
presence of this interspace holds a special benefit: it shortens
the distance through which we need to shift larynx and pharynx
in order to make the medial border of colli accessible for
detachment.

Very rarely longus capitis will fuse with its fellow across the
middle line and cover the interspace between the two colli muscles
—a rub to test the art of surgery.

Longus capitis (formerly rectus capitis anticus major).—This,
which 15 the only other muscle immediately concerning us, covers
all but the mner edge of the upper oblique part of longus colh.
The longus capitis 1s the more anterior, more lateral, and more
bulky of the two prevertebral muscles, 1t forms with the
“ vertical ’ fibres of longus colli a sandwich whose * filling ’ 1s the
upper oblique part of coll (Fig. 46). (Capitis often springs, as shown
here 1n 7ed, fiom C3 to C6; 1t may also jom with the lower obhque
part of colh and thus get origin from thoracic bodies.)

When, therefore, we detach and displace the * vertical’ part
of longus colli outwards, that muscle will carry off with it the two
belhes that he on 1ts anterior face—(1) 1ts own obhque upper belly,
and (2) the major part of longus capitis. This clearance of muscle
attachments from the front of a body and a transverse cervical
process must reach to and stop at the medial side of the relevant
anterior tubercle. A path 1s thus cleared to costal processes from
C3 to C6.

If, however, we wish to mnclude m our exposure the vascular
segment encircled by the foramen transversarium of C2 we must
divide the topmost tendon of the upper obhque part of colh—a
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part that 1s nof covered by capitis and 1eaches (with * vertical’
fibres) to the tubercle on the anterior arch of atlas (Thg. 46),

The groove marking the relevant piece of costal process.—-
Displacement of the preveitebral muscles lays bare a shallow
longitudmal groove on the front of each transverse piocess from
€3 to C6—a groove just wide enough to lodge the tip of a little
finger (I1ig. 47)

The groove 1s bounded laferally by the anterior tubercle whose
apparent size 15 magmfied by scalene attachments; medially by
a flatter promunence, more diffuse in character, which looks as il
the nb-head of a plastic costal rudiment had spread agamst and
stuck to the side of 1ts own vertebial body. Each rib-head
thickemmng has an upward projechion or apophysis, semilunar in
<hape, whose "free’ upper border 1s like the curved edge of a
trimmed finger-nail, and about as long. The semilunar apophyus
overlaps the lateral side of the itervertebral disc next above it and
bounds the so-called * unco-vertebral * jomnt?* of Tiolad.

Bach groove, from C2 to C6, exactly covers and (except for a
pait of vertebral vem and sympathetic netves) hes next the
vertebral artery as 1t goes through a foramen. The bone foiming
the floor of the groove 1s about as thick as the toe-nail of a big
toe. It 15 most safely 1esected by using a 10ngeur forceps whose
blunt nose has the same width as the groove winch 1t must span.
grasp, and ite through from upper to lower edge prowvided 1t
bite shallowly and with great caution (Fig. 47).

The anterior 1ama of ccrowcal nerves he opposite the groove but
belund the artery Immediately lateral to the groove, however
the ramn curve <o sharply forward round the artery that f the
antertor tubeicle of a transverse process 1s removed. the numettcatly
corresponding 1amus Just below 1t 1s hikelv to be hwt.

The special case at 02.—The foramen tiansversatjum of axts
unhke those friom €3 to C7 m two 1espects = (1) 1t 15 not Hounded
in front by a thin grooved scale of bone but by an ungw(““]
bu about 1 m. m diameter ; (2) 1ts direction is not yerhically
upward. but slopes up and out, making an angle of some 45 degrec®
with the transverse plane of {he neck. The «lope of the arter
cortesponds {o that of the foramen.

PP (L rte d Dty Humacar, 20me Sdn, 1909, T 1, p 704) states that the "”T‘
weredunby perconed T by Baskow, woll stadid by Luschiba m 185, and namuesd B
Lredard of ALtrs m $892—not vory happly, howevcr, for uncos means o ok % ‘
the v apaphy ov arc nat hooked Jike Quws but coneave hhe fngernmls on thee ({“;
cem t Unutewdo contrl or bettor, costo contral, imght denote the jomte thes bant 1

frr
Cotb oo e era o nath there e articaletions betweon mih heads nned v rtehirad teod

Lt



THE VERTEBRAL ARTERY

THE FIRST STAGE, WITH RELATED STRUCTURES

After we have mobilised the lower part of sternomastoid and
twned 1t out thiough two right angles (p. 56), we must displace
the carotid bundle mwards. For this nothmg could seive us
better than the complete absence of lateral branches or tributaries
stemmimng from or entermg the common carotid portion of the
bundle : 7ts vascular ties are on one side only—a fact m daily use,
which though umque m the anatomy of large vessels 1s not, so
far as I know, mentioned as woith notice.?

It happens, too, that both posterior bianches of the ewternal
carotid have a lengthwise course m the neck and so will not hampe1
the medial movement of the bundle.

These opposite displacements of bundle and sternomastoid
1eveal an arched disposal, single on the 1ght, double on the left.

THE ARCHED STRUCTURES (Fig 35)

On the left side the thoracic duct curves out behind the carotid
sheath , somewhat higher up, but on a deeper plane, the mferior
thyroid artery curves m. On the right, the nght lymphatic duct
15 swgically neghgible, and only the iy 01d arch needs attention.

The arch of the thoracic duct.—On the left side, the top of this
lymphatic arch hes two or three fingerbreadths below the carotid
tubeicle of Chassaignac This tubercle which projects forward
from the transverse process of the sixth cervical vertebra 1s often
small and 1n most persons owes 1ts prominence and palpabihty less
to 1ts own size than to the rather sharp recession of the seventh
process 1n the region where the forward curve of bodies of cervical
vertebre begins to blend with the backward curve described by the
upper dorsal bodies.

Find this arch, which runs in a potentially tough blend of fat
and small lymph glands, at the place where 1t nears the junction
of mternal jugular with subclavian to end—by a blue 1-mn.—m
either It will then be seen that when sternomastoid has been

! Farabeuf’s triangle —This 1s anothe1 useful and neglected feature of carotid anatomy which
forms an admirable rallymg pomnt m the neck The triangle 13 bounded laterally and
behind by the mternal jugular vemn, wn fron!, by the stem of the common facial vewn
(wlach often conforms to the term thyro hngual facil), above, by the forward curving of
the hypoglossal nerve which 1s the base of the tuangle The floor of the triangle 18 formed
by the carotid bifurcation and 13 roughly bisected by the descendens hypoglosst nerve

73



79 EXTENSILE EXPOSURE

vem embiaces the lateral cumive of the artemal wall. and
that though single above. the vemn 1s apt to duplicate below
and to give downward branches that have special bony channels
formed by subdivisions of some or other of the transversarial
foramina

At each mtertransverse space of the neck the main vertebral
vein recerves an influx brought by some twenty to sixty tributares
that pass out with spmnal neives through each intervertebral
foramen—a fact that nught seem to make approach to them lew
attractive than one directed to segments that are bone-encircled
Also 1t 15 worth noting that while the vertebial artery is relatively
free 1n 1ts osteofibious canal, the principal vein (whose task
apart fiom diaming spinal cord and nerves, is to drain hone) i»
fized to bone m transversarial foramina ; to fibrous tissue m the
intertiansverse spaces

Experience shows, however, that although 1t 1s 1mpossible to
expose any part of the second stage of the vertebral artery
without wounding the vein or 1ts tributaries, styptic hemostasis,
with muscle shreds or otherwise, is easily obtaned in the narrow
track of the vertebials.

The risk of arr embolism.—This acaident seems nof to have
happened 1 man 1n connection with the sugery of vertebral
vessels but 1s none the less worth considering. The mam vertebral
vemn 1s. we saw, bound to bone or fibrous tissue so that it Jumen
when cut mto 15 hikely to gape. An embolism by way of verlebral
vems 15 therefore not impossible: 1t was, mn fact. as Frangors
Franck proved. a special cause of death m dogs whose cramal
diploe was opened : for the vertebial vemn of dogs has far more
importance than then tiny internal jugular, and 15, m them. the
chiefl path by wlhich blood returns from head and neck. It may
be that m man the restricted <ize and senulunar <hape of the
vertebial vem are <afeguards. But time alone will show whethe
a prophylactic hgature of the lowest o1 * fiee ~stage of the ver febral
vemn. m prelude to exposure of the second stage of the aiter).
would be a wise and justifiable procedure—or just * plam yellow.
In <uch matters Hegel's adwvice is good: — Obey vour cun:('l(‘"“‘-
but 1emember that you mav have the conscience of an ass.
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Of the other subclavian branches the whole thyiocervical trunk
js already bare, while the costocervical trunk can be traced
to the first rib where 1t divides mto deep cervical and superior
mtercostal branches The stait of the internal mammary artery
appears, with the phrenic nerve slanting behind 1t or m front.
The cervical moiety of the stellate ganghon lies behind and
between the paths of two arteries—the vertebral which goes
upwards, the costocervical trunk wlhich slants out. At the
outer side of the veitebral artery the top of the ganghon gives
off a short, usually thieefold, band—the vertebral nerve of
Ciuvellhier—that enters the transverse process of the sixth ceivical
vertebra.

This cervical part of the stellate often slopes, swprisingly,
out and down, and then continues with the fiist ganghon of the
thoracic trunk—marked from 1t by a meie notch o1 waist. The
part of stellate coriesponding to the first thoracic ganghon lies
in front of and fiequently along the neck of the first rib, separated
from the subclavian artery by the apex of lung and plewma, and by
suprapleural membrane. Agamst the neck of this rib the ganghon
18 often felt as a rubbery thickening by the pulp of a finger passed
down through the thoracic inlet so that it will find and touch
the outer side of a small bony lump which maiks where the head
of the fust rib jomns the first thoracic vertebra. If then we tie and
divide the costocervical trunk and depiess the plewial dome over
which the trunk has curved and acted as a moormg, the arch of
the subclavian artery can be coaxed forward and wn towards the
vertebral artery, exposing completely the pait of the stellate
ganglion that hies behind the aich, sandwiched—now that plewma
1s depressed—between the arch and the catapult fork of the
eighth cervical and fust thoracic neives, whose handle crosses
the first rib as the lowest trunk of biachial plexus. Striping
the front of the ganghon (and thus included in the sandwich)
1s the lighest posterior o1 mtercostal vemn which may hook

forwaird below the subclavian aitery to reach the vertebral vem
or the mmnominate

THE LEFT SUBCLAVIAN

THE LEFT SUBCLAVIAN ARTERY

Apart, however, fiom dividing any branch, finger dissection
through sound tissue will 1solate the left subclavian artery and
leave 1t free and wisible fo1 easy access down to 1ts origin from

the aorta, whose aich 1s felt and seen in the depth of the
thorax (Fig 48).
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turned outwaids (after dividing omohvoid and the anteror
jugular vein). all closely related stiuctures, excepting the carotid
bundle. lie on planes 1mmediately behind this arched portion of
thoracic duct Vhen found and mobilised the ductal arch can
for the moment be pushed down helund the clavicle.

The arch of the inferior thyroid artery, and the thyrocervieal
trunk from which 1t r1ses, are next dealt with. The arch lies about
a fingerbreadth below the caiotid tubercle. and the trunk 1 often
held laterally by two tiansverse branches—the suprascapular
behind the clavicle and, Ingher up. the tiansverse cervical. If
these vessels prevent displacement of the arch. tie and divde
them Open the prevertebial fascia close along the medwl side
of the phrenic nerve which shows through thus covering, taking
care not to mjure scalenus anterior. Catch the medial hp of the
divided fascia and use 1t to envelop and retract the thyrod arch
which 1t will thus draw mwaids. With the aich goes the close
linked middle sympathetic cervical ganghon The ascendimg
cervical artery and possibly the anterior vertebral vein (which
1s important not to sht lengthwise) aie also rolled cigarette-lihe
mn the fascial wrap. The phienic nerve remams @ situ.

The broad arrow of the vertebrals.—This cigarette-roling
1etiaction exposes the angle formed below the carotid tubercle
by the almost vertical edge of longus cervicis meeting the outw ard
slant of scalenus anterior. Below the tubercle the vertebral vesel:
divide the angle and thus form the shaft of a kind of broad atroy
Near the tubetcle the vessels are covered by an overlap of mu-cle.
but. after the fa<cia has been rolled off. they lie bare some three
fingetbreadths below that landmark. At this level the verfebral
vein 1~ antetior to the mitery. but lower down 1t moves oul and
foreard, going thus in front of the finger-thick <ubclavian arters
to 1each the back of the mnominate o1 the <ubelavian vemn.

Thus merely by turning the lower put of ster nomastoid out
thiough two nght angles. and the dinviding prevertebral o mon
acemately presealene fascin—using the fascia to draw aside arched
mtennening vessels--we ean expose the whole first <fage of the
nght on left vertebial artery down to the ongin of either from the
tirst staee of the cubelavian trunk

THL. FIRST STAGEC OF THL SUBCLAVIAN ARTERY, ITS BRANCHES
AND THE STELLATE GANGLION

The « shigctures we have ~een, bocome visible winle exposiis

the fir t pat of the vertebial trunk by the method jusl descrthes
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THE LEFT SUBCLAVIAN {

Of the other subclavian branches the whole thyrocervical trunk
15 aheady barve. while the costocervical trunk’ can be traced
to the fust rib where 1t divides mto deep cervical and superior
intercostal branches. The start of the internal mammary artery
appears, with the phremic nerve slantmg behimnd 1t or m front.
The cervical molety of the stellate ganglion hes belund and
between the paths of two arteres—the vertebral which goes
upwards, the costocervical tiunk which slants out. At the
outer side of the vertebral arterv the top of the ganghon gives
off a short, usually threefold, band—the vertebral nerve of
Cruveilhier—that enters the transverse process of the sixth cervical
vertebra.

This cervical part of the stellate often slopes, surprisingly,
out and down, and then continues with the first ganghon of the
thoracic trunk—marked from 1t by a mere notch or waist. The
part of stellate corresponding to the first thoracic ganghon lies
m front of and frequently along the neck of the first rib, separated
from the subclavian artery by the apex of lung and pleura, and by
suprapleural membrane. Agamnst the neck of tlus rib the ganghon
is often felt as a rubbery thickening by the pulp of a finger passed
down through the thoracic inlet so that it will find and touch
the outer side of a small bony lump which marks where the head
of the first rib jomns the first thoracic vertebra If then we tie and
divide the costocervical trunk and depress the pleural dome over
which the trunk has curved and acted as a mooring, the arch of
the subclavian artery can be coaxed forward and in towards the
vertebral artery, exposing completely the part of the stellate
ganglion that hes behind the arch, sandwiched—now that plema
is depressed—between the arch and the catapult fork of the
eighth cervical and first thoracic nerves, whose handle crosses
the first nb as the lowest trunk of brachial plexus. Strping
the front of the ganghon (and thus included in the sandwich)
1s the highest posterior o1 mtercostal vem which may hook

forward below the subclavian artery to reach the vertebral vem
or the innominate

THE LEFT SUBCLAVIAN ARTERY

Apart, however, from dividing any branch, finger dissection
through sound tissue will isolate the left subclavian aitery and
leave 1t free and visible for easy access down to 1ts origin from

the aorta, whose arch 1s felt and seen in the depth of the
thorax (Fig 48).
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The previous medial displacement of the carotid bundle has
removed the vagus nerve from our path; the phrenic falls away
with lhght pressure. (Throughout this procedure the thoracic
ductal aich has lamn where we thrust 1t. down behind the clavicle
—crumpled but in no way mjured.)

Before they are disturbed the left phrenic and vagus nerves
cross each other at the level where the arch of the subclavian artery
begins, the phrenic passing anteromedial to the vagus The
nerves thereafter keep this relation as they go apart to reach the
left or ventrolateral side of the aortic arch.

THE WHOLE SUBCLAVIAN TRUNK

Our exposure can, of course, be extended to the third <tage of
the mght or left subclavian artery (p. 53): and all three stages
are seen m continuity when scalenus anterior is divided after
safeguarding the phrenic nerve.

A plethora of veins.—The profunda vein pasces between the
neck of the first rib and the seventh cervical transverse process,
recerving on its way a vemn from the upper one o1 two intercostal
spaces ; then 1t lies over the top of the pleural dome and loops
forward from the pleura below the subclavian arch to reach the
lower end of the vertebral vein, which terminates in the mnominate.
When, howevel, as in this present exposure, the pleural dome has
been depressed, the profunda vemn, carrymg its superior cervical
tributary, falls back agamst the front of the thoracic part of the
stellate ganglion where 1t lies medial to its fellow-artery. Beside
it, too, may lie a postertor jugular vem (p. 71). This. when it is

present, ends in the innominate helind the vertebral. with which
it sometimes joms.

THE INNOMINATE ARTERY

On the rght side the lower part of ow eveited sternomastoid
approach will reach the innommate bifuication behind the upper
part of the sternoclavicular joint !

And there, again, in sound tissues mere finger dissection can

! Those who take anatomy from text-hook figures mstead of fiom the hody may he surprised
to find the nght subclavian artery rising quite so closely up the back of right carotid
recalling otherwise the less immediate relationship of ulnar to radial artery at the normai
forking of the brachial trunk—a feature that 1s constanthh misdrawn For artists are

allowed {or are they urged *) to show the whole fork flat as1if 1t all lax 1n 1
plane of the extended supme hmb o smgle frontal
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The previous medial displacement of the carotid bundle has
removed the vagus nerve from our path : the phrenic falls away
with hght pessure. (Thioughout this procedure the thoracic
ductal arch has lmin where we thrust 1t. down behind the clavicle
—crumpled but m no way injured.)

Before they are disturbed the left phrenic and vagus nerves
cross cach other at the level where the aich of the subclavian artery
begins. the phrenic passing anteromedial to the vagus. The
nerves thereafter keep tlis relation as thev go apart to reach the
left or ventrolateral side of the aortic arch.

THE WHOLE SUBCLAVIAN TRUNK

Our exposure can, of couise. be extended to the third <tage of
the might or left subclavian artery (p. 53): and all thiee <tages
are seen in continuity when scalenus anterion 15 divided after
safeguarding the phremc neive

A plethora of vems.—The profunda vem passes between the
neck of the first b and the seventh ceivical transverse process,
recerving on its way a vein from the upper one or two intercostal
spaces ; then 1t lies over the top of the pleural dome and loops
forward from the pleura below the subclavian aich to 1each the
lower end of the vertebral vein, which terminates in the mmnominate.
When, however, as in this present exposure, the plewmal dome has
been depressed, the profunda vem, carrying its superior cervical
tributary, falls back agamst the front of the thoracic part of the
stellate ganglion where it hes medial to 1its fellow-artery. Beside
it, too, may he a posterior yjugular vem (p. 71). This, when 1t 1s

present, ends in the mmnominate behind the vertebral. with which
1t sometimes joins.

THE INNOMINATE ARTERY

On the right side the lower part of ow eveited sternomastoid

approach will reach the mnominate bifurcation behind the upper
part of the sternoclavicular joint.!

And there, agaimn, i sound tissues mere finger dissection can

! Those who take anatomy from text-book figures instead of fiom the hody may he suprised
to find the right subclavian artery msing quite so closely up the back of nght carotid
recalling otherwise the less immediate relationship of ulnar to radial aitery at the normai
forking of the brachial trunk—a feature that 18 constantly musdrawn For artists are

allowed (or are they urged ?) to show the whole fork flat as1f 1t all lay 1 a single frontal
plane of the extended supme lunb
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carry the exposwme of this large vessel down to the aortic arch
(Fig. 49). The easy path for the finger 1s by the medial side of
the carotid between that trunk and the trachea ; for passing down
along the nght subclavian the finger may be caught i one or
other of three neural loops that clasp the artery : ansa subclawvia,
the right recurient laryngeal nerve. or, farthest out along the first
stage of the vessel. the loop of strands that jom the phienec to the
upper end of stellate ganglion.

It 15, of comse, obvious that these deep. aortotropic descents
into the chest are only possible in the absence of local adhesive
mvasion, and for the moment themr precise application escapes
me. But, for my part, it would be ungrateful, and indeed unwise,
on that account to damn these excursions as useless I have
therefore desciibed them, letting them wait thewr season: “ In
the long lapse of time there 1s nothing that may not happen.”

ARTERIAL VARIETIES AT THE ROOT OF THE NECK

In the preceding paiagraphs I have described arrangements
which Quam (who was wise in these matteis) refers to as *usual ’
—wniting the word between mverted commas In that spmt I
have dealt, for example, with the aiches at the 100t of the neck,
but with full awareness of their wide 1ange of varnation

My own experience mn that 1egion remunds me of the dangerous
jest made by a Berhn comedian before the last war.  Weall
know,” he sad, " that 99 per cent. of the German people are
strong for the Fuelier, but wheiever I go—m bus o1 tiam or
tram—I1 meet the 1 per cent.” 1 shall therefore be content to
mdicate departures from the ‘ usual,’ neglecting thewr percentage
happening, smce figuies that proclaim mfrequent meidence no
more preclude the surgeon from meeting an example than they
will save unlucky persons from death by hghtning

But departures fiom Quain’s ‘ usual > arrangements give least
trouble when we know they exist; then, a wide access lets us see
and deal with them

They can be grouped (by the help of a little mythology) under
six headings, which * explain ’ theirr mode of origin as follows :—

1. Absorption.—If we imagine a fictitious process of this kind
occurring, say, at the thyrocervical trunk, some or all of 1ts three
branches (suprascapular, transverse cervical, imferior thyroid) will

then amse dwrectly from the subclavian aitery with the occasional
addition of the ascending cervical.
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2. Fusion with a neighbour may pioduce a leff mnommate
artery, plus the " usual ’ nght

3. Multiphication.—Two nght vertebrals may spring separately
from the subclavian and unite higher up the neck—a natwal
extension of those single veirtebral trunks which spring by more
than one root.

4 Deficiencies.—These cieate the need for *replacement’
variations—as when a superior thyroid branch supphes the back
of the gland 1n the absence of an mferior thyroid artery, or when
the infertor thyroid comes, as a rare anomaly, from the common
carotid, just as erther the deep branch of the transverse cervical
or the supiascapular artery may spring (as they often do) directly
from the third stage of subclavian.

5 Transposition.—A left mmnommate artery often arses from
an aorta arching to the rghi.

6 Embryological Shift.—A right subclavian springing from
the descending (dorsal) aorta may cross up to the rnght behnd the
cesophagus. (I met one once associated with a plunging goitre )

Displacement of the sternal end of sternomastoid.—If access to
the lower end of the wound 1s ctamped by the presence of an
enlarged thyroid gland. more freedom can be got by mobilising
the sternal tendon of sternomastord—cutting through skin and
fascia at 1ts medial edge and shpping the tendon, whach 18 flat and
finger-wrde when relazed,! outwards actoss and past the knob-like
medial end of clavicle. (It 1s easy to do this without mjuring the
sternoclavicular higaments.)

A LATERAL APPROACH TO THE FIRST, SECOND AND
THIRD POSTERIOR CERVICAL RAMI

Exposure of this gioup of nerves 1s simplified by an exact use

of the method T shall presently describe—a method based ‘“;

bony pomt. and on a gleam of fat which imn the wilderness 0

nuchal muccle takes the eyes hike a pool. Dissecting binoculars

aive the deep parts of the operation a final clarity

All
P Lake the proximl tendon of adductor longus and the distal tendon of hieeps femor® <

theee tendons bocome cord hhe when taut, with a V shaped eross «ection
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OPERATIONS FOR SPASMODIC TORTICOLLIS

Unilateral section of these tlnee rami plus section of the
opposite accessory nerve was carried out m 1888 by two suigeons.
Gardner of Adelmde and XKeen of Philadelphia, for spasmodic
torticollis. The aim of the operation 1s to paralyse each twitching
muscle

When, for example. spasms turn the face to 1ightward and
throw the head back. then, on the left stde we must paralyse the
left sternomastord and left trapezius by cutting the left accessory
netve plus branches of the left anterior 1ami fiom C2 and C3 m
relation to sternomastoid, and for trapezius from C3 and C4.1

On the nght side we must paralyse splenius caprtis, longissimus
capitis (the lesser complexus of the Irench), semispimalis caprtis
(owr own complexus). together with the two right obhques plus
the right 1ecti posteriores of the head, by cuttmg nght posterior
rami1 of C1, C2, C3, and also (af the mght tiapezus 1s condemned)
the ipsilateral nerve o1 nerves supplymg it

Binnie, by no means a timorous counsellor, characterised the
procedure as = very complicated, and for most surgeons madvas-
able ”, and the description he quotes of the operation, taken from
R. Kennedy’s ( Brtish Medical Journal, 3rd October, 1908), explains
why 1t was not "a ghtteting success 7. 1t left the surgeon
deplorably unpiloted by landmarks.

Dandy ( A1cliwves of Swigery, 1930, 20, 1021) made use of
lamimectomy to reach and cut the motor and sensory roots of CI,
C2, C3 with, in addition, ntrathecal section of bhoth accessory
cranial nerves  But even so he felt obhged to add a further section
of each accessory nerve m the neck. His operation, dividing motor
roots, must of cowse be followed by paralysis of unoffending
muscles supphed by anterior ramu.

Apart, however, from cases of spasmodic torticollis, the lateral
approach by turmmng back the occipitomastoid attachments of

' There has heen recurimg doubt about the motor function of anterior ramal contributions
that enter stcrnomastord fiom (2 and (‘3 Claude Bemnard m 1858 coneluded that
drvision of the spimal part of the nccessory knocked out sternomastod as a ‘ muscle
of onentation,” Icaving 1t to act merely as a respiratory musele, and then only durmng
decp mypration  According to Sternberg (1898) the sternomastord 10ecives all 1ts motor
fibres from the accessory neive, the role of the supply from anterior 1am1 of (2 and ('3
bemg purely sensory  More recently K B Corbin and his associates, Yec and Hairson
have proved that i 1abbats, cats, and monkeys the cervical contubutions to th(;
mnervation of sternomastord and trapesiis, commg from anterior ramu of (02, ('3, (4
and joining with the extracianial part of the accessory netve, cally no motm’ﬁln;ﬁ t(;
those muscles hut atc entnely proprioceptive m function  “ It seems,” say the authors
‘reasonable to conclude that a smmlar condition obtans m man ™ (Journal oj"
{"fomparative enrology, 1938, 89, 315, 1939, 70, 305, Brain, 1939, 191 )
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sternomastord and splemus has, I think, a special apphcation for
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lesions with deep, central scaining hike the following —

A naval officer shipped on the companion-ladder of a destroye
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Fig 50

The small pool of fat (The parts are shown magnified
by 13 the true length of the segment of vertebral artery is
a thumbwidth)

The first stage of the exposure Is similar to that for the seat of
election of the vertebral artery in the rhumbwide space
between the transverse processes of atlas and axis In
addition the inferior oblique muscle has been detached from
atlas and turned down and back, revealing the pool of fat that
bathes the five-fold branching of the posterior ramus of C1
The trunk of C2 Is seen dividing into anterior and posterior
rami  (The anterior ramus—flattened and fixed against the
vertebral artery—is not labelled) At the tip of the aths
transverse process three muscles have been divided—levator
scapulz , deep to i1t the upper shp of splenius cervicis, and
medial to both, the inferior oblique

Longtssimus capitis Is the small complexus of the French

The internal jugular vein is the sole hazard , 1ts medial
retraction has exposed scalenus medius (which here reached

atlas) together with longus capitis

,,,...H..,,_.,..._.,-.——-.
e e i

t
2

and fell on Ins head with the neck mm acute

flexion.  Durmg the

» (]
ten vears which elapsed before T exammed him he had wuffere

from severe ocapital newalgia 1unming to the

vertex and requinig

¢
@ heavy and maeasung aspmin dosage for sedation. Below th
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ocaput and to the left there could be felt a dense curled mass
deep in the neck. This. I beheve, was the detached and rolled up
hgamentum nuche. The upper portion of the left complexus
(semispmahs capitisy—the part supphed through the posterior
ram1 of Cl. C2, C3—was completely wasted, the motor twigs
having apparently been wrenched out or broken during the extreme
neck flexion. leaving the mam sensory portion of the greater
oceipital (C2) to be caught and squeezed by sear.

ANATOMY AND THE OPERATION

To avoid repetition I shall umte structure with procedure mn a
single account. Detachment of sternomastoid as with exposures
of the vertebral artery will be a fist step, and the muscle (with
the mastoid part of splenius capitis) will be mobilised and everted
as far down as C6.

Fiench textbooks simplify a rather cumbrous nomenclature :
they use ow old term complexus for semispinahs capitis, and call
longisstmus  capitis complexus munor. These two * complexi’
pass from neck to skull without fornung any attachment to the
first three cervical vertebree. So, since the skull base projects
back at an angle from the spime. these muscles bridge the angle
and subtend a space. This space, which 1s divided from 1ts fellows
by the midhne partition of hgamentum nuchew, forms one half of
the suboccipital space : each half is encroached on (1) by a major
mass of fat ; (2) by bellies of two posterior recti and two oblique
muscles. Our three ramal objectives lie in the 1ipsilateral half
<pace.

These objectives are the first posterior cervical ramus or sub-
occipital nerve, which 1s purely motor, save for an occasional
sensory twig; the second, whose medial branch 1s the greater
occipital ; the third, whose medial branch 1s the third occipital.
The greater and third ocaipitals are manly but by no means
entirely sensory.

A small downward extension of the exposure deseribed below
reveals the posterior ramus of C4 If, therefore, we expose the
outer edge of the complexus mass, we can then find a path in
front of 1t to all our mam objectives. The back of both ¢ complext’
has already been uncovered at the upper end by the reflection of
sternomastoid and splemus capitis, the outer edge remams

concealed by slips of levator scapulee and splenus cervicis—hboth
of which reach the transverse process of atlas.
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The precomplexal fat.—With these slips turned down and back
the edge of the complexus mass appears, and we are free to pas
m front of it and enter the potential space. This space 1s filled
with a major bulk of soft fat that bathes the second and ihird
posterior ramn together with a rich venous suboccipital plewus,

A separate and minor fat deposit
that hies on a plane deep to the
small muscles of the suboccipital
triangle and therefore next the
vertebre, guides us to the sub-
occipital nerve

SEMI-
SPINALIS i ATLAS
CAPITIS
/ AXIS
/o
SPLENIUS /%
CAPITIS A&
(>
SEMISPINALIS
SPLENIUS CAPITIS
CERVICIS

Fig 51

Two covering muscles—sternomastord
and levator scapulz—have been removed
showing the underlying set

INFERIOR
OBLIQUE

SPLENIUS
CERVICIS

Fig 52

The head, in this figure, faces * half lef;.
as if for operation on the right side of the
neck Inferior oblique partly mnSka '-h"
top segment of the second stage © the

vertebral artery in the thumbwide first

intertransverse space e
The first anterlor intertransverse mus‘
often blends, as in the figure, with splen ;:
cervicis whose highest tendon goes wh!rc
tip of the transverse process of atlas W eo
it is covered by the highest tent:;mh‘s
levator scapulz Fallure to n:cak:ml
superposition of a nearly finger-thic ot
well-defined levator origin upon 2 s
and flattened splenius tendon C*P;‘nx
why the surgeon, after casily surroun ks
and dividing the levator piece, SO Oﬂ p
thinks he has merely cut through £3 fest
it So, for complete clearance of the i
intertransverse space divide levatm;mc
spenial attachments to the tr:m!mm{
process of atlas, disrupt the an
Intertransverse muscle
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The entry to an intertransverse space.—The slips or fascicles
of levator scapule and splenius cervicis, together with those of
longissimus cervicis and scalenus medius (which all go to posterior
tubercles of transverse processes) cover the outer edge of the two
“complex1’; they also mask the entry to upper mtertransverse
spaces. The names of the fascicles. however. matter less than the
ease of cutting them at themr attachment to transverse-process
tubercles. After they are cut. access can be got by divulsing
intertransverse muscles. (This paagraph merely repeats and
extends the pirocedure used mn exposmg the vertebral artery
between axis and atlas. p. 64.)

Thus 1t is clear that if lower paits of splemwus and the
" complex1 "—supphed by C4 and C5—are also concerned 1n spasm,
we must (since a cervical nerve corresponds numerically with the
vertebra next below) open the third and the fowith intertransverse
spaces to reach these rami. The third space will need for that a
small retraction of the anterior ramus of C3; and the fourth and
fifth the additional and less easy displacements of the corresponding
iamu of C4 and C5.

Farracious cumpes.—It has long been the custom of text-
books to repeat that we should begm by finding the thick posterior
ramus of C2, and should then proceed to use it for locating the
less thick rami of C1 and C3 by tracing the connecting loops that
hink them with C2.

Unfortunately, these connecting loops are hard to find. That
to C1 may pass erther in front of, or thiough, or behind the belly
of mferior obhque, while the connection with the posterior ramus
of C31s equally elusive. Both loops break when strenuously sought.

Fixep ranpmarks.—These posterior rami can be found
separately by relating each to a fixed landmark.

The posterior ramus of C1 (the suboceipital nerve).—Find
the belly of inferior obhique lying on the axis lamna deep to the
complexus mass ; it goes fiom the axis spine to the end of the
transverse process of atlas. Isolate 1t cleanly and divide 1ts
lateral attachment. Then, when the belly 1s turned i»n towards
the spine of axis, the eye catches a gleam of fat among so many
muscles—a pool no larger than a finger-tip, confined by membrane
to the atlas arch. Ths fat 1s the required shield for the sub-
occipital nerve and its compamon vessels m a zone of restless
concertina movement It hes deep to where mferior obhque and
rectus capitis major diverge as they go outwards from the axic
spme (Fig. 50).

6
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A very gentle dissection of this minor pool of fat with the
lesser ball of a dental burmsher reveals a spray of motor nerves
that stem from the posterior ramus of CI and pass (1) to both
obhiques ; (2) to the posterior recti, (3) to complexus. These
nerves mingle with large, delicate vemns (connected with the
vertebrae), which then jomn the corresponding half of the sub-
occiprtal venous plexus that lies in the major bulk of precomplenal
fat.

The posterior ramus of €2 parts from the anterior 1amus one
fingertbreadth medial to the tip of the second cervical transverse
process After this 1t floats in the major mass of fat m front of
the ¢ complexi’ and seems surprismgly 1edundant till we recall
the free excursion of the head Apart from size there 1s a sharp
{and useful) difference between the anterior and posterior ramus
of C2, the posterior ramus 1s lax, mobile, and therefore fugitive,
the anterior 15 rigidly fixed to the top segment of the second
stage of the vertebral artery We can thus use the steadfast,
easily located anterior ramus to gwde us to 1ts Jmge and more
elusive fellow.

Find first the top segment of the second °vertebral’ stage
{p. 58) TFind on the outer face of this segment the part of the
anterior ramus of C2 that hugs the artery This part of the ramus
often hes as much as a £ in above the transversarial foramen of
axis; 1t 15 always tightly bound to the vessel by a tough, thin
sheath of fascia, and may be squeezed so flat as to seem ahsent—
unless the sheath 1s opened, when 1t swells surprisingly Do not,
however, hiberate the anterior 1amus and so lose the advantage
of 1ts fixation.

Then, having found the arterial segment of the anterior ramus.
make the ball of the dental burnisher follow 1ts lower edge mwn(d?
across the back of the artery; the ball leaves the artery. dips
forward and strikes bone near the atlanto-axial joint. Keep touch
with bone and contnue to move the ball mward in the sam
t1ansoerse plane through a mere } m —the fore-and-aft thichness
of a hittle finger-tip. The ball will then engage the angle where
the two ranm part. Turn the ball in and down, and hook hackwart
the lax postertor ramus. Divide 1t on the burnisher, contiolling
r I’O"l were

he right #de
the bk @

qu.,,: "

Y Another meana of finding the subocerpital nerve —Supposing that the mne
dissapated through rupture of 1ts membrane by surgieal activaty, then—on t
of the nuch—put the pulp of the left wden finger pomting headwards on
the tipof the trinev e proccesof atlas The pulp of the middlc finger, thrustin alor .
mle v towards the ntlas arch, will touch the spot  (On the Il mde use the s
corresponding fingers of the nght hand )
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first the large companion offset from the vertebral attery. (The
ball of the burmsher 1s a safeguard ; for 1if the mstrument should
stray too far mwards wlile the patient’s head 1s turned away
from the swigeon, the ball precludes the risk of breaking the thin
posterior atlanto-axial membrane and entering the spinal canal.
Used properly, however, the ball will always have the bulwark
of the lateral atlanto-axial joint i front of 1t.)

Beyond the point of section the lax posterior ramus divides
mto two bianches: (1) a slender lateral branch which is purely
motor ; and (2) a stout medial branch, the greater occipital nerve,
which 1s chiefly sensory though giving strong motor twigs.

The posterior ramus of €3 1s found when the back pait of the
space between the second and the third tiansverse process has
been opened by dividing tendnous fascicles attached to the tubeicle
of the second p1ocess, and cleared by removing the second posterior
intertiansverse muscle Proceed inwaids till you see the bach
of the column formed by aiticular apophyses of C2 and C3 The
third posterior o1 cervical ramus winds backwaids agamnst the
posterolateral surface of the upper articular apophysis of C3
(Soulié, m Pomier and Chaipy’s Thaité  Anatomie Humaine, 2°
Edn, 1901. T. m, fasc 3, p. 887, gives the upper apophyseal
1elation to the posterior ramus of C3, but he makes the ramus lie
m a ramuie, a nairow groove o1 fissure, whereas 1t hes, as Wood
Jones shows, on a smooth smiface that 1z concave from above down :
and so does the posteror ramus of C4. On C5 the smooth surface
may be replaced by a gioove—a tiue ramuie—and be absent on
C6 and C7 (Jowrnal of Anatomy and Physwlogy, 1912, 46, 41)).

A posterior ramus 1s easily displaced while opening an inter-
transverse space, leaving its articular apophysis, 1t may lie like
a bucket handle near one or other transverse process—a fact
worth remembering before seaich becomes fevered It 1s also
worth remembering that though medial branches of cervical dorsal
ram1 may send twigs to reach skin, they, like the lateral branches.
always supply muscle. It 1s therefore important to resect both
branches 1n order to procure sufficient nuchal palsy. The books.
however, show reluctance m describing where exactly the dorsal
ramus divides.

One of my former teachers, H. M Johnston, found that in the
cervical region the medial branches from the dorsal rami of the
lower six cervical nerves (C3 to CB8) are sepamated from the
corresponding lateral branches by distinct hgamentous bands,
each of which extends from the capsule surrounding the articular
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apophysis to the transverse process of the succeeding vertebra,
.g., from the joint between C2 and C3 down and outwards to the
transverse process of C3 (Jowrnal of Anatomy and Physiolgy,
1909, 43, 81). It follows therefore that a very proximal division of
the doisal ramus occurs m the neck, and that a very proxmmal
neurectomy 1s needed to mclude the lateral with the medial branch

So, 1f you find a dorsal nerve windmg round the posterolateral
face of a columnar articular process, trace it proximally—out
and forwards—to ensure complete resection of the two branche:

The accessory nerve on the side opposite the ramal exposure.—
Section of this nerve 1s best made in the way adwised by Awd,
through an mcision m the skin-fold of the neck, 3 em. (two
fingerbreadths) below and behind the angle and lower border of
the mandible. (The other accessory has been exposed already.
with the rami.) After dividing the mvesting layer of deep fastn
the accessory 1s found coursing obliquely down and back on the
prevertebral sheet, often one o1 two fingerbreadths below the
tip of the transverse process of atlas but seldom crossing 1t. The
nerve hes erther superficial or deep to the mternal jugular vem.
which 1t sometimes perforates.

It will, however, be remembered that the sternomastord ﬂ]‘\?
1ecerves fibres that usually come fiom the anterior ramus of C3
but sometimes fiom that of C2, or from both. (See footnote on
p. 81) These fibres often jom with the accessory fibres through
a loop-hole 1n the muscle that 1s best seen when the upper end of
sternomastoid 1s detached and turned outward from the shull
(Iig. 53).

The accessory nerve erther (1) passes deep to the whole l)qtcntlﬂ]
tiiceps (or 1arely, quadriceps) arrangement of sternomastoid . 0F
(R) perforates the almost vertical fibres of the deep, clexdomastord
head of the muscle, and 1s covered by the two (or thiee) more
oblique and supeificial heads—the sternomastord and cleido
ocaptal (Thg. 53), plus, 1f 1t 1s present, the raie and 40"‘1""
sterno-oceipital head.  According to Farabeuf, the accessory never
prerces a superficial head, nor does 1t msert tself diectly betwee
the single deep head and the two (or three) superficial Jeads. hut
only mtervenes after passing thiough the deep head. |

The need for ticating the large functional element S'Pmmm]lc
toricollis suggests the value of a placid nterval obtainable b
paralyang 1elevant nerves for a mere few months, msfead 0

14
permanently, by 1ecection  The interval can be got after crushin?
the netves m contimuty.
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I learnt this useful thng the hard way in 1930 when in a moment
of umwise compunction I elected to crush limb nerves m an o) ganic
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Fig 53

The sternocleido (occipito) mastoid (after
Maubrac and Charpy)

This muscle is commonly a triceps, the separation of
whose heads varies in degree It becomes quadriceps
(as seen above) only when the rare sterno-occipital head
1s manifest  In either type all heads but one are super-
ficial The sole deep head is the cleidomastoild The
accessory nerve may lie deep to the deep head, or may
plerce it~like the plastic arrow In the figure

case with spastic paraplegia, and three months later was obhged
to resect them when the full spasm returned.

Recently G. D. H. Shawe (Britwsh Jowrnal of Swigery, 1955, 42,
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4774) has publshed work on the 1abbit, which is perhaps 1elevant
to my chmical reveise He finds that on the aveiage each axen
central to a ctushed point in a motor nerve gives three branches
by 20 days. The level at which branching begmns is about
6 mm above the mjury Below the ciush the number of fibres
1eached 1ts maximum at 50 days. By 100
days many branches had disappeared,
but the fibre content of the neive was
about 50 per cent. gher than normel
and remamed so for as long as it wa
studied (225 days). Curiously, if a nerve
had been severed and sutured -
mediately, branching was of greater
extent than after ciushing, winle the
distal portion of the nerve contamed
twice the normal number of fibres even
200 days after the lesion

THE DISTAL PART OF THE HUMERUS
EXPOSED IN CONTINUITY WITH
ANTECUBITAL STRUCTURES

Showing how the biceps , of
tendon dips into e What follows 1s a mere variant
antecubital V the innocuous and beautiful exposure

Beside and medial to biceps which
B R e oomebs  described by Fiolle and Delmas,

incision . it 15 designed  hrings to light the least accessible part
sole or neurovascular
straccures. I e i of the ulnar vessels and median nere

expose these structures in theur method
company with humeras. (and and I shall fiist mdicate

elbow jont) the upper part A skin incision medial to the hiceps

of ‘ii‘,’b"é‘,f;i“i?eé'éfg "{f)m' goes down beside the tendon, and then

obliquely out to the junction of the

lower and middle thirds of radius; nothmg 1s cut except

skm, supetficial fascia and vems. The deep fasan 15 carefull
opened.

In thns region the biceps tendon dips nto the wide part of &
muscalar V (Iig. 54), whose medial imb is the pronatol teres
flanked by flexor muscles ; the lateral hmb of the V 1s the brachio
1adinhs with 1wo other belles that form a wad which can he
grasped and moved below the elbow (p. 94). After dividmg the
tight «cwirounding <leeve of fascia the two lmbs of the V part
casily 2 af then the forearm s flexed and placed in full pronation-
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the muscles covering deep-lying °difficult’ portions of ulnar
vessels and median nerve relax and give wide access to every
antecubital structure.

Remembering this method we combine exposure of the humerus
with easy exploration of the fossa, although the upper part of our
incision 1s on the outer side of biceps and therefore opposite to
that of Fiolle and Delmas.

THE OPERATION

With the patient’s elbow extended and the forearm supine
continue the lateral incision for the shaft of humerus (p. 34) beyond
the antecubital fossa, curving it in to end two-thirds of the way
down the ulna (Fig. 55, o). When we reflect the skin covering the
tendon of biceps we shall find the stout band of bicipital fascia
(lacertus fibrosus) that forms a sort of retmaculum over the median
nerve and distal end of the brachial artery. Dividing the band
we then proceed to 1p the sleeve of fascia that constricts the
antecubital V and cramps 1ts hmbs together. But once these
hmbs are free, a finger, dipping in between, can easily disrupt
the loose connecting tissues which *~ break and disappear like
soap-suds.”

Find the orgns of the radial and ulnar arteries close to the
mner side of the biceps tendon. Look for the median nerve still
farther in beyond them. Mobihise these neurovascular structures
by gently opening Mayo scissors close alongside; then put the
forearm mto full pronation and draw the himbs of the V apart.
The whole complexion of the wound 1s suddenly transformed : a
beggarly view becomes a wide prospect with every structure
fortunately placed (Iig. 55, B).

The interosseous artery and its anterior interosseous branch.—
These wide and deeply situated bianches hie behind a double
screen . the parent ulnar trunk hes on thewr ongin, and 1t 1s masked
m turn by the main radial vessels. These last are mobilised by
cutting twigs that moor them to the muscles. A fan-hke set
(called * radial recurrent * from wpper twigs that loop towards the
elbow) 1s found at once a finger moving down the outer face of
biceps tendon will catch the loop and let us cut the fan, Then
forceps on the severed stem rotate the radial artery and veins
away towards the ulnar shaft, uncovering the ulnay

i tery and
drawing 1t aside by gentle force transmitted thy artery
brachial trunk (Fig. 55, c). ough the parent
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Fig 55
Extension of distal humeral exposure to the antecubital fossa

A.The whole incision  This is made with the limb supine  (See legend to Fig 24 )8 ctTI-::

exposure  The forearm is now pronated. relaxing the antecubital V so that rcmcullf

shows the deep part of the ulnar artery C Division of the stem of the ;’” and

fan formed by the so-called *radial recurrent’ provides a handle for rotat onovw

disphicement of the brachial fork towards the ulnar shaft—a movement which un¢
interosseous vessels



THE FRONT O THE FOREARM 95.

of the group, flexor carpi ulnans. (The little finger plays no part.

A manual mnemonic for superficial muscles
on the front of the forearm

Place the opposite hand on the front of the forearm

as in the figure, with the thenar eminence covering

the medial epicondyle Thumb and fingers indicate

the lie of superficial muscles , the little finger plays

no part Note how pronator makes a bridge across
the forearm

in these manual mnemonics which we shall do well to practise first:
on our own forearms.)

The intermediate group has one muscle only—flexor digitorum:
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ANATOMY

We shall consider the muscles first; themr airangement in
respect of each other, and sometimes then intimate constitution,
are clues to several exposures. So we shall make 1t easy for the

MOBILE
WAD

Fig 57

Recognition of the mobile
wad of three muscles below

the lateral epicondyle of

humerus

The muscles, from before back,
are  brachioradiafis, long and
short radial extensors = This
wad can be moved ocr 3 the
part of radius clot™ 4§ by
supinator, ogainst the ner, 1bour-
ing muscles  The anter or and
portenior edges of ric wad,
defined yn this way, serve as
gurdes for making in_issons and
dizcovening  planes  of cleavage
sce Figs 65and 77 A)

mmd to build the part hke a model—
and then take 1t to bits. .

The “mobile wad of three.—Let u.”
first exclude three muscles we have
met alieady (p. 90), which can be grasped
with finger and thumb, and moved to
and fio as a mobile wad just below
the lateral epicondyle of the humenu
(Fig. 57). They are, from before bach.
brachiorddiahs, and the long and short
radial extensors of the wrist. These
mobile belles flank the radms on the
outer side and nde at anchor on a fan-
shaped leash of vessels fiom the radial
trunks—a leash we must divide before
we can 1etiact the muscles outwards or
the trunks in (pp. 91 and 99).

The rest.— The remaining muscles are
arranged as thiee groups - (1 supeficial
(2)"intermediate ; (3)deep.

The superficial group consists of four
muscles, remembered by placng the
ball of the opposite thumb on the frolnf
of the medial epicondyle, letting the
thumb and #hree fingers pont along ”l“-’
supme forearm (Tig. 58). The thumb
hes obliquely and marks the cour:sc]('
the oblique pronator teres: the M 0\i
finger touches the tendon of flexor cnr}l’(.
radiahs close by the radial pulee:: “ﬂ
muddle finger takes the place of :
frequent  abeentee—palmaris  longt '
the ring finger covers the last e

"
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The decp part of sublimis is trigastric (Fig. 60); the two distal
bellies correspond to the rear-rank tendons—for mdex and httle

FLEX SUBLIMIS
{ SUPERFICIAL
PORTION}

BRACHIALLS

DN

N
§\

.
oy
v

FLEX. SUBLIMIS
(DEEP PORTION)

Fig 60
The deep part of sublimis
(after Poirier)

The two distal bellies of the trigastric
portion give tendons to little finger
and index—the rear-rank tendons
which enter the wrist behind those of
the other two fingers The median
nerve Is bound in satellite relation to
the radial side of the deep part of
sublims

finger ; the proximal belly springs
from the common origin on the
medial epicondyle of the humerus.

The satelhte median.—After
leaving the antecubital space the

median nerve becomes a satellite of the deep part of sublimus,
first to the radial side of the proximal belly ;

SUPINATOR

CORONOID HEAD
OF FLEXOR —&)
POLLICIS LONGUS

FLEX POLLICIS §
LONGUS L

Fig 61
The deep anterior muscles
met in surgical exposure

One lhes lengthwise along each
bone One joins the proximal
ends of the bones, one the
distal (The index tendon s the
only tendon of profundus that
separates in the forearm , the
others are conjoined tll they
reach the palm )

lymg
then to the radial
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sublimis—but a muscle of some complexity, whose close and
pecuhar relations with the median nerve are of practical import
ance Its tendons go behind the tians-

verse carpal ligament as if they had

- formed two deep —a fact which be-

tokens the two-layered arrangement

of the fleshy parts. The superficial

portion of sublims belonging to the
front-rank tendons—for ring and nuddle MEDIAN N
finger—s a thin sheet that slants \
across from humerus to radius bridging ‘\
the interval between the bones of the riex oomorum E‘ y
forearm (Fig. 59). The median nerve ‘fu%?\i:;gft R
and the deep, ‘difficult’ portions of

the ulnar vessels diveirge as they leave
the antecubital fossa and pass beneath
this bridge, whose arch—ivluch gives
them entry—has varying relations
with the bridgmg belly of pironator
teres. Pionator either overspreads the

]

N i i
1y

b

)
L)
l

\ \
FLEX. POLLICIS .t_
LONGUS -

ALTERNATIVE

POSITION OF
BRIDGE

QF SUBLIMIS

PRONATOR
TERES —— 7+ 7F,

BRACHIO-
RADIALIS .~

FLEXOR DIG
PROFUNDUS A
MEDIAN
NERVE
BRIDGE OF
DIGITORUM
*. SuBLMIS

Fig 59
The superficial part of sublimis

1
This part gives rise to the two front-rank tendons (for ring and middl;: ﬁ:'ﬂcf") o
forms a bridge whosc oblique entrance may have a high or low c‘c’ﬂan ner
forecarm and thus be either deep or distal to pronator teres The me sublin
therefore runs either unde- a two-layered arch {formed by pronator pwscxor on
or else must cross a gap bauween two separate spans  (See inset where

a
radialis has been retracted to show the median in the gap  The dotted lin® inds

the proximal variety of sublimis arch.)

cld
arch of the sublinn« (forming a double-layered span), o1 else <t
’ ¥
hes more distally <o that the spans are weparated by & &
pomnt of some importance m looking for the median nerve (r
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The ulnar nerve comes to the fiont of forearm from behind the
elbow. It 1s thus natural to find 1t fastened to a member of the
deep group of forearm muscles—flexor digitorum profundus, a
muscle one of whose origins wraps widely round the upper and
mner two-thirds of the ulnar bone.

The ulnar vessels jom the nerve at a sharp angle and then go
down 1ts radial side, formmng with it a newovascular bundle
(Fig 62) partitioned from the inner flank of forearm by the tendon
of flexor caipt ulnans. We have aheady noticed these vessels
leaving the antecubital fossa (p. 96): we now see they do so by
passing between the deep and intermediate groups of muscle.

The radial artery begins at the medial side of the biceps tendon ;
and so its oblique proximal part becomes a satellite of the oblique
pronator teres which also has a medial origin : the artery 1s bound
by fascia to the muscle,! though books omit the fact and harp instead
on the relation here of brachioradialis. That 15 why one sees
despairmg oufward hunts m the proximal thnd of forearm to find
a vessel wlich comes from the mner side. This artery, with its
companion veins, 1s dangerously near the surface and may be sht
mn opening the fascial sleeve of swollen limbs.

 The fendon of biceps 15 a major landmark, a vertical partition+
which divides the proximal portion of the antecubital V into a
" dangerous ’ area on the medal side, a “ safe’ one on the lateral
—provided of course the knife stays close to the tendon and does
not wander out to threaten the end of the musculospiral ‘nerve,
the radial of Basle nomenclatuze.

The tendon leads through loose fat to the tuberosity of radus,
a part of which 1s covered by the bicipital bursa—whose aid we
shall enlist.

The radral leash, called ** 1ecurrent.”—Crossing the * safe ’ lateral
area of the antecubital fossa is a group of vessels called recurrent
radial ; only the most proximal deserve the name by running up
the hmb ; the other members are important muscular twigs which
spread out fanwise to the mobile wad of bellies that flank the radius
(p- 91). The wad therefore 1s moored to the radial trunks by a
fan-like vascular leash whose vessels—wlich mb the fan (Fig. 63)—
seldom he 1 a single plane but diverge m a set of layers two
or three deep; all these must be divided to free the tethered

! The only reference I found to this was not 1 any standard work but m a small précrs

owned once by a ward-sster who remembered Bland-Sutton as “ a shy young student »

The words in Paulet’s book are m 1talics  “ Il ne faut pas oublser que 'artére radsale

nest pas dans la gawne du long supsnateur,”—the brachioradialig—* mars dans celle du
rond pronateur * (V Paulet, 1884, Resume d’ A natomse Applquée, Pans, 3¢me Bdn , p 418.)
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side of the intermediate tendon which 1s sometimes an obvion
ghstening thmng, but often dull and cord-like enough to simulate the

I

‘:_ MEDIAN NERVE

1
v

SUBLIMIS

CARP! ULNARIS

FLEX DIGITORUM

FLEX PROFUNDUS

POLLICIS

POSITION OF PISIFORM BONE

v t

; S

Fig 62
The ulnar neurovascular bundie belongs to the deep

layer of muscles Note how the bundle splits
proximally The median nerve sticks to sublimis

supmator first m front; and this book deals in practice.
that the tendon< of profundus dlgitorum——unhke the ten

nerve 1tself. Below thi
level, fascia binds the
median 1n a lateral groove
between the front- and
1ear-rank tendons that
go respectively to muddle
and mdex finger~. The
nerve, therefore. stays
with sublinus if we separ-
ate that muscle fiom pro
fundus. We shall «ce {on
p. 109) how to find the
median near the wnsi.
Loose tissue joins the
single, mntermedate. sub
limus to the deep group.
formmng a plane of facle
cleavage that 15 wed
with great advantage b
McConnell (p. 107).
Thedeep anteriorgroty
consists of four muscles
(Fig. 61) one hes along
the length of cach bont
—the flexor of the thumb
upon the radws,  pro
fundus digttorum on the
ulna. The other museles
cross betweeen the bone
— the supmator near
the elbow. the fiat
quadiatus near the
wiist. (I know T con
travene morpholoft s
classing qupmﬂt"f
with antenor muscles

but here we meel 'ﬂlf‘
) Nate

dollh (‘{

~ublimis —he m a wingle 1ank of four abreast.
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The ulnar nerve comes to the front of forearm fiom belund the
elbow. It 1s thus natural to find it fastened to a member of the
deep group of forearm muscles—ilexor digitorum profundus, a
muscle one of whose origins wraps widely round the upper and
inner two-thirds of the ulnar bone.

The wlnar vessels jom the nerve at a sharp angle and then go
down 1ts radial side. formmg with it a neurovascular bundle
(Fig 62) purtitioned from the mner flank of forearm by the tendon
of flexor carpr ulnans. We have already noticed these vessels
leaving the antecubital fossa (p. 96); we now see they do so by
passmg between the deep and mtermediate gioups of muscle.

The radial ariery begins at the medial side of the biceps tendon ;
and so 1ts oblique proximal part becomes a satellite of the obhque
pronator teres which also has a medial origin : the artery 1s bound
by fascia to the muscle,! though books omit the fact and harp instead
on the 1elation here of brachioradiahs. That is why one sees
despairing oufward hunts in the proximal third of forearm to find
a vessel which comes from the inner side. This artery, with its
companion veins. 1s dangerously near the surface and may be sht
n opening the fascial sleeve of swollen imbs.

»The tendon of biceps 1s a major landmark, a vertical partition:
which divides the proximal portion of the antecubital V mnto a
" dangerous ’ area on the medial side, a ‘ safe * one on the lateral
—yprovided of course the kmife stays close to the tendon and does
not wander out to threaten the end of the musculospiral nerve,
the radial of Basle nomenclature.

The tendon leads through loose fat to the tubeiosity of radius,
a part of which 1s covered by the bicipital bursa—whose aid we
<hall enhst.

The radial leash, called ** recurient.”—Crossing the “ safe * lateral
area of the antecubital fossa 15 a group of vessels called recurrent
i:}a,lcehﬁilib oni}}’l et}(;:l most proximal deserve the name by running up

; 1er members are important muscular twigs which
spread out fanwise to the mobile wad of bellies that flank the radius
(p. 91). The wad therefore 1s moored to the radial trunks by a
fan-hke vascular leash whose vessels—which r1b the fan (Fig. 63)—
seldom lie in a single plane but diverge mn a set of layers two
or three deep; all these must be divided to free the tethered

! The only reference I found to this was not 1n any standard work but m a small précs,

own;lclleo;ce (})y a ward-syxster who remembered Pland-Sutton as “a shy young student

ords in Paulet’s book are 1n italics 1l ne faut pas oublrer que Partére radiale

west pas dans la gawne du long supinateur,”—the brachioradialis— mq
& s ts dansg celle du
rond pronateur »* (V Paulet, 1884, Résumé d’ Anatome Apphquée, Panis, 38me Edn , p 418)
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right into the arm. Then, after opening deep fascia, we shall cut
the fan-shaped vascular leash—the so-called radial recurrent—
which holds them tethered to the
mam radial trunk. Lastly, we
undo the supmator, whose decp
fibies come acioss from ulna to
grasp from belund—ike fingers of
a hand—the upper thud of 1adial
shaft. A second set of supinator
fibies slopes down over these.

.| BICEPS
L.TENDON

Fig 64

Anatomical relationships at the upper part
of the radius The white crescent between
the two black areas of attachment marks
the site of the bicipital bursa and shows
how it hies In a bay formed by the supinator
edge. The surgeon 1s guided to the bursa
—and thus to the edge of the supinator
—by the outer face of the biceps tendon (see
insets to Figs 67 and 68)

The posterior  interosseous
nerve (deep termmal branch of
radial, B.N.A.) penetrates the
anterolateral face of the supinator
muscle, and separates its two
layers; the deeper layer fends
the nerve from radius. The part
of supmator edge that skirts the
tuberosity of radius curves also
Fig 65 round a bursa of the biceps, which
%““"“ for canterior exposure  Jies next bone and lubricates the

The knife follows the front edge of the tendon (Flgs' 64 and 67) At

upper part of the mobile wad (brachio- .
radialis, long and short radial wrist first loose fat Swamps everythmg s

extensors), and then proceeds as in but once we find and cut the
this figure fan-shaped leash the outer face

of biceps tendon leads us to the bursa, which we divide to reach
the tuberosity, thus leaving the rugme a place to come m contact
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muscles—unless we cut the stem from wlich they spread. A fi
moving distally along the outer face of biceps tendon will

CUTANEQJS
N icuT)

J 77" RADIAL

© {/RECURRENT
7a)

i

‘Fig 63

The fan-like leash of vessels
called ‘radial recurrent’

(The veins are not shown) Only

the proximal rib of the fan s

recurrent The ribs are 1n several

layers—two, three, or four deep

They are muscular branches which

tie the moblle wad to the radial
vessels

the leash (which les mwvisible in
and hook it up—a welcome guid
featureless surroundings.

The branch once called the 1a
branch of musculospiral. ahas
B.N.A.) the superficial termmal bre
of radial, and now (in fitful text-bo
lumped with the parent stem
‘ radial > 1—this branch, by any n
you choose, clings to the mobile
of muscles, the hinder one of w
1t may supply.? The satellite 1ela
of the nerve and wad mvolves
ciprocal divorce (and theiefore «
severance) from close-adjommng ra
vessels, which go for ther part
pronator teres and then with fl
longus pollicis. (A way of findmg
distal end of the patent trunt
described on p 93.)

The medial cutancous neree of
forearm lies to the ulnar side of
elective 1ncision we shall mahe

the front of the mb—excepting McConnell’s (p. 107).

EXPOSURE OF THE WHOLE SHAFT OF RADIUS
FROM IN FRONT WITH EXTENSIONS
TO MEDIAN AND ULNAR NERVES

We have thus built a rough but working model of the fron

forearm. Let us now take this apart sufficiently t

lcngth of radius.

o <ce the w

Iirst. we must still further mobilise the wad of three ¢
muscles (brachioradiahs, long and <hort radial » rist-extensors

that we can diaw them well aw ay from the later

al face of ra

“haft. We <hall therefore use an incision that follows these m*

" Tmpatint p rsons (i« the Quesn of Hearts) wish off the heads of all who are rOE

But Ahee (duls conclid and lndlier) might put our three no
mantsau and eall the shthy nerse the radial branch of museuloradinl

1, of conre, the wuarular )

menclatures i 007

(Ite drepee f

Ln \‘1’9‘““"\ Tieales), Jonrnal "f ,‘\“rgrry' l‘]s‘i. 26' 05
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nght mto the am. Then, after opening deep fascia. we shall cut
the fan-shaped vascular leash—the so-called radial recurrent—

which holds them tetheied to the
main 1adial fiunk. Lastly, we
undo the supinator. whose decp
fib1ies come acioss fiom ulna to
grasp from behind—like fingeis of
a hand—the uppe: thud of radial
shaft A second set of supmator
fibies slopes down over these.

Fig 65
Incision for anterior exposure

of the radius

The knife follows the front edge of the

upper part of the mobile wad (brachio-

radialis, long and short radial wrist

extensors), and then proceeds as in
this figure

of biceps tendon leads us to the

BICEPS

TENDOMN
(cuT)

BURSA

7

Fig 64

Anatomical relationships at the upper part
of the radius The white crescent between
the two black areas of attachment marks
the site of the bicipital bursa and shows
how it lies in a bay formed by the supinator
edge The surgeon i1s guided to the bursa
—and thus to the edge of the supinator
—by the outer face of the biceps tendon (see
insets to Figs 67 and 68)

The posterwor  wnterosscous
nerve (deep terminal branch of
radial, B.N.A.) penetrates the
anterolateral face of the supmator
muscle, and separates its two
layers; the deeper layer fends
the nerve from radius. The part
of supmator edge that skirts the
tuberosity of radius curves also
round a bursa of the biceps, which
lies next bone and lubricates the
tendon (Figs 64 and 67). At
first loose fat swamps everything ,
but once we find and cut the
fan-shaped leash the outer face
bursa, which we divide to reach

the tuberosity, thus leaving the rugne a place to come 1 contact

{



with the bone. Then, starting at the cdge of supmator, we
find the muscle easy to detach.

THE OPERATION

Incision.—First, with the limb supine, feel out the mobile wad
of three muscles and 1ncise as in Fig. 65.  The mcision goe< up a

=t ey ey

ko
7
] 4
[ £
t ¢ &

- -

- *

* +

e MUSCHAD- CUTANEOUS NERVE
%
POST INTE 5

(A

SUPERFICIAL VEIM

BRACHIAL A

E R AN-PED
._ - \'; HOF7
I =) 3 RECURRENT
= (=g
%4 '

VETD

o TERES

MoBILE -
WAD &
SATELUTE RG>
NERVE LR
SUPERFLAL -
ﬁ ¥r

VEIN (un)}

FLEX CARPI RADIAUIS

ZITASTEA?
Fig. 66
Finding the fan-like leash

A finger shd lengthwise down the outer side of the biceps tendon

feels the resistant loop of the recurrent proximal vessels  Besure

to catch up all the layers of the fan—two, three, or {our—uniess,

as In the figure, you tle and cut Instead the short single stem ©

the fan  Note that the radial branch of musculospiral (=super-

ficial terminal branch of radial) Is bound in satellite relation to the
mobile wad.

handbieadth mto the arm. keeping a fingerbreadth Jateral to f}n
edge of biceps («ee p 34): below. it reaches to the radial ~{y0
Divide and tie the large superficial vein thal erosses the mid-thr
of raduis, and may continue thence as the cephalic.
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MUSCULO-
SPIRAL N

_BRACHIALIS

MUSCULO-
CUTANEQUS N

BICEPS
TENDON

POST
INTEROSSEQUS N

RADIAL
RECURRENT A
(cuT)

i

R s 2 aar Mt ed

KNIFE

DIVIDING
o v BURSA
m
\
PRONATOR TERES
: RADIAL

\ \ ARTERY

FLEX
DIGITORUM
+ SUBLIMIS

f

FLEX POLLICIS
LONGUS

v
y

1

FLEX CARPI
U RADIALIS TENDON

DETACHED TENDON
OF BRACHIORADIALIS

r;(ﬂ\nfl’fﬂm:—:1

t
Ml

The fan-like leash has been cut , the mobile wad Is free for lateral retraction The knife
with the flat of 1ts blade touching the * safe ’ outer face of biceps tendon, cuts through loose
fat, 1t then cuts through the bicipital bursa to strike the tuberosity of radius at the edge
of the supinator insertion (see inset)

In this figure and the next, two points should be noted (1) Fat which veils the front of
supinator 1s omitted in order to show the muscle (In spite of fat the lining of the bursal
sac will glint when once the knife has cut into the cavity ) (2) The peculiar curved course
of the cutaneous part of the musculocutaneous nerve is due to its retraction inwards with
theskin  Note how the proximal part of the nerve appears at the junction of biceps tendon

with biceps belly—a sure guide to i1ts discovery
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The deep guide.—First expose the biceps tendon by dividug
deep fascia onits lateral side Go on dividing this faseia throughout
the wound with blunt-nosed scissors, thus taking care of the
radial vessels. Pass the finger down through the swamp of {at.
along the outer side of the gmding tendon till you meet the resivi-
ance of the recurrent vascular loop (Fig. 66). Remember that this

A loop is only the proximal
rib of a fan-hke spread of
vessels that he m several
layers. Hook up all the lavers
of the fan gently on the
finger ; divide and tie them
—or tie mstead their nariod
stem  Mobibse the wad of
three long muscles which
flanks the outer face of fore-

RN My

C-‘ - el L iuaed Tar 7
SUPINATOR’ % TENDON o BICEPS r
| N2 ¥
i
?"oq \\‘\\X\\\‘
Fig 68 o NG
The rugie working outwards 77/ /4 A b 412‘}:[
from the site of the divided :/ff} . v
blf.ursa begins to peel the grasp
of supinator from the radial
nerve  (In this figure the  \\\\ ! ’Q,.’){’f‘
musculocutaneous nerve has ' WNW\  papius - EF a7
no label ) N, - "+ 23 ULRA
\\ -‘.—n—":/ .-w
: > ! I 47L49-

arm. Detach the flat tendon of biachioradiahs from its hold on the
hase of the 1adial styloid. Flex the elbow through 90 degree
and retiact the outer muscles widely to expose the supinator.
Return then to the biceps tendon. Fust make the tendon taut.
then. keeping the flat of the knife close lo 1ts ouler face. Cl‘lt down
upon the bone. The kmfe divides bicipital bursa and strihes the
tuberosity of 1adius. which lies embiaced within a bay formed b
the supinator edge (Iig. 67). From this strategic pomnt the rugm#
peels the supinator muscle off the bone (Fig. 68). The muw(“t“’:
turned outwards, <andwiching withn its substance the posten®
microsccous neryve (deep terminal hranch of radial, B.N.A) i
Lastly. n vital part of the exposure : put the forearm zt}i"f:;
monation; the radius then will be revealed from end {o end (Fig. 61
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‘1},\ MUSCULO cyTaN ous N
Y

FLEX DiGITORYM
SUBLIM}S

HYS 40 0 NN
—— -

FLEXOR poLLicig
LONGuUs !

DETACHED TENDON
BRACH!ORADIALIS

\\:’:\ -

PRONATOR QUADRATYS

WA

ZJ’f,!A 515,{17 .

Fig 69
The forearm Fémains  sypjpe

Omplete the exposure by putting
Pronation , this wilj bring the
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UNREDUCED ANTERIOR LUXATIONS OF THE RADIAL HEAD -
These injuries are common where men fight with quarterstaf
A forearm guaids the skull from a descending blow whose force,
breaking the ulna, drives the fragments on agamnst the radius and
thrusts its head i front. Then. 1f a closed reduction fails. the upper
thind of the complete exposure will serve for reposition or resection.

EXTENDING THE EXPOSURE OF RADIUS TO THE MEDIAN AKD
ULNAR NERVES —Should we wish to extend the exposure, we have
alieady seen how this 1s done for nerves and vessels of the ante-
cubital region (p. H).
an attack begun there
o o ] A Positon oF - from  the outer wde
; BT oF suLitis  of humerus was carned

' ' rex.carel  over to mclude them

RADIALIS

’ all. Let us now with
FLEXOR DIG
profunpus, equal ease spread our

meomn  exposute of the iadul
NERVE shaft to embrace the
BrRiGE OF  median and ulnar nerves
DIGITORUM
susumis 1 the rest of the fore-
Fig 70 aim—the distal  two
Flgding the median nerve distal to pronator teres. thirds. If we blcg"; our
—Begin to scparate the belly of pronator teres from . the hone
that of flexor carpi radialis where they diverge Use appi Oad} to Line
the thumbs back to back to move the muscles harm- Wwith a view to melue ng
fessly apart A short length of median may appear these nerves, we JJall

between pronator and sublimis, as in this figure |If
not, you must split the thin superficial part of sublimis of course make the

to see the nerve ‘
forearm portion of th

meision nearer the middle lme than if radme weie om ole
objective, though in any forearm a long mcicion combined with
trivial <kin-reflection will bring us where we wish,

Exposing the median nerve from n front.—We must firsL find
the plane of cleavage hetween pronator teres and flexor carpt
radialis (between thumb and mdex of the manual mnemonic

Fig. 58) The tendons of these two muscles separate widely in the
distal third of forearm, the place. of course, from which fo pri<t

done with
flat-looking
the

apart the close-pached bellies—a thing most gently
two thumbs back to back (Fig. 70).  And now a <hort.
prece of medinn trunk will often <how in the pronimal part of ‘
~epatation s if goes between the dictal edge of pronafor ani t
proxmual edge of the bridge-like portion of sublimis. Tl ghimp”
of netve (g, 70) 1 only poscible when the subhmis hride hie



ULNAR AND MEDIAN NERVES 107

farther down the hmb than the more superficial span of pronator
teres—leaving a gap for the nerve to cross (p. 96). But when one
span lies level with the other and covers 1t, there 1s no gap nor
ghmpse at all : there 15 mstead (between our separating thumbs)
an unrevealing face—the thin bridge of sublimis, whose gram we
now must split to see the nerve. We know already we shall find
1t bound by a transparent fascia to the deep, trigastric part of that
two-layered-muscle.

The ulnar nerve exposed from in front.—If we wish to mclude
the ulnar m the anterior approach, we must open the plane
between subhimis and the deep layer, relaxing sublinus by flexing
the hand. Diawing the muscle forwards, we shall then see
that the space 1s closed on the ulnar side by a shimng band of
tendon, the flexor carpr ulnaris ; beside 1t we shall find the ulnar
nerve—bound, with the vessels, to deep flexor digitorum. Com-
bined exposure of median and ulnar nerves 1s thus obtamned as a
by-product of the approach to radial shaft.

But, 1f our quarry 1n the forearm happens to be the distal two-
thuds of median nerve, or the whole length of ulnar nerve—or both ;
or if a medial wound determunes our direction, then we can make
use of an exposure that has the “ simple elegance  which Horace
nraised, jomed (this time) with fidelity.

N

McCONNELL’S COMBINED EXPOSURE OF MEDIAN AND
ULNAR NERVES IN THE FOREARM ! -

Lay the forearm supine. Incise skin only—from 7adial edge
of pisiform to medial epicondyle (Fig. 71). Open deep fascia along
the radial side of flexor carp: ulnaris tendon, working up from the
distal end of the wound. The ulnar nerve and vessels are found at
once and traced m a proawmal direction to the sharp angle where
they part company, the hine of the vessels turming outwards from
the straight course of the nerve (Fig. 71). It 1s then easy to find
the friendly plane of cleavage between subhmis mass and flexor
profundus (Fig. 72). The median nerve, we know, lies 1 a shallow
groove upon sublimis, to the radial side of its deep trngastric
portion. So, when the plane 1s opened up, nerve and sublimis
move (and stay) i company.

It 15 often easy to mistake the intermediate tendon of the
deep trigastric moiety for the median nerve (Fig. 71), and I shall

1 A A McConnell, Dublin Journal of Medical Science, 1920, p 90
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UNREDUCED ANTERIOR LUXATIONS OF THE RADIAL HEAD.—
These mjuries are common where men fight with quarterstafis.
A forearm guards the skull irom a descending blow whose force,
breakmng the ulna, drives the fragments on aganst the radius and
thrusts 1ts head in front  Then, if a closed reduction fails, the upper
thard of the complete exposure will serve for reposition or resection.

EXTENDING THE EXPOSURE OF RADIUS TO THE MEDIAN AND
ULNAR NERVES —Should we wish to extend the exposure, we have
already seen how this 15 done for nerves and vessels of the ante-

cubital region (p. 90)

aF . g Y \. o t
- ?. -,!‘/ A B O\ acernaTve A0 attack begun there
SR ": .| {posiTion oF from the outer side
\ f/ £
£ /1!

2 * R W' BriDGE
_ }/}?’ 7 3 or supLimis  of humerus was catrled
o Vi : E ) ex camr over to nclude them
_'f", - N “ 1
IRl V) 3

T

1

: RADIALI .
A US . gall. Let us now with

FLEXOR DIG
Pexonouel equal ease spiead our

t

MEDIAN exposure of the radal

NERVE shaft to embiace the
rioee ofF  median and ulnar nerves
! DIGITORUM

ssumie  1n the rest of the fore-
Fig 70 arm—the distal  two

.

Finding the median nerve distal to pronator teres thlrds, If we begln our
—Begin to separate the belly of pronator teres from  gnproach to the bone

that of flexor carpi radialis where they diverge Use ] ding
the thumbs back to back to move the muscles harm- with a view to mecluding

lessly apart A short length of median may appear o shall
between pronator and sublimis, as in this figure if these nerves, We §
not, you must split the thin superficial part of sublimis of coulise make the

to see the nerve
forearm portion of the

incision neater the muddle hne than 1f radws were o sole
objective, though in any forearm a long mcision combmed with
trivial skin-reflection will brmg us where we wish.

Exposing the median nerve from in tront.—We must first find
the plane of cleavage between pronator teres and flexor carp!
radialis (between thumb and ndex of the manual mnemonic M1
Fig. 58) The fendons of these two muscles separate widely m the
distal thud of forearm, the place, of course, from which to pris
apart the close-packed bellies—a thing most gently don¢ with
two thumbs back to back (Fig. 70). And now a <hort, flat-looking
ptece of median trunk will often show m the proximal part of the
separation ; 1t goes between the distal edge of pronator and the
pronimal edge of the bridge-hke portion of sublims Thns ghmp*e
of nerve (Fig. 70) 1s only possible when the subhmus hridge I
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farther down the limb than the more superficial span of pronator
teres—leaving a gap for the nerve to cross (p. 96). But when one
span hes level with the other and covers it, there 1s no gap nor
glimpse at all : there is mnstead (between our separating thumbs)
an unrevealmg face—the thin bridge of sublimis, whose grain we
now must split to see the nerve. We know already we shall find
it bound by a transparent fascia to the deep, trigastric part of that
two-layered muscle.

The ulnar nerve exposed from n front.—If we wish to mclude
the ulnar m the antenior approach, we must open the plane
between sublums and the deep layer, relaxing subhnmis by flexing
the hand Drawing the muscle forwards, we shall then see
that the space 1s closed on the ulnar side by a shining band of
tendon, the flexor carpr ulnars; beside 1t we shall find the ulnar
nerve—bound, with the vessels, to deep flexor digitorum. Com-
bined exposure of median and ulnar nerves 1s thus obtamed as a
by-product of the approach to radial shaft.

But, 1f our quarry in the forearm happens to be the distal two-
thuds of median nerve, or the whole length of ulnar nerve—or both ;
or 1f a medial wound determines our direction, then we can make
use of an exposure that has the * simple elegance ”” which Horace

raised, jomned (this time) with fidelity.

N}EQQNNELL’S COMBINED EXPOSURE OF MEDIAN AND
ULNAR NERVES IN THE FOREARM 1

Lay the forearm supme. Incise skin only—from 7adial edge
of pisiform to medial epicondyle (Fig. 71). Open deep fascia along
the radial side of flexor carp: ulnaris tendon, working up fiom the
distal end of the wound. The ulnar nerve and vessels are found at
once and traced m a proazimal direction to the sharp angle where
they part company, the line of the vessels turning outwards from
the straight course of the nerve (Fig. 71). It 1s then easy to find
the friendly plane of cleavage between sublimis mass and flexor
profundus (Fig. 72). The median nerve, we know, lies m a shallow
groove upon sublimis, to the radial side of its deep trigastric
porfion. So, when the plane 1s opened up, nerve and sublimus
move (and stay) i company.

It 15 often easy to mustake the intermediate tendon of the
deep trigastric motety for the median nerve (Fig. 71), and 1 shall

? A A McConnell, Dublin Journal of Medical Scrence, 1920, p 90
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Fig 71

McConnell’s combined exposure of median ner

vascular bundle

Incision runs from medial epicondyle to pisiform (See legend to Fig 24) The p':::

between sublimis and profundus is opened up Note how the median sticks 10 the

sublimis ‘ roof *, the ulnar bundle sticks to the profundus ‘ floor * Note, to0:
intermediate tendon which sometimes simulates the median

'y

ve and ulnar neuro
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Above, the median disappears beneath a pomnted fleshy tongue
of the sublimis ; below, and near the  bracelets,’ it gives a branch
which overlies the parent trunk and goes to palmar skin. The
main nerve leaves the wound beneath the bridge of transverse
carpal ligament and, just before 1t vanishes from s1ght, lies on the
front of the sublimis tendon for the middle finger (Fig. 73).

Tlus exposure may, of course, continue, or be continued into,
the anterror approach to median and ulnar nerves described on
page 107.

THE BACK OF THE FOREARM

The arrangement of parts here 1s very simple.

The mobile wad 1s the same wad of three muscles we know
already :—extensors (radial) long and short, brachioradialis—a
bormg refram, but useful in practice; nor should we scorn the
metre which comes (with a past) from the very front of the chorus.

These three muscles are moved at will with finger and thumb,
not only across the radial shaft (clothed by supinator), but also
against the neighbouring mass of common extensor that lies more
firmly bound. Presently their mobility will help us to find and
rip a seam In the cloak covering the neuromuscular sandwich of
supmator and posterior mterosseous nerve.

The rest of the muscles.—Ixcluding the mobile wad, the
muscles on the back of forearm he m two layers—superficial and
deep. We can now proceed, as we did in front, to make a manual
mnemomnc for the surface layer. But this time we must carry the
ball of the opposite thumb round behind the forearm and place 1t
on the back of the lateral epicondyle (Fig. 74). The obhque thumb
agam (but rather awkwardly) marks an obhque muscle—the
anconeus. The index will press the belly of extensor carp: ulnaris
against the ulnar shaft; the mmddle finger marks extensor digit:
quinti, while the ring finger lies on the rather fixed mass of common
extensor. (The hittle finger 1s not used at all.)

The deep layer.—There 1s good reason to remember the arrange-
ment of this layer (Fig. 75). All its tendons (excepting sometimes
that of proprius) can be seen m one’s own hand ; all go to thumb
or mndex. They are four 1 number: abductor pollcs longus,
extensor polhicis brevis, extensor pollicis longus, extensor indicis



110 EXTENSILE EXPOSURE

Other relations near the wrist.—The nerve—true satellite of the
sublimis mass—keeps on. one level and so comes near the surface
at the wrnist ; for the imb tapers as the bellies shrmk, leaving the
nerve bare of flesh and flanked by tendon But even here the mner
edge of median (still farthful to sublimis) weds the groove hetween
the front-tank middle finger tendon and 1ts reai-rank index-finger
file The groove is deepened by the pointed fleshy tongues that coat
these tendons till they reach the wrist, and up the gioove a severed
median may withdraw from sight.

TENDON OF
PALMARIS LONGUS
RETRACTED WITH

FLEX CARP1
<RADIALIS

HEDIAP\J N

TENDONS OF L o
SUBLIMLS 7 £ PALMAR CUTANEOUS

BRANCH OF MEDIAN N

%
O\ SN

Fig 73
Exposure of the median nerve close above the wrist

A The axis-line incsion reaching the distal * bracelet

B The exposure Palmaris longus is retracted with deep

fascia The fixed relation of the nerve Is to the middle-finger
tendon of sublimis, in front of which it winds

THE OPERATION

The axis ine.—The certain guide (because the nerve 18 median)
15 the long axis of the middle metacarpal bone—produced, of coursc,
mto the forearm (Yig 73) So make the kmfe continue that ]O"fq
axis up the imb. Begin inasing at the distal * bracelet which
marks the forearm skin, and end the cut at least four ﬁngerbrcndlh‘
above. Use thus line. too, for openmg the deep fascia: dl~l’lﬂc'i
the chance obtrusion of palmans tendon. The nerve I¢ seen &
onece, mmkod nfien ])} a Qn]ﬂ“ meander]ng veqse].
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Above, the median disappears beneath a pointed fleshy tongue
of the sublimis ; below, and near the ‘ bracelets.” 1t gives a branch
which overhes the parent trunk and goes to palmar skin. The
main nerve leaves the wound beneath the bridge of transverse
carpal ligament and, just before it vanishes from sight. lies on the
front of the sublimis tendon for the middle finger (Fig. 75).

This exposure may, of course, continue, o1 be continued into.
the anterior approach to median and ulnar nerves deseribed on
page 107.
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proprius. Except for the first—the Jong abductor which springs
from both bones—the tendons pomt towards their bone of origin,

7
%
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POLLICIS
LONGUS i
EXT POLLICIS
\\\ BREVIS
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WAD FROM
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Fig 74 Fig 75
Manual mnemonic for posterior superficial The deep posterior muscles
muscles of the forearm These send their tendons to thumb of
kes A W de

The ball of the opposite thumb lies
this time on jndex (Supinator also ma
;::‘ baﬁk of lateral epicondyle The Index finger postcriOT(' agP“”"“‘ Ie bas alrc::{
s the dorsal edge of ulnar shaft. (Again the been described and dealt with in
little finger plays no partS front of the limb )

extensor
g f the

mon

So the short thumb extensor comes from radius ; the lon
and the proprius from ulna (The bellies of two muscles ©
thumb, the long abductor and short extensor, thrust out & com
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Gwld, 1919)r With the patient’s forearm prone the lme for
separating these 1s found at once by grasping with a thumb and
finger the wad that lies just distal to the outer epicondyle. This wad
(whose hindmost belly s extensor carpr radialis brevis) moves
1eadily aganst the much less mobile mass of the commums. We
therefore easily locate the hunder margin of the wad and trace 1t
with a kmfe (at first through skin) a generous handbreadth down
the limb, from outer epicondyle (Fig. 77, a).

When we have opened deep fascia—begmning distally—we
verify once more the plane between the zones of different mobility,
and take advantage of their distal parting to separate them cleanly.
This pair of bellies covers supinator with a loose cloak, ripped easily
m two where 1t divides but toughly fused above within a fibrous
hood. A finger, therefore, working from below, will help to raise
the cloak for clean division (Fig. 77, B) Then we shall see the
striped (and sometimes flashy) supmator belly. The neive (sand-
wiched, 1emember, 1n the muscle) slopes acioss the stipe  Measure
then with the tips of three fingers—side by side and touching—
from the back of the neck of radius; the posterior mnterosseous
nerve lies on the back of shaft deep to the distal finger (Figs. 76
and 77, c¢). And here a small McBurney cut, sphtting the supmator
grain, will let us ghmpse the flat and whitish shape of our objective ;
and then, 1f we transect the graimn, we shall expose the neive. A
word of caution : the sandwich 1s thun, so do not nick the nerve
with your McBurney (Fig. 77, c)

EXPOSURE OF THE HEAD AND NECK
OF RADIUS FROM BEHIND

It has been said that any cut made behind the proximal end of
radrus will expose the head and neck of the bone safely, provided
that 1t stops before we wound the posterior imnterosseous nerve.
This statement 1s soundly based : extensor digitorum communis
takes origm withm a hood of tough fibrous tissue that lies behind
the radial head and yelds no plane of cleavage. We shall accord-
ngly divide the skin and then cut down on bone, using three
fingers to locate the nerve (Fig. 76), and cutting only to the second
nail. (The cut should also reach two fingerbreadths above the
epicondyle to leave room for resection.)

'8 Guld and B Stookey, Surgery, Gynecology and Obstelrics, 1919, 28, 612
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. MOBILE GROUP

EXT ‘
D!GITORUM
COMMUNIS

FINGER RAISING
THE CLOAK

"""f-'- -~ MW”

Fig 77

5
. Exposure of the
e, C posterior interosseous
nerve

A The skin incision
Grasp the mobile wad
and move jt sideways to
locate the seam of union
with the fixed extensor
mass  Divide skin afong
the hinder margin of the
wad
B Split the cloak that
covers supmnator Begin
distally—near where the
cloak Is split already by
an oblique tongue of
thumb muscles (fong ab-
ductor, short extensor.
Fig 74)
C A small McBurney
button-hole, three finger-
breadths distal to the
back of the head of
radius (sce Fig 76), re-
veals the nerve within
the supinator sandwich
Start frothhc bulttorr\,-
STV hole with Mayo scisso
AATA and cut the surface layer
to expose the nerve

H‘FBURNEY X
BUTTON-HOLE
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Guild, 1919).! With the patient’s forearm prone the lme for
separating these 1s found at once by grasping with a thumb and
finger the wad that lies yust distal to the outer epicondyle. This wad
(whose hmdmost belly s extensor carpi 1adialis brevis) moves
readily agamst the much less mobile mass of the commums. We
therefore easily locate the hinder margm of the wad and trace 1t
with a kmife (at first through skin) a generous handbreadth down
the limb, from outer epicondyle (Fig. 77, a).

When we have opened deep fascia—beginning distally—we
verify once more the plane between the zones of different mobility,
and take advantage of their distal parting to separate them cleanly.
This pair of bellies covers supmator with a loose cloak, ripped easily
m two where 1t divades but toughly fused above within a fibrous
hood. A finger, therefore, working.from below, will help to raise
the cloak for clean division (Fag. 77, B). Then we shall see the
striped (and sometimes flashy) supmator belly. The nerve (sand-
wiched, remember, in the muscle) slopes across the stripe. Measure
then with the tips of thiee fingers—side by side and touching—
fiom the back of the neck of radius; the posterior interosseous
nerve lies on the back of shaft deep to the distal finger (Figs. 76
and 77, c). And here a small McBurney cut, splitting the supmator
grain, will let us ghmpse the flat and whitish shape of our objective ;
and then. if we transect the gran, we shall expose the nerve A
word of caution : the sandwich 1s thin, so do not nick the nerve
with your McBurney (Fig 77, c)

EXPOSURE OF THE HEAD AND NECK
OF RADIUS FROM BEHIND

It has been said that any cut made behind the proximal end of
radius will expose the head and neck of the bone safely, provided
that 1t stops before we wound the posterior interosseous nerve.
This statement 15 soundly based : extensor digitorum communis
takes origin withm a hood of tough fibrous tissue that lies behmd
the radial head and yields no plane of cleavage. We shall accord-
mngly divide the skin and then cut down on bone, using three
ﬁ.ngers to locate the nerve (Fig. 76), and cutting only to the second
nail. (The cut should also reach two fingerbreadths above the

eprcondyle to leave room for resection.)

'8 Guld and B Stookey, Surgery, Gynecology and Obstetrics, 1919, 28, 612



TWO EXPOSURES IN THE HAND

A MEDIAL APPROACH TO
MID-PALMAR SPACE AND ULNAR BURSA'!

Adams McConnell—the first by many years, this side of
Atlantic. to give Kanavel’s work a practical apprecatu
described 1 1913 a method of draning the mid-palmar s
(Medical Press and Circular, 1913, 95, 828). His dorsal nc
of the web between the fingers, remote alike from ves
nerves and palmar skin, has not been bettered.? It 1s a ]
however, of rts charm that surgery leaves room for new alternat
The one I shall describe gives access to the space and ulnar b
Advantage will be taken of a loop-hole 1n the edge of the han
gan entry to the palm. The skin masion, like McConnell’s, le
no palmar scar, and gives dependent diamage both of space
bursa when the hand hes semi-prone, in its most comfort
attitude.

ANATOMY

The floor of the palm is formed by alternate bones and 1
osseous muscles covered with a loose carpet of fascla—a ¢
separated from the ulnar bursa by mud-palmar space. The b
wraps the superficial and deep flexor tendons of middle, 1mg,
little fingers and almost fills the space.®

The way m.—Opponens of the little finger, the deepest h
thenar muscle, hes on the ulnar side of palmar floor conceale
the short flexor and the large bulge of abductor. It 1s fast
proximally to the hook of unciform and to the transverse ¢
ligament ; distally, to the distal three-quarters of the

! The Lancet 1999, 1, 16

1Thero 13, T know, n prejudice abroad which holds that specialists, lihe cotiiters, t
stick to their last  And so, 1n case 1t were believed by any that the hand of one TT
ment ** hath the daintier touch,” the fact 18 worth attention that tins ncumqﬂl‘}‘!‘“’
amongst the first (if not the first) to integrate Cushing’s techmgue outsule Am
eertniny first (as Dandy notes) to use ventriculography in Europe PBut never any

disesple—a grade most fit to rank beside the legendary arcond class of the mppome
of Chastaty,

> 3d-pabinar spree —A healthy, undissected man has no md palmar 51‘“"‘”""{1 (:f
mi sna interial ", nor has he any pophteal space  both are consement my? :l i
most anatonnst<Jong loohed coldly at Kanavel's) There 13, howevir, i ”:-(I l:n?},,.!
.

the palmar floor ard ulnar bursa a Gasile plane—an * espace deeella o
st pds and show s n rpeeinl shape when it become s nnstuch by puseor by anjectinnc
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metacarpal shaft, on the ulnar side of the volar face (Fag. '7'8).
Between these terminal attachments there is a small * free ’ portion
of opponens belly, and this when isolated by a touch becomes the
palmar boundary of a loop-hole that 1s framed behind by fifth

metacarpal base and the joint 1t makes with unciform—the hamate
of B.N.A. (Fig. 78) An mstrument thrust through thus loop-hole

S

LINE SHOWING DI/RECTION
| OF FORCEPS USED TO
] GUARD THE BUNDLE\
<

-
‘ DEEP

NEUROYASCULAR
BUNDLE

PISIFORM

———

TRIQUETRAL
BOSS

FNGER POINTING
TO AIT DISTAL IO
TRIQUETRAL BOSS.

Fig 78

The landmarks

1 The triquetral boss from which the knife will cut along the edge of the fifth metacarpal

2 The pit marked by the finger distal to the boss Opposite the pit we find the loop-hole
to mid-palmar space A forceps aimed along the sloping line goes through the
loop-hole for a fingerbreadth to form a tangent that will guard the curving ulnar bundle

meets and overcomes a check; then 1t goes on and erther pene-

trates mid-palmar space, or is a menace to the deep branch of
the ulnar nerve or to the ulnar bursa.

The hypothenar fascia.—The check 1s caused by the most radial
portion of a fascia that sheathes the hypothenar muscles and loops
them loosely, like a shing, to the shaft of fifth metacarpal. The
toughness of the membrane and 1ts erratic spread to neighbouring

interosseous belhes vary in different persons.
8
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The deep branch of wlnar nerve with its satelbte artery and
vems must be carefully avoided. The branch leaves the mam
trunk opposite the pisiform and sinks gradually mto the palm
between the two superficial muscles of the hypothenar group—
abductor and short flexor of the Iittle finger. It enters the field of
operation as 1t grazes the ulnar side of the hamate (or unciform)
hook and is there bridged or embraced by opponens fibres. Just
distal to the hook the nerve and vessels fortunately bend thumb
wards, almost at right angles, and, fortunately agamn, the bend he-
a good fingerbreadth radial to the loop-hole’s mouth. Whatever
mstruments we turn toward the space will thus avoid the nerve if

pomnted distally—for choice, towards the head of third metacarpal
(Fag. 78).

THE OPERATION

The site allows a long, bemignly placed, mncision, and this will
give advantage for inspection combined with thorough dramnge
of a part where pus is hable to pocket. Blind use therefore of the
loop-hole as a means of access should be condemned ; 1t 1s o mere
lucky breach that must be widened for surgical attack.

Position.—With the patient recumbent under general ana
thesia, erther pronate and turn his upper limb il the bacl of the
thumb rests on the table, or bring the half-pronated forearm mto
contact with the biceps. The first position has the merrt of ulnar-
flexing the hand and thus relaxing skin and muscle so that bom
landmarks are easy to feel. At the moment, however, of mahmg
the meision the wrist should be propped straight to unwrinhle the
skin.

TWO0 WAYS OF FINDING THE PIT WHICH IS THE SURFACE GUIDEF-7
(1) Run a thumbnal down the ulnar border of the pn!mnt .
wrist; o thumb’s breadth dorsal to the pisiform the nail wil
override a boss—the cuneiform or os tnquetrum*im'd <tk “;
once mto a pit just distal to the boss. In this depression (“h";
dips towards the loop-hole) the nail will touch the hard hase ?
the fifth metacarpal immediately behind the hypothenar mIﬂT
() The thumb, <hd proximally wp the subcutaneous edge of hf‘t[l‘
metacarpal. 1s checked by the triquetral boss exactly oppo-®
the pit (Fig. 78).

The incision.—This begms on the triquetral boss and g"]f::
through skm only—down the whole length of metacarpal ¢4£"
«kin and fat are reflected just sufficiently to <how the hone and I
us see the facera that encheathes the bulging bellv of abduclr



OPPONENS

% . X
3 &8
. ' TR (m»;s
d o ) -

o g’m‘"/’_}/

N

LOOP~HOLE .

.

ABDUCTOR

n
il DI6 QUINTI

OPPONENS

‘i\
1
FLEXOR !

TENDONS
AND BURSA

ABDUCTOR
DIG QUINTI

Fig 79
The loop-hole and the exposure —To find the loop-hole, A, shit the
fascia binding abductor belly to the ulnar edge of fifth metacarpal
Retract the belly palmwards  Open a deeper fascia that lies just paimar
to the metacarpal base Deep to the fascia a touch of blunt dissection
will dislodge the short *free’ portion of opponens towards the palm and
so define the loop-hole B Widen the loop-hole by severing opponens
Open the fascia deep to the muscle C Retraction draws the severed
opponens palmwards, with the abductor The ulnar bursa lies with its
back to mid-palmar space.

119



120 EXTENSILE EXPOSURE

a muscle recognised by its mobility before and during ‘operation
Pick up this fascia close to the ulnar edge of metacarpal: open
it lengthwise without injuring abductor or the dorsal branch
of ulnar nerve, which 1uns along the sheath ; liberate and retract
the muscle palmwards. Then pick up and divide a thin facaa
just mn front of the metacarpal base.

It 15 now easy to define the loop-hole (Fig. 79, ) by raising the
free portion of opponens from bone with the blunt nose of Mayo
scissors ; withdraw and open the scissors ; pass one blade throug
the loop-hole and cut opponens close to metacarpal shaft, dividin
all but distal fibres (Fig. 79, B), open the screen of fascia heyon
The ulnar bursa then appears—through the wide gap betwee
hypothenar mass and palmar floor—bulgmg mto the mid-palna
space (Fig. 79, c). Widen the gap still further by flexing the han(
especially its little finger. The deep neurovascular bundle can b
protected during this operation with a closed forceps introduce
along the palmar floor in the direction shown 1n Fig. 78—u safc
guard which I owe to Wing-Commander R. Shackman, my fornie
colleague.

The final scar escapes the rubs of ordinary use.

MEDIAL APPROACH TO THE DEEP TERMINAL
BRANCH OF THE ULNAR NERVE

Exposures made through palmar skin can sometimes be exceed
ingly refractory ; and, if we use that route to deal with the dec)
ulnar branch, we spht the palm from wrist to finger leaving th
scar 1ll-placed.!

Instead we can adapt for this exposure the medial a.pproncl
to the mid-palmar region (p. 116), prolonging the mcision fou
fingerbreadths into the forearm (Fig. 81, a). disarticulating th
pistform, and—for the widest view—dividing the opponens.

THE OPERATION

After incising skn and fascia Jook for the ulnar trunk heud:
and radial to the tendon of flexor carpi ulnaris; then trace it dov?
to where 1t ends—just radial to pisform—in decp and superht?
branches, The decp branch lies next pisiform, and after Irmtf
contact with i< fellow nerve dips through the hypothenar mas

TS Tin 0w n papee by O A, Tlderg and A 3 Woods trchres of el 2
Iu' ’U]In, l"l,..ﬁ,b"b
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with fibies from the tendon of flexor carpi ulnaris (Fig. 80): the
weaker goes to the base of fifth metacarpal ; the other—a stout
cord (crossed by the deep ulnar branch) goes to the hook of hamate,
When therefore we hift the pisiform from its articulation (guarding
the nerve with a metal tool while we divide the capsule of the joint)
we see only the start of the deep branch : the rest of its proxmal
portion 1s wrapped in higaments (Fig. 80). These can be safely
cut 1f the mobile bone (still m 1ts band of muscle) is turned through
a right angle so that the oval arhcular facet looks to the ulnar
side ; then we divide the ligaments agamnst the pisiform

The deep branch may now be traced through fibres of abducter
and opponens digrti quints, and seen to great advantage (Fig. 81.n)
But, if we need a wider access, dividing the opponens near the
edge of metacarpal will let us reach two extra fingerbreadths of
this short nerve (Figs. 79, B and 81, ¢)*

THE INNOCENT EFFECT OF PISAL DISARTICULATION

My 1eaders should be warned. A piece of pure anatomy—most
properly consigned m other pages of the book to footnotes—lies
right ahead, and those who steadily pursue the by-pass of the text
must now skip over an mtrusion. But some that disarticulate the
pisiform may wonder why they have not spoilt the ‘ flexor retind-
culum’ (a recent alias of transverse carpal higament). Forin the
curtent text-books which favour that nomenclature the pfq\'mml
and ulnar corner of the retmaculum is fixed (they say) to pisiform.
Detachment therefore of the pisiform should free the corner and
impanr restraint. It, happily, does nothing of the kind. 1

To think it might 1s to suppose that an ymportant piece of ban

t | have recently seen a lad whose superficial and deep branches of a Teft ulnar RS f:“'
betn completely divided at the wrist  Six months after the accident he was nfwmm
on by Mr C T° Sugars, uang the method here desenibed Aftcr continuing 8 (;rt:rmf
maion into the hand by making 1t curve closely round the heel of the hat "
«minence, dctachment of the praform gave clear access for anture and was foll(mw
no bowstringing of flier tendons  Recovery of function has g0 fur been remathal

i e e
e — e e
- —— U

Fig 81

Exposure of the deep ulnar branch (the operation) it
A Mobility test to find abductor digitl quinti . Incisions for the skin and fsscia folle
dorsal edge and then go up the forearm—ulnar to flexor carpi tendon 4 hard
8 The disarticulated pisiform, detached from pisal ligaments, stays in its compoun secest
Obscuring fibres of opponens arc cleared away to bare the nerve For "”:crt,: et
mabilize opponens with Mayo scizsors , cut through the muscle close beside the €=

fifth metacarpal (B and C)
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122 EXTENSILE EXPOSURE

with fibres from the tendon of flexor carp: ulnans (Fig. 80); the
weaker goes to the base of fifth metacarpal ; the other—a stout
cord (crossed by the deep ulnar branch) goes to the hook of hamate,
When therefore we hit the pisiform from 1ts articulation (guarding
the nerve with a metal tool while we divide the capsule of the jomnt)
we see only the siart of the deep branch , the rest of 1ts proximal
portion 1s wrapped m hgaments (Fig 80) These can be safely
cut 1f the mobile bone (still in 1ts band of muscle) 1s turned through
a right angle so that the oval articular facet looks to the ulnar
side ; then we divide the hgaments agamst the pisiform

The deep branch may now be traced through fibres of abductor
and opponens digit1 quinty, and seen to great advantage (Fig. 81, 8).
But, 1f we need a wider access, dividing the opponens near the
edge of metacarpal will let us reach two extra fingerbreadths of
this short nerve (Figs 79, B and 81, ¢)?

THE INNOCENT EFFECT OF PISAL DISARTICULATION

My readers should be warned. A piece of pure anatomy—most
properly consigned m other pages of the book to footnotes—hes
right ahead, and those who steadily pursue the by-pass of the text
must now skip over an mtrusion. But some that dlsartlculate'the
pisiform may wonder why they have not spoilt the ‘ flexor retiné-
culum ’ (a recent alias of transverse carpal higament). For m the
current text-books which favour that nomenclature the proximél
and ulnar corner of the retmaculum 1s fixed (they say) to pisifornt.
Detachment therefore of the pisiform should free the corner and
impair restramnt. It, happily, does nothing of the kind. i

To think 1t might 1s to suppose that an 1mportant piece of ban

d
! I have recently seen a lad whose superficial and deep branches of a left ulnar ner;l:n ’:ﬂ

been completely divided at the wnst Six months after the accident he was °fl arm
on by Mr C E Sugars, using the method here described After contmnuing ? (;ll;ec' nar
mncision mnto the hand by malking 1t curve closely round the heel of the h)lrlpo od by
eminence, detachment of the pisiform gave clear access for suture and was fo (;{Wble
no bowstringing of flexor tendons Recovery of function has so far been remar

Fig 81
Exposure of the deep ulnar branch (the operation)
A Mobility test to find abductor digiti quint1, Incisions for the skin and fasc
gorsal edge and then go up the forearm—ulnar to flexor carpl tendon und band
The disarticulated pisiform, detached from pisal ligaments, stays in its compod access
Obscuring fibres of opponens are cleared away to bare the nerve For w‘hﬂedzcd
mobilise opponens with Mayo scissors , cut through the muscle close beside the

fifth metacarpal (B and C)
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concerned m curbing tendons would be attached for that upon a
mobile and unstable bone—an almost blasphemous conception,

Like every legend, this account of pisiform attachment is the
distortion of a fact. There 25 a retmaculum whose proximal and
ulnar corner 1s firmly fixed—not 1n a futile way to pisiform, but to
the stable cuneiform (the os triquetrum of the Basle nomenclature).
Then comes that old appurtenance of fairy-tale, the cloak of dark-
ness . the cardinal attachment to the cuneiform 1s ludden under-
neath extrinsic fibres from the pisal coat. These fibres spread m
part from the msertion of flexor carp: ulnaris, and partly (on a
deeper plane) from an oblique band that also coats the pisiform—
a portion of the so-called radiocarpal ligament. But far from
working as a retmmaculum this band (which springs, despite its
name, from ulnar styloid) relazes when the wrist is palmar flexed.
The retmaculum of course does not ; and 1t is just m virtue of its
ulnar corner, fixed as 1t 1s to cunerform, that flexor tendons are
restrained from tearing pisiform away from carpus.

Current descriptions of this quondam transverse carpal higament
(once the anterior annular) call for revision. First, 1t 1s wrong.
I think, to give the structure as a whole the name of flexor retma-
culum; 1t does not all by any means deserve1t. Something also
might be done to better the nomenclature which lumps as * radio-
carpal ’ a hgamentous band whose proximal extremity springs
only from the wlna—a band that may be found to play a part m
wrenching off the styloid process i a Colles fracture.

The golden age of Ligaments 1s gone. So has the siver age
(with John Bland-Sutton) ; and rust begins to gather



SECTION II
ACCESS AT THE SECOND LEFT COSTAL ARCH

SINCE 1922 I have used this arch m the followmg sequence

of exposules — )
1. Resection of a posterior segment gave access to

A. The stellate ganglion (1922).
B The first stage of the left subclavian artery (1923).
(By removal of a transveise process in 4 and B the operation
became a costotransversectomy.)

II. Resection of an anterror segment gave access to
A. Pulmonary emboli (1940)
B. Upper thoracic gangha, sympathetic and spinal. plus
1elevant nerve 1oots. (This last with T P. Garry

n 1949.)

Exposwmie of the stellate ganghon from belind achieved a
certain currency when Adson adopted 1t at the Mayo Clnic
(Proceedings of Staff Meetings, 1928, 3, 266), where I had the
privilege of seemg hum use 1t The sole important modification of
the method came later with the transverse muscle-sphtting incision
through trapezius, devised by J. C. White. Description, therefore,
of the stellate exposure—the first, Professor Leriche tells me,
designed to 1each the ganglion from the back—vould be redundant.
The other three I shall describe , they, hke certan features they
present, have gained no current recognition.

A METHOD OF LIGATING THE FIRST STAGE OF THE
LEFT SUBCLAVIAN ARTERY FROM BEHIND *

While investigating a posterior approach to the stellate ganglion,
I came on a simple method of exposing and tymng the first stage
of the left subclavian artery

After demonstrating this method on several occasions in the
School of Anatomy of the Royal College of Surgeons n Ireland,

1 British Journal of Surgery, 1923, 10, 367
125
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I found that another posterior approach had been used by Sheinll
in 1910 and published by him m 19112

Only twenty-one cases of hgature of the left subclavian artery
in 1its first stage were on record when my paper appeared m 1923,
and of these, seven had been performed since Sherrill’s opeiation,
which was then the solitary other mstance of a postenor
approach to this foibidding vessel. But m February 1925 I
recerved a letter from the late W A. Hailes of Melbourne winch
15 still a cherished memory, for 1t described success with the
method I had published, giving me my first expenence of what
m bishops’ parlance might be termed translatron fiom dissectmg
room direct to theatre.

The aneurysm m Hailes’ patient had the size of a cricket ball
and the ligature was placed about § m. above the aoitic ach
In lus letter Hailes expressed the behef that the case would have
been inoperable from m front * even with resection of the
clavicle and sternum.” 2

This belief of Hailes reflected the simister repute of anterior
access to the first stage of the left subclavian artery Thus, m spie
of Halsted’s successful case 1n 1892, and others since, hgatlop of the
first stage—right or left—got no mention in the 1934 edition of
Carson’s textbook, nor was 1t dealt with i Thorek’s Modern
Swrgrcal Techwique (1938) A place was therefore clear for the
simple means on which I chanced m a qute unescapable
" marniage of observation upon accident.”

During an approach to the left stellate ganghon of a hunch-
backed cadaver, after a costotransversectomy at the level of the
second left rb followed by depression of the pleural dome ﬂ(l;
first stage of the left subclavian artery stood out m the ﬁelt-
Further depression of the pleura exposed the artery from Its PO”’l
of origin at the aortic arch to the first r1b, and defimtion of al
its branches except the thyrocervical trunk was easy. These
stiuctures were rendered surprismgly superficial by the kevphoti¢
deformuty of the back. Examination of normal subjects showe
that i them the left subclavian artery and 1ts branches are farther
fiom the dozsal sutface of the trunk. The first stage of the altell:

* Shernill rnised a flap of shin and muscle and remov ed about 3 1n of the ﬁccm\d-“"ln]r:“,g
fourth ribs - After pushing aside the pleurs, the artery was esposed at the feve an
fourth dorsal vertebra as 1t left the aorta  Transactions of the Southern ‘S"m"lﬂ Mt
fiynccolomeal  dssociation, 1911, 23 Quoted by W S Halsted m o
Hosprtal Reports, 21, fase 1 ’

2 The cace was Inter publiched by R Y Wright Smuth, then Medical Registra
Hospital (Medieal Journal of Austrahia, 21st May 1027, p 754)

r in Mellour?*
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THE FIRST STAGE OF LEFT SUBCLAVIAN 12%

however, is just as easidy tied in spite of the depth at which it
lies, for once the lung and pleura have been depressed, the artery.
except for a delicate sheath, lies naked in the thoracic cavity, and
1s nmmediately accessible. There 15 no barrier of vein or nerve:
the vessel 1s directly under the finger. With a suitable needle it
is easy to pass a hgature round the artery, and at my request
this was done by students who had never previously tied any
vessel m the body. Before describing the steps of the operation,
certain anatomical points must be dealt with.

ANATOMY

The muscular planes.—The part of the second left rb which is
removed hes between the scapula and the vertebral spmes: it is

) C{bMPLEXUS allas
SEMISPINALIS CAPITIS

.

SPLENIUS CAPITIS \\

N
,

ILIOCOSTALIS CERVICIS \ SPLENIUS

CERVICIS

LONGISSIMUS
CERVICIS

RHOMBOIDS

5

L

TRAPEZIUS N

Fig 82

Showing the muscles that lie deep to the trapezius, which is indicated
by the dotted line

concealed l?y muscles which anchor the scapula to the vertebre.
The trapezius 1s spread over the rhomboids, which cover the upper
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serratus posterior. Division of these muscles allows the surgeon
to widen the space between the scapula and the spme, and 1t 1
essential that the transverse width of the wound should be g
great as possible Deep to the muscles of the shoulder gidle, the
. splemus spreads upwards

compLexus ofics  iTOM the dorsal spmes;

SPLENIUS CAPITIS PEMISPINALIS CAPITIS — and lateral to the splenius
"'\ are the cervical extensions
o of the saciospmahs

> e (Fig. 82).

The second rib.—The
second rib must be ac-
curately identified. It s
not difficult to mastake 1t
for the fist, and thus mn
error to remove the third
rib  The second b and
transverse process viewed
from behind he dorsal to
the first, and the body of
the first b runs steeply
down and forwards from
the costotransverse articu-
lation; 1t 1s difficult to
palpate When, however,
the trapezius and theother
muscles passing 10 ‘thc
scapula have been davided
Fig 83 and retracted, the first nb

The first Ehoracic transverse process is the first which  Can be felt from beh:ind ];)
projects beyond the edge of splenius It forms a er deeply
deep landmark for identifying the second rib hoolang the fing X }
down along the neck.

The first dorsal transverse process 1s a good landmark (Iig. 83)-
it lies at the level of the seventh cervical spine, three ﬁngerbreﬂdthq
from the middle lime. It 15 the first transverse process to project
beyond the edge of the splenius. Here its tup 1s felt but is not St
being covered by two cervical extensions of sacrospmalis (tliocostal’
cervicis and longissimus cervieis).  Reckoning from this landmar ;
the surgeon finds the second transverse process and the second 11b-

N {100
! Tor additional securit_, the second r1b should be localised by radiography before opi‘fl'; o
and the radiologist should be ashed to cxamine the thoracie mlet for accessor) (lehm’
radimentary thoracic ribe which might confuse the surgeon approaching them from

SPLENIUS
CERVICIS

1st THORACIC
TRANSVERSE
PROCESS

COMPLEXUS
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The left subclavian artery.—The anterior relations of this artery
in 1ts first stage make an impressive list. Deep to the muscular
planes consisting of the sternomastoid, sternohyoid, and sterno-
thyroid, lie the left mnominate, mternal jugular. and vertebral
veins, together with the vagus and phrenic nerves, the carotid
artery, and branches of the cervical sympathetic. In the posterior

STELLATE
GANGLION
(concealing
Vertebral
Arc )

PLEURAL DOME
DISPLACED

DOWN INFERIOR CARDIAC BRANCH Y4

— OF SYMPATHETIC
Fig 84

The relations of the first stage of the left subclavian artery seen from behind

after removal of the second thoracic process and part of the second rib  The

cesophagus, and the thoracic duct which stripes its left side, are not shown in

the figure they are nearer the middle line To see the origin of the subclavian

artery from the aortic arch and to tie the proximal part of the artery stand
behind the head of the table

approach, however, when the pleural dome has been depressed,
only one small structure mtervenes between the surgeon and the
artery—the ansa subclavia of Vieussens. This tough but slender
100P crosses the back of the subclavian as the vessel arches after
grving off 1ts vertebral branch (Fig. 84) The depth of the proximal
part of the artery from the dorsal surface 1s about 3 in.; that 1s
to say, 1f the mndex finger could be thrust through the skin 1t would
Just touch the artery. By making a large flap as described below,
the thickness of the skin and subcutaneous tissue 1s elimmated
from the field, and surtable division of the muscles to the shoulder
girdle allows the surgeon to work fiom the plane of the thoracic
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wall. The ¢ working depth ’ of the artery 1s thus reduced to 2in,
which 1s the actual depth of the artery from the upper border of
the manubrium 1 front. The ‘ working depth,’ therefore, 1s the
same whether the approach 1s from the front or back
The left vagus.—The presence of the left vagus need not be
feared. The relations of the nerve depicted m most text-books of
anatomy are those which 1t assumes after 1t has been freed by
dissechon It then falls away from the common carotid, and hes
close m front of the first stage of the subclavian If this were s
VAGUS NERVE true posttion, 1t would be m danger
Lt suscavan When  the artery was tied from
ATERY belind.  Actually the nerve 1s, as
Charpy ! states, a satellite of the
common carotid, and passes down-
wards and mwards close along this
AORTA artery, commg gradually forwards
as 1t descends 1t thus les beside,
rather than behind, the left carotid
at the root of the neck, and 1s on
a plane anterior to the left sub

Fig 85 clavian (Fig. 85). About a finger

The aortic arch viewed from the left breadth above the aortic arch the
side, showing left vagus related to the

left common carotid and left subclavian direction of the vagus C]mnges’

arteries like the oblique stroke of the down and
letter N The vagus is safe from in- the nerve passes out, >

clusion when the left subclavian artery back, to cross the root of the
= tled from behind left subclavian artery, so that this
part of the vagus lies between the vertical carotid and subclavian
origms of the left side like the oblique stroke of the letter N.
Further, there 1s a barrier between the vagus and the subclavian
which piotects the nerve from inclusion when the artery 1s ti
by the posterior route. This barrier consists of & Jayer of areolar
tissue which contains : (1) The middle and sometimes the sup01:10(1;
cardiac branch of the cervical sympathetic; (2) descendn},
cesophageal and tracheal branches of the iferior thyr01d artery
(3) an occasional thymc tributary of the vertebral vem Thcsl‘:
structures not only make 1t difficult to expose the subclﬂvlﬂh
fiom 1n front, but obscure the origmn of the vertebral artery, whie
tends to lie at a relatively low level on the left side. .
The left vertebral artery.—This vessel during development !
often absorbed mnto the aortic arch, and seen from 1n front mf)
he mistaken for the subclavian, since 1t then arises from the arct

! Poirter and Charpy, Traite d'Anatome, 2nd edn , vol n,pt L P 426

LEFT COMMON
CAROTID
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at ther orgms. The vertebral artery is obscured by the cervico-
dorsal ganghon of the svmpathetic. but can be safely h.gz.xtured
by opening the subclavian sheath close to the vertebral origin and
passing an aneutysm needle round the parent tiunk so that 1its
pomt appears i the angle between the subclavian and the vertebral
artery. 'The thoracic duct may thus be avoided. The thyrocervical
trunk 1s difficult to secwie by the posterion 10ute.

A CUP-AND-BALL ANEURYSM NEEDLE FOR
DEEP LIGATIONS'!

While investigating the posterior approach to the fiust part
of the left subclavian artery. which 1s desciibed in the preceding
pages, I asked the students m the dissectmg-room of the Royal
College of Swigeons, Ireland, to test the description and simpheity
of the method. Using ordinary aneurysm needles, they tied the
vessel correctly, but 1t was plain that a better tool would have
made the task yet moie simple. When the needle was threaded
and then passed, the hgature lay back along the shaft, and was
difficult to catch in the deep wound. while if the needle were
passed unthieaded, it was not easy to expose and thread the
terminal eye.

On expermment I found that an ordinary dental stoppmg
mstrument (Fig. 87, A) passed easily under the artery, and it
occurred to me that i1f the smooth ball-tip of the instrument
were detached and pieiced like a bead, and if the stem were
hollow, with a mouth wide enough to seat the ball. the ball could
then be strung on a thread going through the stem. The thread.
pulled taut, fixed the ball firmly to the cupped end of the stem,
and the mmplement passed like an ordinary anewiysm needle
under the vessel. It then remamed merely to pick up the ball
beyond the artery and thus retrieve the thiead. which was done
very sumply under the gmdance of vision, or of touch, by means
of a fine hairpin bent mto the shape shown in Fig. 88.

Keeping the thread taut, the ball was fiist made to enter the
wide part of the loop, and was then caught at the constricted end ;
the thread was relaxed and the ball withdrawn.

I had another and smaller model of this needle made fo
hgating the middle meningeal artery as a preliminary to operation

! Shown at the Section of Surgery, Roval Academy of Medicine 1n Ireland April 27 1923,
Reprinted from the Irish Jowurnal of Medical Science, October 1924

9
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2. With a vertical cut one fingerbreadth to the left of the
vertebral spmes, divide the origins of (a) the trapezws, () the
rhomboids, and (c) the serratus posterior superior. Do tlus first
at the middle of the wound where the silvery tendon of the serratus
mdicates the depth reached Extend this mcision throughout the
entire length of the wound. Retract the divaded muscles outwards.
The pointed caudal end of the fleshy splemus 1s now exposed.

3. At the level of the seventh cervical spine, and three finger-
breadths from the middle hine, find the tip of the first left dorsal
transverse process, remembering that 1t 1s the first which projects
beyond the edge of the splenius. Find the second left rib.

4 Clear the transverse process of the second dorsal vertebra
as far as the lamina. Clear at least 3 m of the second mb
Divide the transverse process at its root and remove 1t. Divide
the nb as far as the wound will pernmt from the costotransverse
articulation

5. Raise the proximal cut end of the mb  With a finge push
the pleura away from 1ts head and neck Rotate the rib segment
and divide its attachments. The sympathetic cord 1s now seen
close to the vertebral body, lymg on the pleura Iike a tape

6. Very gently push the pleural dome downwards and out-
wards from the vertebrm. A small strand will now be found
holding the pleura ‘to the neck of the first rib  This strand -
a branch of the supemor mtercostal artery ~Divide and he 1t
The pleural dome can then be freely depressed, and the left
subclavian 1s felt by the finger passed vertically and at & tangent
to the vertebral body. The removal of the transverse procts:
together with the costal neck, permits of this dwect approach :
broad malleable retractor keeps the lung and pleura out of t e
field It should be polished so as to reflect ight nto tth cavity
The artery 1s 1solated under direct viston by blunt dlSSBCthn(:
and 1its sheath 1s opened m the usual manner, using & long
dissecting forceps The ansa subclavia should be avoided "

7 The swigeon stands facing the head of the table. | ;‘
aneurysm needle with a slot eye (or, better, the CUP'a”d{' N:n
needle desciibed on P 133) 1s passed with the left hand fi(’)c
withm outwairds . ntroduction of the mght forefinger mto 'ﬂ
wound facilitates this manceuvre The eye 1s thieaded ‘_‘IH‘. .
hgatwe o1 with a gmding thiead to which a broad defimfis

nng
hgatwie can be attached Ample space 1s afforded for seculz
the knot

[ 1](‘(‘
The wnteinal mammary and costocervical trunks can he
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impracticable to retrieve the ligature although the aneurysm 1}eedle
had been successfully passed round the vessel. An assistant
suggested that Colles should make a knot on one end of the
hgature, suffictently large to prevent 1t from slipping through the
needle’s eye, so that when needle and knot had passed together
under the vessel, the knot might be picked up on the far side.
Unfortunately the eye of the needle was so long that it allowed the
knot to shp back when the needle was pushed forwaid. Yet,

despite the fact that the cup-and-ball pimciple was already
foreshadowed 1n 1811, I feel privileged in followmg (though
unawares and over a century later) a suggestion born at the
crisis of an operation by Colles.!

A TECHNIQUE FOR REMOVING PULMONARY EMBOLI

Excepting for an obsolete paragraph on restormmg the heart
beat, this article 1s reprinted by kind permussion of the Lancet

1 A memorr by the editor of this New Sydenham Society volume records two unfamiliar
tales regarding him  One of them, with perhaps a gram of truth m a halo of my th,
tells how a flood of the River Nore, near s Kilkenny School, swept away the side of a
house and took with 1t a treatise of anatomy which Colles found later m a field, ““ and
goon preferred to his Horace or Lucian > The other, from a letter in his own hand,.
adds an unlooked for gleam to the quiet portrait m the Dubhin College In April 1796
he writes from Scotland *T must begin by telling you that I am much mproved
pomnt of personal appearance and accomphshments, for having this day cast aside
my winter clothes and put on mj summer dress, my landlady could not be restramed
even by the dictates of female modesty, from tellng me to wear hair-powder I need

scarcely tell you that, strong as mv pride 1s, 1t could not persuade me to go to the
expense of a1\ guineas a year *’
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on the gasserian ganglion (Fig. 87, c). With ordinary techmque
the aperture in the temporal fossa has a diameter of about 3 cm,
while the distance of the artery from the surface of the zygoma i
some 5 ecm. Thus here, too, a deep vessel is tied through a small
unyielding gap. Mr (now Regwus Professor) A. A McConnell
found that with my instrument hgation of the artery at the
foramen spinosum became extremely sumple—but that, of course.
was before plugging the foramen had replaced ligation.

{
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When the ball 1s bemng strung on the thread, mstead of knottul\g
one end to secure the ball and passing the other through tll?
hollow needle, 1t is better to shde the ball half-way along the
thread and then to pass the fwo ends through the tubular tem

The first of these cup-and-ball needles were made for me ¥
1921 by the late Edwin Hamnes of Dubln, a most skilled art{ﬁccr
who had Jong worked on astronomical mnstruments and, m (()]rl \
Wai I, on submarine equpment. It 1s to him that my nee{l x:t
owe the distinction of bemng perhaps the first surgieal tools ;)v
were modelled i duralumin  They were afterwards made
Messrs Down Bros , London, m stainless steel.

There 1s nothing new. Long after descubimng the cup-an o~
needle I read, m a selection from the works of Abraham (;l at
published by the New Sydenham Society in 1881 (p- 542 ::w
dmmg the fiist lLigation of the subclavian artery it beet

Fig 87

d-bal
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impracticable to retrieve the ligature although the aneurysm needle
had been successfully passed round the vessel. An assistant
suggested that Colles should make a knot on one end of the
ligature, sufficiently large to prevent 1t from slippmng through the
needle’s eye, so that when needle and knot had passed together
under the vessel, the knot might be picked up on the far side.
Unfortunately the eye of the needle was so long that it allowed the
knot to slip back when the needle was pushed forward. Yet,

despite the fact that the cup-and-ball principle was already
foreshadowed n 1811, 1 feel privileged mm following (though
unawares and over a century later) a suggestion boin at the
crisis of an operation by Colles !

A TECHNIQUE FOR REMOVING PULMONARY EMBOLI

Excepting for an obsolete paragraph on restoring the heart
beat, this article 1s reprinted by knd permission of the Lancet

* A memorr by the editor of this New Sydenham Society volume records two unfamihar
tales regarding him  One of them, with perhaps & gram of truth wm a halo of myth,
tells how & flood of the River Nore, near his Kilkenny School, swept away the side of a
house and took with it a treatise of anatomy which Colles found later mn a field, ““ and
soon preferred to his Horace or Lucian’ The other, from a letter in his own hand,
adds an unloohed-for gleam to the quiet portrait m the Dubhn College In April 1796
he wntes from Scotland “ I must begin by telling you that I am much mmproved
pomnt of personal appearance and accomphishments, for having this day cast aside
my wnter clothes and put on my summer dress, my landlady could nat be restrained
even by the diotates of female modesty, from teling me to wear hair-powder I need

scarcely tell you that, strong as mn pride 1s, 1t could not persuade me to go to the
expense of six guineas a year >
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much as 1t stood ( Lancet, 1940, 1, 349). I have thiee reasons for
mcluding 1t here :—

First, the method (which discaids classic mst uments) was
welcomed as simple and bloodless by René Leriche, who for many
years has occupied a place m surgery one thinks of as the gro“ing
point (Les Embolwes Pulmonaves, 1947, pp. 52, 53, Pans:
Masson et Cie).

Secondly, the exposuie 1s extensile m that its eaily stage affords
an extrapleural access to upper thoracic gangha, both sympathete
and sensory (p. 147).

Thirdly, pre-operative practice of its techmique can provide
surgical teams with the finest test I know of smooth unhurred
speed.!

It has, of course, long been obvious that many hves might be
saved by the orgamsation of hospitals m respect of embol;
O’Shaughnessy found that those unoigamised were lucky if they
could claiam a single success. But m these islands how man)
have ever installed the warning bells that twenty years ago were
1iung 1 Sweden ? If bells rang here, how many competently
practised * residents ’ would they alert ? How often would these
find thewr patients or therr mstruments prepared ? Success, at
best, will be nfrequent, yet now, when hearts are tiumps i
smgery, “ live and let die ” 1s a poor motto for ‘1esidents with
decent sporting mstincts. But mstinct without guidance would
be disastious, and guidance in this matter 1s lamentably overdue.

In eight months (1939-40) I peiformed pulmonary embo-
lectomy on three patients, and, though none was saved, a procedure
has taken shape from these attempts which serves at least to mect
some of my own difficulties.

FIRST OPERATION

The fust operation, except for one detail, followed tmdlthl;
Four inches of second left 11b and cartilage were 1esected througl
a T-shaped masion; and, after the medial edge of the p]cura(r
sac had been displaced outwards by gauze dissection, an opemia
was made 1n the pericardium. The special hooked sound ’r.hcl:
looped a rubber tube thiough the tunnel of the transvers¢ q]ml;
behind the aoita and pulmonaiy aitery With both vessels t'"d
contiolled, 1 opened the blue and bulging pulmonary trunh an

Pin 193940 1 was cveeptionally prvilcged i housemen Barler, from ']'umn!“'

rurft
Iithmori, trom Indin (vin Barts) Dunlop of Melbourne, Harty from Dubln e 7
f rambndie Yeates, from Sydney
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drew out a long clot Iike a tapeworm folded lengthwise, usmg 1",he
bulky forceps supplied for this purpose. The lips of the opening
in the artery were held with small hemostats. Cardiac movement
ceased as the patient reached the theatre, only returning after
fifteen mmutes—a tardy vesponse-to the combination of two
restorative measures, injection of the left awicle with adrenahne
and compression of the heart at systolic intervals between a hand
inside the chest and one passed under the diaphragm by laparo-
tomy. Meanwhile artificial respiration with carbon dioxide and
oxygen was mamtained by the anwmsthetist. A pulse presently
beat at the wrist and was felt for an hour ; for this hour, too, the
dulled eyes became hiving and bright; then the patient died—
apparently a second time.

It 1s worth note that, once the clot was out, crossing the
hemostats on the hips of the pulmonary opening checked bleeding
from tlus source and gave leisure to close the vessel. No use,
therefore, was made of the special clamp designed in the orginal
technique to seal the opening between 1emovals of clot and during
final suture.

Slight delays m passing the hooked sound thiough the transverse
smus and fastening on 1ts 1ubber tube led me to relinquish their use.

There are two sources of delay: (1) Even with practice 1t 1s
not always easy to deliver the end of the retrieving sound and make
fast the rubber tube; the end will sometimes hide behind the
sternal edge o1 engage pericardium. (2) In haste one may screw
the bayonet catch of the tube mto the sound while—wrongly—
holding the rubber tube itself ; the catch snaps out when the tube
untwists. This has happened to at least three other surgeons
(Nystrom, 1930). The vessels, too, have been wounded by the
sound or mjured by the tube; even the rght auricle has been
opened. Lake (1927) used lis finges for hookmg up the vessels
when no sound was available.

It was just as easy to pass a finger through the smus mn cadavers
and then hook up and handle aorta and pulmonary artery. Thus
I came to question the need of occluding both these main trunks,
for I could hold at pleasure the pulmonary with finger and thumb
and free the aorta. But tradition blinds; and forceful use of the
transverse smus—with fingers now mstead of tube—still seemed
the way to gain control of the pulmonary tiunk.

It 15 well, however, to know how to find the transverse smus,
n order to tell pulmonary trunk from aorta, and, espectally to
steady the trunk. More than once the wrong vessel has been
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opened, for the aorta may be pulled m front of the pulmonary
by the tube or, because of sclerosis, be mistaken for pulmonar
filled with clot; the aorta can even be hooked up separately by
anyone really determined. But books still fail to guide the tsro.
I have found each of the following methods useful m locating the
sinus . (1) The right index finger, shd vertically imnside the pen-
cardium opposite the second rib and kept in contact with the hnmg
of the left wall of the sac, crosses over the left auricular appendny
and goes straight into the smus; (2) outwaid retraction of the
left wall of the pericardium brings to view the blunt, free tip of
the appendix ; a finger enters the sinus a little behind and medial
to this landmark. The pulmonary arterv is the trunk next the
left end of the sinus.

SECOND OPERATION

My second operation was peiformed shortly after the fist
This time the patient’s heart was beating when the chest was
opened, but 1t stopped at once when I passed a finger mto the
sinus and hooked up the two gieat vessels. I immediately let
shp the aorta and kept hold of the pulmonary trunk Emboli
had already reached 1ts smaller branches: and, though mo
were 1emoved in the way described presently, the outlook fol the
patient—even from the standpomt of pulmonary embolectomy—
could only be desperate. This time I discarded the special clot-
forceps that seemed so large n the pievious case and used
an aspirator instead. Attached to it was a cannula curved to the
shape of a favourite dissecting scissors, which happened. when
introduced from the mam trunk m cadavers. to enter. ke sword
mnto sheath, branches arsing from the right and left pulmona’
arteries,

I had found, thiough the comtesy of the late T. H. Belt. thnlf
with this cannula the asphiator. m dead Jungs. yemoved emboll
from small bianches and m mv second case was able to extract ©
I have said, most of the peripheral clot But the 1cal virtue of the
aspirator—at least as vet—is not m the<e perlpheml extractions -
at present 1t seems impossible to save a patient who has been
gradually overcome by clots that 1each 1emoter bmncht‘-l
Advantage lies 1n the cannula entering a small and easily controlle
mcison m the mamn tiunk and then cleaving at once by <uch«m!0
adjacent clot. which may either shck in 1ts mouth and thu:"';‘
drawn out o1 elwe pass on thiough the lumen Nystiom (1930)



REMOVING PULMONARY EMBOLI 139

has long used aspiiation for removing pulmonary en}boli‘ and cites
Trendelenburg as using it many years before him in anumal
experiments. ‘

An unexpected souice of delay in this case was the peculiar
depth and density of the propericardial tissue—nch. perhaps, m
thymic remains—which appeared on retracting the pleura. After
dividing this tissue I lost time through mistaking the smooth face
of pericardrum for the exposed wall of a great vessel. I had till
then not learnt to rely on the likeness of pericardial wall to thm
dural membrane as sure guidance for opening the sac.

THIRD OPERATION

The third patient—like the second—was alive in the early part
of the operation. though obviously dymg. The heart stopped
mmmediately after the pericardium was incised,

Professor B. O. Pribram (a refugee i 1940, but formerly
Piofessor of Suigery mn Berlin) told me that he too, on opening
the pericardium, had seen the heart stop and require massage to
1estore its beat. Others have stopped it, as I did in my second
case, by hookmg up aorta and pulmonary artery. It would be
well to know how these stimuli act. and meanwhile, perhaps, to
atiopinise the patient thoroughly before operation.

This time I did not hook up or disturb the aorta; it was,
however, easy to grasp and control the pulmonary artery separately
between finger and thumb while I made a short opemng in its
wall. The lips of this opening weie caught with delicate
hamostats, and the cannula after a moment’s check found the
way in (Fig. 89, a, B, and ¢). There were no clots in the main trunk,
but several were sucked fiom right and left branches and quickly
1eached the flask of the aspwator. I thought afterwards how
useful a manual control would have been with which I could
interrupt aspnation myself and then redirect the cannula while
cuculation continued round it.

It 1s by no means difficult to stop hemorrhage from the
pulmonary artery where piessure averages a fifth of that of
systemie trunks and through sympathetic influence may nse
during systole to perhaps 50 to 60 mm. Hg. Mr R. Shackman
and I have found by experiment on fresh post-mortem materal
that the crossing of two hemostats placed on the hips of the small
opening by which the cannula enters prevents leakage (Fig. 89,
B and c), even 1if pressure withmn the vessel 15 equal to the
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maximum found m noimal hife. At the low pressuwies, therefore,
that go with pulmonary embolus 115k of hemorthage 1s small
mdeed. None the less. however. m operating on our patient we
took care to 1emforce closure by pressing the hips of the opening
with finger and thumb agamst the wall of the cannula (Fig 89. c).

A DRAFT OF TECHNIQUE

The following provisional scheme, based on my thiee operations,
will serve for epitome.

1. Skin preparation.—As soon as operation 1s even considered.

The ncision

its sternal hmb allows the wide exposure of thoracic
skeleton from which alone the ‘working-depth’ s
reckoned

prepare the whole front of the chest and upper part of the
abdomen.

2. Local anssthesia.—If likehhood of operation increases,
wfiltrate a triangle whose base on the left edge of the sternum
measures a liberal span from the sternoclavicular joint, and whose
apex lies a span out along the second left rib. The epigastrium,
too, should be mjected in view of caidiac massage. (My second
and third operations were performed under local anzmsthesia.)

3. Incision is T-shaped (Fig. 90); 1t cuts down on 7 . of
sternal border and on 7 mn. of second rib and cartilage. (Begmners
—for fear of openmg pleura—should by no means follow the expert
who cuts between mbs.) The flaps of skin and pectoral muscle
are then turned back fiom the costal plane widely enough to let
the operator proceed unhampered from this new surface and so
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reduce the working depth of the wound. It is prudent to open
the epigastrium at this stage.

4. Resecting the second left rib and cartilage.—After superfieial

Fig 91
Above—Five discarded instruments, originally used for pulmonary embolectomy
a The rubber tourniquet for controlling the ascending aorta and pulmonary "u|nkinus
b The sound for withdrawing the tourniquet through the transverse pcricardi:o;ucdon of
¢ Theforceps for keeping the opening in the pulmonary trunk patent during int
d the massive forceps for removing the embolus ,
e Forceps for controlling the opening in the pulmonary trunk during suture

hnique
Below—The polythene 8 in cannula, with stop-cock, for aspirating clot in the tec
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cleavage to any common raspatory that is shghtly curved on the
flat near its edge. Divide the sternal end of the cartilage and use
it for drawing the rib gently away from the pleura while the
curved raspatory helps a finger to finish the extiapemosteal
separation. Resect at least 6 in. of nb-plus-cartilage—a wide
removal which gives the great advantage of obhque access.

5. Exposure of the pericardium.—With the pulp of the finger
draw the edge of the left pleural sac outwards. To do this without

T e — —

o e o e,

Fig 92

opening the pleura choose a spot at the lower border of the first
costal cartilage and work a finger i gently under the mammary
vessels, then under the manubrium. Aum the finger so as to reach
the middle point of the manubrmm, and. when that point is
reached, but not till then, flex the finger and begm to mobilise
and retract the pleural edge; for there the left sac leaves 1its
fellow and goes to 1ts own apex (Fig. 92). Tlus 1s only another
use of the old trick of tracing planes of cleavage from the place
where structures part, and after learning to apply it here I never
opened the pleura once in all the material put so generously at
my disposal by Professor J. H. Dible; nor was it opened m any
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of my thiee patients.! A very httle care leaves the mternal
mammary vessels unharmed and close to the sternum. The gan
left by the wide resection of rib allows the apex of the lung to be
mobilised and then flattened m a posterior direction within the
sac of the pleura, a flatteming which liberates the side of the
pericardial cone and so gives better access to the pulmonary
trunk, which slopes backwards. Withdrawing the pleura reveals
a variable thickness of propericardial fat, which is sometime,
pmk and feebly vascular; pick this up in forceps and divulse it
boldly with blunt-nosed scissors down to the smooth, unmistakable
face of pericardium.

6. Opening the pericardium.—Catch this membrane near the
sternal edge with a fine-toothed forceps; open 1t longitudmally
for at least 3 in. with the same scissors and expose the conus
arteriosus of the right ventricle in company with the pulmonary
trunk and ascending aorta.

7. Catchmg and opening the pulmonary trunk.—Shde the tip
of the night mndex into the transverse sinus (see the description
of the first operation) and locate and steady, but do not hook up,
the pulmonary trunk (Fig. 89, a). The assistant, standing on the
right of the patient, then catches the mddle part of. the trunk
with a fine-toothed forceps held in his left hand, making a Sf}"‘"
transverse fold in 1ts anteror wall (Fig. 89, a). The surgeon with-
draws hs right finger from the smus and occludes the stem of the
pulmonary trunk between left thumb and index close to the henrf
To prevent the forceps from tearmng a friable trunk the sur.gcon;
finge1 must be replaced in the sinus by that of a second assxctmll \
who thus rehieves strain by supporting the vessel. Scissors 10 t l‘f
surgeon’s right hand now cut longitudinally mto the ﬂrfq?}“)
through the small transverse fold held by the first assistant. lw
opening m the vessel should be just large enough for the caH]“U .
The scissors are then put down and the cannula 1s prekec t“r!;;
The first assistant, using his right hand, meanwhile grasps 1t um
each lip of the opemng with a delicate hremostat, taking care "
keep hi< original hold of the vessel with the toothed forccp; N
the second hemostat is on (Iig. 89, A and B). (I used Duniv ;
goitre hamostats for this purpose and found them cxcclleni-)l "
1~ worth noting that some penicardia contam oily flmd ‘;l]fﬂr
makes the pulmonary trunk slippery ; it mught thus be we
the surgeon to wear cotton gloves over 1ubber ones.

e som¢ ittt = 10 wik

P oband tiie aormal body, on the other hand, the two pleural sacs 8
Pt e cparation thore s done at groeat disadvantage
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8. Passage of the cannula, hsemostasis, and removal of clot.—
The surgeon, still occluding the lumen, passes the cannula through
the opening. The first assistant then forestalls hemorrhage by
gently crossing the hmmostats over the cannula (Fig. 89, c).
This contiol of the opeming 1s the cue for the surgeon to release his
grasp of the lumen; he now uses his l¢ft thumb and index and
presses mstead the wall of the vessel against the cannula to fix the
opening and keep 1t shut when the cannula moves from branch to
branch (Fig. 89, c). A tap controls suction (Fig. 91). Small
clots go clean through the cannula : the large stick in the nozzle
and can then be drawn out. By this method, therefore—with
fingers and aspirator in place of tourmquet and clot-forceps—the
lumen of the pulmonary trunk 1s only closed during the very few
seconds required for openmmng the wall and passing the cannula 1n.
Aspiration 1s stopped while the cannula moves from branch to
branch, so that blood may cuculate past 1it. (The directions of
the main branches of the artery—the left almost perpendicular to
the table, the right nearly horzontal—must be remembered.)
There s at no tvme interference with the aorta ; mdeed, the hooking
up of this trunk seems in retrospect an unnecessary act of
violence.

9. Closing the incised trunk.—After removing the cannula,
keep the hemostats crossed at the lips of the opeming and close
the trunk with mattress sutures. Then close the pericardium and
chest wall.

I would stress here the need of trammg oneself and others for
embolectomy on fresh unhardened cadavers; formaln stiffens
and withdraws parts otherwise supple and easily reached, while
stale material tends to exaggerate difficulties due to friability. I
have had recently to demonstrate the operation on preserved
cadavers; m all but one of them the heart and great vessels
had withdrawn to the right and backwards. Even in that awkward
abnormal situation 1t was easy to gan separate control of the
pulmonary trunk—not mdeed as usual with left thumb and mdex
but between the two index fingers of an assistant standmg on the
nght side of the subject. Approach mn a difficult case of this sort,
Ol 1n any case, 1s greatly helped by tilting the chest with a pillow
under the left scapula. The surgeon will then appreciate m full
the value of oblique access given by a 1eally wide resection of the
second costal arch.
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SUMMARY

Attention is called to ceitain points in the operation far
removing pulmonary clot.

Flaps are reflected widely enough to reduce * working " depth
by making a new surface at the level of the 11bs. The epigastrium
is opened early for posstble cardiac massage. YWide resection of
the second left 1b gives oblique access to the pulmonary trunk.
for through the large gap the lung apex can be mobihsed and
flattened backwards within 1ts pleural sac. These parts are ween
best when a pillow 1s put under the left scapula of the patient
The likeness to thin dura of pericardial wall helps the surgeon to
find 1t through any thickness of propericardial fat.

Two methods of finding the transveise smus are described.
No sound o1 tourniquet 1s passed through 1t, the smus is used
merely wn locatmg and steadying the pulmonary trunk. The norta
15 left undisturbed. The pulmonary trunk 1s separately controlled
with the fingers; 1t 1s mof hooked up. An aspirating cannula.
properly curved, 1s used mnstead of forceps for removing clot.
The cannula requires only a short opening in the pulmonary trumh.
and, when 1t enters the lumen, heemostasis can be secured at once
The time during which fingers occlude the lumen of the frunh
thus reduced to the few seconds spent in makmg the opening and
passing 1n the cannula Bleeding from the pulmonary trunk after
the mtroduction of the cannula 1s prevented by ciossing the twe
hemostats which have caught the hips of the opemmng m 1ts wall:
thas opening is further sealed by pressing it against the cannula
A tap stops aspiration so that circulation may p oceed while the
cannula 1< reditected from branch to bianch.
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ANTERIOR EXTRAPLEURAL ACCESS TO UPPER
THORACIC GANGLIA, SYMPATHETIC AND SPINAL !

Years ago, during a former appomtment at the Royal College of
Surgeons in Ireland, one of us came upon a dorsal route—procured
by costotransversectomy—for dealing with the upper part of the
thoracic sympathetic chain (1922). Before that date, in Continental
surgery, and later here (though not i the United States, where
Adson gave the Dubln method currency mn 1928), emphasis
lay most on a cervical path for entermg the chest by way
of the thoracic inlet. From 1934, however, the dorsal route—
adapted then for sectioning preganglionic fibres—acquired new
prestige.

A choice of means uncramps the mould of surgical procedure,
and so we venture to describe a third approach.

In 1942 a Service class held at the Brntish Postgraduate
Medical School was shown how a cannula could aspirate a pul-
monary embolus without the added use of clamp. o1 tourniquet,
or anything but fingers. scissors, and mosquto forceps. And,
afterwards an officer, who hurried out and left no name, drew
our attention to a windfall we had missed—the reach of
sympathetic chain accessible on drawing down the pleural dome
through the large gap produced by wide removal of a second rib
and cartilage.

Division of this second cartilage beside the sternum 1s easily
performed without maeising plewia - the sac 1s buffered off the
cartilage by internal mammary vessels which run within a streak
of fat, and often by a portion of the sternocostal muscle. So,
when the kmfe has freed both borders of the cartilage, a hittle-finger
tip and then a curved director find 100m to pass beneath it and
protect the pleural sac.

The hifted cartilage provides a handle for gently raising up the
1ib from the undamaged, close-adherent pleura, and safely clearmmg
1t fa1 1nto the axilla; there the rib 1s either cut away or, better,
cracked across for subsequent replacement.

The way of entry next the stetnum thus obtamed will let us
separate the pleural sacs; for these are parted best—Ilike other
structures—from levels where they naturally trend apart. The

'T P Garry and A K Henry, Irish Journal of Medical Science, October 1949, p 757
147
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index finger, therefoie, shding i until its na?l hes close behnd ihe
midpomt of manubrium (Fig. 93) will, when the finger tp i
flexed, engage the separation of the pleural domes (Henry, 1940
A little movement sideways soon makes room for entry of the
nuddle finger ; and presently the whole hand shppmg m can peel
the dome mtact from the thoracic mlet The dome. with the
included apex of the lung, 1s drawn easily towaids the daphragm.
and so leaves baie (excepting for a Iimng of translucent faicn)

- a—

o ey > e

Fig 93

L)

the mner face of the thoracic cage. The <y mpathetic "’“’i’i’
15 often obvious at once; 1ts upper gangha—all but the stella :
which hes across the costal neck—lie on the heads of corresponding
ubs. and can be dealt with as desired. from stellate dov l‘;
fourth thoracic. Behind the cham he mtercostal merves i
vessels e

The present-day objective.—Rescction of some mches © t
third and <econd of these nerves with rami grey and “h‘l‘;‘
incliding, too. the hinder primaiy divisions. and, finalh. 8 "“4
machnod ~echion of their roofs, both sensorv and motor-~{he
steps to-dan afford o favowred means for burhing {he regr¥
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of upper-hmb preganglionic fibies that govein sweating aud
constiict the vessels (White and Smithwick, 1942).1 i

STELLATE GANGLION
gth CERVICAL NERVE

LOWEST TRUNK OF PLEXUS

- 1st INTERCOSTAL NERVE
g (ADHERING TO RIB 1)

. o 15t POSTERIOR
AT s ‘ INTERCOSTAL
/ e

{
4 . KUNTZ NERVE
) H

RIB B

RIB B

RIB IV

SUPR COSTOTRANSVERSE
LIGAMENT

SUP INTERCOSTAL
VEIN

Fig 95

1
D»agqm of parts seen in the transthoracic extrapleural approach to upper thoratic zl"l&t
Kuntz's nerve has its common relation to the anterior primary ramus of Th 1, jolning
ramus close to where the first intercostal nerve separates (M Stranc)

We find 1t easier to trace and clear and 1esect nerves Th. 2 and
Th. 3 (together with the chain) through the anteno route fhan
through the dor<al path obtained by costotransversectomy the
prospect from i front is very wide indeed. The ntersertebrd
foramma are readily accessible between the heads of ribs, though

1 aa it
The « vathees ouwn acconnt of thar tedmque with eostatmnss epectantt Mgkt !

X
ot b Ld it were posaible to drop the part concormed wath ol 7 e en
fmdele t o mctimes be most difhcnlt, though casy fmmom front
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each is covered and concealed. Except in the obese. the trunks of
intercostal vems and artertes (which pass behind the cham) are
plamly visible (Figs. 94 and 95).

ANATOMICAL CONSIDERATIONS

Finding the second rib in the chest.—It is, unfortunately. easy,
as was stressed m the former Dublin method, to miscount ribs
when working from the back ; the natural kyphosis of the upper
dorsal vertebrze brings first and second nbs confusingly together.
The same is true when working from within the chest—a fact
which matters m determining the number of a sympathetic
ganghon or of an intercostal space beside the spine. We find 1t
can be curiously baffling to try to follow back the second rib fiom
where it has been cut i the axilla: the finger slips unwittingly
along the third.

Within the chest the sharp front edge of the first rib (though
out of sight) 1s clearly felt two fingerbreadths lateral to the vertebral
bodies, and is, of course, the spot from which to find the second.
Pass 1in the hand, therefore, palm up, left on left side, right on
right, with the mdex touching the vertebral bodies. The middle
finger goes through the thoracic inlet, and is made to bulge the
tissues of the neck above the clavicle, a sign that it certainly hes
above the first rib. Then travellng down and back mto the
chest the nmddle finger nail slides over the sharp edge of the first
b, and—after moving only through the thickness of the finger tip
~—strikes the second rib, below and behind the first. It is easy to
pass an instrument along the palm and mark the second nb for
recognition by means of dye or a clip.

Foraminal coverings.—A handbreadth from the bodies of the
vertebra each mtercostal nerve is screened by tense translucent
fascia, and, followed centrally, is lost to view (together with the
vessels); for fat accumulates between the costal heads behind
the fascia, and there occludes and hides each intervertebral
foramen.

Considered from the surgeon’s point of view, this cellophane
or onion-skin-ikke membrane forms a single barrier, but one of
us (T. P. G.) has found the *skin’ is 1eally double, consisting of
two demonstrable coats: (1) An inner fascia called tll lately
endothoracic, whach, though the name has dropped from books,
continues still to lne the chest after we strip the wall of pleura.
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This layer where it lies on the 11bs is loosely jomed, but noimally
not fused, with periosteum. (2) The second * skin,” which partly
coats the outer surface of the first, invests the flattened endocostal
bellies (sternocostalis alias trangularns sterni, subcostales., mter-
costales mntinm) ; and fusing where it touches periosteum. spreads
m and out befween each pair of ribs, across the mtervals that part
these scattered groups of muscle. This outer patchy “shn’
might well be called the ntracostal fascia.

Ligaments.—Two sets of these are ielevant. The firdt, the
superior costotransverse, is formed of thumbwide bands that he
a thumbwidth lateral to vertebral bodies - one m each mtercostal
space unites the nuchal crest belonging to the lower rib with the
preceding transverse process next above (Fig. 95). Bach slopes
just lateral to and partly screens the stout posterior primary 1amus:
it also hes behind the anterior ramus, which is, of comse. the
intercostal nerve. The ligament affords a useful base for scisors
to divide the hinder ramus (p. 158).

The second ligament, remarked by one of us (T. P. G.), 1s small
mconstant, and. so far as we can find, unnamed. It matters. for.
when present, it lies in front of, and blocks our access to, the ver
<hoit thoracic trunk formed by the union of motor and sensor)
nerve roots (p. 158). We shall therefore hberate the obvious
trunk and use it plus 1ts anterior ramus as a handle for gettmg
control of the far less obvious roots. N

The second and third thoracic nerve roots.—The roots of Th.=
and Th. 3, if measured fiom then lghest levels of a’(tnchmeu't
to the cord, begin about two fingerbreadths or. more exactly,
33 and 38 mm. above the pomts where they escape {rom mier:
vertebial foranmma (Soulié). These segments of the cqrd ]ea\'cdnﬂ
more room 1n the canal they occupy than that which lies around 8
httle fingertip encircled by a doreal vertebra, and m that hn}{
«pace the roots are almost vertical to any transverse section ©
the cord. Then, <uddenly. on leaving the canal at 2 fommm‘t:
the 100ts tuin thiough a full right angle (Thg. 96), Both fn(;
are useful to the swgeon. For. firstly. since these roots cont eigr
downward, towaids the point of enit. ther sensory nn:l moto
patis—which on the cord are separated only by about o "‘"3‘;;
come clowe enough together to be cut “in one’ as they ('H‘(}r‘:\
from each foramen.  And, <ccondlv. the sudden hend as ilt't
emerge protects the cord from mimor operabive pulls whose brun
will full instead on the foramen’s mouth. - il

Voot andfall (1956). photographed as Fg. Ut hears ¢
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ow draft of 1949 (Fig. 96). This draft was put forward in lieu of
ocular proof of the supposed true lie of upper dorsal roots. Ve
had inferred this layout from tables of nerve-root length (due
separately to Soulié and to Hovelacque), considered with our
measurements of cord and dural-sheath diameters.

2 Y

(L
1

G+ {”uit//n(oy,,ﬂdw I///'///

Madiade 1520 o P S F FHTTT IS 224

Fig 96

The second thoracic segment

This draft of the lie of roots of Th 2 was inferred (1949) (o) from their
average intradural length at this level—33 mm or two fingerbreadths ,
(b) from estimates of cord and dural-sheath diameters (Compare the
actual specimen in the next figure )

Note how the spinal ganghon at upper thoracic levels 1s not framed by the

foramen but lies outside on a sill formed by articular processes where

T P Garry’s 'jolt’ test detects it in the dead and in the living subject
(Professor P Fitzgerald)

Comparmng that draft (Fig. 96) with the actual specimen, one
sees in both the surprismg—almost vertical—drop of an upper
dorsal root, so very hke the more famihar lumbosacral dechvities.

In the draft figure (Fig 96) the ntradural 100t length was made
to equal Soulié’s mean of 33 mm.—an average length of two
fingerbreadths. In the actual specimen photographed m Fig 97,
the root length of Th. 2 was considerably longer (44 mm. on the
nght side ; 46-5 mm. on the left side), which proves our inference
to be an understatement.

Two months later, however, another spectmen was found
with Th. 2 root lengths of 35 mm (right) and 37 mm. (left), which
gave a close agreement of mference and fact.

Thus 1t would seem that the splayed-out courses of upper
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This layer where 1t lies on the ribs 15 loosely jomed, but normally
not fused, with periosteum. (2) The second * skin,” which partly
coats the outer surface of the first, imnvests the flattened endocostal
bellies (sternocostalis alias trangularis sterni, subcostales, mter-
costales mntmui) ; and fusing where 1t touches periosteum, spreads
i and out between each pair of ribs, acioss the intervals that part
these scattered groups of muscle. This outer patchy skin’
mght well be called the ntracostal fascia.

Ligaments.—Two sets of these aie relevant. The first, the
superior costotransverse, 1s formed of thumbwide bands that he
a thumbwidth lateral to vertebral bodies - one mn each ntercostal
space unites the nuchal crest belonging to the lower rib with the
preceding transverse process next above (Fig 95) Each slopes
just lateral to and partly screens the stout posterior primary ramus ;
1t also lies beland the anterior ramus, which 1s, of course, the
mtercostal nerve. The higament affords a useful base for scissors
to divide the hinder ramus (p. 158).

The second hgament, remarked by one of us (T. P G.),1s small,
nconstant, and, so far as we can find, unnamed. It matters, for,
when present, 1t hies m front of, and blocks our access 10, the very
<hort thoracic trunk formed by the union of motor and sensory
nerve roots (p. 158). We shall therefore liberate the obvious
trunk and use 1t plus 1ts anterior ramus as a handle for gettng
control of the far less obvious roots.

The second and third thoracic nerve roots.—The roots of Th. 2
and Th. 3, if measured from therr highest levels of attachment
to the cord, begmn about two fingerbreadths or, more exactlyi
33 and 88 mm above the points where they escape from 1nter
vertebral foramma (Soulé) These segments of the cord leavedﬂg
more room 1n the canal they occupy than that which hes arom}:m
little fingertip encircled by a dorsal vertebia, and m that th
space the roots are almost vertical to any transveise section ©
the cord Then, suddenly, on leaving the canal at & foralfﬂeltl;
the 100ts turn thiough a full nght angle (Fig. 96). Both arc .
are useful to the smgeon For, firstly, smce these 100ts conve,[{(;)r
downwaid, towards the pomt of exit, themr sensory and mo/
parts—which on the cord are sepaiated only by about 5 mn;;gc
come close enough together to be cut 1m one’ as they emﬂ\e'
fiom each foramen. And, secondly, the sudden bend ﬂS] un)t
emerge protects the cord from mmor operative pulls whose VT
will {all m<tead on the foramen’s mouth. N  oul

A recent windfall (1956), photoglaphed as Fig. 97, bears
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be lifted forward (with thew roots mtact) and felf by pressing
them agamst a 11b head. ‘

In case experience should clinch the usefulness of <pinal-root
division. there follows a techmque for i< peiformance fiom the
front.

SECTION FROM IN FRONT OF SENSORY AND MOTOR ROOTS

A special mstrument.—Apart from means of hightng up the
field, the only special tool that helps in the performance of the
operation 1s a very long-handled pair of Bozeman's gvnwecological
sassors. which one of us (T. P. G.) discovered 1usting in a junk
shop on the Dublm quavs These <cissors (Fig. 99) have two

Fig 99

Bozeman’s 10-in scissors, invaluable for dividing anterior and
posterior nerve roots

useful curves: then 10 m shaft 15 (hike a mfle) eranked near the
grip ; the nose 15 oppositelv bent (and shghtly twisted) on the
flat  So. when the user sights along the <haft. he has unbioken
view of what he wants to cut.

The sympathetic chain.—The cham where we divide 1t lies in
fiont of intercostal nerves and vessels , therefore divide 1t first.
Cut 1t below the thud thoracic ganghon, counting the fust as
portion of the stellate. Displace the upper segment of the chamn
towards the patient’s head. dividing 1ami commumcantes and
medial branches This gives access to the site of intervertebial
foramina  (The surgeon deals with the divided chan as he prefers
—resecting it below the stellate, encacng 1t in sk, displacing 1t
to dorsal muscle, or blocking 1t with alcohol mjected neat or laced
with phenol.)

Rami, roots, and gangha of Th 2 and Th. 3.—Divide each
anterior ramus alias mtercostal nerve 2 . lateral to bodies of the
vertebre, and take it as a guide. Lift the cut central end and
trace 1t medially (Use clips and then divide the vessels where
they screen the hited nerve.) A thumbwidth from the vertebrze
the nerve 1s tethered by its dorsal 1amus which lies beside the
mmner edge of the superion costotransverse hgament. and travels
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2nd CERVICAL

DENTICULATE
LIGAMENT

T

\ i

5th \
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= Tch CERVICAL

[—8cth CERVICAL
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2nd THORACIC

- 3rd THORACIC
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Fig 98
The upper spnal nerve roots (after Hovelacque)

The wide abduction of th of the
e roots in this figure Is required to demonstrate three
different types of rootlet distinguished by Hovgelvaug_L?ppe,- cervical, lower cervical, thor¢/e

Current illustrations 1n other hands are misieading and often fail in four respects (1);h:’;

do not distinguish variet e
y in upper spinal roots , (2) they greatly shorten thelr int
fength , (3) they change an almost vertical trend belo(w) c7 t);g franl{ outward slope . (4) €Y
fail to mould the rootlets to the cord
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be lifted forward (with thewr roots mtact) and felt by pressing
them agamnst a 11b head

In case experience should clinch the usefulness of <pnal-100t
division. thete follows a techmque for 1ts performance fiom the
front

SECTION FROM IN FRONT OF SENSORY AND MOTOR ROOTS

A special mstrument.—Apait from means ot hghtmg up the
field, the only special tool that helps in the performance of the
operation 1s a very long-handled pan of Bozeman’s gynacological
scissots, which one of us (T. P. G ) discovered rusting m a junk
shop on the Dubln quays. These <cisso1~ (Fig 99) have two

Fig 99

Bozeman’s 10-in saissors, invaluable for dividing anterior and
posterior nerve roots

useful cmmves  then 10 m. shaft 1v (hke a ufle) cianked near the
grip , the nose 15 oppositely bent (and <hghtly twisted) on the
flat  So. when the user sights along the shaft. he has unbioken
view of what he wants to cut

The sympathetic chain.—The chamn where we divide it lies 1n
fiont of mtercostal neives and vessels, therefore divade 1t first.
Cut 1t below the thnd thoiacic ganghon. counting the fiist as
portion of the stellate. Displace the upper segment of the chain
towards the patient’s head. dividing 1am commumnicantes and
medial branches This gives access to the site of intervertebial
foramma  (The suigeon deals with the divided chain as he piefers
—resecting 1t below the stellate, encasing 1t in silk, displacing it
to dorsal muscle, or blocking 1t with alcohol injected neat or laced
with phenol.)

Rami, roots, and gangha of Th 2 and Th. 8.—Divide each
anterol 1amus ahas intercostal nerve 2 1n. lateral to bodies of the
vertebiee, and take 1t as a gmde. Lift the cut central end and
trace 1t medially. (Use chps and then divide the vessels where
they screen the lifted nerve.) A thumbwidth fiom the vertebi=
the nerve 15 tethered by its dorsal 1amus which hes beside the
inner edge of the supeiior costotransverse ligament, and tiavels
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with a dorsal vem and artery. The ramus and the vessels sh
be therefore * clipped ’ en masse before we cut them

Dividing the dorsal tether.—Its section is accomphshed
passmng the tip of the Bozeman scissors m along the mterc
space, letting 1ts convex aspect shde on the front of the sup
costotransverse hgament. (When cuthing through this te
take special caie the scissors’ tip does not mse forward off
lhgament and cut by accident the nerve #runk with the ran
Clip the tether as far back as possible. There will seldom be1
enough for two clips between which to cut, so do not hesita
cut the bundle in front of a single chp: bleeding from ce
ends of the divided vessels—if not already checked by chps
on the screen of major intercostal vems and arteres—at
becomes accessible by severing the doisal tether. Should
clip fail to close the dorsal vessels, division of the costotrans
hgament gives access to the bleeding pomt, which will re
towards the dorsal muscles The second ligament, m fiont o
thoracic trunk—if present—must be cut (p 152) The trunh
liberated leads us to the spinal nerve roots

Finding the spinal ganglion and dividing the nerve roots.—
closed tip of the scissors can now locate this ganglon, wha
both firm and mconspicuous: the metal shiding out ac10st
ganglion jolts on to bone, as if 1t had crossed a knot (T. .
The bone may be the foramen’s sill or the rib head, dependw
the direction given to the handle formed by the lLiberated t
and the divided mtercostal nerve And once 1t has been fe
shape will be descried ,

Next, with the ganglhon located on the dorsal 100t, :il\’ld‘
root just central to the ganglion, turming the scissois tip
veniently to cut through motor 100ts as well The p1esen
1ecurient vessels at each mtervertebral foramen makes 1t adv1
to catch the 100ts with clips before dividing them.

Drvision of the 100ts necessitates, of course, an openng 0
subarachnoid space, so spnal flud leaks; but Smrthwick
that this gives no occasion for concern. )

The method we describe already claims the signal privile
having been used mn Dublin by M1 (now Professor) P Fatzge
at 5t Vincent’s Ho«pital, in June 1948
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Two anatomical points are worth emphasis :—

1. The accessibiity of the upper thoiacic spinal gangha
which aie moie laterally placed than text-books
suggest and can thus be felt by Gairy’s ‘ jolt ~ test.

2. The mtiadural lie and length of upper spmnal roots are
qute unhke thenwr current portraits.
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SECTION 111
THE HYPOGASTRIC ROUTE

THE MIDLINE EXTRAPERITONEAL HYPOGASTRIC
ROUTE

This 10ute allows us to 1each and deal with various objectives
such as the following .—

The pelvic stage of both weters m 1elation to stone and
stricture.

Femoral hetma, single o1 bilateial.

The blood supply of the prostate and of other pelvic organ-.

The bladder pedicles 1n 1elation to cystectomy

Obturator-nerve trunks (for hilateral 1esection mn adductor
spasm).

Hip-jomnt nerves m a complete exposure from m front.

I shall not deal with bilateial exposure of the pelvic stage of
the ureter  stone and, in Egypt, strictme due to schistosomuasis
have made this a matter of routne.!

Use of the midline 10ute for femoial heima 15 sufficiently
estabhished. Retiopubic prostatectomy has 1ts own hteature
and the simple bilateral peloic 1esection of obturator-nerve unhe
for adductor spasm needs nothmg but mention m the pai agrapht
on complete exposure of hip-joint nerves (p. 171).

I <hall deal with only two objectives, each m 1elation to one
of the followmg procedures :—

1. Preluave vascular contiol m  extiapentoneal prosta

tectomy. )
2. Complete exposuie of Inp-jomt nerves by anter10
aceess

. artieuiar

But though the mudhne 1oute itself. aside from a pmhcul i

objective. has ~een long <eivice, some of 1t~ features il nee
notice.

’
oo B
"1l des b theee strrtures and therr trentment m the scetion ™ histosn
Lritv b Suepc of rtetiee, vol v, 1930
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INCISION : ¢RETZIUS’: CLOSURE

Skin meision and rectus separation.—Owmg to the shght
overlap (unpredictable as to side) that occurs below the navel
at the medial borders of the 1ect1, and owing also to the fact that
only there 1s linea alba actually linear, clean separation of the
1ect1 1s often missed ; incidentally, too, midline ncision 1n this
part usually opens both rectus sheaths. Separation, however,
1s easy to effect, since the recti—as at a traffic 1oundabout—pass’
the navel on opposite sides. If. then, we prolong the top of our
midline meiston to skirt the navel (Fig. 100), we can there expose

Lo
,r
’
S

Fig 100

For a clean and complete access to ‘Retzius” the
midline incision meets the pubic symphysis and goes to
skirt the navel

the wide umbilical paiting of the muscles, and follow down therwr
cleavage to the symphysis. And, if we requre maximal exposure
of the lateral pelvic hmbs of * Retzius,” rectus separation should
reach that level—leaving the jomnt unscotched.

The space of Retzus.—The mudhne hypogastric route allows
us to open and explore the pelvic part of the potential space of
Retzius  (The abdomanal pait goes up towairds the navel between
the two obliterated umbilical artertes.) The lax ge pelvic component
I» frequently and wrongly called *retropubic’ or * prevesical *—
naming the whole space from the smallest pait. Its full extent
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~ spreads far from the 2 m width of pubic bodies and the sharp how«
of the empty bladder, going obliquely back a further handbreadil
on erther side Here 1t separates the inferolateral vesical surfaces
from structures that are erther hightly held or firmly fixed to the
side walls of the true pelvis

The giound plan of the opened pelvic portion of the space 1.
therefore, like a massive U whose thick loop lies behind the
symphysis, while the somewhat splayed-out limbs spread back-
wards and embrace the sides of the bladder. These limbs end
posteriorly, to right and left, at a frontally disposed septum
This important structure carries the uieter from the pelvic wall
to the bladder in company with relevant vessels. In the male 1t
mcludes those vessels that supply the organs sandwiched by the
two layers of rectovesical fascia—the vesicles and vasa. Each
of these two 1solable septa forms, to right or left, a bladder pedicle.
and thus becomes a major key to radical cystectomy. (Through
the courtesy of Mr T. J. D. Lane, I had the privilege of demonstrat-
mng the potential value of these two pedicles m regard to that
operation before a distingwshed group of visiting British urologists
at the Meath Hospital, Dublin, in October 1947.)

The surgeon opening the space of Retzius by stupping
pelvic peritoneum exploits and magmfies the change prodqced
by a fillng bladder. For this reason, in the absence of previow:
mfection, the peritoneum hfts easily and, if gently handled
without heemorrhage.

Stripping pelvic perttoneum.—This, I find, 1 done best by
beginming anterolaterally, towards the side of the bladder rather
than straight in front

Adherent structures.—In the male four things 1elated to the
pelvic part of * Retzius ’ adhere normally to rawsed peritoneu™
m some at least of thewr extent : (1) the urachus; (2) the obliter-
ated umbilical artery i its distal, or front, portion; (3) the v
as 1t hies between the imternal ring and the back of the Cnll)t}(
bladder ; (4) the upper and major length of the pelvic stage ©
the uieter. :

Two of these structures will be seen o1 felt as cords crossina the
opened space : (a) the proximal and pervious part of the umblfh(}\“
artery—fiee of peritoneum—slopes up and mward either l“’"
the end of the undivided internal ihac trunk, or from the begmml"“
of 1ts anterior diviston. to reach the side of the bladder: () :I::
vas deferen~—stuck tightly to peritoneum—goes to 1eact o
bacl of the bladder at a Ingher level than the umbilical artert:



JUXTASYMPHYSEAL HERNIA 163

As perrtoneal strpping proceeds, the vas comes to lie at the
forward and concave edge of a peritoneal fold that forms a shelf
above the posterior imb of * Retzus.’

Rectus-sheath closure.—VVhen separation has been carried
1ght down to the pelvic symphysis, a precautionary stitch 1s
advisable ; otherwise a hernia may show at the upper edge of the
joint in a matter of weeks. For that reason I have found it well
to place a single mattress suture in the divided aponeurosis at this
level, bringing the two deep faces of sheath flatly together like the
palms of hands. The rest of the aponeurotic layer can be closed
with a *running mattress,” leaving a low ndge of sound union
palpable through skn.

JUXTASYMPHYSEAL HERNIA AFTER
MIDLINE INCISION

A neglected detail of anatomy perhaps explams the need for
placing the single mattress sutwre 1mmediately above the
symphysis. The lmea, a fingerbreadth below the navel, becomes
a strip whose thm edges look front and back ; its width (because
of shght rectus overlap) hes 1n a plane a trifle off the sagittal.
Towards thewr pubic ends the two thin edges of linea (anterior
and posterior) widen out, most often like river deltas (Fig. 101),
though sometimes the lunder edge may thicken and bifurcate.
hThne'se anterior and posterror widenings are known as the feet of

ea.

The two feet of linea alba.—The anteri0r (and lesser) widening,
or foot, shows a featureless tiiangular surface whose base gams
attachment to the anterior and upper border of the symphysis
and pubic crests. It lies concealed behind the superficial suspensory
genital hgament (the fundiform o1 shing) that 1s attached to linea
and joms on erther side with Scarpa’s fascia. (The deep suspensory
ligament springs from the symphysis and hnea.)

The widening of the posterior edge of linea goes to the corres-
ponding upper border of symphysis and pubic crests It 1s
unswitably called the admuniculum or prop of Iinea alba.
(Paturet’s * posterior foot,” 1n spite of tradition, 1s a better term,
yvhlch pairs well with its anterior fellow ) This hinder foot, or

admmcular ° widening, 1s sometimes sumple and mperforate
like the forefoot ; more often 1t either forks before reaching the
symphysis, or else 1s pierced at the centre of its trangular face.
ese openings, whether forked or perforate, transmit a cul-de-sac
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of thmned out tiansversalis fascia that goes a thumbwidtl
forward between the lower parts of the two recti and ends helid
the blank tuiangular face of the foiefoot. The sac 1 filled wtl

RIGHT
RECTUS
ABDOMINIS

FIBRES JOINING A
THE PECTINEAL LIGAMENT OF
ASTLEY COOPER

-~ Il 22" OPENING OF =t
=-2t"T-- ADMINICULAR 2 3
CUL-DESAC 7

Fig 101

The so-called prop (the admuniculum) of linea alba, seen

from behind The variety shown here has an opening that

leads into a fascial cul-de-sac, filled normally with fat—a

combination which, if unregarded, may favour juxta-

symphyseal hernia after a low nudhine section of the rectus

sheath (The adminicular opening 1s sometimes arched It
may be absent )

extrtaperitoneal fat supplied by a twig from the pubic hrane
of the mferior epigactiic aitery.

Thus. when the anteror end of the cul-de-suc 1 anmashed 0t
spltt by a muidline masion that 1eaches the cymphy<is and uf
thiough the fibrous bainer provided by the forefoot of lnea plis
porhons of the two suspencory llguménts. a path may opeh v
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the sort of herma wliuch calls for a deterrent juxtasymphyseal
‘ mattiess.’

I have seen three of these post-operative protrusions
mmmediately above the symphysis, small at first but soon
expanding.

PRELUSIVE VASCULAR LIGATION IN PROSTATECTOMY !

The wide access we obtam to the pelvic part of the space of
Retzius by the midhne route (p 161) suggests a means ol con-
trolling blood supply as a first step m extraperitoneal prostatectomy.

Control of blood supply at sowice, winch 1s the rule mn thyroid
1esection, 1s not a recogmsed procedure i dealng with the
prostate  Yet m open prostatic surgery the loss of blood will
often fall on persons unsuited by their age for o1dinary deprivations.

The blood supply of the prostate comes through branches that
spiing duectly or indirectly from the inteinal ihac artery, but we
cannot count much on dimumshing the artemal inflow to the
prostate (or indeed to any other pelvic organ) by tying that mam
tiunk . 1ts anastomoses with offsets that stem at pelvic level
from the external ihac, and in the thigh from profunda femors,
aie far too free.

We aie thus led to seek for vessels that reach the gland diwrectly,
and 1 particular the vessels named prostatic They, m presence
of moderate glandular enlaigement, may have calibres equal to
the average bore of radial arteries—a fact wlich on ordinary
grounds would seem to call for their hgation as a first step mn open
prostatectomy. I say “seem’ adwisedly, because countless
successful operations have been performed without thought for
any bleeding excepting that from ultimate prostatic twigs.

It would none the less be mteresting to know in what proportion
of these fortunate patients theie has been significant bleeding after
operation, and, more recently, to leain how many have recerved
post-operative blood transfusion

Supposing then that we should wish to imit the blood supply
of the prostate before operation as we do that of the thyroid, we
must first review the visceral branching of the internal 1hac artery
In relation to the space of Retzius.

! The work embodied here was completed m 1952 It was pubhished m the Irish Journal
of Medical Secrence, August 1954

I1
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VISCERAL BRANCHES OF THE INTERNAL ILIAC
ARTERY

The origmms of these branches vary so much that Power
(Thawté d Anatome Humawne, 1902, vol. n, fasc 2. p 8

RING ROUND
ANTERIOR
DIVISION INT
ILIAC A

VISCERAL
TRUNK

OBLITERATED 1"\ 4
UMBILI%AI';G.' )

PUBIC
TUBERCLE

MIDDLE RECTAL

ESICULO DEFERENTIAL
INF VESICAL
PROSTATIC

OBTURATOR

ABNORMAL
PENILE ARTERY

(One form of QUAIN S ACCESSORY PUDIC)

Fig 102

High ‘ terminal ’ forking of the anterior dwision of the internal il
into pudendal and inferior gluteal (alias sciatic) arteries

fac

abandons the attempt to give average accounts of how they “l’""g
flom parent stem<. Thus, to quote extreme cases, they mﬂl\l
arise (1) like tentacles. as a single bunch from the anterior hm
of the mternal 1hac trunk—as if their several stems were absorbt;(‘
al one place mto 1t (Fag. 102); or (2) they may spring “cl’“m:zh
alongats length (Fig 103). Between these extremes of concentrail
and disperaon there 15 a rich variety of pattern.
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ANTERIOR DIVISION
OF INTERNAL
ILIAC ARTERY
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NG ROUND = A
Rl zZ= //

(Y
~

-

L e e S e =rd

MIDDLE RECTAL
VESICULO-DEFERENTIAL
INF VESICAL

OBTURATOR PROSTATIC

Fig 103

Low ‘terminal ' forking of the anterior division of the internal iliac
into pudendal and inferior gluteal (alias sciatic) arteries

Pomier therefore begins his account by refusing to classify
origins of visceral branches, and describes them instead according
to their goals. He does this, for the male, as follows .—

1 Obliterated umbilical
Anterior or vesical glVH;%;;lzﬁenor
Visceral Branches of Inferior vesical
the Internal Thac <
A | et or gt { S

. Posteror or rectal— Mddle rectal
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Ou first object 1s to 1dentify these arteries so that we can tie
relevant vessels at pomts immediately prior to their distuibution,
It 1s also important to leave sufficient blood supply for the bladder
and prostatic bed, and to avoid damaging the penile mflow.

These requsites call for a rapid survey of mtemnal thue
branchings, whose pattern on the two sides of the pelvis 1s often
asymmetrical and sometimes widely different. There 15 ton &
further complication.

Intrapelvic penile arteries.—Poirier’s table has the ment of
showing the common distributive order of visceral hianches fiom
before back, but mterloping arteries may break m. These are
most often penile arteries that have an mtrapelvic course—an
artangement so frequent that Vesalus gave 1t as orthodox ' The
vessels may come fiom the obtwator or the mferor gluteal
(the old sciatic) artery ; but far more commonly the whole mam
stem of mteinal pudendal 1s as 1t were diverted from the 1sclorectal
fossa to course above levator am and 1each the pems thiough the
space of Retzius (Figs. 102 and 104).

In virtue of their goal all intrapelvic penle artenes before
emergmg from the pubic a1ch will closely precede prostatic bhranche-.
It 1s well, therefore, to keep hvely watch for this Vesahan bieach
with orthodoxy lest we tie the wrong artery

A survey on both sides of the pelvis will also prevent unwie
hgation of common stems Thus, 1f an mnfertor vesical artery gne
1se to the piostatic and to the vesiculodeferential vessels ]‘ti
closure may compiomise the blood supply to the prostatic )('tn
or to the bladder So, if we aire to have the chance of 1estmg
effects of tiansient occlusion, the patterns of origmn as well
those of distithution must be producible for prompt assessmenl. <

These considerations stress the need for some physieal m(‘mll
that will hterally and quickly find and brimg out the 1010\?;:0
pattern of mteinal 1hac branching. The want 15 met hy )
obliterated umbiheal artery which—used as a leash—can he mac
to serve hoth as clue and as tractor (Ing. 104) .

The arterial leash.—-The umbilical artery 15 a constant fentuiﬂ‘;
it vanies httle aside fiom the extent of its patency and the l‘l,lf]]t)l:t'
of 11~ vesical branches It springs from the extieme 8{1(! . o
mdernal slac frunk - Fortunately for our puiposc. this onglll‘ r'*'.“‘m
the leash attacluent to the precise spot where traction best brit £
out the pattarn of viscernl branching,  The leash then cr105+6> "
hirder part of the <pace of Relaus. going obliquely up- fornd

oo b at, p BOS) quotes Kenuse to thys o fleet
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and m, to the side of the bladder, where it clings to the vesical
wall, Iymng just below the flat upper face of the empty viscus.
Leaving the front of the bladder 1t agam ciosses * Retzus,” this

RING ROUND
ANTERIOR DIVISION
OF INTERNAL ILIAC

ARTERY

VISCERAL
TRUNK

SUP VESICAL
OBLITERATED

UMBILICAL
ARTERY

PUBIC TUBERCLE ."

"/‘/&

IDDLE RECTAL
VESICULO-DEFERENTIAL
ABNORMAL
PENILE ARTERY INF VESICAL
PROSTATIC

(One form of QUAIN'S ACCESSORY PUDIC)

Fig 104

The obliterated end of the umbilical artery freed from the pubis
and used as a tractor

This yields an ideal windfall , from it sprang the axial vessel which became the parent
stem of every artery that serves the hmb—and half its girdle Traction made thereon
elicits 1 particufar the visceral pattern of pelvic branching on the ipsilateral side

time through 1ts prevesical part, and reaches the pelvic wall m the
region of the pubic tubercle, from there 1t slopes up to the navel.

As a rule the vessel loses 1ts lumen while 1t lies on the side of
the bladder, and before the lumen shuts it gives off one, two, three,
o1 rarely four superior vesical arteries, 1t may, however, be
patent up to the navel.



170 EXTENSILE EXPOSURE

Most commonly we find the vessel first as a whitish band
flattened by contact with the pubis and raised with the peritoneum.
to which 1t sticks. If we separate this band towaids the pelvis,
we ate supplied with the tough handle of a leash whose decp end
15 attached to the source of wvisceral arteries. With it—if used
discreetly—we can draw their whole 1psilateral pattein sufficiently
away from the pelvic wall to let us recognmse and test constituent
vessels fiom stem to distribution.* This can be done hecause the
pattein 1s elastic and 1s fhanly pasted to the pelvic wall by a
translucent areolar covering fiom which we have already detached
the thick sheet of parietal peritoneum

Two precautions are essential  gentleness fust, for the pull
will pass from the fibrous handle of the leash to the softer patent
portion, and thence by way of the anterior limb of the internal
thac tiunk to the pattein of branches; secondly, the pull shou!d
be made 1 the antero-mesial direction mn order to reduce sfram
on the often dehicate superior vesical twigs that leave the
unobliterated reach of the artery

THE ARTERIAL SUPPLY OF THE PROSTATE

The prostatic artery comes from the anterior imb of the mteinal
thac trunk, though seldom directly. It shares moic often &
common stem with the inferior vesical, o1 with the nmddle rectal
and vesiculodeferential arteries. It may even sprng from the
patent part of the obliterated umbilical, bemng then merel) ;;"
enlaigement of one of the fine anastomotic twigs which normaii
link the two vessels These fine twigs are liable to yupture when
we open the space of Retzius, and therr value mn mmntmnm%‘;
residual supply to the prostatic bed must be u.ncertmn (“:.
n<k of confusing prostatic and mtiapelvic penile artercs
alieady been stre<sed ) . th

The vesiculodeferential artery generally arises mn common ‘t\luf
the prostatic and nuddle rectal. It passes between the two © nl P
Jayers of rectovesical fascia which enclose and sandwieh tlle
seminal veacles together with the ends of the ureters and :]lo
ends of vasa deferentia.  After branching widely to uppl :r
front of the veucle. the artery sends branches to the bmct (f‘f(
postero-inferior a peet) of the bladder. and so to the pro} i]n"
bed  The defer ntial artery 15 given off above the hranchif=

. pf" ¢
PiCas Dlely that t _ emall non damaging damps uscdl for frmporary wascule
M tvean testn recdunl vaconlarity in the prostatic bed
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and its fine descending twig goes with the vas to the prostate.
(An ascending recurrent twig follows the vas to reach the epididynus
and anastomose with the testicular artery—a link which 1s broken
by vasectomy.)

SUMMARY

These paragraphs suggest that m pielude to certamn prosta-
tectomies (1) the whole pelvic pait of the space of Retzius be
opened up, (2) that the oblterated umbilical artery be used on
erther side as a tractor leash wlnch will bring out the varable
pattern of visceral pelvic arteres for 1ecognition, assessment. and
possible hgation

My own work of necessity wa« done on bodies prepared for the disseeting room and
my thanks are therefore due to my colleague Mr W A L MacGowan, F R CSTI who has
confirmed the mnocuous and satiefactory cffect of adequate traction on the obliterated
umbilical artery at post mortem 1 fresh cadavers of very different age and obesity 1 each
the pattern of wvisceral branching was plamly elbeited It has been a pleasure to have the
help of so accurate and critical an ohserver

COMPLETE ACCESS TO HIP-JOINT NERVES
FROM IN FRONT!

Current procedures on arthritic hips include resection of
nerves that bring pamnful stimul from the joint, and 1f the surgeon
deals first with anterio1 nei1ves and then with posterior, his patient
will be turned from a supine to a prone posttion.

With that change from recumbency to ‘face down’ goes a
threefold nwsance, viz, the need for incisions front and back ;
renewal of sheets and towels ; the chance of shock.

The object of this paper 1s to show that all nerves to the hup
jomnt can be reached, exposed, and resected friom wn front m the
recumbent patient, with a maximum regard to anatomy and a
negligible sacrifice of muscle mmnervation

THE TWO METHODS

(4) If the surgeon has no scruple about deneivating the mam
mass of the adductor group, he will take the simple course of
dividing the obturator #runk on the side wall of the pelvis after

'T P Garryand A K Henry, Irish Journal of Medical Science, April 1953, p 177
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he has displaced the perrtoneum. In that event an abdommal
extraperitoneal approach suffices, and the masion (excepting for
a small extension at the navel) 1s mesial and hypogastiie But
use of (A) prevents resection of certam contrbutions from the
femoral ne1ves.

(B) If. on the other hand. he should think 1t well to hesitate

PUBIC
TUBERCLE

Fig 105
The two incisions

The abdominal incision Is the same as that used by
one of us for extraperitoneal access to the lowest part
of both ureters (The extension at the navel atlows
clean separation of the recti, since that Is where they
separate (p 161))

The thigh incision (g) lets us liberate parts of

the obturator nerve below the obturator tunnel and

thus makes possible our *pull-through’ technique ,

(b) gives access to extra-abdominal recurrent con-

tributions from the femoral nerve to the front of
the hip joint (Figs 106 and 107)

before he giavely jeopardises muscles of ndduc{lonﬂ]\ll{;“':
abroad as “muscles of chastity ’ though taking part as we !
usual. uncanomesed actixrltles—;tllcn, in the case of such demt
the «urgeon will add a #lgh incision (Fig. 107). for

Thic exira cut allows him to spare the branches of the obturd o
nerve that supplv the bulk of the adductor mass while he 1%
those obfwator twigs that <etve the Inp jomnt.

‘The tlngh ineiqon. too, gmives access 1o certam Jemord
that canry artienlar nerves,

] brandhes
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Whether he chooses (A) o1 (B) the surgeon stands on the side
of the patient 1emote from the seat of operation.

MeTHoD B.—Let us suppose Method B 1s used. The obturator
neive. after peeling off peritoneum, 1s found at once on the side
wall of the pelvis, lying directly above the compamon artery and

Q FEMORAL NERVE N

». ACCESSORY OBTURATOR

[

OBTURATOR TRUNK

PRAPUBIC ARTICULAR
BRANCH OF OBTURATOR

TUBERCLE

BAND OF
OBTURATOR
MEMBRANE

NERVE TO PECTINEUS
NERVE TO RECTUS FEMORIS
NERVE TO VASTUS LATERALIS

Fig 106
Anterior nerve to the hip joint (after Paturet)

Note the unlabelled dotted twig, deep to pubofemoral

ligament This twig forms part of a neurovascular bundle that

makes a constant but undescribed groove at the ‘ exit ’ of the

obturator tunnel (see text) This ‘exit’ s often masked by a

well-developed pubofemoral ligament, which then requires
division for access to anterior offsets

vem Mohilise the nerve as far up as possible, then loosen 1t and
its divasions at and through the 1 m. length of obturator tunnel,
n which the nervous structures keep thewr superior relation to
artery and vem This mobilisation lets us note whether—as
12 per cent of subjects—the nerve lymg on the pelvic wall gives
off & suprapubic articular branch (Fig 106, after Paturet) before
entering the obturator tunnel—a branch which, of course, we cut.

The thigh ineciston.—Next, passing to the thigh, find first the
pubie tubercle At this level make a hockey-stick mcision with a
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short imb descending for 2 in. from the tubercle down the thigh
and a long #7ansverse hmb measuring a wide handbieadth outwards
from the tubercle (Fig. 105). From ths tubercle the plane of
cleavage between pectineus and adductor longus slants down and
out. Open the plane and part these muscles widely. but, if
pectineus is thick' and resistant, sever the medial half of the belly
from 1ts J-shaped lmear attachment to the pectineal face of pubn
and turn the muscle outwards. With either means, pectinens
buffers the femoral vein whose upper end hes 1n the groove between
pectineus and psoas

The superficial opening, or ‘ exit,” of the obturator tunnel can
then be reached from the thigh, but the upper porhon of ihe
“exit * 1s still masked by an overhang of the part of the pubo
femoral ligament that goes medially to jomn the pubic tubercle
(F1g. 106) and sometimes, too, by an associated piece of obturator
externus muscle.

The anterior dinsion of the obtuiator nerve 1s found at once
as 1t passes down from the tunnel’s ‘ exit” over the outer fa('e‘o{
the outer obturator to supply the front of adductor brevi. The
upper course of the posterior dvmston varles ; 1t may 1un m irqnt
of, through, or deep to obturator externus: and when it ligs
decp to the muscle, 1t may also go deep to a strong outlymg band
of obturator membrane—which the French call by, what 1 to s
the musleading name of °subpubic ligament’—a band \\lnd{
may be strengthened by an offshoot of fibres from the pubofemord
(Fig 106).

The obturator merve and the ¢pull-through’ method.—0uf
object 15 to mobilise a whole segment of the obturator nert
together with 1ts branches—a segment that lies above. m. ol
below the obtwator tunnel—so that we can get a to-nnd'-qu
“pull-ihiough® movement of the nerve conshituent. “]‘?
obtwator branches now appear and can be classed very ‘""lt"
as thick and than. The thick we spare; they go to adductor
muscles.  The tlnn, which mclude anteror articular hranchies U(’
the Tup. are indiseriminately cut. This, of course, mean th
hranches going 1o obturator externus and perhaps to pectned
me <acrificed. The sacrifice 18 minimal. Downward trachion o8
the two obtwator divictons—which now begin to lide {hrn\!‘,’:
the obtwator tunnel—diags on the <mall articular twigs. >0 ”":f
thev wre <cen to vun prozimally fiom the parent trunke, One @
fhese rs very constant ; it turns backwards from the paent ~tem
and helps, with offeets from the obturator vessels. to mihe
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defimte but undescribed groove on the hinder lip of the obturator
“extt* witlun a fingerbreadth of its arched top. The nerve then
passes through the acetabular notch bridged by the transverse
ligament There 15 a certamn nsk of missmg twigs, hke this one,
that anse just within the tunnel’s © exit,” when they are masked
by an overhang of pubofemoral hgament (Fig. 106). For that
reason 1t 15 well to divide the overhang i order to see these
offsets springing from main divisions.

The accessory obturator nerve.—This nerve, described first by
Schimdt m 1774, occurs (on the average of findings by six different
authors) m 17 per cent of subjects. It will be looked for above
the pelvic brim. descending vertically in front of and often touching
the obturator trunk, which should be stroked gently with a
ball-ended dental burmsher to avoid mussing an adherent but
easily <eparable accessory obturator. Lower down 1t becomes
more difficult to 1each, for it may he deep to the external
thac vem and run within the psoas sheath before going under
Poupait’s hgament to supply pectineus, hip jomnt, sk, and
femoral artery

The chief and most constant anterror artwcular bianch to the hip
springs from the back of the obturator trunk (Fig. 106), or from
the postetior division of the trunk, just before or just after the
trunk enters the obturator canal—a vanation that lends value
to the * pull-through’ techmque which delivers the branch for
section when the trunk 1s drawn up towards the pelvic cavity.
The back of the trunk or the back of its posterior division will
then be stroked with the burmisher, and any #hin branch that the
ball-end separates off will be resected m due conformance with
our classification of ‘ thick * branches to be saved and ° thin’ to
be cut.

Femoral branches to the joint.—Twigs to the hip jomnt stem
from three branches of the femoral trunk .—

(1) From the branch to pectineus which goes behind the femoral
sheath. It has its origin, however, within the abdomen and leaves
the parent trunk above and very close to Poupart’s hgament.
(Souhé. m Porier and Charpy’s Anatomie, describes o nerves
to pectineus—one from the femoral trunk ; one from 1ts so-called
mternal musculocutaneous division (see footnote, p. 231).)

The branch or branches slope inwards from the trunk and,
therefore, can be hooked by drawing the dental burmsher up

along the medial edge of the femoral nerve, after that nerve has
been clearly defined.
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(2) and (3) From branches to rectus femonis and from branche.
to vastus lateralis.

These are small 1ecurrent upper branches to the musdle
They 1each the lateral pait of the antenor face of the hip jomt,
and may erther form a plexus on the jomnt o1 umte hefore ey
1each 1t o1 spring from a common stem. They are the first lateral
offsets that leave the femoral nerve i the thigh

- - - e —— - oy P e s — - -

SARTORIUS AND ITS UPPER NERVE
{RETRACTED MEDIALLLY)

THE BULGE
OF ILIACUS

DEEP FASCIA

RECTUS
FEMORIS TENDON
AND BELLY

.t*/ﬁﬁ-
- e bt o -
Fig 107
The transverse part of the thigh incision opened up femors.
Two proximal branches of the femoral nerves are seen passing deep to rectus :n;( ¢r
In this subject they sprang from a common stem one branch supplied rectus, t
vastus lateralis , each ended in recurrent twigs to the front of hip joint

These branches are easly found through the tran=vers l’“,;i
of the thigh incision. Mark a pomnt level with the pubie in!n‘rc 't
and didlal by one handbreadth to the anteror ~uperior ‘l“""l“
lim - At thas pont displace <artorius medally . sepmrate T¢ ‘"
femoris from vastus laterahs. Then vou will se the fors ard ln’l'ﬂ‘C
of thacus belly (lateral to 1t« attachment to p-oas {endon) "
neive, or nerves to 1ectus femorrs and vastus lnteralis 1;“'
obliquely down and out on the steep slope of this fnrm:lﬂ b
St} farther out they turn up towards the joind (IF1g, 10%).
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It 1s difficult to 1solate the tiny articular twigs that sprng from
these recurrent branches; and since the branches themselves are
small, and since they form only a mmor fraction of the large
nerve supply to rectus femoris and vastus laterals, they may be
resected without anxuety.

POSTERIOR NERVES TO THE HIP JOINT

Approached from m fiont, after refleching pelvic pertoneum,
these nerves, despite their depth, are easier to deal with than the
anterior nerves we have just reviewed :
their stems are found m close and
definite relation to a single bony
pomnt—the spme of ischium; they
spring from the fiont of the scatic
trunk ; they can be felt and picked up
blindfold after dividing a single layer
of fascia

In general, one nerve (Fig. 108)— . 10
that shared by the quadratus femons USRS 38
and gemellus inferioi—gives a branch
to the back of the lp jomt The
articular twig, however, may be
double, and m 12 per cent. of subjects
1t 1s supplemented by a further
twig that comes derect from the sciatic
trunk and may itself be double
(Paturet).

The nerve to quadratus and Garry’s
manceuvre.—Stand on the side of the
patient 7emofe from the seat of The pe,vf;g p;?'i of right
operation. Separate the perrtoneum sciatic trunk
from the mde wall of the true pelvis /o view showing che order in
until you can feel the curved anterior face The quadratus branch is the
edge of the greater scatic notch. At most facera!
the caudal end of the notch locate the spie of 1schium. A strong
but loose sheet of fascia occludes the bight of the notch. Open
the fascwa a fingerby eadth headwise to the spine of wschwum. Make an
Inch-long opening  For the patient’s 71ght side use the longest
finger of your left hand, turnming 1ts palm towards the patient’s
head  Use a right finger for the patient’s left sside  Pass the finger

SCIATIC
NERVE

PUDENDAL NERVE

T NERVE TO OBTURATOR
INTERNUS
J INTERNAL

PUDENDAL ARTERY
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e made m the fascia; the soft

ciatic trunk.
backwards towards the
£ ischium. The
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thiough the opening you hav
resistance that you feel 1s the s
With the finger press the trunk gently
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feasible. Just below the level of our fascial opeming the back of
the nerve to quadratus (with its articular twigs) is crossed by a
transverse muscle triad—gemell plus obturator-imnternus tendon ;
the triad straps the nerve to the back of ischium. The sciatic
frunk, on the other hand, from which the nerve to quadratus
springs, lies free behund the triad and. at the level of our opemng,
15 backed by the loose belly of piriformis. For that reason a
finger pushing through the opeming thrusts the yielding, unfettered
trunk dorsally towards the table, while the nerve to quadratus—
caught between trad and bone—stays ventrally and feels hke
tight string.  (Tlhus interpretation, hike the manceuvre, 15 Gary’s—
each of them a fowr de mattre.)

We would add that caudal to the site of the quadratus nerve
three structures hug the spine of 1schium. From without mwards,
these are —

(1) The nerve common to obtwator internus and gemellus
superior ; (2) the pudendal vascular bundle; (3) the pudendal
nerve (Fig. 108). We need disturb none of them, though if we
cut the thin nerve shared by obturator internus and gemellus
superior 1t would scarcely matter.

Before attempting these procedures, the surgeon will waste no
time 1f he consults Gimbernat’s favourite text-book of anatomy—
the cadaver

Soon after this paper appeared the operation we deseribed was carried out at the
Richmond Hospital, Dubhn, through the mitiative of my former colleague, Mr W A L
MacGowan, by Mr C Gleadhill, then Assistant in the Department of Nourosurgery The
petient, & man over 70, was bedridden with marked osteoarthritic changes mn both hip joints
A month after o bilateral resection of hip jomt nerves he walked to his church and back, a
total distance of about a half mile
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With the finger press the trunk gently backwards towards the

table.

firm, thin cord now felt crossmg the pulp of the finger 15 th
to quadratus femoris, and any other simlar cord fo
level (a fingerbieadth headwise to the spine of 1sch!
a twin nerve to quadratus or the occasional di ect arti

ozl

k]
3\

nl('\’\ “”“lll’l” My
Y, g "
,.."\\\\\\\\&\ \‘i\\ My,
llI \\\\ ARY A\ 'l[
\\% \{\ ’I"/

v

W \\

RN
Q\\\ \\ gt Ty, t‘h
N AN 111 TP O
N \\\.‘\ W ll[‘ =
RN \ A \ ) xl‘! =} | 7
Wan e 2y
N N S TN

. 3 . 2
N S \ S

=, .
4
) 2
1

{
:
3

-~
M F

. S
o ‘“nll gy, ,
W 4

NERVE TO K
QUADRATUS FEMORIS i

T [ SUPERIOR
H | GEMELLUS
E

T{ OBTURATOR
R | INTERNUS

A | INFERIOR
D { GEMELLUS

Fig 109

Quadratus nerve and sciatic trunk
jad (a) parts the nerve
he nerve to the bone

when a finger thrusts
rward and Is

The diagram shows how a muscle tr

from Its parent trunk , (b) straps t

The free trunk, therefore, moves back

against it from in front, but the nerve stays fo
felt 1n situ

from the sciatic trunk.

Anatomcal 1elations (Fig. 109) make this simple man®

un
um

Flex the finger tip towards the spme of ischum, The

e nerve

d at ths
) 15 Clthf‘r

cular branch

uvie



ACCESS TO HIP-JOINT NERVES 179

feasible. Just below the level of our fascial opemng the back of
the nerve to quadratus (with 1ts articular twigs) 1s crossed by a
transverse muscle triad—gemelll plus obturator-mternus tendon ;
the triad straps the nerve to the back of 1schium. The scatic
trunk, on the other hand, from wlich the nerve to quadratus
springs, lies free behind the triad and, at the level of owr opening,
1s backed by the loose belly of pirformis. For that reason a
finger pushing through the opeming thrusts the yielding, unfettered
trunk dorsally towards the table, while the neive to quadratus—
caught between triad and bone—stays ventrally and feels lke
tight string. (This interpretation, hike the manceuvre, 1s Garry’s—
each of them a tour de maitre.)

We would add that caudal to the site of the quadratus nerve
three structures hug the spime of 1schium. From without inwards,
these are .—

(1) The nerve common to obtuiator inteinus and gemellus
superior , (2) the pudendal vascular bundle, (8) the pudendal
neive (Fig. 108). We need disturb none of them, though 1f we
cut the thin nerve shared by obturator internus and gemellus
supertor 1t would scarcely matter.

Before attempting these procedures, the surgeon will waste no
time 1f he consults Gimbernat’s favourite text-book of anatomy—
the cadaver

Soon after this paper appeared the operation we described was carried out at the
Richmond Hospital, Dubln, through the mtiative of my former colleague, Mr W A L
MacGowan, by Mr C Gleadhll, then Assistant in the Department of Neurosurgery The
patient, a man over 70, was bedridden with marked osteoarthritic changes in hoth hip jomts
A month after a bilateral resection of hip joint nerves he walked to his church and back, a
total distance of about a half mile



SECTION 1V
EXPOSURES IN THE LOWER LIMB

VESSELS AND NERVES IN THE BUTTOCK

PUT thss first. Of all exposures in the lower hmb a method
I for the buttock was, I found, the principal concern of an

experienced majority.

We have been taught to look for the gluteal vessels by splittng
gluteus maximus, perhaps because 1ts well-marked gramn 1s almost
wresistible.  But 1f we split the gram, we play mnto the hands of
entities that tend to give a narrow, bloody field. The parts are
thick ; skin felts with fat, and fat with fascia coverng thick gl.uteﬂl
muscle. Then, too, the vessels sprawl on the deep face of maximus,
much as they sprawl on the placenta, spreading their arteries (as
Bell remarks) ¢ with sudden and crooked angles ™ ; so they diverge
and run across the grain ; and here those cursed things of surgen,
the veins, are large. These handicaps of mere anatomy grow ugl}er
with wounds: the part becomes “a clotting mass adnp with
blood.”

In this exposure, therefore, we must spare and see—two things
which can be done well only when we Lit the hd-like shape of
maximus as we might hft the hd nailed on a packing-case. Thus
we can either raise the muscle by setting free a parr of sides ﬂ)]i\t
meet, and prising up the corner (like Fiolle and Delmas) , of € ‘i’c
(with Stookey)! we can set two corners free and turn the who'cl
hd back. The plans themselves are simple, but neglect of detm
leads to sorry execution.

ANATOMY

The gluteal hid (Fig. 110).—The cover formed by maxmll?sf
like a parallelogram whose shorter sides—the femora} and pe nclr
are almost longitudinal, the one ahgnmg roughly with the femt
the other fixed from 1hum to coccyx. {he

The longer sides—cephahc and caudal—are obhque ke

1380 (In the expess®

' B Stookcy,Journal af the American Medical Assocration, 1920,74, plont 4

desenbed below, Stookey’s “ question mark ® has been ehfted Jorweard ta €%
Biofle and Dodmas drum head )

180
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gram of maximus ; the lower side descends acoss the gluteal fold

\l\

i
Y ~
K iuonBIAL TRACT
' 7{uPPER PARTY\

L N

{FIOLLE
X&DEU 251

Fig 110
The gluteal hid or parallelogram

Note its four sides——two long (cephalic and

short (femoral and pelvic) All thF:a superﬁclacla‘fj‘,c[l)a;-I

upper half of deep fibres are attached distally to lllc‘:'tsibp e
(see Fig 111) The lower (deeply shaded) half of 1ol ¢
fibres are fixed to femur X is the corner to fre the .,

), and vy

prise up the hd in the partial exposure of Flollee I ore..

Y is the second corner which must be freed witha)n(d D...
raise the hid and hinge 1t back for the complete expos 0~
Stookey Ut e

and 15 (as Boyer notes) the ‘ free ’ side of the my. .
Surtounding parts by loose connective tissue. - ‘6 tp
Of these four sides two which meet m front\t}“ ‘
12 i
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the long cephalic—need close consideration. All the fibyes of

ILIOTIBIAL TRACT
(UPPER PART)

GLUTEUS
MAXIMUS,

d Tensor
FASCIAE

AN ILIOTIBIAL TRACT

Fig 111
The ‘ pelvic deltoid’

part (formed by iliotibial

covers gluteus medius and js stuck to it

d, near great trochanter where

medius siopes inward, the tract covers the muscle
like a drum-head (see Fig 114 A)

gluteus maximus have therr
distal attachments gt the
short, femoral side of the
muscle. These attachments
are of two kinds, fascial and
bony. The superficial fibres
Jom the part of iliotibial tract
which shides on great tro-
chanter ; so, too, does the
upper half of deeper fibies,
the lower half, however, m-
plants itself on hone, marking
the back of femur and form-
ing there the distal pomnt of
the gluteal parallelogram.
The long cephalic side that
joms with the short femoral is
bound, m muscle-sheath re
lation, to a special pece of
tract—the proximal expanse
which hides gluteus meduus,
and occupies the gap between
the maximus and tensor
muscle. Indeed, we may
regard these three(the tensor,
tract and maximus)as figuring
a pelvic deltod (Fig. 111)
whose middle part consists
of fibrous tissue—a useful
myth mm practice but ont
condemned by strict mor
hology.
P Ifg\yve set frec these tno
adjoining sides—cephalic and
femoral—dividing  their at:
tachments to the tract. W€
Iiberate a corner of g]u{?ﬂ
Iid which we can now pri<
up. Butif we need the v 1de~f
posstble exposure (to rea

. er—
m comiort, say, the great sciatic) we must unfix a second com
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the distal piece of maximus that jomns the femur. Then every
side 1s free except the pelvic; for (as we know from Boyer) the
caudal edge 1s virtually unattached. And so, with three sides
free, we raise the Iid.

THE OPERATIONS OF PARTIAL AND COMPLETE EXPOSURE

Position.—The patient hes face down. Take advantage of this
position to mark out the pomts through which the kmife will pass :
(1) the postenor superior spine of thum ; (2) a point on the crest
a handbreadth i front of this; (8) most difficult of all to find, a
point midway between the front edge and the back edge of great
trochanter. (Be sure you find the front edge under the covering
wad of tensor belly); (4) a smular pomt on the femoral shaft
level with gluteal fold ; (5) a pomt on the back of thigh midway
between 1schial tuberosity and the back of great trochanter, just
below the gluteal fold (¥ig. 112).

The skin incision.—Smece 1t 15 difficult to know beforehand if our
exposure must be full or partial, I shall describe the full masion—
a question-mark on the right side, 1ts murror 1mage on the left
(Fig. 112)—and mdicate the portion that gives room for cu cum-
scribed approach.

The * question-mark ’ needs rigorous attention; a lapse will
hamper us persistently.! Begmn first at the posterior superior spie
of ilium ; carry the kmife a handbreadth along the ihac crest.
Then cut obliquely down the outer face of hip to reach the top of
great trochanter. The kmfe proceeding distally bisects the outer
face of the trochanter and travels down the shaft till level wath the
gluteal fold ; that 1s enough for circumscribed exposure. But, for
full access turn the kmfe i transversely at this level ; stop at the
midhne of the thigh, half-way, that is, between the great trochanter
and the tuberosity of 1schuum. Then cut vertically down the thigh
as far as you propose to hberate the great sciatic nerve. The
* question-mark > should reach but not divide deep fascia.

The posterior cutaneous nerve of the thigh.—The frunk of this
large nerve (once named the small sciatic) hies i the midlme of
the thigh just under the deep fascia; and there « stays, sendmg
out perforatmg twigs and coming to the surface only in the calf

It 18, for example, remarkably (and runously) easy to follow the hider edge of great
trochanter mstead of bisecting 1ts outer face—

“ I told them once, I told them twice
They would not listen to advce *’
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(Fig. 118)  Thus nerve will be mm-
perilled by a full exposure; 1t
clings, ensheathed m {fat, to the
deep face of maximus, close to the
long " free ’ caudal edge. So, when
the edge 1s 1aised, the nerve 1s cut
unless we make a pomt of finding
1t as a first step, using the stem of
the ¢ question-mark’—a method
which I owe to Major C. W. Claik of
the Canadian Aimy. His plan works
well, for nerve and stem are
mesially placed. The nerve, 1emem-
ber, lies beneath deep fascia (and
just beneath); so we can find 1t
much more easily than if it lay
superficial fat. Open deep fascia
therefore longitudmally and trace
the trunk up to the edge of the
gluteal Iid. When presently we
raise the id and hinge 1t back, the
nerve 1s easily detached—together
with 1ts perineal branch, the ci-devant
pudendal nerve of Scemmerrimg.
Liberation of the adjommng
femoral and cephalic sides.—We
next set free the shortei, femoral
side of maximus by cutting down
on bone and sphitting lengthwise
the piece of 1hotibial tract that
shides on shaft and great t1ochanter.
Our cut accordingly bisects the outer
surface of the femur and divides the
mamn (and fascial) msertion of the
maxunus (Iigs. 112, o and 113).
We then proceed to free the long,
cephalic side of maxaimus, which, as
we know already, 1s fastened by a
sheet of ihiotibial tract ; and this we
must divide A detail of arrange-

ment makes 1t well to place the cut
correctly,
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LoNG —L
puDENDAL JES
BRANCH [

GLUTEAL
BRANCHES

POST
CUTANEOQUS
NERVE
{SMALL SCIATIC)

Fig 113

The posterior cutaneous nerve of
the thigh (the small sciatic)

Note its long course under deep fascia

Find it through the stem of the
‘ question-mark,’ and thus, with C W
Clark, protect the nerve (which sticks
to the deeﬁ face of maximus) before you
moblilise the caudal edge of gluteal Iid
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The useful drum-head.—This sheet of tract (the fibrous portion
of the pelvic * deltoid ) covers the seveial paits of gluteus medws
with different degiees of contiguity. In front, the tract and muscle
stick together ; behind, the two are separate. So, when medius s
lax, 1t leaves the hinder piece of tract stretched like a drum-head
ovel 1t. The opening of this drum-head through a small extension
upwairds of the cut already made along the femur will let us put
a finger 1n the shallow cavity and use a thumb to giasp the rubber
ICUT (wimH scissors) ALONG

CEPHALIC EDGE
OF MAXIMUS

' OUTER FACE OF
GREAT TROCHANTER

AND QOF FEMUR
'

Fig 114
Line for dividing iliotibial tract
A The knife bisects the outer face of great trochanter and of femur,

it opens the drel:lmc
head at the top of the bisection B Finger and thumb locate the rubbery cephalic ¢t

he
of maximus, and scissors cut the tract along beside it Knife and scissors thu|sI i?éa:sh t
first corner of the lid (X in Fig 110) by setting free its femoral and cephalic

transition that marks the meeting-place of maximus and tract. Ust
scissor~ to divide the tract along this slopng edge (Fig: 114). Iid
And now with two sides free we raise one corner of the 1
and look for structures underneath. That 1s the method 0
Fiolle and Delmas But for fuller view we must set frec
sccond coiner. hie
The second corner of the Iid.—We have already {q{lﬂd tt:l
“fice.” o1 eaudal. edge of maximus along with the posterior c:xl .
neous neive (once called the small sciatic) Rase both toge !‘ .
from the hamstrings  Tlook a finger 1ound and then cut through
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STRUCTURES UNDER THE GLUTEAL LID

The key and the trap.—There 1s a key muscle for tls region *
each mamn nerve and vessel leaves the pelvis at one or other edge
of pyrformis; and as a rule we find tlis ‘key’ immediatels,
Sometimes, however, a deep fold in gluteus medus maiks off o

— = ot

SUPERIOR GLUTEAL BRANCQ;E =z
AT 'DANGER POINTy 7 -

THE TWO
PARTS OF
GLUTEUS
MEDIUS

INFERIOR >§§~\;’
GLUTEAL &
ARTERY Y
&NERVE 8 ({8

2

Pitfalls under the gluteal lid
(Thus figure 1s anatomical and is not part of the exposure )

Note the posterior part of gluteus medius which
IS sometimes separated off and mistaken for pyriformis,

causing complete  disorientation Note also the

danger spot ' where a branch of superior gluteal artery,
accompanied by veins, spreads into maximus It lies
three fingerbreadths in front of the posterior superior
spine of ilium and three fingerbreadths below the crest

muscles seen under the hid are proximal paits of the

neighbouring piece of
belly close beside the
‘key’ (Fig. 116); then
a small effort will sepa-
rate the hinder pat of
medius into a discon-
certing replica of pyr-
formas. I have twice
seen confusion follow
this detachment (The
transverse plane giaz
g the top of gieat
tiochanter 15 at the
caudal edge of pvr-
formis—a muscle sone-
times fused above with
medius and minnmus.)

The muscles.—
Seven hansverse mus
cular paits cross the
wound fiom above
down: the hider prece
of gluteus medius, pirt-
formus, gemellus sup*
erior, the tendon of
obturator internus

gemellus inferior. qund

ratus femoris. adducln;
magnus. The verhica
hamstngs

(F]g' 1]7). A nairow tOllgue, more deeply placed. ﬂnd ]ﬂfCTﬂl f‘:
where the fleshy fibres of maximus insert on femur, 15 VoSt

laterali..

Structures related to the borders of pymformis.—At 1ts 71171"'{
cdge e the supetior gluteal vessels and nerve. The nerve T

forward with offsets of the vessels, and 15 concealed at onc

e
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1 , .
\ ) ’ SUPERIOR -
; GLUTEAL ARTERY

GLUTEUS
MEDIUS

ILIOTIBIAL TRACT

PYRIFORMIS

GEMELLUS
SUPERIOR

LTy e . .~ K P
e . ")\ _OBTURATOR
. : i "3 . INTERNUS

A\ _GEMELLUS

= LAl INFERIOR

TROCHANTER

- il

; OBTURATOR EXT
/

QUADRATUS
FEMORIS

ADDUCTOR MAGNUS

ILIOTIBIAL
TRACT
DEEP FIBRES OF

’ GLUTEUS MAXIMUS
POSTERIOR -~ ( DIVIDED)

; CUTANEOUS NERVE

‘i )

{

L. /74 ‘

a3 N J

E_:?f‘:f‘.“ _‘_,'72"40 ) -

Fig 117
The gluteal lid hinged back

The exposure 1s completed except in respect of the subgluteal arc formed by pudendal

bundle (see the next figure—Fig 118) Biceps is left in place to stress the fact that on

its way to fibula the sloping belly crosses the sciatic Therefore in following the nerve

prolong the stem of ‘ question-mark ’ and mobilise the biceps raise the belly like a

bucket-handle and trace the nerve deep to it (Only the infrabicipital part of sciatic lies
between inner and outer hamstrings )
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gluteus medius. The artery and large companion vems contmue
into maximus and constitute a veritable danger spot—three finger-
breadths in front of the posterior superior spine of 1lium and three
below the crest—a poimnt to keep m mind when hinging back the ld.

At the lower edge of pyriformas the most superficial structure to
emerge 15 the inferior gluteal nerve whose trunk breaks up at once
m branches of supply to maximus and screens the lower gluteal
vessels. These last send offsets down beside the structure next m
depth—the small sciatic or posterior cutaneous nerve, already seen
and spared (p. 183). It lay (before we had displaced 1t) along the
posteromedial edge of the *“ huge great sciatic nerve "—the one
oasts of description Gogarty could find m ‘ Cunmingham * (Iigs.
116 and 117).

Still deeper is the neive to quadratus femoris—deep to the
gemelh group and reaching the deep face of 1ts own muscle. Iis
course 15 covered by a finger laid beside and lateral to the ischial
tuberosity.

The internal pudendal bundle.—Ths, too, emerges at the lower
edge of pyriformus, curving between the great and small saatic
notch, and lymg deep and shghtly medial to the lower gluted
screen of nerves and vessels—a source of hemorrhage to thin of
once gluteals are controlled, and one whereon we might be called
to pounce ; which we can do as follows.

FINDING THE SITE OF THE PUDENDAL BUNDLE.—Use the left
hand for the right side, and vice versa. Abduct the thumb zwadely.
Shde the forefinger up acioss the sciatic trunk and then along the
back of the ischial tuberosity. Keep the palmar surface of the
finger flat against the bone and let the distal phalanx pass decp L0
pyriformis, mto the great sciatic notch. The finger will advance
until the web of the outstretched thumb 1s stopped agamst the
gleat trochanter (Fig. 118). Then the tip of the finger, shgh”])
flexed. will piess on the arc of the pudendal bundle; thisasaru ct?
sticks fast to its background and will not let itself be hoohed withou
a little blunt dissection.2

Thus, after hinging back the gluteal hd, a single rapd 1
ment finds the bundle and allows precise insertion of @ ta

nove-
npon

y At

of scmntn WA
the bach e

! Puilure to realise that the long head of biceps rlopes across
{ e th hrough suflicrent ste

confuston—cspecally 1t we attempt to trace the nerve t
*question marhs” (sce Fig 117, and lIegend)

* Fhe bundle, one should know, consists of three parts pudendal v Lo
merves The vesecls I more or leas on the tip of the sschial smne, tho ntcrna ’:
Wrve 19 on the mnee side of the vessels, the small nerve to obturator intemt
al-o gives a twig to omdiue superior) hies on thar outcr side

Led by ¥
(uaela flanke ol

(» Tu-b
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(Mikuhiez for choice). This may stop the bleeding, or, at least,
will stanch it and give time to reach and tie the parent trunk by
means of laparotomy. The pudendal artery can then be found

PUDENDAL
BUNDLE

AYIC NERVE
A

,!x

ISCHIAL
TUBEROSITY

Fig 118

Finding the pudendal bundle

Using the left hand for the right side and vice versa, the
index slides on the tendon-covered back of ischial tuber-
osity, lengthwise, till the hand is stopped by great trochanter
making contact with the web of the outstretched thumb
The tip of index passes deep to pyriformis into the great
sciatic notch and comes to rest on the pudendal bundle

extraperitoneally, m the space of Retzius, by means of hght traction
on the obliterated umbilical artery (p. 168).

Repair.—We must most carefully reconstitute the field of
operation~——especmlly the proximal expanse of iliotibial tract.
Smooth function here depends on normal mterplay of all three
portions of the pelvic ¢ deltoid —of tensor, tract and maximus. A
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hernial defect (with bulging of gluteus medius) may lead to <nap-
pmg-hip, or to recurrmg. noiseless subluxation of tiact on great
trochanter. In either case the consequent imbalance makes and
unmakes a postural deformity wlich certain temperaments are
haunted by, and some (however mnocent) exploit.!

THE ROLE OF GLUTEUS MAXIMUS IN CERTAIN MOVEMENTS

[I have been urged (and even begged!) by some to omnt
the pages 1elevant to tlhus heading, otheis, agam, wute sl
to them

A voice, now vamshed, has decided me these pages caught at
least the fancy of the late Frederick Wood Jones—who vouched
m no way for thewr accuracy  So far as they go they are, I know
tiue, but I am also sure that the observations they record were
made, by force of arrcumstance, on too few subjects, they thus
suggest the “ always ” that never happens in anatomy

I am convinced, however, that ceitain critics—for two 1casons.
or even three—rejected them without sufficient pause. they may
have been misled, as I have been myself, bv palpating a taut
hamsting 1 mistake for gluteus maxmmus ; others have touched
the neighbouring upper part of vastus laterals. Between the
Scylla and Charybdis of that lively pair, fingers are casily percundcd
to a wrong decision on the mactivities of maximus

Another source of error stems from the fact that most of the
human guinea-pigs at my disposal m the last war were of the
grevhound breed ” theu bellies, however fair, were nevel yound.
in Shakespeare’s sense—an autonomic state whose lasting upkeep
seems to demand a * guy rope ’ contraction of the maxmmu

A third and less excusable mistake 1s to forget that eve
we bend a finger agamst enough resistance, almost every sctap 0
stiped  body muscle—from neckline to qphmcter—-conhuch
though few can claim to bhe protagonist |

Other generations, aside perhaps fiom Leonaido’s, knew h’l ‘f
of the workings of the laige, mysteious bulk of maxumus: th ‘
called 1t * abductor,” etc, etc I remember my own 'surpl"“
when a recumbent subject under test was able to raise his pelve

n if

oty o1
"Two cxamples (1) Gluteus meds herma (after Ober's operation of fasanl divi

te®
bickache) which canecd undue preoccupstion with shifting aspeets of 8 preat tm’l:;nf
(2) V rther simpte sndisgdunl with snapping np, who drew a ureful pLnsion for wofth”
e dedocation o the jont A loud chich synchromsed wath throe inel shortents
femly -appieent but o tromeds Juerative
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f10m the floor without contractng exther maximus. We are, mndeed,
still groping.

The following 1s my grope. It was, I feel, worth making—if
only to distiact a chief Anatomust of one’s time |

A sitting man cannot 1aise humself of the part of his body which
is tn front of s centre of gravty does not weigh more than that
which 1s belund his centre of gravity without the use of his arms.

The swew which guides the leg, and whach 1s conmected with the
patella of the knee, feels 1t a greater labour to carry the man upwards
in proportwon as the knee is more bent, and the muscle which acts
upon the angle made by the thigh where ¢ joins the body has less
difficulty and has less weight to luft because 1t has not the addational
weight of the thagh self. And besides 1t has the stronger muscles,
being those which form the buttock.? Leonarpo pa Vincr

If when you grasp a muscle you can shift i1t easily fiom side
to side, you may be sure the muscle 1s relaxed sufficiently to make
it—at the moment of your test—unfit to work as a prime mover.
That state of idle relaxation 1s the state of maximus in most of
the activities which text-books claxm for 1t 2 (though fingers must
be careful not to take for its contraction the neighbouring activity
of hamstrings).

1 These are 1 no way final and decisive statements each 18 a nofe—*' the shadow of a
thought 1 process of formation ”’

® A pair of these accounts (with comments in parenthesis) appear below They may, I
think, be handled as unfeelingly as fossiised remains the uncoordinated ““ actions ” of
a single muscle are parentless survivals, out of date sice the Renaissance

From Gray’s Anatomy, 1942, 28th Edn , p 634 —* When the Gluteus ma~imus takes
1ts fixed pomnt from the pelws, 1t extends the thigh and brings 1t mnto line with the
trunk > [The muscle 1s lav during the movement] * Taking 1ts fixed pownt below, 1t
supports the pelvis and the trunk upon the head of the femur, and, so far as the hip-
jomnt 18 concerned, the maintenance of the ereot attibtude 18 ensured by the balanced
tone of the Gluteus maximus and the other extensors of the jomnt, on the one hand,
and of the flexors of the jomnt on the other hand ' [The maximus 15 absolutely lazr n
statre natural erect positrons, but +f we spring to full  attentron,’ and (vn our zeal) wncline
to thrust the pelnis forward, 1l thrusts the pelnis forward (sed footnote p 195),—a fault
that has no part wn Leeping us erect] “ Its most powerful action 18 to rase the trunk
after stooping by drawing the pelvis backward ' [The maxvmus 18 lav throughout the
movement | ““ It 18 a tensor of the fascia lata, and through the 1hotibial tract 1t steadies
the femur on the tibia during standing when the extensor muscles are relaxed ”’ [See
the last comment but one, above )

From Cunnsngham’s Text-Book of Anatomy, 1943, 8th Kdn , p 508 —‘ The gluteus
maximus 18 mamly an extensor of the thigh and has a powerful action mn straightening the
lower hmb, as in chmbing or runming > [Does this wnply when acting from sts orgsn #
For presently we find the phrase * Acting from 1ts msertion ’—as f fo sigmfy antsthests
If the antsthesrs 15 meant, the words suggest a retropulsion during chimbing, yust as they dsd
when wsed wn 1922 (5th Edn, p 417)] Its lower fibres also adduct the thigh and
rotate 1t laterally ** [The fibres meanwhile are relaxed ] * Acting from 1ts mnsertion the’
muscle 18 & powerful extensor of the trunk when the body 1s being raised from the sitting
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The muscle, for example, 1s relaxed 1f we extend the hip: in
standing still; m mising from the exercise of touching toes with
straightened knees; i leaning back when seated. Tradition has
enjoined on maximus the task of moving back the femur and the
pelvis These movements 1 reverse are fortunately absent, elsc
we should never chmb the stairs, or leave a seat by voluntary act -
gluteus maximus would guarantee that we were damned (like
Sisyphus) to lasting retropulsion.

The muscle works quite otherwise. Taking a fixed and distal
pomt in front, at the msertion of the iliofebial tract upon the fronf
of the tibia, 1ts action (leaving seats or mountmg stawrs) helps to
effect the raismg of the pelvis and the femur forward, strappmg
each to each mn such a way as to combine great sohdant)
with requisite mobility.

The task indeed seems herculean, befitting well the bulk of
maximus. But looking closer at the muscle we find the length of
fibre far too short for the achievement : 1t measures roughly hall
the length of the required 1ange of movement, and even maxial
contraction could only bring the trunk thiough less than a quarter
of the path 1t actually travels to surmount the foot. ‘

I think 1t therefore possible that maximus may work mstea'd
hke a supporfing giant—a kind of Atlas—bearing the body's
weight with fleshy hands while quadriceps, relieved of strain.
procures the movement up and forwards of a mass mawmtamed at
every stage mn lenatation I

What happens when, unaided by our arms, we mse to fu
height from a chair ? Before we leave the seat the tr}mk bt
shghtly towards the knees—a movement due, I think. to ihopsons,
not to rectus femoris. The feet are usually drawn hack, and thus

reduce the distance which the trunk must go to reach a stable

__.—-—-——""M
the tryrk

or stoopmg position , ”* [ Bul these are morements made tn opposito direclions
mores forward from the sithing posture, backward from the stooping posture ] the plan of
Perhaps, since 1498, sufficient time has passed to let our text books try t";‘nl; o 1
Leonarda and hink the museles with descriptions of our common acfs Thew ”mm" o
notes, aighteen—a figure whose correction would do nothing to reduce lns ¢

tvince a trace of 1t an others "
Junctiat whih th

canstitutes e
its outer e
riet

TThe femur 13 slung forward as a whole by maumus 1n virtuo of th
Interal itcrmuscular scptum makes with the part of ihotibml tract that
tendonof maximus The scptum at its inner edge 1s fixed to hnea aspera f thet
av ve vl «r blow (p 218 and Tig 136, 1), joins with the handcr border o o 813
And o, by vav of tract and scptum, maimus sccures o purchase o
throughout s loneth

T ~teap "otfoctvadue to hghtening of the tract whoso prossure on the \
for e Bl and slopimg neck to deve and hold the head of femur up 8
fro £t aitabulum

gront trochar
et 2t
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equiibrium. Then both the maxim contract, and—like a pawr
of hands passed from m front to curve behind the pelvis—
begin to lift the trunk and thigh (tlis last through the ihotibial
tract and lateral septum, see p. 218) together forward on the
legs. In front the quadriceps conducts the movement. And then
surprisingly, while hup and knee are still m flexion, first maxim,
then 1ecti, cease to act and leave the final straightenmg of the
limb to semmtendinosus.!

Tlus action of a hamstring may seem strange, because we leain
(by rote) to call the hamstrings “ flexors of the knee.”” And so
they are—provided that the foot 1s off the ground and quadriceps
is lax. But the semitendmosus differs from 1ts fellow hamstrings :
1t 1s attached i front of-—not behind—the ° centre ’ for the move-
ment of the knee; 1ts lower tendon curves like fingers round the
lever of the tibial shaft. So, when the foot 1s standing firm, and
while the ankle acts as fulerum, then a contraction of the muscle
will pull the top of the tibia back and bring the knee to full
extension. And you will find that 1f the trunk 1s vertical (and
therefore does not need the aid of other hamstrings to check
a forward plunge), semitendinosus, alone of all the local bellies
you can feel, 1s genumely taut throughout the movement. It 1s,
m fact, a service-pattern ‘ muscle of attention ’.

A model made m plasticime of the half pelvis seems to thiow
further ight. Let 1t be flat at first, on the Mercator principle ;
string 1t with thread attached like maximus from ihum to coccyx
and thence continued mto ihotibial tract’. Pivot the slab upon
its ¢ acetabulum ’; pull the loop forwards, letting your hand sink
slowly as 1t pulls. Almost at once the ‘ semi-pelvis * tilts. Now
mould the plasticine which stands for ihum m close accordance
with the bone: make 1t look backward at its hinder part, and

1 The sudden laxity of maximus 18 fortunate perhaps 1f we consider how the hyperactive
muscle hifts the pelvis nearly to the summit of the arch of opisthotonus produced by
strychnine or by tetanus, in gross exaggeration of the movement which a patient makes
tolet the nurse remove a bed-pan  In this routine event the quadriceps 15 not protagonst,
and maximus, behaving now as a protrusor of the pelvis, must put forth all 1ts strength—
a thing 1t rarely does, leaving to other muscles acts 1t might perform, and working when
1t must , and then with notable economies of effort

That 18 & common character of muscle A palmar flexion of my wrist aganst the
force of grawity, and made with fingers loose, tightens the tendon of my flexor carpi
radialis, which stands out hike a ridge Then, 1f T close my grip, the radials ridge goes
limp and fades, throwing the work mstead upon a broader ridge of finger flexors A
looseming of the grip restores the status quo the radiahs juts, the finger tendons fade
And while the order of this devolution fluctuates 1n wrnsts which (unlike mine) possess
a long-palmans tendon, the principle remams No wonder, therefore, that we sometimes
note a will to do the mummum and ‘pass the buck’, these traits—umted with the
most unhuman readiness—are 1n the grain of all our striped activity



194 EXTENSILE EXPOSURE

The muscle, for example, is relaxed if we extend the hip: in
standing still : in nsing from the exerase of touching toes with
straightened knees; 1n leaning back when seated. Tradition has
enjoined on maximus the task of moving back the femur and the
pelvis. These movements m reverse are fortunately absent, else
we should never chmb the stairs, or leave a seat by voluntary act :
gluteus maximus would guarantee that we were damned (hike
Sisyphus) to lasting retropulsion.

The muscle works quite otherwise. Taking a fixed and distal
point 1 front, at the insertion of the iliotibial tract upon the fronf
of the tibia, 1ts action (leaving seats or mounting stairs) helps to
effect the raismg of the pelvis and the femur forward, strapping
each to each m such a way as to combme great solidarity
with requisite mobihty.!

The task indeed seems herculean, befittmg well the bulk of
maximus. But looking closer at the muscle we find the length of
fibre far too short for the achievement : 1t measures roughly half
the length of the required range of movement, and even maximal
contraction could only bring the trunk thiough less than a quarter
of the path 1t actually travels to surmount the foot.

I think 1t therefore possible that maximus may work mstead
ike a supporting giant—a kind of Atlas—bearing the body’s
weight with fleshy hands while quadriceps, relieved of stiam,
procures the movement up and forwards of a mass maintamed al
every stage m lewatation.

What happens when, unaided by our arms, we rise to f.n]l
height fiom a chair ? Before we leave the seat the trunk tilts
slightly towards the knees—a movement due, I think, to 11opsoas,
not to rectus femoris. The feet are usually drawn back. and thus
reduce the distance which the trunk must go to reach a stable

or stooping position , ' [ Bul these are movements made 1n opposite directions  the trunl

mater forward from the atting pasture, barkiward from the stooping posture ] .
Perhnps, since 1498, sufficient time has passed to let our text-books try the plan o

Leonnrdo and hnk the musdes with deseriptions of our common acfs  Thur total i le
notes, eighteen—a figure whove correction would do notlung to reduee s genbus of
evinee o trace of it i others

1 The femur s slung fornard as a whole by masimus an vartne of the junction which :;n:
fntemnl imtermuscular septum makes with the part of tiotibinl tract thal conststute 4' i
tewdon of maximus  The scptum at ats inner edge re fixed to hnea arpera, it U";' ro R“;-
ns we <hall see below (p 218 and Fag 136, 1), jonw with the Innder horder of l}u "yn,:{,
And eo, by wav of tract and soptum, maximns xeenres a purchaxe on e ol
hrouphont at< longth
t 'rl'htu strap v-ffvftt 19 due to tightraima of the teact whose pressore on the preat t:rn‘ }:?“:;,:
forren the barkward sloping neek to drnve and hold the head of fanur up ngmn

Jront of acetabulum
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equltbrium. Then both the maximi contract, and—1like a pair
of hands passed from m front to curve behind the pelvis—
begm to lift the trunk and thigh (tls last through the iiotibial
tract and lateral septum, see p. 218) together forward on the
legs. In front the quadriceps conducts the movement. And then
surprisingly, wlile hip and knee are still i flexion, first maximy,
then recti, cease to act and leave the final straightening of the
limb to semitendinosus.!

This action of a hamstring may seem strange, because we learn
(by 10te) to call the hamstrings “ flexors of the knee.” And so
they ate—provided that the foot 1s off the ground and quadriceps
is lax. But the semutendinosus differs from 1ts fellow hamstrings :
1t 1s attached in front of-—not behind—the ‘ centre ’ for the move-
ment of the knee; 1ts lower tendon curves like fingers round the
lever of the tibal shaft. So, when the foot is standing fitm, and
while the ankle acts as fulerum, then a contraction of the muscle
will pull the top of the tibia back and bring the knee to full
extension. And you will find that if the trunk is vertical (and
therefore does not need the aid of other hamstrings to check
a forward plunge), semitendmosus, alone of all the local bellies
you can feel, is genumnely taut throughout the movement. It is,
mn fact, a service-pattern ‘ muscle of attention ’.

A model made in plasticine of the half pelvis seems to throw
further Iight. Let 1t be flat at first, on the Mercator prmeiple ;
string 1t wath thread attached hike maximus from ihum to coceyx
and thence continued into ‘1liotibial tract’. Pivot the slab upon
its © acetabulum ’; pull the loop forwards, letting your hand sink
slowly as 1t pulls. Almost at once the ‘ semu-pelvis * tilts. Now
mould the plasticme which stands for 1hum i close accordance
with the bone: make 1t look backward at its hinder part, and

! The sudden laxity of maximus 1s fortunate perhaps if we consider how the hyperactive
muscle hfts the pelvis nearly to the summit of the arch of opisthotonus produced by
strychnine or by tetanus, in gross exaggeration of the movement which a patient makes
tolet the nurse remove a bed-pan  In this routine event the quadnceps 18 not protagonist,
and maximus, behaving now as a profrusor of the pelvis, must put forth all 1ts strength—
& thing 1t rarely does, leaving to other muscles acts 1t might perform, and working when
1t must, and then with notable economies of effort

That 18 & common character of muscle A palmar flexion of my wrist agamst the
force of gravity, and made with fingers loose, tightens the tendon of my flexor carpl
radiahs, which stands out hike a ridge Then, 1f I close my grip, the radiahs ridge goes
limp and fades, throwing the work mstead upon a broader ridge of finger flexors, A
loosening of the grip restores the status quo  the racdialis juts, the finger tendons fade
And while the order of this devolution fluctnates in wrists which (unlike mine) possess
a long-palmans tendon, the principle remains  No wonder, therefore, that we sometimes
note & will to do the mmmum and ‘ pass the buck’, these traits—united with the
most unhuman readiness—are 1 the gran of all our striped activity
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splay it out: stagger the * coceyx * inward from the * 1~chiv
Pulling once more you find that a laige fraction of the |
wlich made the model nod when 1t was flat is now absorbe
twisting 1t : the downward pull mnstead of causing an immec
nutation begins to twin the slab in such a way that if
plasticine were hving bone the pubis would be forced tow
its fellow at the symphysis. and 1lium would t1y to wrench
away from sacrum.

Here—in connection with nutation—ou plasticime perhay
lummates the problem of the deeper caudal piece of max
affixed to the gluteal mark . the fibres ought, one feels, to
the upper part of femur back. Yet. if we force the thigh to
extension on the trunk, and then as far as it will go hehind
buttock. though hamstrings harden, maximus 1s Jimp. And. v
we rise from chairs, the upper part of femur travels forward. |
only backward-moving portion 1s the lower end—drawn backw
as we saw (p. 195), by semitendmosus when maximmus had ce
to act.) Possibly these caudal fibies help i countering the forv
mclination of the pelvis produced by rectus femoris and upper
of maximus.

With plasticine (as in the art of surgery) experience may
fallacious : but. as one handles 1t, a feeling grows that max
could play a Titan’s part—moulding the shape of pelvis. and
doubling special portions of the bone predestined to withstand
stress of moulding—a dual part that might be found to mark
anthi opologists, the hillman, say,from certain dwellers on the pl
And, if the skull shape alters rapidly with new environment
Ridgeway thought mn 1908, and Boas tried to prove in 1912)* 1
not the shape of pelvis too ? Or could a faster change. in fay
this time of obstetrics, be got by early traming of the muscle ?

I{ seems, perhaps, that Aristophanes was 1ight when (in
Clouds) he let his students of astronomy look skyward with i
rumps : gluteal muscles bring a host of problems into focu.

The care of convalescent maxmi——A biace of smple ¢
emerge from these conceptions. The patient. winle recumb

Tar W Ridgoway 908, Pposidetial Addeeee to the Seetion of Inthrep drgs, I
\mionmtion for e Advancement of Seinee Trany Boas, 1492 fFuany * o 111
Forewof 11 cradants of Dnugrante Waslineton D 6lat Copmpiae 2 s 1om,
Dorumi e 64 Doosnent e 208
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must be lifted on to bed-pans mn order to prevent the all-out effort
of the maximus that goes with a protrusion of the pelwis (see
footnote, p. 195) Then, when he leaves the bed, we lift him to
his feet and keep lum on the level. There he may walk (gently and
"making short steps) with maxim as limp as battle-dress—a gait
that we must teach before the patients rise. (In normal gait the
fibres of the maximus stretch while the moving hmb swings past
its fellow, till, as we ground the heel, they hardén suddenly—a
little on the flat, but more and more with rise of gradient. Con-
tracting thus they help the pelvis on to overtake the foot.)

So, m his early convalescence., the patient need not use the
damaged maximus ; and if, as well, we lower him to sit or e and
do not let hum stoop, he will not stram 1ts fibre.

THE FRONT OF FEMUR

This (hke 1ts brachial homologue) 1s covered by a half-sleeve
of muscle; and whether we explore the back of humerus
or front of femur our practice 1s i1dentical : we look first for a
seam, then open 1t to find a deep head coating bone and crossed
obliquely by a neurovascular bundle. Accordingly to reach the

shaft i erther case we rip the seam, loop the bundle, and spht
the deep head

I shall 1eturn to these pomts later.

APPROACH TO THE FEMORAL SHAFT
FROM IN FRONT

Exposure of the femur from the outer side was once the fashion :
1t called for no reflection—the surgeon cut directly down on
bone. The mconvement, unsightly and bloody wound seemed to
suggest a price exacted for security, together with a certamn
disregard of structure. The kmife thus used transects the slanting
fibres of vastus laterahs, a goal of all four perforating arteries
and of the branch descending from the outer circumflex. The
patient, too, must lie upon his side, or else the surgeon works at
disadvantage.

The method found below ! respects anatomy, 1s relatively blood-
less, and gives a wide exposure : over twelve inches of the shaft—

1 Brilwsh Journal of Surgery, 1924,12, 84
13
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from small trochanter to the lower end—are easily accesuble. We
look in comfort on the front and sides of femur; and while the
patient still lies flat, we can secure a safe. dependent dramnage,

Let us now take up the points of the first paragraph.

The half-slecve consists of the quadriceps, enclosed m faseia : 1ts
seam (wlich shapes the course of ou incision) hes between vastus
lateralis and rectus femoris—a pair of heads that part towmds
their origins and form a V-shaped entrance to the sleeve, This
entrance will be found a handbreadth distal to the great t1ochanter.
in lme, of course, with the incision which 1uns from anterior
superior spme down to the outer angle of patella (Figs. 119 and
120). For further guidance grasp the long and 1elatively mobile
1ectus head below the ° spine.” and move the muscle crosswise :
the outer margin of the mobile zone will mark the <cam
(compare p. 115)

The upper part of Iig. 119 shows that we must sepaiate two
other belhes—sartorrus and tensor fascie—a very simple act for
those who take the caie to mark out mcasions precisely. Then
when the seam is ripped two structures must be kept i mind before
exposing bone—suprapatellar pouch and neurovascular bundle.

The newrovascular bundle.—Coating the femur, when we rip the
sleeve, we see a silvery fish-ike belly—the deep, mvesting belly
of crureus (or vastus mtetmedius in B.N.A.). A Dbundle sjopes
across 1ts face consisting of the neive (or neives) to vasius
lateralis plus outer branches (with compamon veins) of lateral,
cicumflex artery. Tlus bundle can be found—mn providential
fat—a handbreadth distal to the great trochanter ;: and when 1t
has heen mohihsed and looped up like a bucket-handle, then we
can sphit the muscle deep to 1t and reach the shaft (Jag. 120)

The suprapatellar pouch spreads, when the limb 15 <traight.
thiee fingeibreadths above patella. Pouch and bundle are
deseribed below m further detail.

THE OPERATION

Position.—With the patient flat on Iuis hack, extend the hnee
on the <ide of operation: then rase the heel well off the table,
relaxing rectus femoris,

Inaision.— Dnvide the <kin (and afterwards deep Inscia) fxffm
anterior supenior thae spme to the oufer angle of patelln SUTS
119. 1) W< important {o make ths cutn suel away that we
can open fusan betzeeen the tensor musele and sattorus,
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Begin exactly at the centre of the very shallow noteh immedi-
ately below the * spine”

It is 1mpossible to find it by approaching from above: feel
therefore from below. The thumb does this best, catching the
notch with its nail. A cut can then be made as if to sphit the thumb

THE LINE FOR SPLITTING
VASTUS INTERMEDIUS

Fig 120
The quadriceps sleeve in cross-section

Note the position of the seam, which must be ripped, and the line for splitting vastus
intermedius—the deep, Investing head which coats the femur

in half (Ing. 119, ¢). The common error is to choose lon lateral
apoint : the knife stray~ mto muscle and butchery begms.

Planes of cleavage.—The finger finds the V-like interval between
rectus femoris and vastus laterahs. 2 handbieadih distal to the
greal trochanier; and passing down between the bcl‘lu'k meelts
with minor vessels, which are caught and cut. More distully the
finger will be checked where the vastus fibres jom the rectus
margin ; then we use a knife.

The trilaminar tendon of quadriceps.—.\ working Lnowledge
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here will let us rip the sleeve still farther down and thus obtain a
maximal exposure.

The stout component from the rectus femoris lies in a groove
provided by the distal parts of medial and lateral vast (Fig. 121).
Adjacent portions of these vasti, flush with rectus tendon, fasten
on 1ts borders and send their deeper fibres of insertion round
belind to make a common sheet which cradles it. This interwoven
sheet (the second lamina) lies on the third and deepest—formed,
of course, by tendon from the vastus mtermedius (the part of
quadriceps once called crureus).

So, 1f we wish to mobilise the distal portion of the 1ectus and

A, B C
RECTUS RECTUS FEMORIS TURNED
FEMORIS

OMMUNICATING
INTERLAMINAR
BURSA (cut opeR)

DIRECTION

Fig 121

Delamination and rotation of quadriceps tendon to secure further distal exposure
of shaft

A Divide the edge of rectus tendon from vastus lateralis , then, with the knife laid flat,
detach the back of rectus tendon down to patella This will let you twist the tendon (B)—
and, with i, all the rectus—farther forward, exposing more of vastus intermedius belly (In
order to avoid the pouch, the splitting of intermedius belly (Fig 122, A) 1s checked four
fingerbreadths above patetla—a point which lies, of course, above the level shown in these
pictures ) Note the fat between pouch and bone, which (with the extra access got by
delamination) lets us separate the pouch intact and reach the distal limit of the shaft C Shows
the theoretical risk of delamination in presence of sepsis—Iif any interlaminar bursa should
happen to communicate with suprapatellar pouch

bare the shaft still farther down, we separate at first the edge of
%ectus tendon from the vastus lateralis ; then, with the knife blade
1 the frontal plane, we cleave 1ts hinder surface from the vastus
sheet and so delaminate the tendon of the quadriceps (Fig 121, »).
After this cleavage we can twist the outer edge of rectus as a whole
much farther forward and so get extra room to see and splhit the
fish-hke, bone-investing belly of the vastus intermedius.

The frontal cut to cleave the lamme of quadriceps should not
be made n presence of mfection bursee are found at times between
the layers, and mught (1f they were sliced, and chanced as well to
Jomn with the synovial pouch) bring sepsis to the knee (Fig 121, c).

The neurovascular bundle.—Now that the sleeve 1s ripped the
slantmg bundle shows, a handbreadth distal to the top of great
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here will let us rip the sleeve still farther down and thus obtamn a
maximal exposure.

The stout component from the rectus femoris lies in a groove
provided by the distal parts of medial and lateral vast1 (Fig. 121).
Adjacent portions of these vasti, flush with rectus tendon, fasten
on 1ts borders and send their deeper fibres of insertion round
belhind to make a common sheet which cradles 1it. This interwoven
sheet (the second lamma) hies on the third and deepest—formed,
of course, by tendon from the vastus intermedwus (the pait of
quadriceps once called crureus).

So, 1f we wish to mobilise the distal portion of the rectus and

A. B C

! RECTUS RECTUS FEMORIS TURNED
LAYER 1 EMORIS

i
LAYER I
{FROM INNER &
OUTER VASTI)

OMMUNICATING
INTERLAMINAR
BURSA {cut opEN)

Fig 121

Delamination and rotation of quadriceps tendon to secure further distal exposure
of shaft

A Divide the edge of rectus tendon from vastus lateralis , then, with the knife laid flat,
detach the back of rectus tendon down to patella This will let you twist the tendon (B)—
and, with 1t, all the rectus—farther forward, exposing more of vastus intermedius belly (In
order to avoid the pouch, the sphtting of intermedius belly (Fig 122, A) 1s checked four
fingerbreadths above patella—a point which lies, of course, above the level shown in these
pictures ) Note the fat between pouch and bone, which (with the extra access got by
delamination) lets us separate the pouch intact and reach the distal imit of the shaft C Shows
the theoretical risk of delamination in presence of sepsis—if any interlaminar bursa should
happen to communicate with suprapateliar pouch

bare the shaft still farther down, we separate at first the edge of
rectus tendon from the vastus lateralis ; then, with the kmife blade
n the frontal plane, we cleave 1ts hinder surface from the vastus
sheet and so delaminate the tendon of the quadriceps (Fig. 121, B).
After this cleavage we can twist the outer edge of rectus as a whole
much farther forward and so get extra room to see and spht the
fish-hke, bone-mvesting belly of the vastus mtermedius

The frontal cut to cleave the lamin® of quadriceps should not
be made 1n presence of infection  burse are found at times between
the layers, and mught (if they were sliced, and chanced as well to
jomn with the synowvial pouch) bring sepsis to the knee (Fig 121, c)

The neurovascular bundle.—Now that the sleeve 1s ripped the
slanting bundle shows, a handbreadth distal to the top of gieat
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MOBILISING
NEUROVASCULAR

Fig 122
The neurovascular bundle

Aand B Separate rectus femoris
from vastus lateralis which 1
crossed obliquely by descend-
ing branches of lateral ¢ircum-
flex vessels and the nerve to
vastus lateralis  Above this,
and somctimes separated from
it, are transverse crcumflex
vessels C Mobilise the bundle
beginning at Its distal end
Raise it like a bucket-handle
and split wvastus intermedius
lengthwise , cheek the split
four fingerbreadths above the
top of patella (Be sure you
raise the transverse part of the

- bundle as well as the oblique )

UNE FOI SPUTTING
VASTUS INTERMEDIUS
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into 1t. Often they spread
out fanwise (as m Fig.
122, A) or else divide mto
quadrants, two or three in
number. A thin transparent
fascia binds them (with sur-
rounding streaks of fat) to
vastus mtermedius. The
presence of this fat makes
mobihsing easy. Division
of the binding film along
the lowest streak will often
let us raise the bundle as a
whole upon the finger—
ke a bucket-handle. An
upper transverse part 1s
sometimes mussed through
caielessness; and sometimes
quadiants widely separate
may need a further opening
of the film (Fig 122, a).

Under this arching
“handle’ cut to bone by
sphitting through the length
of wvastus intermedius.
Watch for sharp bleeding
from a vem divided m the
upper fibres.

The suprapatellar pouch.
—Avoid a penetration of
this pouch wlich spreads
three fingerhreadths above
the top of patella and there-
fore check the sphit through
vastus mtermedius a trifle
ngher up (Fig 122, a).

If we delaminate the
tendon of the quadriceps,
we can—in case of need—
detach the pouch from bone.

A broadly bladed osteotome, close aganst the shaft and moving

ANT SUP ILIAC
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FASCIAL WEBS
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SPLIT VASTUS
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Fig 123
Anterior exposure of femur

Detach the split vastus intermedius and expose as
much of the shaft as you wish
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trochanter. The nerves and vessels reach the outer vastus and sk .
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distally. will take advantage of the lucky weft of fat that lice
between the bone and pouch—a thing to practise first upon
cadavers. for round the uninfected hnee we should not make
too bold with cobwebs.! Displace the flaceid pouch towards the
Joint and so get access to the lower end of shaft.
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Fig 124
Stripping the femoral shaft of muscle

ich

A Work the rugine Into the acute or stripping angle wh

muscular attachmgcnts make with bone, i ¢, up the shaft for all

the muscles excepting adductors Note how the rugi?c tcahr:

into muscle when used in the wrong direction (B) against t
obtuse angle

Retraction of the halves of intermedius will lwxcwxatl}" rt'\'vg.l;u
fool or more of shaft—a wide wpan plus a handbreadth (g 129)
But fir<t it must be cleared of mu-cle. o

Stripping the femoral shaft.—The <lope of mu-cle varies: "m ¥
and the short head of heep~ travel down from the fomm".l\:_u :
ductors. fo the femur.  We «frip them off mot cleanly };:\' u:;ru::li(;
the rugine against the lesser angle which the ibres muke o

"'
alun zlrarthr o0
P Attempts at s paeating poueh from qupdree peondl ocosely
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attachments—the stripping angle of the muscle. Used in the
opposite direction the mstrument will tend to leave the shaft and
tear the fibres—especially at hnea aspera where rugged edge and
toughly planted tendon contribute (with the effort they evoke) to
sharp and sudden deviations (Fig. 124, »).

Begmung at the mner side detach from linea aspera the origm
of vastus medialis, which forms the medial mtermuscular septum
(Powier) by working up the bone; then separate adductors n the
opposite direction.

On the outer side of shaft the rugme works in one way only—

FEMUR

o

o X h S
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v [ad

- e

'Y
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VASTUS INTERMEDIUS
8 VASTUS LATERALIS ¢
RETRACTED BACKWARDS

JUURT WSSOV

Fig 125
Stripping the shaft of lateral septum

(The sleeve is open and the femur stripped of quadriceps ) Sit, looking level with the bone

Press back the vastus lateralis and outer moiety of intermedius  Find the perforating bundles

coming through the septal archways The pressure on the muscle draws the vessels back
sufficiently to let a knife divide the septum from the linea

upwards - at first agamst the vast: origins ; and presently—behind
the septum—against the shorter head of biceps.

The lateral wntermuscular septum, wregular m gram and giving
passage to the perforating vessels, requires special treatment. Sit
looking level with the wound and see the vessels coming through
their roomy archways Retraction of the vasti will draw these
vessels back sufficiently to let you cu¢ the septum close to bone
and leave them safe (Fig. 125) (A surgeon, Maurice Pearson,
South Africa— British Medwcal Journal, 1930, 1, 910—has pad
this femoral approach vhe comphment of makmg 1t a ¢ one-man
10b’ He has devised retractors (Fig. 126), weighted at the ends,
which lever up the shaft and press the muscles back.)
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Drainage.—Counter-openings. too. are made with perfect safety
by cutting down upon a
forceps passed between
the outer part of va~tus
mtermedis  and  the

~. bone. The outer face

of lateral <eptum <huis
the forceps off fiom the

sciatic nerve (Fig. 127)

Fig 126 and guides 1t back to

Maurice Pearson’s retractors skin behind the field of

Theseare self-recaining , they lift the shaft, pressback  operation. IFor with the
the muscles, and take the place of an assistant liml 1
(The block for this figure hos been kindly lent by Messrs Allen & Henburys ) mb recum )Clﬂ ”“—'

FORLIrS FASSU Tof
BIXE & NLG 2NE T
CITER FACT IV
LATEARL SEFTUY

INTERMEDIUS
{sPLIT)

POSTERIOR

TG "y
N MUSCLES AN.D

thEIStaM ¥37
POSTERION
DIAINASE

LATERAL SEPTUM

Fig 127
Posterlor drainage after anterlor exposure of femoral shaft

tue Intermedius, thide o forceps patt thr ore”

+ P '3
VWhen you Fave ripped the 2eam and sphit va bolged behird  Hore

nde ef thyle, 3nd 1 abe it hug the oter face cl seprum gli theskin i
fow the seprum bullery the geane nesve,
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septum 1s approximately vertical—a statement tiue of every
portion that we use m making fhis exposure. The 1eason seems
to be as follows. Close to the knee for a few fingerbreadths the
septum keeps a frontal plane and faces fore and aft; that 1s
because the mass of quadriceps m front of 1t is almost equal to the
biceps mass belind. But farther up the thigh the quadriceps
preponderates so quickly as to turn
the septum back mto a plane that
faces right and left. I stress the pomt
to meet suggestions that exposwie of
the femur from 1n front 1s ncompatible
with proper dramnage.

Extension of Anterior Femoral Ex-
posure to the Knee Joint.—The distal
part of this approach 1s easily con-
tinued with the wide benign exposure
devised by Timbrell Fisher for the _ror
knee jomt.! He brings lus own mcision  “wnee )
down along the mner edge of the
patella. Let us, instead, contmue ours
along the oufer edge (keepmg, hke
Fisher, clear of tibial tubeicle so that
the scar will not be knelt on). Tlus
outer cut lies parallel to the maimn cu-
taneous neirves and 1s remote from the
medial, transversely placed saphenous
branch whose mjury gives trouble \ .
after memsectomy. Bring the cut a Fig 128, Part 1
fingerbreadth below the level of the Incision including knee joint

with anterior femoral exposure
tubeicle (Fig 128) Reflect the skin The black line shows the mncision

medially and expose the wnner edge of for separate exposure of the joint
patella ; expose also the mner edge of The  knife wﬂ;?c',ifty the tibal
quadriceps tendon to the height of four

fingerbreadths Then spht the fibrous covermng of the patella along
the middle hine ; reflect the cover inwards just beyond the margimn of
the bone, cut along that mner edge imnto the jomnt. Continue this cut
upwards (avoiding mner vastus) thiough the tendon of quadriceps
sufficiently to let us dislocate the patella (strung between hgament
and tendon) so that 1ts articular face 1ests on the outer side of
outer femoral condyle. Flex the knee to a right angle and make
the jomt yawn. I have used Fisher’s fine, origimal exposure to pick

1 The Lancet, 1923,1, 945
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Drainage.—Counter-openngs, too, are made with peifect safety
by cutting down upon a
forceps passed between
the outer part of vastus
mtermedus and the
bone. The outer face
of lateral septum shuts
the forceps off from the
saatic nerve (g 127)

Fig 126 and guides it back to

Maurice Pearson’s retractors skin behind the field of

These are self-retaining , they lift the shaft, press back operation. For with the
the muscles, and take the place of an assistant

hmb 1ecumbent the

(The block for this figure has been kindly lent by Messrs Allen & Hanburys )

FORCEPS PASSING THE

BONE & HUGGING THE
OUTER FACE OF
LATERAL SEPTUM

R0’/ INCISION FOR
S POSTERIOR
"y DRAINAGE

LATERAL SEPTUM

Fig 127
Postcrior drainage after anterior exposure of femoral shaft
When you have ripped the seam and split vastus intermedius, slide a forceps Enst the outer

side of shaft, and make it hug the outer face of septum till the skin Is bulged ehind, Note
how the septum buffers the sciatic nerve
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septum 1s approximately vertical—a statement true of every
portion that we use m making fhs exposure. The 1eason seems
to be as follows. Close to the knee for a few fingerbreadths the
septum keeps a frontal plane and faces fore and aft; that is
because the mass of quadriceps in front of 1t 15 almost equal to the
biceps mass behind., But farther up the tlugh the quadriceps
preponderates so quickly as to turn
the septum back into a plane that
faces right and left. I stress the pomnt
to meet suggestions that exposure of
the femw from m front 1s mcompatible
with proper diainage.

Extension of Anterior Femoral Ex-
posure to the Knee Joint.—The distal
part of this appiroach is easily con-
tinued with the wide benign exposure
devised by Timbrell Fisher for the _ron
knee jomnt.! He brings hus own incision  wnee
down along the inner edge of the
patella. Let us, instead, contmue ours
along the outer edge (keeping, like
Fisher, clear of tibial tubercle so that
the scar will not be knelt on). This
outer cut lies parallel to the main cu-
taneous nerves and 1s remote from the
medial, transversely placed saphenous
branch whose mjury gives trouble
after memisectomy. Bring the cut a Fig 128, Part 1
fingerbreadth below the level of the Incision including knee joint

with anterior femoral exposure
tubercle (Fig. 128) Reflect the skin The black line shows the mcision

medially and expose the ¢nner edge of for separate exposure of the joint
patella ; expose also the mner edge of The  knmife wﬁ;?;i’ft, the ubial
quadriceps tendon to the height of four

fingerbreadths. Then spht the fibrous covermg of the patella along
the nmmddle lme ; reflect the cover inwards just beyond the margm of
the bone, cut along that mner edge mto the jomt. Contmue this cut
upwards (avording mner vastus) through the tendon of quadriceps
sufficiently to let us dislocate the patella (strung between ligament
and tendon) so that its articular face rests on the outer side of
outer femoral condyle. Flex the knee to a nght angle and make
the jomt yawn. I have used Fisher’s fine, original exposure to pick

1 The Lancef, 1923, 1, 345

1 ANTERIOR
7+ FEMORAL
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OVERLAP
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shot-gun pellets from the back of a condylar recess, and also—
with the trivial change described above—for excising knees through

Fig 128, Part 2

These four drawings, copied by kind permission
of Mr A G Timbrell Fisher and of The Lancet, show
that author’s original wide exposure of the knee
joint through a medial skin incision, A The pro-
cedures figured in B, C and D—reflection inwards
of the prepatellar fascia (B), medial arthrotomy
(C), and lateral luxation of patella, with flexion of
the joint (D)—can all be performed through the
laterol  ncision continuing anterior femoral
exposure (Fig 128, Part 1)

stiaight incisions (p. 7).

Repair will (if we
wish) seal the cavity
with three staggered
rows of suture. Drain-
age can be got in the
face-down  poution—
the only way (without
resection of a condyle)
of usmng gravity to
empty pools m either
blind posterior pouch.
But diainage damnsthe
knee joint to adhesions:
and where the joint and
notthelifeisthieatened.
as happens often in the
early case of knee m-
fection, I have secured
quick healing and good
function by injecting
10-15 c.cm. of mercuro-
chrome (1 per cent. mn
water) after thoiough
aspiration of pus. 1e-
peating the procedure
three or four tunes with
two-day mtervals, Meir-
curochrome. I found.
was harmless to the
joint. and was bacterto-
static i that do-age.
(This was hefore fhe
advent of more recent

drugs about whose action on and in synovie I have no personal

experience.)
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THE UPPER PART OF THE ANTERIOR
FEMORAL APPROACH

Let us consider certain details of a region shared by this
exposure of the femur and by Smith-Petersen’s exposure of the hip.
The fascial webs.—After we part the muscles and move towards
the femoral neck, two, three, or four superimposed and separate
layers of fascia, remarkable m strength and shape, cross the path

of the kmife. These layers
occupy the space between
the ongms of the rectus
femoris and tensor fascie
muscles, umtimg the deep
aspects of thewr sheaths
(Fig. 129). Each—Ilike the
web between two ¢ Victory’
fingers—is furmished with
a clear-cut margin, concave
distally Omne of the webs
(but whach, it 1s 1mpossible
to prophesy) has on 1iis
deeper face and near1ts edge
an artery the size of radial
—the ascending branch of
the lateral circumflex; so
1t 1s well before we cut the
webs to clamp their margins
till we find the vessel.
These webs deseive a
study which I found no
time to give them. A
ghmpse of a figure m
Paturet’s Trauté d’ Anatomie

-
1

Lf.:g,) ANT SUP ILIAC SPINE

TENSOR

FASCIAE !
LATA

'« RECTUS FEMORIS

Vs

\’l
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FASCIAL

Fig 129
The fascial webs

These cover the front of hip joint and join the

deep aspects of the sheaths of rectus femoris and

tensor muscles Note the relation of web and
artery

Humaine (1951), Vol. I, p. 599, a fascinating book, which I owe
to the gift of Sir Gordon Gordon-Taylor, led me to suspect a Ik
between my so-called webs and Paturet’s  recurrent’ (or third)
head of rectus femoris. I have no sure warrant for that surmuse,
nor (in a very hmited search) have I had the fortune to find a

convincing third head
thorough explorations

I leave Fig 130 as a gwde for more

The double bonnet.—These web-hke structuies screen the jomt

m front

When they are cut a finger-tip pressed firmly on the
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capsule can just squeeze in above 1ts upper face and force a path
hetween the capsule and a hood which covers it—a double hood ol
honnet formed by gluteus medius and mimmus. whose deeper pait
(the minimus) is moulded down in streamhne on the joint. So. to
expose the deep articular machinery, we rase the bonnet (Fig. 131),

REFLECTED HEAD

GLUTEUS MINIMUS
REFLECTED

STRAIGHT HEAD

THIRD HEAD'
(SUPERFICIAL AND
DEEP PARTS)

RECTUS
FEMORIS

Fig 130

The ‘third head ' of rectus femoris (after Paturet) fts deep part joins the

iliofemoral ligament and the trochanteric hne , its superficial part joins the

tendon of gluteus minimus on the front of great trochanter  (The tendon of
sartorfus is not labelled )

ANTERIOR APPROACH TO THE FEMUR COMBINED WITH
SMITH-PETERSEN'S EXPOSURE OF THE HIP JOINT

These two are complementary procedutes. a fact of specal

value m a finetwe diclocation (Fig. 181) 7 And o in passmg from

Reforred to mon paper on that subgcet (Bnbeh Journal of Surgery, 1431, 22, 203
wntten with Bavnun Malomad Basumit dud i 1910 onty o short while after the Boval
College of Surgeons of England had conferred s Pellowsinp sithout exunuuntion—a
sueed frnd, o loval follower of Sir Robert Jones, and plancee tn 1",,'\ M of (ommon > 6
i orthop edie methods
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the femur to the hip continue the meision to the level of at least
the lughest pomt of the iliac crest—four fingerbreadths behind the
anterior superior spme. Then you can raise the twofold gluteal
bonnet and turn 1t back sufficiently to bring the deeply situated
hip joint to the surface. For that you must, if you are working m
the opposite direction (from jomnt to femur), be sure to r1p the seam
between the rectus femoris and vastus lateralis at least a wide span

- "'55'557 PART ooyt PETERSEN C

A OF JuuM
g EXPOSURE
INCISION OF HiP

1

4

- GLUTEUS !

GLUTEUS .0 MINIMUS g

ANT SUP
ILIAC SPINE

GLUTEUS AR

MAXIMUS N

ANT SUR ILIAC
SPINE

DOUBLE
GLUTEAL
BONNET
REFLECTED

\’.;
g -5) ‘
sinG i

W\
y 14 \\ g
UNDER\DOUBLE -+ f] , § OO
“‘Ll L} .{ :‘».\ \&. 1l
The double gluteal bonnet and the combined approach to hip and femur

Fig 131

A Gluteus medius fits over minimus to cover the top of hip joint B The ncision Note

that it must reach (1) the highest point of iliac crest, (2) at least a span, distal to the

anterior superior spine This lets you hinge back the muscles sufficiently to bring both

joint and femur to the surface C Shows how the anterior approach to femoral shaft
merges with the Smith-Petersen exposure of hip

distal to the ‘ spine.” A skimping of the wound, 1 either case, will
leave this deep joint cribbed about by muscle.

Thave preferred to cut away the gluter from crest and outer face
of 1hum, mstead of peeling off the periosteum : the kmfe leaves
two things that are useful—a carpet on the outer face of 1lum ;
a fringe along 1ts crest. The fringe will serve for reconstructive
suturmng ; the carpet lets us catch with ordmnary forceps divided
vessels n 1ts pile of cut gluteal fibres. But if instead we peel the

m})lscles off, we set ourselves the task of stopping bleeding from
a bone.
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Repair.—Sutures at the crest of ilium bring the great mass of
muscle back m place, and pressure keeps it theie. Healing is
sound in young or old ; for fleshy fibres cut from bone (unlike a
tendinous detachment) unite again both fast and well.

EXPOSURES OF THE POPLITEAL FACE OF FEMUR

Tlus face can be approached and dealt with from the mner
or the outer side, or from the back. Each mode of access has
its use. That from the wmner side 1s not so easily continued up
the shaft: the field 1s crossed by major vessels which must be
mobilised and looped away (p 215).

_The outer access on the other hand can be at once p1olonged
far up the tlugh—with due respect for perforating vessels. A
medial or lateral sinus 1equiring excision will frequently decide our
choice of route.

Fresh mjury, agam, may need the third or mesial approach,
but use of it 1n face of fibrous matting courts danger to the nerves
and vessels. Then, too, a hypertrophic scar may form belund the
knee—a chance event, outweighed by ease of access and facihtics
obtaned m tracing nerves and vessels up or down the limb ; the
place in that respect, 1s ke a no-man’s land through which attack
may go m two directions. (Description of this midline route comes
later—with the calf, p. 251.)

THE INNER (MEDIAL) APPROACH

A plan mtending to exploit the rear of any situation <olely
from the flank might scem a hopeless paradox. Bul in our surgical
assault we hold this clear advantage over generals—the place can
turn obligmgly and let us . )

Try 1t yourself—o1 on a skeleton—uwlule one (or other) Jies upon
the back with imbs extended. Rest the outer edge. sny of the
right foot on the left shin. letting the right knee sag. Ths turns
the pophiteal face towards the left—round. nearly, through a nght
angle. Then, with a <andbag, raise the other buttock (or decorously
tilt instead the pelvis of your skeleton) : the pophteal curface turns
still farther round and looks not only left but up, towards the
ceiling.
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The vessels and the bone.—In all exposures of the popliteal face
we must negotiate the popliteal vessels. That 15 made easy by a
thumbwide gap wlich parts the vessels from the bone and owes
existence to the fact that wlile, above, the trunks he close agamnst
the shaft, below, the condyles (bridged, of course, by capsule)
fend both artery and vem away from femur—much as a backward
flexion of the fist will fend a ruler, lying lengthwise, off the dorsum
of the carpus (Ig. 132).

CONDYLES BRIDGED
BY CAPSULE
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Fig 132

Showing how the bridge of capsule between the condyles fends the
vessels off the popliteal face, leaving a useful thumbwide interval

The gwding tendon of the adductor magnus is overlad by
muscle ; sartorius and gracilis cover its medial side. But, when
the knee 1s bent and fascia divided, these bellies shp right back
and show the tendon; only a loose, thin membrane just behind
this whitish cord remains to part us from the pophteal space.

THE OPERATION

Position.—A sandbag underneath the buttock of the sound
side tilts the recumbent patient. Place the foot of the affected

TA
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limb so that its outer edge 1ests on the other shim
as possible ? (Fig. 133).

Incision.—Cut lengthwise for an ample span, crossing adductor
tubercle. The kmfe follows the bend of the hmb and onlv evers

as near the knee

HINDER EDGE AQDULICA
OF INNER
wxonLE

FAT
TENDON OF
ADDUCTOR
MAGNUS

LATERALIS

EDGE
FORMED

BY TRACT
avp SEPTUM

e e —— -

FASCIA DIVORCING
INNER HAMSTRINGS NERVES Facm VESSELS

INCISION

Fig 133
Position and incision for inner popliteal approach

The knee is shown raised In order to demonstrate the incision clearly , In practice it rests on

the table Note above a three-finger method of locating adductor tubercle  When the

‘free * edge of the hinder fingeris at the hinder edge of inner condyle the pulp of the anterior

finger covers the tubercle Note, too, the way In, as shown by the arrow In the cross-section
(This has been adapted from Eycleshymer and Shoemaker, Section 88, p 146 )

~hin and <urface fat. Three fingerbreadths of this mcision are
distal to the tuberele, the rest and major part 1« proxmmal (g 133).
Be cateful here - a medial condyle has often been mistaken for
adductor tubercle; meisions then lie {oo far backh. TLocate the

PO P of the affctod wpde deoca not flox casily, work from the opgesate ande of the
¢ 1hle
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hmdmost margm of the condyle; the tubercle 1s found three
fingerhreadths m front (Fig. 133)

Dissect the hinder edge of skin back for about an inch ; expose
sartorius above the level of the adductor tubercle; divide the
fascia in front of it ; then (with Mayo scissors ¢ on the flat’) de-
tach the deep surface of the muscle, avoiding thus a risk of injuring
synovial membrane that lies between the condyle and sartorius.

The free sartorms falls back and leaves exposed the guding
tendon of adductor magnus in front of which the large saphenous
nerve leaves the canal of Hunter. The nerve is sometimes carried
off upon the deeper aspect of sartorius ; or else lies loosely, strung
across the wound. With 1t 1s found the superficial branch of the
descending genicular aitery—the old anastomotic. The deep
branch of this vessel runs along adductor tendon surrounded by
some fibres of the inner vastus. Nor do we see the great saphenous
vein (which lies upon the suiface of the sartorius), 1f we have
rightly placed our skin mncision.

Immediately behind the adductor tendon pick up and open the
loose thin fascia—the last impediment before you reach the fossa.
Slide a finger i, keeping its back agamnst the tendon, till you touch
the centre of the popliteal face (Fig. 134) The vessels lie, we know.
a thumbwidth from the bone, so bend the finger-tip to find them.
Widen the entry to the space and let the finger mobilise the vessels
—up to the opening in the adductor magnus, down to the condyles
of the femur. As we retract them gently back, some twigs they send
to bone string out across the wound and thus are easily controlled
and cut. The popliteal face of the femur then lies bare (Fig. 134)

(The major nerves do not appear in this exposure ; they run remote
from bone and from the surgeon (p. 221 and footnote to p. 241).)

THE MEDIAL ROUTE EXTENDED TO FEMOROPOPLITEAL TRUNKS
AND TO THE SHAFT.—Prolong the upper part of the mesion
towards the mid-pomt between anterior superior spme and pubic
symphysis—in the direction of the femoial artery (Fig 135). Fing
the anterolateral edge of the sartorius ; liberate and move the belly
mwards off the membrane roofing Hunter’s femoral canal, Then
spht the roof and find the vessels When the knee ig bent the
femoropopliteal trunks will come to hand with gentle separation
and be loose enough to loop asde. The outward twigs which moor
the bundle here are few and widely spread ; one set of thege muc]

larger and more constant than the rest, hes about seven ’ﬁngerl
breadths above the adductor tubercle. A little blunt diSSQCtiOI;
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made along the leash and on the outer aspect of the parent
bundle will let us raise the major vessels ke a bucket-handle
and clear an access to the shaft.

NERVE & ARTERIA
GENU SUPREMA

e , R anaa SN
A SR C - - - .
; R SIDE OF rEmug

4 ~

\BACK oFf

ADDUCTOR TEHDON
VASCULAR
BUNDLE

Fig 134
Exposure of the popliteal face from the inner side f
he fossa
A Open the flimsy fascia just behind adductor magnus tendon , slide a finger into t
kccpigg its back ag:{inst the tendon » touch the centre of the popliteal space  Hook the finger

to locate the vessels Widen the opening and r:oblllsc the vessels B The popliteal face
expose

t Mutunl relatiany of femoropaphteal vein and arlery —Sartorius will help ux to pome ml‘:’r
tham  down the fhagh sartorus and ven haso opponts relations to the artery, S l'
where sartonius s Intoral, near Poupart’s higamont, the venu s medinl, m Huntora canh
rartorus s front, the vom bohnd 3 Ieside the popliteal face of femur gartoring b
medinal, the von s Iateral  Stll farthe s down, wathn the bottle neek prodore ) !x!“rﬂ;
the conrlyie = anid the heads of pasteoens mng, the vemn--as I prrforer—bi s tlote belune
th artery  Buotn the frg st holde once more a meslial pasition.—joit as at dott 1 1Y
Pootp o'« hgament (e ond to Fin 157)



THE OUTER POPLITEAL ROUTE 219

THE TEST OF RELATIVE MOBILITY.—Graspmg the soft and

mobile biceps belly close above the condyle we find 1t moves
across the stable edge (Fig. 136, ). This simple test will guide
our knife and bring us opposite
the loop-hole.

FASCIA DIVORCING
(NNER HAMSTRINGS HERVES ragm VESSELS

LATERAL SEPTUM

MOVING BICEPS ACROSS BACKh OF SEPTUM

HINDER EDGE OF TRACT WHICH HERE D WITH FINGER & THUMB

C. JOINS SEPTUM AT RIGHT ANGLES

LINE OF
HINDER
EDGE OF
FINGER SEPTUM

Fig 136
The outer popliteal approach

A The loop-hole B Cross-section showing how the guiding edge which lies in front of the
loop-hole 1s formed by the junction of iliotibial tract with lateral septum At this low level
(but not higher up) tract and septum form a right angle C Two-finger method of finding
the edge Use right middle and index fingers for the right side, left for the left  Shde them
lengthwise down the thigh till the tip of middle finger strikes the back of fibular head The
pulp of index feels the edge D The test of relative mobility Find the edge by moving
biceps across the back of septum (This test is useful when the knee cannot be flexed )

The biceps, passing to the fibula, crosses the outer head of the
gastrocnemius, and, on the outer side of lateral condyle, hes for a
httle space against the synovial membrane of the knee—a fact to
keep m mind.
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Then, working at the back of the vastus medialis, detach the
muscle fiom its slender hold on bone : for there. as if to help us.
the fibies spring from lmea aspeira and cover. but have no attach-
ment to, the mner side of femur. So. by a mere extension of the
route of Folle and Delmas. we expose a span o1 more of shaft in
continuity with popliteal surface.

THE OUTER (LATERAL) APPROACH

Exposure of the popliteal surface from the outer side is simple.
We take advantage of a loop-hole leading stiaight mnto the fossa.
and widen 1t to reach the bone.

ANATOMY

The loop-hole.—Close to the outer condyle the short head of
biceps lies ~free ” behind the septum. and there a touch—once
fasaa 1s opened—will separate the belly and reveal (between the
biceps. the septum and the condyle) a loop-hole openmg n the
popliteal fossa—a crevice we shall presently enlarge (Iig. 136).
But we must find 1t first And what a mes< 1f we should fail!
For cuts that blunder into quadriceps through tract or septum wall
sometimes cause a singular confusion, incredible till actually <cen.

The 1liotihial edge.—Provided that the knee can be even «lightly
flexed. mustakes. for once. are almost mexcusable. We can enlist
the certain guidance of a haid and constant edge which marke the
umon (at an angle) of lateral septum with the hinder margmn of the
ihotibial tract (Fig. 136. o and B). The edge will therefore lead
us m hehind the septum to the loop-hole.

We have a choice of ways for finding it. The wise use both.

THE Two-TINGER METHOD.—With the knee partly flexed run
vour middle and index fingers (side by side and touching) lengthcays
down the outer surface of the thigh—your left fingers for the left
tlngh. your nght for the right. When the tip of your middle finger
touches the back of the fibular head the pulp of mdex rests on <km
thal ~luft< across the stable hinder edge of iliotibial tract (Fig.
136, ¢). Behind thi edge (which merges. mwards, with H'w
~eptum) 1s a loose, ~oft mass of biceps—-o different with anwesthesin
from the cord we feel behind a wakeful knee!

Vihe beep “tendon® just above the punt g« et the cord ke structun which oftan e > 1o

0 obvi wta to ove or taucl It 1« anntead & lamnna that coats s wader b I and poc

sk witkat Lexdeur gortiane de er musele s attachent o Uextremile aup-onietce du preprne

» L3
Jar wr terdon conmderafle quy smonte en #'elnrgyesant derriere ers druz partions reunicd
Litth ¢ ~pedthe Daron Boyer.
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down a pit by separatmg the biceps upwards to the Izt of your skin
masion. Then through the gap shde m a finger close above the
condyle, keeping 1ts back agamst the lunder surface of the septum.
Touch with the nail the centre of the bony plane, and hook the
finger gently to catch and mobilise the rope-like parcel of the
vessels ; divide a few unpawred and variable offsets that moor 1t
loosely to the femur. Retraction then displays the pophteal face

m full (Fig. 138)

OEEP FASCIA

VASTUS LATERALIS
1LIOTIBIAL TRACT

BICEPS

% s
. o - 7
\ %'.t(“ﬂ(ﬂ(‘

2
Y
[ N Lo

I
. a ’
; . : o IR 75 POPLITEAL ?
i . . VESSELS !
LONG HEAD
BICEPS INHER
HAMSTRINGS

{LIOTIBIAL TRACT

3

fra sTean

Fig 138

Exposure of the popliteal face from the outer
side

A The cross-section shows the way in  Note the
BINDING two popliteal nerves are bound by fascia as
NEAVE

§ e HAHSTRING POPLITERL NERVES satellites of hamstring muscles, and are thus
divorced above the knee from popliteal vessels

The major nerves—Ilike persons with too many ahases '—keep mn
the background : reaching the fossa from behind, they lie, as one
might guess, behind the vessels (which reach 1t from m front).
The nerves, mn fact, are satellites of the hamstring bellies and
have (above the knee) a mere, and easily divorced, proxzmaty to
vessels. That 1s why, when the popliteal artery and vein are
hooked up by a finger, the nerves are unperceived and left behind :
until they reach the leg, a sheet of intervening fascia postpones
the hinkage which creates a neurovascular bundle (Fig. 138, mset)

! For comment on these ahases see footnote, p 244,
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THE OPERATION

Position.—Place the patient on the sound side with the sound

Fig 137
Lateral popliteal exposure

Position and incision  The position serves, too,
for exposing fibula (p 292 befow)

HINDER
EDGE OF
ILIOTIBIAL

limb straight. Lay the knee
of the affected side just before
its fellow knee so that the
heel will rest on the ‘ sound’
shim and tilt the pophteal
face to a convement angle
(Fag. 187).

Incision.—A longitudinal
cut a span 1 length—
through skin and fat but nof
through deeper fascia—ex-
actly maps the hinder, guid-
mg edge of the iliotibial tract.
down to the head of the fibula
(Fg 137) Makedoublycertam
of this gmding edge before you
seek theloop-hole. Then, close
above the condyle, pinch up
fascia just behind the edge;
divide 1t lengthwise with the
edge as gwde. A finger-
breadth above the condyle a
touch with Mayo scissors wall
detach the * free ’ part of the
biceps belly from the septum
and reveal the loop-hole.
(Avoid the use of pointed
scissors which mught prick
synovia round the condyle.)

Enlarge the loop-hole with
the finger. Work gently up
along behnd the septum, and
free the shght attachment of
the hiceps. As you do tis
you meet with two or three
resistant strands—twigs which
the perforating vessels give to

biceps before they pass (through septal arches) to the quadriceps
(p 205) Diade and tie these twigs. Avoid the cramp of worhing
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down a pit by separatmg the biceps upwards to the lamat of your skin
mesion  Then through the gap shde mn a finger close above the
condyle, keeping 1ts back agaimst the hinder surface of the septum.
Touch with the nail the centie of the bony plane, and hook the
finger gently to catch and mobihse the rope-like parcel of the
vessels ; divide a few unpawred and varable offsets that moor 1t
loosely to the femur. Retraction then displays the pophteal face
m full (Fig. 138)

DEEP FASCIA

VASTUS LATERALIS
ILIOTIBIAL TRACT

POPLITEAL '

. M
y VESSELS

Y LONG HEAD
BICEPS INNER
HAMSTRINGS

A~ 1LIOTIBIAL TRACT YA gTW

Exposure of the popliteal face from the outer
side

The cross-section shows the way in  Note the
two popliteal nerves are bound by fascia as
satellites of hamstring muscles, and are thus
divorced above the knee from popliteal vessels

HERVES 10 HAMSTRING POPLITEAL NERVES

The major nerves—Ilike persons with too many ahases *—keep in
the background : reaching the fossa from behind, they lie, as one
might guess, behind the vessels (which reach 1t from m front).
The nerves, in fact, are satelhites of the hamstring belhes and
have (above the knee) a mere, and easily divorced, prozumaty to
vessels. That 1s why, when the popliteal artery and vem are
hooked up by a finger, the nerves are unpercerved and left behind :
until they reach the leg, a sheet of mtervening fascia postpones
the linkage which creates a neurovascular bundle (Fig. 138, mset)

! For comment on these alases see footnote, p 244.
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THE LATERAL POPLITEAL ROUTE EXTENDED TO THE OUTER FACE
OF SHAFT.—Ten inches more of femur can be seen by this exten-
sion. No mamn trunks cioss the field ; we deal instead with trans-
veise branches of the perforating vessels (Fig. 139).

Let us continue the mcision of the skin (Fig. 137) a handbieadth

VASTUS INTERMEDIUS
WITH PERFORATING

LINEA ASPERA

CUT EDGES OF

OUTER SEPTUM
BICEPS {SHORT HEAD)

RETRACTED MEDIALLY

Fig 139
Lateral popliteal exposure extended to the shaft of femur

der-like lay-out

A Split the outer septum lengthwise from behind 'l:race th'e lad

of vefssels through :h': vasti , then work between the * rungs ' and bare the bone
B Shows the anatomy in diagram

up beyond the length of shaft we wish to baie: and, m the ;slzm:lg
direction, pursue the <tripping of the biceps from septum a)nf ( {
well) friom the linea This will expose the naked back of the <ep unl.
The vascular bundles.—The terminals of perforating 3esscis
fiom profunda cross the field to 1each the outer vastus gmupll:I
seties wilh <ome lower twigs that <pring from the pophieal h’lll.l \i}
But none  «vcept this lower singleton or pair—arc obvious
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runs a little way m view before 1t peiforates the back of septum,
contrasting thus with bianches of the profunda that disappear, as
soon as they have crossed the lmea, through septal aches 1anged
along the shaft.

If then we spht the septum lengthwise fiom belund, we come
dnectly on the back of the quadriceps (on the vastus mntermedius
below,.and half-way up the shaft, on tlfe vastus laterals, Fig.
119, ) Begmmning at the lnea we tiace the bundles through the
rather open textwie of the vasti. A very little care will keep the
vessels safe while a rugine strips off the flimsy hold of muscle
from the outer side of shaft® Tlus leaves the bone convemently
accessible between and underneath the bundles, which now le
spaced hike ladder rungs across its naked flank (Iig. 139). And,

if we wish, we can divide a 1ung o1 two

A METHOD OF EXPOSING THE FEMOROPOPLITEAL
TRUNKS WIDELY IFROM BEHIND

For a maximal exposure the incision begins n the leg behind
the tendon of semitendinosus and passes up along the medal
hamstrings to reach the mmdhne above the poplhteal fossa and
continues there as high as the gluteal fold. The level of this
cortesponds 1oughly with the apex of Scarpa’s femoial tiiangle
four fingerbreadths below the midingumal pomt. Open the deep
fascia parallel to the seveial parts of the skin inasion but not
immediately deep to them. Above and close to the femoral
condyles, shde the palmar face of the fingers mnwards across the
backs of the two mner hamstrings—semitendinosus and mem-
branosus Cwive the fingers so that therr tips go deep to the
superficial pau of medial muscles—gracihs and sartors (Fig.
140, 4). Begmn below at the tendon of adductor magnus and part
the medial edge of magnus from the lower end of sartorius, and
also from the deep tace of graciis Draw the magnus belly out
towards the femoral shaft and with 1t bung the longus . therr full
retraction opens a plane of cleavage that lets us 1each and enter
mmto Hunter’s canal from behind (Fig. 140, B).

' The clearance of the wnner face of femur from the back 1s troublesome , 1t 18 most difficult
1 the approach to peel off tough nsertions of adductors without progressive mnjury to
major vems For, with the patient prone, the perforating vessels are jammed between
adductors and the femur. In contrast 1t 18 sumple, as we have seen, to push these vessels
backwards—clear of bone—iwhen working from the front (p 205)
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Fig 140
Exposure of right femoropopliteal trunks from behind

Inset A shows how the palmar face of the fingers slides inwards across the back of medial hamnrlnzt‘
The tips of the fingers dig deep to gracills and then to sartorius, they thus curve round the separable
inner edge of adductor magnus  This they draw outwards together with adductor longus, and thu;
(as in Fig 141 B) bring the subsartorial fascia round behind the femoral trunks The trunks are disclose
when the fascia is opened
Inset B shows the en masse retraction of adductors, which—like café journals slung by the edge on a rod—
are turned towards the femur (see p 237{‘

The length of the exposure is illustrated

171
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The saphenous nerve.—Qur early medial thrust of fingers by
displacing sartormus and gracihs will have already moved the
nerve—which passes between these
two muscles—away from the SUB-SARTORIAL  COMMUNICATING
medial side of the superficial FASCl R e N
femoral artery so that we can
easily catch the nerve by bending
a finger up nto this neurovascular
angle. (The nerve, as we trace 1t
fiom below, lies first m front of
the magnus tendon and then
approaching the artery touches 1its
medial side for a few fingerbreadths
before tuining to pass up the
anterior wall of the vessel )

SARTORIUS
DISPLACED
MEDIALLY

EXPOSURE OF DEEP
FEMORAL VESSELS

Global wais multiply lesions
otherwise 1are  Yet, excepting 1n
the scale of personal distress, the
toll that 1eaches ‘ base’ from deep SUPERIOR
femoral trunks 1s shght. Homer,  SENgY™A"
and others after him, record the VASTUS
quick deadhness of 1elevant MEDIALIS

wounds  Wars then, especially, AP O O GON

or some new need, may give !

Fig 142
sporad
1 1C currency to pages that This figure shows nerves and vessels,

stem from a ten-yeal-old request some or all ?f which may pierce the

. distal part of the subsartorial fascia
by Sir James Patterson Ross n a These include superior genicular veins
most kmdly leview and artery, the saphenous nerve and its

accessory, a twig communicating with
I shall deal with problems the posterior branch of the obturator

that ar e o
ose, and then summarise The subsartorial fascia In this figure 1s

the actual procedure undisturbed (compare Fig 141, A and B)
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The third fact—dominating proximal approach—is also exigent.
Profunda artery frequently springs either from the back or from
the outer side of the common femoral trunk—most often at some
level between the two transverse planes that graze the upper and
lower borders of the pubic symphysis. From the outer origin the
vessel winds down m a loose half-spiral curve to lie behind the
superficial femoral artery, parted fiom it by two veins, the femoral
and its own deep companion. This anteroposterior arrangement
of four large vessels (femoral artery, femoral vemn, profunda femoris
vemn, profunda artery—in that order from before back, but often,
too, with a slant from within out) calls for obligue approach to the
deeper pair—a fact brought home to me by a ~shp of the knife,’
not perhaps the sort that Kipling honoured as * predestined,” but
one which undeservedly was fortunate.

Duiing a hasty cadaver demonstration of the femoral-shaft
exposure (described on p. 197) I made an incision ammed, as I
thought, at the lateral angle of patella. Tlus, however, with the
leg and foot, was covered by a cloth, and when deep fascia was
divided I found I had 1eached the wiong side of rectus femoris—
the medial mstead of the lateral.t

I then discovered that the whole limb, owmg to a fractured
femoral neck, lay in the fullest possible eversion. My mistake was,
of course, due—like so many at all stages of operative procedure—
to losing touch with bony pomnts. Happening, however, to move
the rectus femoris outwards during a distasteful 1eview of the
field, I saw that I had obtained access to the upper 7 in. of the
deep femoral vessels—an access which, because it was oblique,
was excellent (Fig. 144).

The cloak of nerve branches.—Viewed, however, fiom the
lateral side near Poupart’s hgament a cloak of nerves, foxmed by
the sudden terminal branching of the femoral trunk, screens the
outer face of the great vessels, deep and superficial. But the
cloak 1s easily displaced, fo1 some of 1ts constituents supply or
are linked with the two mobile bellies of the front of thigh—

sartorius and rectus. So when we draw these muscles outwards
most of the cloak of nerves tends to move out with them and
thus uncover the outer and, for us, strategic face of the main
vessels in Scarpa’s triangle.

' “Do you know,” said d’Artagnan, “ whv master pastrycooks never work with therr
own hands ?

:: I wish you’d tell me,” sard Porthos
Well, the fact 1s they fear to scorch a tart or curdle cream m front of apprentice
Pupils 1t nught raise a laugh, and you mustn’t laugh at master-cooks »

IS
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The third fact—dominating proximal approach—is also exigent.
Piofunda aitery frequently springs either from the back or from
the outer side of the common femoral tiunk—most often at some
level between the two transverse planes that graze the upper and
lower borders of the pubic symphysis. From the outer origmn the
vessel winds down 1n a loose half-spiral curve to lie behind the
superficial femoral aitery, parted from it by two vemns, the femoral
and its own deep companion. This anteroposterior arrangement
of four large vessels (femoral artery, femoral vein, profunda femoris
vemn, profunda artery—in that order from before back, but often,
too, with a slant from within out) calls for oblique approach to the
deeper pan—a fact brought home to me by a * shp of the kmfe,’
not perhaps the sort that Kipling honoured as * predestined.” but
one which undeservedly was fortunate.

During a hasty cadaver demonstration of the femoral-shaft
exposure (described on p. 197) I made an mcision ammed, as I
thought, at the lateral angle of patella. This, however, with the
leg and foot, was covered by a cloth, and when deep fascia was
divided I found I had reached the wiong side of 1ectus femoris—
the medial nstead of the lateral.t

I then discoveired that the whole limb, owing to a fractured
femoral neck, lay in the fullest possible eversion. My mustake was,
of course, due—hke so many at all stages of operative procedure—
to losing touch with bony pomts. Happening, however, to move
the rectus femoris outwards durmng a distasteful review of the
field, I saw that I had obtaned access to the upper 7 in. of the
deep femoral vessels—an access which, because 1t was oblique,
was excellent (Fig. 144)

The cloak of nerve branches.—Viewed, however, from the
lateral side near Poupait’s higament a cloak of nerves, formed by
the sudden termunal branching of the femoral trunk, screens the
outer face of the gieat vessels, deep and superfictal. But the
cloak 1s easily displaced, for some of its constituents supply or
are hnked with the two mobile bellies of the fiont of thigh—

sartorius and rectus. So when we draw these muscles outwards
most of the cloak of nerves tends to move out with them and
thus uncover the outer and, for us, stiategic face of the main
vessels in Scarpa’s triangle

1 “Do you Lnow,” said d’Artagnan, ““ why master pastrycoohs never work with their
own hands ? ”’

:: I wish you’d tell me,”” said Porthos
Well, the fact 1s they fear to scorch a tart or curdle cream m front of apprentice
Pupils 1t might rase a laugh, and vou mustn’t laugh at master-cooks

IS
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A check to this movement comes from one o1 sometimes two
fine threads which slope inwards from the nerve cloak and cioss
or may embrace the femoral vessels When these threads have
been cut the major part of the cloak 1s free to move out with the
two muscles : sartorius carries off the intermediate cutaneous
branches and 1ts own nerve supply, rectus femoris also carries
off its own supply and that of vastus laterahs. The branches to
the other vasti muscles (intermedwus and medials) already le
lateral to the great vessels, while the saphenous nerve (and 1ts
accessory) make a lateral approach before actually reaching the
front wall of the superficial femoral artery.

All these neives, therefore, either (1) hie lateral to the vessels
or (2) move away fiom the vessels when we retract the two mobile
muscles. or (3) are, like saphenous. easily dissected off and diawn
aside by separate retraction.

The accessory saphenous nerve.—This finds no place
standard British textbooks. It was first described by Cruveilhier
(1791-1873), and 1s firmly established in French teaching : Poirier,
Hovelacque, and Paturet treat of 1t in almost identical detail.
The nerve would seem to share an origin from the intermediate
and medial cutaneous nerves of British anatomy. An offset of
the accessory saphenous may enter Hunter's canal to he as a
satellite nerve on the front of the femoral artery. This satellite
may pierce the anteromedial wall of the canal at any level and
reach medial skin above the knee: 1t may also end at any level
by fusmg with the saphenous nerve.!

OTHER CONSIDERATIONS

After a course of about a handbieadth in ‘Scarpa’ the
profunde leave the superficial femorals and pass behind adductor
longus, lymg between 1ts belly and that of adductor brevis. Some
2 m. lower down the short adductor ends. Near this level, for
some three fingerbreadths. the vessels hie and are bound m

! French anatomists describe the femoral nerie as dividing into four terminal parts two
deep parts—our own saphenous nerve and the trunk to quadriceps, two superfioial
Parts—the internal and external musculocutaneous nerves of the thigh, both of which
supply sartorius and skuin The external of these two superficial nerves gives origin to
.the accessory saphenous The satellite nerve to the femoral artery 1s sometimes equated
m French 1llustrations—though not m the text—with the whole accessory saphenous
(Iffovelacque (1917), Anatomte des nerfs, Plate LXXX, Paturet (1951), Trase
&’ Anatomie, vol n, Fig 718) 1t 18, however, only one of the nerve's two branches,
the other branch 1s the satellte of the long saphenous vemn and corresponds to part of
our medial cutaneous nerve of the thigh
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satellite relation to nacieous bands of a medial aponeurosis that
1s part of vastus medialis. There, as they pass down the limb, the
vessels veer slightly out to meet the mward slope of femoral shat.
This veering occurs about 9 in. above the upper face of the medial
femoral condyle ; it is important and I shall 1etuin to it. Below
this spot all thiee adductor attachments join to form a tough
sheath that binds the last 5 in. of profunde to o1 close to the
back of linea aspera.

The three parts of profundse.—For purposes, then, of surgical
approach the average 12 in. length of profunde may be divided
into three parts: (1) a promumal part about 5 . long, moored
chiefly by its own offsets and lying first near the groove between
psoas and pectineus, then in front of pectineus, then behind
adductor longus, where 1t 1s briefly sandwiched by longus
front and brevis behind ; (2) a 2 in. wntermediate part held at the
*9 1. spot,” as though pasted on to the nacieous aponeurosis of
medial vastus by a thin imperfectly translucent fascia; (3) a
5 in. distal or asperal part surrounded and affixed to lnea by
dense msertions of adductor muscle.

Of this foot-long vein and artery about seven upper imches
ale accessible by an anterior approach passing medial to rectus
femoris, while the lower 8 in. can be reached from behind. Thus
1t will be seen that roughly 8 m. (the fifth, sixth, and seventh.
counting from above down) are found by using erther route.

Discovery of the distal 5 in. of the deep vein and artery 1s
simplified 1f we first find the intermediate portion of the vessels
and use it as a guide to therr asperal continuation. .

¢ The 9 . spot.’—The mntermediate portion of profundw hes
at a spot about 9 in. (a full span) above the upper surface of’ the
medial femoral condyle, and I keep the term 9 n. spot for
convenience. T. P. Garry, however, has deviced a manual way of
marking 1t, more accurate by far than linear measuremeni I
shall describe his method with the techmque of operation.

THE OPERATION

Postures.—A supine posion, with the limb fully everted,
setves for access to the proximal 7 m. of profundw and ut.t'he
«ame time to the whole length of 1he common and suyorh’c:ml
femoral vessels. plus <ome 4 . of pophteal trunks (p. 2143). ]i“-:
prone position allows us to reach the distal 8~ . of pmf!;mtﬂ]
together with (<hould need anee) the whole 7 in. of pophiea
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trunks. plus nme distal inches of superficial femorals, amounting
thus to a length of some 16 1n. of femoropophteal vessels (p. 226).1

THE SPECIAL POSTURE FOR COMPLETE EXPOSURE OF PROFUNDZ.
—Tlus posture 1s required for simultaneous access to the proximal
and distal parts of the deep femorals, as, for example, when a
communicating aneurysm 1s thought to lie at the intermediate
part of these 12 m. trunks, or where theie 15 doubt as to whether
superficial o1 deep femorals, or both, are mvolved. For though
this doubt 1s most hkely to arise m relation to proximal lesions,
the four femoral vessels, superficial and deep, remain relatively
close together for some distance below Scarpa’s triangle where
they neighbour the 9 imn. spot.” Unless, then, we are completely
confident of reaching a sufficient length of profunde, either mn
front or from behind. the special posture for full access 1s indicated.

The patient hes on the sound side with the " sound ’ scapula
flat on the table. Bend the " sound ’ hip and " sound ’ knee each
to a 11ight angle and make the lateral face of the sound limb touch
the table (This position of the sound hmb gives exactly the
right amount of rotation to the trunk.)

Then (a) wn a thwn, long-lumbed patient, flex the knee and hip
of the "operation’ side each through 20 degiees, making the
medwal face of the knee lie flat on the table. No change of posture
1s required in the tall and thin when passing from the proximal
to the distal approach.

(0) In a stout o1 shori-lumbed patient, put the sound hmb as at
first described ; but—in order to avoid the cramping of your
access to ‘ Scaipa’ which might here result from flexion at the
grom—~keep the * operation ’ limb with knee and thigh extended
and 1ts foot m pure plantar flexion till you have completed the
proximal exposure. Then flex the lnp and knee of the operation
side through 20 degrees, as in the thin and long-limbed, and lay
the mner face of the knee on the table. (This shght move, if made
gently, calls for no change of towels.)

INCISIONS

The anternor wncision runs for a full span from a pomt two
fingerbreadths medial to the anteiior superlor 1iac spme towards
the medial angle of the patella Divide deep fascia and with it
raise and displace mwaid the superficial mgunal glands when,

1 It 18, how ever, well, after exposing eight distal mches of the 12 in profundw, to check

the natural urge to go still lugher and reach the upper four depth and gluteus maximus
are hindrances, while the hip joint parts us from the two top mches
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as so often. thexr mass m front of the femoial tiunks. Mobilse
the medial edge of sartorius fiist, keeping a fingerbreadth medial
to the muscle so as to avoid mtermediate cutaneous ner ves linhed
with the sheath. Then mobilise the medial edge of 1ectus femons,
taking eare not to myuie the very laige lateral circumflex vessels
that cross immediately deep to the muscle some thi ee fingerbreadths
below * Poupart.”

The nerve cloak.—Look for any fine nerve threads sloping
down medially acioss the mam vessels Divide the threads and
retract sartorius and 1ectus laterally. thus removing the major
part of the cloak of femoral-neive branches fiom the outer face
of the vascular trunks (pp. 229 and 231).

Fmnd the more deeply runming nerves (to vastus medialis and
vastus mtermedius) which he just lateral to the superficial femoral
vessels. Look for and detach the saphenous nerve o1 netves that
approach the artery from without before they come to he along
1ts anterior wall : retiact these deeper nerves laterally to expose
the outer face of the superficial and deep femoral tiunks. These
tend to lose thewr sagittal arrangement m the lower part of
Scarpa’s triangle whete the profunde shift out towards the
inward slope of the femur. so that of the fowr great vessels the
profunda artery mnstead of lying farthest back 1s now most lateral.

The deep femoral vessels below ~ Scarpa ’ leave the superficil
tiunks and pass belund the long adductor where they can be
followed for about three fingerbieadths after mobilising the upper
edge of that muscle.

Some seven proxumal inches of profundwe are now accessible.

The posterior incision at the level of the poplteal space <hould
run behind the mner hamstrings and then pass up the midline of
thigh. (The course of these long ncisions must often vary on
account of wound o1 scar resection. and provided they do not
cut vertically through a flexor crease them actual line loses much
impor tance m vutue of the access we can get by <kin reflection.)

After dividing deep fascia. clear the field sufficiently 1o reach
the back of adductor magnus: part the medml and lateral
hamstrings. controlling several large wolable vessels that feed
these muscles and mtervene: mobilise the scintic nerve and
displace 1t medially. working on 1ts  safe * ouler wide. from which
(a« Grant ponts out) only one collateral branch sprmgs—that to
the short head of bicep-. _ o

Define the asperal edge of adduclor magnus: it fies heside
and medial to this short head which ieaches up as far as the
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gluteal fold. Two fingerbreadths below the fold define the spot
that I have loosely termed "9 ..’ where profunda are satellite
to vastus medialis and veer obliquely out to stripe or closely hnk
with hmea aspera. This spot 1s marked as perfectly as vascular
anatomy allows by means devised by Mr T. P. Garry, to which
we can presently resort (Fig. 145).

Garry’s marking.—The spot hes near the back of the mner
side of femur at the mtersection of two planes: (1) a sagittal
plane in the midline of thigh. and (2) a transverse plane a hand-
breadth distal to the ridge that bounds the lower edge of great
trochanter. The surgeon works from back to front along this
mtersection. (The ridge is plamly felt, through skm or towels,
by moving the hand up the outer face of the femur. It hes three
fingerbreadths below the top of great trochanter.)

The asperal edge of magnus.—While defining this edge and
parting it from the short head of hiceps we may note that the
relaxed fleshy fibres of magnus bulge <hghtly in across linea and
cmve out agamn to reach their asperal mnsertion In this way
they overlap short, longiiudinal segments of tendon that hnk
them with bone. When the fleshy fibies are carefully detached
and drawn outwards a translucent membrane appears, and if this
1s divided some thiee fingerbreadths above the opemng i adductor
magnus, the profunde vessels m general appear, sandwiched
between the membiane and the tough asperal aponeurosis of
adductor longus. In some <ubjects no vessels are seen—a
condition that may be umilateral, and this and other handicaps
have led me to suggest the plan that follows —

A. We have exploied - Scarpa’ <ufficiently far to find, 1solate,
and put a guding loop 10und the segment of profund= that 1s
satelhte to the nacreous vastus bands. Then we can work down
from 1t by detachmng the asperal edge of magnus.

B We have not caplored - Scaipa.’—We shall then begin
detachment of the asperal edge of magnus some three finger-
breadths above the magnus opemng and look for profunde where
they lie on or close to linea, sandwiched between translucent
membrane and the tough aponeurosis of longus. Then (1) we
find the vessels and follow them ; or (2) we fail to find them, m
which event we must expose the satellite segment from behand,
and make 1t gmde us downwards to the distal reach of profunde.
We therefore note the point wheie Garry’s planes ntersect, and
there we separate the coarse fibres of magnus, which at this level
13 from one to two fingerhreadths thick. We come then as @ rule
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on a thn areolar layer in which a leash of small vessels passes
transversely outwards. arranged sometimes hke a fan, These
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Fig 145
Garry’s marking (see text) for finding the upper (satellite) reach of profunda

vessels  The blue profunda veln is fastened to the nacreous aponeurosls of vastus
medialis by a thin fasela through which both structures show faintly

Y

structures mark the plane of cleavage that parts adductor hrpt;*
from the front face of magnus,  When, however, the brevis masch
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has an exceptionally low (or lugh) attachment to linea, this station
on our path may be absent. Usually the vascular leash must be
cut and tied and we must spht the 1 in. thickness of the brevis
belly, whose fibres at this level have exactly the same slant as
those of magnus but are less coarse.

As soon as we have split completely through adductor brevis
we reach a surface barred with sloping nacreous bands, through
which the femu can be felt. The lustie of these bands 1s reduced
by a thin fascial covermg which fastens bands and profundx m
satellite relation at the * 9 in. spot "—much as the visceral branches
of internal iliac are pasted to the «ide walls of pelvis (p. 170). A
careful division of the fascia covering the bands will therefore
Liberate this portion of profundw and let the vein show blue
against the nacreous background. The bands together form the
aponeurotic coverng of vastus mediabs as 1t clothes the femuy :
they have accordingly the slope of medial vastus fibres. contrasting
sharply with adductor slope.! )

It 1s a comfort to know that we can at any moment compi ess
the distal portion of profunda vemn and artery agamnst hone : Jyt
the hmder field is rich in anastomoses of muscle branche, gt
lmk the perforating vessels.

COMPLETE COMBINED EXPOSURE OF MAIN THIGH VESSELg

The synthesis needs no elaboration. The reader yijj
that the posture described on page 233 for full access, )
front, to profunde femoris (from Scarpa’s tuangle doyp, P 9%5)
when joined with the method of reaching the femoml’(’ﬁh'tp&]'
vessels from behind (p. 228), allows—with one poatyy of the
patient—complete exposure of the whole 12 1n. length of P
together with the twenty-odd inches of femoropoplte) + ”}l\‘

The ¢ journals-on-a-rod ’> procedure.—Xor we cgp tr @ T

percen g
ach and

f“n
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adductor muscles. magnus and longus. like two journals that one
sees in clubs and continental cafés, slung for convenience by an
edge on the same 10d or shaft. Through the posterior appronch
we reach them from behind Then, if we curve a hand round the
free edge of these linked adductor " journals ’ (Fig. 140). we can
draw them both towards the shaft of femur and thereby gam
posterior access to Hunter's canal (p. 225). Thus we can extend
exposure from pophteal vessels to superficial femorals as far as
"Scarpa ’; while. if we leave the back of magnus flat beside the
femur, we can set free its fixed or aspeial edge—working, of
course, down the shaft into the stripping angle. When that 1s
done gently and piecemeal, a little patience will reveal mtact
the 5 m. distal reach of the profunda vein and artery. For the
1est. the exploitation of Gany's maiking (Fig. 145) and of an
oblique access to Scaipa’s tuangle (Fig. 144) completes both femoral
exposures, the deep and superficial.

ACCESS TO PROFUNDZAE OFFSETS

Proxamal poirtions of these offsets are seen when the mam
trunks are exposed. Remoter paits may requre separate approach.
(To simplify descriptions of direction I shall deal only with arteises,
leaving the reader to supply companion but counterflowing vemns.)

The medial circumflex artery.—This springs fiom the back of
profunda some two or three fingerbreadths below * Poupart’ n‘nd
has a bachwaid couise of about a thumbwidth before leaving
Scarpa’s tnangle. where it 15 often visible 1f we draw the femoral
trunks laferally <o as to uncover the deep groove hebween pons
and pectineus. This thumbwidth of artery enters the gLoove in
a «agittal direction; 1t cannot be traced beyond -~ Sempa
without detaching o1 at least mohilising pectineus

Leaving Scaipa’s triangle the vessel lies beneath the femoral
neck and there 1s stated to divide mto (1) an aseending offsel
which goe< behmd the neck to meel the great Liochanter, and
(2) a <o-called - transverse ’ portion which. m fact, prolongs the
circnflex and feeds the hamstings. (See Cunningham's clear
diagram. Fig. 146.) ]

In my day Dublin <tudents. ignoring the distinction between
“tranwverse branch” and parent arlery. emploved «<ix handy
worde to memorise the couwse of medal citcumf!m through
mtervals between thiee pair of muscles: ™ Parish-Prie-t Of-Bray
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Queer-Man ” stood helpfully for Psoas-Pectineus. Obturator-
Brevis, Quadiatus-Magnus— Obtwator * being externus. ° Brevis’
and ‘ Magnus,’ adductors That six-word "open sesame’ will
guide us through these bairiers. Fou first. i Scarpa’s floor, lie
‘ Psoas-Pectineus *; and while psoas must remain iviolate, we
can mobilise and if need be dislodge pectineus. Begmning
therefore at the pubic tubeircle. wlhich maiks the upper and
medial end of the oblique cleavage lne between pectineus and

OBTURATOR
N\
INTERNUS  EXTERNUS %4

QUADRATUS
FEMORIS

ADDUCTOR
MAGNUS

LONGUS 4
* ADDUCTOR BREVIS

GRACILIS

Fig 146

The sagittal course of the medial circumflex artery
(after Cunningham)

adductor longus, part the two muscles cleanly for about four
fingerbreadths. Mobilise the belly of pectmeus, working from
Within out on 1ts deep surface. It 1s then often possible to reach
the artery after 1t has passed the upper and outer edge of the
muscle. If the access 1s ctamped, detach pectmeus from its hinear
and J-shaped onigin on pubic ramus. The muscle hifted and gently
drawn out, serves both as buffer and retractor for the femorals
(see also p 174) A thumb along the ramus should continually
guard the femoral vemns when we detach the muscle. In front of
pectineus he minor vessels, which we shall cut and then 1etract
along with 1t—the deep and superficial external pudendals whose



2440 EXTENSILE EXPOSURE

veins dischaige imto the arch of gieat saphenous. which alwo
lies in front of pectineus and slightly shaies its outwaid shift.

Remoter lesions of medial eircumflex—behind the * Obturator-
Brevis © barriei—iequire a division of adductor brevis, the
sectionable lower member of the pair. Lesions deeper still, such
as those affecting the hindmost part of medial circumflex itself
or ascending branches that pass from 1t (with no mmemonic)
between quadratus femoris and obturator. such lesions will he
behind the * Quadratus-Magnus’ plane and so be subgluteal.
They are reached by lhunging back the lid-ike maximus (p. 180).

Incision for the medial circumflex vessels will as a rule prolong
upwards the one already made to explore * Scarpa’; it will thus
cross m front of *Poupart’ and extend a handbreadth up the
belly. Deepen this abdominal handbreadth to 1each (and leave
intact) external oblique aponeurosts. This permuts reflection
mwards of the skin and lets us cleair the field sufficiently to loop
spermatic cord o1 round ligament from pubic tubercle and cither
mobilise pectineus or detach its origin.

The lateral circumflex artery (Fig. 198), which often <prings
fiom femorals mmstead of from profunda. goes laterally out of
*Scaipa’ sandwiched first between the sartorius and iliacus,
then, farther out. between rectus femoris and vastus mtermedius.
The main need, therefore, with lesions close to * Scarpa,” 1s lo
relax sartorius and rectus fully. If that 1s not achieved sufficiently
for rectus by the posture used n the complete exposure of
profunde (p. 233), tuin the patient on Ius back. straighten the
knee, and prop the heel well off the table.

Lesions of lateral circumflex that lie some distance ou! from
the profunde will need the upper span of an manion used lo
reach the fiont of femui—the one begimning al the accurate
hisection of the notch immedately beneath anterior superior
ihac spine and aimed towards the outer angle of patella (p. 200).
(The patient hies recumbent with the heel rmced.) Tenor fascit
is parted from saitorius, then 1ectus femoris from outer vastus.
Moxt of the fan of lateral circumflex—the transverse and descending
part—is then displayed. The third. ascending. potlion of the fan
hies covered by the dictal free edge of a fascial web that shows,
with others. just below the *spme’ on parting sectus femors
from ten<or (p. 209).

The perforating arteries—1, 2, 3, 4 (but they "“K"_""',"l’('r
tno or «n)—No «ungle route will fully expose Hu'zf ciremtons
courses (I 139). short lengths of 1. and often 2. are viable by ”"1'
anterior access fo profundae (Fig. TH) Inle pm\inml extremes (o
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gmdes—a vemn and nerve—will almost always set us right : they

mark the groove between the belhes of the gastrocnemius—the seam

to r1ip, Fig. 148. The vein (the blue guide) 1s the short saphenous ;

1t rests on fascia covermg the groove. (A deep elastic layer of

superficial fascia—the kind used recently mn plastic work—invests
| SHORT SAPHENOUS VEIN

DENSE LAYER OF
SUPERFICIAL
FASCIA

o
b
4
-
pod
=
wn

e

PERONE'

INTEROSSEOUS  MEMBRANE "

Fig 148
Guides to the gastrocnemius seam

Note how the blue guide (short saphenous vein) is bridged by deep

fibres of superficial fascia which bind 1t to the surface of deep fascia

(Sometimes the vein 1s deep to deep fascia) The white guide (sural

nerve) is regularly deep to deep fascia and occupies the groove between
the gastrocnemial heads

the upper reach of short saphenous vem. Preserving fluids rich in
phenol sometimes make this layer simulate deep fascia; the vem
then seems to occupy a level deeper than they say 1t should—a
thing 1t really does quite frequently. My thanks are due to the
ominions officers who put me wise to this.)

Another gude (the white) hes m the groove itself, and thus
within the envelope of fascia. It is the sural or calf nerve which
springs from the trunk, now called the medial pophiteal ; more
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The “ bundle * dominates the poplteal space ; control of it is
vital, whether we wish to deal with 1ts constituents or draw i
sideways from our path.

The gastrocnemial heads.—Iirst we must separate these heads
which are surprisingly disposed ; for though the widest part of

FINGER INSERTED IN
GASTROCNEMIUS SLEEVE

LEVEL OF
TOP
\OF TIBIA
| (KNEE

\' /P

MLV

o N
Fig 147

Showing how the gastrocnemius V is formed above the level
of the l%ncc foint gA finger can define the V which marks the
entrance to the half-sleeve covering the back of leg

femui lies between their origins. they do not form. a- that "“e‘-fm'
lead one to expect. a long V pointing down the limb. ]n\tc:nd_ ”'c\.‘l
meet before they leave the thigh and make a <hallow midline
above the joint : and there. if other guides default, a finger mad
he hooked between the heads (Fig. 147).

The mesial guides.—The early umon of the heads gives valne
to guides that help in parting them below @ for swollen L"};}"'
are ~oon deformed by posture, and midlme <tructares <hift. Two
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guides—a vem and nerve—will almost always set us right: they
mark the groove between the bellies of the gastrocnemius—the seam
to rip, Fig. 148. The vein (the blue guide) is the short saphenous ;
it rests on fascia covering the groove. (A deep elastic layer of
superficial fascia—the kind used recently in plastic work—invests
’ SHORT SAPHENOUS VEIN

DENSE LAYER OF
SUPERFICIAL
FASCIA

!

'\ PLANTARIS |
MUSCLE

FIBULA

INTEROSSEOUS MEMBRANE

Fig 148
Guides to the gastrocnemius seam °

Note how the blue guide (short saphenous vein) is bridged by deep

fibres of superficial fascia which bind i1t to the surface of deep fascia

(Sometimes the vein is deep to deep fascia) The white guide (sural

nerve) is regularly deep to deep fascia and occupies the groove between
the gastrocnemial heads

the upper reach of short saphenous vem. Preserving fluids rich
phenol sometimes make this layer simulate deep fascia ; the vemn
then seems to occupy a level deeper than they say 1t should—a
thing 1t really does quite frequently. My thanks are due to the
omimons officers who put me wise to this.)

Another guide (the white) lies in the groove itself, and thus
within the envelope of fascia. It is the sural or calf nerve which
*Prings from the trunk, now called the medial poplteal; more
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distally, near tendo Achillis it gets a stiong communicating
branch from common peroneal (now called lateral popliteal) !

(MEDIAL
POPLITEAL)

POPLITEUS

, SOLEUS
. BRIDGE

INCISION

Fig 149
The soleus bridge

The main vessels pass deep 1o jt—

between calf muscle and deep muscular

group Note where the large muscular
nerve enters the edge of the bridge

desp bramh and veso 1y aftrriorrds related

The half-sleeve and the striped
seam.—The gastroenemial heads
unite to clothe the calf with a hali-
sleeve which we can lift with ease
from underlying structure. The
seam, we know, 1s doubly striped
—in blue and wlnte. Rippmg the
seam we find the pophteal bundle
which goes fiom view beneath the
slanting a1chway of a bridge formed
between tibia and fibula by soleus
belly (Fig. 149) The gram of soleu~
1s chiefly longitudinal : so we can
split the bridge and find the bundle
deep toit. Nothing could be easter ;
the shade of Guthrie (with whom
Larrey walked arm in arm through
Camro wards) rmght well rejoice. Ths
method has survived the mterlude
when men. perhaps like Tlunter's
pupil, eained it the title ** bloody.’
ranking the muscles ™ beefstenk
number one “—and two and three.

The riddle of the bolster leg. —
Indeed, this wide approach <hould
have displaced by now the medal
and cramped exposure mn the calf. so
indirect. <o cherished by exanumner-.

I Rehearsnl of theve ahases 14 due te roernt
efforts aimed at wmaking us unlearn We are
to scrap, it scems, the pamfully neqquored
(but cxccllent) * tibinl ™ and  ‘common per
oneal” of the BN A, «n that, once muarm,
mternal {or medialy poplitenl must chanan
s rably—ssthin n ringle srgment of the
hmb and eall staddf poxtennr tinal, mesls
to ant the v guestionable naming of an
artery (Fee o p 21D Tibial  plase no oaw b
trekw, ond Cperonesl’ marke the atnbing
carly WfTorenee an conesn bitween gt nan

" Calling the other prroneal bran W the

. 5 regankirs
soperficjal,” e place of muscnlnentancous, pryovents (I Lnow) anertamty Feganiits
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so blind and therefore dangerous. For who knows what may lurk
mn swollen imbs from raid or acecident ? ** A lucky-bag ” was Ryall’s
word for theabdomen ;! and.mrespect of chance variety, the bloated
calf becomes a kind of belly. The whole traumatic list of * closed ’
conditions must be long for I have seen the followmng myself: a
fissured fracture causmng bleeding from the arch of anteror tibal
vessels. which formed a clot that blocked the crural circulation
(see p. 272); a bruised artenal trunk with distal vasoconstiiction ;
aneurysm of the peroneal artery due to a broken shaft of fibula
that wrenched away a distant branch ; the bursting of some forty
varices (with no arterial mjury) caused by the pressure of a wheel ;
a gross cedema of each separate muscle (this m the upper hmb)
associated with constriction of main arteries to twine-hke thinness.
(The size and pulse of these dimimshed vessels were suddenly
restored after a major shtting of fascial wrap and sheaths of
muscle.)

A medley such as that in bolster imbs may wear a common
mask of swelling and defective cnculation, but any wholesale
swaddling of these mnjuries in plaster—without the benefit of open
exploration—will hold as grim an outlook as 1t would for sets of
dubious " acute * abdomens.

Tracing the bundle down the calf, we saw, was simple ; to trace
1t mdway up the back of tlugh 1s simpler still. For hamstrings
part behind the knee, and we prolong thewr separation. We shall
exploit this facile cleavage in amputating thiough the thigh with
aid of local block, reducing hemorrhage as though we used a
tourmquet ; which we shall not (p 255).

A GLIMPSE OF LEG

Leaving the no-man’s land behind the knee let us 1evive a
general acquamntance with the leg, not troubling greatly over

etail.

The calf we have ali eady seen; the two gireat muscles, gastroc-
nemius and soleus, sandwich plantarns. We saw the neurovascular
bundle pass beneath the bridge of soleus; thereit assists m marking
off the bunched mass of the calf from the flat length of deep posterior
muscles. Let us observe the vessels first.

The mam vascular bundle and 1ts distal fork.—Once more we

'8ir Charles Ryall (1869-1922), remembered for s work on the danger of implanting

eancer cells during operative interference, and better still for the affection i which he
was held by his colleagues

16
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distally. near tendo Achillis it gets a <trong communicating
branch from common peroneal (now called lateral popliteal).!

SOLEULS
BRIDGE

Fig 149
The soleus bridge

The mamn vessels pass deep to it—

between aalf muscle and deep muscular

froup Note where the large muscular
nerve enters the edge of the bridge

deep bean Boand sesirls aftrrimpeds plated  Calhn, the ather peeonest bran b
superss i3t o pha e of goeculoratanenns, prevents (1 kopowl e
site nare, o fe, - chen Innding theouzh the journads

$hee adyirg an thae peooline pughtman, might comprimie w8

L T Y

The half-sleeve and the striped
seam.—The gastrocnemial heads
unite to clothe the call with a half-
sleeve which we can hft with caw
from underlymg <tructure. The
seam. we know, is doubly dtriped
—in blue and white. Ripping the
seam we find the pophteal bundle
which goes from view beneath the
slanting archway of a bridge formed
between tibia and fibula by soleus
belly (Fig. 149). The gran of <oleus
is chiefly longitudinal : so we can
spht the bridge and find the bundle
deep toit. Nothing could be caver .
the shade of Guthrie (with whom
Larrey walked arm in arm through
Cairo wards) nught well 1ejoice. Hi-
method has survived the mnterlude
when men. perhaps hike Iunter's
pupil, earned 1t the title * bloody .
ranking the muscles ™ beefsteak
number one “—and two and three.

The riddle of the bolster leg. -
Indeed. tlne wide approach <hould
have displaced bv now the medal
and cramped exposuie n the call, <o
indirect. <o cherished by examiner-.

1 Rebearal of those alinses i o to peoen?
cfforts aimned at making un walearn Ve age
to serap, it seems, the panfolly nepuin 1
(hut exeellent) * tibial*" and ' common per
oneal ™ of the BN Vv L «n that, ance morm,
internal qur medialy popliteal must ©l anze
it gstbv - it & mingle reamnent of thLe
hmb and el talf pr-tenor tibisd meeels
to st the vopy questionabl mamne of 5?
arteny (oo p G0 Tilnal plave e '
tri ke, and  penneat” moaeks the =tnied

vaehy ifferen o n coure Betuern ate "””'
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so blind and therefore dangerous. For who knows what may lurk
i swollen imbs from raid or acaident ? *“ A lucky-bag ” was Ryall’s
word for theabdomen:! and.mnrespect of chance variety, the bloated
calf becomes a kind of belly. The whole traumatic hst of * closed ’
conditions must be long for I have seen the following myself: a
fissured fracture causmg bleeding from the arch of anterior tibial
vessels, wlich formed a clot that blocked the crural circulation
(see p. 272); a bruised artenal trunk with distal vasoconstriction ;
aneurysm of the peroneal artery due to a broken shaft of fibula
that wrenched away a distant bianch ; the bursting of some forty
varices (with no arterial injury) caused by the pressure of a wheel ;
a gross cedema of each separate muscle (this in the upper himb)
associated with constiiction of main arteries to twine-like thinness.
(The size and pulse of these dinumished vessels were suddenly
restored after a major shtting of faseial wiap and sheaths of
muscle.)

A medley such as that m bolster imbs may wear a common
mask of swellng and defective circulation, but any wholesale
swaddlimg of these injuries m plaster—without the benefit of open
exploration—will hold as grim an outlook as 1t would for sets of
dubious * acute * abdomens.

Tracing the bundle down the calf, we saw, was simple ; to trace
1t midway up the back of thigh is simpler still. For hamstrings
part belund the knee, and we prolong their separation. We shall
exploit this facile cleavage i amputatimg through the thigh with
aid of local block, reducing hemorrhage as though we used a.
tourmquet ; which we shall not (p. 255).

A GLIMPSE OF LEG

Leaving the no-man’s land belund the knee let us revive a.
general acquamtance with the leg, not tioubling greatly over

etail.

The calf we have alieady seen; the two great muscles, gastroc-
liemus and soleus, sandwich plantaris. We saw the neurovascular
bundle pass beneath the bridge of soleus; there 1t assists m marking
off the bunched mass of the calf f1om the flat length of deep posterior
muscles. Let us observe the vessels first.

The mam vascular bundle and its distal fork.—Once more we

1Sir Charles Ryall (1869-1922), remembered for s work on the danger of implanting

cancer cells during operative interference, and better still for the affection 1 which he
was held by his colleagues

16
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are the dupes of tetnmmmology. * There 1s.

EXTEXNSILE EXPOSURE

™ we learn. " a main

pophiteal trunk that ends at the distal edge of popliteus: there it

(LEFT LIMB)

POPLITEUS

THE COMPLEX
) FORMING THE
\ SO CALLED

POSTERIOR
Q‘ TIBIAL ARTERY

- -—

Fig 150
The popliteal artery as currently depleted
(This is the only lefe-limb figure | have used The
drawing is after the relevant portion of Fig 761, p, 794,
Gray's Anatomy, 27th Edition. 1938 ; the Indications
have been modified ) A picture typical of many books.
which rightly contradicts their texts it shows con-
ditions seen alike by artist and by surgeon—2 main
stem going down beyond its forward branch te end
below by forking he texts end popliteal artery at
anterior tiblal and lump the rest of stem plus half the
fork as * posterior tibial,’ having as * branch * a vessel
often tarper than itself—the peroneal }  But artists,
too, are fallible  The picture we have copied makes,
like many others, anterior tibial come from the side of
{poplitcal in my experience (and Boyer's), it springt
rom the front—y point of surgical importance {pp 272

and 273)

divides mto posterior
and anterior tibial
arteries.” = Postersor
tibial,” we ate told,
“goes on a small wam
down and then gives off
the peroneal branch ™
—a mere collateral. one
might assume.  We get
no picture of the facts
as seen by surgical ap-
proach.

Looking afresh with
those whose drawmgs
contradict ourtexts (Iig.
150) we. too. shall sce n
stem—which is a *main’
—descending  through
the popliteal fosea, pase-
ing the pophtens muscle
and gong on some finger-
breadths to end by fork-
ing <harply lie acatapult
—with lnrger emphasis
at times on one or other
<ide.  That forhed ar
rangement must be {re-
quent :  apart  from
abeenee of posterion hibinl
vessels o angle leg
there has been no ex-
ception in the Inst thirty
eadaver- I have secen.
That, too, i~ what a
master  of  anatomy,
the Baran Boyoro s
und  descpbied in 1810
(1, 151}

“And what,” von will ack, = has beeome of the antermr Libind
arters 270 Welloaf s just o braneh from the front of o puan
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stem—a stem which Boyer calls the pophteal down to its
tibioperoneal fork.

We shall show presently how we can draw the proximal part
of this anterior tibial branch right back into the calf and see exactly
how it juts and cwves (pp. 272 and 276).

But we are thiking too arterially ; the veins are large and thin-
walled. sometimes varicose. outnumbering the branches of the

by ANTERIOR
y TIBIAL ARTERY

3
H
f, PERONEAL
F4  ARTERY POSTERIOR
= « TIBIAL PERONEAL
ARTERY ARTERY
Fig 151

Nomenclature which fits the distal forking of a main stem (Note
the term tibioperoneal trunk)

arteries by two to one. So veins bedewil intervention and com-

plicate our much too simple picture of a place where vessels fork
and arch—in triplicate.

The distal portion of the bundle, about the level where gastroc-
nemius and soleus jom with tendo Achilhs,? edges inwards from
between the deep and superficial muscle layers, and 1s covered there
by skin and fascia only (Fig. 152). Thence we can trace it up the
leg, detaching as we go the slender mooring of soleus to the tiba,
which may reach down within a handbreadth of the medal
malleolus (p. 264 and p. 268).

! Since Boyer’s day his countrymen, less sumply though with clarty, make the pophteal
end (as we do) at the anterior tibial branch, and then impose the name of tibioperoneal
trurl. on the last fingerbreadths of stem above the fork We can, with those accounts,
helieve our eyes, for each describes (as we do not) » major stem that goes beyond a

. forward branch and ends below by forlong (Fig 151)

Tendo Achalls, changed n BN A to tendo calcancus —This kund of make-behieve at
growing up 1s charmingly discouraged in pages cardmal to smentific outlook * La
gentrllesse des fables,” wrote Descartes, ‘ réveslle I'esprit ”  their pleasant touch he found.
could stir the mind  (Discours de la Méthode, Part 1)
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Leaving asde for later study the lateral peroner and
popliteus. turn for a moment to the tibial shaft.

A

SOLEUS
ORIGIN /SCISSORS CUTTIG
. 2 LAYER cr FABOIA
FLEXQR CioITORUM
LONE':US COVERING
THE BUNDLE

TENDONS OF
TIBIALIS ANTERIOR
AND POSTERIOR -

FLEXOR HALLUC!S\E\J
LONGUS -
/

v

M

BALLUCIS
LONGUS

FLEXOR DIGITORUM \
LONGUS

TENDON OF ] . s - POSTERIOR

TIBIALIS POSTERIOR Ti8AL
VESSELS

-r.

<74 IEND st o .l//
Fig 152
The distal part of the posterior bundle in the lep

Ic iz covered here by shin and by twa fayers of deep faseia  The inget
shows how tibial fibres of soleus cross and interrupt the plane of
cleavape between calf and deep muscles—the plane in which the buadle
tier  The deeper faselsl layer and these soleuy fAibres serve to Mmoo
1endo Achiths more firmly on the tbiol side {pp 163 3nd 267} The drrow
af the inser poings to where the bundle feaves the shelrer of th e Qlf

Anterior and deep posterior leg museles (Fige, 173 andd 158 .
The cubeubnneons sorfaee of the tibind shaft seputate s bty of
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Leaving aside for later study the lateral peroner and the
popliteus. turn for a moment to the tibial shaft.

Tt

| /SCISSORS CUTTIMG

A 27 LAYER ¢
COVERY

THE BUNP.‘

SOLEUS
ORIGIN

ALEXOR BIITORUM
LONGUS

TERDONS OF
TIBIAUS ANTERIOR
AND POSTERIOR -

FLEXOR HALLUCIS

~FLEXOR
HALLUCIS

LONGUS
FLEXOR DIGITORUM
LONGUS

POSTERIOR
TIBIAL
VESSELS

TENDON OF
TIBIALIS POSTERIOR

1
e e T

Fip 152
The distal part of the posterior bundle in the leg
1t is covered here by skin and by two layers of deep fascia Tl;c Inx;z(
ane

shows how tibis! fibrez of soleus erosr and interrupt the p

cleavage between calf and deep muscles—the plane in which the bundle

“es  The deeper faschal layer and theie sofeus fibres serve to moor

tendo Achillis more firmly on the tibigl side {pp 248 and 26%) The zrrlow
&f the tneet paats ta wheee the bundle leaves she shelter of the ¢3!

Anterior and deep posterior leg muscles (Mg~ 133 wnd 130,
Pl ~ubrubanoons surfice of e thinl Shalt separades s by Hy of
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MUSCLES

THE DEEP GROUP OTF LEG
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Fig 153
The deep posterior leg muscles

FLEXOR

HALLUCIS
LONGUS

CUT TENDO
ACHILLIS

yingld
. ....n : _JORN e

POSTERIOR /

FLEXOR
DIGITORUM
LONGUS l
TENDON OF
TIBIALIS

Note how they form a groove for the posterior neurovascular bundle
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the deep posterjor group behind from g belly in front ., of the
the anterior only 1 called tibjalic - the belly behing 1 the long
flexor of the toes

The tibialis Posterior springs from hotl, bones of the leg : it i
the deepest belly 1n the posterior compartment, Its tendon. how.
€ver. comes to the surface by passing inward.. deep to the tendon
of the long flexor—q relation of crossed fingers. In'the divfal third.

’v‘

- POSTERIOR
~O\WERGASULAR
PN\ Bunne avp
FLEX. HALLUCIS 0N BRiDGE oF
LONGUS AND FASCIA
PERONEAL
VESSELS

-~
o
]

% —
o

- o’

61
s

EXT HALLUCIS
LoNGus

EXT DIGITORUM
LONGUS

Fig 154
The relations of deep posterior leg muscles with the anterior group

Note here, too, the groove for the posterior neurovascular bundle A
bridge of fascia makes the bundle a satellite of the dee gmug‘ ,Notc how
E

the subcutancous face of tibia| shaft separates the belly of tibialis znterior
from the belly of flexor digitorum longus (The inset to Fig 152 shows how
the face of tibial malleolys separates tendons of tiblalis anteriorand posterior )
Extenzor hallucis longus isthe only decp muscle of the anterior compartment

therefore, the superficial face of tibia doos actuadly separadse two
structures known g tibinl—the tendone. nof the belhes, of tibinlis
anterior and posterior (Jig, 159, msel)

The other musele of the deep posterior group, flexor Im!lnm
lanaus <prmgy (e extensor hallucis in front) from the middie
Bso-fourthe of {le hbuln—the * middle hall.” if you reduce the
frastion "The bellyes of this flexor and the ﬂv\fjr of ”": trirs
Mervach ulliejently wpon the hinder face of Gliali. postesior by



THE MIDLINE POPLITEAL ROUTE <0l

form a gutter for the neurovascular bundle—a gutter bridged by
thin, translucent fascia which grows thick distally where 1t escapes
the shelter of the calf (Figs. 154 and 152).

Turmng now to the anfenior compartment we find two main
superfictal muscles, and later we shall look between them for the
neurovascular bundle (p. 76). These mu-~cles are (1) the tibials
anterior (whose belly and whose tendon flank the subcutaneous
face of tibia). and (2) extensor digitorum longus (coming mainly
from the fibula). The off-shoot muscle. peroncus tertius—a badge
(not always present) which marks us from the apes—springs with
extensor longus. The one deep muscle of the anterior compartment,
extensor hallucis, anses from the " middle half > of fibula. Gomng
obliquely (as 1t must to reach the mner toe), its belly overlaps the
neurovascular bundle and sets a trap (p. 278).

This general and bare account (by furnishing a sort of common
back-cloth) will stage m turn exposuies m the limb and let us focus
on the detail.

THE MIDLINE POPLITEAL APPROACH

For this we need add httle to the general reflections on
p 241 Here. too. as m exposure from the outer o1 mner side,
we have to mobilice and then displace the intervening - bundle,’
But working this time from the back theie 1s (in contiast with
a sade approach) no " open sesame " ; the place itself will not
revolve and let us m. So we must take 1t squarely, by direct
assault (cf p 212).

Ineision.—Find first the level of the jommt—a fingerbreadth
above the head of fibula (Fig. 155). Incise mn what you think the
mddle lme—a guess which (owing to swelling and decubitus)
15 often wrong Cut through skin and fat a handbreadth distal
to the jont. Bring the kmfe sideways just below the crease
b(Ellltnd the knee; then upwairds for a span, as shown m the
Inse

The seam.—Look for the short saphenous vem (the blue guide
to the middle line). It lies, remember, deep to fat, along the groove
between the heads of gastrocnemius, most often on the surface of
deep fascia (but sometimes underneath). If 1t does not appear at
once, reflect a ittle skin at either edge. The final proof of mesiality,
the sural nerve, s constantly subfascial : 1t occupies the groove
(Fg 156). Open deep fascia behind the calf to look for it, and not
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the deep posterior group behind from a belly in front: of thew
the anterior only i called tibialis: the belly behind 1e the long
flexor of the toes

The tibialis posterior springs from both bones of the leg: it 1«
the deepest belly in the posterior compartment. Its fendon. how-
ever. comes to the surface by pascing mwards. deep to the tendon
of the long flexor—a relation of crossed fingers. In the distal third.

POSTERIOR
NEUROVASCULAR
BUNDLE A%
BRIDGE ©F
FASQA

FLEX. HALLUCIS

LONGUS AND

PERONEAL
VESSELS

TTELEN
OIS\ DHTony,
iokj )\ NGy

EXT HALLUCIS
LONGUS

EXT DIGITORUM
LONGUS

Fig 154
The relations of deep posterior leg muscles with the anterjor group

Note here, too, the groove for the posterior neurovascular bundle A
bridge of fascia makes the bundle a satellite of the deep group  Note how
the subcutaneous face of tibial shaft separates the belly of tiblahs anterior
from the belly of flexor digitorum longus  (The inset to Fig 152 shows how
the fce of tibial malleolus separates tendons of tiblalis anterlor and pmu‘nor,)
Extensor hatlucis longus is the only deep muscle of the anterior compartmen

therefore. the ~upetficial Ince of hbia does actually separate two
strielures known as tibil—the tendons. nof the hellies, of tibinhs
antetior and posterior (Fig. 152, meet).

The other musele of the deep posterior gronp, flevor halluas
fongu~ ~prings (hhe extensor hallucis i front) from the mindedli
two fourthe of the hbula—the * middle half, of yon redoe the
fraeton The bellies of this flexor and the flexor of the toe
enero f uthowentiv apon the hinder {nce of filnghs pu Lenor b
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form a gutter for the neurovascular bundle—a gutter bridged by
thin. translucent fascia which grows thick distally where 1t escapes
the shelter of the calf (Figs. 154 and 152).

Turnng now to the anterior compartment we find two mam
superficial muscles, and later we shall look between them for the
newovascular bundle (p. 276). These muscles are (1) the tibialis
anterior (whose belly and whose tendon flank the subcutaneous
face of tibia), and (2) extensor digitorum longus (comimng mainly
from the fibula). The off-shoot muscle. peroneus tertius—a badge
(not always present) which marks us from the apes—springs with
extensor longus. The one deep muscle of the anterior compartment,
extensor halluais. anses from the " nuddle half ’ of fibula. Gomg
obliquely (as 1t must to 1each the inner toe), its belly overlaps the
neurovascular bundle and sets a trap (p. 278).

This general and bare account (by furnishing a sort of common
back-cloth) will stage in turn exposures m the limb and let us focus
on the detail.

THE MIDLINE POPLITEAL APPROACH

For this we need add Ilittle to the general reflections on
p 41. Here. too, as in exposure from the outer or inner side,
we have to mobilice and then displace the intervening - bundle,’
But working this time from the back there 1s (in contrast with
2 ade approach) no ~ open sesame ”; the place itself will not
revolve and let us m. So we must take 1t squarely, by direct
assault (cf. p. 212).

Incision.—Find first the level of the jomt—a fingerbreadth
above the head of fibula (Fig. 155). Incise m what you think the
middle line—a guess which (owing to swelling and decubitus)
15 often wrong. Cut through skin and fat a handbreadth distal
to the jomt. Bring the kmfe sideways just below the crease
?ehléld the knee; then upwards for a span, as shown in the
nse

The seam.—Look for the short saphenous vein (the blue gude
to the middle lime). Tt lies, remember, deep to fat, along the groove

etween the heads of gastrocnemius, most often on the surface of
deep fascia (but sometimes underneath). If it does not appear at
once, reflect a hittle skin at erther edge. The final proof of mesiality,
the sural nerve, 15 constantly subfascial : 1t occupies the groove
(g, 156), Open deep fascia behind the calf to look for 1t, and not
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the deep posterior group behind from a belly in front: of thee
the anterior only is called tibialis: the belly behind 1s the lone
flexor of the toes ‘ °

The tibialis posterior springs from both bones of the leg: it 15
the deepest belly in the posterior compartment. Its fendon. how-
ever, comes to the surface by passing inwards. deep to the tendon
of the long flexor—a relation of crossed fingers. In the distal third,

Z POSTERIOR
5 I\\WEUROVASCULAR
A\ BUNDLE AND
\>7\\ BRIDGE OF

LONGUS AND FASCIA

PERONEAL
VESSELS

ST

BT AL SN\ TONY,
S

-

EXT HALLUCIS
LONGUS

EXT DIGITORUM
LONGUS

The relations of deep posterior leg muscles with the anterior group

Note here, too, the groove for the posterior neurovascular bundle. A
bridge of fascia makes the bundlc a satellite of the deep groug Note how
the subcutancous face of tibial shaft separates the belly of tiblalis anterior
from the belly of flexor digitorum longus  (The inset to Fig 152 shows how
the face of tibial malleolus separates tendons of tiblalis anterior and posterior )
Extensor hallucis longus is the only deep muscle of the anterior compartment

therefore, the superficial face of tibia does actually «eparate Lw‘o
structures hnown as tibial—the tendons. nof the bellies, of tibmlis
anterior and posterior (F1g. 152. inset).

The other musele of the deep posterior group, flexor lml'hwh
longu. spring~ (hke extensor hallucis m front) from the middle
two-fourths of the fibula—the * middle half.” if you reduce the
fruction  The bhellies of this flexor and the flexor of thw' toes
encroach sufficiently upon the hinder face of tiali~ posterior 1o
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form a gutter for the neurovascular bundle—a gutter bridged by
thin, translucent fascia which grows thick distally where 1t escapes
the shelter of the calf (Figs. 154 and 152).

Turning now to the anferior compartment we find two main
superficial muscles, and later we shall look between them for the
neurovascular bundle (p. 276). These muscles are (1) the tibials
antertor (whose belly and whose tendon flank the subcutaneous
face of tibia), and (2) extensor digitorum longus (commg mainly
from the fibula). The off-shoot muscle. peroneus tertius—a badge
(not always present) which marks us from the apes—springs with
extensor longus. The one deep muscle of the anterior compartment,
extensor halluais, arises from the " middle half’ of fibula. Going
obhquely (as it must to reach the inner toe), its belly overlaps the
neurovascular bundle and sets a trap (p. R78).

This general and bare account (by furmishing a sort of common
back-cloth) will stage m turn exposures mn the limb and let us focus
on the detail.

THE MIDLINE POPLITEAL APPROACH

For this we need add hitle to the general reflections on
p 241. Here, too. as m exposure from the outer o1 mner side,
we have to mobilice and then displace the intervenmg * bundle,’
But working this time from the back there 15 (in contrast with
a side approach) no " open sesame >, the place itself will not
revolve and let us m. So we must take 1t squarely, by direct
assault (cf, p. 212).

Incision.—Find first the level of the joint—a fingerbreadth
above the head of fibula (Fig. 155). Incise mn what you thank the
mddle lme—a guess which (owing to swelling and decubitus)
Is often wiong Cut through skin and fat a handbieadth distal
to the jomt. Bumng the kmfe sideways just below the crease
behl;ld the knee; then upwards for a span, as shown m the
mse

The seam.—Look for the short saphenous vem (the blue guide
to the middle ine). It hes, remember, deep to fat, along the groove
between the heads of gastrocnemius, most often on the surface of
deep fascia (but sometimes underneath). If 1t does not appear at
once, reflect a hittle skin at erther edge. The final proof of mesiahty,
the sura} nerve, is constantly subfascial : 1t occupies the groove
(Fig. 156). Open deep fascia behind the calf to look for 1t, and not
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behmd the knee jomt. for there a greater trunk (medial popliteal
nerve, or tibial of B.N.A.) hes close beneath investing fascia, and
may be ripped in face of extra tensmn——h}ce cortex ux‘lder dura.
When we have spht the seam m gastrocnemius this popliteal frunk
hecomes a guide {0 separate the inner from the outer hamstrings ;

! SHORT SAPHENOUS VEIN

DENSE LAYER OF
SUPERFICIAL
FASCIA

INTEROSSEQUS MEMBRANE

Fig. 156
Guides to the gastrocnemius seam

Note how the blue guide (short saphenous vein) Is bridged by deep

fibres of superficial fascra which bind it to the surface of deep fascia

(Sometimes the vein 1s deep to deep fascia ) The white guide (sural

nerve) is regularly deep to deep fascia and occupies the groove between
the gastrocnemial heads

a finger helped a lttle with the kmfe dissolves them shght
cohesion,

The ‘bundle.’—Retraction of these sundered bellies m the
calf and thigh reveals, beneath the mner popliteal (tibial) nerve.
the close-knit popliteal vemn and artery—the last impediment
before we reach the bone. Then—if the finger finds it easy to
displace—the * bundle ’ goes en masse to either side: but, if
it loosens grudgingly, we humour 1its constituents and pass
between, moving the nerve towards its outer popliteal fellow,
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the vessels inwamrds—to the <ide where thev me fixed in the
adductor opeming. The popliteal plane at once becomes accessible
(Fig. 155. noting the legend).

MEDIAL
POPLITEAL N

FOPLITEAL
ARTERY

N To
PLANTARIS

N To LATERAL HEAD
CASTROCNEMIUS OF GASTROCNEMIUS

N To
SOLEUS

N To
POPLITEUS
TIE1O FERONEAL

TRUNK
ANTERIOR

TIBIAL
ARTERY

PERONEAL ARTERY

FOSTERIOR
TIBIAL
ARTERY

Fig 157

The ‘safe’ inner side of the medial
popliteal nerve (after Grant)

The pophteal artery curves away bricfly towards

fibula—as if drawn there by major branches

The vein (not shown here) parts nerve from
artery throughout the fossa

Bendmg the knee will loosen everviling belund the joint and
let the bone approach the curface.  Bat relaxation wete pecular
trap. and ~emitendinosus may drift limply to the mddle of the
wonnd and there be daimed as great <cintie)?

VP o s thas s counpls alonpd pustal e made tugee, by pevronable men ~asun prtbingo o
ofe polibr,am , for thase who let ne boot thes are nfafhible tnoam Gl | are either
fisr s ooty of truth Cor i the s ven Jaeger efyan oy thint s of xe unf turste
Al Yob o th et and the chan o e $adl
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EXTENSION OF THE MIDLINE ROUTE.—The distal part of tlus
exposure lets us move the nerve and vessels far enough aside to
cut through pophteus and expose the hinder, * pophteal * face of
tiba without dividing the soleus bridge (cf. p. 261 and footnote).

The next few pages show that we can use the mesial approach
(combined with simple lateral posture) m the most frequent
amputation of the thigh—that thiough the distal half.

APOSTURE FOR THIGH AMPUTATION WITH NO TOURNIQUET
USING PROCAINE !

Custom has reconciled us to the supine postuie for those who
need this amputation. With that disposal hmbs are slung from
raised supports: or else a nurse must bear theirr weight. In
ather case we work at levels awkwaid for jecting nerves if

Fig 158

Zhde flexed limb pivots on the heel, which rests on the table The nurse holds the leg

N rotates 1t to present the front and sides of the patient’s thigh to the surgeon
without fifting the limb

spmal block 1s madvisable.? These troubles vamsh when we place
}iihe patient on his healthy side; then, if the damaged limb will
keX, the nurse need never hit the foot, but only grasp the leg and

eep the heel-—as pivot—on the table (Fig. 158). She thus presents

" The Lancet, 1940, 1, 736

P
focame nerve-block, used alone or n company with gas-oxygen or mmmal amounts

2{ ‘;g:.:r’ was stnikingly employed by Lotfy Abdelsamie, FR CS, m my surgical umt
v el Aimy Hospital, Cairo, durmg work that much reduced mortahty from crush

fhdelsamm’s valuable paper should bave new currency mn time of war (The Lancet,
936, 1, 187 )
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each aspect of the patient’s thigh : the sides in turn are biousht
to face the surgeon ; while to expose the back she lets the knee fall
gently down across its fellow (Ing. 159). So. after mfiltrating areas
of flap or cuff. and all the operative field—most thoroughly—with
procaine (} per cent.). we can in comfort see and block the great
sciatic trunk. While that 1s growing numb we shall ligate mam
vessels and thus avoid the use of towmquets.

l -

SUPPLEMENTARY INCISION

X3
Fig 159

The knee falling across its sound fellow gives access to the back of thigh A long
midline incision exposes the sclatic nerve for high Injection and the main vessels for
ligature

The supplementary incision.—For tlis twin puipose mahe a
mesial cut—first outlmed by a weal—through pophteal skin one
handbieadth distal to the jomt and gomng upwad to a «pot
three fingerbreadths above the site proposed for hone division
(Fig. 159). We find the mewal guides (p 242) and sepatate the
boundaries of the popliteal space ; then we can trace the tibial or
inner popliteal nerve up to sciatic trunk. which we inject with
15 c.em. of a 2 per cent. solution of procame—first m the sheath,
then in the total thickness of the trunk.

Ligation from behind of femoral vemn and artery.—1he bloching
of the nerve affords an interval m which to tie the two mamn vesels.
These run. of cour<e, at deeper levels—near the bone. And thongh
the arters and vem do not officially hecome the pophieal il they
have passed the opeming i adductor magnus, yet, as they near the
apening, only a trifling web of tissue screens them from the po
ierior compartment. So. if we trace the vessels from beloze (where
we can hook them blindly off the femur)t it s exiremely <imple
to diernpt the web and tie them well above the Jevel for
dniding bone (Fig, 159).  We then proceed aecording ‘tu our
traimng or eapetience:  inciions. jomng with the me<inl ent

14
L O N (I R A (T Inn!o;-.i R fnﬂnlnnh b $1 -7 rp ererin [T RTAIRN ¢
wherr oy g ated petery are hared 0 s
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behind, run distally and forwards : the flaps are made and muscles
severed.

During these activities. however. the great sciatic trunk will
rest in peace—until the time comes to remove the limb. With
procaine infiltration not less than twenty minutes must elapse
between injecting and dividing tlus capacious conduit of shock
impulse. And that, indeed. 1s hitle time enough. Let us recall
and profit by two clear and striking facts: our own distress when
dentists shorten by a jot the dozen minutes fhey allow for nerves
far smaller than the huge sciatic : the sudden fading of the patient’s
pulse when stimuli get through a partial procame block. un-
supplemented by another anwsthetic.

The method used in the attempt to burke the later growth of
axones will have prescribed already the length of nerve we first
mjected. I do not dare to say which method is the best, for no one
knows ; but each will place the procaine to smt his own belief
It is at least important. once the hmb 1s off. not to pull out the
severed nerve and cut it short at levels unprotected by the procamne :
though I have seen this done.

We have to deal as well with the saphenous nerve. The guide to
1t—a whitish raphe on the medal side of thigh. found on displacing
the sartorius—denotes the tendon of adductor magnus; a nick
with Mayo scissors made immediately m front of this will open the
canal which holds the nerve. Then trace it up the tlugh, mject if
at the <ame level as sciatic. and divide 1t when the same long
interval has lapsed.

I can confirm Abdelsamie’s finding : * Amputation under full
novocaine analgesia is a bemgn measure that does not shock the
patient.”

STUMP SEPSIS AFTER AMPUTATION FOR
DISTAL INFECTION

I have <cen many thigh amputations performed for this reason
with eareful techmque after scrupulous preparation, but 1 huve
aleo seen. and had myself, too many <epiic results—perhaps hecanss
bacteria from distal foci were travelling up lymphatics durmg the
operafion. out of range of chemicals applied only lo Jan, Inomy
experience sepsis came whether rubber drains were left o long o1
hort time : if long left they scemed to determine mfm*tmn:.!"‘lt
dangcrous pooling of exudate enwued upon carly removal, i?m
pouohng i« prevented by placing ribbon gause, heavily conted with
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dilute bipp, as a slender pack under each layer at the time
of suture—for example. between bone and fasecia (or muscle),
and between fascia and skin. The ipped ends of the ribbons
protrude as dramns. and the pack 1s so well lubricated that 1t can be
removed painlessly after forty-eight howrs. A dry wound is
left which will at once be covered with a thickly bipped
dressing. These drains do not carry m sepsis from without, as
rubber may; and certainly. too. the bipp can check bactenal
growth.!

A relevant example of its use m another field interested some
of my co-workers in this country. The large cavity left by re-
moving a mandibular osteoclastoma was packed with bipped
nbbon after thorough treatment of the wall with the gh-
frequency current. The cavity (lined now with dead tissue)
communicated not only with the surface of the neck but also
with the mouth. and the patient ate and drank as usual from
the day following operation. When we removed the pack for the
first time at the end of a fortnight we found a lming of clean red
granulations. The pack—except on its oral surface, where saliva
had washed out some of the bipp—was unaltered and fresh
like the cavity.

I have no experience of the origmal bipp, which might be
toxicin this quantity, having never used any but the dilute variety,
whose value I lemnt from Stoney during World War I: nor have

I met with any other preparation which could so triumph in the
test just desecribed.

! The mgredients of dilute bipp are —

Bismuth carbonate 1 part Hard paraffin 2 parts
Todoform powder 2 parts Soft paraffin . - 12 parts

1ts preparation requires careful attention to details, of wluch R Athmson Stoney, of Dublin,
has sent me the following note ~—

Put the 10doform and bismuth mn a large mortar and mx well  Melt the hard and soft
paraffin together on & water bath , stir well and cool slowly, stirring all the time  Take a
little of the mixture of hard and soft paraffin and rub 1t up with the miture of 1odoform
and bismuth 11l a smooth paste forms Add the rest of the paraffin hittle by httle to make
a umform omtment The bipp should have the consstence of firm butter and should
not be greasy In very hot weather increase the quantity of hard paraffin and reduce
the soft (In wards the bipp 18 best hept mn separato contaners for mdividual patients )

With this, T must confess, one does not quite recapture the hipstick qualities conferred on
dilute bipp by pharmacsts mm France But I have left the note—hhe that of p 12 con-
cerning compound fracture  For recent drugs are not the first, by many years, to start a
habit of obtaining evcellent results from wounds, however grossly soiled—which still,
1 see, claim victims
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EXPOSURE OF VESSELS AND NERVE IN THE BACK OF CALF

Ineision.—Tind first the level of the knee jomt. a hngerbreadth

ONE

LEVEL OF
JOINT

ONE SPAN

Fig 161

Inaision for midline calf
exposure

Note the level of knee joint
viewed from behind ¢ 1t lies one
fingerbreadth above fibula

above the top of fibula. A
mesial meision measured from
this plane. runs for a hand-
breadth up the thigh. a <pan
along the calf (Iig. 161). The
rest we know @ the half-cleeve
of the gastrocnemuus, striped on
il seam in blue and white. and -

surgically: nipped to show the The St bridge

~olews bridge : the lengthwice 5 0 Vet pans deep to it—

’ i ' srular
: : between catl mugcle and deep muroy
<phtting of the bridge: the between ol Mol e iy

underhung venous and arterial nerve enters the edge of the brdee

“oatapult T pp. 246 and 217, ) it
The bridge-mouth of soleus,—The tibinl nerve which runs be nni

tHhi- catapnlt of vesseh ~bieets * their mnnpnrn:wni [er).. but b
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supphes the bridge-mouth of soleus with a sturdy twig—most easily
dwvided (Fig 162). And so—before you sphit the bridge—define this
entrance gently with a finger beside the disappearing vessels.
(See that the foot 1s plantar flexed, and bend the knee to make

the wound both lax and shallow.)

EXPOSURE OF THE ‘POPLITEAL’ FACE OF TIBIA.—This follows

the exposure of the nerve and
vessels whose bundles we can
now displace to reach our first
objective—the fan-shaped pop-
hiteus

A useful vertical extrinsic
band.—The sheath that cloaks
the popliteus 1s strengthened at
its widest, medial, part by con-
stant fibres which belong to semi-
membranosus (Iig. 163) : these
cross and stick upon the fan-
ke gram—a gramn that yields
when split a ghmpse of concave
bone through thick and grudging
muscle So for a better view,
transect the poplhiteus. The knife
should reach the tibia by cuttmg
lengthwise down the band A
hberating cut 1 also made. re-
spectively, along the upper and
thelower margin of the popliteus.
Bothliberating cuts should finish
medaal to the middle hine ; they
thus avoid the nerve to poph-
teus, which hes behind the
muscle and ends by curving
round 1its lower horder. The

upper cut ¢ ‘A also muss the
vessels (infer;

HEAD OF
FIBULA

MEDIAL INF
GENICULAR
ARTERY

MARGINAL
{ INCISIONS

INCISION OF

VERTICAL

EXTRINSIC
BAND

pol
Fig 163
The vertical extrinsic band

The kmife transects the grain of popliteus by
cutting lengthwise down the band  Liberat-
ing cuts are made along the margins of the

muscle, sparing genicular vessels above

Retraction of the muscle towards fibula

will expose the concave face of tibia  Repair

by suturing across the band whose fibres
stop the creep of sutures

medial genicular) wluch slope along the upper edge

and are attached to 1t by the extrinsic band of fibres (Boyer). So,
With 1ts nerve mntact, we mobihse the popliteus, raising it from bone
towards the fibula. Then there 1s 100m to deal with our objective.

! The distal portion of the midhne pophteal route (p 231), which lets us mobihise the barrier
of nerve and vessels, will also let us reach this hinder part of tibw—wthout dimdmg

the soleus
17
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We make a sound 1epair by sutwing the popliteus at right angles
to the length of the extrinsic fibres: for since they cross the fan
they stop the sutures creeping through its grain.

EXPOSURE OF THE POSTERIOR NEUROVASCULAR BUNDLE
IN THE LOWER PART OF THE CALF AND BELOW

Lesion of nerve and vessels half-way down the leg (or farther)
is dealt with thiough a medial and long incision. The di<tal mark

MEDIAL
MALLEOLUS

Fig 164

Incision for the posterior neurovascular bundle of leg
(distal hall)

The finger with one edge pressed against the back of cibial

mallcolgs marks with ltgs o‘zhcr edge the distal end of the

ortery Above, the knife avolds saphenous nerve and vein br!

cutting two fingerbreadths behind tibla  Note how ﬁt;'res’;

soleus spring from tibia and cross the plane of cleavage that it
between calf muscles and the deep group

for thi~ “hould overlic the bundle. But where —exanctly ic the
murk 2 Vany books to-day agree in placing it = mdway Between
the medinl malleolus and the tendo ealeaneuss ™ -8 ﬂ‘ﬂ*""ﬂh,‘!‘
<ite, unfortunately counterced on s previous page of nnv:u'-{ﬂitl‘:
wark, which mahes the posterior bl arters ond fmudivg

A . \ nre
between the tip of the medial malleolns and the most pret
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Fig 165
The distal part of the posterior tibial bundle

Note the thick second layer of deep fascia covering the bundle Above, it
thins out to part deep muscles from calf Divide it beside the bundle
To follow the bundle up, detach the tibial origin of soleus (inset) The
arrow points to where the bundle leaves the shelter of the calf If you
must also reach the level of the ‘ catapult ' extend the exposure by the
wide medial access (p 265) (For plantar continuation see p 300)

~
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part of the heel.” This ancient piece of imprecision (by contrast
with its clear-cut fellow ) haunts. I find. the memoty of surgeons,
and echoes widely in alternatives: * the medial tubercle of the
calcaneus ;"¢ the centre of the convexity of the heel "—uncertam
places. deep to thickened skin, that serve to nusdirect incisions
and guide them too far back.

Let us forget this careless talk  The vecsels lie a fingerbicadth
belund the medial malleolus. Try on yowiself. Press one edge of
a finger down along the back of malleolus : the other edge controls
the tibial pulse. The finger therefore marks the end of an mncision
whose purpose 1s to amphfy a plane of cleavage and thus is long
enough to show the vessels without exactly following their course
(Ihg. 164).

Incision.—This will divide skin only. Measure a span extending
from a fingerbreadth behind the medial malleolus to reach a point
above, two fingerbreadths posterior to tibia—avoiding thus the
long saphenous vein and the companon nerve which lies just deep
to it (Hovelacque). Open the surface sleeve of fascia and then a
deeper sheet which binds the bundle to the deeper group of muscles.
This second fascial layer while 1t lies beside Achilles tendon 1s
strong. opaque and tense, but passing under shelter of the calf 1t
there becomes a thin translucent pellicle. Begin dividing 1t above,
for down below the vessels may be sht as they approach the line
of skin macivon (Fig. 165). To trace 1t farther upwards use the
plane of Fiolle and Delmas 1n front of the Achilles ’rendon-i-n sohd
strap that lets us lift the calf away from deeper muscles which hold
the bundle n a <atellite relation (pp. 250 and 251). .

Nothmg 15 perfect : the facile cleavage plane (which. m ltsolf.
might symbohse an mfluence of France on surgical technique) i+
crossed above by fibres of soleus. Detachment of these lower
fleshy fibres allows. as I had previoudly described. a further view
of nerve and vessel<, but with <uch hmted detachment a second
means of access—through the middle hne—wa« needed to espose
the region of the * catapult * (pp. 241-247). Complete detachment
of <oleus from the tibia extends and simplifies expocure.
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WIDE MEDIAL EXPOSURE BY THE COMPLETE
DETACHMENT OF SOLEUS FROM TIBIA

Wounds of the calf must frequently claim use for mudhne
access : but while the twofold character of gastroenemius favours

surgical approach. verns! m the belly
of soleus may prove troublesome at
operation

Thus half a dozen large vemns are hikely
to be cut 1n any cential sphtting of soleus
belly ; and. aside fiom special indications,
this mduces a return to medial approach—
one, however. widely different from the old
and often futile exercise of groping thiough
a medial <ht. compaied with which
the midhne route. however bloody. gives
what Bmnie called a ° <oul-satisfying
view ”’

The present method 1ests on the two
piers of the arch by which soleus bridges
the main new ovascular bundle Each pier
of the arch has a lmear attachment, one
to tibia, one to fibula. The longer tibal
attachment has two confinuous parts
the upper, oblique part 1ises from shoit
stiff fibres that help to fashion the rough
soleal hne, the lower, longitudmal part
of the attachment descends immediately
behind the mner edge of tihia, but, bemg

OBLIQUE
FIBROUS
ATTACHMENT

TIBIAL PIER

VERTICAL
FLESHY
ATTACHMENT

Fig 166

The attachment of the piers
of the soleal arch, tibial
and peroneal

The tibial pier arises in two

continuous segments—an upper

oblique and fibrous, attached

to the rough soleal line, a

lower and vertical fleshy seg-

ment which does not mark the
back of tibia

Jleshy and not fibrous, fails to mark the back of the bone (Fig. 166).

If we detach both these contimuous lnear origins from tiba
(Figs. 167 and 168), then, by vitue of the plane of cleavage that
parts soleus from the deeper muscles, we can rotate soleus (and

! These veins are apt to thrombose early in a long decubitus and form potential launching

sites for emboli

Later, if the blocked veins should become recanalised and thenceforth

valveless, the pumping action of soleus will drive blood down towards their union with
the triple set of veins—so often rediscovered and forgotten—that normally should drain
the favounte site of varicose ulcer mto the deep, posterior tibial vems The soleus pump,
disposing now of an excessive downflow, will force the valves belonging to this triple

“et of vemns, making the venous blood reach skin nstead of dramning from 1t

So, with

the stress of venous irrigation, and by seepage, the healthy but predestined site for
ulcer becomes an ill-drained, 1ll-fed, pigmented swamp (See F B Cochett and Elgan

Jones, Lancet, 1953,1,17)
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4. POPLITEAL ARTERY
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~- T e

POPLITEUS MUSCLE '
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The posterior tibial neurovascular bundle, a medial
extension of its distal exposure

Stage | —Now—with its tibial attachment cut—we can turn soleus
back and out through two right angles  This will expose all the main
neurovascular structures of the leg the distal end of the medial
popliteal nerve and its posterior tibial continuation, the tibioperoneal
trunk (p 247), the posterior tibial and peroneal vessels together with
portions of all the deep muscles of the posterior compartment
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the whole calf) outwards thiough two right angles on the hinm
formed by the short fibular pier.

The incision, made when the foot is plantar flexed and the hnee
bent. 1uns longitudinally. It starts fiom a handbreadth above
the tip of the malleolus and end« three fingerbreadths below the
line of the knee Joint : its upper end should he two fingerbreadth-
behind the mner edge of tibia . the 1est. a fingerbreadth hehind
The long saphenous vem and the saphenous neive both 1un in
surface fascia m front of the incicion and aire carried forward with
the side-curtain.

Detachment of the tibial pier 1» almost bloodless. A finger
will protect the neurovascular bundle where 1t 1~ budged by the
soleus aich.

The access to the bundle 15 as complete as thal got by the
mdline approach. but the - catapult * division of the tibioperoneal
trunk (pp. 246 and 247). accompanied by vems. 1s now scen bunehed
in profile instead of full face. The posterior tihal nerve. continuing
the medial popliteal. goes down immediately behind the trunk.

(Note that the distal portion of the tibial nerve has kept 1~
relative position m the bundle : 1t <till lies just behind and lateral
to tibial vessels—exactly a~ it doe~ when 1t * biseets ™ the catapult)

Exposute of this linder bundle 1~ easily continued to the <ole,
if we should need to trace the plantar distribution of nerve and
vessels (p 300, and legend to I'ig. 196. below).

EXPOSING THE BACK OF THE DISTAL END OF TIBIA

Mention of the tibia suggests the thouglt of an exposue
fiom the mner «ade.  But. of we tiy a simple fest. we tmd
we <hall do better to employ a fibular approach. Kneel for
a moment with the fool relaxed m plantar flexion  ‘Then grasp
and move the flaceid tendon of Achilles : it travels farther to the
inner side—awas from iibula-—and ~o uncover~ moie of an obyechive
whieh <preads across the muddle hne.  One reason i~ that winle
it~ outer edge v free,” <oleus fibres reaching down the ~haft (
mas be almost to a handbreadih from the medial mallealus) tie
the Sclnlles tendon to the hibin  So. like a dog, it moves mn-t
casily towards ifs leash.  Another -dominating -factor i~ that en
the medind <ide Achilles fendon s more by fixed, tha on the
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lateral, agamst the denser portion of the sheet of fascia covering
the deeper muscles of the leg (legend to Iig. 152, p. 248)
Displacement of Aclullis 1s not the sole advantage of an outer

access, for that will let us liberate as
well the belly of the flexor hallucis—
a muscle which anses from the fibula and
spreads at once to hide the tibial surface.
This belly (by the aid of a strategic
interval) is readily displaced towards
the wnaccessible and medial fixation
of its tendon down the foot. Ifg. 169
shows one occasion for this approach.

Position and incision.—A sand-bag
laid beneath the instep of the - face-
down’ patient bends his knee and keeps
the foot in plantar flexion. The skin
meision curves from a pomt a full
thumbwidth below the fibular malleolus
and goes a largish handbreadth up
the leg. close to the outer edge of
the Achilles tendon—a Ime that will
avold the sural neive which otherwise 1s
likely to be cut above and also distally
(Fig. 170, 4).

After masing fascia the kmfe once
more will énter fat. crossed as a rule
two fingerbreadths above os calais by
an artery, which must be severed ; its
parent stem, the peroneal, accompanied
by vems that may be very large, hes
here on bone and stripes the shaft of
fibula just medal to the hinder edge.

A further operung of the fat wall
show g spot where we can reach the
back of tibia, between hallucis and the

fibula—an angular strategic interval
(Fig. 171, 4, nset).

Fig 169

The ‘third malleolus’ of
Destot (from an X-ray tracing by
M Levine)

This is an inconstant local ex-
aggeration of the normal excess in
length of the hinder lip that bounds
the distal face of tibia lts func-
tion Is to check such backward
trends of the foot as threaten a
downward step or landing from a
jump

When Destot's malleolus s
prominent a relatively small force
that stretches ligaments wiil break
and thrust it backwards (A car
in one case stopping short, shd
1ts passenger off seat to bump her
sitting on her ankle) More
violent occasions make wider
sweeps and shear through two
or even three malleoli—Destot’s
plus the medial and lateral—each
displaced backwards The X-ray
was taken after reduction of the
displaced third malleolus which,
like the broken fibula, was then

fixed by a screw

But first be sure you have 1dentified hallucis. The common,
Sconcerting shp 1s to mustake for 1t the peroneus brevis whose
belly has a way of bulging in towards the tibia. To test the matter
embrace the doubtful muscle from behind with thumb and finger ;
and1f 1 front of it you pinch the narrow fibula, your grasp includes
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not hallueis but bofh the peroner. The hallucic hes far ther medialiv
and decper (Iig. 170, c).

ANTERIOR
MUSCLES

INCISION

TENOON
OF PLRONEUS
TENDO ACHILLIS LONGUS

ANTERIDR
7 MUSCLES

TENDoM
ol

PLRAGHIVS

wnsus €

Fig 170
Exposurc of the back of distal
end of tibla FOSTERIOR
BJHOLE

pertly
A The intuan clote and letersl to Achillis avolding sural nf';t e...::cc"gfmm
cerrpaaer balping of peroneus brevis that simufates hatlucis C ccoyi‘nmd foger
%, ¢fe 1np on the marcow fibuld in front with an embracing thum
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forward and away. Nor can we yet persuade 1t backwards into
view, for 1t is fastened out of reach—in front. So. turning to the
fiont, we there 1elease the aich and draw 1t out behnd.

Fig 172

Exposure of arched anterior tibial segment

With the patient face-down cant the foot across the sound ankle  You then have
easy simultaneous access to front and back compartments of the leg

Position.—Mill now a <and-bag lifts the nstep of the - face-

down’ patient. bending lis
knee to slack the calf. Now
(without alterng the posture
of s trunk) take the foot
flom the bag and lay its
medial edge acioss lis other
ankle (Fig 172). The trvial
change gives access to the
front compartment and leaves
the Thunder wound m sght
and m control.

Fig 173

Finding the intermuscular plane for
©Pening the upper reach of the anterior
compartment

;l;he thumb, pressed up from below, fits
U;gthwise into the pointed arch between
aola and fibula pen skin and fascia
na:?g 2 hine bisecting the thumb from
cuwzg wrist  The line marks where the
s Plane of cleavage comes to the
po ce (see text), it does not mark the
hrse of the anterior tibial bundle which
ere lies deep to the lateral muscle
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EXPOSURE OF THE ARCHED SEGMENT AND UPPER
THIRD OF ANTERIOR TIBIAL VESSELS!

Our study of the leg began belund—the master «ite and
starting place of crural trunks: the answer. thus. to Dupuv-
tren’s perplexity when faced with local bleeding+ = Bui whuh
1s cut 7 Is it anterior or posterior tibial ? The peroneal or the
popliteal 7 One or else <everal at once 2 ™

Transition from the back comes eauly , the arching forward
of anterior tibial vessels leads straight mto the fiont compartment.
Distal to the knee tlus deep. sequestered segment juts from the
popliteal stem. and passing through or above the 1teroseons
membrane turns down—like a tap.

Records of bleeding from the arch aie rare enough to leave at
least some surgeons unprepared to stop it by direct exposure. Yet
this hemorrhage 1s dangerous. the mass of blood (or clot) 1s
placed exactly where 1t shuts both tap and main as well.

Fiolle and Delmas (1921, Surgical Exposure of the Decp Sraled
Blood Vessels. London, p. 21) describe how Pierre Duval (to 1each
an aneurysm of the arch) cut through and drew awde the upper
third of fibula. For that he bared the bone. dividing peroncus
Jongus. the outer head of gastrocnemius. and part of coleus—lhiberal-
mg first the common peroneal nerve and looping it aside.

The poor condition of my only patient with bleeding from the
arching segment led me to try a quick alternative. I therefore used
a tiny * Mikulicz "—a tampon placed exactly where a finger-tip con-
trolled the unseen vessel. But that might <ometimes fail to <top
the hiemorrhage. or might (like clot 1tself) impede the circulation.

Looking for other means I found a ~<imple onc.

THE OPERATION

With Dapuytren. no doubt, we wondered what was blﬂt'ihn.‘,'
and have (I trust) begun to reconnoitre from the back. So -
through a me~ial ncision of at least a span-~we <hall by now hasve
ripped the eeve of gastroenemius and traced the pophteal sl
downwards to the bridge-mouth of <oleus: and, if the mouth hos
overhung and masked the branching of the major frunke, we have
already dleared n prospeet by <phiting lengihwise through the
bridge, ‘
But <t} there 16 no ~jght of our objeclive: the arch juts

b The fapest 1% 1, 14)
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thumb fiom nail to wrist—a method of location more robust than
ghostly pomtets to the plane of cleavage (the acadenuc groove or
petty artery o1 whitish line) which soon fade out with trauma.
Using this guide agan, we open fascia along the same hne, not
teaning muscle. A finger separates the interlock of belles and
shows the bundle of anterior tibial vessels. These are deep to long
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A The arch set free in front, and B, drawn back and brought to view in the posterior
wound A narrow opening through interosseous membrane has been widened medial
to the vessels

extensor and so he lateral to ow incision (see the legend to Ing. 173).
When we have made them visible throughout the wound agamnst
the background of interosseous membrane we can proceed to
mohihise their arch.,

Impediments of leash, membrane, and muscle.—The arch 1s
moored m front by 1ts recurrent branch and venous tributaries—
a wide-flung leash whose narrow end we cut (Figs. 174 and 175)1

! {ohn Bell—brother to Charles, the physiologist—says of the anterior recurrent tibial
It 18 a branch which comes off the fore part of the tibial artery mnstantly after 1t has
f}llerced the imterosseous membrane, 1t turns immediately upwards under the flesh of
e tibiahs anticus, 1t gines many muscular branches, some to the head of the tibahs,



274 EXTENSILL EXPOSURE

A rule of thumb for the anterior incision.—IFust we mul
separate the pair of muscles that cover the front of the vaceular
arch and its continuation down the leg. Between the iwo the

- — e eon ve———— - 1y
P

EXTENSOR
DIGITORUM I.ON\(E‘US

TIBIALIS
ANTERIOR

ey Sy
e

ANTERIOR
TBIAL

(Dlmg“m ¥ ! >~ MEMBRANE

ANTERIOR
TIBIAL ARTERY

A1 1A.S7AD - -
Fig 174
Cutting the leash of anterior recurrent tibial vessels to free
the arch

A pair of forceps slides up the interosseous membrane medial to the main
neurovascular bundle and hifts the leash for section A few small }:\ch"c!
twigs may run with it and can be spared they do not moar the are

they are cut, tiblahs anterior remams well supphied

clemvape plane 1 curied @ the belly of extensor longu~ digdorus

bulge < mto that of tibiahs, Thic curving plane comes to the | _
<arfuee along a hne which ean be found with eave *\1’1‘“'".“1“"ﬂ
from below press and fit the pulp of your thamb ito Hn: ;mﬂit‘:"
pothic smchvay formed above by fibin aned frbola (2. ("")
Divude the pateent’s ~hin as iF vou were biseeting the goidioy

[[\('ind
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thumb fiom nail to wrist—a method of location more robust than
ghostly pomters to the planc of cleavage (the academic groove or
petty artery or wiitish line) which soon fade out with trauma.
Using tlus guide agam., we open {ascia along the same line, 7ot
tearmg muscle. A finger separates the mterlock of bellies and
shows the bundle of anterior tibial vessels. These are deep to long
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Fig 175

A. The arch set free in front, and B, drawn back and brought to view in the posterior
wound A narrow opening through interosseous membrane has been widened medial
to the vessels

extensor and so he lateral to our meision (see the legend to Fig. 173).
When we have made them wvisible throughout the wound agamst
the backgl ound of interosseous membrane we can proceed to
mobihise therr ajch.,

Impediments of leash, membrane, and muscle.—The arch 1s
moored n front by 1ts 1ecurrent branch and venous tubutaries—
a Wlde-ﬂung leash whose narrow end we cut (Figs 174 and 175)1

! {Olln Bell—brother to Charles, the physiologist—says of the anterior recurrent tibia)
It 15 2 branch which comes off the fore part of the tibial artery instantly after 1t has
Dierced the mterosseous membrane, 1t turns ymmediately upwards under the flesh of
the tibialis anticus , 1t gives many muscular branches, some to the head of the tibiahs,
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Variable. small peroneal 1ecurient vessels—the posterior which
curl« up m front of fibula. the antertor which rises in front of
it—may also 1equne section. or be torn through unnoticed.

Then. if the opening in the membrane is large enough aliead.
we are al hbertyv to draw the arch back into the calf.  But, if the
hole 1tself 15 small—or narrowed by encroachment of the hinder
tibialis—we must enlarge the passage. <httimg the membrane
downwards medial to the bundle (to avoid the nerve): and then,f
need be. stretching with a finger a pathway through or over tibinh-,
Thal will 1emove the last impediment and let us bung the aieh
from front to back for <afe and umiestricted access (i 175)

EXPOSURE OF THE DISTAL TWO-THIRDS OF THE
ANTERIOR TIBIAL NEUROVASCULAR BUNDLE

The long meision of Tiolle and Delmas so greathy simplifies
the operation that those who read of 1t mchne to over-
confidence.  Its virtue dwelle m length - 1t 1eaches down o
where the lendons have replaced a close-packed interlack of bellies:
and usmg tendons we can cleanly spht extensor digitorum from
the tibialis.  So all we have to do 15 choose correetly.  And that
is just where many fail  they take a near-by tendon for the fibialis
and lo<e then wav at once.

A httle care avoids discomfituie  We know (pp. 248 and 250
that i the leg tibialis anterior border~ its namesake <haft through-
oul : that 1s its certan counteraign. The tendon luteral to tilnalis
(except immediately above the ankle—where hallucis  comes
forward to replace 1) mudt. during amesthetie telanation. be n
tendon of extensor diritorum loneus : the mterval between is the

)
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SOLEUS
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Fig 176
The surfacing of extensor hallucis longus

Ass the almost universal picture which affects to show an undisturbed refation,
thus inducing surgeons to believe that hallucis reaches the surface midway up the
leg and there begins to part tibialis anterior from extensor digitorum Iongu
Anatomists, perhaps, may cock a toe and say (like Gahleo) *‘But it does ! *'—
unmindful that oup patients, properly anasthetised, do not cock toes B Hallucss,
when relaxed, comes to the surface three fingerbreadths above the ankle joint

en fully active, tightness of the fascial sleeve combined with structural cohesion

will merely let hallucis raise a ridge that carries UD 2 covering af lavear mmarelo. 1.
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Fig 177

Incision for anterior tibial bundle
tdistal two-thirds)

the 3 lLetle finperbreadth to the

" Pule

fikular  de of ubial crest At it foes up

the 27 nehire the cut towards the

buected thumd mark of Fip 173, above

Below 2 1ralt medol rellection of skin

firfithe t shere v pest ro g ¢ Ublths
~ der

FXTENSILE

FXPOSURE

Incision,—Pioss—m the diial
half of the leg—yow lithe tinger
against the outer (fihular) <ide of
tibial credt (or <hin).  Then * rule”
a cul along the outer edge of
where your finger lay —nof opening
through deep fascin.  Cut for
about a span (Fig. 177).

The bone and the tendon. -
Now for the small precantion,
Refleet a hittle <kin at just one
distal spot—enough to gmive n quite
mdubitable ghmpse of thin.  Open
the fascial Wleeve in line with
the ineistion.  The tendon that i
flattened close againd the bone
(and looking rather like i) is
tibiahs tendon: the mterval we
want hesad the tendon’s onter edge,
and fhere begine our sepnration.

The last mtfall.- -Bul we can

il contrive to go astrny,  Fa-
tensor  hallucis, the onlyv deep

anterior muecle of the leg. ~lopes
from the fibuln to ~creen the
neurov asenlar bundle.  So, if we
wander Juteral 1o hallueis, we fnud,
perhaps, another artery - o none
at all,

You will avoid this terminal
collapse by heepmg tonch with
fimahie s work on tts ouder faee
and find the bundle baehed above
by interoscous membrane, wwd
distally by tibin (F1g 138). The
nerve {deep brandh nf pvrnnmd.
or anterior fibinl), wluch <hurs
upon e nech of hhada, curses
senthv m o he e front of the
(ompanton - vess Ie. and lluv{:.
bhelow, recoedes n fitth out puat
towards the ibmla,



THE DISTAL REACH OF THE ANTERIOR BUNDLE 279

That. al least. 1= whal we learn.  Not can 1 give at first hand
figwies to dispute 1t 3 but Hovelacque m s natomie des Nerfs,

! ( R,i'
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[~ ANTERIOR
| TIBIAL
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Fig 178

Showing how the déeply placed extensor halluais longus

overlaps the bundle The arrow shows the wrong route that

may be taken—Ilateral to hallucis (In this figure the nerve lies
lateral to vessels )

‘ » 0
Paris, 1997, p G609, describes the normal path of the anterior tibial
A5 crossing to the inner side of 1ts companion vessels, and shows

this transit at the middle of the leg (Plate LXXXIX). He also
184
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cites Marcellhim-Duval who notes that m 450 legs the nerve had
crossed the vessels in all but one pet cent. For Boyer. too (1n 1815).
this transit was the common disposition.

One mght from these diveigences suspect a stiange. crose
channel difference in gross anatomy ; or even that (as Pascal saxd
of truth) mendians decide the course of nerves—a thing 1
1ather doubt.!

The distal 1cach of this approach to the anterior compuitments
of the leg merges directly with the late Wilhs Camphells
“all-purpose’ mcision down the instep I had omutted tha
extension from the previous edition, leaving a gap to wiieh |
returned with 1enewed distaste as a tongue will to a sore tooth

This repugnance centred chiefly on my 1ecollection of the
gross ankles that go with mere removal of the talus, a 1a1e necessity

CUTTING EDGE Sc V2
Fig 179

Knife for dividing moorings of talus from within the ankle joint
(It Is a Kocher's dissector toughened and sharpened )

tequired only after certam commmuted factures o1 more 1arely
still by local hone disease.

Of late. however, a new description of an old use for talectony
had partly countered my dishke. In 1911 Loithiom, to arthrodese
a palsied foot, resected and decorticated the talus, then, after
due 1emoval of adjacent cartilage. he placed the bone back m
its onigmal position. as a graft ®

I owe a final hqudation of a - talectomy complex’ fo the
quich understanding and <kill of a fowrth-year student. my
demonstrator. My M. Stranc, who in a bulhant academie career
had not till then performed an operation of any kmd whatever.
For that reason I asked him to test the cluity of notes on
talectomy which I had long <helved. I suggested. too. that he
<hould trv on the cadaver the efficacy of the kmfe made at my

CThe more rosmec the artist m oreeent C Gray ' refutes the text and shows th:'-"”;’;m
g filnal 1o the nrters within the lower «cgment of a g (Gray s buafony, "":l,'- o
P9I Campe Lig 65% p 649, with the stutement i the fiest tho hnw:m p H27)
WS Mt and 15\ Thompeon, Journal of Bone and Jart Stegiry 151 3 ‘:::,(.‘,:
feom o flustration in thas paper that T fiest foarnt of Hatt s «poans anid thor canne
wohotabct my | magane (for 1t s suggested bat not seribid I 1)
O 4 uee vsmblos that of the kmfe m Fie 179, which Bawevir, thu s not derive !
0 it Ui brny of Lacds hadd 1€ on order twe vears b fon the paper ey ue

I P!

pa nnthoe) that
from



CAMPBELL S " ALL-PURPOSLKL  ROUTE 981

request by Messrs Thackray 1o ssmphiy the operation. This he did
quite mdependently. demonstrating the knife (Ing. 179) and the foot
(togetherwith 1ts talus resected and unblemished) before an audience
that chanced to number professors of surgery from four universities.

The ¢ all-purpose’ ineision devised by Campbell hegmns a
handbreadth above the malleolr and goes 1n superficial fat
midway between them to the
web that joms the two outer
toes. It 15 only rarely that
the lateral diviston of the
musculocutaneous nerve can
he spared (IFig. 180).

The sling-hke extensor
retinaculum. — This 15 our
next objective It may be
shaped like a prostrate X o
a prostrate Y

1 If lile « Y. detach
the double stem of the Y fiom
the upper face of the front
of caleaneum and with 1t INGSION--o oy
the included bony ormgmm of

,
My

=7 —~ TIBIALIS
/ ANTERIOR

?
1
1

| ARSRRY
+

SAMAANNA AN s
’

RS Y

!

extensor digitorum bievis ]
R. If like an X—by 1eason /

of a wurplus fastenmg to ‘,;'

the fibular malleolus—divided
this fastening too

Once f1ce of lateral attach- Fig 180
ments  the whole shng of  This inasion (which s Willis Campbell’s)
retmaculum can be turned =~ contnues tha °n.;h§.gfr?r71; of the leg shown
over towards the medial side
of the foot carrymg off withm its several compartments the long
tendons of the mstep (peroneus tertius and extensor digrtorum
longus, extensor hallucis longus, tibials anterior) with therr synovial
sheaths The anterior tibial neurovascular bundle remams to hug
the deeper plane of bone and ligament

Draw the retmaculum and tendons forcibly mwards, exposing
the fiont of the ankle joint and the upper face of the md-tarsal
jomt  Peroneus tertius provides a good buffer for this strong
retraction  Then 1f talectomy 1s purposed, a transverse mcision
opens the front of the ankle joint after the anterior neurovascular

bundle has been moved later ally
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The dorsal line of the mud-tarsal joint.—Viewed fiom above
the Iine begins to cross the instep directly behind the navieular
tubercle, a thumbwidth in front of the medial malleolus  (Both
these points stand out with shght inversion of the foot and
comfortably lodge the thumb between thewr two projections.)
The hine has two opposite curves the rounded head of talus
forms a medial and forward convexity: the recesave face of
calcaneum. a lateral and forwaid concavity. The cuives are
crossed at their junction by the two parts of the bifurcate hgament
which binds calcaneum to the cuboid and navicular bones. In
addition there is the thin doisal calcaneocuboid and talonavicular
higaments together with navicular fibres that come forward from
the deltoid higament. To open the mid-tarsal jomnt for the purpose
of erasing cartilage follow the cuives, cut these higaments. and

break * the foot downwards like the breech of a shotgun.

TALECTOMY FROM IN FRONT

Counting all the hgaments and bands that have been described
as fixed to talus, ten (apait from the thin cap<ule of the m'lklo
joint) must be cut to fiee the bone Two are fascial dersvatives
not mentioned in Butish textbooks one of these, the peronco-
talocaleanean, comes away (at least i part) when deeper-lymg
hgaments—posterior talofibular and postenio talocaleanean—ate
detached , the other, <preading from the fHenor 1etmaculum,
help~ (with postenior talocaleanean) to bridge the talm groove
for the long flexor tendon of the hig toe  The occurnience of
another igament, the medial talocalcanean, seems to be nconstant.
o1 1~ absorbed mto the back of the deltoid eapansion.

There are thus some nine (o1 ten) moormgs that irequue
section Al these. except two, can be <evered [tom talus by
worthing from zothin the svnovial cavity of the ankle. usmg the
knife <hown in I 179, This was modelled on the <lout <hape
of a Kocher's dissector whose cmve. I found. would fit the uppe
face of talus The Hueh “blade 1~ sharpened only al the &:ml
and «at adjacent puris of either edge. the sharpened portions having
thus the <ame exten! as the end and edges of a small ““}1"'””“"'
I thus forms a <trong 6 m. tool. which— were 1t magmihied by 8
could tine the maigins of a lawn. .

The rota of igament division.  From oulsule the andde yoint eut
the two hganents already exposed . (1) the anfernion talohbulu
hgaioent on the outer side of the nech of talus, (2) the dorad
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talonavicular lgament (unless the md-tarsal joint has already
been opened).

From anside the anhle joini. after twisting the plantar-flexed
foot out to tense the medial higament. keep the knife agamnst the
medial face of talus and cut the deep part of the deltoid ligament
attached to 1t.  Then twist the foot 1n and cut the stretehed lateral
talocalcanean ligament.  (The lateral fibulocalcaneal hgament
which overlaps 1t will probably be divided at the same time.)

Neat divide the two lavers of the mierosseous talocalcanean
hgament. begmming with the thick and often separate pivotal
plece of the antenion laver: duve the sharp kmfe tip along the
oblique course of the tarsal tunnel. from without, mwaids and
backwards.  (The inierosseous ligament <hould till now he left
undivided <o that talus and calcaneum will move together when
we twist the foot to tighten medial and lateral hgaments for
section.)

The posterion. 1emoter moorings are brought to the kmfe by
catching the neck of the talus with bone forceps and drawing 1t
forward.

The role of the ‘trigonal’ (lateral) tubercle.—I'md first the
promment tubercle at the back of talus which sometimes 1emams
sepatate as an os tugonum ; 1t forme the lateral hip of the deep
groove that lodges the tendon of flexor hallucis longus. Engage
the groove with the kimfe tip, keeping the shghtly concave surface
of the blade agamst the bone. Turn the tip so that its sharp
ad]Ollllng edge moves heelwards on the lateral wall of the gioove
to meet and cut the fibres that bridge the tendon posterioly.
As you turn the kmife the blunt back of the tip thiusts the tendon
aside. The hberated tendon, thus displaced, 1emams behind when
forceps diaw the talus forward.

Apait fiom the uncertam hope of 1ts action after taisal fixation,
the long hallueis tendon 15 worth preserving, of only as a buffer.
It hes between the blunt back of the kmfe’s end and the posterion
tibial neurovascular bundle, which 1t neighbours (as horse or harlot)
I mnemonics as widely known as Grimm’s fairy tales

The lower end of the posterior tibial bundle—the only part
of a mam neurovascular stiucture that comes at all near the kmfe
during thss talectomy—hes about § m. behind the medial talar
tubercle of Stieda and 1 there separated fiom the bone by hallucis
tendon! and the fibies that bridge 1t, and then, from the mner

1 -
Division of hallucis tendon was the solitary flaw 1n Stranc’s first talectomy—a fortunate
accdent that taught us to avoid 1ts repetition m the way deseribed

1838
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side of the same tubercle, by deep posterior fibres of the deltmd
hgament (Figs. 183, b, and 184).

Still hugging the trigonal tubercle the knife proceeds first to
free 1ts hinder end, then 1ts outer face fiom the long reach of the
posterior talofibular igament, which—at the end of the tubercle—
les behind and blends with the posterior talocaleanean so that
there both structures are detached together.

Once the safety of the long hallucis tendon (and therefore of

PR Q)
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/] \\‘\ 1 )’:; ] “”
SUPERFICIAL | N2 fs
PART OF Al N 34
DELTOID A it 4
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2NN, R ' TALOCALCANEAN

PARTS OF
SPRING
LIGTY

SUSTENTACULUM
A

Fig 181
Medial view of moorings of talus

A The superfical fibres of the deltoid ligament cover all the decp (talarg
fibres anteriorly The deep fibres are seen posteriorly, and are fully expose
when the superficial fibres are reflected (Fig 182)

posterior tibial bundle) is assured, any bands that il check the
delivery of talus can be cul at the bone’s curface. (One such
cheek mught be a widespread form of the ])eronon-ml'omlwmcm;
Bgament  the faseial denvative of Rouviere and Caneln an
therefore Jving heelward of the ordmary hgamentss o that, &
least m part. 1t <hares their separation.)

Perhaps the table on pages 286-287 may serve lo chart »

sequence for dividing talar moorings.
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DELTOID
SUPERFICIAL PART
{Reflected)

DELTOID

MEAD OF TALUS DEEP (TALAR) PART

DORSAL
TALONAVICULAR

DELTOID
FIBRES DELTOID
JOINING SUPERFICIAL PART
SPRING LIGT (Reflected)
B
Fig 182

Medial view of moorings of talus
B The deep fibres of deltoid seen after reflection of superficial layer
Note the strong posterior band sloping to Stieda’s tubercle  Fibres of this
band may escape early section and are then cut when talus 15 drawn forward
in the last stage of liberating the talus (The medial talocalcanean ligament
was absent here )
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TALAR LIGAMENTS ARE DIVIDED FROM OUTSID

AND
FROM INSIDE THE ANKLE JOINT
BY
ANTERIOR ACCESS
FrRoOM outside
THE ANKLE JOINT
ANTERIOR DORSATL
TAI OFIBULAR TATONAVICULAR
(Fige 183) (Fiz 182) FROM 10§

Lateral TaJocalcanean

(The fibuloealeanean over-
lies this and may become
detached too, 11 185)

THE ANKIE

|
Deep part of the
Medial (Deltord)
Ligament of Ankle
(Fig 182)

Cut aftor twisting the foot
medinlly

Cut after twisting the foot
Interally

|
Medial Talocalcanean

‘May be absent or blended
with the posterior deep
band of the deltord hga-
ment which crosees and
cover< it 1ts fibres jomn
thc medial talar tubercle
of Stieda to the back of
wgetentacuium,

b}
Ta
plus s

(1

Cut by n
fip at t
snus tar,
nnd heels
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MOORINGS OF TAILTUS

[
oo
-2

With hallucis tendon

free draw the talus

forward and thus

bring the next three

moorings to the
knife

Posterior
Talocalcanean

18 overlnm by the
next and, hlke 1it, 15
attached to the 1ip
of the ‘trmgonal’
tubercle

\

Postenor
Talofibular

Its end reaches the

tip of the ‘ trigonal’

tubercle, 1t also has

a long attachment to

1he outer side of the
tubercle

(Ing 183, B and 1)

Peroneo-
talocalcanean

hgament of Rouvilre
and Canela derived
from dcep fascia, 1t
thus hes heelward of
posterior talofibular
and so 18 detached
with 1t
(Figs 183,D,and 184)

the third superficral

Of thesec three ligaments the first 18 deepest, the second intermediato,
They may thus be detached en masse from the

end of the trigonal tubercle when forceps draw the talus forward
Part of a wudespread peronco-talocalcanean sheet may escape and

require separate division
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PIVOTAL
CORD
(WOOD JONES)

INTEROSSEQUS ANT TALOHBULA®

TALOCALCANFAN

A PERONEO
LOCALCANEAN POST
TALOFIBULAR INTERQSSEQUS
{Lateral TALOCALCANLAN
extenyon) (PIVOTAL CORD)

FLEXOR RETINACULUM
(Upper attachmont)

DEEP LAYER OF DELTOID

POST
TALOFIBULAR

BIFURCATE

MEDIAL
STEM OF
SLING
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DEEP BAND PERONEQ
OF DELTOID TALOCALCANEAN

ATERAL STEM EXTENSIONS FROM
LOF gSN'aSL3%T FLEXOR RETINACULUM

IHTER
O3SE0Us

TALO
CALCANEAL]

PERONEAL
RETINACULUHM

PERONED TALOCALCANEAN
OF ROUVIERE AND CANELA

Fip 183
These 3N -nd the calcaneum are all of the right side Ligamentous actachm
in black muscular attachments in colour

¥ d
A Inferior aspect - The stronp pivotal cord wai no! detcribed by‘ ‘;;agmc ety
he hat emptanemg 3 funcuon in relation to Inkater’s work on 3T
rgraments
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Jones, Lot
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Fig 184
The extrinsic peroneo-talocalcanean ligament (after Paturet)

This fascial derivative 1s fixed above to the lateral malleolus and to the

postero-inferior tibiofibular ligament Descending, 1t gives a process to the

trigonal tubercle of talus and then goes on to join calcaneum Only part

of the sequence of ligaments from surface to depth is seen—peroneo-

talocalcanean overlies posterior talofibular, the deepest hgament—posterior
talocalcanean 1s concealed

Fig 183 (continued)

B Lateral aspect —Note the long lateral attachment of the posterior talofibular hgament,
and also the site of the pivotal cord which 1s lodged here 1n a bony pit
Pae peroneo-talocalcanean ligament of Rouviére and Canela is seen in full in Fig 184

turet describes it as an extrinsic ligament, derived from fascia, and belonging to two joints
—tibio-tarsal and posterior talocalcanean

C Medial aspect.—This shows the attachments of the deep layer of deltoid ligament which
s fixed solely to talus The posterior attachment is particularly strong , it clothes the
hm?dial face of Stieda’s tubercle—the inner boundary of the groove for the tendon of flexor
alluais longus  Fibres of this ligament may escape section till the talus is drawn forward

D Posterior aspect —The long attachment of the posterior talofibular ligament runs out

3";1 forward from the trigonal tubercle—the outer boundary of the groove for flexor
allucis longus tendon The bundle lies behind and medial to the tendon, p 283

Engiﬂ'lbt cdalcaneum, upper face —The bifurcate igament forks in front to reach navicular
ferar old  The two stems of the sling ligament—the frondiform of Retzius and the
The Ivopatl‘t of our extensor retinaculum—sandwich the origin of flexor digitorum brevis
S|0peltj dta figament has no separate attachment to calcaneum in this specimen, for it has
devertt own and merged with the anterior sheet of the interosseous talocalcanean, a sheet

ed in Gray's Anatomy as the ** posterior ligament of the talocalcaneo-navicular joint,”’
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TALOCALCANEAN STEM OF

FIBULOCALCANEAN  SLING LIGT

Fig 185
Lateral view of moorings of talus

One of the two hgaments divided from outside the ankie joint 15 visible—anterior talo-
fibular The fibulocalcanean is often cut in company with a true talar mooring that hes
on a plane deep to st (The double stem of the sling ligament has been divided along
with the origin of extensor digitorum brevis at an early stage in the operation—of course
outside the ankle joint)
Note that the pointer to interosseous talocalcanean lies just too fow and touches instead
the medial stem of the sling ligament
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DELTOID
DEEP PART

GROOVE FOR
FLEX HALL LONG

DELTOID
SUPF PART

POST
TALOCALCANEAN

Fig 186
Posterior view of moorings of talus

The hindmost band of the deep deltord layer is seen attached to Stieda’s

tubercle Fibres of this band may escape section until the talus can be drawn

forward in the last stage of liberation ~ The fibulocalcanean ligament is some-
times cut in company with the lateral talocalcanean



099 EXTENSIIF LXPOSURER

EXPOSURE OF THE FIBULA AND NERVES

RELATED TO IT!
ANATOMY

The neck and upper thnd of the fibula are in direct contac!
with nerves. Muscles <urround three-fourths of the shaft.

The relations of the nerves to the upper part of the hone are
insufficiently described m many text-books. which give the m-
pression that only the nech of the fibula 15 in contact with the
branches of the external pophteal nerve (common peroneal B.N.\.)
A glance at Fig. 187 modified from that wlich accompanies
Poirier’s excellent account of the peroneus longus. shows m
diagram the true extent of this contact (.fnatonue Humaine,
R¢me Edn., vol. i1, fase. 1. p. 251, Paris. 1901).

It i, of course, at the fibular neck (where the nerves we thinly
covered by the origin of the long peroneus) that they are mosl
often exposed to violence; but the surgeon whose intervention is
not to come within this category <hould be Tamihar with ihe tine
anatomy of the region.

The lateral popliteal (common peroneal, B.N.AL) @ives off s
last three branches as 1t lies upon the fibular nech: frst. the
recurrent tibial nerve, which 1< often double : then. anteriorly. its
deep (or anterior tibial) branch: and, posteriorly. its superficial
(or musculocutaneous) bianch. This last nerve descends almost
vertically along the <haft, separating the diaphvseal origin of the
long peroncus into anterim and posterior moieties. and keepuye
contact with the upper third of the shaft.  Distal fo this the
peroneus brevis sepaiates the nerve from the hone.

Exposure of the upper half of the fibula requies 2 full
mobilisation of these nerves.  This can be safely done by dehning
the trunk of the common peroneal as 1t descends behind the head
of the bone (Fig. 189). When the nerve is rased. tf leaves n
shallow @ aove which <eparates the muscles of the calf from the
hbular head.  Thie groove 1= a strategie point, and gines the
surgeon entry to a plane of cleavage which allows Inm to ~epaiade
the peronei from the soleus muscle, and thus expose the hone with
least damage,  In exposng the distal hall of the fibnla o plane of

wihe toxt o p il e

VT pt for the wddits of o final paragraph fand the corretion of 5 <l P

pap et on the nhndy aa enpreal foom Forpeonrrs of Toug Drveeaod 12k
Wrolt ar [ Sain Hresad, 10y
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ceavage between the peroneus brevis and the extensor muscles
can eastly be found at the apex of the trangular subcutaneous
atea. bul an exposure along this hine should be hhted to the
distal half of the bone,

The followmg 1« a deseription of a complete exposure of the fibula.

LATERAL POPLATEAL NERVE
{COMMON PERONEAL}

RECURRENT
TIBIAL NERVE

ANTERIOR
TIBIAL NERVE

(DL TFR MNAL
.,' REANCH) FIBULA

AL

i § MUSCULOCUTANEOUS
g, NERVE
4 (SURERF QWAL TEEVINAL

! BRANCH)
1
?4

{

INCISION
Fig 187

Diagram of right fibula
(modified  from Posrier)

showing extent of bone In Fig 188

_ri'_i}l"ect contact with nerves Divide skin and superficial fascia from
e shaded areas are the the back of external malleolus to the

three fibular origins of the back of fibular head Continue the

peroneus longus  (No other incision one handbreadth along the
muscle is represented ) biceps tendon

THE OPERATION

Position.—The patient hes on the sound side with the sound
limb extended. Place the knee of the affected side just m front
of the other knee so that the heel of the affected side 1ests
upon the other shin (as 1n Fig. 137).
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Incision.-—(Fig. 188). Divide the shm and superficm! fusein
from the back of the external malleolus to the back of the hhuln
head:  continue the meidon along the biceps tendon Tor one
handbreadth beyond this.  Open the deep fasein provimally, w
the medial edge of the biceps tendon : continue its divison with
blunt-nosed scissors down behind the fibulut head.  Find the

common  peroneal  (lateral
popliteal) nerve where
lies flush with the tendon o
the mner side of the biceps
msertion.  The tendon
ovetlaps the nerve m the
proximal part of the wound
(Fig.  189).  Mobilise  the
nerve proxmally Hll o Joose
mcees Joop of it ean be diawn
wrera, | Out across the tendon and
mmpum“- the fibular head.  Shp one

NERVE 3
HEAD OF blade of the scissois down
reota  along the groove which the

neive has left.  Divide the

deep fasern m the divechion

PERONEUS
LONGUS of 1he groove. and {hus
open the plane of cleavage
SOLEUS between the <oleus and the
S Srenp / peroncal muscles,
Fig 189 Neat, draw  the nerve-

Open deep fascia over the biceps tendon loop distally (towands ”E(
Exposc the distal end of the outer popliteal nerve fool) : turn  the  kmfe's
(common peroneal), it lics 1n a groove which ) .
separates soleus from the fibular head  This Odg(‘ away fiom the nerve

grogz‘:\j:c;h:hgcpyc::nz?gn%k:;ff ;rusc:;::s‘:age agunM the lower horde of
the fibula hend. and divide

the thin <hp of peroneus longus whieh bridges the nerse as ol
branches upon the fibular neck (Fige. 189 and 190), The nerve
laop can thus be diawn <bll farther out and away from the bone,
wlile the peroned ae vaised after 1t and twined forwmd

Stripping the rest of the shaft. -When we have safely haved l'hv
upper thud of fibuln the major fask 1< done, but we <honld funishe
well and leave no seimecron. distal speetacle of ragged hone ntul
tattered frees, Two sets of things demand and rarely gel
atlention the different  shipping  angle for musdes el
s possenns membrane 3 the dose adhesion of the prroneid el
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COMMON PERONEAL
NERVE (Lat POPLITEAL)

PERONE]
TURNED FORWARD

4

\$)

Vi

L

S 3 N
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['

|
GASTROCNEM 1y 4

Fig 190

Mobilise the nerve and lift it from the groove behind the heaqg
of fibula Slip one blade of blunt-nosed scissors Into the grooye
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to penosteum—a contaet that begims about a handbreadth divtal
to the knee.

The muscle fibres from the fibula stream towaids the fool : the
edge of the rugine <hould therefore tiavel kneewards, into their
narrow angle with the shaft. At the fibular malleolus, pass the
rugine deep to the tendons of peroneus longus and brevis from
behind. Used from in front and working up the limb the handle
of the instrument mught strain emerging branches of the musenlo
cutancous (much better called the superficial branch of peroneal),
just where the nerve 1< liable to form neuialgic {rigger-spots.!

The peroncal artery and veins are seen to hug the lnteral malleolus
just medial to 1ts lander edge. A lengthwise cut through periostenn
lets the rugine displace them safely from the shaft in company
with flexor hallueis. Clean the whole shaft of muscle. working
towards the knee.  Till that is done do nothing to the inferosseons
membrane : its fibres slope in the reveise ditection: so you can
strip the membrane down. towards the foot.

THE ELKIN-DUVAL METIIOD OF ENPOSING THIE
ANTERIOR TIBIAL ARCH BY FIBULAR RESECTION

Elkm and his colleagues have made new and admiable use of
a means that was first but only once employved by Piene Duval
(p. 272)—a means by which the awhward lodgment of the arch
becomes an open field,  But while Duval’s objective was the arel
itself. Elkin bares it incidentally mn cowse of dealing with com-
mumeating ancurysms al amy pmtt of the upper iwo tHirds of
the log.

Where sueh  commumeations  flomsed anaslomoses  opeil,
newghbouring vessels dilate. and even small fwes that preree the
mlerosseous membiane enlarge and grow dangerous For shonld
they bieak under haction, they mav withdiaw through the
membrane and bleed on 1ts farther side —1emote pethaps from
an approach whieh enter~ only one of the leg's three ostenfascinl
compat tmends,
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Elkan and Kelly (.{nunals of Swigery. 1945, 122, 529) stress the
need for * direct visualisation of these transmembranous branches ™
They therefore open all three compartments " at a stroke.” widely
and together. This they do by resecting the upper two-thirds of
the fibula.

These authors have generously acknowledged the asastance
gained 1 fibular resection by looping the lateral popliteal (common
peroneal) nerve forward off the fibular neck i the wav described
above.

THE OPERATION

This procedure—which comes <o simply from the practised
hand of Elkin—for me was full of pitfalls. and could. I know.
humihate when first attempted. I have accordingly endeavoured
to provide my<elf and other tvios with awds. such as the following.

When the nerve 1s mobilised and looped the muscles and inter-
osseous membiane can be safely <tripped from the fibula. Avoid
Injuring the anterior tibial arch and the peroneal vessels by keeping
really close agamst the bone. Move the 1ugine upwards to strip the
fleshy fibies of the muscles. Work round successively from front
to back without detaching the interossecous membiane . otherwise
the membrane. whose strippng angle (p. 4) 15 opposite to that of
the muscles, will tear and strip 1aggedly and thrust the rugine off
from the bone. endangermg the vessels. Detach the membrane
last, moving the rugime down along the bone. (A leaf hkewise
strips best 1f you direct force mto the sharper of the two angles 1t
makes with the stem.)

Turn the stripped peroner forwards Turn the soleus attachment
back and with 1t the weak fibular prong of the cleft at the top of
tibiahis posterior muscle—the cleft which transmats the arch of
anterior tihal vessels. Cut the biceps tendon close to the fibular
head, leaving 1t m fascial continuity with peroneus longus (Fig. 191).

Divide the bare shaft a span below the upper tibiofibular joint.

en, with the biceps tendon cut, we have a mobile bony rod
that we can twist on 1ts long axis so that each igament comes m
turn for section, and so sets free the upper part of fibula.

A landmark and a clue.—The articular facet now seen upon the
lateral condyle of tibia 1s a good landmark , the arch of anterior
tibial vessels lies two fingerbreadths below 1t. The clue—which
18 the anterior tibial nerve—comes (before displacement) obliquely
down and inwards from the neck of fibula , 1t joms 1ts fellow
vessels three fingerbreadths below the facet (Figs 191 and 192).

I9
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to periosteum—a contact that begms about a handbieadth distyl
to the knee.

The muscle fibres irom the fibula stream towards the foot ; the
edge of the rugme should therefore travel kneewards. mto their
narrow angle with the shaft At the fibula malleolus, pas the
rugme deep to the tendons of peroneus longus and brevis from
hehind. Used fiom in front and workimg up ihe lunb the handle
of the instrument nught stiam emergimg branches of the musculo-
cutaneous (much better called the superficial branch of peroneal),
just where the nerve 1s hable to form neuralgic trigger-spots?

The peroncal artery and verns are seen to hug the lateral malleolus
just medial to 1ts hunder edge A lengthwise cut through pertosteum
lets the rugme displace them safely from the shaft in company
with flexor hallucis  Clean the whole shaft of muscle, working
towards the knee. Till that 1s done do nothing to the inferosseous
membrane ; 1its fibres slope mn the reveise direction; so you can
strip the membrane down, towards the foot.

TIIE ELKIN-DUVAL METHOD OF LEXPOSING TIE
ANTERIOR TIBIAL ARCH BY FIBULAR RESECTION

Elkm and his colleagues have made new and admirable use of
a means that was first but only once employed by Prerre Duval
(p. 272)—a means by which the awkwaid lodgment of the ach
becomes an open field. But while Duval’s objective was the arch
itsdlf. Bllan bares 1t incidentally m course of dealing with com-
municating ancurysms at any part of the upper two-thirds of
the leg.

Wheie such  communications  flounish.  anastomoses  ope.
neighbowng veseels dilate, and even small twigs thal !)iol(o the
mictosseous membiane enlarge and grow dangerous. Yo should
they breah under traction. they may withdraw thiough the
membrane and bleed on 1ts farther side—iemote perhaps from
an approach which enters only one of the legs thiee osfeofnsenl

comnnrbmantc
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Elkin and Kelly (.dnnals of Swrgery. 1945, 122, 529) stiess the
need for = direct visuahsation of these transmembranous branches ™
They therefore open all three compartments ~at a stioke,” widely
and together. Tis they do by resecting the upper two-thnds of
the fibula.

These authors have generously acknowledged the asastance
gamed 1n fibular 1esection by looping the lateral pophteal (common
peroneal) nerve forward off the fibular neck in the way described
above,

THE OPERATION

This procedwre—which comes <o stmply from the practised
hand of Elkin—for me was full of pitfalls. and could. I know.
humihate when first attempted. I have accordingly endeavoured
to provide myself and other ty1o~ with aids. such as the following.

When the nerve is mobilised and looped the muscles and intet-
osseous membrane can be safely stripped fiom the fibula. Avoid
mjuring the anterior tibial arch and the peroneal vessels by keeping
really close against the bone. Move the 1ugine upwards to strip the
fleshy fibre< of the muscles. Work round successively fiom front
to back without detaching the interosseous membrane ; otherwise
the membrane, whose strippmg angle (p. 4) 15 opposite to that of
the muscles, will tear and <trip 1aggedly and thrust the rugme off
from the bone, endangerimg the vessels Detach the membrane
last, moving the 1ugine down along the bone (A leaf likewise
strips best 1f you direct force mto the sharper of the two angles 1t
makes with the stem.)

Turn the stripped peronel forwards., Turn the soleus attachment
back and with 1t the weak fibular prong of the cleft at the top of
tibiahs posterior muscle—the cleft which transmts the arch of
anterior tibial vessels. Cut the biceps tendon close to the fibular
head, leaving 1t m fascial contmnuity with peroneus longus (Fig 191).

Divide the bare shaft a span below the upper tibiofibular joint.

€n, with the biceps tendon cut, we have a mobile bony rod
that we can twist on 1ts long axis so that each higament comes n
turn for section, and so sets free the upper part of fibula.

A landmark and a clue.—The articular facet now seen upon the
lateral condyle of tibia 1s a good landmark , the arch of anterior
tibial vessels lies two fingerbieadths below 1t. The clue—which
15 the anterior tibial nerve—comes (before displacement) obliquely
down and inwards from the neck of fibula; it joms its fellow
vessels three fingerbreadths below the facet (Figs. 191 and 192).

19
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Fig 191

Exposure of the arched segment of anterior tiblal vessels
by fibular rescction

The fateral popliteal crunk and (in this subject) its bisection into anterior tibia)
and musculocutancous branches have been freed and turned forward as in
Fig 190 after dividing the fibrous arcade with which peroncus longus covers
these nerves as they lie against the neck of the fibula  Traction on the clue
provided by the anterior tibial nerve has at once retrieved s fellow artery
from the flat unfeatured field left by fibular rescetion, and so has led to the
detection of the arched segment of anterior tiblal vessels

In the figure the anatomical clements have been separated and labelled "{or
information,”” but not *‘ for necessary actdon ™  Scill, if It’s anatomy youre
after, be careful to mark the interosseous membrane with recogaisable forceps
before you part it from the fibula, otherwise you may lose the distinction

between front and back compartments of the leg
(The pointer to peroneus fongus afso indicates musculocutaneous nerve )
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A greater length of fibula has been removed than in Fig 191 so that the

long extensor and the long flexor of the big toe are detached
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This neurovascular junction is the guide to the otherwice precarious
exposure of these vessels: without its location they are casily
missed or cut in the flat unfeatured surface left by fibular resection
(legend to Fig 191)—a surface thoroughly delusive " in the raw.’
The safe course 1s to neglect the arch until our clue has led us
to the neurovascular junction. This it will do if we pull gently
upwards on the freed loop of lateral popliteal trunk -+ the trunk
pulls on our clue (its own anterior tibial branch): the clue pul
on and reveals its junction with anterior tibial vessels. The
Junction lies a fingerbreadth below the arch, and thus locates it.

—

INDICATIONS FOR USE OF THE TWO METHODS
OF EXPQOSING THE ARCH

The paper by Elkin and Kelly mmphatly assigne respective
roles to either means of exposing the anterior tibial arch—the
fore-and-aft method (p. 272) and their own. In presence of a
communicating aneurysm even the hight pull that draws the arch
back mnto the hinder wound might tear enlarged transmembranous
Twigs.

The Elkin method. therefore, 1s the one for ancurysm: and
we may link the fore-and-aft exposure with recent local bleeding
when routine search mcrimmates the arch.

EXPOSURE OF PLANTAR STRUCTURES

Except for pomting abscess, meisions through the «ole are
best avorded ; they give no comprehensive view. and cicalrise
at times with deeply creviced. cornifying scars. Convenient and
bemgn approach is made from the mner side of the foot. or 1v
continued there from the leg (p. 268. and legend 1o Fig. 196)

ANATOMY

The muscles.—Seldom do we find so many grouped as if to
ard the memory : and here, yet once again, mm'r?rs.(nnd therr
tendone) are the key to surgical expo~ure. They he in layers -
1. 2. 3, $. counting from <kin fo bone. Layers 1 and 3 (the odd
numbers) are both triads: each conwsts of three museles
central belly flanked by two compamons.  Layers 2 and f (the
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The oqq numbers, 4 nd 3, are Symmetrical wigp central ang flankin
bellies, he even Numbers, 7 ., » have each tyo long tendons and
Shore scles 'S 3 and 4 jje . the front~except for slips from
Ubialj Posteriop € transyerse adductor SPrings from
rom b Wood jo s)

~FLEND

FLEXon
DiGrm)
QUINT)
BREvig

ADDYCTOR

301

DisITonym
BREVIS

R

TIBIALIS
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even numbers) differ from 1 and 8 but are themselves akm
each consists of two long tendons plus short muscles (Fig. 193)
The layers alternate as follows —

Layer 1 (a triad)

ABDUCTOR FLEXOR DIGITORUM ABDUCTOR
OF BREVIS OF
GREAT TOE LITTLE TOE
Layer 2 (Two long tendons + Short muscles)
Fleaor hallucis longus Lumbricals
Fleaor dagitorum longus Quadratus plantae

(=accessorius)

Layer 3 (a triad)

SHORT FLEXOR ADDUCTOR HALLUCIS SHORT FLEXOR
OF OF
GREAT TOE LITTLE TOE
Layer 4 (Two long tendons + Short muscles)
Peroneus longus Interosse:

Tibials posterior

Tt must be noted that (with one exception) the various com-
ponents of layers 3 and 4 are placed towards the front, and aie
related thus to metatarsal bones and to the distal row of tarsus.
So, m the hinder portion of the foot, (where 3 and 4 are absent)
constrtuents of layer 2 must lie next higament and bone, with here
and there an mtervenmng shp of tendon from tibialis posterior
(Fig. 193)—the one exception just referred to.

The door of a cage.—The foot when standing on & level surface
forms with 1ts skeleton a vaulted cage that opens widely at the
mner side. The door which keeps 1t closed 15 the abductor hallucis
of layer 1 (Fig 194); and if we free the upper fastenings of abductor
and hinge the belly solewards, then we can reach the contents of
the cage, though, for the moment, these may be screened by
fascia ; and even when we open 1t the muscles are so packed and
linked that, t1ll we part them cleanly, the view 1s worthless.

The long tendons of layer 2 and hallucis brevis.—These are
the bonds which hold the plantar layers close agamnst the tarssl
vault and bind them to each other. The master knot controlling
this assemblage 15 found about a thumbwidth lateral to the navi-
cular tubercle. Here, where the tendons cross (with hallucis above
the digitorum), they both are tied agamst the summut of the vault.
Here, too, and just outside the crossing of the tendons, the origm
of flexor hallucis brewvis (Figs. 195, 197 and 198) suspends 1ts
fellow structures, for this intrinsically trifling belly procures
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thiough its relations a veiitable nexus of the first three Jayeis—
the three which chiefly count in this approach.

It happens thus. The tendon of flexor hallucis longus hes in a
lengthwise groove on brevis’ belly and stiaps it to the plantar face
of first metatarsal Next to. and sometimes joining with. the
mner side of brevis 1s abductor halluas of layer 1—an mmtunate
relationship which often leads to teaimg of the brevis belly durmg

the opening of the cage. Then. on the outer side.ha]lucis Ik

NAVICULAR

TUBERCLE
LN ¢
\§: -

FLEXOR Y

HALLUCIS AR

s
/[(

BREVIS

ABDUCTOR HALLUCIS

Fig 194
The cage door

The cage 1s opened by hinging abductor hallucis down through a right angle

on a plantar hinge Note the relation of abductor with flexor brevis Deep to

abductor is a sheet, more aponeurotic than fascial, which sometimes comes
away with the belly but often stays behind and partly screens the cage

15 sometimes hnked with flexor brevis—a chance event that turns
to our advantage and lets us move both muscles solewards as a
sheet which bears off on its plantar face (besides the tendon of
hallucis longus) the lumbricals arnsing fiom the fan of longus
digitorum tendons.

If therefore, working on the master knot, we first set free the
two long tendons of the second layer, and then the origm of flexor
hallueis brevis, we can at once 1etract a major bulk of muscle
from the tarsus and leave the plantar hgaments exposed.

THE OPERATION

" Pgs1tlon.~The foot hes on 1its outer edge; the knee 1s partly
exed.

Incision.—Divide the skin and superficial fascia at the inner
side of the foot, from the ball of the great toe to the heel, by an
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mcision curving up to cross the tuberosity of navicular (Fig. 196).

Identify and catch the vens

The gwde to the cage door.—Find the tendon of abductor

TENDON
OF FLEXOR
DIGITORUM
LONGUS anp
LUMBRICALS

TENDON OF
FLEXOR
HALLUCIS
LONGUS

ADDUCTOR
HALLUCIS

Fig 195
Flexor hallucis brevis
A vital link of layers 1, 2 and 3

Note the

relations of the belly  Its tarsal origin—by

means of talls, or by a fusion with the fibrous

screen deep to abductor hallucis—shares in the

master knot that fastens long hallucis and
digitorum tendons to tarsus

perhaps with broken fibres of abductor.

hallucis at the mner wde
of first metatarsal Mobilise
the tendon, taking care
to leave mtact adjoning
fieshy fibres of flexor hallucis
brevis. Use the tendon as a
guide for separation of the
less distinctive margins of
abductor belly. Detach this
belly. first from 1its fascial
bond with the nawvicular
tuberosity, then from the
mdefimte anterior part of
the vague annular ‘hgament’
(laciniate of BN.A)!?
Contmue the detachment
down to the mmner tuberosity
of calcaneus. Then you can
hinge the muscle solewards
through a full rght angle
(Fig. 197), taking care to save
the pair of twigs it gets from
the medial plantar nerve
Both twigs he fortunately
close to the hinge, two and
three fingerbreadths respec-
tively belind the tuberosity
of navicular.

The screen, the ‘knot’ and
the neurovascular bundles.—
When that 1s done we see the
partial screen of fascia, rough
The fascia 15 defective

fore and aft, and aft of 1t we can locate the plantar nerves and

vessels. These form two bundles, medial and lateral

! “Its prouimal border

dstinet, being continuous more or less with the tendinous origim of the
which amses from 1t” (T H Bryce in Quain's Zlements of Analomy,

18 very imperfectly defined Its distal margt

Find where

n but httle more
abductor hallucis
1923, 11th edn.

p 248) This band 18 now appropriately termed flezor retinaculum
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they first diverge. three fingerbreadths helund the tuberosity of
navicular: then they are covered by the screen. and this we must
divide. -
Next we cut loose the master knot. a thumbwidth lateral to the
tuberosity of navicular. dividing fitst the fibres which attach the
two long second-laver tendons to the vault. and after that (a trifle
farther out and forwaid) the strap-like origm of flexor hallucs

AITA STEAD

NAVICULAR :
TUBEROSITY ) &

Fig 196

Divide skin and superficial fascia from the ball of the great toe to the heel

The highest part of the incision crosses the scaphoid tuberosity Reflect

the skin flap downwards and find the tendon of abductor hallucis at the inner

side of first metatarsal

Should there be need to trace nerves or vessels from leg to sole, turn the

incision up the leg, instead of down the heel This will leave ample room
for skin reflection—sufficient even to * decorticate ’ calcaneus

brevis. Then we can draw the muscles solewards and tiace the
nerves and vessels on the doisal side of layer 1.

The medial bundle sknts the mner aspect of the long hallucis
tendon, and after that 1uns forward mn a gutter thinly roofed by
fascia. Thig gutter hes upon the dorsal face of layer 1—between
abductor hallueis and flexor digitorum brevis  The lateral bundle,
slantmg out towards the base of fifth metatarsal, skirts the mner
surface of quadratus, then lies within a fellow gutter bounded here
by flexor digitorum brevis and abductor digit1 quinti. Reachmg
the outer metacarpal base, part of the bundle curves once more,
but this time mwards. A portion of the outer bundle, therefore,
basses {wice across the sole first out, between layers 1 and 2 ;
then 1n, between layers 3 and 4. The fact, perhaps, of chief
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mportance 1s that both the plantar bundles (in the especial
segment of therr course which can be mobilised most easily) are
Imked as satellites with layer 1. So, when we part this layer
from the tarsal vault the bundles too will move away.

Ligaments.—The first to come in view 1s the short plantar;
its fibres slant towards the great toe between the long plantar
ligament laterally and the ° spring’ higament medially (Fig. 198)
This last (the inferior calcaneonavicular), by fusing at its mmer
edge along the base or distal margin of the deltoid hgament, forms
a 1eslient hanging shelf suspended from the medial malleolus.
The strap-like tendon of tibialis posterior loops round beneath the
shelf, and thus combines to bear the weighted head of talus.

The structures of the sole are now at our disposal and further
steps will vary with the object of procedure. Whatever that may
be take care to leave the field as dry as though 1t were the site of
toxic goitre . the sponge of venules which mfests the foot tends,
if 1t can, to seep n aftermath. And so where circumstance allows,
and 1f you have the right to treat the individual and not the mass,
dramn, when you close the wound, as you would dran deceitful
dryness in a thyroid bed, and raise the fixed and firmly bandaged
foot. Then, in a day or two, when drains are out—but not il
then, unless you tolerate or disregard occasional calamity—then
only will you seal the hmb mn plaster.

It 15 the fate of detailed ‘ practical > descriptions to wear the
desultory look of curves mapped out with pomts - each is a series
of related but disjomed minutie—the “ static snapshots *” which
the mind demands before 1t can proceed to the direction of a
complex, umnstictive act. So, 1t 1s both a consolation and a
stimulus to be aware that i the due performance of the act 1tself
(as in the swaft, unhurried hands of surgeons like de Martel) “ tlu.ere
15 no detail.” And closing thus these pages have acquired merit ;
they chance to Imk the memory of two great gentlemen—de
Martel and Roy Dobbin.
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r, formed for (contd )

hteal vessels by femoral condyles 213

terzor mterosceous nerve by supmntor 101, 104
tie nerve by laternl septum, 200

rapatellar bursa by fat, 203, 204

s' space as =afe gunrd, 51

dnerticula, 51

»s of 1ts formation, 51

() as aid to exposure 4

pital, i finding supinator edge 101, 104
rlnminnt, of quadriceps and infection of knee
201

deltowd, ob~curing shoulder jomt., 34

rapatellar, avorded nnd detached 203, 204
ctent above patella 198,

w medial tersur palmar dramage, 116

Ylated to nud-palmar space, 116 1160

n hole, McBurney, for posterior mterosous
erve, 114

c

ormed In <kheleton of foot, 302, 304
3ELL, WiLwis, aited on * all-purpose * incision
st anhle and subtaloid exposure 281
ult fork of ves<els 1n calf, 246, 260, 268
» method of seating on bevel, 32 34, 41
% C W ated on sparing posterior cutancons
erve of thigh, 185
of museles over supinator, 113
fracture and brohen ulnar sty lmd, 124
2 DWyrR, Sk ¥, ated on mmnominate
agurysm, 39
l\:’x K atdd on sternomastord nnd trapezius,

;XILH]FR, ated on accessor saphenous nerve,

tsac  See duverticulum

MNGHAM'S Manual cited on medial Greumfles
rtery, 238

tie nerve, 190
rr:mu\l"; Text Bool. of .inatomy, cated on
“hon of gluteus maximus, 1932

D

>1r g;bcd on spasmodic torticolls, 81
:ding from anterior tibial arch, 243, 272
lclifned Cxposure 1n * holster * log, 128, 244
‘Ang acromion en masse, legend to Fag 28, p 42
;?:2 x}ib%vc Procane level, 258
nd part of {a f
oplteal ce et 2567? m front of femur, 203

W;ZI(;% mterlammar bursre, 1n quadriceps tendon,

ITIng ne
oo ugs ’ 258’?(;{)3 lof, abductor hallucis, 304

T1ceps, outer head, 20, 22

Jl‘lng nerves’ -
Cutaneous), 2&? oneal, superficial (musculo

ural, 289

lli(liﬂl', deep palmar branch, 117
o183l cutanepug branch, 120

urin
2 6% vessels, gemioular, mobihsing pophiteus,

Danger of injurimg vessels (contd )
gluteal, by rasing hd, 187
~phitting Iid, 180
profunda brachu mn mobilisimg muscul
42, 44
profunda yems, 1n posterior appronch tc
face of femur, 223n
radial, in swollen forearms 14, 34, 99, 10
nidline pophteal appronch i chrome infl
tion, 212
nustahing aorta for pulmonary trunk, 137,
biceps for brachials, 27, 29
extensor (digitorum longus tendon for
antetior i exposing vessels 276
flexor ballueie longus for peroncus hre
exposing tibia, 269
mistahing gluteus medius for prnfornms, 1€
semitendinosus tendon for <ciatic nerve
Z'.)"‘"
~ublimiy tendon for median nerve, 107, It
wav to anterior tibal bundle, 276, 278
way to axdlary neurovascular bundle, 38
way to muculospiral nernve belhind hm
20
plaster leading to earelessness, 12
need for  bolster 7 Ieg, 245
naed for foot nfter operation, 308
Delammation of quadriceps tendon,
danger of, m presence of sepsis, 201
use of to mobilisc rectus, 200, 201
Driniss,d  See under Fro1LE, J
Drscantrs, aited on my ths, 247n
Disror s third malleolus, 269
Dettol cream, used for shm or gloves, 8, 10n
Devolution, i muscular activities, 195n
Diverticulum, Griber’'s m safe guarding 1
jugular, 51
Divarce, reciproeal,
mmphied by satellitc relation, 3
of popliteal vessels from nerves, 221, 241n
of tadnl vessels from superficial terminal 1
of musculospiral, 100
Dons, nnd nomenclature, 1n, 16n
Dramage,
in nntertor thigh exposure, 206
m hand, 116
mn planta: oxposure, 308
m thagh amputation, 268, 259
Mikulicz, in compound fracture, 13
Drum-head, formed by 1hotibtal tract, 186
DrinFr, cited on vertebral artery, second
48n
Dunror, E E, cited on deep cervical fascin, 4
DuruyTREN, cited on dilemma concerning bl
n leg, 272
cited on Langer’s hnes, 10
Duvar, PierrE, cited on exposure of ancwy
tibial arch, 272, 296

E

Erxiy, D C, ated on anterior timal arch, 296
vertebral artery, 59
Eisserg, C A,and A H Woons, cited on
for deep termmal branch of ulnar nerve, 1
Embolectomy, pulmonary, 135
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Blood-vessel(s), named {contd ) Bone, serving as auxihary, (contd )
radial, masking ulnar and interosseous v essels, 91 fibulo-tibial arch, mn finding antenor tsbial arch
menaced by opening deep fascia, 34, 99, 104 274 ’
ongm, 99 hamate =uncimate, m fin
sat%ﬁite of pronator teres, 99, 99x nlnar nerve, 122 fing deep branch of
radial recurrent, anchoring mobile wad, 94, 100 humerus, deltoid eminence, i finding musenlo
cut to free mobile wad, 94, 99, 104 spiral nerve, 27, 37
method of finding, 91, 99, 100 ihiac crest, n exposing lup jont, 211
really & fan, 99 ihac spine antenor superior, m finding entry to
used to rotate brachial fork, 91 half sleeve, 198
seapuler, ‘ transverse,” misnamed, 47, 47n use of notch, 200
subclavian, danger to vein at clavicle, 44 hiac spine, postenior superior, 1 findimne ¢ danger
divorce of artery from veimn, 49 spot,” 1980 °
three stages 1n continmity, 53 m ‘ question-mark,’ 183
subclavian branches, exposed, 53 metacarpal, fifth, n finding palmar loop hole
suprascapular, retroclavicular course, 47 117, 118
thoracoacromial, humeral branch i deltopectoral 1n ulnar route to palm, 118
groove, 27 metnearpal, mddle, in axis mesion for median
tibial, Dupuytren’s dilemma, 272 nerve, 110
nomenclature, 246, 247 in guarding deep branch of ulnar nerve, 118
tibal, anterior arch, aneurysm of, 272 120
danger of bleeding from, 245, 272 navicular tuberosity, 1n finding magter knot 302,
fixation and hiberation, 275 305
tibial, anterior, distal two thirds, conflicting views in finding plantar nerves, 305
on relation to nerve, 278, 279 olecranon, 1 exposing humerus, 18, 22
dangers of mgsing, 278 patella, 1n locating suprapatellnr burse, 188
hittle finger as gwude, 278 Iuxated for knee exposure, 207
tihwhs antenor as guide, 278 pisform, displaced to expose deep branch of
tibal, anterior, recurrent branch, Bell’s note on, ulnar nerve, 120, 121
2750 pubio tubercle and umbibeal artery, 169
mooring tibhal arch, 275 radial tuberosity, for separating supinator, 10,
tibial posterior, distal landmark, 262 102, 104
nomenclature, 246 tibial moalleolus, 1 finding posterior tibial
ulnar, ¢ difficult ’ parts of, 91, 96 artery, 262, 264

dn orging from median nerve, 96 transverso process, Cl and C2 and vertebral

ulnar nerve, 66, 99, 107 artery, 59
mashed by radial vessels, 91 Thl n finding second rib, 128
masking mterosseous vessels, 91 triquetrum =cuneiform, 1 finding paimar loop

vertebral, broad arrow of, hole 118
first stage, 74 Bowig, D, cited on exposing shoulder jomt with
second stage from C2 to C6, 67 sallary nerves, 38
second stage, top segment and ‘ seat of election,’ | BovEr, Barox, cited on
8 artery, genicular, 261
Boas, I, cited on rapid phylogenetic change in skull pophteal, 246, 247
ghape, 196 196n suprascapular, 47 0
‘ Bolster ’ leg, niddle of, 244 tabial, anterior, 1n relation to nerve, 280
Bone, as objective  See under Exposure biceps femors tendon, 2181
gerving as auxilbary, acromion, as landmark n gluteus maxumus, freo edge, 181, 183 -
humeral exposure, 18 markings on oxtensor dipitorum tendons of e
in subtotal mobihisation of deltoid, 41 276n 5
caleaneus, for finding peroneal communicating | Bridge, formed by flevor sublume, 96 10
branch, 269 pronator teres, 96, 106
clavicle, in mobitheing front of deltoid, 32, 41 soleus, 244, 260 detaclument
corncord process, 1n finding circumfle nerve, 40 | BrrTraiy, H A, cited on subperiosteal detach

m finding musculocutaneous nerve, 38 of deltoxd,, 34n R
in making * shoulder strap,’ 30, 31 ¢ Broad arrow ’ of vertebrals, 74
femur, adductor tubercle, for medial popliteal | Brice, T H, aited on

mneision, 214 Bums’ space, 51n
n finding femoropopliteal leash, 215 deep tricops head, 16
femur, great trochanter, m finding drum head lacimate ligament, 304n
186 Bucket-handle, formed by

in finding entry to quadriceps sleeve, 188, 200 femoropophteal loop, 216

m question mark meweion, 1893 musculospiral loop, 20 ; 105, 203
fibufar head n finding edge of shotibial tract, nerves and vessels in front of femur, 108, =
218 posterior ramus of €3 (displaced), 87

m finding levcl of kneo jont, 251, 260 Buffer formed for . . >
fibular shaft  mddle half, as omgn to long cephalic ven by deltoid fringe, 2':2'1“ 32
muscles of halluy 230, 251, 2760 musenlospiral nerve by braclualis, 37
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Buffer, formed for (conid )
pophteal vessels by femoral condyles, 213
postertor interosseous ner ¢ by supinator, 101, 104
seintic nerve by lateral roptum, 206
suprapatellar bursa by fat 203, 204
Boras' space as <afe guard, 51
its dnerticula, 31
views of 1ts formation 51
Bursa(re) as aid to exposure, 4
bieipital 1n finding supinator edge, 101 104
mterlanunar, of quadriceps and mfection of knee,
201
subdeltoid, obscuring shoulder jont, 34
suprapatellar, avorded and detached 203, 204
extent aboy e patella, 198,
ulnar, medial 1ersug palmar dramage 116
related to mud-palmar space, 116, 116n
Buatton hole, McBurnev, for posteror interosscous
nerve 114

Y

Cage formed b shelcton of foot, 302, 304

CavrBELL, WILLIS, cited on * all-purpose
for anhle and subtaloyd exposure 281

Catapult fork of vessels in calf, 246 260 268

Chisel, method of stating on bevel, 32, 34, 41

CLarg, C W cited on sparing posterior cutancous
nerve of thigh, 185

C}onk of muscles o\ er supinator, 115

Colles fracture and broken ulnar stvlmd, 124

Coxway Dwyer, Sir T, cated on mmnomnatoe
aneurysm, 59

CORHSI?, K, cited on sternomastmd and trapenus,

n

CRU\;:;IILIHFR, cited on accessory saphenous nerve,

Culde snc  See dn erticulum

CoyyzrxeHAW'S Manual cited on medial circumflen
artery, 238

' scratic nerve, 190

CoNNINGHAM'S  Texl- Bool. of Anatomy, cited on

action of gluteus maximus, 193n

mcision

D

Danpy crted on spasmodic torticolhs, 81
Danger of
bleeding from anterior tibal arch, 245, 272
cramped exposure 1n ¢ bolster * leg, 128, 244
dlwdmg acromion en masse, legend to Fig 28, p 42
nerves above procaimne level, 258
fathng to find part of fan 1n front of fomur, 203
pophiteal vessels, 2507
mjurél(;;i' mterlammar hurse, 1n quadiiceps tendon,

mjunng nerve(s) of, abductor hallucs, 304
soleus, 260, 281
triceps, outer head, 20, 22
Imuring nerves, peroneal, superficial (musculo
cutaneous), 206
sural, 269
ulnar, deep palmar branch, 117
dorsal cutaneous branch, 120
m]ur})%% vessels, genicular, 1n mobilising poplhiteus,

Danger of mjuring vessels (contd )
gluteal, by ramising hd, 187
sphtting hd, 180
profunda brachn in mobilising mut
42, 44
profunda vems, 1n posterior approne
face of femur, 223n
radhal, in swollen forearms, 14, 34, O¢
midline popliteal approach n chrome
tion, 212
nnstahing aorta for pulmonary tiunkh, |
biceps for braclualis, 27, 20
extensor digitornm longus tendon |
anterior 1 exposing vessels 270
flexor hallucis longus for peroncus
exposing tibaa, 269
nustahing glutens medius for pyrform
<crutendinosus tendon for sciatic =
254n
sublimi« tendon for median nerve, 10
way to anterior tibial bundle, 276, 2°
way to axallary neurovascular bundle
way to musculospiral nerve behind
2
plaster lending to carelessness, 12
used for ‘ bolster ’ leg, 245
used for foot after operation, 308
Delamination of quadriceps tendon,
danger of 1 presence of sepsis, 201
use of, to molnhse rectus, 200, 201
Drrvas,d  See under F10LLE, T
DescarTFS, ated on myths, 247
Drstor's third malleolus, 269
Dettol cream, used for shin or gloves, 8 1
Devolution 1n muscular activaties, 195n
Dnerticulum, Gritber's i safe guardin
jugular, 51
Dn orce, reciprocal,
mplied by satellite relation, 3
of pophteal v essels from nerves, 221, 24
of radial vessels from superficial termy
of musculospiral, 100
Dons, and nomenclature, 12, 162
Dramage,
1n anterior thugh exposure, 206
in hand, 116
m plantar exposure, 308
mn thigh amputation, 258, 259
Mikulicz, in compound fracture, 13
Drum-head, formed by 1iotabial tract, 18!
DrUNER, cited on vertebral artery, sec
58n
Duxror, E E, cited on deep cervical fas
DuruyTrLN, cited on dilemma concernin
m leg, 272
cited on Langer’s lines, 10
DuvaL, PIERRE, cited on exposure of an
tihal arch, 272, 206

E

Erxin, D C, cited on anterior tibial arch
vertebral artery, 59
Eisprra, C A,and A B Woobs, cited
for deep terminal branch of ulnm ner
Embolectomy, pulmonary, 135
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Exposure,
m lower Iimb above knee
anterior, extensile to, femur wholc shaft, 197
femur, with posterior drmnage 206
hip joint, 210 211
knee jont, 207
combined, of major thigh vessels, 237, 238
lateral, extensile to popliteal face, 218
shaft of femur outer mude 222
me(hgl, extensile to femoropophteal +essels,
15
popliteal face 212
shaft of femur, mner side, 212
posterior, extensile to buttock and sciatic nerve,
180, 223
nerves and vessels exposed in thigh to simphiy
amputation, 256
popliteal nerves and vessels in thigh, 263
pophteal nerves and vessels 1in leg 260 261
tibia, pophteal face, 261
m lower hmb below knee
anterior, extensile to all anterior compartment,
155, 276
ankle jomt and subtaloid regton, 280
posterior compartment via anterior tibmal
arch, 272
medial, extensile to all postertor compartment
and sole of foot, 262 265, 208
posterior and Interal, extensile to lateral
popliteal nerve and fibula, 292
distal ends of tibin fibula, and peroneal
vessels, 268
postertor and medhal, extensile to midhne calf
exposure, 264
nerve and vessels distal to calf, 262
plentar exposure, 268 303
postertor and midhine, extensile to nerve and
vessels deep to calf, 260
trunks of anterior compartment ‘ia anterior
tibial arch, 272, 296
in neck,
extensile to all anterolateral structures, 57
aortic arch and 1ts branches, 75, 77
m upper mb above elbow,
anterior, extensile to antecubntal fossa, 90
axilla, 38
humerus, whole shaft, 25, 29, 34, 37
joint, elbow, 37
jomnt, shoulder, 20
musculospiral (radial) nerve, 37, 93
neck, root of, 44
medial, extensile to brachial vessels, median
nerve and antecubital fossa (Fiolle and
Delmas), 90
posterior, extensile to humerus, whole shaft 15
main neurovascular bundle, 23
musculospiral (radial) nerve, 20, 23
m upper limb below elbow,
anterolateral, extensile to antecubital fossa and
humerus, 91
median and ulnar nerves, 106
radius, head, 106
rachus, whole shaft, 100
medinl, extensile to ulnar bundie and median
nerve (McConnell), 107
mldlllrbcé extenstle to median and ulnar nerves

median nerve near wrist, 109

Exposure 1n upper limh below elbow (cantd )
palmar medial, extensife to bumsa and
palmar space 116
ulnar nerve deep terminal branch 124
postenior extensile to posterior mmteros:
nerve 113
radial head 115

F

Fan, circumflex of thigh, lateral, marking clea
plane between adductors 235 236
radial recurrent, 94 100

FaraBEUF cited on locating medn nerve 3§
triangle, 73n

Fascia, deep cervical juntaclavioular club sand

formed by, 492
mvesting “ mesenteric  prevertebral 47 48
49n
1scheemia abohished by shitting 243
method of opening, 14
Fascia, deep,
marm See also Septum
screening back of neurovascular bundle, 25
in axilla covering neurovascular bundle, 38
Iinked with ‘ mesenteric * layer, 48 48n
1 buttock See also Thotabial tract
forming drum head, 186
forming part of pelvic deltoid 182
1n foot, screening plantar structures, 302, 305
m forearm constricting antecubital V, 90
palmaris tendon retracted with, 109
radial vessels menaced by opeming 14,
104
1 hand, forming hypothenar shng and scree
depth of palm, 117
sereemng foop hole to palm, 120
m leg, double Iaver over posterior bundle 264
tothering tendo Achills, 208, 260
mn thigh  See also Thotibil tract and Septum
at lateral pophteal loop hole, 220
covermg medial pophteal approach 215
danger of injuring pophiteal nerve beneath,
251, 253
divoreing pophiteal neryes from vessels, 22!,2
scalenus fascia and * cigarette’ procedure,
subsartorial, displaced and divided m postc
femoropophteal access, 225 226
webs n front of hip, 209
superficial, alastic, over short saphunons veit
nodules m, with neuralgmn 296

Fat, precomplexal mass, 84
small suboccipital pool, 80, 85 .

Froire, ] andJ Druyas cited, b, 44, 90, 11 |

186, 218, 264 272, 276

Fisuer A ¢ TiMpreIL, cited on widc expor

of knee joint, 207 _

Fracture, clavicular, causing neuralgma, 7, 8
Colles’, role of hgament in breaking ulnar stab

124
of humeral head with tuxation, 34n
ure(s). compound,

Fr?lﬁmdéd), clonnl‘)*cd by Jet from water tap, 13
ranked with * acute  abdomeny 14 )
atenchless treatment of carly cases, 12, 3 |

Frasck, F. cited on mir embolism via verte

e, 72
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43}

thann 1P, ated on errors of rdlraction, 22 :
markmy for deep femorals when satelhite to vastus
medhahis 2385
method of finding ners ¢ to lup jomt and gquadratus
177
tigh ~aw, for cutting davide, V7 470 |
{floves, rubber use and msuse of 8 10w
fioasrry O, aited on ~oatic nerve T
Grant 1. ated on pophitcal nourovascular relatons,
legend Fre 157
f<afe ' ade of ~antu nerve, 234
RO {patomy (ted on
action of gluteus masmiue 103a
rafron of nuerve to anterior tilnal voasels 2800
tiroove,
voneenbng cut medmmn nerve, 110
corncobrachial, plus tunnel for neve, 360 3tn
deltopectoral finding and avordmg 81 32
gastrocnemual, as wwde to middle e 243, 258,
260
lodging plantar bundles 105
lodging posterior tibia] bundle 250 251
longatudmal on front of corvical transyeme process,
70
~oleo peroncal as hey 1o caposing hibula, 292
Grovis b Loand U A Warrn Seeunder Wrry
LA
Griner s dinvorticufum 5
Guraer eited on nidhine 1ot m aadf 241, 244
wutter  See Groove

H

Hates, W A Qted on bt subclavian artery, 120
Half slecve, defined, 3
Half sleeve and seam
formed by gastrocnemans 242, 251 272
formed by gquadnceps, 198
formed by tnceps, 15, 20
Haxpusa Aumrp, ated on compound fracture, 14
Hornia, femoral, 160
Juntasymphyseal, 163
Hovirg, ated on o now means explotting its man, /8
wounds ot root of thagh, 228
Hovknacquy, A, ated on nccessory saphenous
nerve, 231
relation of antuior tibal vesscls to nave, 279
relation of saphenous nerve and vemn, 264
Hunter’s canal, opened in femoropophteal exposure,
215
relation of vessels in, 216x

I

Inason(s)  See wnder relevant Exposure
crooked, disadvantage of, 7, 29
Fiolle and Delniag’, for antecubital fosva, 90
for distal part of anterior tibal bundle, 276
for partial subgluteal exposure, 180, 186
for momhsmg pophteus, 261
m foot, plantar, disadvantage of, 300

m hand, medial and palmar compared, 116, 120
a0
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Inawon(s) (contd )
w nech, 53
long, for compound fracture 12
for mohlising cortan museles, 14
for ncuroy ascular bundles 1l
m parting close packed structures, b
not quite closed m compound fracture, 13
relnted to hines of creaso and deavage, 10
McCounell's  for combmed exposure of median
awd ulnar nerves, 100, 107
for mud-palmar ~space 116
yuestion mark for full gluteal exposure, 183, 185
<houlder sirap, for humerus and shoulder jont,
30, 31 31n, 38 46
mn extendmg exposure to asilla and nedk, 38 46
Tunbrell Fisher's strught medad for knoe jomt,
207
U shaped, dasswal, for hnee, 7
Z shaped  of Intiesumus teres {endon
aceers to musculospiral nerve, 29
thotibnal tract
as part of * pedae deltord 182
cdge as puide Lo popliteal exposure, 218, 219
forming drum-head 186
m anapping hp, 96 191, 1920
hnking ghuteus manmmus to scptumt and femur,
1940 218
hnlang pluteus mavmuy {o fibm, 194
related to cdge of gluteal hd 182 185 186
wepair of 191

for it

J

rrnrsoyN, Sk (1, ated on exposure of vertobral
mrtery 58u
lommt  See under relecant Fxposure
acroniaclavicular, ‘ step down’ at
to g 17, p 29, Fig 19, p 31
anklc and subtalowd, straight mmasion for, 281
atlanto axtal  distinguirhed  from  transveme
process, 62
clbow, expored and resected from m fiont, 37
hip, fascial webs at, 209
fitned for anterior femoral exposure, 198
gluteal honnet covermg, 209
Tunation, with fiactured femur, 210x
Smuth-Petersen’s exposure, 209
snappmyg, 191, 192»
lmcc,1 ggtondcd for anterior femoral exposure, 101
Tisher’s exposure, 207
maesion avoiding nerves, 207
nciston straight, advantage of, 7, 207
meision U shaped, disndvantage of, 7
level of, from behnd, 251, 260
mercurochrome for imfection of, 208
pral, disarticulated to expose deep termunal
branch of ulnar nerve, 120, 121
shou}i%er, masion, shoulder strap, 30, 31, 81x, 38

Nee legindy

lunations of, anterior and posterior, 34n
obscuroed by subdeltoid bursa, 32
J om.sq_;rou, H M, ated on posterior cervical 1ann,
‘Jdournals on1od’ access to all man trunks of
thigh, 237, 298 ¢
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Khasavin, A B, autud on dramming palm, 116, J1bp
Kasr el Aim Hospital C‘airo,

methods of freating compound fracture 12

crush, 138»

Kraxroy, R, ated on spasmodic torticolls, 81
Kreriag, R, cited on mistakes, 229
Knife for intra-articular use in talectomy, 280
‘Knot fiaing plantar layers to tarsus, 302, 303, 304

L

Labile relationship 22
Lamna, tendinous
femons, 218x
tendinous, used to part heads of triceps 20, 20
Liast, R, eited on ‘ hitch-lnking * 22
Lavrexstein, R cted on third <tape of sertehral
artery, 549n
Leash, tethering femoropophteal vessels, 213, 216
mobile wad, 94, 99
musculospiral nerve, 42 44
tendo Achillis, 5, 268
tibial arch 275
Lriars, F, cited on compound fracture, 13
LEeoxarDO pA VINel ated on common acts, 194n
gluteus maximus, 193
LiricHF, R, cited on pulmonaiy embolectonny, 136
1ad of axalla See legend to Tig 31, Part 2 p 46
of huttock, 180, 183 185
Ligament(s) of ankle, deltod
suspending shelf for talus, 308
lacimate =flexor retmaculum,
halluers, 304, 304»
of foot. plantar cxposed 308
plantar, relation to muscles, J02
of hnee, posterior, fendmg vessels from pophiteal
face, 211
of neck, Charpy’s, mooring visceral compartment,
legend to Fig 45
nuchae, rupture of mvolving posterior ram, 83
of wrist nomenclature criticised, 122, 124
flexor retinaculum, unharmed by pisal detach
ment, 122
piaal twisted round deep ulnat nerve, 122
Line(g) of cleavage and crease 10
Lanea alba 163
aspera, 205
Loop hole(g), uscful myth of, 3
to mid palmar space, deseribed, 116, 117
method of defimng, 120
method of enlarging 120
not for blind usc, 117
to pophteal fowsa debned and ondargod, 218
Lamphatic infection of amputation stumps 258 269

simulating cord m  bieeps

superficial  part,

and ebductor

M

[}
McBurney button hole, for posterior mtcrowseons }
nerve 15
McConsELL, A A ated on
tearyage planc n the forcarm, 98 107
combined nicdian and ulnar exposure 100 107
mcision for mid palmar space, 116

INDEX

MoCorrum 8 'T', ated on great aunc
56n
Malleolus, Destot’s, fracture of, 269
MarcEI LIN-DuvanL ated on anterior tl
and nerve 280
Masks impermeable, 10
Mason, G A, crted on sparing cephalic v
Measurcment, by fingerbreadths, har
ete, 14
Membrano, mterosscous of leg chechiy
ment of tibial arch 276
strippmg angle of 296, 207
synovial, danger of mjuring i knee 21
Mercurochrome, m treating compound fre
n treating undrained knee joints, 208
Michel chips, for side curtains, 10
marking bonv pomts, 66
Mikulicz dramage, for compound fracturc
for thoracic empvema, 13
tampon, for bleeding from mtcrnal pud
for bleeding from tibial arch, criticise
Mnemone(s) for medial circumfles artery
for plantar muscles, 300, 301
for relation of femoropoplhiteal v cwols
for tendon« at medial malleolus 283
manual, for forearm muscles back and
11}
tangible  See Mobility test
Mobile wad  Sec Mobihity test
Mobility test, comparatne,
descrtbed 5 6
for abductor digit: quinty, 118, 120, anc
Fig 81
for hiceps and poplhiteal loop hole, ¢ 21
for brachiahi to avoid bicaps and coph
27, 20, 34, 17
for finding mobile wad 90 M
N exposIng Posterior mterovscous ner
115
m exposmyg radus, 6, 102
for rectuy femorms in exposig femur, 19
for tendo Achilhs, 268
for trceps, long head, m oxposing n
18
Moy s1HAN, Lonn, ated on aseptic teehni
Muscle(s), _
acute or strpping angle, dchned, 5
m femur, 204
m fibula, 204, 290
bounding loop holes, 3
clues to oxposure,
foot, manemonic grouping i sole, J0.2
rddation to bone and Imkage, 302, 10
forcarm, groups and mncmoniy $4 m
leg arrangement 245 248
long masons m mohlsing 14
mobile wad  See Mobility test
Sre Satellite velations
scparatton of ¢losely related 6
Muscdo(x) named
abdudtor digits qumtyof foot houtsdmy
plantar bundle, 305
member of Ixt plantar lnver {LM
abductor digts quinta of hrowl covermyg
loop hole, 120
mobility test for, legond to Tne 8l o
abdud tor hallucr ax door of cage, iR
nerve supply sparud, 304

compnry
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\fusele(s), named (contd )
bductor policis longus member of deep posterion
laver 111
part of mtruane tongue, 112 113
aceessorius  See Vlusdde quadratus plant
adductor magnus  and femoropaphteal trunhs
256
and perforatig vessels 223w
wperal edge and deep femorals, 215
marked from brevis by fan 295 236
under ghateal hd, 188
adductor magnus  tendon
ezposure, 213
saphenous nerve and * Hunter, 227
anconeis, memhber of superhaal gronp 111
nerve to 22
Iceps hrach mistaken for heaeluahs, 20
mobihty test for, fegend to Py 2
Mceps brachn, shart head danger of gomy Internd
to ongm I8
hweps brachn  tendon, dunvding
dangerous  area, M
ginde to bursa and supmator edge 99, 104
tande to fan mooring mabie wad 91 99, 100
IFre 66
gde to musculocutaneous norve, 27
biceps famors long head, crossang <aatie neeve
160n
hiceps femons  shoit head
loop hole 3, 218
mobthity teat for 6, 219
related to syvnovin of hnee 219
separated from septum 220
separated from hinea aspera, 222
hceps femons tondon  deceptine cord lihe fedd,
218, 2184
related to lateral pophteal nerve, 204
hrachahs, formmg hollow V27
mobility test for 0, Fig 2
outer flank as route to humerus Figs 12 13
relaned to expose humerus 37
ship buffcring musculosprral, 37
brachioradialis, as hmb of anteculntal YV, 00 01
forming spiral cleavage plane, 93
part of mobhile wad, 90 04, 111
separated with thumbs 93
complex, 83, 85
coracobrachialis, and pectoralix minor as gmide to
crcumflex nerve, 40
danger of gong lateral to origin, 38
groove and tunndl for musculoentaneous neive,
38, 38x
crureus  Nee Musclo, vastus intermedius
deltord, formung cowl over humerus, 25
fringe used to buffor cephahe vemn, 27 31 32
mohhised on clavicular chip, 32
mobihsed subperiosteally, J4»
mohihised subtotally 41 42
postoperative function  See legend to Tig 21
and H4»
extonsor carpt rachahs Inevis, as member of
mobile wad, 94, 11, 115
I €\poRIng POSterior mterosseois nery ¢
netve to, 100
oxtensor carpr ulnarw, memher of superficial
group, 111
extonsor digith yuinti, memhm
group, 111

mude for pophteal

safe  from

haunding pophteal

113

of superficml

1
!
{
!
i
j
{
i
|
i
|
!
|
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Muscle(s), named (contd )

extensor digitorum brevis (foot) ongin cut with
shing-hgament, 281
extensor digitorum communis member of supor
ficand group, 11}
relative finaty as pmde 111 313, 115
extensor digitorum longus, ns member of anteno
compartment, 251
coverng anterion i} bhundle, 274
nterloch with tibahs anterior, 275
(atensor  digitorum longus  tendon
tilmahs anterior, 276, 276n
extensor halluers Jongus  and *muddle half’ of
fibuln T4, 135, 250, 261, 276
us hazard, 278
as sole deep antcrror leg musele, 241
distal surfacing of tendon, 276, 276x
entensor mdicis proprius, member of deep group,
111, 112
extensor polhiess brevis, member of deep group, 111
part of mtrusive tongue, 112, 113
oatensor polhas longus member of deep group, 11
12
flexor carprrachahs, member of superieinl group, M
prommence and fadmng 150
separated with thumbs 106
flexor carpt ulnars, as member of superficnl
group, 94 95
gmide to ulnar hundle, 107
flexor carpr ulnans tendon, coating prsiform, 124
guide to meision for deep ulnar hranch, 120
ra1sed as hand with psiform, 121
flexor digith quinti brevis, member of drd plantar
laver, 302
flexor digitorum brevix, membar of st plantar
layer, 302
hounding grooves for plantar bundles, 305
flexor digitorum longus tendon, crossing Hevor
hallucis tendon, 1n 2nd plantar layer, 302, 303
flexon  dymitorum  profundus, member of deep
group, 98
mden tendon separate proxmmally, g 61
tendons mn single rank, legend to Fig 4]
ulnar bundle as satelhte, 3, 99, 107
floxor digrtorum sublimis, bridging median nerve,
90, 106, 107
decp and superficial parts, 96, 97
median nerve as satelhte, 3, 97, 107, 110
sole member of intermediate group 95, 96
tongues forming groove, 110
flexor digitorum subhimis tendons mn two ranks,
a6, 97
promnence and fading, 195n
flexor halluas brevis key musele mn sole, 302,
legend to Fig 195
member of 3rd plantar layer, 302
ﬂe‘(o; lgﬂlucm longus, and ‘ imddle-half ’ of fibula
5
bounding hacky mterval, 271
cloalung end of tibia, 269
distingushed from peroneus brevis, 260 270
mobhilived towards tibal sade, 269
flexor ballucis longus tendon, buffer for end of
posterior tihal neurovascular bundle, 283
member of 2nd plantar layer, 302
flexor polhicis longus, member of deep group, 98
gastrocnemius, half sleeve, seam, and V 242 to
244, 251, 258, 260

1wlated o
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Juscle(s), named (conid )
gemelll, mndor gluteal hd, 188
gluteus masimus, adherent to postenor cutancous
nerve 185, 187
nttachment of superficial and deep parts, 182
horders of, caudal, cephalic, femoral, pelvie, 180
danger of sphtting grain, 180
detachment of corners, 180, 182, 186
forming id, prised up or turned back, 180 182,
187
part of ¢ pelvic deltond,’ 182
role of, as currently described, criticised 193n
as protrusor of pelvis, 1950, 197
deep part of, 196
n certain activities, 192
sertions to femur, 1942
m gnappmg hip, 192, 192n
Lconardo’s note on, 193
gluteus medius drum head over part of, 186
herma of, 101, 192x
mistaken for pyriformis, 188
part of double honnet 209
gluteus medius and mimmus, double honnet over
hip jomnt, 209, 211
double bonnet repair of, 212
graciis mobihised from behind, 223
hamstrings, contraction casily mistaken for that
of gluteus maximus 192
exception to flexor 10le at knee, 105
pophiteal nerves as satelhites, 221, 223n
tibial (medial popliteal) ner e used 1n separating
253
hypothenar, flung to 5th metacarpal, 117
interosseous of foot members of 4th layer, 302
mterosseous of hand, relation to hypothenar
fasca, 117
relation to palmar spaco and ulnar bursa, 116
mtertransy erse, related to vertebral artery, 61
levatol scapule and vertebral artery, 61
longus capitis and coll, stripping angles 64
oblique nferior reflected to expose pool of fat
85
obturator internus under gluteal hd, 188
omohyoird a hathy metric musele, 49
fixation to sternomastord, 56
relation to aponéirose déshalntee and * mesenterie
fasem,’ 48, 36
opponens digitt quinti, bounding palmar loop
hole, 117
deepest hypothenar muscle, 116
divided to reach nd palmar space and ulnar
bursa, 120
dinided to reach more of decp ulnar branch 122
palmars longus, member of supcrfiel group, 4
palmans longus tendon  affecting dovolution of
activty 195
futilc puade to median nerve 109
pectorahis major divison of davieular organ, 47
dnaston of tendon to opon aalla, 18
formimg hid of axilla  Ser Jegend to g 31,
Part 2 p 40
peetoralis mmor  and coracobrachmbis used m
finding arcumfles nerve 40
dinvided to find cords of plexus, 44
sheath hnhad with cemvical faseia, 48, 480
pcronvus hrevis, method of stripping, 206 206»
mistahen for fle xor hallues, 269, 270
relation to hibular <haft, 202 203

INDEX

+ Murcle(s), namd (contd )
ptroncus longus  forming *huv’ groove with
soleus 202
relation to neives, 202
peroneus longus iendon membar of 4th plantar
lIayer, 302
peroneus tertws, momber of anteror compart-
ment, 251
protecting structurcs retracted m Camphell
exposure, 281
pophliteus, mohilised hohind tibia, 261
relation to extrinsic hand 4 261
relation to gemcular vessels and own neme
261
pophiteus, relation to main bundle, 248, 261
pronator quadratus, member of deep group, 98
pronator teres, as member of superficial group 04
bridging median nerve 96, 100, 107
covermg ‘ difficult” parts of ubmr veswels
90, 91, 96
medial hmb of anteculntal V90
radial vessels as satellites, 99 992
relaxed by pronation, 91
separated with thumbs to find median, 106
pyriformis as hey musel, 188
mn locating pudendal hundle 190
markmg level of great trochanter, 188
simulated by gluteus medius, 188
quadratus femors, nerie to 100
under gluteal hid, 18%
quadratus plante =acccssors, member of 2nd
plantar layer, 302
quadriceps, half-slecve, seam and V198
role 1 certamn movements, 105, 105n
quadriceps {enden, delaminated for extra room,
201
risk of delamination, 201
spht to expose hnee joint 207
rectus femoris, extra retraction of, 201
fixed to suprapatclhu bura 2042
mobiliscd from medial sde for deep femoral
vessels, 229
mohility test for 198
relaxation of, 108
used with sartores for rotractng nerve clonk,
229
sartormus, mnemonic for femoropapliteal trunks
216n
mobthiscd m pophteal exposure, 215
mobilsed with graecilis from behind, 223 .
rclations with saphenous nerve and vemn, 210
thumb used to separate 200
scalenuv antertor divided m subelvian cxposust
53
rdlntion to phreme nerve and fasom 44
relation to stcrnomasiond cdge 44 ,
semmembranasus gvang band to pophtous, 20
comitendimosus,  tondon mostahen for s min
nerve 235, 25w .
uee 1 strmghtonng hnec, 193
soleus as calf musele, 244, 245 X
Tormng bridge over bundle 244, 260
f()rn”ng ¢ l\('\ UTOOMVL 2n2, a9}
norve avedod 200 261

* )”q
tethering tendo Aellhs 268, 2 -
splenius (Cryis and Lranss erag progess of Th 1,

128
top tendon of, bl
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Muscle(x), named (contd )
sternomastord,
and Grither's dnverbiculum, dl
eversion of 5%
heads deep and <uperfielal, 88 and legond
to Ing 33
mneration, 8ln
clavicular head,
relations at ‘<eat of clection ” 44
r<ks from felting wath juguiar vein 40
‘safe’ lateral fingerbreadth 51
sternal head  dasplaced, 80
<upmator as deep anterior muscle, 98
a~ deep postenor musele  See logend to Py
covered by fan and fat 101 104
exposed by retracting mobile wad 100 101
forming sandwich, 101 102, 115
relation 1o bursa and tuberosity 101 102, 104
tibmlis antertor as momber of anterior compart
ment 231 274
certam gude to bundle 278
mtcrlock with extensor belly 274 275
relations at shin, 248 250
timahis anterior tendon, found by shin reflection

-
i

i

278
rddations at malleolus  See lepend Lo g 164
p 200
tibihis postenror, as member of  deep group
250

chechmg displacement of tibual arch 275 276
floor of groove for bundle, 250, 251
not related to <hin 248, 250
tibihs posterior tendon, as member of 4th plantar
layer, 302
relations at mallcolux
p 250
supporting head of talus 308
iricepr, Albimus’ view of 16x
nomenclature o ¢log on surgerv, 15, 16
triceps, deep head, nuscalled * medial * 16, Yon
sphit botween nerves, 22
trniceps, long head, ginde in cvposing humaorus, 18
wobihity test for, 18
tendinous lanuna on, 20, 20x
trceps, superfical heads (Jong and Intcral), half
sleeve, seam, and V, formed by, 15, lcgend
to Fig 4
plane of separation marked by lamna, 20
vastus intermedhug =crureus, coating shaft of
femur, 198
extra length exposed by delammation, 201
ladder of vessels m, 223
sphit to expose shaft of femur 207
vastus laterals, as part of half sleeve, 198
hounding V wath rectug femons, 108
ladder of vessels, 223
under gluteal hd 188
vasenlanity, contramdicating section, 197
vastus mediahs davided at linen aspera i extend
mg medial route, 218
having no attachment to medial mde of femur,
297, 237n
nmre‘;}\? bands, forming part of medinl septum,
in
gving extra origin, 2370
atollite to part of deep femorals, 237
My th(g), Descartes’ view of, 247n
of mid-palmar space, 116

See legond to g 154,
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Mvih(s), (contd )
of pehae deltond 182
of pophteal space, 116n .
nseful  See under Broad airow, Buchot handlc,
Cage, Half sleeve and seam, Journals on a
rod Knot Leash Iad, Loop hele, Sandwich,
Space, Tongue

N

Needle, cup and-ball, 113
curved, for restoring clavieulnr chap 34, 42
round, for marhing shin, 10

Nerve(s)
ns objectne  See under Faposure
avoided m openmng fasen, 14, 251, 253
cutancous, irigger--pots on, 7, 8, 207, 200 29%6»
cutaneous, of knee U <haped mersions, 7
long mnesions for, 11
of anilln exposed with humerus, 38
of braclhinl plesus, axillo cervical exposure, 44 47
regencration after erushing or cuttmg 89 90

Nerve(s). named,
cncumfles, axatiuy part exposcd, 47

aallary part found 40
refrohumeral puil exposed 4]
termmology 1
femoral,
doaking femoral artery, 229
deseription m France, 231n
withdrawn by mobibsing sartorig and 1ectus
femors, 229
gluteal inferior superficial to vessels, 190
eluteal, superipr not seen 188
nterosseoun, postertor =deep branch of radal
avouded i exaising head of radws, 115
buffered by supmator, 101, 104
exposure of, 113
finger test for, 113 115
found thiough a ‘ McBuaney ’ 115
sandwiched m supmator, 101, 104, 115
medial cutancoun of forcarm, avadance of, 100
Nee Lagend {o Fig 25
median, exposcd fiom back with brachial bundle
2%
exposed just ahove wrist, 109
cxposed with radius and ulnar bundle, 106, 107
eaposed with ulnar nerve through anteromedial
asion (McConnell), 107
futility of palmars tendon as gmide to, 109
method of finding m axalla (Favahenf), 18
median, relation to ais of hand 110
relation to «ubhmus tondons, 97, 98, 110
satelhite to flexor sublumis, 3, 97 107, 110
medan, palmar cutancous hanch, nsmg fiom
fiont of median, 111
musculocutancous, cutaneous trunk, at junction
of biceps belly and tendon, 27
mugculocutancous, mam trunk, relation to groove
and tunnel, 38, 38«
musculocutancous, of leg
supelficial hranch
musculocutaneous, onter branch, avoidance of,
at elhow, 27, 34
musculospiral =radial,
triceps, 20

See Nerve, peronenl

behind deep head of
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Nerve(s), named (conid )
musculospiral =radial, (conid )
extra exposure (proximal and distal) from
behind, legend to Fag 9
facultative exposnre with front of humerus 27
37
location near deltowd eminence 27, 37
method of finding end with thumbs, 93
method of finding proxmmal part m arm from
m front, 42, 44
nomenclature, 1, 23», 100, 100x
raised as bucket handle 20, 22
rclation to latissimus teres tendon 23, 42
tethered by vascular leash, 42
musculospiral, branches to triceps, avoided, 20
22
musculospiral, deep terminal branch
mterosseous, posterior
musculospital,  superficial  termnal
divorced from radial vessels 100
nomenclature, 1, 100, 100n
aatellite of mobile wad, 100
supply ing extensor carpr radiahs brevis, 100n
peroneal, common, alases of, 221, 244 244n
biceps tendon as gude to, 204
looped aside, 272, 294
on fibular neck, 292
peroneal, common deep branch=anterior tibal,
conflicting views on, 279, 280
peroneal, common, recurrent branch, avorded 292
peroneal, common, superficial branch =musculo
cutaneous, avoided, 294
neuralgia after mjury, 200, 296
relation to fibula, 202
phrenie, and scalenus anterior, 49, 5%
plantar, course, 304, 305
satellite to lst plantar layer, 308
plantar, medial, branches to abductor hallucis
avouded, 304
popliteal  See Nerve, peroneal, common, and
Nerve, timal
medial, endangered by openng fasein, 14
satellite to hamstrings, 221, 241n
posterior cutancous of thigh =small saatie, spared
with perineal branch m hitng gluteal hd,
183, 185
stuck to maximus 185
subfascial course, 183
rndial  See Nerve, murculospiral
<iphtnous anmstheticed 258
amvorded, 215 264
how to find in thigh amputation, 258
relation to popliteal e xposure 2156
velation to ven, 2064
saphenouns, ifrapatellar branch avouded 207
necessory, 225, 231 231
st crossed by bicops 190n
s \posed through * question mmik,” 183
exposed nnder glutenl hd 190
myected, 250
tund needed for ana<thesin 238
supraclavienlur, nouroma after broken claviele 7 8
sural, danger of cutting twice 269
subfascin} gude to midhing, 243 231
bl ahaas of, 1, 1o 221, 247 2440
relation to catapult * 260
tibial, hranch to pophteus avoded, 261
tthial heandds to <oleus, avanded 260, 261

See Nerve,

branch,

1

f
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Nerse(s), named (contd )
ulnar, and ulnar collateral, 22
dangerous curve, 22, 22n
labile relationclup 22
related to latissimus teres tendon 21
related to ulnar vesscls 99
satellite of Hevor profundus, 3, 99 107
used to expose its own deep hranch 120
ulnar deep tarmmal branch oxposed fror
edge meatead of palm, 120
extra view by cutting opponens, 120, 12
pmotection of, 120, 122
relation to loop hole and t, 118
relation to pisiform, 118, 120
ulnar, dorsal cutaneous branch, avoided |
vertebral, of Crunvetllner, 75
Neurovascular bundle(s)  See also under
vessels, and Nerves
and long incisions 11
of arm, exposed from hehmd 23, 25
of leg, and bridge of solous, 244, 245, 260
plantar, satellites of Ist plantar layer, 308
‘ pophteal,” donunating spaco 213 241 24
Nomenclature, babel due to nhases 1 1w, 2
100n, 221, 243, 244n
childish change 1n, 247x
mpedmng surgery, 2, 15, 124
versuy findings of artict and surgeon 15 |
246 2470

P

Pascar, cited on truth 280
ParTrrson-Ross, Sm Taves, and deep |
vossels, 227
Paturrr, G, cited on aceessory gaphonous
231, 231n
Pavrner, V', ated on ruchal vessels as sate
pronator teres H0n
Prarson Mauvricr, cited on reimctors for o
approach to femur, 205
Pelvic deltod, myth of 182
repair, 191, 1925
Pimoaort, ated on plaster for septic fracture
Pit, marking cxtensor from mobile wad, 113
marking site of ulnar loop hole, 118
Pitfall  See under Danger
Plastor of Pans, as tamptation to carclessties
for septic fractures, 12
risk from, 244, 308
uke nt Kasr el Aim, Caro 12, 14
Pleurn, dome mobthsed, 126 132 149, 148
Porr P . ated on medal septum of thigh
nerves at uppcr cnd of fibuln 202
Posttion of nurse patient and surgeon
amputation, amended, 235 250 y
Posttion of patient  See also wnder relerant B
for uung hmb to lover aat cIavacde, 435
for relaxing quadriecps, 198
Posttion of patient changed for ncoees ta nxj
tlugh 275, 266 -
to front and back of Jog nt sam tinu 273
of thigh 234, 257
l'«wmfm n[f patient <hanged to relan anternl
Ul -
brachmliand ¢ xpose hamerus, 17
¢ alf muscles andfor hamstrmgs 253, 20
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Position of patient changed to relax, (contd )
nuseles and expos radius, 104
muecnlospiral for extra access, 23

Pomtion of ~urgeon, for cutting davieular chp, 32

41
for detaciuny lateral septum of thigh, 205
for locating crrcumilex nerve 40
for medinl pophteal appronch 214n

Procamne for major amputation, 250
rish of cutting nerves ahovo levdd of 206
time regured for action, 258
we for tnigero-spots, 7 8 20w

Q

Quary’s Elements of Anatomy ated on deep head of
triceps 16x

R

Retinaculum  shng hhe (frondiform)  use i tarsal
exposure 281
Rab, 2nd finding from made chest 151
from outsile 128
Rmarway Sm W ated on rapd phylogenetic
chango n shull shape 196, 190»
Ry awn, Sk Crarnes, ated on Iuchv-hags, 2450

S

SAbprh, Ebpw arp cted on compound fracture 14
Satentry, (C R, ated on nerve to extensor carp
radiahs brevis, 100n
Sandwach, formed by cervical fasaa, $9a
formed by prevertebral muscles, 69
formed by supinator and norve, 101, 104, 115
Satellite relation, defined, 3
mmplying reciprocal divoree, 3, 100, 221, 241
of median nerve to subloms, 3 97, 107 110
of phrenic nerve to scalenus, 49
of plantal hundles to st Jayer, 308
of pophtcal neres to hamstrings, 221 241u
of po;éinor leg bundle to deep muscles 250 251,
of radial vessels to pronator teres, 99, 99
of superficial terminat branch of musculospiral to
mobile wad, 100
of ulnar nerve to flexor profundus, 3, 99, 107
of vagus and carotid, 130
of vastus medialis to deep femorals, 232
dasory, Bozeman s for cutting spinal roots, 157
Mayo, defimng opponens loop-holc, 120
m definng pophteal loop hole, 220
1w opining deep faxoa 14
m separnting layers of neck, 49
It separating sartorius, 215
' pomted, nisk to synovia of knee, 215, 220
b‘eam See Half-sleeve
Separating related structures Nee also under

Surgieal objectives, ¢ ¢ , Blood vessel, Nerve, otc
principles, §
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Septum, lateral, of arm, divided for extra exposure
of musculospiral (radial) norve, 23
of thigh, arches m, 205, 223
detachment of, 206 |
guide and hufer . dranng, 2006, 207
sphit to cxtend pophteal route, 223
useful punetion with tract, 218
vanation n plane, 207
medial, of arm nature of, 205
of thigh, 237n
SnackMAN, R, erted on protection of deup ternunnd
hranth of ulnar nerve, 120
Spaw, G D H . ated on nerve regencration after
crushmg, 89 90
Surrnitd cited on 1st stage of left subcluvian, 1264
Shouldcr strap mesion  See under Incision
Sinus, transy erve, used i embolectomy, 136, 137, 138,
144
Skhin appheation of side-curtans, 10
as enemy, 8, 10n
clcansing undamaged area, 13
marked for final closme, 10
Skin muasion  Sce under Incision
Sk palmar and plantar, dwadyvantage of mewmyg,
118, 120, 300
Starmrry RV, ated on method of applying side
curtansg, 10
Swirn-Prrrrsry, M N, cited on exposure of lup,
210
Snapping hip, cases of, 192, 102x
Space and my th of,
Burng', 51
midpalmar, 110n
pophiteal, 116n
Retrus, 161, 162, 165 168
Stance, See Position of surgeon
SToNEY, R ATRIASON, Gited on
compound fracture, 13
preparation of dilute bipp, 269
Stoorky, B, cated on exposure of subgluteal
structures, 180, 180x
Stoorry, B, and § GuiLp, ated on ¢\posure of
posterior interosseous nerve, 113, 116x
Stripping angle(s), deseribed, 5
exploited by rooks, 5
c\ploited for femur, 204
exploited for fibula, 204
explotted for longus colhi and capitis, 69

T

Talectomy, by anterior 10ute, 282
Talus, groove for fiexor hallucis longus, 283
moorings of (table) 286, 287
TAXDLER, Jurnius, ated on median neive and
palmans tendon, 109
Tendo Aclullis, deeiding masion for tibin, 268
marking site for cleavage, 264
movement away from tabia cheched, 268, 249
nomenclature, 131n, 247n
Tendons  See under relevant Muscle, named
flat hocomung cord hke when tense, 80, 80n, 218
Termmology See Nomenclature
Tether See Leash
Thumb, ‘ bisected,’
locating anterior superior iliac notch, 200
locating plane to anterior tibial 1 essels. 274
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Thumbs, back to back
duvv orang close pached structures, 6
uiposing medhan, 106
Lxpoxmg musculospiral, 93

Tongue(s) from flexor subhnus, 111
mtrusine, 112, 113

Tract  Ser JThotihinl

Triangle, Farabeuf's, 7

Trigger spots on cutancous naves 7, 5, 207 290

200n

TrorLarp cted on costo-central joints, 70

Tubirdde, pubie and umbiheal arters, 169
Stieda « 283
trigonal, 281, 284

Tunnel cormcobrachial, 38 38»

U

U ahiped clup st from actonnon and cdavide 41
1estored by one suture 42
maswon, for hknoc jomt crticwed 7

v
V(»), formed by brachialis and deltoid 27
brachioradialis and pronator teres, 90, 41
heads of gastrocnemiur 242
1cctus femors and vastus latcralis, 198
superficial heads of trieeps 16 182 20
Vam(s) as curxe of surgery, 180, 247, 308
dnided in sphtting brachiahis 37
dividod an sphitting vastus itormedius, 203
1 foot, dangcrony if (ncared 308
V un{s), named
cephalic, avorded 27, 31, 32
located by mobility test, 27, 3
cervieal, deep, 7ln
femoral, tied from behind before thigh amputa
tion 250
elutcal, menaced by turmng hd, 187

et

Drvated o teprat Britain at ‘Tur Danues Prrss Law,

INDEX

\ em(s), named (contd )
Jugular, external, relation 1o * sent of election, 11
relation to sternomastoid, 44
mtumal, felted to sternomastond, 449
method of exposmg at clavicle 51 i3
safeguarded by Gritber s diverticulum 51
perforating, profunda femoris menaced i Cxpos.
myg nner face of femur from hohind 2230
saphenous, long avouded 215 264
rclation to nermve m leg 264
short gmdc to mudhne, 242 241 251 260
vary g relation to fason 243
subclavian m danger at clavielg, 44
vertebral, arr emtbolus v 72
Vigceral compartmont of neck

mollisation  of,
Iegend to kg 45

w

Webs, favaal, m front of hip jomt, 200
Wirp LA and J 1, Groves ated on madence
of injury to gloves 10
Woops A H and (" A Eusprre Sce Elsburg, 1200
* Working depth * for pulmonary trunh 141, 112
for left subclavian, 129 130
Wriant-Ssutn R 1 ated on
artery 1264

Icft subdlavinm

Y

Y usky  IFATD, uted on
method of apphmg sidc curtums, 10
treatment of compound fracture 1

z
Zenking, Momantn ki, ated  on compound
fracture 14
Fdevhnegh






