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1OREWORD

Likr other surgical speaialies Plasue Surgen oniginated through
the efforts of 3 small group of enthusnste who W utihang a
particular refincment of technique <oan rmsed the standards of
surmeal craftsman<hup within a narrow field to a Ingh pitch of
efficiency

Then came the war and the techmiques primanly evolved
for hiding facial blemiches and correcting visible deformities
were apphied with immense success 1o the treatment of woundsin
general  Since then as a natural sequel plastic surgeons have
widened sull further their range of tnterests notably 1in casualty
work 1n hand injuries and in burns  In domg so they have
tmplicitly ceased to regard themselves as a class apart exclusie
authonties 1n a chosen field but rather as expert advisers and
helpful collaborators 1n a wide range of surgery

Mr McGregor 18 emphancally of this latter class traned 1n
the Glasgow School of Plastic Surgery broadened 1n expenience
by the responsibility of a busy casualty department and wath a
particular interest in the surgery of the hand  His book reflects
these interests and this experience being deaigned not for specialists
but for all those who are concerned with the healing of wounds
Its approach 1s essentially practical dealing as 1t does with the
choice of incisions with stitcheraft avoidance of ugly scars,
methods of skin grafting and similar matters and with thewr
application to casualty surgery orthopacdics and general surgery
Tr wall ssvaredls recmne 2 warm, veloame

Glasgow 1900 C F W ILLINGWORTH



PREFACE

PrasT1c surgical methods are being used increasingly often by surgeons
who have recewved no formal tramning m plastic surgery and who are
looking for guirdance on the basic techniques Advanced textbooks
of plastic surgery are apt to pass over those elementary but nonetheless
fundamental methods while the sections on plastic surgery in textbooks
of surgery describe 1ts scope and results without giving enough detail
of actual technique to be of practical use  This book I hope may help
to fill the gap

The first part describes the basic techniques of plastic surgery n
detail and the second considers their application to the situations which
surgeons 1n other specialties are likely to encounter A difficulty
the second part has been that of deciding what material to include and
what to leave out The deciding factor generally has been to include
such topics and techniques as i1t was felt a surgeon mn the particular
field might reasonably wish to deal with himself without necessarily
referring the patient to a plastic surgeon

The book makes no attempt to describe all possible methods of
reparr and reconstruction  To include a multiplicity of methods 1n a
book of this nature would merely confuse and I have preferred instead
to describe those methods which T have found work best 1n practice

In discussing the basic techniques I have tried to stress the difficulties
of cach and to dceseribe the complications, how they can be avoidcd and
how to copc with them when they do occur T have endcavourcd too,
to bring out the principles of the various methods 1n the hope that an
undcrstanding of these principles may weld the technical details nto a
cohcrent, rational pattern and prevent them from beng a mere jumblc
of cmpirical instructions

A difficult dearsion has been whether or not to usc the cponyms
which plastic surgery abounds  Lponyms arc an csscntial parg of
cvervday surgical shorthand and they recall men who have stood
agnposts along the vav of an wdvanang speaalty  But often they 1,
precise mening and they are hnible to cause confusion, firstly becans
thes <ome times have ditferent memmgs in different countrics, steondly

beeanse the e frequenty used loosddy <o thit m somc nsting, |,
nune hie aven come to be applied to a procedure different from 4,

V!



PREFACT

described by ats awner  The ‘T hiersch graft 1s an example of ths latter
category being nowadays applied to a graft of quite different thickness
from that onginallv described by Thiersch  For these reasons I have
regretfully avoided eponyms altogether

References have purposely not been mtroduced ito the text.
Instead I have listed a few papers and monographs at the end of each
chapter under surtable subject headings to provide a starting point for
anvone wishing to pursuc a particular subject further

I must acknowledge my debt to many who have helped me in pre
paring this book  To Professor C F W Illingworth who encouraged
me at the outset 1n its wniting and Mr ] S Tough who was responmble
for my training 1n Plastic Surgery and gave me frec access to the photo-
graphic records of the Unit I am deeply grateful T am greatly i the
debt of Mr Douglas R K Reid for his constructive criticesm of the
text and for the pains he has taken to make 1t as lucid as possible without
sacrificing brevity 1n the process  To Professor Roland Bamnes and
Dr J C J Ives who read and criicised parts of the text I express my
thaoks

The illustrations are all important 1n a book largely concerned with
surgical techniques Mr Robin Callander made all the drawings and
I find 1t difficult to convey fully the care and trouble he has taken to
portray visually what I wished to cxpress  Any usefulness which the
book may have 18 due 10 no small way to his dlustrations The
photographs are the work of Mr T Meikle and Mr R. Macgregor of
the Plastic Surgery Units at Ballochmyle Hosprtal and Glasgow Royal
Infirmary  Mr R McLean Department of Medical Illustration
Western Infirmary Mr P Relly Photographic Department and
Mr E Towler Department of Surgery Glasgow Royal Infirmary
For the care and trouble which each has taken I am most grateful
I am also indebted to Messrs Chas F Thackray for permsion to use
lustrations of their instruments

The typing and retyping of the manuscript was carrted out with
patience and good humour by Mra. A M Drummond

1 should like lastly to record my thanks to Mr Charles Macmllan
and Mr James Parker of Messts E. and S Livingstone for the advice
and help which they have given me throughout

IaNn A. M
Glasgow 1960 cGregon.



PREFACE

PrasTiIc surgical methods are being used increasingly often by surgeons
who have received no formal training in plastic surgery and who are
looking for guidance on the basic techniques Advanced textbooks
of plastic surgery are apt to pass over those elementary but nonetheless
fundamental methods while the sections on plastic surgery 1n textbooks
of surgery describe 1ts scope and results without giving enough detail
of actual technique to be of practical use  This book I hope may help
to fill the gap
The first part describes the basic techniques of plastic surgery in
detail and the second considers their application to the situations which
surgeons 1n other specialties are likely to encounter A difficulty in
the second part has been that of deciding what material to include and
what to leave out The deciding factor generally has been to include
such topics and techniques as 1t was felt a surgeon i the particular
field might reasonably wish to deal with himself without necessarily
referring the patient to a plastic surgeon
The book makes no attempt to describe all possible methods of
repair and reconstruction  To include a multiplicity of methods 1n a
book of this nature would merely confuse and I have preferred instead
to describe those methods which I have found work best 1n practice
In discussing the basic techniques I have tried to stress the difficulties
of each and to describe the complications, how they can be avoided and
how to cope with them when they do occur I have endeavoured too,
to bring out thc prinaples of the various methods n the hope that an
understanding of thcse principles may weld the technical details into a
coherent, rational pattern and prevent them from being a merc jumble
of empirical mnstructions
A difficult decision has been whether or not to usc the cponyms 1n
which plastic surgery abounds  Eponyms arc an cssential part of
cvervday surgiaal shorthand and they recall men who have stood as
signposts along the way of an advinang specialty But often they Jack
precise meaning and thev are hable to cwse confuston, firstly because
they cometimes have ditferent memnings in different countrics, sceondly
becuse they are frequenthy used Tooscds so that 1 some mstmces
nime has avven come o be apphicd to v proccdure different from ¢
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CHAPIIR ONI

Wound Care

GI\ I'\ accurate shin approximation and freedom from

infection eprdermal healing occurs extremddy mprdly but
the healing processes which go on 1n the dermis are much

more prolonged and as far as the ultimate appearance of the
resulting scar 18 concerned far morce important  1he trunsition
from fibnn clot to the quiescent relatney avascular scar takes
place relatinely slonly over a penod of months

Initzally the scar 1s often red and the immediate surroundings
are frequently indurated almost wooden 1n consistency  Gradually
the induration and redness dimrnush and disappear leaving a soft
scar paler than the surrounding shin The degrec of redness and
induration 18 extremely vanable as 1s the time tahen for the reaction
to submde 3 months to almost a year are the cxtremes  [he
appearance of a scar can be expected to improve up to & year and
at least the greater part of the reaction should be allowed to subside
before secondary revision 18 considered

This gradually dimimshing induration constitutes normal
progress to quiescence  Such a sequence 18 by no means mvarable
and instead the fibrous tissuc of the derrmis may become grossly
hypertrophic mving nise clinically to a rased red lypertrophuc
scar or when the reaction 18 more flond to a keloid scar but these
conditions are sufficiently important to ment separate consideration

During the healing phase the tensile strength of the wound
gradually increases  The sutures take what httle strain there 1s
until they are removed and if a scar 18 going to stretch thereafter
it does so gradually over the next few weeks Support of the
wound for as long as 13 feasmble appears to have hitte effect
Naturally a scar 18 most likely to stretch badly when skin has been
lost and there 1# obvious wound tension but often stretching
occurs when there 18 no apparent tension other than that derving
from the normal elasticity of the shin

3



4 TUNDANMINITATL THCHNIQUIS OF PLASIIC SURGIRY

Navertheless m many parts of the body the direction of the
scar appears to mfluence the amount of stratching which takes
place and the dircctions which result in mimimmal stretching can be
svstematiscd 1nto lines of clection for scars. Langer’s lincs,
which map the dircction of fibrous tissuc bundles in the derms,
have been deseribed as imdicating such lines of clection, but

Fic 1,1

The lines of election for scars 1n the face and neck shown by the pattern of
wrinkling and their relation to the direction of the underlying muscles

critical examination of the diagrams of Langer’s lines shows that
more often than not they bear no relation to the actual line of
election and 1t would appear that any coincidence of the two sets
of lines 1s entirely forturitous  Unfortunately most surgeons use
the term Langer’s line when in actual fact they mean the line of
election and the term as a result dies extremely hard

In the face and nech the lines of election are at right angles to
the direction of the resultant pull of the muscles of facial expression
and with the loss of elasticity that goes with ageing they become
set into a pattern of wrinkles (Iig 1, 1) In the vicinity of the
flesures the lines of clection are parallel to the skin creases which
are clearly present in the region of the flevure

In the shin surfaces bctween the flesures the evidence for a
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specific line of ection 18 less clear-cut and 1n any case the plucing
of an incision there 18 determuned more often by considerations
other than the eventual cosmetic result of the sear

In gencral then a scar should be placed m a line of dlection
where at all possible

At the outsct 1t must be said that there ss great and uncon
trollable indiidual vanation in healing charactenistics and this
sets a limit to what can be achicved by pure surgical techmique
It 15 imposstble to get a perfect scar alwavs but to produce the best
result 10 2 gen set of circumstances a meticulous technique 1s
essential and 1t must be emphasised that failure 10 a single aspect
1s enough to g e a poor result however careful all others may be

The factors concerned 1n wound care are

1 Placing the Scar 3 Stitcheraft
2 Preparing the Wound 4 Post operatine Care

PLACING THI SCAR

When the onus of placing the scar hes with the surgeon the
principles to be followed 1n sclecting sitc and direction are

Use of natural lines

The scar should be placed 1n the line of a wrinkle or at least
parallel to 1t (Fig 1, 1) 80 that 1n course of time 1t will settle 1n to
look like another wrinkle  Faling this the line of electton for the
particular arca should be chosen

Where there 18 a natural junction to distract the eye from a
scar this may be used In approaching the parotid tor example
the beat scar hine results from an mcraion along the junction of
ear and massetenic region

Placing the scar where 1t will not be seen

The obvious examples are inside the hair line or 1n the eyebrow
and these are the only smites where an incision which 13 not perpen
dicular to the slan surface 1 permussible Instead the incision
should be made paralld to the har follicles to avord the hairleas
scar which sectioming hair follicles would cause The eyebrow
1pcision 18 especially usetul in approaching a dermotd cyst of the
lateral canthal region and the 1nvisible scar more than compensates
for the added tcchnical difficulty of such an indirect approach
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Use of the Z-plasty

The use of the Z-plasty 1n corrccting contractures 1s discussed
in Chapter Two Tt has however avery definite place as anadjunct
to other methods designed to mimimise scars — "T'he Z-plasty 1s not
recommended for use in the primary treatment of wounds resulting
from trauma unless the wound approsimates 1n character to a
surgical mnciston and the circumstances are otherwise ideal Tt

BEEE
Fy
Straight Suturing Use of Z-Plasty

Fic 1, 2

The tension directly across a wound converted by Z-plasties mnto a
shearig strain taken by the transverse Iimb of each Z

should rather be reserved for use in any subsequent revision of
the scar The Z-plasty 1s carried out by transposing the flaps
resulting from two side cuts made at 60° angles on each side of the
line of excision (Fig 1, 9)and 1t hasthe following attributes and uses

Redistribution of tension  Frequently following an operative
procedure a wound has to be sutured under some tension and 1t
1s 1n such circumstances that severe stretching of the resulting
scar 1s prone to occur  Various procedures have been described
as helping to avoid such an occurrence and of these the Z-plasty
1s probably the most valuable where 1t can be used (Fig 1, 2)
Its cffect 1s to break up a long scar with tension directly across the
wound 1nto multiple short scars in which tension has been
redistributed 1n such a fashion that the greater part 1s taken as a
shcaring strain by each transverse limb of the Z-plasties It

—



WOUND CARL 7

would appear that shearing strains cause much less stretching of
the scar than does strajght tension

Egqualisation of twound length 1t happens not infrequently that
the two sides of a wound to be sutured are unequal 1n length as in
exasonofa comma shaped scar  While the taking of unequal
bitea of either sde can partially
equate the lengths there 13 a definite
himittothis  The Z-plasty can then
be used to reduce the discrepancy 1n
length (Fig 1, 3)

Breakng the scar lme  In most
situations a scar tends to be notice

able 1f 1t 18 long and strught

However narrow 1t may be the eye
takes 1t for the scar that 1tas  With
Z-plasty insets on the other hand the
appearance (Fig 1, 4) 18 of short
scars interspersed with unobtrusive
cross limbs giving at best a senes of
unconnected short scars with virtu

ally invisible cross-limbs or at worst
azig zag scar which in practice 18 far
less conspicuous than the original

4

strasght scar Fio 1 3
This bresking of the line 132 ing the lengths of the two
most 1mportant factor in scar cam  * of a wound previously

ouflage and the more accurately by the e of Z-plaaties
the cross-limb 18 placed 1n a good lme of election or actual wrinkle
the less conapicuous will it be and the better the end result  Where
a scar crosses the nasolabial fold the cross-limb of the Z should
alwayslieinthelineof thefold likewise Z-plasties to fit the forehead
wrinkles are often worth while to break a vertical forehead scar
(Fig 4, 30)

When 1t 18 10 a line of elechon and particularly 1n a wrinkle a
long straight scar as in thyrordectomy may of course be entirely
acceptable but 1n the face where the problem has ita real relevance
there must be few long strught scars which fail to cross a line of

clection at some point and which would not be mmproved by
incorporating o Z-plasty
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Breahing the line of long straight scars by incorporating Z-plasties
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Crasstng a hollece Where an mcision crosses a hollow as in the
submandibular region straight sutunng nvarably produces a
ndged or bridle scar bndging the hollow and the onlv way to

74

Fic 1 5
‘The use of Z-plasties 1n revnng a brudle scar crosing a conaavity
induce such a scar to sit 1nto the concavity 18 to place a Z (Fig 1, 5)
at the deepest part of the hollow (see also Fig 5, 15)

The curcing scar This may present a difficult problem and 18
seen n ats worst form when a trapdoor of shin has heen Iifted

Fic 1 6

The recurrence of trap-door scarring following simple eacson
and suture

and merely resutured n place  Contraction of the resultng
scar cauaces elevation of the tissuc within ita concavity  Seen later
1t may be assumed not unreasonably to be the result of bad
suturing but evcision of the scar trimming of the flap quite flat
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I'c 1,4

Breahing the hine of long straight scars by incorporating Z-plasties
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and resuture with the greatest of care only results mn recurrence
of the onginal state of affairs within a matter of wecks (Fig 1, 6)
The solution of the problem lies i the judicious use of the
Z-plasty to break the cunve of the scar (Ig 1, 7)

Where there 18 2 tendency to overniding of the tissues of one
side of o scar 1t can usually be
corrected by incorporating a !
Z-plasty whenthescarisbemng Tt o
excised (Fig 1, 8)

Siting the Z-plasty To ntendad @ limb
placea Z~plasty 1n the best hine N
requires sound judgment and =~ ———=EEGSTT—
depends to some extent on the ‘

purpose which 1t 18 to sene Tﬁ‘wmmwm am\d
In general the resultung trans

verse imb across the line of the

scar should he m & line of

election or 1n the line of a

wrinkle whete one exists %’lﬁ:;;nmi’:

When the purpose 13 to sit a p

scar 1nto & hollow the trans
verse hmb should be placed to
lie at the deepest part of the Transposition of
hollow Z plasty flaps
Having dectded the best
hne for the Z the problem
of placing the approprate
incsions still rcm:msp ¥ gpmlm (l’xfnfbe:g mdw.dlmn}ﬁn
If rustakes are to be Figryg
avoided the planning of aucha
Z-plasty must be regarded as a
formal procedure (Fig 1, 9) to be marked out on the skin before
any incision 33 made When the best tranaverse hine has been
sclected 1t ehould be marked on the skin with Boaney s Blue (Pig
Tinctorium BP C)  If in planning the actual Z-plasty cisions
cach 18 made to end on this line tranaposition of the flaps will
automatically leave the transverse mb lymng along the lne as
planned.

With the desired transverse line matked on the shin an

The method of sting a Z-plasty
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Correction of trap-door scarring following excision and 1incorporation of
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The incorporation of Z-plasties during revision of the scar at the margin of 2
flap, coupled with thinning of the flap, has the effect of giving a smooth
junction between the flap and its surroundings



WOUND CARE 13

the cosmetic result 1s of paramount importance the problem of
escistonal policy 18 more difficult than clsewhere and there are
two approaches to the problem

If damage 13 minimal the wound may be excised so comverting
1t to an atraumatic type 1n an attempt to get a final result primanly

Fio 1 10

The conservatve treatment of severs soft twaue mjunes of face involwn
eyelids pose and mouth where there is no skin loss showing the resulta o;
accurmte tmaue replacernent with careful matching

This approach 18 satiafactory only under optimal conditions
However 1t the result 13 not acceptable the situation can always be
retrieved by secondary ecar excision provided too much skin has
not been excised 1n the first 1nstance

In more extensive wounds (Fig 1, 10) the approach 18 mor~
conservative  Only dirt and obviously non viable tissues ¢
removed In these crcumstances one accepts the néed
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cquilateral triangle should be drawn on cach side of the scar into
which the Z-plasty 1s being placed so that an apex of cach triangle
1s on the transverse line already marlked  Of the two possible pairs
of Z-plasty flaps outlined 1n this way the appropriate one can be
chosen m the knowledge that as cach incision ends on the
transverse shin marking transposition of the flaps will place the
transverse scar along the line intended

This method works particularly well when the wound 1s
perpendicular, or nearly so, to the line of election or wrinkle
for then the points are practically directly opposite and the
triangles are casy to construct As the wound direction becomes
closer to the line of election 1t becomes increasingly difficult and
eventually impossible to get the transverse limb to lie in the line
of election and a compromise must be reached which malkes 1t as
near to the line as possible

It takes courage for the mexperienced surgeon to wilfully
increase the length of a wound already present by incorporating
one or more Z-plasties but 1t 1s a technique with which anyone
dealing with facial surgery should be familiar  One seldom has
cause to regret a Z-plasty but rather failure to use one

PREPARATION OF THE WOUND

When a wound 1s already present as a result for example of
trauma 1t 1s still important to consider how and to what extent 1t
transgresses the principles of placing a scar which have been
formulated and whether 1t can be modified better to fit those
principles  'When as often happens 1t proves impossible or
undesirable to make 1t conform as a primary manoeuvre because
of potential infection, poor blood supply of wound margins, shin
damage, etc, the aim then 1s to prepare 1t for the time when, at a
later date, 1t can be modified to conform

Wounds can be regarded as 1 eumatised when the wound edges
have been appreciably damaged or non-11 aumatised when the wound
edges contan minimal damaged tissuc as 1 surgically created
wounds

It 1s the presence or absence of damaged tissue which de-
termines whether or not a wound should be c¢xeiscd  Under all
circumstances 1t 1s axtomatic that all dirt and othcr foreign material
must be removed, by «xasion 1f necessary  In the face where
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granulation for the resulting scar however ugly can always
be excised whereas the presence of suture marks mahes
exaision infinitely more difficult

3 Falure to suture the vanous wound edges n the precise
position relative to one another which they occupied before

ko 1 ar

Examples of tattooed scarring resulting from faflure to remove ingrained durt
«nd grrt from the nound at the tme of the injury At thn late atage such
1 virtually bie to cradicate pletely

the wyury (Fig 1, 13) The resulung rrregulanties are
especally obvious when the lip margn, eyelid eyebrow or
nostril are the structurea which have been imperfectly matched
It 18 often important to know when a picce of traumatised
tissue can safely be conserved or whether 1t must be excised and in
deaiding this the important factor 1s vasculanty  Blanching on
pressure and the presence of dermal bleeding are both evidence of
an active airculation  In doubtful cases the anatomy of the region
together with the size and content of the pedicle help n making a
decmon (Ig 1, 14)  In the face and scalp where the problem
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further surgery in the knowledge that a good scar cannot be
expected from the healing of such a wound  This policy permits
the salvage of tissue which might otherwise be excised, tissue which
may be valuable later

A conservative policy 1s oblhigatory 1n the care of severe facial
soft tissue trauma where 1t 1s seldom possible to achieve final
reconstruction at the primary operation and where the over-
riding object must be to replace structures in their normal position
and suture them there  The secret 1n suturing an 1rregular wound
1s first to look for landmarks on either side to match ~ With two
points which definitely fit sutured together fresh parts of the
jig-saw fall into place until enough key points have been matched
to allow the intervening sutures to be placed readily Time spent
fitting a jig-saw of tissue accurately at the time of original suture
1s never wasted, since such a chance comes only once and if 1t 1s
missed the results can be disastrous  Although 1t may be quite
obvious that Z-plasties will be required later, these should seldom
be used at the primary operation

An added difficulty arises when there has been actual loss of
tissue and the principle which then governs practice 1s to replace
surviving tissues 1n their correct anatomical position so that the
defect can be properly displayed and assessed 1n terms of tissues
lost

While the experienced plastic surgeon may legitimately carry
out a primary defimitive repair in such circumstances the less
experienced surgeon should be more modest and if the defect
cannot be closed by direct suture he should apply a split-skin
graft in most instances A full-thickness defect opening into the
mouth which cannot be closed without undue distortion calls for
suture of skin to mucosa

These temporary measures have at least the merit of allowing
rapid healing with minimal scarring and leave conditions suitable
for a defimitive repair subsequently
The common errors 1n treating wounds at this stage are

1 Failure to remove al/l dirt from the wound leaving an area
of tattooed scarring (Fig 1, 11) which 1s usually difficult and
often 1mpossible to eradicate later

2 The production of a scar with gross suture marks
(Fhg 1, 12) Such a wound would often do better to heal by
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anses most acutely the vascular abundance 13 on the side of survival
and flaps should not lightly be excised Indeed in the scalp a
flap with any attachment at all should be conserved

FIo 1 14

Exarnple of survival and non-survival of traumatic flape 1n the face treated
conservatively
A, and B Flaps before suture showing extent of injury
C  Sunnal and non-survival of flaps
D Late reault prior to reconstructon of ala of nose

In preparing a wound for suture the wound edge should be
vertical if the best scar result 18 to be achieved and as a corollary
of thus surgical incisions must also be made sertical  Accurate

suturing 1s also very much easier when the faces of tissue brought
B
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Cross-hatched suture marks caused by coarse sutures left in for too long
Such scarring 1s difficult or impossible to remove completely

£

Tie 1,13

Laamples of irregularities of ¢velid and mouth resulting from failure to suture
matching points together accurately

N
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Underruning Undermiming Level of
with Scalpel with Scigsors Undermimng
FACE

Level of
undermining

LIMBS ¢ TRUNK

Multiple

3 [y relaxation 1ncs.
m galea apon@urotica

:

Undermuning Level of

with Scrusors Undermining
SCALP
Fia 1 15

The methods and levels of undermining in the face Iimbs and wunk and scalp



18 TUNDAMINTAL TICHNIQUIS O PLASTIC SURGFRY

together are of the same thickness  If the wound 1s being sutured
without tension all that may be required to prepare the shin edges
15 to undercut cach edge for }-} inch to allow shght wound
eversion

When there 75 tension steps can be tahen i preparing the
wound to elimmate 1t or at least prevent 1ts worst consequences by

Undercutting (I1g 1, 15)  This allows a degree of advancement
of the skin  In undercutting, level 1s important and depends on
the vascularity of the flaps and on the depth of important nerves
On the face, and 1t 1s the area where the problem most often arises,
theappropriate level 1s just deep to the dermus, for any undercutting
must be superficial to the level of the branches of the facial nerve
The blood supply 1s excellent in the head and neck and necrosis 1s
unlikely to follow undercutting at even such a superficial level
In the scalp the plane between galea aponeurotica and pericranium
1s used and multiple relaxation incisions 1n the deep surface of the
galea aponeurotica give a little added advancement  Elsewhere 1t
1s wiser 1f undercutting has to be more than minimal to use the
plane of cleavage between superficial and deep fascia

Z-plasty  The use of the Z-plasty in this situation has already
been discussed and when the method 1s employed 1t 1s naturally
used 1n conjunction with undercutting

If 1t 1s clear that even with masimal undercutting closure will
not be achieved the usual procedure especially in the case of a
traumatic wound 1s to use a free skin graft On occasion a more
complicated flap procedure may be feasible but as a general rule

it 1s not a good method for emergency use The free skin graft
1s safer and simpler

STITCHCRAFT

When the surgeon 1s aiming to make his scar as inconspicuous
as possible the actual suturing of the wound becomes an extremely
precise procedure and good results cannot be expected unless the
suturc materials, the needles and the 1nstruments are suitable

Suture Materials

There 1s considerable variation in the propertics of the different
suture materials and these properties determine which particular
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Undermining Undermining Level of
with Scalpel with Saissors Undermining

FACE

Undermining Level of
with Scissors Undermining

LIMBS & TRUNK

Multiple

3 f, relaxaton incigans
n gales aponeurotia

Undermiring Lavel of

with Scrseors Undermining
SCALP
Fio 1 153

The methods end levels of undermmung m the face limbs end trunk and scalp
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material 1s the appropriate one 1 a given situation The
commonly used threads are

Braided silk. This material 1s easy and pleasant to work with,
yet the surface 1s sufficiently rough for knots to hold reasonably
well especially with an nitral double turn It 1s normally supplied
waterproofed and this 1s said to reduce reaction around the suture
holes

One ot its defects 1s a relatively low tensile strength and if
much tension 1s needed, as for tie-over sutures, it 1s apt to break
in the sizes used, namely 3-0 and 5—0  When the best cosmetic
result 1s essential the finer thread 1s used but with even minimal
tension such a thread breahs readily and 3-0 maybe required  The

finest thread which can be used will give the best cosmetic
result

Linen Its relatively rough surface makes the handling qualities
of linen less satisfactory than silk  Some samples also tend to be
shghtly irregular in diameter though this has been much less
common recently Its tensile strength 1s much greater than silk
of comparable diameter and the rough surface makes its knot-
holding properties much better than those of sitk Its size 1s
approximately 3-0 and 1t can be used instead of 3~o silk if preferred

For tie-overs 1ts knotting properties and strength make 1t
preferable

Stainless steel wire. Stainless steel wire 34 and 36 SW G 1s
very useful on occasion quite apart from 1ts use 1n tendon suturing
It 1s mert 1n the body and has a very high tensile strength but
until the technique has been acquired 1t 1s awkward to use for
kinking occurs readily and creates a weak pomnt in the wire
Though 1t can replace any type of skin suture material 1t 1s much
less satisfactory than silk or linen for ordinary interrupted sutures
Its mamn usefulness 1s as a tension suture or as a continuous
intradermal or ‘““over and over” suture Used as a continuous
‘““over and over” suture 1ts rigidity prevents 1t from ‘“bunching”
the shin as silk and hinen tend to do It 1s also useful when sutures

must be left 1in for longcr than usual for its inertness reduces
reactions around the suturcs to a minimum

Cat-gut  T'o hclp relicve tension cat-gut has been recommended
as a buried suturc  Its usc 1s discussed on page 28
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Silk worm gut and nylon. Used for mnterrupted sutures sith
worm gut 1s unsatisfactory as 1t lachs the desable quahty of
plabiitn  Its smooth surface on the other hand makes it easy to
remove when 1t 1s used as a continuous intradermal suture
Monofilament nyvlon 15 phable and 1nert but 1ts knotting properties
are so poor that 1t 1s rarely uscd for interrupted shin sutures
Tt 15 useful as a continuous mtradermal suture

Needles

Although 1n theory an atraumatic suture should do less damage
to the skin during 1ts msertion the large number of sutures needed
would makhe the cost prohibitnc and 1t 18 extremely unlikely that
their use would make a sigmficant difference in practice  Other
deficiencies of technique are usually present to explain farlure to
get the best result Nos 3 and 5 eye curved cutting needles
are most generally useful for fine suturing and require minimal
effort 1n use If greater strength 18 required a thicher needle 18
naturally used

Instruments (Fig 1, 16)

‘The instruments concerned are needle-holders, dissecting
forceps skin hooks and scissors

It 18 preferable to use the mstrumental method of suture tying
(Fig 1, 17) for the small needles and fine suture matenals make
tving by hand clumsy and difficult With instrumental tying
tension can be regulated and knot placement carmed out with
much greater finesse exactitude and expedinion after only a little
practice  The needle holders normally used i generul surgery
are quite useless Large cumbersome and 1l designed for the
necessartly fine work of careful skin sutunng the locking
mechamsm 1n particular makes them impossible to use for hnot
ting  The Gillies or Kilner needle holders are essential and
though 1t takes a hittle tume to acquire facility particularly wath the
Gullies holder 1t 18 o most renarding facility to have

The more a wound edge 15 traumatised the less good will be
the cosmetic result and eo the tmplements for holding wound
marging steady for suturing must be as atraumatic as possible
The shin hook 1 the least traumatic instrument though its method
of use described below 18 a difficult one to use with elegance and
speed  Because of this dissecting forceps are more routinely used
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Kilner's Needle Holder

2y

\

a4
A

McIndoes Dissecting Forceps (non-toothed)

aQ
o
Adson s Dissecting Forceps (non-toothed)
W
Ve e
Adsons Dissecting Forceps (toothed)
I T e e I

Gillies' Skin Hook
Tw 1,106

I he instruments uscd 1n shin suturing
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individual preference will demde the chotce of the toothed or
non toothed vareties but both should be used with due regard to
the trauma they are caustng  The McIndoe and Gillies dissecting

4 Pt 5

Figc 1 17

Instrumental tylng of a suture

forceps are of a switable s1ze for routine sutunng but for really fine
work Adson forceps are much supenor

Two types of scissors are usually employed straight sharp-
pointed for cutting wound margins and suture removal curved
blunt pointed for undercutting wound edges Both should be
sharp so that the tissues are cut cleanly and not crushed
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Technique of Wound Suture

The aim 1s to produce a wound atraumatically but absolutely
accurately co-apted and techmque of handling and suturing 1s
merely a means to this end First-time accurate placing of the
suture 1s a habit to acquire, the second attempt 1s all too often
worse than the first and only results in a moth-eaten wound edge
and poor scar The needle 1s curved and so moves most readily
m a circle  The wrist must therefore be brought freely into play

Insertion Pull through
of needle of needle

Fic 1,18

The 1nsertion and pull through of a needle 1n the line of
the curve of the needle

so that msertion and pull through of the needle are always 1n the
line of 1ts curve (I1ig 1, 18)

For a definite period after a wound 1s sutured slight oedema of
the wound tends to develop and though 1t can be reduced by a
pressure dressing, allowance must be made for 1t 1n tying the suture
If the suture 1s too tight 1t will surely cut in more rapidly and make
a suture mark  The correct suture tension just avoids blanching
the shin held by the suture

Sutures may be nteiiupted or continuous  When the cosmetic
result 1s all important the interrupted suture 1s best but the con-
tinuous 1s often adequate mn other circumstances, eg delay of
flap or pedicle

Interrupted sutures ‘The usual suture 1s the simple loop
suture (I'1g 1, 19) which Consists of a simple loop knotted at onc
or other sidc of the wound and 1t aims to bring the shin edges
togcther absolutcdly accuratcdy with no overlapping of one margin
A gencral tendeney towards shght *pouting” of the suture hine
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helps to ensure complete dermal apposition and makes sure that
mversion of the wound edges 1s amvorded  Imverted wound edges
always heal more slonly and gie a poorer scar and 1t 13 to allow
the desired degree of eversion that a shin edge 1 sometimes
undermuned tor }-} inch

siiiirtii

Equal brte 18 the Placing the knot as a
coarse adjustment fine adjustment

Insutficient deep bits  Unequal bite producing
producing inversien poor apposition of the
and dead spsce wound edgas

Fio 1 19

The simple loop suture

The suture should nclude at lcast the whole dermis and if
the wound flap ncludes superfical fascin partcularly outside the
face thus should also be taken so that the ncedle has an equal bite
of cach smde The taking of an equal bite might be termed the

coarse adjustment of getting the wound edges leve!  Not
mtrequentls however one or other edge 13 a shade higher than 1ts
fellow and the lower side can be rarsed o httle by manipulating the
knot i tying to that side of the wound Every suturc has an

optimal side for its Lnot and 1ts manipulation 1s the

fine
adjustment

By making the suture take a slightly greater bite of the deeper
part dermmaorfat the whole tace of wound margin 18 approximated
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and the very slight eversion achieved When a curved needle 1s
used the wound edge 1s held everted (Fig 1, 20) and the needle
directed so that its path will make a curve in the appropriate
direction when the skin 1s allowed to fall back nto its normal

Fic 1, 20

Everting the wound edge with a skin hook before inserting the needle and
the path of the curved needle 1n the skin

position  This eversion 1s carricd out with the least trauma when
a shin hook 1s used It 1s tcchnically much easter as a rule to
suture from thc morc mobile side of the wound to the more fixed
side

Where the shin 15 thin and poorly supportcd or mobile on 1ts
decp surface, ¢ g around the «ychds, 1t 1s particularly difficult
to avoid imversion and the best solution s often to usc the vertical
mattress suture (I'iz 1,21)  'This suture has no greater tendency
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Vartical Mattrass Suturs

N
Buried Cat-qut Suture
with knot placed deeply

Fra 1 a1

Commonly used types of skmn suture
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and the very shight eversion achicved  When a curved needle 1s
used the wound edge 1s held everted (Fig 1, 20) and the needle
directed so that its path will mahe a curve in the appropriate
direction when the shin 1s allowed to fall back mto 1ts normal

Fic 1, 20

Everting the wound edge with a shin hook before inserting the needle and
the path of the curied needle in the shin

position  This eversion 1s carried out with the least trauma when
a skin hook 1s used It 1s technically much easier as a rule to
suture from the more mobile side of the wound to the more fixed
side

Where the shin 1s thin and poorly supported or mobile on 1ts
deep surface, eg around the cyelds, 1t 1s particularly difficult
to avoid 1m ersion and the best solution 1s often to use the vertical
mattress suture (Ing 1,21) This suture has no greater tendency
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Distribution of Wound Tension

Whenawound 3 tending to distort and it1s difficult to distribute
the tenston evenly on both sides for suturing 1t often helps to make
the wound taut with a shin hook 1n cach end so that a few hey
sutures can be placed accurately before inscrting the intervening
sutures  When distortion 1s to be expected and especully mn a

Fio 1 22

Tattooing matching ponts with Bonneys Hus
before shin 1incuwron to facilitate ISL@ml
suturmg

curved incston trouble will be saved by tattooing matching points

with Bonney s Blue (Fig 1, 22) on either side of the projected
inasion before any cut 1a made

The Three.point Suture (Fig x 23)

Where a triangular flap has to be 1nset 1t 18 often difficult to
get the tip of the flap to lie n pomtion yet multiple sutures placed
through the full thickneas of the dermus are apt to strangulate the
tissuc at the tip and produce pecrosis  The three point suture 1n
such a situation helps to avord necrosis while holding the tp n
place  As frequently described the suture tends to bunch the up
ot the flap and a minor varation 1s recommended which 18 theo-

\ retically sound and effectrve 1n practice n holding the tip without
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to leave stitch marks than any other if the sutures are not tied too
tightly and are removed early, and if the superficial bite 1s minimal
the tendency to invert 1s corrected

When there 1s no tension of the wound the interrupted suture
alone 1s adequate  When there 1s tension two possible additional
measures are described which are said to allow early removal of
skin sutures without wound disruption or stretching

Buried cat-gut sutuies (F1g 1, 21) Interrupted buried cat-gut
sutures with the knot placed deeply are used with the 1dea of taking
strain after early removal of skin sutures  Their ability to prevent
wound stretching 1s rather doubtful, the result 1s usually as good
or bad as might have been espected had they not been used
Their main value 1s probably to eliminate dead space and prevent
haematoma

Continuous mti a-deimal suture (Fig 1, 21) This suture has the
mer1t that 1t can be left in for 10-12 days without leaving suture
marks  Though 1t may be used by 1tself 1t will be found that really
accurate skin edge apposition 1s only possible if additional inter-
rupted skin sutures are used  Its role then 1s to take any tension
from the interrupted sutures and silk-worm gut, nylon or stainless
steel wire can all be used

While these methods are used and recommended 1n text-books
their value 1s very limited and the Z-plasty used in conjunction
with extensive undercutting 1s more effective If these are not
practicable or cannot be employed to the full some degree of
stretching 1s probably 1nevitable

Continuous sutures. The most useful continuous sutures are
the ‘‘ blanket stitch >’ and the continuous ‘‘ over and over’’
(Fig x, 21) With silk or linen the “blanket stitch” has the
advantage of not ‘““bunching up” the wound and can also be
locked with a knot at any point The “over and over” suture
does tend to bunch the wound unless stainless steel wire 1s used,
its rigidity being sufficient to prevent this occurring  Naturally
such sutures cannot be placed quite as accurately as the interrupted
suture but where an impeccable scar 1s not essential they certainly
gave time It 1s sometimes stated that the continuous suture
tends to strangulate the wound edge but this 1s due to unduly
tight msertion rather than any inherent defect of the method

——
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bunching The points to be noted 1n 1nserting the suture are

1 Tomalesure that the suture leaves and enters the reception

side of the wound at the same level as its placement 1n the
V flap

Suture stranqulation Incorrect placing of
causing flap tip suture causing bunch-
necrosis mg of flap tip

Method of insertion and applications of the
three point suture

T'ic 1, 23

I he three-point suture

2 To makc the suture cmerge well back on the reception
side of thc wound

The principle of the 3-point suture can be extended for use
where two flaps arc bang approsimated to the third side of a
wound
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replace the crepe bandage mn suitable circumstances and the
adhesnve properties of the elastoplast can be greatly enhanced by
preliminary painting of the shin with Mastisol

Suture removal It 18 usual to lay down set days for the removal
of sutures in ‘arious sites and under varying circumstances but

7
/\% o
~ el

a
Correct Mathod

Incorrect Mathod

Fio 1 26

Suture removal  In (x) and (b) strain on the wound n

avoided by pulling the cut suture fomards the line of the

v\oundwglrein c) the suture pulled cway from the

wound incresses the tensson and Labily to woun
dehmcence

%

this 18 quite a wrong approach  Clirucal experience soon tells the
surgeon when a suture may safely be removed Naturally the
principle 18 to remove at the earliest ime judged safe and this
depends on 30 many factors degree of tenstion site line of wound
ctc that it 18 quite 1mpossible to lay down rules In actually

- Femoving the suture (Fig 1, 26) one must remember that the

C
\
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POST-OPERATIVIE, CARLE

The amm of good post-operative treatment 1s to prevent
haematoma, provide rest for healing and prevent suture
marks  In practice this 1s achieved by the dressing, care 1n suture
removal and later support of the wound

The pressure dressing. With cxtensive undercutting 1t 1s
difficult despite meticulous haemostasis to prevent a hacmatoma

i -

Fic 1, 25

The result of failure to excise a ‘““dog-ear”

unless a pressure dressing 1s used The pressure dressing also
provides the immmobility and splinting which create the best
conditions for rapid, uneventful healing and controls the oedema
which begins the cutting-1n process of a suture  Unless there1s a
good reason 1t should be left intact until the time comes for
suture removal In the face where there has been minimal
undermining, particularly around the mouth, the advantages of a
pressure dressing may be more than outweighed by the almost
inevitable contamination with food and saliva and 1t 1s often found
that exposure of the wound gives abetter result  Itisthen essential
to keep the suture line dry and free of blood clot until the fibrin
clot covering the line of thc wound 1s firm and dry

The wide mesh of a szngle layer of tulle gras allows the passage
of any discharge and this combined with the vaseline base make 1t a
particularly good dressing ncxt the wound as 1t permuts the dressing
to be removed with thc minimum of trauma from sticking  Over
the tulle gras, gauze and wool followed by a crepe bandage will give
adequate, cushioned pressurc and 1mmobility  Elastoplast may
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replace the crepe bandage 1n suitable circumstances and the
adhesn e properties of the elastoplast can be greatly enhanced by
preliminary painting of the skin with Mastisol

Suture removal. It 18 usual to lay down set days for the removal
of sutures in vartous tites and under varying circumstances but

/\%%

Correct Method

<SS

Alternative Correct Msthod

c

Incorrect Mathod

Fio x a6
Suture removal  In (a) and (b) strum on the ®ound u
wvorded b the cut suture iowards the line of the
wound w in (c) tho suture pulled away from the
wound increxses tenson and labilty to wound
e ce

this 18 quite @ wrong approach ~ Clinical expenence soon tells the

surgeon when a suture may safely be removed Naturally the

pnnciple 13 to remove at the earliest time judged safe and thrs

depends on 80 many factors degree of tension site line of wound

etc that 1t 18 quite 1mpossible to lay down rules In actually

removing the suture (Fig 1, 26) one must remember that the
c
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tensile strength of the wound 1s mimimal and dehiscence 1s liable
to occur on the shghtest provocation  Where most carc 1s needed
the sutures arc usually smallest and therefore before beginning
there must be a good light, fine, sharp scissors which cut to the pownt
and finc dissccting forceps wlich gnip properly  With these
prerequisites the actual techmque of removal 1s not radically
different from ordinary suture rcmoval except that absolute
gentleness 1s necessary and the cut suture being pulled out must
always be pulled out 7owards the wound

Subsequent support of the wound As alrcady stated, carly
suture removal leaves a wound dev oid of strength so that a sudden
ill-judged tension strain may causc 1t to open  IFor this reason
the wound 1s best supported or at least protected up to a week
after stitch removal It 1s seldom practicable to support the
wound much beyond this and indeed attempts to prevent later
stretching of the wound by prolonged support are of little avail

KELOIDS AND HYPERTROPHIC SCARS

When a scar, instead of becoming soft and pale 1n the usual
manner, becomes red and thichened 1t 1s described as being either
a hypertiophic scar or a keloid

These terms tend to be used rather indiscriminately, probably
because 1t 1s difficult to define each with certainty The typical
hypertrophic scar 1s raised, rather red mitially, but does not
encroach on the surrounding normal skin, does not give rise to
symptoms, and shows an eventual tendency to regress The
keloid tends to be a much more florid lesion, 1t 1s grossly elevated,
tends to spread and involve the surrounding normal skin, and
gives rise to symptoms of itching, a feeling of hotness, and
tenderness to touch

These are the extremes and as such easily recognised but in
reality there 1s an mnfinite gradation from the completely quiescent
scar through the very midly hypertrophic scar to the most severe
of Leloids and the point at which a hypertrophic scar becomes a
Leloid 1s a matter of opinion  The name 1s fortunately of sub-
sidiary 1mportance for the treatment of both conditions 1s similar
Indeed the gradation rathcr suggests that the arbitrary division
into heloid and hypcrtrophic scar 1s artificial and that the



WOUND CARE 15

conditions are really a single entity of varving seventy 3 irtually
nothing 18 known of the cause

The chinlcal picture. A precise picture 1z difficult to drw for
clinical generalisations do not necessarily apply to the ndividual

)
|
|

1

Fig 1 27

Change from kelowd to hypertrophic lurrmg over a period of 2 years  The

xtloid scarring (A) arose as & complication of an extensive degloving injury of

leg  The worst ares of keloid was excised and replaced with « splitslan gruft
but 1n the aress left untouched (B) the lessening of sctivity i obvsous

case and the conditton 1tself 13 extremely vanable and unprediet
able In the description which follows the term Leloid will be
used to cover both conditions

The tendency to develop kelods diminishes greatly with age
but 1t 18 not possible in practice to forecast whether any parttcular
panent will develop a heloid Nevertheless any incision mn a
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tensile strength of the wound 1s mimimal and dchiscence 1s hable
to occur on the slightest provocation  Where most care 1s needed
the sutures arc usually smallest and thercfore before beginming
there must be a good light, fine, sharp scissors wwlich cut to the point
and fine dissecting forceps wiuch gip properly  With these
prerequisites the actual technique of removal 1s not radically
different from ordinary suture removal escept that absolute
gentleness 1s necessary and the cut suture being pulled out must
always be pulled out fowear ds the wound

Subsequent support of the wound As alrcady stated, carly
suture removal leaves a wound devord of strength so that a sudden
1ll-judged tension strain may causec 1t to open For this reason
the wound 1s best supported or at least protected up to a week
after stitch removal It 1s seldom practicable to support the
wound much beyond this and indeed attempts to prevent later
stretching of the wound by prolonged support are of little avail

KELOIDS AND HYPERTROPHIC SCARS

When a scar, instead of becoming soft and pale in the usual
manner, becomes red and thickened it 1s described as being either
a liypertiophic scar or a kelowd

These terms tend to be used rather indiscriminately, probably
because 1t 1s difficult to define each with certainty The typical
hypertrophic scar 1s raised, rather red mmitially, but does not
encroach on the surrounding normal skin, does not give rise to
symptoms, and shows an eventual tendency to regress The
keloid tends to be a much more florid lesion, 1t 1s grossly elevated,
tends to spread and involve the surrounding normal shkin, and
gives rise to symptoms of itching, a feeling of hotness, and
tenderness to touch

These are the extremes and as such easily recognised but 1n
reality there 1s an infinite gradation from the completely quiescent
scar through the very midly hypertrophic scar to the most severe
of keloids and the point at which a hypertrophic scar becomes a
heloid 1s a matter of opinion  The name 1s fortunately of sub-
sidiary 1mportance for the treatment of both conditions 1s similar
Indeed the gradation rather suggests that the arbitrary division
into helord and hypertrophic scar 1s artifictal and that the
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Fio 1 a8

Examples of keloxds and hypertrophic scars
Muddly hrpercmphlc scar of dettord reg;um
Severe port burn hypertrophsc scarring of neck and chun

Hypertro following the 111 judged use of & vertscal incnson to
excro a Eﬂu

Pre-nem.-l kel )d m the rmle
Pre-sternal Leloxd 1n the female showing butterfly outhine
Severs keloid of scapular region
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known “keloid former” 1s more hkely to develop into a kelod
than a stmilar sncision 1n a random patient and recurrence following
simple cxcistion of a heloid 1s lughly probable Keloids are
undoubtedly much more common 1n the negro than in the white
patient  The negro also exhibits the condition 1n its most active
form and the “tumours” can on occasion reach quite grotesque
proportions In the white on the other hand cven the frank
keloid does eventually become less active and takes on the characters
and activity rather of a hypertrophic scar (Fig 1, 27)

Certain areas of the body have a particular tendency to produce
keloids (Iig 1, 28), the pre-sternal arca 1s probably the most
prone of all and here oddly enough the shape of the keloid often
shows a sex difference—in the male 1t 1s triangular, 1n the female
the pull of the breasts gives 1t a butterfly outhne The deltord
area 15 another notorious site It 1s significant that a scar may
become keloid 1n only part of its length and this shows particularly
in the neck where the vertical scar 1s very subject to kelotd change
while the horizontal scar 1s seldom affected This indeed 1s one
of the facts which the various theories of causation fail to explain
for if a scar of neck 1s excised incorporating Z-plasties 1t 1s not
uncommon for the horizontal scars to be completely flat and soft
while the vertical limbs of the Zs show keloid or at very least
hypertrophic change In general, scars 1n lines of election show
less tendency to keloid than those which cross them

Treatment ACTH and cortisone have been used but with
disappointing results  The only treatment of real value 1s X-ray
therapy either alone or in conjunction with surgery Extreme
care 1n dosage, shielding, etc , are necessary and there should be
close co-operation between surgeon and radiotherapist It 1s
usually found that a keloid 1s most sensitive to X-rays when 1t 1s
red, vascular, and generally in an active state  The whiter, older
scar responds poorly

The problem in practice

The problem presents 1n one of three ways

The scar in a ‘‘ neutral *’ area in the patient without a keloid
history. This 1s the position of most patients and as a rule 1t 1s

enough to watch carefully such scars post-operatively and warn
the patient to looh out for thickening of the scar so that treatment

may be started at the first sign
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Fio 1, 28

Exsmples of keloxds and hypertrophic scars
Muldly hypertrophuc scar of deltosd reguon
Se\cre po-v. burn hypertrophic u:nmnw ot neck and chm
e of a vertical incsron to

Tre-sternal Lelodd 1n the fermale showmg butterfly outhme
Se ere keloxd of scapular region
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known “keloid former” 1s more likely to develop into a keloid
than a similar incision 1n a random patient and recurrence following
simple excision of a keloid 1s highly probable Keloids are
undoubtedly much more common in the negro than 1n the white
patient The negro also exhibits the condition 1n 1ts most active
form and the “tumours” can on occasion reach quite grotesque
proportions In the white on the other hand even the frank
keloid does eventually become less active and takes on the characters
and activity rather of a hypertrophic scar (Ing 1, 27)

Certain areas of the body have a particular tendency to produce
keloids (I'1g 1, 28), the pre-sternal area 1s probably the most
prone of all and here oddly enough the shape of the keloid often
shows a sex difference—in the male 1t 1s triangular, in the female
the pull of the breasts gives 1t a butterfly outline The deltord
area 1s another notorious site It 1s significant that a scar may
become keloid 1n only part of its length and this shows particularly
in the neck where the vertical scar 1s very subject to keloid change
while the horizontal scar 1s seldom affected This indeed 1s one
of the facts which the various theories of causation fail to explain
for if a scar of neck 1s excised incorporating Z-plasties 1t 1s not
uncommon for the horizontal scars to be completely flat and soft
while the vertical limbs of the Zs show keloid or at very least
hypertrophic change In general, scars in lines of election show
less tendency to keloid than those which cross them

Treatment. ACTH and cortisone have been used but with
disappointing results The only treatment of real value 1s X-ray
therapy either alone or in conjunction with surgery Extreme
care 1n dosage, shielding, etc , are necessary and there should be
close co-operation between surgeon and radiotherapist It 1s
usually found that a keloid 1s most sensitive to X-rays when 1t 1s
red, vascular, and generally 1n an active state  The whaiter, older
scar responds poorly

The problem in practice

The problem presents 1n one of three ways

The scar 1n a ‘“ neutral >’ area 1n the patient without a keloid
history. This 1s the position of most patients and as a rule 1t 1s

enough to watch carefully such scars post-operatively and warn
the patient to look out for thickening of the scar so that treatment

may be started at the first sign
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Surgery 1n a known danger area or in a know n keloid former
There are three possible approaches to tlus smtuation —to watch
the scar with evtreme care and treat at the first sign to give
prophilactic treatment immediatcdy healing 1s complete or to
treat the operatine site before operation and afterwards the scar
as soon as 1t has healed ‘T he sclection of the appropriate method
na particular patient will depend on an assessment of the probable
Likelihood of kelaid developing

The developed kelotd  In the worst sites particularly the pre
sternal and deltoid arcas recurrence after ceision even preceded
and followed by a full course of \ ray therapy 18 so probable
(Fig 1, 29) that surgery should be contemplated with extreme
reluctance A bigger keloid 1s the most likely result  An
alternatnve approach which has gnen encouraging results 1s to
excise the keloid within its boundanes This 1s at least not
followed by extenston of the helord

With the greatest care and the best treatment the results still
leave a good deal to be desired The process can be damped
down rather than stopped completely and the extent to which
1t can be reduced depends on ita inherent activity At one end
of the ecale mildly hypertrophic change can be stopped completely
while at the other the flond helotd 1n a bad site scems often to be
barely influenced  Tortunately mldly hypertrophic change 1n
scars 18 the most common form of the condition tor 1t 18 1n 1t that
prophylaxis 18 most effective
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N\Iarginal recurrence of heloid after excision and grafting

Pre-sternal keloid showing recurrence both marginally and 1n the suture

marhs
B Icloid of elbow showing rccurrence both marginally and centrally where

smill areas of graft had failed to take
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A achermatie formalacd represcntation of the seversl atages of the
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CHAPTER TWO

The Z-plasty

wounds and scars has been described in Chapter One 1ts

fundamental use 1s 1n the release of contractures  Used for
this purpose 1t 1s a device i which, by transposing suitably
constructed flaps, skin 1s brought from adjacent areas where there
1s a relative abundance, to release the contracture  The theoretical
basis of the method 1n 1ts stmplest form will be discussed before
considering 1ts applications and possible modifications in practice

QLTHOUGH the place of the Z-plasty in the treatment of

THEORETICAL BASIS OF THE Z-PLASTY

The basic manoeuvre

The flaps are constructed 1n the form of two interdigitated
triangles with a common limb giving the overall shape of a Z
The common Immb of the triangles, 1 e the central limb of the Z,
lies along the line of the contracture to be released While the
angles of the Z may vary within certamn limits to be defined later
the common angle 1n practice 1s 60° and this will be used in the
present descriptton With such a construction the triangles
together give the shape of a parallelogram, the shorter diagonal
mn the Iine of the contracture, the longer diagonal perpendicular
to it The two diagonals can conveniently be referred to as the
contractural diagonal and the transverse diagonal (I'ig 2, 1)

To carry out the manoeuvre the triangular flaps are elevated
and the line of fibrous tissue causing the contracture divided
With the springing apart of the divided contracture the parallelo-
gram changes shape causing the triangular flaps to become trans-
posed, the contractural diagonal to lengthen, and the transverse
diagonal to shorten correspondingly (Iig 2, 2)

As can be scen, the length of the contractural diagonal
after completion of the transposition equals that of the
transy ersc diagonal before the transposition  The lengthening of

40
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the surrounding tissues 15 so great that the flaps cannot
readily be brought 1nto thar transposcd posttion

-

2 Tien of tssue was natlable at uther side to allow an
angle larger than Go  without tenston the amount of tissuc
turning required to transposc the flaps when the angle reaches
8o-90 would tend to praduce unsighthy dog cars

Angle si1ze

Increase in
length

Fia a,3

‘The percentage incresse of length which results from the we of
different angle sizes

Limb length  Just as angle mize controls percentage increase of
length so imb length controls the actual increase in length since
the increase 18 a proportion of the onginal length A longer
tmtial hmb results 1n 2 greater increase of length for a particular
size of angle Such an increase 1n the amount of lengtheming
naturally increases the tissue hrought 1n from the aides

The factors which limit maxiroum and munimum angle size
have resulted 1n the compromuse use of 60 as the routine Z-plasty
angle It 1s length of limb which provides the major vanable m
practice and regardless of length of contracture the amount of
tissue avmlable on either side determines the practicable imb
length—a large amount wall permut a large Z a small amount will
correspondingly himut the mze of the Z

In considenng the avatlability of tissue on erther side 1t must be
strested that the trans erse shorterung and the tension which 1t
creates are concentrated along the line of the transs erse diagonal
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the contractural diagonal 1s achieved at the expense of the trans-
verse diagonal which has become shortened to equal the original
length of the contractural diagonal Translated into practical
terms this means 1n effect that skin has been brought in from the
sides, as shown by the shortening of the transverse diagonal, to
achieve the lengthening of the contractural diagonal The
difference 1n length of the two diagonals 1s a measure of the actual
lengthening achieved

Construction of the Z

Since the skin flaps must fit together 1n their transposed position
the Iimbs of the Z must of necessity be equal in length 'The
angles of the Z are also usually made equal in size  The factors in
construction which do vary are angle size and limb length and
the ways 1n which these variable factors affect the result provides
an explanation of why a specific construction 1s used 1n a particular
set of circumstances

Angle size In any Z-plasty once the length of the limbs of the
Z has been decided the lengthening to be expected depends entirely
on the size of the angle and as the angle increases so too does the
amount of lengthening ~ With an angle of 30° there 1s a 25 per cent
increase 1n length, with 45° a 50 per cent increase, while with an
angle of 60° the increase rises to 75 per cent (Fig 2, 3) It must
be stressed that at all times 1t 1s per centage increase of length which
1s controlled by size of angle

In theory angles of up to and beyond go° could be used with
steady 1ncrease in the amount of lengthening but in practice
limiting factors emerge which determine the optimal angle

An angle of much less than 60° would defeat the very object
of the Z-plasty since the smaller angle would produce less gaimn n
length, this quite apart from the precarious blood supply to the
tip of a narrow flap
The factors which prevent the use of angles much larger than 60°
are

1 Increase in length 1s achieved at the expense of the tissue
on either sidc and as the angle increases the amount of tissuc
brought 1in from thc sides 1s correspondingly mcreased  As
a rule the amount of tissuc available 1s far from unlimited
and as the angle increases beyond 607 the tension produced in
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A good measure of the planmng and execution of a Z-plasty
18 the behaviour of the flaps when the contructure 1s released
If the manoeuvre 18 indicated and well planned the flaps should
literally fall into their new transposed position indeed 1t should
be difficult to get them back into their old relationship

It 18 when the contracture 1s of the grossly bow stning type that
the Z-plasty 1s most effectne  With the contracture more diffuse
in breadth and length 1t 18 less satisfactory and a stage 18 reached
where 1t must be dectded whether a Z-plasty 18 an adequate pro-
cedure or whether fresh shin must be imported from elsewhere
as a free shin graft The answer 1s usually to be found 1n the
surrounding skin  shin must come from somewhere 1f the
contracture 18 to be released and if 1t 13 not obviously available
at the sides (Fig 2, 5) the Z-plasty will fmil and a free skin graft 1s
the true angwer to the problem

Planning the Z-plasty (Figs 2, 6 and z, 8)

It may be difficult 1n planmng the procedure to decide where
the flaps should be A good method 13 to draw an equilateral
tnangle on each side of the contracture (see Fig 1 g) and from
the resulung parallelogram to select the more switable of the two
sets of imbs  One set may have no particular advantage in which
case either may be used Factors which mught favour one set
rather than the other are

1 The flap with the better blood supply 18 preferable 1n
particular one wrth scarring across the base¢ should be avoided
2 One or other flap may give a scar which will fall mto a
better line cosmetically  The factors which would influence
the choice 1n such circumstances have already been discuased
in Chapter One

3 Thelhie of the flaps and the surrounding shin may permit one
sct of flaps to rotate more readily into their transposed position
Skin which 13 scarred has lost much of 1ts normal elasticity
and this may affect shghtly the planmng of the flaps A flap of
scarred skin should be made a little longer 1nitially than rts fellow
of normal shin otherwse the scarred flap wall be found to be too

short when 1t 13 sutured to the unscarred flap
It 13 usual though not absolutely essential to have the two angles
of equal mze  On occasion a Line of scarring will himait the angle
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of the Z (Fig 2, 4) 'T'his becomes important when methods of
diffusing tenston by constructing multiple small Z-plasties instead
of a single large 7 arc considered

| /

Single L / |~ Multiple

-

S A

Z-plasty - Z-p]astxes—

Laters! tensron Tension
{ diffused

concentrzted

41

M

T

Fic 2, 4

The concentration of lateral tension by the single Z-plasty in contradistinction
to the multiple Z-plasty which spreads the lateral tension over the several
transverse diagonals

PRACTICE OF THE Z-PLASTY

From the theoretical discussion 1t follows that the Z-plasty 1s
most effectsive where the contracture 1s narrow and the surrounding
tissues are lax enough to permit a reasonably large Z to be con-
structed since scarred and contracted tissue on erther side can
yield no “‘slack” to allow lengthening

Ideally the central limb of the Z extends the full length of the
contracture but this requires a correspondingly large quantity of
tissue to be brought in from the sides, tissue which 1s not always
available It 1s inthe limbs particularly that this problem arises, for
such tissue as 1s available 1s not concentrated at one point but 1s
spread out along the length of the imb  In such circumstances the
solution may be to construct a sertes of short Zs instead of one
large Z and so bring in from the sides small quantities of tissue
all the way down the Iine of the contracture (Fig 2, 4)
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A good measure of the planning and cxccution of a Z-plasty
18 the behaviour of the flaps when the contracture 13 released
If the manceuvte 18 1ndicated and well planned the flaps should
Irterally fall into their new transposed positton  ndeed 1t should
be difficult to get them back nto their old relationship

It 18 when the contracture 1s of the grossly bow string type that
the Z-plasty 13 most effectne  With the contracture more diffuse
mn breadth and length 1t 18 less satisfactory and a stage 13 reached
where 1t must be decided whether a Z-plasty 18 an adequate pro-
cedure or whether fresh ahin must be mmported from elsewhere
as a free shin graft  The answer 13 usually to be found 1n the
surrounding skin  shin must come from somecwhere if the
contracture 18 to be released and 1f 1t 18 not obviously available
at the sides (Fig 2, 5) the Z-plasty will fail and a free shin graft 13
the true answer to the problem

Planning the Z-plasty (Figs 2, 6 and 2, 8)

It may be difficult in planning the procedure to decide where
the flaps should be A good method 18 to draw an equilateral
triangle on each side of the contracture (sce Fig 1, 9) and from
the resulting parallelogram to select the more suitable of the two
sets of limbs  One set may have no particular advantage in which
case either may be used Factors which might favour one et
rather than the other are

1 The flap with the better blood supply 18 preferable 1
particular one with scarring across the base should be avorded
2 One or other flap may give a scar which will fall into a
better Iine coametically The factors which would mnfluence
the choice 1 such circumstances have already been discussed
mn Chapter One

3 ‘Thelie of the flaps and the surrounding skin may permit one
sct of flaps to rotate more readily into their tranaposed position
Skin which 1s scarred has lost much of 1ts normal elastiaity
and this may affect alightly the planming of the flaps A flap of
scarred shin should be made a little longer mtially than its fellow
of normal skin otherwise the scarred flap will be found to be too

short when 1t 18 sutured to the unscarred flap
Tt1s usual though not absolutely essential to haye the two angles
of equal mze  On occasion a line of scarring will lumit the angle
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A narrow asillary contracture (A), which 1s suitable for correction by a Z-plasty,
and a diffuse awillary contracture (B), which 15 unsuitable for a Z-plasty and
which requires for its correction the insertion of a spht-shin graft

Fic 2,6

The planning and execution of a single Z-plasty to correct the neck webbing
component of Turner’s syndrome
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of one flap and dissimilar angles mav then have to be used
Lengthening 1 such a case becomes the average of the amount to
be expected from cach anglealone  Indeed if the full quadnlatersl
of any 7 1s drawn complete with contractural and transserse
diagonals the transierse dugonal will alwass show the actual
length to be expected when the flaps are transposed

a4 A g
%
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A

Parallel construction Skew construction

Fio 2,7

The ¢ olution of the parallel and skew tvpes of the contmuous multrple
Z-plmty from a serten of mterrupted small Z-plasties

The multiple Z-plasty

When a large Z cannot be used for the reasons already discussed
the alternatrve often lies in multiple small Zs  The Iine of con
tracture can be regarded as a sertes of contracted segments and a
small Z can be constructed tor each segment  Carrying such an
1den to ats logical conclusion (Fiy, 2z 7) creates a continuous
Z-plasty where the /s instead of being indvidual form a
continuous series grving the appearance of a long line along the
contracture with multiple Z side hmbs (Fig 7, 5)  The Zs can be
constructed wath the side imbs either parallel or shew The
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A narrow axallary contracture (A), which 1s suitnble for correction by a Z-plasty,
and a diffuse axillary contracture (B), which 1s unsuitable for a Z-plasty and
which requires for 1ts correction the insertion of a sphit-shin graft

Fic 2,6

The planning and execution of a single Z-plasty to correct the neck webbing
component of Turner’s syndrome
T
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the base and by cutting the flaps 18 thick as posstble L he flap up
can be broadened without affecting the angle size by slightly
modifving the shape of the flap (Ig 2, 9) The thickest flap
practicable should alwavs be cut using the Ievels of undermining
suggested 1n Chapter One

Aroidance of undue tenston This can be a very difficult problem
particularly when the contracture 1s a doubtful candidate for

Standard shape Shapae modified to
of flap broadaen flap tip

Fio 2,9
‘The medified shape of Z-plasty flap to give rmammum
capactty

Z-plasty or free skin graft The large single Z concentrates
transverse tension whie multiple small Zs diffuse the tension
making 1t less at each individual Z so that embarrassment of the
circulation from this cause 18 reduced to & minimum

Whle the contracture may be placed under tension during the
procedure to display 1ts line and extent the parts should be dressed

and bandsged 1n a mid position to promote relaxation of tissues m
all directions

Metculous  haemostass Haemostasis avoids the disaster of
haematoma adding to any tension and undue pressure of dressings
cither or both of which can cause necrosis
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presence of scarring in a particular line may influence the con-
struction and make shew flaps preferable but the use of parallel
limbs allows uniform rotation of the flaps in transposing and
prevents the occurrence of the broad tipped flap with the narrow
base which 1s undesirable from a vascular point of view and
mevitable with the skew construction

Whether a multiple Z-plasty must be used will largely depend

7Y
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\

Fic 2, 8

The planning and execution of a multiple Z-plasty in correcting a localised
post-burn contracture of neck

on the depth of the bow-string It 1s unwise to take the side-
limbs much beyond the base of the bow-string and 1if the making
of a large Z would encroach on the surrounding flat skin to any
extent especially 1f 1t tends to be taut, then a multiple Z-plasty
(Fig 2, 8) 1s safer and on the whole just as effective

Blood supply of the flaps

The most frequent complication of the Z-plasty 1s necrosts of
the tip of a flap and 1t 1s particularly common 1f there has been
much scarring of the shin  Precautions to avoid necrosis can be
taken at all stages of the procedure, by providing the flaps with
the maximum of vascular capacity, by avoiding tension and by
meticulous haemostasis

Proviston of maxmmuon vascular capacity  This 1s achieved by
designing the flaps broad at the tip, by avoiding scarring across
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Free shin grafts (Fig 3, 1) are of two hinds

1 Whole skin graft consisting of epidermis and the ful
thickness of dermis

2 Split-skin graft consmting of epidermis and a varable
quanuty of dermis  Split shin grafts are described as thin
intermediate or thick according to the amount of dermuw
mcluded

Than
“““ Spihit Skun
Inter
mediate Graft
Thick
Whole Skin Graft

Fia 3,1t

A transyerse section of sknn showmg the thickness sand components of the
various types of free skin graft

While the propertics of the whole skin graft are relativelv
constant those of the split skin graft depend 1n some degree on the
thickness of 1ta dermal component the thicker split skin graft
approwumating to the whole skin graft 1n its characteristica

The whole alin graft takes less readily than the split skin graft
and before 1t can be used successfully condinons must be optimal

~The thinner the split skin graft the better are 1ts chances of taking
m difficult condittons

The stability of a graft depends on dernus and o the thicher
graft stands late trauma better than the thmn graft

The whole skin graft remarns virtually at 1ts onginal size  the
spht slin graft tends to contract f circumstances permit e.g
inside the mouth or across a flexure  Wathin broad himits the
thinner a graft the more 1t will contract secondarly

The donor mte of the split skin graft heals spontancously



CHAPTER TTIREE
Free Skin Grafts

QS a result of trauma, pathological process, or surgical excision

the surgeon may be faced with a defect of shinwhich, because
of 1ts size, cannot be closed by direct suture or which,
because of 1ts other characteristics, 1s unsuitable for suture  He must
then consider whether alternative shin cover 1s possible and 1f 1t s
possible what form 1t should tahe On most occasions the skin
cover of choice will be a free skin graft though circumstances do
arise where a free skin graft cannot be used and a flap 1s needed
'The indications for the use of a flap will be discussed 1n Chapter
Four, the present discussion 1s concerned primarily with the
use and practice of free skin grafting
As 1ts name mmplies a free skin graft 1s completely detached
from the body during 1ts transfer from donor to recipient site
It 1s used in circumstances which vary enormously and examples
of these are

1 Where there 1s loss of skin following trauma  Grafting
may be carried out prumartly, immediately after the traumatic
episode, or sccondarily, when granulations have developed

2 Where a residual shin defect 1s left following exciston of a
simple or malignant tumour

3 Where an ulcer, eg gravitational, caused by a non-
neoplastic pathological process, 1s present

As a general rule a free skin graft will be accepted by any site
which, left ungrafted, would rapidly develop granulations
Although most often used to repair a shin defect, such a graft
can also cover a defect of the mucosa of the accessible mucous

membrane lined cavities— mouth, eye, accessory sinuses, etc
50 -~
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been tnadequately studied in the human but n general thick grafts
are less ruptdly vasculanised than thin The anatomical lay-out of
dermal capillaries may explain this for the density of the capillary
network of the superficial derms 18 much greater than that of the
deeper dermis  In a thin graft the greater density of cut capillary
ends will greatly increase the chances ot meeting of the capillanies
of graft and graft bed with consequent rapid unton and vascularisa

tion on the basis of mere random link up for there 13 no evidence
that chemotactic 1nfluences play any part in vascular link up

Factors Influencing Take

Tahe depends on rapid vascularsation and to achieve this

certain requirements must be met
1 A recipient site capable of producing capillary buds

2 Accurate approumatton of graft and recipient site so that

the granulation tissue zone betneen the two surfaces 13

reduced to & munimum

3 Immobilisation duning the phase of vascularisation
The recipient site Capillary outgrowth 1z needed both to
produce granulation tissue and to vascularise a graft and so the
potential recipient area incapable of producing granulations
will not take a free skin graft. As a corollary of ths the surface
which granulates rapidly and well takes a graft readily one which
granulates poorly takes a graft less readily

The parallel shows well when fat and deep fasciz are compared
for just as deep fascia granulates better and more rapidly than fat
80 1t provides a better bed for grafing  The need for capillary
outgrowth from the graft bed means also that a free shin graft wll
not take on tendon bared of paratenon on demuded cortical bone
or on cartilage (Fig 3, 3)

Granulations become leas vascular and more fibrous as they
age and the sooner they are grafted the better the chance of take
Infection tends to complicate the 18sue 1n such a mtuation for the
longer a granulating area remains ungrafted the greater are its
chances of infection which will vitiate gratt take
Accurate approximation. The shorter the distance to be
travelled by the capillaries outgrowng trom gratt bed and graft
dermis to join each other the more rapid and effectine will be the
development of a circulating system 1n the graft  This mahes 1t
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while that of the whole shin graft has cither to be closed by suture
or covered with a sphit-shin graft  This places a limit on the area
of whole thickness shin which can usefully be cut

TAKE AND VASCULARISATION

By defimition a free shin graft must be without blood supply
unti] the vessels of graft and recipient area link up At normal
shin temperatures a shin graft without an effective blood supply

Graft

Fibrin—

Recipient
Area

Fic 3,2

A diagrammatic representation of graft tahe
Initial anchorage by fibrin
Commencing organisation of fibrin clot with ingrowth of capillartes from

graft bed and graft
Link-up of blood vessels of graft and graft bed, and organisation of fibrin

mto fibrous tissue attachment

W

has a Iimited surinnal time and so the rapid provision of such a
supply 1s vital  The process of attachment to the recipient area
and vascularisation of the graft are referred to as ‘“‘take” of the

~

graft
Initially there 1s a link-up between the capillaries of graft and

reciptent area (Fig 3, 2) This*imitial linkage 1s said to be re-
inforced by fresh ingrowing vessels from the graft bed so that the
vascular pattern of the graft 1s re-organised but the evidence for
this 1s not very substantial The mitial linh-up 1s usually well
advanced by the third day At this time the attachment of the
graft to its bed 1s very tenuous and remains so until the initial
fibrin clot anchorage has become organised into a fibrous tissue
attachment, a process which takes some time  The graft must be
protected during this period lest rupture of Iinking capillaries
occur with resulting haemorrhages under the graft

The speed and actual process of vascularisation of grafts has
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been inadequately studied 1n the human but in general thick grafts
are less rapad]y vascularised than thin  The anatomical lay out of
dermal capillanes may explain this for the density of the capillary
networh of the superficial dermis 18 much greater than that of the
deeper derrmis Ina thin graft the greater density of cut capillary
ends will greatly increase the chances of meeting of the capullaries
of graft and graft bed with consequent rapid unton and vasculansa
tion on the basts of mere random link up for there 18 no evidence
that chemotactic influences play any part in vascular link up

Factors Influencing Take

Tahe depends on rapid vasculansation and to achieve this
certain requirements must be met

1 A recipient site capable of producing capilary buds

2 Accurate approximation of graft and reciptent site so that

the granulation tissuc zone between the two surfaces 18

reduced to a minimum

3 Immobiligation duning the phase of vasculansation
The recipient stte. Captllarv outgrowth 18 needed both to
produce granulation tissue and to vascularise a graft and so the
potential recipient area incapable of producing granulations
will not take a free skin graft  As a corollary of this the surface
which granulates rapidly and well takes a graft readdy  one which
granulates poorly tahes a graft less rendily

The parallel shows well when fat and deep fascta are compared
for yust as deep fascia granulates better and more rapidly than fat
20 1t provides a better bed for grafung  The need for capillary
outgrowth from the graft bed means also that a free skin graft will
not take on tendon bared of paratenon on denuded cortical bone
or on cartilage (Fig 3 3)

Granulations become leas vascular and more fibrous as they
age and the sooner they are grafted the better the chance of take
Infection tends to complicate the sue m such a situation for the
longer a granulating arca remmns ungrafted the greater are it
chances of nfection which will vitiate graft take
Accurate approximation. The shorter the distance to be
trmvelled by the capillaries outgrowing from graft bed and graft
dermiz to join each other the more rapid and effective will be the
development of a circulating system 1n the graft  This mahes 1t
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essential to have intimate contact of the graft and 1ts bed, and the
commonest causc of separation of the two surfaces 1s blood clot
(Iig 3, 4) which forms a barrier through which capillaries cannot
grow 1n time to prevent necrosis of the graft

Fic 3,3
Ty pical areas—shown in black—which will not take a graft successfully

A Bare cortical outer table of skull

B  Bare tendon of extensor digitorum

C Bare cortex of metacarpals and proximal phalanges with articular cartilage
and open metacarpo-phalangeal joints

The need to have the two surfaces contain the maximum
possible number of capillary ends explains the usual practice of
removing all fat from the whole shin graft TFat 1s relatively
avascular compared with darmis and would act 1n effect as a block
to the contact of the two vascular surfaces
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Methods of physological fixation imolving the use of
plasma and thrombin have been described but these have no
influence on the take of 2 graft  They are effectne only if the
principles here stated arc followed and 1f these principles are
adhered to they are unnecessary It 13 true that the early fixation

N

Closs Contact — Scparation by Haematoma
Raprd Vascukerisation —Frlure to Vascularise
—Loss of Graft

NI AN

Immobile Contact — Movemant of Graft —
Caprliery Link up Mo Caprliary Link up—
Loss of Graft
Fic 3 4

The influence of accurate approurmaton and 1mmobile contact on
the vascularisation of o gruft

of a graft 1s by fibrin but both fibrinogen and the enzvyme system
which converts 1t to fibrin are already present 1n ample quantities
without requining to be supplied by the surgeon

Immobuisation. During the phase of capillary outgrowth and
link up the graft and its bed must remain completely immobile
relative to each other Sheanng strains are particularly to be
prevented (Fig 3 4) for the best conditions for capillary link up
cannot obtain 1n the presence of such strains and small movements
he immobilits must 1n theory be continued until the anchorage
of the graft by fibrous tissue 13 strong enough to take such stramns
without rupturing the capillancs
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In practice other factors may influence the various time intervals
at least as far as the instial dressing following grafting 1s concerned.
The whole skin graft 1s generally slower to vascularise and 1s
usually left for 7-10 days while the split-skin graft 1s left for 7 days
In the case of the sphit-skin graft on a granulating area this may
have to be tempered by the problem of infection and 1t 1s usual
to dress such a graft on the fourth post-operative day lest accumula-
tion of discharge affect the graft adversely

A further dressing to provide support and immobility 1s
applied thereafter until the graft has consolidated clinically

The factor of pressure

As a result of the teaching of Ferris Smith 1t 1s often stated that
pressure, preferably at the level of capillary pressure, 1s necessary
to get a graft to take but this 1s not so provided the conditions
already outlined are fulfilled It must be recognised of course
that in most circumstances a pressure dressing is the surest way
of fulfillng them Nevertheless 1t 1s worth stressing that the
pressure 1s merely a means to the end of fulfilling the conditions
and has no imherent virtue of its own to justify its use A graft
may actually fail because of undue pressure which presumably
prevents the normal flow of blood into the graft bed It 1s in the
scalp, face and limbs that such pressure 1s likely to be attained by
circumferential bandaging It 1s most prone to occur where bone
closely underlies a graft and a minimum of soft tissue 1s present
to buffer the pressure Indeed 1t needs pressure of an order
which would produce a sore even in intact skin

The phenomenon of bridging

A graft may take over bare cortical bone, tendon or cartilage,
and even 1f separated from its graft bed by blood clot, provided
always that the area 1s small enough In such circumstances the
graft survives by bridging (Fig 3, 5), a phenomenon of particular
interest 1mn view of the hight which 1t throws on the process of
vascularisation It provides confirmatory evidence of a link-up
with the ewusting vascular network of the graft since bridging
could not occur 1f vascularisation took place by capillary invasion
from the graft bed

In most circumstances bridging 1s strictly imited 1n area and
bcyond this necrosis will occur  Certainly 1t cannot be relied on

—
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to cover bone tendon or cartilage successfully  Where a very nich
vascular network eusts both 1 a graft and s bed honever
bridging may be possible oy er a much larger arca and the composite
free graft of ear skin and cartilage for alar defects succeeds or fails
largely on the extent to which bridging 18 successful

THE WHOLE SKIN GRAFT

The whole shin graft requires optimal conditions to tahke
successfully and so cannot be applied for example to a granulating

NECROTIC GRAFT

Successful bridging Fallure to bridge larger defect
of small defect
Fic 3, 5
The phenomenon of brudging

area A graft of relatrvely small stze only can be used for 1ts donor
site must erther be closed by suture or covered with a spht skin
graft These adverse qualrties naturally it its usefulness in
practice

Its demruble properties on the other hand make 1t very much the
graft of choice in certain circumstances It does not contract
secondarily and this makes 1t surtable for skin replacement around
the mouth and eyehids and on the palmar aspect of hand and
fingers It stands pressure well and s0 1s useful on the sole of
the foot  In the face moreover a whole skin graft from one of the
more suitable donor sites described below will give 1n general the
best colour and texture match

Donor Sites

The thickness appearance texture and vasculanty of skin
vary greath in different parts of the bodv and have a strong
influence on the selection of the donor site appropriate to a
particular surgical situation
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Post-auricular skin. The posterior surface of the ear and the
adjoining post-auricular hairless mastoid skin (Fig 3, 6) make the
best donor site when the face 1s being grafted The one dis-

—-
e m————
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Fic 3,6
The area available as a source of post-auricular skin and the method
) of closing the resultant defect

advantage 1s the limited quantity of skin available and this restricts
its use very materially It gives a most excellent skin colour and
texture match (Fig 3, 7) and when replacing eyelid skin 1s often

n«»:qtz 5 :~ »‘wv'

I'ic 3,7

The carly and late appearance of a post-auricular full thickness graft applied
to the nose following the excision of a simple pigmented nacvus

virtually undetectable  The vascularity both of the graft and the
sites to which 1t 1s usually applied make 1t the easiest of whole
shin graftsto gct totake  The donor site 1s closed by dircet suturc

The post-auricular whole shin graft has 1ts main usc in repairing
small dcfects of the face and the arca of shin available bchind the
car alone limits the stzc of the defeet which 1t can be uscd to cover

-—
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Supraclavicular skin  The skin of the lower postenor triangle
of the nech (Fig 3, 8) gnes a good colour and texture match used
on the face though one distinctly inferior to post auricular shin
A larger area of shin 1s avalable but the increase 15 too small to
mahe 1t more obtiously useful as the donor arca tself must be
grafted 10 most nstances This adds a cosmetic defect of 1ts
own and one which 18 likely to be particularly undesirable in the
fernale

7 R
4 L .
SRR | R
Fic 3 8

The late appearance of & supraclavicular full thickness graft applied to the face
folloning excmion of & hairy neevus  The supraclavicular defect was covered

.

with a d plit-skin graft from abd.

Its usefulness 1s thus rather restricted and 1t 18 not often needed
It mught be conmdered for a defect just too large for a post-
auricular whole skin graft where a rotation flap 1s contra indicated

Flexural skin. The antccubital fossa and the groin are both
possible donor sites  The dermis 15 thin and the shin mobile on
the deeper tissues  Applied to the face the cosmetic result 1s not
greath nferior to that usng supraclavicular skin  Only a
limited quantrty 18 available unless a sccondary graft 18 used to
cover the donor site

In the antecubital fossa the donor site 18 more often exposed
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and the scarring of closure consequently more of a drawback
Furthermore, 1f much tension 1s used n closing 1t by direct suture
a hypertrophic scar or keloid may develop  In the groin the pubic
hair may limit both the use and quantity available but the area 1s
valuable if a long narrow graft 1s needed, for closure in such
circumstances 1s relatively simple

The groin 1s more generally useful and for the hand 1t provides
a good source of skin

Thigh and abdominal skin. The texture and colour match of
thigh and abdominal skin grafted to the face 1s usually poor
The skin erther stays extremely pale or becomes hyperpigmented
relative to the rest of the face An added defect 1s a loss of the
constantly varying fine play of normal facial expression The
grafted area has instead a rather mask-like appearance due possibly
to 1ts thicker dermis  Although a thick split-skin graft cut from
the abdomen with the drum dermatome tends to be used rather
than a whole skin graft for replacing extensive areas of facal skin
loss 1t shares the defects of the whole skin graft

Both sites provide a good source of skin for the palm of the
hand and the thick dermus gives a good pad to take the necessary
pressure used on the sole of the foot  If a graft of any size 1s used
the donor site must 1n 1ts turn be grafted and even when the donor
site can be directly sutured the scar usually stretches badly

Method of Use

The whole skin graft 1s accurately fitted to the defect and so
a pattern of the defect to be grafted must be made to have the
graft at normal skin tension 1n its new site Alummum foil,
jaconet, and o1l silk are all useful materials for making patterns
Around the eyelids alummium foil 1s probably best, elsewhere
the others are more satisfactory

The graft will be used under two different conditions which
influence the method used to make the pattern

Where the area and contour of the defect are accurately
known beforehand, ¢ g when removing a naevus, 1t 1s best to
marh out the arca of (xasion and make the pattern of this outhine
This avords having to makce a pattern of the post-cxcistonal defect
which would bc too big because of wound rctraction or of the
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pathological specimen after removal which would be too small
for the same reason

An outline of the shape can be made castly mahing use of the
solubility of Bonney s Blue m spint (Fig 3,9) A sheet of jaconet

Making an imprint of outline on
Outlining the lesion spirit moistened fabric ede of
with Bonnay 8 Blue jaconet

e

Imprint on jaconat Cutting the pattern
Fio 3 ¢
‘The making of a Jaconet pattern of the outline of a leston poor to rts excison

mostened on the tabnc surfece with spint and pressed on the
lesion outlined with the dye lifts enough colour to leave a good
mpnnt of the outline on the fabne

When the area 1s irregular 1t 18 wise to orientate the graft before
cutting with multiple dye tattoo punctures (Fig 3, 10) to fit
corresponding marks in the shin surrounding the defect to be

gratted  Fadure to do this can make the fitang of the graft
unnceesaanly difficult
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and the scarring of dosure consequently more of a drawback
Furthermore, 1f much tenston 1s used in closing 1t by direct suture
a hypertrophic scar or helord may devedop  In the grom the pubic
hair mav hmit both the use and quantity available but the area 1s
valuable 1f a long narrow graft 15 nceded, for closure 1n such
circumstances is relatively simple

The gron 1s more generally uscful and for the hand 1t provides
a good source of shin

Thigh and abdominal skin. ‘I he texturce and colour match of
thigh and abdominal shin grafted to the face 1s usually poor
The shin either stavs extremely pale or becomes hyperpigmented
relative to the rest of the face  An added defect 1s a loss of the
constantly varying finc play of normal facial evpression The
grafted area has instead a rather mash-hke appearance due possibly
to 1ts thicher dermis  Although a thich spht-shin graft cut from
the abdomen with the drum dermatome tends to be used rather
than a whole shin graft for rcplacing extensne arcas of facial shin
loss 1t shares the defects of the whole shin graft

Both sites provide a good source of shin for the palm of the
hand and the thich dermis gives a good pad to take the necessary
pressure used on the sole of the foot  If a graft of any size 1s used
the donor site must 1n 1ts turn be grafted and even when the donor
site can be directly sutured the scar usually stretches badly

Method of Use

The whole skin graft 1s accurately fitted to the defect and so
a pattern of the defect to be grafted must be made to have the
graft at normal skin tension in its new site Aluminium foil,
jaconet, and o1l silk are all useful materials for making patterns
Around the eyelids aluminium foil 1s probably best, elsewhere
the others are more satisfactory

The graft will be used under two different conditions which
influence the method used to make the pattern

Where the area and contour of the defect are accurately
known beforehand, e g when removing a naevus, 1t 1s best to
mark out the area of excision and make the pattern of this outline
This avoids having to mahe a pattern of the post-excisional defect
which would be too big because of wound retraction or of the
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(b)

Ballooning
arcawith flud

Trrmmuing fat
from qraft

Fio 3, 11
The method of cutting a full thickness graft
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Where the defect 1s not known beforchand, ¢ g following
aveaston of a mahgnant lesion, or rddease ol a contracture, the
pattern can only be made once the dedect has been surgically
created  In those arcumstances the defeet should be displayed

Marking post-
auricular
area

Tattooing points for
subsequent matching Marking jaconet

Tattooing matching

points on graft Suturing

matching
pomnts

Iic 3, 10

The tattooing of matching points to facilitate orientation of the graft for
suturing

to the full before making the pattern  T'his applies with particular
force to the eyelid where failure to make the pattern and subse-
quently the graft of a size to fill the defect in {ull will result 1n
restdual ectropion

Cutting the Graft

In cutting a wholc skin graft (FF1ig 3, 11) time and care can be
spent at the actual timc of cutting so that no fat 1s left on the graft,
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Donor Sites

These are selected 1n any set instance by such factors as the
amount of skin required  whether a good colour and texture match
18 needed  local convenience a8 in grafting from forearm to hand
with need for only one dressing  the necessity of having no hair on
the graft the cutting nstrument avaiable the desirability where
possible of avoiding the leg 1n the aged or out patient

The usual areas are

Virtually the whole of the reasonably plane surface of the
torso

The thigh and upper arm

The flexor aspect of forearm

When these are not available or all possible sites are needed
skun can also be cut from

The other aspects of forearm
The lower leg

Graft-cutting Instruments
The nstruments commonly used for cutting grafts are

‘The Humby knife which was developed from and has now
largely replaced the Blair knife

The drum dermatome

The electne dermatome

The Humby and Blair knives (Fig 3, 12)

The Humby knife 13 sumilar to the Blatr knufe with the refine
ment of an adjustable roller which controls the thickness of the
graft cut It 18 the most frequently used instrument for routine
graft cutting despite the fact that both 1t and the Blair knife can only
be used on convex surfaces  The technique of cutting with 1t 1s
readily acquired and for the surgeon who cuts only an occastonal
graft 1t 18 much the better mnstrument of the two

The Blair knite 18 something of o virtucso instrument It 15
much more difficult to use and when a large graft 18 being curt,
consistently correct thickness 1s a real achievernent for most
surgeons  \ith the advent of the Humby hnife 1t 18 seldom used

T
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or the graft may be cut without spectal regard to fat, the fat being
subsequently removed with sussors  Excision of the fat after the
graft has been cut 1s a tedrous business but to cut the graft without
fat requires both shill and care It 1s probably casier for the
surgeon who scldom uses the method not to attempt it lest the
graft be buttonholed n the process  Most surgeons gradually
acquire a feel for the correct plane at the time of cutting the graft

A uscful device, espectally 1in the concavity behind the ear, 1s to
balloon the whole area with flmd  Using the pattern already
made the outhine 1s marked on the shin with Bonney’s Blue,
mncised and undercut It often helps to pull the shin of the graft
taut over the hnife with hooks so that the knife 1s cutting blindly,
largely by touch  Alternatn ely, the graft can be held turned back
so that cutting 1s done under vision  Oddly enough this method
15 less precisc and usually results 1in more fat being left on the
graft  Any fat left on the graft must be carefully removed with
SCISSOrs

Care of the Donor Site

Behind the ear, closure by direct suture 1s usually feasible
Elsewhere direct suture should be used where possible In the
thigh and abdomen, where the superficial fascia 1s relatively fixed,
the exposed fascia 1s best excised to facilitate closure In the
flexures, where the skin 1s much more mobile, this 1s less often
necessary Where the donor sit€ defect 1s too large to suture
a split-shin graft must be used to cover 1t

THE SPLIT-SKIN GRAFT

A split-skin graft may vary 1n thickness from what 1s virtually
a whole shin graft to one which 1s almost epidermal and each has
1its place depending on which property of the particular thickness
1s wanted It s used erther as temporary cover to provide healing,
eg 1n burns, ;n the immediate post-excision treatment of skin
malignancies, 1n the coverage of bridge pedicle defects, or as
permanent cover In general temporary grafts are cut thinner
than permanent grafts but not infrequently a graft meant for
temporary cover proves entirely acceptable as permanent cover
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Because of the prominence of the femoral shaft the anterior
aspect doea not giv ¢ a broad plane surface and 1t 13 not used unless
all donor stes are needed

Thigh —poster7or aspecs
(pacrent prane)

Thugh— postertor aspect Thigh—— latera/ xspect
(patrent }ying an back)

Fio 3,13
Poamomng the thigh for cuttmg a graft

In the arm (Fig 3, 14) poarttoning and pressure are used 1n
the same way to give the broadest plane surface
Preparing the knife  Ideally the blade when cutting moves to
and fro smoothly over the skin surtace which does not move at all
with the knife  Drag which 1s the result of friction between
blade and shin causes the shin to oscillate to and fro with the
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Placing the donor site. 'l he donor site most often used 1s the
thigh and the positionming of the leg for this purpose will be
described m o detarl (g 3, 13) but the principles outhined can be
applied to anvy other donor site

The leg 1s placed with the appropriate group of muscles
relaned so that by pressing the muscle group cither medially or
laterally the maximum of planc surface 1s presented to the knife

}
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Humby Knife ((Bodenham modification)
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Humby Krife (Brarthwarte pettern)
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BlairKnife (Bodenham rmodification)
Fic 3, 12
The Humby and Blair knnves

For the medial side of thigh the leg 1s placed as in Fig 3, 13
The assistant presses from below with the flat of both hands
pushing round the hamstrings and adductors to give the necessary
wide flat surface for cutting a broad graft

When the lateral aspect 1s used (Fig 3, 13) the surface pro-
duced when the assistant presses laterally 1s less satisfactorily flat
than the medial aspect especially 1n 1ts lower part because of the
tautness of the ilio-tibial band  The depression which 1t produces
between the vastus lateralis and the biceps femoris becomes less
noticeable proximally

For the posterior aspect (Fig 3, 13) flexion of both hip and
knee are needed to get at the surface unless the subject 1s prone
Distally the ridges produced by the diverging hamstrings mahe a
good graft difficult to obtain but passing proxtmally the flat
surface broadens and a good graft can be cut readily
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which 18 thin and onlv partly supported  As a result the adjust
ment markings present on the kmife gie a setng which tends to
vary with different blades and rclance on the markings alone in
setting the roller will g e inconststency of graft thickness

By holding the knife up to the light the actual clearance between
blade and roller can be seen and this method gives a more relable
reading  Although the surgeon learns with expenence to set the
knife by eve a clearance of a little less than 1 mm as a rule will
be found to gne a graft of average thichness It must be empha
sued however that this must 1n turn be controlled by watching
both the graft as 1t 18 cut and the bed from which 1t 18 being cut
The guiding characters of thickness are described helow

Cutting the graft. The surgeon should work from the more
convenient side of the patient cutting down the mb or up
according to his position

A little 1n front of the kmfe and moving smoothly at a fined
distance from 1t a wooden board 18 held pressed hard down on the
skin (Fig 3, 15) The board series the double purpose of
steadying and flatteming the skin as the blade reaches it The edge
of the board which 15 pressing on the skin 1s lubncated with
petroleum jelly so that it moves smoothly with the knife  To get
hmife and board moving smoothly forward in unison tahes practice

With both Blair and Humby knife the secret of good cutting
18 to concentrate on an even to and tro motion rather than on the
forward moving of the knifc as 1t cuts the graft

It may help to make the whole skin area as taut as possible by
having a further asmistant hold the skin steady and tight with a
wooden board just behind the knife before it starts to cut  The
board 18 kept stll as the kmfe moves forward to cut the gmft
Where the skin 1s atrophic lax and mobile as 1n the aged or
emaciated subject this manoeuvre 15 useful nsofar as 1t helps to
elimnate drag

A further difficulty in the use of the Humby koife 18 a tendency
for the clearance between roller and blade to increase as the graft
18 being cut 8o that the graft becomes steudily thicker  This must

always be watched for so that the roller can be re adjusted to 1ts
ongmal setting

Assessment of thickness  Although 2 setting of the roller has
been suggested abos e the surgeon must be prepared to modify 1t
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knife and makes the graft more difficult to cut It cannot be
completely eliminated but lubrication docs help to reduce it The
usual lubricant 1s petroleum jelly and the surface of the blade
I neat the shin should be smeared with 1t When the Humby
1 knife 1s used the lubricant must be kept clear of the roller lest the

G

Arm

medial aspect Forearm —flexor surface

Fic 3, 14

Positioning the arm for cutting a graft

graft instead of gathering on the blade as it passes between blade
and roller should stick to the roller, winding itself around 1t

Setting the knife. Setting the knife 1s necessary only with the
Humby knife where graft thickness 1s controlled by adjusting the
distance between roller and blade The advantage of the inter-
changeable blade which 1s now almost universal 1s that 1t gives a
much cleaner cut with minimal drag from bluntness, but thss 1s
to some extent offset by the shight lack of rigidity of the blade y
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which 18 thin and only partly supported  \s a result the adjust
ment markings prescnt on the knife give a setting which tends to
vary with different blades and reliance on the markings alone 1in
setting the roller will g1ve inconsistency of graft thickness

By holding the knifc up to the hight the actual clearance between
blade and roller can be scen and this method gives a more relable
reading  Although the surgeon learns with expenence to sct the
knife by eye a clearance of a little less than § mm as a rule will
be found to g e a graft of average thickness It must be empha
ssed however that this must 1n turn be controlled by watching
both the graft as 1t 15 cut and the bed from which 1t 18 being cut
The guiding characters of thichness are described below

Cutting the praft. The surgeon should work from the more
convenient mide of the patient cuting down the limb or up
according to hus position

A lrttle 1n front of the hmife and moving smoothly at a fived
distance from 1t a wooden board 18 held pressed hard down on the
sl (Fig 3, 15) 'The board senves the double purpose of
steadying and flattening the shin as the blade reachea1t  The edge
of the board which 1 pressing on the shin 15 lubnicated with
petroleum jelly 5o that 1t moves smoothly with the knife  To get
knife and board moving smoothly forward in unison takes practice

Wath both Blar and Humby knife the sccret of good cutting
18 to concentrate on an even to and fro motion rather than on the
forward moving of the knufe as 1t cuts the graft

It may help to make the whole skin area as taut as possible by
having a further asstatant hold the skin steady and tight with a
wooden board just behind the knife before 1t starts to cut  The
board 15 kept still as the knife moves forward to cut the graft
Where the skin 18 atrophic  lax and mobile as in the aged or
emaciated subject this manceuvre s useful mnsofar as 1t helpa to
ehmunate drag

A further difficulty 1n the use of the Humby knife 18 a tendency
for the clearance between roller and blade to tncrease as the graft
1a being cut so that the graft becomes steadily thicker  This must

alvays be watched for o that the roller can be re adjusted to 1ts
orginal setting

Astessment of thickness Although a setting of the rolfer has
suggested aboy e the surgeon must be prepared to modify 1t
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knife and makes the graft more difficult to cut It cannot be
completely elimiated but lubrication does help to reduce st The
usual lubricant 1s petroleum jelly and the surface of the blade
I next the shin should be smeared with it When the Humby
knife 1s used the lubricant must be kept clear of the roller lest the

777D

medial aspect Forearm— Flexor surface

Arm

Fic 3,14

Positioning the arm for cutting a graft

graft instead of gathering on the blade as 1t passes between blade
and roller should stick to the roller, winding itself around 1t

Setting the knife. Setting the knife 1s necessary only with the
Humby knife where graft thickness 1s controlled by adjusting the
distance between roller and blade The advantage of the inter-
changeable blade which 1s now almost universal 1s that 1t gives a
much cleaner cut with minimal drag from bluntness, but this 1s
to some extent offset by the shight lack of rigidity of the blade
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Fig 3,10

The transtucency of different thickneases of split-akan graft
A Thin B Medium C  Thek

N

Fio 3 17
The pattern of bleeding of the dono srtes of different thicknesses of split-slan
graft

A Thin B \edwum ¢ Thick
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if necessary. The first ] inch or so of the graft cut gives a
good mdication of the thickness and the setting can be adjusted
accordingly

‘The tianslucency of the graft 1s the mam index of thickness
(Fig 3, 10) The very thin graft 1s translucent and not unlike

Fic 3, 15

Cutting a graft with the Humby knife

tissue paper, the grey of the knife blade shows easily through
Thicker grafts are increasingly opaque until the whole shin graft
has the colour and appearance of cadaver shin A sphit-skin graft
of intermediate thickness 1s moderately translucent

The pattern of bleeding of the donor site gives a further mdica-
tion of thichness (Fig 3, 17) The thin graft produces a high
density of tny bleeding pomnts, the thicker graft gives a lower

density of larger points
While these criteria are gencrally applicable they should always
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drum for cutting by the hmife blade which 15 moved to and fro
pacallel to the awis of the drum at a previoush adjusted  fixed

Fro 3, 18

The drumn dermatome and ra uae
Punnng“gcheg;r]um with adhesive
Liftng the skm with the drum before be, to cut the
Cuttnng the graft @maung graft
Stripping the graft from the drum

Cow»

clearance distance  As cutting proceeds the graft 18 left adhering
to the drum (Fig 3 18)

Cutting 2 graft with the dermatome can only be leamed by
demonstration and practice and 1t 18 not proposed to discuss the
techmque 1n any detall  There are some hints however which
may help the beginner
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be correlated with the imitial appearance of the skin i the
individual patient particularly as to the presence of clinical atrophy
With the papery skin of the aged the graft must be correspondingly
thin and the distribution of bleeding points gives no help in such
cases

The thickness of the skin also seems to vary in various parts
of the imb, 1n general lateral 1s thicker than medial and distal
thicker than proximal in the individual, but individual variation 1s
considerable

The drum dermatome

In Great Britain the model generally used 1s the Padgett-Hood
or one of its modifications (Fig 3, 18) Its clumsiness and un-
certainty 1n use compared with the Humby knife have prevented
it from achieving great popularity for routine purposes An
added defect 1s that successive drums of skin are not readily cut
without meticulous cleansing and fresh preparation of both
dermatome and skin  None of these criticisms apply to the Reese
dermatome which 1s currently popular in the Umted States and
which 1s a much superior instrument It 1s unfortunately not
manufactured in this country The description which follows
refers only to the Padgett-Hood instrument or its modifications
and not the Reese dermatome

Although the drum dermatome 1s not used routinely there are
occasions where 1ts use 1s particularly indicated The precise
indications naturally depend to some extent on the relative skill
of the operator with dermatome and grafting knife but in most
cases the Humby knife 1s preferred unless there 1s a positive
reason for using the dermatome In the extensive deep burn
where all donor areas are needed the dermatome may have to be
used since at least until the advent of the electric dermatome 1t
alone could cut from abdomen, chest and much of back On the
credit side the dermatome graft 1s recognisably uniform 1n thick-
ness and this gives 1t a cosmetic advantage over shin cut with the
Humby knife when the face 1s being grafted It 1s in providing
extensi e shin cover for the face that the dermatome graft finds 1ts
matn use and 1n those circumstances a thich split-skin graft 1s used

In using the dermatome the drum and donor area are painted
with an adhesive compound  When the drum 1s pressed against
the shin the two surfaces adhere and the shin can be hifted with the
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drum for cutting by the kmife blade which 18 moved to and fro
parallel to the axs of the drum at a previously adjusted fixed
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The drum dermatome and rts use
Painting the drum with adhesrve
Lifting the skun wrth the drum before bequnnmg to cut the graft
Cuttmg the graft
Stripping the graft from the drum
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clearance distance  As cutting proceeds the graft 1s left adhen

to the drum (Fig 3 18) e
Cutting a gratt with the dermatome can only be learned by

demonstration and practice and 1t 15 not proposed to drscuss the

techmique 1n any detmil  There are some hints however which
may help the beginner
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Graft thickness. Most instruments have a gauge which deter-
mines thickness A graft of medium thickness 1s 12-14/1,000
inch, but thicknesses from 8 or even less up to 16 or 18 can
be used according to need  As with the Humby knife the gauge
reading 1s not always accurate and 1t should always be matched
against the graft actually cut It 1s often difficult to see the graft
well early on in the cut but almost as good an indication 1s the
density and size of the bleeding points of the donor area A thick
graft 1s technically easier to cut than a thin one When lobules of
fat appear the graft 1s in effect of whole shin graft thickness

Lacquering the surfaces. Both drum and skin should be given
a thorough preliminary cleansing with ether to remove all grease
so that the lacquer will stick properly ~ Smooth application of the
lacquer helps it to dry uniformly ~ The edges of the drum take the
greatest pull when the dermatome 1s cutting and should be
carefully lacquered  Being colder than the skin as a rule the drum
dries more slowly but patience 1in waiting until the surfaces are
quite dry pays dividends

Lubrication  Both the surface of the knife moving against the
skin and the axle of the drum should be smeared with petroleum
jelly to help the knife to move smoothly to and fro Lubricant
must not get on to either of the lacquered surfaces or complete
loss of stickiness will result

Cutting the graft. A good initial cut of the knife blade usually
means a good graft and care with the first cut 1s worth while,
making sure especially that the shin 1s sticking from side to side
of the drum  Just how far the drum can safely be raised to pull
up the skin for cutting depends on the laxity of the skin  Raising
the drum too Iittle allows the knife to plough deeply into the shin
beyond the side of the drum and an assistant should be ready to
depress the skin here with a surtable mstrument Raising the
drum too far increases the tension unduly and 1s hable to tear the
skin from the drum so that the knife cannot cut properly and this
produccs a patchy, incompletc drum of skin The middle course
1s only acquired with caperience as 1s the co-ordinated to and fro
cutting of thc kmifc and forward rolling of the drum

Removing the skin from the drum The
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largelv on the graft and as 1t 19 tahen from the drum its stickiness
must be removed VWith mosquito forceps on cach corner to
clevate the margin of the graft an cther swab will remove the
lacquer as the graft comes off the drum  This method 18 effective
but messy and a cleaner way 14 to sprav the graft coming off the
drum with either penictilin or sulpha powder lhe lacquer
remains on the graft but has lost its stickiness

The problem of residual lacquer on the graft has largely been
solved recently by using EVO STIR  IMPACT  houschold
adhesne  This contact adhesne can readily be diluted to 2
viscosity suitable for applhication to drum and shin by adding an
equal volume of ether and strnng untl the two hquids are well
mixed  As an adhesne 1t 18 much better than any the author has
previously used and 1t has the added advantage of bonding to the
drum even more strongly than to the shin so that the graft strips

off the drum completely clean leaving the adhesive entircly on
the drum

The electric dermatome

Although this instrument has been 1n use in the Umted States
for some time 1t has only recently become widely available 1n this
country  One of 1ts major disadvantages 1s that 1t 13 at once a
complex and fragile instrument It does not stand rough handling
and 1f anything goes wrong 1t has to go bach to the maker with
all the annoyance and delay which this entails  With 1t much of
the skill has gone from graft cutting and 1f the instructions are
carefully followed the surgeon can scarcely fal to cut a graft
successfully Tt has the great mernt too of cutung a graft of
controlled width and accurately controllable thickness from almost
any part of trunk or limbs and readily cuts a very thin graft—a
thing that other mstruments do less successfully  Its masimum
width 1s less than either the Humby knife or drum dermatome
and with the more recent models available 1n this country the
width of graft cut can be narroned at will a refinement alreads
present in the United States madel

In appearance 1t 18 not unlihe a large hair-cutting machine
(Fig 3 19) and the resemblance 1s maintained 1n acuon with the
rapidh esaillating cutting blade which 1s driven esther electrically
or by compres. a air  The shin 1s held steady and lubncated
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Graft thickness. NMost instruments have a gauge which deter-
mines thichness A graft of medium thichness 1s 12-14/1,000
inch, but thichnesses from § or cven less up to 16 or 18 can
be used according to nced  As with the TTumby hnife the gauge
rcading 1s not always accurate and 1t should always be matched
against the graft actually cut It 1s often difficult to see the graft
well carly on n the cut but almost as good an 1indication 1s the
density and size of the bleeding points of the donor area A thick
graft 1s technically casier to cut than a thin one When lobules of
fat appear the graft 1s 1n effect of whole shin graft thickness

Lacquering the surfaces. Both drum and skin should be given
a thorough prehimmary cleansing with cther to remove all grease
so that the lacquer will stich properly  Smooth application of the
lacquer helps it to dry uniformly  The edges of the drum take the
greatest pull when the dermatome 1s cutting and should be
carefully lacquered  Being colder than the shin as a rule the drum
dries more slowly but patience 1in waiting until the surfaces are
quite dry pays dividends

Lubrication. Both the surface of the knife moving against the
skin and the axle of the drum should be smeared with petroleum
jelly to help the knife to move smoothly to and fro Lubricant
must not get on to either of the lacquered surfaces or complete
loss of stickiness will result

Cutting the graft. A good mtial cut of the hnife blade usually
means a good graft and care with the first cut 1s worth while,
making sure especially that the skin 1s sticking from side to side
of the drum  Just how far the drum can safely be raised to pull
up the shin for cutting depends on the laxity of the skin  Raising
the drum too Iittle allows the knife to plough deeply into the skin
beyond the side of the drum and an assistant should be ready to
depress the skin here with a suitable instrument Raising the
drum too far increases the tenston unduly and 1s liable to tear the
skin from the drum so that the knife cannot cut properly and this
produces a patchy, incomplete drum of shin  The middle course
1s only acquired with experience as 1s the co-ordinated to and fro
cutting of the knife and forward rolling of the drum

Removing the skin from the drum. The
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split shin grafts have been cut  Lhe donor site of the thin graft
on the one hand with 1its full complement of cut hair follicles heals
rapdly within 10 dave wlule the donor mte of the thich graft
on the other hand depending entirely on sweat gland remnants
heals much more slowly taking 21 davs or more  Most grafts
are of intermediate thichness and leave a percentage of follicles

Thm spht-skun graft

m 5 8days io-tedays 16 20days

o (Ll e o

Intermediata eplit-slun graft

m 58days 10 Mdays 16-20days  21()days

R P o) ool i) P

Thick splhit-skin qraft
F1a 3, 20
The bealing of the donor sites of the variows thicknesses of split-skin graft.

#0 that healing takes 10-21 days A donor area only granulates
if no follicles or sweat glands remamn and mn such circumstances
healing must take place from the margin of the aren

It will be seen from this that the healing of a donor area =
analogous to that of a superfictal burn

Care of the Donor Area

Lhe mam difficulty 1n treating a donor site anises from the
fact that the dressing becomes extremely hard and sticks Like glue
to the shin so that its removal causes bleeding and considerable
pain as the regenerating epithelium 15 tomn off  Usual practice
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with hquid paraffin so that the mstrument can move forward
smoothly

It 1s1n the grafting of the extensive deep burn that the electric
dermatome has been a very real advance  Its ability to cut skin
from almost any part of the body surface has greatly extended the
avatlable donor arcas  The straight margin and uniform thickness
of the graft which 1t cuts mecan that a limb can be completely

RV FURN VRSN WS U

Tc 3, 19

Cutting a very thin sphit-shin graft with the electric dermatome

flayed with scarcely any wastage of skin between adjomning graft
sites 1n the knowledge that the whole donor area will heal umiformly
and rapidly It becomes a practical possibility as a result to cut
successive crops of skin from the same donor site, a most valuable
property when skin 1s at a premium

Healing of the Donor Area (Fig 3, 20)

In the donor site of a split-skin graft greater or lesser portions
of the pilo-sebaceous follicles and sweat glands remain, and from
these multiple foct eprthelium spreads until the area 1s covered
with skin  The pilo-sebaceous follicles are much more active as
centres of epithelial regeneration than the sweat glands which
react more sluggishly Anatomically the sweat glands extend
more deeply than the hair follicles and this 1s reflected 1n the
different healing patterns of sites from which thin and thick

——
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18 0 wenker constrictor of cutancous vessels than adrenaline but
1t 18 less likels to gy e rise to side effects after absorption  Consid

erable vanatton 1n recommended concentrations are descnibed but
inthelarge olumes often required in plastic surgery concentrations
ot 1-2 parts 1 200 000 of saline are safe and 1 practice cffectne

Ligature of obrious bleeding pornts  The forceps must pich up only
the actual point so that the necrosis caused by the short fine cat gut
tie 18 mimimal Tt has been taught that the graft wall not take over
cat gut but this 18 not so unless coarse massn e ligatures are used
The disthermy 1s a possible alternatnve but agamnst st the same
argument can be advanced as against cat gut  In practice take 13
not significantly reduced if the block of tssue hilled by erther
method 13 small enough

Local adrenaline  If the tissue excised has not alrendy been infil
trated local adrenaline or noradrenaline will reduce capillary ooze

Use of ime  Wrthout doubt tnﬁc) 18 the most 1mportant single
factor 1n haemostasis The steps of the operation should be
planned to give the recipient area the longest possible tume for the
normal haemostatic processes to become effectne  While waiting
for bleeding to cease the aren may be left covered with gauze
soaked 1n saline or adrenaline or alternatively 1t may be imgated
with adrenaline solutton and then left exposed What must be
avorded 18 constant dabbing and swabbing which only serve to
encourage oozing

Use and mususe of the sucker  The sucker can play a most valuable
part during an excision in allowing the surgeon to see precisely
where he 1s cutting  The defect once created however suction
applied to the raw area will only keep bleeding gomng If 2
specific clot has to be sucked off the sucker nozzle should never
actually touch the tissue or the bleeder will surely begin agam

When the graft has been sutured in posmition and the dressing
1 ready some surgeons suck out amy clots which have formed during
sutunng  While this 13 not ineffective the dressing must be
upplied wrthout delay for bleeding usually begins agamn as a
result of the trauma of the suction

Vaiginal bleeders  For these a ligature 1s seldom needed W ith
appropruate placing the graft suture can be made to sere the
double purpose ot hacmostasis and graft anchorage
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s to leave the dressing quite alone until 1t separates spontaneously
or, failing this, to soak 1t off  Such masterly inactivity 1s only
possible 1f the dressing remains dry  When part of the graft has
been thicher the corresponding segment of donor arca heals less
rapidly and may even granulate with resulting discharge It has
thentobetreated asa granulating wound  If smallin area it will heal
spontancously, but if of any size 1t should be grafted without delay

A useful prophylactic where all or part of a donor area looks
at all doubtful from a depth pomnt of view and particularly if fat
1s showing to any extent 1s to cover 1t with a thin split-shin graft
when the mmtial graft 1s cut Some surgeons practise routine
grafting of all abdominal dermatome graft donor areas Such a
practice of course buries some sweat gland and hair follicle
remnants and these do tend to form small cysts but such cysts
usually rupture at the surface without giving trouble and this
drawback 1s largely a theoretical one

THE RECIPIENT AREA

Free skin grafts are applied either to raw surfaces surgically
created or at least surgically clean, or to granulating wounds
The practice of grafting varies with the two types of surface

The Surgically Clean Surface

Preparing the recipient area

Although a whole skin graft or spht-skin graft may be used
according to circumstance the underlying principle does not vary
A level surface 1s always desirable for irregularities are likely to
give rise to tenting of the graft across the hollow unless 1t 1s shallow
The common reason for faillure of a graft where 1t mught
reasonably be expected to take well 1s haematomaand a completely
dry field 1s essential before the graft 1s apphed To this end
several measures can be used

Infiltration of the area pi1oi to exciston  Bleeding can be reduced
by 1njecting a vaso-constricting fluid into the tissue to be excised
The fluid usually used 1s local anaesthetic with adrenaline but as
some of the local anaesthetics are vaso-dilators 1t 1s preferable in
the generally anaesthetised patient to use saline as the diluent
Either adrenaline or noradrenalne can be used Noradrenaline
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few particulars  The sutures which fix the graft in position around
1ts margw are left long and tied over a plug of cotton wool » hich
acts as a combined pressure and immobilising dressing  In this
role 1t 18 reinforced by further dressings—gauze cotton wool and
crepe bandages or clastoplast

The whole skin graft. Cut to 1ts prescribed pattern the w hole
skun graft 18 intended to fit the defect accurately and so 18 carefully
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Fio 3, 22
The applxcation and suturing of a full thickness skin gruft

sutured edge to edge along ite margin (Fig 3, 22) Enough
sutures must be imserted to give as accurate an edge apposition as
would be demanded 1n the suture of an mcision and just as 1n
wound suture care must be taken to avoid inversion of the edges
Only sufficient sutures are left long to provide a anug tic over the
remainder are cut short

The split skin graft (Fig 3, 23) The tendency ot the split skin
graft to contract subsequently makes 1t adwimble to dusplay the
raw area to the full so that as much skin can be inserted as the
defect 19 capable of tahing  Such a graft 15 not usually spread
on tulle gras before being applied to the raw area though the
added rigrdity which the tulle gras backing provides sometimes

does mahe handling of the graft technically easier
v
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Ciup syringe and orange stick (Fig 3, 21)  Unless the graft bed 1s
absolutely dry 1t 1s wisc to flush out the whole site with salme
once the graft 1s sutured n place using a chip syringe or a 20 ml
syringe with blunt cannula  Any small remaming clot can be
removed by inserting an orange stick tipped with cotton wool

Removal of blood ciots by irrigation with
chip syringe

Fic 3, 21

Removal of blood clots from under a graft with an orange stick and by
irrigation

When the stick 1s twirled the clot 1s caught by the wool and can
be removed with the stick

Plasma and thiombin ~ Some surgeons use this to wash under the
graft as a final measure just before applying the dressing so that
the resulting clot will anchor the graft  As already indicated the
procedure has no theoretical basis  Its ritual use has been generally
abandoned with consequent simplification of grafting procedure
and no change 1n results

Applying the graft
The modes of application of a whole skin graft and a split-skin
graft are similar 1n principle and 1n actual practice differ in only a
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Dressing the graft (Ig 3, 24)

A layer of tulle gras lad over the graft before the tie over
cotton wool bolus 1s applied tends to ease the firat post operative
dressing but 18 by no means essential  What essential 18 the
careful packing of the graft area with the cotton wool and this

i 3, 24

The tie-over dressing

must be done meticulously so that the graft as a whole 13 subjected
to uniform pressure  The plug must be bulky and extend to the
margin of the graft The most effictent shape 18 probably one
with a aircular cross section which will spread the pressure evenly
With the wool tightly packed 1n position the long tie over sutures
are tied tightly over the dressing anchoring dressing and graft 1n
One mass

The matenal best suited to act as a plug 18 cotton wool prepared
with flavine emulsion  Alternatives are cotton wool mostened
with saline or tightly wrung out with liquid paraffin but flavine
wool * 13 much to be preferred because of its fluffing properties

Over further cotton wool padding to diffuse the pressure

Prepamaton of flavine wool The matenals used are flavine emulsion
and best quality cotton wool or Gamgee A sheet of cotton wool 10 aoaked in
the emulsion prevjously warmed to reduce 1y viscomity unml jt is complere}
impeegnated  The excesa of emuluon 13 then removed from the cotton amf
It1s at thus pownt that the usefulness of Gamgre becomes apparent for the covering
g-uze adds to the strength of the material which can be rolled up and wrung out

% hand  Thus rust be done thoroughly until the cotton wool appears 1 irtuall
dn and no mofe emuliion cun be extracted  The sheet of cotton wool 18 left
to dry off on & narm surface and when autocla ed 13 ready for use  For emse
of handling it can be wrapped 1n cellophane or packed 1n a oo
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The graft should be cut large enough to overlap the raw area
shghtly and there 1s no nced to fit 1t accurately to the defect
It will take only to the margin of the defect in any case and the
overlap can be trimmed off readily when the graft 1s dressed
If the margin 1s accurately sutured edge to edge 1t 1s apt to inroll

Trimming / Removal of
excess of overlapat |
first dressing

Fic 3, 23

The application and suturing of a split-skin graft

and this gives a poor scar The overlapping suture avoids this
and also allows reduction of the number of sutures needed, for as
long as the graft continues to overlap the defect between the sutures
1it will cover the raw area

At one time this technique was used only when a good cosmetic
result was not essential and 1n the face for example the graft was
carefully sutured end to end More recently, the overlapping
method has been used even i the face with great ssmphification of
techmque and cosmetic results 1n no way inferior
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Bacter1al flora

Any of the common organisms may wnfect an area according to
site and circumstances  With the exception of Str pyogenes and
Ps pyocyanea such organisms are of little consequence as a general
rule and clinical appearance 18 a better guide than bacterial florn
1n assessing switability for grafung

Str pyogenes The presence of this orgensm 18 an absolute
contra indication to any grafting procedure  1its possible presence
necessitates routine bacteriological examumation of exudate before
grafting 18 contemplated Why a graft should fail when 1t 13
present 1s not exactly known though interference with the normal
fibnn attachment of the graft by the fibrinolysin which rt produces
may possibly be the cause

Classically granulations harbouring Str pyogenes are glazed
gelatnous and bleed readily at the slightest touch the marginal
epithelium 18 seldom healthy and gromng ~ With the routine use
of antibiotics the classical picture may not be seen and the granula
tions may look quite healthy But this deceptively tranqul
behaviour of Str pyagenes does not iminigate its destructive effect on
grafs It must always be eliminated before grafting 1s attempted

Ps pyocyanea. Infection with this organism does reduce graft
take but not to an extent comparable with Str pyogenes and nts
presence 18 a nuisance rather than a disaster

Tts epiderniology 18 cunous and unexplaned When a large
number of burmed patients are being nursed together 1t may be
quite absent for several months  For no apparent reason 1t then
appears on one burn and despite all the usual precautions rapidly
spreads to infect almost everv burned area in the ward No
spectfic steps can be taken to control the spread of infection because
the mode of spread 1s not precisely known Cunously enough
after @ periad of some weeks the infection disappears as suddenly
as 1t arose

The only antibiotic to which Ps pyocyanea 1s st all sensitive 15
Polymywn E and 1its use locally has been recommended by the
Medical Research Council Burps Research Uit But while
Ps pvocyanea may reduce graft take by 5-10 per cent at most
grafing of the area on the other hand does tend to end the
infection  Grafting regardless of Ps pyoc anea and accepting amy
small reduction 1n take gives excellent results
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crepe bandages are applied If the site lends itself better to
immobilisation by eclastoplast this should be used instead The
objective 1s as complete immobility as can be achieved and both the
elastoplast and crepe are used to this end  Plaster of Paris should
be used if 1t 1s felt that it will add significantly to the overall
immobility of the grafted area

The Granulating Area

In assessing a granulating area for grafting two factors are of
importance—clinical appearance and bacterial flora

Clinical appearance

Healthy granulations are flat, red and vascular, do not bleed
unduly readily, and are free from a surface film of sloughing
collagen Good marginal healing 1s presumptive evidence that
granulations will accept a graft for 1t can be assumed that infection
virulent enough to destroy a graft would be inimical to marginal
epithehial growth

Unsatisfactory granulations take several forms

1 Granulations left ungrafted for any length of time become
more fibrous and less vascular so that 1t becomes increasingly
difficult to get a graft to take Infection tends to add to the
difficulties of grafting in those circumstances

2 When subjected to madequate pressure, granulations tend
to become oedematous and in this state are often miscalled
exuberant Such granulations need pressure rather than
excision and copper sulphate has certainly no place in the
care of any surface which 1t 1s proposed to graft Its only
effect 1s to produce a coagulum which must be cast before a
graft will take

3 Haemorrhages are prone to take place into oedematous
granulations producing a very typical clinical appearance

4 The typically gelatinous, haemorrhagic granulations
harbouring Str pyogenes, which will be discussed later

5 When a slough scparates naturally the granulations left
often have a tenacious film of necrotic collagen which 1s slow
to separate and difficult to rub off
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invasnve infection the flora 18 to be regarded as innocuous  only
when the slough has gone 13 1t possible to reduce the flora

The chermical agents for debrndement— phosphoric and pyruvic
acid which act by altering the local pH are unsatisfactory ~ They
are painful impossible to use 1n a stenle fashion and when the
main slough has separated there 1s left a tenacious film of sloughing
collagen which must be removed before grafting  More recently
they have been replaced by the enzymatic agents streptodornase
streptohinase and trypsin but these have not achieved great
popularity and appear to have little to offer over the established
methods  Eusol has still much to recommend 1t both for cleaming
up dirty granulations and removing sloughs which are most
diffluent, and difficult to excise cleanly The Humby knife has
been used with the roller widely open to excise both slough and
heavily infected granulations and 18 most effective 1n the role as
13 also the electric dermatome

‘When granulations are clean and free of slough they should be
grafted without delay Dunng such wmting as 18 unavoidable an
nnocuous dressing which will not damage the granulations when
removed should be used and tulle gras 1s usual Unless Str
piogenes 13 present an antibiotic 18 not essential A meticulous
dressings technique adequate cover both 1n area and thickness of
dresaing and infrequent dressings provide a better insurance
against superadded infection than a blind rehance on antibiotics
The other factor which will keep granulations as healthy as posmble
for the longest time 18 pressure and crepe bandages are usually
necessary to provide this

Applying the graft

Spreading the graft on a shect of tulle gras (Fig 3 23) cases
handling  tulle gras and graft can then be directly applied to the
granulating area  The graft s not usually sutured in place
though 10 a difficult situation a few tacking sutures mav help to
prevent 1t shiding off the granulations while the dressing 18 being
applied  There 13 no question of using the sutures for a tic over
dressing for they would cut out very rapidly

The finxation of the graft 18 naturally much less secure than that
of a tic over dressing and 1t 1s luble to shp dunng the first few
turns of the bandage if these are not carefully applied  The outer
dreasing conaists of the usual gauze cotton wool and crepe
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In short a positive culture of Ps pyocyanea 1s not a contra-
mdication to grafting if the granulations look otherwise healthy

Other pathogens. The other pathogens which commonly infect
wounds are Stapli awieus, which 1n this situation 1s seldom more
than a commensal, Bact coli, and B pioteus These latter two
organisms are especially common in the badly handled, heavily
contaminated, granulating wound They are associated as a rule
with a very typical, profuse, foul-smelling discharge and often
occur as a mixed infection with Ps pyocyanea In the extensive
deep burn they are often impossible to avoid but all too often they
are allowed to contaminate quite small wounds from which ordnary
care would readily exclude them

Preparing granulations for grafting

It 1s axtomatic that the granulating area 1s being treated, not
1ts flora, and so the role of local antibiotics 1s a controversial one
Antibiotics should not be used blindly on the basis of sensitivity
reports St pyogenes apart, the flora 1s immaterial provided the
granulations look healthy and the fastest way to eliminate the
flora 1s to graft the area

In deciding the appropriate steps to eliminate St pyogenes
from a granulating area the organism cannot be considered 1n
1solation  Penicillin 1s the obvious antibiotic to use when 1t 1s
the sole pathogen, for no resistant strains have been demonstrated
When 1t 1s associated with a penicillin resistant staphylococcus
however the penicillmase produced by the staphylococcus makes
penicillin much less effective and the antibiotic to which both are
found to be sensitive 1s preferable  Alternatively one of the newer
antiseptic agents such as chlorhexidine (““ Hibitane ”’) may be used

The main cause of continuing infection 1s the presence of
slough, measures to get rid of it always reduce the infection
Surgical excision 1s the most rapid and effective method and 1n
excising slough 1t pays to be as radical as 1s feasible  Excision to
fascia 1s preferable to excision to fat  The alternative methods are
natural separation unaided or helped by Eusol or the enzymatic
agents for debridement

VWhere a slough 1s scparating naturally, pus 1s inevitable and 1s
by no mcans undesirable for 1ts autolytic cnzymes play a valuable
part 1n scparating living from dead tissue  If therc 1s no sign of
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invasn ¢ infection the flom 1s to be regarded as innocuous  only
when the slough has gone 1s 1t possible to reduce the flora

The chemical agents for debridement— phosphoric and pyruvic
actd which act by altering the local pI are unsatisfactory  They
arc painful 1mpossible to use in a sterile fashion and when the
main slough has separated there 13 left a tenacious film of sloughing
collagen which must be removed before grafting  More recently
they have been replaced by the enzymatic agents streptodornase
streptohinase and trypsin but these have not achteved great
populanty and appear to have little to offer over the established
methods  Eusol has still much to recommend 1t both for cleaning
up dirty granulations and removing sloughs which are moist
diffiuent, and difficult to excise cleanly ‘The Humby knife has
been used with the roller widely open to excise both slough and
heavily infected granulations and 1s moat effective 1n the role as
18 also the electric dermatome

When granulations are clean and free of slough they should be
grafted without delay  During such waiting as 18 unavoidable an
wnocuous dressing which will not damage the granulations when
removed should be used and tulle gras 15 usual Unless Str
Pvogenes 13 present an antibiotic 18 not essential A meticulous
dresaings technique adequate cover both i area and thickness of
dreasing and infrequent dressings provide a better insurance
against superadded infection than a blind reliance on antibiotics
"The other factor which will keep granulations as healthy as possible
for the longest time 18 pressure and crepe bandages are usually
necessary to provide this

Applying the graft

Spreading the graft on a sheet of tulle gras (Fig 3, 25) cases
handling  tulle gras and graft can then be directly applied to the
granulating area  The graft 13 not usually sutured 1n place
though 1n a difficult situation a few tacking sutures may help to
prevent 1t shding off the granulations while the dressing 13 being
applied  There 18 no question of using the sutures for a tie over
dreasing for they would cut out very rapidly

The fixation of the graft 18 naturally much less secure than that
of a tie over dressing and 1t 15 lable to ship during the first few
turns of the bandage 1f these are not carefully applied  The outer
dreasing conssts of the usual gauze cotton wool and crepe
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bandage or elastoplast Bulk of dressing may be enough to
produce immobility but plaster of Paris should always be used
if need be to reinforce the dressings

The pros and cons of stamp grafting

It became usual during the 1939-45 War when large granulating
areas had to be grafted to cut the graft into squares of postage
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The handling of a split-skin graft on tulle gras

A Laying the graft on the tulle gras which has been spread on a wooden board
B The graft spread on the tulle gras
C  Cutting the graft into strips

stamp size and to apply these stamps rather than large strips or
sheets of skin  Several reasons were given for this

1 By spacing the stamps a small amount of skin could be
expanded to cover a large area

2 The spaces between the stamps allowed the escape of pus,
exudate, etc , without lifting off the graft

3 Where fixation was difficult, as in the perineum or axilla,
stamps were less likely to be dislodged than a sheet of shin
which might become ruffled

It must be reahised that methods of preparing virtually sterile
granulations have improved greatly since then so that some of the
arguments 1n favour of stamps have lost their cogency  Stamps
too havc their own disadvantages

1 The mosaic of stamp alternating with spread epidermis

e
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tends to gine a poor cosmetic result The actual appearance
shows wide and quite unpredictable varation At one
extreme the spread epidermis 13 smooth and not unlihe the
stamps at the other 1t becomes hypertrophic or even helod
Inmially redder 1t usually pales to a colour more nearly
matching the stamp over a period of months

2 The spread epidermis 18 less stable and m the lower limb
if not supported with crepe bandages for a constderable
period small haemorrhagic blisters tend to form  Gradually
it becomes more stable stability and cosmetic 1mprosement
usually progressing together

The 1dea that stamp grafts would allown pus to escape was of
doubtful truth even when ongmally stated and with current
methods of preparing granulations 1t certamly has no validity
VWhere ample shin 1s available and the granulations are healthy
large strips with no inters ening gap or even whole sheets (Fig 3, 20)
are preferable  With granulations less satisfactory though still
graftable stamps may be safer smince at least some stamps may
survive where a whole sheet might be lost  Multiple puncture
of sheet grafts has been advocated to allow escape of potential
exudate but 1t 18 found 1n the event that the exudate only continues
1n areas uncovered by graft so that puncture 18 quite unnecessary

In short stamps are manly justifiable where skin 18 1n short
supply and where fixation 18 particularly difficult

STORAGE OF SKIN

By storage at a low temperature skin cut 10 excess of current
requirements can be presened viable for later use as needed
Within the temperature range o-37 C the survrval tme of a
stored graft 1s a function of its temperature and the lower the
temperature the longer the survival time

The experimental work which shows this has been done mainly
with animal elin but enough 18 known of the behaviour of human
shin mimilarly stored to make the results chmically apphcable
ll:or long survrval Ringer s or Tyrode s solution should probably
Tthuscd to keep the graft moist but normal saline worhs adequately

¢ graft 18 wrapped 1n gauze wet with the solution and placed
i a stenle sealed container  Unless specialls long suriival
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bindigre or chatoplet Bull of dres tng mun be cnough to
produce ummobihits but plaster of Panie shonld always be used
i nocd be to rantorce the drossngs

The pros and cons of «tamp grafung

It became nand durine the 1g309-43 War when large granulating
arcrs had to be gratted 1o cut the gratt into squuares of postage
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‘The hindhing of o <plit-<hin graft on tulle gras

A Luuang the graft on the tulle gras which has been spreid on a wooden board
B The graft epread on the tulle gras
C  Cuttuing the grift into strips

stamp size and to apply these stamps rather than large strips or
sheets of shin Several reasons were given for this

1 By spacing the stamps a small amount of shin could be
expanded to cover a large arca

2 The spaces between the stamps allowed the escape of pus,
exudate, etc , without Iifting off the graft

3 Where fixation was difficult, as in the perineum or auilla,
stamps were less likely to be dislodged than a sheet of skin
which might become ruffled

It must be realised that methods of preparing virtually sterile
granulations have improved greatly since then so that some of the
arguments 1n favour of stamps have lost their cogency Stamps
too have therr own disadvantages

1 The mosaic of stamp alternating with spread epidermis
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eg up to 21 days 18 needed the atorage temperature 18 not of
paramount 1mportance but 1t scems probable that 4 C 18 lihely
to give the best results

LOCAL ANALSTHISIA FOR GRAFT CUTTING

Formerly the use of local anaesthesm for graft cutting was
restricted by the uneven surface which infiltration produced
coupled with the large volume of anaesthetic agent needed  The
use of hyaluronidase has remov ed these drawbacks and 1t 13 possible
now to cut quite large grafts readily if the enzyme 18 added to the
amaesthetic solution  The solution diffuses so rapidly that 1t 1s
difficult to define exactly the area infiltrated and 1t 18 wise to outline
the area to be anaesthetised with Bonney s Blue so that 1t can be
systemancally infiltrated  The exact amount of hyaluronidase
which hes to be used 18 not crtical 1 500 international units
added to 100 ml of anaesthetic solution will be found to work
satisfactorily
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The use of large sheet split-shin grafts in covering a granulating aren of thigh



CIIAPIER FOUR
Flaps, Pedscles and Tubes

! I YHESE tvpes of tissuc transfer are basically similar and the
general term flap will be used to cover all three

The essential difference between a flap and a free skin graft

lies 10 the factor of blood supply for 1n contra-distinction to thefree

skin graft a flap retans a vascular attachment to the body at all

Fio 4,1
The bastc types of flsp tramfer

times during trunsfer This 1mplies 1n every flap a functiomng
vascular system both arteral and venous capable of maintaining
an adequate circulation duning the stages of transfer from donor
to recipient site  The presence of such a system enables a flap
to be transterred to an area whose blood supply would benadequate
to nounsh a free skin graft and this ver\ factor 18 a frequent reason
for using a flap 1n preference to a free skin graft

There are many different tvpes of flaps (Fig 4, 1) Raused

93
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The transfer of tissue from a distance follows one of three
patterns

FIc 4,23

Typical areas syrtable for flap cover and the extent of excmon required
solely to elmmunate scarnng It should be apprecated that further skin
may have to be excised to permnt the flap to have a shape surtable from
s ascular viewpoint  Thus F g 4, 18Bshows the flap used to repairthe
defect F Stages in the repair of A are shown in Figpp 4, 3 4, 6D and
4, 18D and of D 1n Fign 4, 7C and 4, 11A.

1 The defect 1s brought to the donor site from which the
flap 18 raised and directly applied to the defect A direct flap
of this type has 1ts mamn use 1n covenng defects of the arm—

distally more often than proumally—with the trunk as donor
nte



Of TUINDANMINIATL HTCHNIQUES O PLASTIC SURGIRY

From ats donor surtace blea hid or trap-door o flap may be moved
to ats destimation i sovaral wass, commonly by rotation, trans-
posittion or dircet application, and the appropriate term s used
to desenibe the flap The graater part or all of such a flap s
applicd to the reaprent site, there s Iittle or no pedicdde Whena
flap docs have o padide the sital dement s usually ats termunal
scgment, the remamnder torms ats pedicde, acts as ats carrier and
provides ats channd of blood supply during transfoer To reduce
sepsis by dhimimating raw surtces the flap 1s often made into a
tube and s then called o tube pedicle.

T PLANNING OF FLAPS

Defining the defect

Before repasr by aflap s contemplated the extent of the defect
must be defined mnoterms of cach component—shin, bone and
hming  In this the quality of the shin surrounding the obvious
defect must be tahen mto account  Shin showing radiotherapy
damage or the fibrotic and atrophic changes of old scarring 1s not
good surgical material and ss often better regarded as part of the
defect and excised i order to reach the good shin beyond it
(Ig 4, 2) In addition to 1ts poor suture-holding qualities the
avasculanty of such shin makes it unsatisfactory for nourishing
a pedicle mset when the remainder of the pedicle 1s detached for
transfer A good criterion, shin texture and appearance apart,
1s the state of skin mobility, shin freely mobile deeply 1s usually
reasonably satisfactory to work with

Planning the procedure

A flap 1s planned in two distinct ways which, while they
cannot be quite divorced 1n practice, are best considered separately
They consist of deciding the type of flap and planning the
actual transfer.

Type of flap. The transfer of a flap may involve moving tissue
adjoming the defect or tissue at a distonce from 1t

Before local tissue can be transferred 1t must be demonstrably
available and ways of assessing its availability will be described
under the heading of Rotation and Transposed Flaps
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@1 be a congrg tndication 1n the older age ET0UP to the nse of 4
direct flap o tube pedicle

Fig 43

Phnnmp T e\t The Area (hig o AA) requirg Teplacement 4, covered
Prh the sacnne fap (4) (he 1803 are Dlycen 10 the trangfe, PO 1tion ang
(Band ¢} the fap 4y PUI into the Porttion 1t wyp take dunng the actyy)
Uinafer (eee Fip 4 18D} Ty, flap "o then la1d 0wt op trea (D)
d ounlmeg "rth Bonney & . (E} o g1ne the shape gng PONtOn of the
2ctual fhap ()
Plnnnmg the trangfe, With the ftipe of flap decided gy site
817e and shape ang the

tlages of the trunsfer gpo planned by
the methog of pl n,

B in reverss (Fig 4 3) The defect 15
with uttable myrery such a4 Jaconet iy this
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2 The donor site and the dddect are both moved mto close
provmuty to cich other so that a flap can be transferred
dircatly from one to the other T'his 1s the situation when a
direet flap s transforred trom g to leg - a cross-leg flap,
from torcarm to oppostte hand 4 cross-arm flap, or from
finger to finger across-finger flap

3 The dedect ramams vietwally statie and the bulk of the
movement mvolved i the transfer 1s done by the flap, This
situation 1s typrhicd by the tube pedicde transfer

The appropriate type of flap in any sct instance tends to be
governed by the size and site ot the defeet, and the time factor
i the transter

Stze of the defect X local flap has to be much greater 1n arca than
the defect 1t s planned to cover and the hmbs are seldom able to
provide cnough tissue to cover the size of imb defect which
commonly requires flap cover  In the trunk and face the necessary
area of tissue 1s more hikely to be present and the local flap more
often a practical possibility

‘The arca of tissue which 1s readily transferred as a direct flap
1s considerably smaller than that which can be transferred as a
tube pedicle and large defects generally require a tube pedicle

Stte of the defect  When the choice lies between a direct flap and
a tube pedicle a direct flap can only be used if the defect and donor
area are capable of ready approximation This hmits the direct
flap to defects of arm and hand, and lower leg and foot

The interplay of size and site as 1t affects the local flap has been
described above

The tume factor  The actual transfer of a direct flap 1s completed
in 4-5 weehs, the tube pedicle transfer often takes three times
as long  The direct flap can be used as an emergency procedure,
subject to certain dimensional limiting factors, the tube pedicle
can only be used m an elective fashion for 1t has to be raised and
tubed before the transfer 1s begun

The local flap 1s virtually completed 1n a single stage and may
be desirable on this score It does not involve the patient 1n
maintaining a particular position for a period of time as do both
the direct flap and tube pedicle The need to maintain a position
for a prolonged period with the bed rest which this may occasion
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and thichness which svould not be necessary otherwise and
subsequent tnmmung thinming and Z-plasties have often to be
carrted out after the flap has completed its transfer to gne the
optimal result (Fig 4, 4)

VASCULAR ASPECTS OF FLAPS

Blood supply goyerns all flap pructice and a clear understanding
of this aspect will eyplan much which would othermse be
mexphicable 1n the construction and transfer of mdividual flaps

Vascular Adjustments

Flaps consist in most mstances of skin and superficial fascia
If a block of such ussue m situ 18 considered from the viewpoint
of blood supply 1t may be assumed that 1ts content of bload vessels
1n respect of number and calibre 13 the most efficient phystologically
Its free ingress of arterial blood and egress of venous blood are
quantstatively governed largely by its metabolic requirements
In ordinary arcumstances this-fiGiv 18 a mere fraction of its
potential vescular capacity the reserve factor 18 considerable
A common arcumstance which calls on at least part of thie vascular
reserve 18 an acute inflammatory reaction  Such a reaction 18
well within the capacity of the normal circulation to sustan 1n
all but the most virulent mfectiong unless the reserve 1s reduced
as 1n artenoscleroass of the lower imb when a mild infection can
trigger off a spreading gangrene

A flap duffers from the surrounding shin 1o that its quota of
artenes and veins 18 stoctly mited.  This can be seen if one
considers the theoretical mtuation of & square flap with vascular
pattern distributed equally on each side and its deep surface
Raising such o flap to leave 1t attached by one side alone reduces
1ts vascular capacity to # and though such a theoretical distribution
of blood vessels does not hold 1n practice the prinaiple of reduction
of vascular capacity does

If however 1t were possible to cut off the other four vascular
attachments gradually 1t would be found that the pattern of the
flap had adjusted itself 5o that 1ts capacity and resens e remained
\:!\hnosl normal It has also been shown expenmentally that

"lowing the rasing of a tube pedicle the mean blood pressure
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representing the flap the procedure is carried from the end result
backwards through the various stages with the Iimbs 1 their
correet position unttl the “flap”” ends up on the shin arca from
which it 1s to be taken, where 1t 1s used to outhine the defimtive
flap  In this way the patient 1s not given an impossible position
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The result immediately following the completion of the transfer of tube pedicles

to correct post-burn neck contractures and after Z-plasties coupled with thinming

A previous stage in the transfer of (A) 1s shown in Fig 4, 11B and the tube
pedicle used for (B) 1s shown in Fig 4, 7D

to mantain at a critical stage of the transfer and the surgeon
avoids a flap which 1s too small, one which will kink during transfer
or fail to reach its destination because 1t 1s too short Time spent
on the planning stage 1s never wasted 1n the long run
A flap should always be planned with a margin of reserve
Skimping, making 1t just neat, will certainly create difficulties for
the surgeon 1n due course It 1s easy to trim an excessively large
flap, but difficult to add to one, once begun e
The exigencies of blood supply may dictate dimensions, shag
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and thickness which would not be necessary otherwise and
subsequent tnmming thinning and Z-plasties have often to be
carred out after the flap has completed 1ts transfer to give the
optimal result (Fig 4, 4)

VASCULAR ASPECTS OF FLAPS

Blood supply governs all flap practice and a clear understanding
of this aspect will explain much which would otherwize be
inexplicable 1n the construction and transfer of individual flaps

Vascular Adjustments

Flaps consist 1n most wnstances of skin and superficial fascia
If a block of such tissue m situ 1s considered from the viewpomnt
of blood supply 1t may be assumed that 1t content of blood vessels
1 regpect of number and calibre 18 the most efficient phvsiologically
Its free ingress of arterial blood and egress of venous blood are
quantrtatively governed largely by its metabolic requirements
In ordinary circumstances this—fi6w 1s a mere fraction of its
potential vascular capacity the reserve factor 1s conmderable
A common arcumstance which calls on at least part of this vascular
reserve 18 an acute inflammatory reaction  Such a reaction 18
well within the capacity of the normal circulation to sustain i
all but the most virulent infectiong unless the resene 1s reduced
a8 10 artenosclerosis of the lower mb when a mild infectton can
trigger off a spreading gangrene

A flap differs from the surrounding skin in that 1ts quota of
arteries and vewns 18 stnctly hmsted  This can be scen if one
Consders the theoretical situation of a square flap with vescular
pattern distributed equally on each side and rts deep surface
Raising such & flap to leave 1t attached by one side alone reduces
118 vascular capacity to 4 and though such a theoretical distribution
of blood vessels does not hold 1n practice the principle of reduction
of vascular capacity does

If however 1t were possible to cut off the other tour vascular
;’;;ﬂc}unmts gradually 1t would be found that the pattern of the
a P had adjusted itself 5o that 1ts capacity and reserve remarned
¢ 'l‘l“’“ normal It has also been shown ecxperimentally that
ioflowing the rmng of a tube pedicle the mean blood pressure
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m the tube drops to 25 pur aent of normal rising to go per cent
by the end of 4=6 wedhs Tow do such re-adjustments occur?
It s wedl recognisad that there s tremendous lability of vascular
pattern with a fleable response to local requirements Lattle 1s
known of the physics of these changes but a morc efficient vascular
pattern s presumably produced  The pattern changes have not
been worked out m detal but the end result seems to be an awal
reortentation of the larger blood s essels with an increase in number
and cahibre  T'he maans adopted in practice to induce these
highly desirable pattern changes will be considered later

It has been stated that the vessels of a flap are sy mpathectomised
and dilated but thisas not so They are 1n actual fact completely
denervated and the physiological consequences of complete
deneryation are quite different from those which follow sympathec-
tomy alonc, the vessels appear to develop an autonomous state
of tone  Certainly the normal shin colour indicates that they are
not dilated and they are able to produce in appropriate circum-
stances apparently normal reactions of reactive hyperaemia and
acute inflammation

Vascular Insuffictency

In a flap suffering from vascular insufficiency the difficulty mn
most cases 1s not the getting of blood 1nto the flap, but getting the
blood which 1s 1n out It 1s “circulation” which 1s the problem
To lose a flap because of pure arterial nsufficiency 1s a rarity,
to lose part or all of 1t because of venous insuffictency 1s all too
common Flaps die in congestion and not anaemia Several
factors play a part singly or together in tending to embarrass the
circulation

Mechamcal tenston 'When transferring a flap the tissues must not
be sutured under greater than normal tension, rather should they
be under less than normal tension Undue tension tends to
embarrass both the venous and arterial flow, particularly the
venous

Kinking  With arterial pressure higher than venous pressure
kinking of a flap impairs the venous drainage 1nitially and makes
the flap congested It tends to be most serious when the flap
lacks flesibility and 1s always aggravated by any increase in tissue

turgor
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QOedema  When oedema develops 1t contributes to and enhances
the 1l effects of tension and hinking  Shin 1mitially lax and wrinkled
becomes shiny and swollen and particularly i the confiming
arcumstances of a tube pedicle there 1s obatruction of venous
flow and still further increase of turgor

Transient oedema 13 commeon even 1n the flap which 18 pro-
gressing favourably increasing over the first 24-36 hours It
remains for a further 2-3 days and the appearance of fine wrinkling
of the shiny cedematous shin 1s the first sign of its passing as the
circulation becomnes more cfficient

increase of
'/ Tissue Turgor

Kinking Oedema-<—Iinflammation
«

\.Qg;%ou-

qstion

Machanical
Tertsion

Fic 4, %
The vicious circle of circulatory embarratament 1n a flap

Irflammation  The vascular reserve of a flap 18 never normat and
whale 1t may be adequate to cope with ordinary metabolic needs the
added burden of an inflammatory reaction must always be an
¢mbarrassment  The soul rather than the sced 1s the cntical
factor and infection which would be of minor sigmficance elsew here
can produce necrosis of quite disastrous extent ina flap  When an
inflammatory reaction does develop tension becomes an added
factor 1n causing the necrosis to spread

For clanty these factors have been discussed separately but
they seldom act singly n practice  One factor may mitiate the
vicioua circle of increased tissue turgor leading to venous con
gestion Jeading 1n turn to increased tissue turgor but rapidly the
others come nto action to agpravate the cycle schematically
tndicated in Fig 4, 5

Flap Necrosis

~ Desveloping necrosis in a flap presents climeally wath the shin
acutely congested cvanosed blanching momentanly on pressure
but with vesscls rapidiv hlling again  the vascular bed 1s dulated
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i the tube drops to 235 per cent of normal rnising to go per cent
by the end of 4=0 weeks  Tlow do such re-adjustments occur?
It 1s well recognised that there 1s tremendous lability of vascular
pattern with a flexible response to local requirements  Little 1s
known of the physics of these changes but a more efficient vascular
pattern as presumably produced  The pattern changes have not
been worked out in detail but the end result scems to be an awial
reortentation of the larger blood vessels with an increase in number
and calibre  The means adopted 1n practice to induce these
highly desirable pattern changes will be considered later

It has been stated that the vessels of a flap are sympathectomised
and dilated but this 1s not so They are 1n actual fact completely
denervated and the physiological consequences of complete
dencrvation are quite different from those which follow sympathec-
tomy alone, the vessels appear to develop an autonomous state
ot tone  Certainly the normal shin colour indicates that they are
not dilated and they are able to produce in appropriate circum-
stances apparently normal reactions of reactive hyperaemia and
acute mnflammation

Vascular Insufficiency

In a flap suffering from vascular mnsufficiency the difficulty in
most cases 1s not the getting of blood nto the flap, but getting the
blood which 1s 1in out It s “circulation” which 1s the problem
To lose a flap because of pure arterial insufficiency 1s a rarity,
to lose part or all of 1t because of venous insuffictency 1s all too
common Flaps die i congestion and not anaemia Several
factors play a part singly or together 1n tending to embarrass the
circulation

Mechanical tension  When transferring a flap the tissues must not
be sutured under greater than normal tension, rather should they
be under less than normal tension Undue tension tends to
embarrass both the venous and arterial flow, particularly the
venous

Kmking  With arterial pressure higher than venous pressure
kinking of a flap 1mpairs the venous dramnage initially and makes
the flap congested It tends to be most serious when the flap
Jacks flexibility and 1s always aggravated by any increase in tissue

turgor
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termed a delay and 1s achieved cither by surgically dividing the
unwanted vessels or by clamping the pedicle where possible the
so-called phystological delay

-
&i’(
. 1Mm4

Fro 4,6

Examples of surgical delays
A, Pancake flap delayed on to one end of an acromuo-pectoral tube
wcle wed to repair radronecrotic ulcer of chin shown in Fig § 6B
D lay of cross leg flap  Subsequent stages shown in Eand Fig 4, 18A
C  Lengthening an abdominal tube pedicle by delay
D Delay of the segment of the cross thigh flap (sce Fig - 18D) planned
m Fig ?,3 which was intended to cover the heel of the foot
E Delavo crou—lea flap (see B and Fig 4, 184) prior to detaching and
mactung the

The surgical delay A surgical delay permuts the use of a greater
length breadth rattio than would be possible without 1t An
incision 18 made along the line across which the surgeon wishes
to cut off the blood supply the blood vessels crossing the Iine are
diided lhgated it need be and the wound 1s resutured and
allowed to heal (Fig 4, 6) This onlv drvides marginal \essels
and to cut off the blood supply entering the deep surface the flap
must be clevated and the entering v essels divided and higated before
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and largely stagnant  As the condrtion progresses, blanching
on pressure becomes less and less defintte until there 1s clearly
no active circulation  The cyanosis remains and takes on a
violaccous tmt  Thstologically there 1s gross extravasation of
blood. Bhstering of the shin with serum, or blood-filled blebs,
usually develops  When the blister shin 1s removed the under-
lying shin 1s moist, cyanoscd and without demonstrable circulation
Although the development of such bhisters indicates that some
crrculation 1s stll present 1t also implies that the onset of necrosis
1s virtually mevitable and immient At this pomnt the margmn
of the affected area 1s scldom well demarcated and the process
tends to spread for the reasons already indicated  The final area
of nccrosis 1s often more cxtensive than appearances at the onset
might have suggested  This 1s so because the process will not
halt until a skin area has been reached whose vascular capacity 1s
able to cope not merely with ordinary metabolic needs, but also
with the added vascular burden of the adjacent necrosis and any
superadded infection  When the process eventually does stop
spreading a good line of demarcation 1s present with, just proximal
to 1t, a zone of inflammation well sustained from a vascular
viewpoint

This then 1s the picture of the untreated, florid, progressive
process of flap necrosis

Prevention of Flap Necrosis

Steps can be taken at all stages to prevent flap necrosis—in the
inttial design of the flap, by enhancing 1ts vascular efficiency and
by care during and after transfer

Initial design of the flap

This mvolves such factors as the length-breadth ratio, the
intrinsic vascular pattern of the flap, its anatomical situation, etc,
and the problems will be discussed as they relate to the planning
of each kind of flap The design should always allow for the
normal 1ncrease in tension which the phase of oedema creates

Enhancement of vascular efficiency

By cutting off the unwanted blood vessels the flap 1s ““trained ”
to rely only on those vessels which are actually to be functioning
during the subsequent stage of the transfer 'This measure 1s
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Care during and after transfer

It 1s after transfer particularly that skilled and experenced
nursing can be invaluable not merely in preventing trouble
through careful positioning of the patient but m recognising the
danger mgnals of circulatory embarrassment early while they
are still readily reversible and before the inexorable progress which
leads to necrosis has begun 1n real earnest It 18 at this time too
that & good nurse can provide the encouragement so necessary
to o patient during the early hours and days of what for him 18 80
often an agonsingly uncomfortable position

There are several ways however 1 which the surgeon can
anticipate and prevent the potential troubles which can anse
post operatnely

Haemostasis A developing hacmatoma 1s prone to mtiate the
inerease of tension which starts the cycle of cvents already
described  1laemostasts 1s easter to achieve if planes of cleavage
are used for the vcssels crossing are large and few and are readily
ligated A previous delay tends to obscure these and a diffuse
00Z€ 13 More common

A pressure dressing somctimes helps but as already stressed
there 18 the difficulty of getting just the correct pressure

Use of grav1ty  Egress of blood from the flap 1s the usual problem
and where possible gravity should be used to help venous dramnage
The foot of the bed can usefully be raised on occasion and the
Balkan frame may be employed for suspending the appropnate
part of a limb

Contiol of sepss  Infection as a factor operates at all stages and
with the one exception of head and neck flaps all skin surfaces
are best healed before the next stage of the transfer 13 contemplated
Shin preparation must be acrupulous and though asepsis 18 often
difficult to achieve at every stage of the varnous operations involved
in the transfer 1t must be realised that each break n techmque
does endanger the procedure  Planning at each stage to avoid
raw surfaces 18 important and this topic 18 discu.sed on page 118

Methods designed to encourage active circulation  These consist
of the intermutent nflation of a sphygmomanometer cuff placed
strategically either to dnve blood 1nto or out of a tube pedicle
It 18 the flow out of a flap which needs encouragement as a rule
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returning the flap to 1ts original position  In a difficult situation
the flap can be delayed in stages  Such vascular Iink-up as may
occur during healing of the incision 1s not enough to prevent the
redeploy ment of blood vessels which results*

How soon the delay can be assumed to have achieved 1its
purposc has never been properly worked out experimentally and
the time 1s dictated by the healing of the incision  The next
stage 1s proceeded with when the delay has healed, usually 1n
7-10 days

It must be recognised that the delay 1s a double-edged weapon
capable of operating against as well as for the surgeon This 1s
true especially of the delay involving elevation for, no matter how
delicate the technique, Teaction of the separated surfaces 1s always
produced and 1s around its peah at the tenth day  Excision of this
indurated surface when the flap 1s actually transferred does not
altogether eliminate the zone of reaction and 1ts presence un-
doubtedly reduces the flexibility of the flap, making kinking both
more likely and more serious It 1s desirable to reduce reaction
to an absolute minimum by using planes of cleavage In the
limb this 1s at the junction of superficial and deep fascia, 1n the
abdomen at the junction of superficial fascia and aponeurosis
In the chest and back no real plane exists, but the best substitute
1s close to muscle

Haematoma too adds to the reaction and should be avoided by
scrupulous haemostasis A carefully applied pressure dressing
post-operatnnely will prevent the accumulation of flurd under a
flap though a balance between too little pressure which allows
flurd to gather and too much which causes 1schaemic necrosis 1s
not always easy to achieve

Surgeons vary greatly in the extent to which they use the
delay Though a delay may seem to waste time 1t does on the
whole make flap transfer safer and on this score may reasonably
be considered a time-saver since the paramount cause of wasted
time 1s loss of part of a flap during 1ts transfer

The physiological delay This measure 1s uscful mainly 1n the
tube pedicle and trains 1t to rely for 1ts vascular support on onc
end alone The pedicle 1s compressed, either by an inflated
sphygmomanometer cuff, or a suitably padded intestinal clamp,
initially for short periods, gradually lengthening
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Care during and after transfer

It 1s after transfer particularly that skilled and experienced
nursing can be invaluable not merely i preventing trouble
through careful positoning of the patient but 1n recogmising the
danger mgnals of circulatory embarrassment early while they
are still readily reversible and before the mexorable progress which
leads to necrosis has begun in real earnest It 13 at this time too
that a good nurse can provide the encouragement 80 neceasary
to a patient duning the early hours and davs of what for him 18 so
often an agomsingly uncomfortable position

There are several ways however in which the surgeon can
anticipate and prevent the potential troubles which can arse
post operatry ely

Haemostass A developing haematoma 18 prone to imibate the
increase of tension which starts the cycle of events already
described  Haemoatasis 13 easier to achieve if planes of cleavage
are used for the vesscls crossing are large and few and are readily
Iigated A previous delay tends to obscure these and a diffuse
00ze 18 MOre common

A pressure dressing sometimes helps but as already stressed
there 13 the difficulty of getting just the correct pressure

Use of gravits Egress of blood from the flap 18 the usual problem
and where possible gravity should be used to help venous drainage
The foot of the bed can usefully be rused on occasion and the

Balkan frame may be emploved for suspending the appropriate
part of a ltmb

Control of sepsis Infection as a factor operates at all stages and,
with the one exception of head and neck flaps all akin surfaces
are best healed before the next stage of the transfer 1s contemplated
Skin preparation must be scrupulous and though asepsis 18 often
dufficult to achieve at every stage of the vartous operattons involved
In the transfer 1t must be realised that each break in technique
does endanger the procedure Planning at each stage to avord
raw surfaces 18 important and this topic 1s discussed on page 118

Methods dengned to encourage acti~e arculation These consst
of the intermuttent 1nflabon of a sphygmomanometer cuff placed
strategcally either to drve blood nto or out of a tube pedicle
It 13 the flow out of a flap which needa encouragement as a rule
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and this 1s probably the more valuable use of the method The
cuff 1s wrapped round the pedicle inset where necrosis 1s most
likely to occur and intermittently inflated  Continuous pressure
has also been advocated with the object of forcing the blood out
mto the veins by increasing the general pressure on the flap,
m cffect to provide an alternative peripheral resistance to the
atonic, dilated local capillary bed of the flap suffering from vascular
mnsufhiciency  The optimum pressure 1s thus just below capillary
pressure

It 1s impossible to say after the event what might have happened
had an alternative method been used and critical assessment of
the method 1s difficult ~ Sinular criticisms apply to intermittent
pressure  Ifurther, 1t needs a real effort of will to cover up a
flap whose circulation 1s precarious so that its progress cannot be
seen

On the other hand, the interference of gentle massage to try
to keep the circulation going, inspection, etc , do more harm than
good They produce local hyperaemia in normal tissues and this
1s exactly what one wishes to avoird in a flap It may well be that
much of any success achieved by pressure techniques results from
the rest which the flap 1s allowed Neither intermittent nor
continuous pressure methods have achieved much popularity

Treatment of Flap Necrosis

There 1s a limit to what can be done to save a flap 1n danger of
necrosing, but the very presence of necrotic tissue inviting
superadded 1infection tends to spread the process and the surgeon
may make the bold decision to detach the flap, excise the dying
segment, and re-inset 1t 1n the hope that removal of the necrotic
focus will give the flap a fresh start His problem 1s then to
decide where the line of excision should be, and a good 1ndication
of the viability of a flap margin 1s the state of dermal bleeding, 1ts
colour and quantity

Such a drastic course 1s only possible if the flap hasbeen planned
with a margin of safety and failing this, a conservative policy
must be pursued, awaiting slough demarcation and separation
When the resulting surface 1s favourable a spht-skin graft may be
applied but the disastrous effect of infection and fibrosis on the
vascular attachment must be recognised and each subsequent step
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requires redoubled care and the use of delays etc It 18 un
fortunately true that a disaster of this sort duning a flap transfer
mehes subsequent similar disasters much more probable

"""j"' | ] T

Fic 4,7

Exmmples of tube pedicles

A Agomwo pectoral tube

B Abdomunal tube

C  Double abdominal tube with connectmyg bridge ready for tubing to complete
the long tube pedicle

D Tube pedicle of scapular region  The Unusual site was chosen to correct
» post burn contracture of neck because the usual srtes had sustamed full
thickness skun Joss burning

E  Abdominal tube of unususl dmection to be inset into the hand The
direction was chosen to surt posmoniog of the band during insetting

F  Cliviculer tube pedicle

THE TUBE PEDICLE

This 18 a bipedicled flap which when rused 1s turned i on
itself to form a tube (Fig 4, 7) It 13 usually rawsed on the torso
tor transfer either to the head and neck or one of the limbs

Once rmsed and tubed the pedicle 18 left to mature for 6 weehs
dunng which tme the axial vascular re-orientation already
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described 1s developed To give a good start to axal redeploy-
ment the tube 1s placed along a line of venous orientation where
possible  The vascular link across the mid-line of the trunk 1s
poor and 1t 1s seldom wise to construct a flap which crosses this line
The abdominal tube pedicle usually uses the thoraco-epigastric
venous axis and the limiting length-breadth ratio 1s generally
assessed at 21 1 If more length 1s required two tubes of standard
length with a connecting bridge may be constructed In due
course the bridge 1s delayed along its margins, raised and finally
tubed to complete the “double” tube  On the chest the acromio-
pectoral tube pedicle 1s used particularly in the male and lying as
1t does on a most efficient venous pathway a 3 1 ratio of length
to breadth 1s quite safe

A tube pedicle 1s moved to 1ts destination either by attachment
to a carrier, usually the wrist, which by virtue of its mobility can
carry the tube over a considerable distance 1n a single movement,
or by waltzing the tube This latter method gradually
““transfers” the tube by moving each end alternately and 1s only
employed when a carrier 1s unnecessary or impracticable

The abdominal tube pedicle 1s most often carried on the wrist,
the acromiopectoral tube pedicle 1s reserved more for reparrs of
head and neck in which case 1t 1s waltzed on its upper attachment
to its destination This attachment should be carried well out
to the shoulder tip so that shoulder as well as head movement can
be utilised to reduce tube tenston A tube pedicle may also be
used as a carrier for a ““‘pancake” flap (Fig 4, 6a) delayed on to
one end, such a flap must be most carefully delayed in stages

The alternative sites for tubes (e g Fig 4, 7D) are used much
less commonly, mainly when the usual sites are not available
because of scarring, etc

Raising the tube (Fig 4, 8)

Before raising the tube 1t 1s always worth while to mark 1t out
with Bonney’s Blue and tattoo appropriate points to correspond
on each margin so that when the pedicle comes to be tubed the
points are already there to be matched

Although the amount of subcutaneous fat varies enormously
in different patients the depth of the main skin vessels remains
constantly fairly superficial, and this allows considerable thinning
to be carried out with impumty But no matter how much thinning
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1s needed the pedicle should be raised initially 1n the plane between
superficial fascia and muscle or aponeurosis, leaving no fat on the
resulting raw area  This 1s done because 1t 1s technically much
easier, gives an 1mtial uniform thickness to the flap, vessels are
few and more readily piched up for ligation, and the bed which
results takes a free graft much better than would fat The hand
holding the flap should be used to judge the amount of thinning
required  Touch gives a much more accurate measure than vision
alone The flap should be elevated over 1ts full length or even a
little beyond 1t and must be thinned uniformly until 1t tubes
readily without tenston  Trimming off the fat along each margin
eases closure of the tube and prevents Iittle herniations of fat
between sutures when the flap 1s tubed Haemostasis must be
complete before tubing 1s begun A continuous ‘‘over and over”
suture can be employed to tube the pedicle with a few preliminary
mterrupted sutures using the tattooed matching ponts before the
main suture 1s begun The mterrupted sutures have the effect
of distributing tension correctly ~ As each end 1s approached, the
tension increases and tubing should be discontinued as soon as
there 1s any suggestion of difficulty in bringing the skin edges
together

With the pedicle tubed the underlying defect if of any size 1s
split-shin grafted The pressure dressing of the graft must be
carefully applied to get the necessary mmmobility and apposition
of the graft without being bulky enough to embarrass the circu-
lation of the tube  When the tube 1s small 1n size the underlying
defect 1s closed by direct suture and the junction of the two avial
suture lines 1s then best closed with a modified three-point suture

During the ensuing 6 weeks 1t 1s desirable to get a/l raw surfaces
healed and the most difficult areas are at the junction of the graft
and the axial suture line of the tube where a tiny granulation
tends to persist  Ingenuity may be required to keep the surfaces
apart so that they can heal but the surgeon should be reluctant
to embark on transfer of the tube until healing 1s complete

Transfer to the carrier (Ig 4, 9)

The usual carrier 1s the wrist and on 1t a curved trap-door of
skin and superficial fascia which includes the superficial veins 1s
elevated The raw surface which this creates 1s apposed to the
corresponding raw surface left when onc end of the pedicles
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Fic 4,9

Transfer to the wrst carmer  After marking out the lae of incmon and

‘attoomg Matching porta (1) the end of the pedicle 3 ramed 1 1ng a rrcular

ace (B) A semxcarcular trap-door 1 outlined (C) on the wrst and

maned (D) to gne a crrcular raw area to nhich the end of the pedwcle B
wutured (E)
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detached  Trom its carrier attachment the pedicle obtains a new
blood supply for the next stage of its transfer  The raw areas of
wrist and pedicle are made to correspond in shape and size so
that complete shin closure can eliminate raw surface

The best attachment provides the maximum of raw surface
contact and resulting vascular link-up and 1n this the important
factor 1s the shape of the trap-door  The width of the raw surface
which 1s theoretically that of the pedicle, 1s constant but 1ts shape
can vary from a narrow ellipse to a circle  As an ellipse approaches
the circle 1n shape its circumference and area both increase and as
a trap-door more pointed than a semi-circle creates its own
problems the semi-circular trap-door 1s probably the best shape
for the purpose

It 1s usually stated that in dividing one end of a tube pedicle
a straight transverse incision completing the rectangle of the flap
should be used but such a straight end sutured to the curved raw
area of the carrier creates distortion with tension on the central
part of the pedicle and this 1s something to be avoided A sounder
procedure 1s to mahe the end of the pedicle semi-circular 1n shape
so that the raw area of the pedicle 1s virtually a circle, for which a
correspondingly circular raw area can be created The trap-door
1s best made a trifle smaller than the pedicle dimensions would
indicate as this positively eliminates pedicle tension A haematoma
would prevent the rapid vascular link-up which 1s aimed at and
haemostasis 1s important

'The raw area resulting from the elevation of the end of the tube
1s erther closed by direct suture or, more often, split-skin grafted

The position of the trap-door. According to the plan of transfer
the site will be the ulnar or radial aspect of wrist (Fig 4, 10) and
it should be placed so that the turning back of the trap-door leaves
the raw area 1n one plane  In this way, the trap-door ies smoothly
back when suturing i1s complete and the attachment as a whole
runs cleanly off the limb

The other variable 1s the angle of attachment and consideration
of how arm and wrist are going to lie at the next transfer and the
angle which arm and pedicle must make as a result should decide
this The “hingc” along which the trap-door 1s raised will be
perpendlcular to the desired direction of the pedicle

Before detaching the tube 1t 1s wise to tattoo suitable points,
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eg centre and margins of the pedicle so that fiing sutures to
distribute suture linc tension can be used  The difficult healing
pomnt 13 where the trap-door meets the axial scar of the tube and
care 1n sutunng here 12 advisable

Interval care of the pedicle In the early post operatne period
the arm wnist and pedicle must be tmmobtlised 1n an appropriate
position It 18 usual to wmt for 3 wechs before the next stage 13
begun but once healing 1s complete the patient must be encouraged

Fio 4 10

Atmchment of abdonunal tube pedicles to wrst carrers shoning raduwl and
ulnar attachments

to moyve to the maximum of his capacity all the upper hmb jomnts,
to massage the wrist inset and generally treat the pedicle mn a
modertely caveber fashion  Phymological delay in preparation

for the next stage of transfer can be started as soon as healing 1s
advanced

Tests for adequacy of circulation. Tube pedicle transfers are
tedious time-consuring affairs and 1t 1s scarcely surprising that
Various tests have been deseloped to arbitrarily decide when an
inset pedicle has developed an adequate vascular link up to
permut detachment of the other end for transfer The vascular
link up across the mset can be molated for testing by clamping
off the other attachment of the tube  Tests are of two types

1 Measurement of the passage of o substance across the inset
and aesessment of vascular effictency in terms of this
Atropine injected subcutaneously into the pedicle can be timed
for the development of sts svstemic effects or the appearance

of fluorescence of a histamine wheal on the pedicle can be
"
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timed following intravenous injection of fluorescein  More
recently the disappearance of the radioactive sodium 1sotope
mn the form of Na?!Cl from an 1njection site 1n the tube has
also been used
2 Measurement of the clearance rate across the nset of
congestion created 1n a pedicle
The first set of tests in particular measure quite indirectly
and rather dubously those factors which need to be measured,
namely the w15 a tergo of the blood entering the pedicle and the

Fic 4, 11

Transfer of tube pedicles on wrist carriers Note 1n each case the large
segment 1nset to provide a vascular attachment adequate for the next transfer

overall adequacy of the venous drainage  The congestion test 1s a
more direct index of vascular efficiency since 1t more nearly
imitates the state of affairs to be present when the tube 1s actually
transferred

It must be stressed that these tests constitute a single piece of
evidence only and they must be used 1n conjunction with a general
clinical assessment of the situation

The effect of haematoma A rapid vascular Iink-up over the
maximum of area 1s desirable 1n any pedicle inset and the factor
most lihely to prevent this 1s a haematoma  Haemostasis must be
meticulous and a haematoma diagnosed clinically post-operatively
should be evacuated if possible Not merely does 1t prevent
vascular link-up, but 1t gives rise to induration and loss of flexibility

Transfer on the carrier (Iig 4, 11)
This 1s cssentially stmilar to the wrist inset  After scvering
the remaming abdomnal attachment the flap 1s moved on ats
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carmier to be mnact into part or all of its destination It 18 not
usual to aim at final disposition of the flap on the recipient area
at this stage  What 1s aimed at rather 1s attachment of the free
end of the tube to a suitable segment of the recipient area having
regard to the need to establish a vascular Iink up adequate to
nounsh the flap when 1t 1s later detached from the wnist to be
completely untubed and inset It 1s therefore advisable to gne
the flap as big an attachment as 15 expedient with positioning of the
wnst etc To inerease the raw area of the flap the tube 1s undone
as far as required excising the scar of the tubing and thinning
appropriately  The raw area 1s mensured aganst the selected
segment of the recipient mite and an appropriate area of skin 13
excised  \Where possible a small trap-door flap can be rawsed
from the recipient site to close off the raw area where tubing of the
flap begins agmn

Completing the transfer

After u further period of 3 weels the pedicle 18 removed from
the wnst the scar of the tubing 18 excised and the flap 18 opened
It 18 found on opening the tube that an axial line of scarring has
developed along 1ts centre which prevents 1t from untubing readily
With the tube partially opened 1t gives the appearance of a well
defined layer like deep fascia and only excision or at very least
deep multiple longstudinal scoring of this layer will permt the
flap to untube completely and spread to 1ts original dimensions
When the flap 15 spread out and thinned 1f necessary the amount
of skin to be excised 18 defined and removed 8o that the flap can
be sutured 1n posmion It 18 not alnays safe to complete the
transfer and spread the whole pedicle 1n a single procedure  The
detached wnist inset may then be set into 1ts final destination
leaving the still tubed central segment of the pedicle (Fig 4, 12)
to be untubed and inset 3 weeks or 2o later once both ends have an
efficient vascular attachment

The wrist trap-door 1s sutured back mn 1ts original position
It 18 less ensy to return to its onginal situation than one mght
expect for the trap door will be found to have shrunk somewhat
and the ses eral wound edges have to be mobilised toachier e closure
A good suture line 1 often difficult to get but in this time
fortunately works wonders 1n most cases
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timed following intravenous injection of fluorescern  More
recently the disappearance of the radioactive sodrum 1sotope
in the form of Na%'Cl from an injection site 1n the tube has
also been used
2 Measurement of the clearance rate across the inset of
congestion created 1n a pedicle
The first set of tests 1n particular measure quite indirectly
and rather dubiously those factors which need to be measured,
namely the vis a fergo of the blood entering the pedicle and the

Fic 4, 11

Transfer of tube pedicles on wrist carriers Note n each case the large
segment 1nset to provide a vascular attachment adequate for the next transfer

overall adequacy of the venous dramnage The congestion test 1s a
more direct index of vascular efficiency since 1t more nearly
umitates the state of affairs to be present when the tube 1s actually
transferred

It must be stressed that these tests constitute a single prece of
evidence only and they must be used in conjunction with a general
clinical assessment of the situation

The effect of haematoma A rapid vascular link-up over the
maximum of area 1s desirable 1n any pedicle inset and the factor
most likely to prevent this 1s a haematoma  Haemostasis must be
meticulous and a haematoma diagnosed clinically post-operatively
should be evacuated if possible Not merely does 1t prevent
vascular link-up, but 1t gives rise to induration and loss of flexibility

Transfer on the carrier (Iig 4, 11)
This 1s cssentially similar to the wrist inset  After severing
the remaming abdominal attachment the flap 1s moved on its
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Waltnngatube  The post-mastordectoms defect (A) i closed by the cla rcular
tube pedicle (B) maltzed (C D and E) to fill the defect (I}
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Waltzing a tube

When a tubors bang waltzed (e 4, 13), the procedures vary
from thosc deseribed tor the carrier method only 1n the siting of
the trap-door with a view to achicving the maximum of movement
m the devred dirccuon commensurate with the mimmum  of
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A
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D

Tic 4,12

Double attachment of a tube pedicle prior to final insetting Closure of

fistula (A) by acromio-pectoral tube 1nset into a reception area (B) immediatelv

anterior to the fistula  The double attachment 1s made by nsetting the other

end (C) immediatels posterior to the fistula prior to untubing and closure of
the defect (D)

kinking and tension during both the current and the subsequent
transfer

THE DIRECT FLAP

The direct flap 1s raised with or without prelimnary delays,
according to 1ts dimensions, and directly sutured to the defect
The raw area left when the flap 1s raised 1s closed by direct suture
if small, otherwise a split-skin graft 1s apphed Meticulous

planning 1 reverse is necessary to avoid the tenston, hinking and
s

p——
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gm v defect (4) o closed by the cla rcula;
tube pedicle ( vultxtd (C Dand E) toﬁﬂd’xedefel;ty(]‘") i
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Double attachment of 4 tube pedicle prior to final snsetting  Closure of
fistula (A) by acromio-pectoral tube inset [Nto 1 reception area (B) immediatelv
antertor to the fistulr  The double

attachment 1s made by insetting the other
end (C) immediately posterior to the fistula prior to untubing and closure of

the defect (D)

kinhing and tension durin

g both the current and the subsequent
transfer

THE DIRECT FLAP

The direct flap 1s raised with or
according to 1ts dimensions, and directly sutured to the defect
The raw area left when the flap 1s raised 1s closed by direct suture
if small, otherwise a split-skin gr

aft 1s applied Meticulous
planning in reverse 1s necessary to avoid the tension, hinking and

without preliminary delays,
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Waltungatube  The
¢ mastordectomy defect (A) n closed by the cla rcular
tube pedsdle () nalized (C. D and E) to il the defect (F)
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shearing which are so disastrous, and also to ensure that the patient
1 given as comfortable a position to mamtain as possible

The direct flap should amm to gt as much as possible of the
flap 1 contact with the defect at the mmtial transfer leaving
the munmmmum to be attached later and a good principle 1s to
mahe the flap so that any tendency to movement pulls the flap
on to the defect rather than away from it In himb flaps the
cficet should be to wrap the flap around the limb

IEven in the direct flap there 1s always a pedicle though 1t 1s
frequently very short compared with the remainder of the flap
The longer the pedicle the greater the range of permissible mobility
of recipient on donor site and the greater the safety factor against
tension, etc  On the other hand a long pedicle reduces the length-
breadth ratio and 1n effect narrows the flap from a vascular point of
view  Those sceming irreconcilables can both be met on occaston
by making the base of the pedicle broader than the segment which
1s to be nset so that a broad pedicle 1s combined with a reasonably
long one

Avoidance of raw areas (I'ig 4, 14)

As already described pedicles are often tubed to eliminate
raw arecas  Similarly 1t 1s desirable, though not always possible,
to elimimnate raw areas during other types of flap transfer—
excluding those of face—and this can be done either by using a
trap-door or a spht-skin graft, or a combination of the two

Use of the tiap-door A reception flap from the margin of the
recipient site 1s raised and sutured to the flap and/or skin graft
Such a trap-door flap should be as short as possible as 1t consists
of tissue of the defect and tends to be scarred and avascular

Use of the split-skin graft  When a trap-door 1s not possible the
split-skin graft covering the flap donor site can be made longer
so that 1t lines the pedicle segment of the flap where 1t would
otherwise be raw

Despite the use of these devices greater or smaller raw areas
frequently persist and 1n difficult situations are virtually 1nevitable

Division of the flap
Whether a reception flap or spht-skin graft have been used an
acute angle of fibrous tissue 1s nearly always built up at the junctio -
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of recipient area and flap (Fig 4, 15) o that the flap when divided
does not mset naturally mto the remarning part of the defect
‘The flap as a result has to be dissected off the defect and thinned

Fic 4, 14

Methods of avoxding raw arcas during the transfer of &
diect flap A reception flap when available may be
rared from the margin of the recipient area or the skin
to cover the donor site of the flap may be

extended to line the pedice segment

alittle at the same time excising the fibrous tissue of the angle

to allow 1t to st nucely into the remaining defect  Such dissection
though minimal does have an adveree effect on the vascular supply
and marginal necroas of the flap 18 apt to result  Because of this
1t 18 often advisable to delay the flap before drviding 1t completely
though a delay causes the usual induration which follows any
Incston and a neat suture Iine when the flap 1s finallv inset mav
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shearing which are so disastrous, and also to ensure that the patient
1s given as comfortable a position to mamtain as possible

‘The direct flap should aim to get as much as possible of the
flap i contact with the defect at the mmtial transfer leaving
the mimmum to be attached later and a good principle 1s to
mahe the flap so that any tendency to movement pulls the flap
on to the dcfect rather than away from 1t In hmb flaps the
cffect should be to wrap the flap around the mb

Even in the direct flap there 1s always a pedicle though 1t 1s
frequently very short compared with the remainder of the flap
‘The longer the pedicle the greater the range of permissible mobility
of reciptent on donor site and the greater the safety factor against
tension, etc  On the other hand a long pedicle reduces the length-
breadth ratio and in effect narrows the flap from a vascular pont of
view  Thosc seeming 1rreconcilables can both be met on occasion
by making the basc of the pedicle broader than the segment which
1s to be 1nset so that a broad pedicle 1s combined with a reasonably
long one

Avoidance of raw areas (Fig 4, 14)

As already described pedicles are often tubed to eltminate
raw areas  Simularly 1t 1s desirable, though not always possible,
to eliminate raw areas during other types of flap transfer—
excluding those of face—and this can be done either by using a
trap-door or a sphit-shin graft, or a combination of the two

Use of the tiap-dooi A reception flap from the margmn of the
recipient site 1s raised and sutured to the flap and/or skin graft
Such a trap-door flap should be as short as possible as 1t consists
of tissue of the defect and tends to be scarred and avascular

Use of the spht-skin giaft When a trap-door 1s not possible the
spht-skin graft covering the flap donor site can be made longer
so that 1t lines the pedicle segment of the flap where 1t would
otherwise be raw

Despite the use of these devices greater or smaller raw areas
frequently perstst and in difficult situations are virtually inevitable

Division of the flap
Whether a reception flap or split-shin graft have been used an
acute angle of fibrous tissue 1s nearly always built up at the junction
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Practice of the Method 1n Various Sites

The upper lmb  In major resurfacing of the arm and hand the
usual donor site 1s the trunk and the flap must be planned so that
with the imb 1n a comfortable position the flap wraps round

the mb  In the forearm the hmb 1s most comfortable 1n the
neutral position  extreme pronation or supinatton s difficult to
mamntain~ Because of this the base of the flap 15 best made

| W
F1o 4, 16
The clasaical crons leg flap posttions

superior where the defect 18 radial and 1inferior where the defect
13 ulnar so that 1n each case the natural tendency of the lumb to
move downwards and outwards from the trunk wraps the flap
round the recipient site mther than pulling 1t away from 1t

Similar constderntions anise 1n flaps applied to the wnist and
dorsum of hand though on occasion a direct flap from one forearm
to the other hand 18 used and then the broad principles described
for cross-leg flaps apply  Cross-arm flaps together wath the ather
types of flap used 1n Hand Surgery are discussed 1n detal 1n
Chapter Seven

The lower imb  The direct flap used 1n the leg and foot 13 the
cross-leg flap where the skin of one leg 1s transferred as a direct
flap to cover a defect of the other leg the appropnate parts of the
limbs being approuimated by suitable positoning (Fig 4, 16)
The donor mites are hmited to
1 Middle two-thirds of the length of tibia. In this
scgment the site must rof include the shin directly over the
tibia lest failure of the spht skin graft applied to the secondary
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not be achieved mitially It 1s fortunately remarkable how the
flap settles 1n with time and the scars improve 1n appearance

A dclay used 1n this context does of necessity leave the limbs
in their immobile position for a further week or so, and this may
sometimes be undesirable  'When the pedicle has a residual raw
area too a delay means a fresh incision 1n an area which cannot be

4 “, ;’v
h‘.,( LY ll-“'l ‘a

-,

"

Fic 4, 15

The angle of fibrous tissue usually built up at the junction of the flap and the

recipient area which has to be excised to allow the flap to sit into the remainder

of the defect 'The dissection mvolved 1n this has an adverse effect on the
blood supply of the flap margin

made surgically clean and one which an unavoidably awkward
position may make difficult to keep as clean post-operatively as one
would wish  An alternative then 1s to detach the flap completely
without attempting an inset  This has the same effect as a delay
and while waiting to inset the remainder of the flap 1n 7-10 days
limbs, fingers, etc, can be mobilised as required
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Practice of the Method in Various Sites

The upper limb  In major resurfacing of the arm and hand the
usual donor site 1s the trunk and the flap must be planned so that
with the limb 1n a comfortable position the flap  wraps round

the imb  In the forearm the limb 18 most comfortable n the
neutral position  extreme pronation or supination 18 difficult to
mamntam  Because of this the base of the flap 18 best made

| w
F10 4, 16
‘The clasaical crosm-leg flap positions

supenior where the defect 18 rmdial and mferior where the defect
15 ulnar 8o that 1 each case the natural tendency of the limb to
move downwards and outwards from the trunk  wraps the flap
round the recipient site rather than pulling 1t away from 1t

Similar considerations arise 1n flaps applied to the wnst and
dorsum of hand though on occasion a direct flap from one forearm
to the other hand 18 used and then the broed principles deseribed
for cross-leg flaps apply ~ Cross arm flaps together with the other
types of flap used in Hand Surgery are discussed in detal 1n
Chapter Seven

The lower limb  The direct flap used 1n the leg and foot 15 the
cross-leg flap where the shin of one leg 1s transferred as a direct
flap to cover a defect of the other leg the approprate parts of the
himbs being approumated by surtable positioning (Fig 4, 16)
The donor sites are limrted to
1 Middle two-thirds of the length of tibia In this
scgment the site must 7ot include the shin directly over the
tibia lest failure of the split skin graft applied to the secondar,
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defect should leave bare tibia to complicate the transfer
Usually flaps arc outhined just behind the subcutaneous surface
of tibia based in the direction found to suit best when the
procedure 1s planned

2 Lower anterior thigh. To use this site successfully the
defect requiring the flap must be 1n the vicinity of the heel or
ankle (I1g 4, 18¢) since 1n all but the acrobatic these are the
only arcas capable of ready approximation to the donor site
on the thigh Indeed even with the ankle and heel the
position required of the patient takes a degree of agility seldom
found 1n the average adult The site as a result has very
limited usefulness

In theory a proximally based flap should have a more normally
directed vascular flow but in the distally based flap the main
direction of the vascular flow remains along the axis of the limb
even 1If reversed 1n direction and therefore the direction of the
base 1s not of great significance  Disruption of normal flow 1s
likely to be greater 1n the side-based flap

Unless the length-breadth ratio 1s unusually favourable 1t 1s
advisable to delay cross-leg flaps and the delay can include as a
stage elevation of the flap so that perforating veins may be divided
The donor leg of the flap should be avoided as a source of the spht-
skin graft which covers the secondary defect, for the dressing of
the donor site will naturally raise the venous pressure of the leg
and such a rise, however small, tends to increase congestion of
the flap and helps to set off the cycle of congestion, oedema,
kinking, etc, unless extreme care 1s exercised

IMMOBILISATION DURING FLAP TRANSFER

When a transfer 1s to the upper himb or head and neck,
elastoplast must be relied on in conjunction with sand-bags,
pillows, etc, to keep the parts suitably positioned (Fig 4, 17)
When the transfer 1s to the lower Iimb, whether tube pedicle on
the wrist or cross-leg flap, immobilisation by plaster of Paris 1s
much more effective for 1t takes altogether from the patient the
onus of mamntaining his position  Plaster does nevertheless impose
its own discipline on the surgeon and 1t must be used with care

The plaster of Paris can be applied at the time of operation,
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but prefabncation has undoubted advantages  These procedures
cross-leg flaps especully are among the more exacting in plastic
surgery at all phases—n planming 1n executron and 1n post-
operative care  The position of the limbs must be maintained
from the moment of mserting the first suture jouung flap and

L

Fro 4, 17

The rethod of frung the arm during trunafer of a direct
flap to the upper hmb

recipient gite to the final division of the pedicle 3-4 weeks later
Holding the lumbs dunng suture and subsequent 1mmobilisation
» an unrewarding and most fatiguing task  With ample able
bodied assistance application of the entire plaster cast at the time
of operation may be teasible and satisfactory but when such
asuistance 18 mummal all concerned will welcome anything which
en speed up the process of post-operstive 1mmobilisation
Speeding up 18 best achieved by prefabncating the plaster cast

'lrhe prefabricated plaster  Pror to the operation and with the
1mbs 10 the position to be mantained post-operatively to permut
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accurate moulding of the plaster to the muscular contours, lengths
of encircling plaster are applied at strategic points so that, strutted
together post-operatively (I'ig 4, 18), ¢ g, with lengths of broom-
handle, the whole system 1s held rigidly immobile 1n 1ts correct
position  Added lengths of plaster and struts may be used but
seldom arc more than three or four needed The flap 1s best

Fic 4, 18

Examples of prefabricated plaster fination during cross-leg flap transfers

left exposed while the struts are being applied so that its position
can be watched carefully, the slight contamination with plaster
has not been significant  In this situation one of the transparent
plastic dressings can usefully be employed to protect the sutureline

With a pedicle on the wrist the arm plaster 1s the really
important though most difficult segment of the system and a wvery
carefully applied plaster which includes the hand to the distal
transverse crease, well set back from the pedicle inset 1s used

The tendency 1s for the arm to pull from the leg and so slide
up the plaster and to prevent this a mean must be sought between
the tight plaster which will give rise to swelling and circulatory
embarrassment and the slack one which allows movement

One way of getting round the difficulty 1s to have the aus of
pull of the arm at right angles to the pull of the pedicle A strong



FLAPS PEDICLES AND TUBES 125

transverse bar incorporated 1n the plaster across the palm also
gives the patient something to gnp to prevent shding

ROTATION AND TRANSPOSED FLAPS

To cover a pnmary defect 1t may be possible to move the
adjointng tissue any secondary defect being closed by direct
ROTATION FLAP

‘Without Back cut

£ N7
With Back-cut

TRANSPOSED FLAP

—
Primary

\') Second.
Dafect Dc.fcc:w
Fio 4,19
Dugram of rotation flaps with and without back-cut and
traraposed flap

suture or free skin graft  When the tissue 13 rotated into the
pamary defect the flap 13 culled a rotation flap moved laterally
1nto the defect 1t 18 called o transposed flap  Vost flaps combine
both principles 1n varving degrees and a particular flap mav be
called by the principie which predomunates (Fig 4 19)
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These flaps cannot adequately be described 1n print, even with
a profusion of illustrative examples (Iigs 4, 20, 21, 22 and 23),

Tic 4, 20

Transposed flap used following excision of rodent ulcer involving outer table

of skull Flap outlined after triangulation of defect to be left when the ulcer

(A) 1s widely excised (B) The flap transferred (C) and the secondary defect
covered with a spht-skin graft  The final result (D)

, flap 1s an individual problem  In the face particularly,
for every flap P P y
judgment 1n selection and imagiation in design come with the
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experience born 1n surgical apprenticeship  Present discussion 1
concerned to explain the principles underlying the construction of

Fic 4, 21

Romtion flap without back-cut following excuon
of haemangonm

such flaps  Thev depend to a considerable extent on the elasticity
of the tissues but in planning this should not be relied on
rather should 1t be considered as an added msurance They are
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These flaps cannot adequately be described 1n print, even with
a profusion of illustrative examples (Iigs 4, 20, 21, 22 and 23),

Tic 4, 20

Transposed flap used following excision of rodent ulcer involving outer table

of skull Flap outlined after triangulation of defect to be left when the ulcer

(A) 1s widely excised (B)  The flap transferred (C) and the sccondary defect
covered with a sphit-shin graft  The final result (D)

for every flap 1s an mdividual problem  In the face particularly,
judgment 1n selection and 1magmnation in design come with the
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distributed evenly all along the suture Iine It follows that the
larger the circle of the flap the longer 1s the Iine along which the
tenston dufference can be distnbuted and the smaller the difference
at any particular point

F1o 4,123
Combmed rotaton—transposcd fiap used following excmion of & pre
malignant keratoes of cheek. thouamed [6:N) nhed('H C) and tramferred
(D) with drect suture of the secondary defect

A pure rotation flap has no secondary defect but often depending
on the laxity of the tissues and the degree of rotation required the
pnmary defect cannot be closed purely by redistributing the
tension and a further icison has to be made to allow the flap to
mote laterally as well as rotate 1nto the defect.  Where the curve
of flap and defect makes a half circle the incision 1s made as g

1
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geometrical manocuvres and treated as such are more likely to be
trouble-free 1n practice

Principle of rotation (Fig 4, 24) As the flap will be rotated
into position 1t should 1n theory be the arc of a circle of which the

Tic 4, 22

Rotation flap with back-cut used following excision of rodent ulcer involving

outer table of skull Tlap outlined (B) after triangulating the defect to be

left after excision of the ulcer (A)  I'inal result (C) with the secondary defect
spht-skin grafted

primary defect 1s a segment, flap and defect together making a
half-circle  The defect 1s thus approximately triangular 1n shape
and the narrower the triangle the less does the tissue have to
rotate to fill the defcct  With the flap rotated mto the defect
and sutured 1n place there 1s a difference of tension on the two
sides of the suturc linc and ideally this diffcrence of tension 1s
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The vascular limitations of local flaps

When a local flap 1s moved there tends to be a line of tenston
along the base or obliquely across the flap and this if excessine,
18 extremely prone to causc necrosis of the tissue bycond 1t
A back-cut will usually eliminate the tension line and allow the
flap to move readily into the defect but it must be recognised
that the back-cut also reduces the vascular ares of the base and thus
the airculatory reserve

These two factors—vascular area and tension—must always be
balanced and to know just how much one may be reduced to
eliminate the other n a particular situation 18 a measure of
experience  Probably tension 18 a more potent producer of massive
necross than reduction of vascular area  The enhancement of
vascular efficency produced by a delay tends to be offset by the
fibrosis which 1t causes particularly 1f the delay includes elevation
of the flap for the flexibility of a flap always helps to reduce tenston

Planning the flap (Fig 4, 25)

It must be stated at the outset that the gurding principles to
be lard down apply to rotation and transposed flaps 1n their classical
forms and do not necessarily apply to many of the flaps used n
certwin parts of the head and neck  These will be discussed
eeparately

The first step with erther type of flap 18 to triangulate the
defect. The defect must be capable of beng outlined as a
triangle with two sides approumately equal end this may necessitate
the sacnfice of normal ussue to make the trangle A defect which
for any reason cannot be triangulated 1s seldom suitable for a
standard local flap  As a rule the twwo equal sides of the tnangle
are longer than the third which forms the basc and 1n visualising
the procedure and the flap appropnate to 1t the defect must be
thought of as being closed by moving one of the equal sides as
a mde of the flap across to the other

With a long narrow defect trangulation may be planned to
place the apex at either end and which end should be apex and
Wwhich base may not be immediately apparent The base of the
flap will be alongnde the apes of the tnangle and so the end should
be chosen as apex which will provide the better flap base from the
.. pomnt of view of blood supply line of scar and tissue avatlability
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back-cut along the diameter line  This enables the flap to move
by a combination of rotation and transposition into the defect

This back-cut creates a secondary defect which 1s closed where
possible by direct suture, failing this by a free skin graft

n dlfferenc

(o] e
uted

Secondary
gerect

Dog ear
75

. Primary defect

P

P

With back-cut

Small Flsp— Large Flap-
/Jerge rternsion smal/ tension
drfferernce ovfference

F

Effect of flap size on differential tension
Fic 4, 24
Diagrams of rotation flaps showing the effect of the back-cut and the
influence of the size of the flap on tension difference
Principle of transposition Even in its purest form the trans-
posed flap does pivot on an axis and so does rotate, but the major
movement 1s lateral  The primary defect 1s again triangular and
the rectangular flap constructed along one of its sides moves laterally
when transposed 1nto the defect  One purpose of the manocuvre
1s to avoid tension of the suture line closing the primary defect
and so the secondary defect cannot be directly sutured since this
would recreate the vcry tension the flap was designed to avoid
It must therefore be closed cither by a free skin graft or by a
further plastic proccdurce which will permit closure without tension
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close the defect the distance from the prvotal pomt to the far point
of the triangle must equal the diagonal length of the flap from the
prvotal point

Before any ncision 18 made the prvot pomnt must be clearly
defined and the distance from the pivot to each pomnt of the flap
compared with 1ts esumated cistance to the same pomnt when
transposition 18 complete  Where the distance before transpost

A
B
Prvot
Point \

Correct Design

DA
i il

Incorrect Design
Fia 4, 26

The design of ¢ transposed flap  Compare the well-designed

ﬁ.ﬂ%wbcru the dstance from the pivot pomt to A equals that

to B and ths tranafer » consequently without tensson and the

mecorrectly designed flap where dutances are unequal

becnuuflgﬂ-pntoo-honmdthomfcrunonlybe
L with tension

tion 18 shorter there will be a hine of tension along that line when
the flap 18 transposed  The diagonal length of the flap from the
Pivot pomnt 1n the square flap 18 the one particularly Lable to be
short  The distances can be equated 1n two ways
1 Imtial design ‘The flap can be made longer than the side
of the triangulated defect so that 1ts actual dragonal length
before and estimated diagonal length after transfer are equal
and the actual shape and dimenstons of the flap can be simularly
decided by considering actusl lengths before and estimated
lengths after
This 18 the best method and the one to be used m planning
the flap  If however 1t should be found when the flap has
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With the triangle defined, 1t may at once be obvious from which
side the flap will come  If there 1s doubt, two factors will decide
1 The side with most tissue available s likely to provide the

best flap

2 The anatomical distribution of blood vessels may clearly

favour one side
;/Defect A
St
Pl g Triangulation
of defect /

VFperdepp )

Con struction

.S't‘epﬂ'i g of flap /\

ROTATION

Ny Vo \AA

Fic 4, 25

The steps 1n planning a flap

Step 1 selects the direction of the base of the flap
Step 11 selects the side of the defect from which the flap 1s to be moved

The flap must next be outlined and the principles of construc-
tion depend on whether it 1s to be transposed or rotated

The transposed flap (Fig 4, 20)

Though the 1deal length-breadth ratio varies with the site,
escept 1n the head and neck the flap should be approvimately
square and 1n a difficult situation its dimensions should be even
more favourable

The classical shape then 1s square, and in planning 1t must
first be recognised that the point around which the flap will prvot
1n moving 1s not thc apey of the triangle, but rather the other side
of the base of the flap  From this 1t follows that 1f the flap 1s to
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mid way between the apex of the trnangular defect and the end of
the back-cut and the distance from this point to each point of the
flap must equal 1ts distance to the pomnt to which 1t will be sutured

CNE D

s
s
“h o
Free Skin P
Graft Undermined

Fro 4,27
Methods of closing the secondary defect following transfer
of & rotation flap by free skin grafung and direct suture
after rotation. The pwot of the rotation flap cannot be pin
pointed with the accuracy possible 1n the transposed flap for the
rotation flap does rely to some extent on the fleability of the
tusues It 18 because of this that it genernlly works best when
the skin 18 lax and flexible
Outside the head and neck the secondary defect 1s routinely
split skin grafted and in actual practice suturing of the flap 13
stopped as soon as tension 18 clearly present and the graft 18 applied

L\ e

Fic 4, 28
fimetbod of mokding » secondary defect which can somctimes bo used when
2 lax and tmsue avmlable in consequence Fig %, 18 showma the
method 1n practsce
In the head and neck the secondary defect 18 usually closed by
direct suture with the proviso that such closure must not create
tension along the base of the flap sufficient to jeopardise its blood
supply  If direct closure 15 impossible a graft must be used.

The problem of the sccondary defect left when the flap 1s
rotated can sometimes be soly ed 1n quite a different way (Fig 4 28)
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been cut that the length s madequate and a tension line will
result, an alternative but on the whole less satisfactory device
must be used, namely the back-cut

2 The back-cut - As the flap has been cut its length 1s fived
and so the point of pnot must be altered to reduce the
discrepancies ot length and a back-cut achieves this  Though
it does reduce tenston it must be remembered that 1t also
reduces vascularity and so should be as small as posstble
Sometimes 1t proves possible to reduce the tension without
significantly reducing the vascularity by cutting only the
actual tissue responsible for the tension leaving at the same
time the blood vesscls intact  In shin with a good thickness
of superficial fascia scction of the shin alone may give enough
relaxation, while 1in the scalp cutting the galea aponeurotica
may have the same result  In the face and neck such differ-
ential section 1s seldom feasible, but fortunately blood supply
and tissue availability arc usually so good that the problem 1s
less likely to arise in an acute form

The transposed flap 1s especially useful where a secondary graft
1s not contra-indicated for cosmetic reasons and so 1t 1s used
mainly outside the face  With 1t the si1ze of the secondary defect
approximates 1n area to the primary defect and 1t 1s covered with a
sphit-skin graft Any attempt to close the secondary defect by
direct suture destroys the whole point of the flap transfer for the
reason already given

The rotation flap (Fig 4, 27)

The classical rotation flap has a near-circular curve and, used
with or without a back-cut along the diameter of the semi-circle,
the curve of the flap 1s able to rotate along the corresponding curve
of the other side of the incision outhining the flap It 1s sutured
in 1ts new position with a degree of differential tension, but when
a back-cut 1s needed in addition, as it frequently 1s, a triangular
secondary defect 1s opened up and the flap really then combines
rotation and transposition  With the movement of curve on curve
there 1s no defect 1n the region of the actual flap except at the back-
cut The larger the flap 1s made the less the difference of tension
at each point of the flap and most difficulties arise from planning
on too small a scale rather on too large

The pomnt around which the flap pivots lies approximately
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returned whence 1t came It 18 fortunate that the copious vascular
pattern permits the carrier segment to be left raw on its deep
surface without fear of disastrous sepsis for the narrowness of

A pedicled flup based on the superficial temporal vascular pattern The

PoAt traumatic sca oes of eyeball and severe damage to eyelxds (A)

with 1
# replaced by the flap (B) the forehead defect being splri-skin grafted Vi rth
the carrier segment returned to 1ty orygnal srte the hnal result = shown

wrthout (C) and with (D) the prosthesm (mact)

these flaps relative to their bulk would make tubing 1mpossible

Where the defect left by rasing the flap cannot be closed by
suture a gplit skin graft 1s used for temporary cover and this

s removed 1 due course when the carrier segment 18 returned
to 1ts onginal site The graft covening the donor site of the
transferred segment 18 usually left a8 & permanency
Flap planning

With a piece of Jaconet shaped to represent the proposed flap
and 1ts pedicle held 1n correct position the flap 1s transferred to
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which s hest understood by constdering the relative wound lengths
The length of the flap 1s less than that of the wound to which 1t
has to be sutured and the two lengths can be equated either by
mcreasing the Iength of the flap side, which 1s the effect of the
bach-cut, or rcducing the fength of the outer hine of the wound
to mahe 1t cqual the length of the flap  Excising a triangle of
tissuce opposite where the bach-cut would normally be has just
this cffect and 1s feasible when there 1s enough tissue available to
allow cxciston  In the event the flap s rotated without back-cut
and as suturing proceeds 1t becomes obvious that there 1s some
redundant tissuc on the outer side of the suture line and eventually
a dog-car develops, excision of which leaves the two sides equal
m length It 1s only 1n the head and nech that there 1s spare
tissuc avatlable to allow this method to be used

The dog-ear of the triangulated defect

If the pivoting took place round the apex of the triangulated
primary defect the resulting suture line would be quite flat but
with the pivot point elsewhere both 1n the rotated and transposed
flap there tends to be a dog-car left at the apex of the triangle when
the flap 1s moved Though 1t may be possible to deal with this
in the usual way at the time of flap transfer, 1t should always be
left for subsequent excision if 1ts removal would 1 any way
jeopardise the blood supply of the flap

FLAPS OF HEAD AND NECK

Although classical local flaps are often used in the head and
neck the extremely rich vascular pattern coupled with a lauty of
tissue greater than elsewhere 1n the body permit the planning and
execution of flaps with scant regard for the usual requirements
A common type 1s the long narrow pedicled flap based on a known
vascular system

Examples are the temporal flap based on the superficial
temporal vessels (Fig 4, 29), and the Indian forehead flap based
on the supra-orbital vessels (Fig 4, 30)

In most of these the greater part of the flap 1s used as a carrier
of the terminal segment which alone 1s set into the defect Three
weeks suffice for the inset segment to establish 1ts vascular supply
Jocally, the flap 1s divided and the unused carrier segment 1s
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carrier segment the flap should be broadened and thickened to
allow of maximal blood supply ~ For the purposes of flap thickness
the head can be divided 1nto the vault of the skull as far as the
margins of the gales aponcurotica where the blood supply 13
entirely marginal and the routine plane of dissection 18 the loose
areolar tissue deep to the galea and the remaining shin which of
course has an additional deep blood supply  Asa result delay of a
scalp flap need never include elevation

In the forehead the terminal flap may safely be made thin
enough to leave the frontalis muscle behind and 1n the face and
neck 1t may include the mimmum of fat but in both instances 1t
should thicken fairly rapidly to the more usual plane of dissection
In the nech this plane 15 best deep to platysma and includes as
much of the superficial venous system as possible

Returning the carrier segment

During the 3 weeka the carmer segment tends to tube itself n
two distinct ways by fibrotic contraction of the raw surface and
by marginal epithehalisation  When returning 1t to its onginal
mite the fibrous tissue must be excised completely to undo the
tubing and to get the best suture line the margmal epithelium
should also be removed Even so the flap tends to remamn a
tnfle narrower than when 1t was onginally rused and when
suturing 1t back 1 position after removing the temporary graft
the scalp may have to be mobihsed quite widely to bring the skin
edges readily together 'This 18 most likely to occur if the graft
haa been applied with the scalp 1n the naturally retracted position
1t assumes when the flap 1s raimsed It 1s possible to overcome
retraction of the scalp by sutunng the temporary graft under
slightly greater than normal tension This reduction of the
grafted area to a mumimum makes the subsequent replacement
of the flap much more straightforward and free of tension

Following div1s10n and return of the carner segment the ieetting
of the transferred segrment of the flap 15 completed and as in the
direct flap a little thinmung of the margin may be necessary to allow
1t to a1t neatly mto the defect

Flaps based either on the superficial temporal or supra orbital
vessels tend to be the most useful n the repair of mzeable defects

of the face above the level of the mouth—generally of the nose
cheek and lower eyelid
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mahe sure that 1t 1s capable of reaching its destmation and the
1aconet shape 1s then used to outline the definitive flap  Time
and care spent on this step will prevent the disaster of the flap

-,
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Fic g4, 30

A forehead flap based on the supra-orbital vascular pattern  The scarring (A),

the end result of a verv extensne molluscum sebaceum, 1s replaced by the

flap (B and C), the forehead defect being closed by direct suture ncorporating
Z-plasties  Final result (D)

which only reaches its destination with difficulty or not at all

Flap transfer

The precise thinness of tissue required 1n the defect can often
be duplicated 1n the flap with safety, so abundant 1s the blood

supply, but 1n passing from the part of the flap to be inset to the L
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‘The first point to be considered 1n planning 1s whether the skin
cover 1s to be hairy or not for this will decide whether scalp or
forchcad must provide the skin  Thereafter the appropriate
pedicle can be sclected using jaconet to give the exact outline
A supra-orbital based flap works well for symmetrical nasal defects,
defects of one side can be covered with either type—supra-orbital
or temporal When the defect involves cheek, either _alone or
with part of the nose, the temporal flap 1s usually more satisfactory
as the length of pedicle gives the flap a longer reach

While 1t 1s often necessary to provide lining as well as skin
cover the methods used to provide such lining are beyond the
scope of this book and will not be discussed further

Flaps are often required to repair the defects which follow
excision of neoplastic lesions, simple, premalignant and malignant,
which are unsuited for repair by direct suture or free skin graft
They may also be used to replace a free skin graft used for primary
repair which 1s unsatisfactory cosmetically This subject will be
discussed 1 more detail in Chapter Five

In acute trauma, as described in Chapter One, flaps have a
very limited use and should be attempted only by an experienced
plastic surgeon
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General Surgery

in many different ways and the only factor common to all 13
that kin requires to bereplaced  Shin loss may haveresulted
from the pathological process itself from the surgical attack on 1t
or from a combination of both  Considerntion of the various ways
1 which the need for repair arises will be concerned particularly
with the influence of the pathological condition on the surgeon s
approach and how 1t dictates the tvpe of repatr necessary
A few muscellancous condiuons defy classification but most
exrmples of skun injury or loss requining replacement fall into the
broad categories of traumatic, infective and post-surgical

THE need for plastic surgical methods ingeneral surgery ane 8

TRAUMATIC SKIN LOSS

Trauma can be thermal, mechanical and radiational
It 18 not proposed to discuss thermal trauma as a scparate entity
for an adequate discussion would entail consideration of aspects
outwith the scope of this book but much of the discussion on the
grmnulating area and nts shin cover 1s directly applicable to the
care of a full thickness shin loss burn

Mechanical Trauma

Mechamcal 1mjury may denude any skin area but the parts

Particularly prone to inyury of this type are the scalp the limbs and
the scrotum

The scalp

The usual mechamsm less common with shorter hair styles
and a more widespread use of switable hair-enclosing caps tn
ndustry 18 for the hair to be caught 1n machinen avulsing part

145
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Fio 5 1
Immedmte cover with split-slan grafts following scalp avulson when the
pericranium = intact showing the raprdity of healing

A Appearance two weeks after myury
B Seven weeks after injury showing complete healing

Fic 8 2

Use of & dermatome splii4lun fraft in secopdars r7:.1nemmt of forehead
skin nhen the cosmetse esult of the prmman greft v unsatnfactors
A The poor coumer  re~ult of pin h gratts applied prmmards
B Replacement with the dermatome pratft
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or all of the scalp It 1s an njury of females The avulsed
scgment may be partially or completely avulsed

If only partly avulsed the flap should be preserved no matter
how small its pedicle and should be sutured back 1n posttion after
suttable toilet, shaving, etc The blood supply of the scalp 1s so
good that much more of the flap may survive than the size of the
pedicle might suggest Once dressed, the area should be left
untouched for a week by which time a good demarcation Imne will
he e developed between viable flap and slough  The slough can
now be excised without delay while 1t 1s still dry and relatively
sterile  T'o await natural separation 1s a mustake If there 1s no
contra-indication excision can be followed by the application of an
immediate split-skin graft ~ Failing that, closely set sheets of skin
can be applied 4 or 5 days later 'The main contra-indication to
the immediate graft 1s the inclusion of the pericramum in the
avulsed flap, the treatment of this complication 1s described below

When the segment hds been completely avulsed 1t should under
no circumstances be sutured back in position There 1s no
prospect of such a free graft taking and the optimism of the surgeon
watching and hoping will only delay the removal of the inevitable
slough

Treatment depends on the plane of avulsion The usual plane
of cleavage 1s through the loose areolar tissue deep to the galea
aponeurotica and the pericranium which this leaves intact makes
an excellent bed for a graft It should be completely covered
with spht-skin sheet grafts as a primary measure (Fig 5, I)
Probably the crucial point of techniqueis to avoid too much pressure
in applying the dressing  There 1s no ““give” 1n the skull and too
much pressure will cause 1schaemic necrosts of the pericrantum and
give rise to a slough which when removed leaves the underlying
bone bare  'When the forehead 1s involved, the smooth, uniformly
thick graft of the dermatome gives the best cosmetic result It can
be applied either as a primary procedure or secondarily after

excising the primary graft (Iig 5, 2)
More rarely the skull 1s erther partly or completely denuded of
ericranium over the area of avulsion and treatment of the bare
area of skull becomes quite different, more tedious and difficult
Bare outer table of shull will not take a graft and methods have to be
adopted to produce ‘““bleeding bone” which will granulate
(Fig 5, 3) The fastest and surest way of getting the bone to
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The usual cause 12 erther the catching of a limb 10 power dnven
rollers eg the wnnger of a washing machmne or the running
over of 2 limb by a pneumatic tyre both of which produce a
sudden severe shearing strain (Fig 5, 4)  The results differ only
m severity Bony or jomt mjury may be associated but the
characteristic feature 18 the flaying of the shin  The word

Physiological Anatomical
loving degloving

Fic 8, 4
The mechanmm of degloving (after Slack)

flaying must be qualified for rt may be anatomical or phystological
If angtomically flaved the skin 18 actually torn off if physiologt
cally the skin surface 1 mtact but there 18 complete disruption
at the level of the deep fascia with undermiming At the same
time the vascular network of the skin 13 damaged more or less
scverely by the sudden extrere tensmon set up by the sheanng
strain usually severely enough to cause 1schaemic necrosis of skin
and superficial tascia
It must be realised that initially there mav be hittle evidence
clinically of the ser ernty or extent of the vascular and skin damage—
unless 1t 1« tested tor  The chinical sign to be looked for 1n such
an mjun 1s falure of the shin to blanch when pressed with return
ot colour when the pressure 13 released or when a shin edge 13
prexent absence of dermal bleeding  Both signs indicate absence
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granulate 1s to chisel away the outer table of shull With ex-
perience an immediate split-shin graft can be got to take on such
a surface but hittle 1s lost by warting until reasonable granulations
have developed  Chiselling has frequently to be repeated as small
arcas fail to granulate  The whole procedure 1s extremely tedious
for both patient and surgeon The end result, too, 1s much less
satisfactory as the lach of mobility and cushioning under the graft
make 1t susceptible to minor trauma

Fic 5,3

Healing following destruction of the pericranum In this example
destruction was by burning but the sequence of events 1s similar when the
skull 1s exposed by avulsion of the scalp

A Bare outer table of skull
B Patchy granulations four months later
C State of healing thirteen months after A showing areas of instability

No hair grows from the avulsed area and this may call for
subsequent surgery The position can sometimes be improved
by moving a flap of any remaining normal scalp to the front of the
scalp to provide an antertor hair-lme The hair growing back
from such a flap brushed appropriately can cover the bald area
and though never quite natural gives a better result than most wigs

Attempts have been made to apply grafts cut from the avulsed
scalp 1n an attempt to get hair to grow but to date the results have

largely been negative

The limbs

Extensive loss of skin from a limb 1s most often the result of a
wringer or roller injury which causes degloving ~ Although this
1s becoming a much more common 1njury 1t 1s clear, judging from
patients referred at a later stage to plastic surgery units, that the
condition 1s less well known than 1t deserves to be
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debrnidement if necessary  As much skin as possible should be
applied with priority to the flexures and areas with underlying
tendons

Damage to muscle 18 often present and excision of necrotic
tissue must be as radical as 18 consistent with the preservation of
such vital structures as arteries and nerves  Only on a healthy
base will a graft take and restdual necrotic tissue will mean graft
failure,

Associated bony or joint damage will complicate matters but
an open joint may be closed and a graft applied with good hope of
take  The exposure of tibm or ulna which are the bones most
lLable to be bared may add to the difficulties but 1n such a situation
a universal solution 1s not practicable and consultation between
orthopaedic and plastic surgeon 1s desirable

The svulsed skin 1s often relatively undamaged and 1n those
crcumstances 1t may be possible after all the subcutaneous fat has
been carefully excised to re apply the skin as a whole skin graft
This measure cannot be recommended for routine use It
requires experience and judgment to select the appropriate
case

Above all things should not be allowed to dnift until the slough
separates slowly and spontaneously  If the injury has not been
recogrused primanly and only becomes obvious when a slough
forms the slough should be excised as s0on as demarcated and the
area grafted To wmit beyond this 1s to warit for the infection

mess and delay of slough separation with consequent grafting
difficulties

The scrotum

The catching up of the acrotal skin with the trousers on a
horizontally rotating shaft 13 the usual cause of avulsion of the
scrotum  In the past the denuded testicles were mmplanted m the
thighs or covered by a flap but 1t has been shown that they can be
covered with a free shin graft  Often the avulsed skin 13 available
and relatively undamaged and 1t has been successfully used as a
whole skin graft after careful excision of the dartos muscle layer
A% an alternative the usc of a sphit shin graft has been described

These techniques should only be used by an expert  success
calls for experience and skill  Such cases should be referred to a
plastic surgery umit 1n the first nstance
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of active skin circulation  Over the whole undermined area the
skin must be regarded as suspect and the surgeon must decide what
1s viable and can be saved, or dead and to be excised It 1s
positive evidence of circulation which decides viability and if
there 1s not positive evidence of viability the skin should be excised

Fic 5,3

Degloving of leg primarily resurfaced with sheet sphit-skin grafts

A Extent of injury
B First dressing seven days later
C Healing with full function

A clearer picture of the shin area which retains an active circulation
can sometimes be obtained by observing the distribution of the
reactive hyperaemia which develops when a sphygmomanometer
placed proximal to the injured segment 1s released after being left
inflated for 5 minutes—the tourniquet test

Here as 1n the scalp early grafting should be carried out
(Fig 5, 5) Although the general condition may overshadow the
local and dictate at least temporary delay a local assessment
should be made as soon as possible, the non-viable shin beng

evcised and the resulting dcfect sphit-shin grafted after suitable
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Fic 5,6

Esamples of adionecrosis and radsodermatitis

4  Radwdermatitn of neck tollowing radsotherapy for thyro-
toacosts

B Radwnecross of chun floor of mouth and mandible with ftula
follow ng rradmtion of squemous carcinema of floor of mouth
The tube pedicle ramed for repa r of the ulcer » shown
Fig 4, 64

C  Radwnecross of chest wall resulting from rdwotherspy
followmng radical mastectomv fo carcinoma showing central
deep ulcersnion wnth exposure of rbe snd surrounding radio-
dermatita

D  Radicderrmaiitm follonmg radwotherapy for scne  ulgans
Rodent ulcer~ of ryht lo er evelrd wnd right pre auncular
regon are prevent and ¢ thoa record was made mulople
rodent ulcers ha e been remon d as the eppeared

A further examnple of radwodermatits s ehown 1n Fig 4, 7A followang

radrotherapy for sycosn barbae
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Examples of mdwonecroan and mdodermatios
Radwdermatrus of neck following radiotherapy for thyro
toucosis
Radswonecroan of chin floor of mouth and mandible w1th fistula
followmg mradmtion of squamous caranoma of floor of mouth
The tube pedicle ramed for repar of the ulcer m shown m
Fig 4, 6A
Radwonecrosm of chest wall resuling from radwtherapy
follonmg radical mastectomy for carcinoma showing central
deep ulceration with exposure of ribs and surromdmg mdio-
dermatits
Radwdermatins following radotherapy  for acne vulgars
Rodent ulcers of right lower e elid and nght pre-auncular
remon are prexent and nce thu record was made multiple
rodent ulcers have been remo ed as they appeared

A funther example of rad odermatits m shown in Fig 4 ~Afollowmg

radsotherapy for sycoaw barbae
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Radiational Trauma -

The forms of radiational trauma which may call for plastic
surgical methods are radionecrosis and radiodermatitis. These
conditions are late results of irradiation (Fig 5, 6) and many of the
worst examples are seen i patwents treated nexpertly for con-
dittions in which radiotherapy has erther long since been abandoned
as a therapautic measure or in which the actual method of treatment
has been radically modificd, as for example i thyrotovicosts,
tuberculous cervical adenitis, sycosis barbae, acne vulgaris, lupus
vulgaris, hacmangioma and many others

With a greater anwareness of the dangers of radiation and more
cxpert use of the various techniques these late complications are
less common but they still do occur even 1n the most careful hands
The arca particularly prone to develop radionecrosis or radio-
dermatitis sufficiently severely to menit surgical treatment 1s the
oral cavity and 1ts environs when a carcinoma has been treated by
radiotherapy  The ear and the post-mastectomy scar are also
sometimes 1nvolved

In both necrosts and dermatitis the constant factor 1s general
avascularity of the affected area and this influences the surgical
approach 1n two ways

1 Unless the area 1s excised deeply beyond the damaged
zone, the resulting granulations tend to be poor and the
chances of take of a free skin graft either at the time of excision
or subsequently are poor

2 The suture holding properties of therapy-damaged skin
are bad and the tissues are slow to heal

Which tissues have borne the brunt of the damage will depend
on whether the skin or deeper structures have been the primary
target of the radiotherapy and this must be assessed before
deciding on the type of repair  The mobulity of the skin 1s a good
clinical indicator of whether the deeper structures are involved

If skin alone 1s damaged, excision and replacement with a split-
skin graft or whole skin graft 1s usually satisfactory If, on the
other hand, an ulcer 1s present, 1t may be assumed that deeper
tissues are grossly involved  In such a situation, a blood carrying

flap will be needed and excision of the ulcer should be as radical
as 1s technically feasible deeply, clearing therapy-damaged skin
at the margins  If bone 1s involved a sequestrectomy may be done
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casier and of not obscuring the field when recurrence 1s being
watched for

One of the few situations which might cell for the primary use
of a flap would be one where excision leav es a surface which cannot
take a free skin graft for example cortical bone or tendon  The
advantages of flap cover must then be weighed against the degree
of certainty of adequate exctsion

The pros and cons of immediate flap repair anse with greater
urgency 1n neoplasia of head and neck and will be considered 1n
detail then but much of the argument applies to the problem
elsewhere in the body  In practice the flap has a very minor role
1n providing immediate skin cover following excision of a malignant
skin tumour

Neoplasia of the Head and Neck

This subject 18 a vast one and will be discussed only as 1t
affects the surgical procedure As 1 other fields of surgery
pathology should govern practice  So many malignant neoplasms
of head and neck are local conditions  that adequacy of excision
becomes of paramount importance and thoughts of subsequent
repair must never influence excision 1f this will in any way con
traene pathological conmderations  The ments and dements of
primary definitve repair following excision thus emerge as a
matter of overall policy ~Considerations of age general condition

abaolute certminty of exasion etc may all influence an
indvidusl decision  discussion here 13 concerned with the general
problem

The detect left when a mahignant lesion has been excised can
usually be repaired erther by a free skin graft or a flap  Often the
flap would groe a much better cosmetic result and solely on those
grounds would be preferable The free skin graft on the other
hand with the exception of the post auncular whole skin graft
around eve and nose gnes a relatnely poor cosmetic result
Despite this 1ts ment on pathological grounds 1s unassailable for
1ts use allows mspection of the operative field for any recurrence
and permuts carly biopsy of any area which 1s remotclv suspicious
Recurrenct deep to a flap would be dirastroushy large before 1ts
presence would be sufficiently evident chimcally to tempt the
surgeon to interfere with his flap
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simultancously  Unfortunately where sequestrectomy 1s needed
the margins of necrosis are difficult to define and this 1s especially
truc of the mandible which 1s often the bone involved

Betore any uleer 1s treated a biopsy must be considered to
exclude malignancy since this will naturally mfluence the extent
and depth of excision  In this connection 1t 1s worth remembering
that a mabgnant ulcer developing m therapy-damaged shin s
scldom clinically ty pical and recurrences of shin tumours following
radiotherapy are very hable to masquerade as radionecrosis until
biopsy reveals the true state of affairs

INFECTIVE SKIN LOSS

With the advent of the antibiotics shin necrosis from fulminating
cellulitis 1s uncommon, but 1t may still occur from an uncontrolled
infection by St pyogenes or as a result of post-operative progressive
bacterial synergistic gangrene, which gives rise to the chronic
undermming ulceration brought to surgical notice by Meleney

With either infection the problem of shin cover arises once the
infection has been controlled and 1n both 1nstances two conditions
must be satisfied—the granulations must /ook healthy with evidence
of marginal healing, and the bacterial flora must be nnocuous
Probably stamp grafts closely placed are the appropriate type of
repair, they are certainly the safest

POST-SURGICAL SKIN LOSS

A post-surgical shin defect may arise as a result of excision of a
tumour of shin 1tself or one involving skin secondanly, as 1n
carcinoma of breast Skin grafting has also been used m the
treatment of certain anal conditions

Neoplasia of Skin

The head and neck apart, the policy of skin replacement
following excision of a malignant tumour of shin 1s a straight-
forward onc  The cosmetic aspect 1s of minor significance as a
factor 1n deciding type of repar and the spht-skin graft Appl}cd
immediately after exciston 1s the usual method employed ‘The
free shin graft has the advantages in this field of being technically
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easier and of not obscuring the field when recurrence 1s being
watched for

One of the few situations which might call for the primary use
of  flap would be one where excision leaves a surface which cannot
take a free skin graft for example cortical bone or tendon  The
advantages of flap cover must then be weighed against the degree
of certainty of adequate excision

The pros and cons of immediate flap repair arise with greater
urgency 1n neoplasia of head and neck and will be consdered
detail then but much of the argument applies to the problem
clsewhere 1n the body  In practice the flap has & very munor role
1n providing immediate skin cover following excision of a malignant
skin tumour

Neoplasia of the Head and Neck

This subject 13 2 vast one and will be discussed only as 1t
affects the surgcal procedure  As 1 other fields of surgery
pathology should govern practice  So many malignant neoplasms
of head and neck are  local condrtions  that adequacy of excision
becomes of parsmount importance and thoughts of subsequent
repair must never influence excision if this will in any way con
travene pathological considerations  The ments and demerits of
primary defimtive repair following excision thus emerge as a
matter of overall pohcy  Conmderations of age general condition,

absolute  certainty of excision etc may all influence an
mdividual decision  discussion here 18 concerned with the general
problem

The defect left when a malignant lesion has been excised can
usually be repaired erther by a free skin graft or 2 flap  Often the
flap would grve a much better cosmetic result and solely on those
grounds would be preferable  The free akin graft on the other
hand with the exception of the post auricular whole skin graft
around eve and nose gres a relatnely poor cosmetic result
Despite this 1ta merit on pathological grounds 1s unassatlable for
s use allows inspection of the operatne field for any recurrence
and permuts carly biopsy of any area which 1s remotely suspicious
Recurrence decp to a flap would be disastroush large before rts
presence would be suffictenthy evident chinically to tempt the
surgeon to interfere wath hus flap
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A proper policy then 1s to reparr exasional defects where at all
possible with free shin grafts, including where necessary the
wearing of prostheses  When the arca has been watched for
9-18 months according to the local and pathological circum-
stances until any recurrence 1s lihcely to have appeared, a re-
asscssment can be made and the definitive reparr proceeded with

I'ic 5,7

Acrylic prosthesis as permanent “repawr” of nasal defect following excision
of a rodent ulcer The age and general condition of the patient were con-
sidered to preclude definstive repair with the patients’s own tissues

Further examples of prosthetic repairs are shown in Figs 4, 29 and 5, 19

if this 1s felt desirable A permanent prosthesis sometimes gives
the best result and if so may be considered as the definttive
“repair” (Fig 5, 7)

Circumstances may on occasion necessitate departure from this
prmmple, but they must be overriding before departure becomes
justifiable Examples of such circumstances are

1 Where a gross salivary fistula will be produced by the
excision  This applies especially to older patients who do
not tolerate a fistula well, 1n such circumstances 1t 1s wise to
aim at primary definitive repair  In any case such excisions
usually mvolve the full thickness of cheek or ip and marginal
recurrence alone need be watched for
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2 Where bare shull wiil be produced by an excrsion a rotation
flap 18 nceded Fortunately deep clearance can be more
assured here than in most other situations

3 Where deep clearance 18 chmeally definite but dunng
excision temporo mandibular joint or mandible 18 exposed
Nether 18 capable of taking a free skin graft and the trismus
produced 1f erther 18 left to granulate before grafting makes a
flap necessany

4 Where 1t proves impossible to achieve complete excision of
a tumour 1t may be worth while to rotate a flap for shin cover
0 that further radiotherapy can be gnen

Excluding the free skin graft and there are no special points to
distingumish graft usage i the head and neck from elsewhere
except the technical problems arimng from the need of the patient
to breathe and eat the types of repair can best be illustrated by
reference to the various parts of the head and neck mnvolved

The Lips

The type of repair depends on whether a full thickness defect
Teaults from the excision requiring lining to be transferred with the
flap employed
Full thickness defects 17 excision and direct closure (Fig s, 8)
Up to one third of exther lip can be excised and directly closed with-
out unduly constricting the mouth  Suturing as with all lip repairs
sintwolayers  Undermining of the shin for § inch or so defines
the muco-muscular layers which are united With ertical muco-
muscular mattress cat gut sutures  These sutures take the stramn

of the repair and allow the skin edges to be closed without tension
or tendency to invert

The T bp-switch flap  This conswsts of the transfer of a full
thickness flap pedicled on the labial vessels from one lip to fill
a correspondingly shaped defect of the other lip (Fig 5,9) The
flap s usually \ shaped vanous eponyms are applied to the several
vanieties It 18 a useful repair when the central one third to a half
of a lip has been remos ed and 1n such a case the lips are attached
to each other by the narrow pedicle until 1t can safely be divided
2 wecks later  Where @\ has been exaised near the angle
(Fig 5 10) the switched flip can also be used and the pedicle
becomes then the new angle of mouth
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A proper policy then is to repair exeisional defects where at all
possible with free shin grafts, including where necessary the
wearing of prostheses  When the arca has been watched for
9-18 months according to the local and pathological circum-
stances until any recurrence s lihely to have appeared, a re-
assessment can be made and the definitive repair proceeded with

Fic 5,7

Acrylic prosthesis as permanent “repair” of nasal defect following excision
of a rodent ulcer The age and general condition of the patient were con-
sidered to preclude definitnve repair with the patients’s own tissues

Further examples of prosthetic repairs are shown i Figs 4, 29 and 5, 19

if this 1s felt desirable A permanent prosthesis sometimes gives
the best result and if so may be considered as the definitive
“repair” (Ing 5, 7)

Circumstances may on occasion necessitate departure from this
principle, but they must be overriding before departure becomes
justifiable  Examples of such circumstances are

1 Where a gross salivary fistula will be produced by the
excision This applies especially to older patients who do
not tolerate a fistula well, 1n such circumstances 1t 1s wise to
aim at primary definitive repair  In any case such excisions
usually mvolve the full thichness of cheek or Iip and marginal
recurrence alone need be watched for
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to fill the defect The sccondary defect 18 closed by taking up the
slach present on the cheeh Tt 1s fortunate that most repairs are

Fic 5,9
Rodent ulcer of central upper lip closed injtally by s

sutute  Definiti € remar wrth a V

hn—mucoea}
fup pediced on the mfenor
labal

vesach and sartched from lower to upper hip

carried out 1n the older age group where adequate slack n the
cheek 18 usually available

The flp can be rotated unul flap red margin meets lip red
margin (Fig 5§ 11) but this reduces the size of the mouth consider
ably  An alternatine method which s particularh useful 1n
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Fan flap When more than half of a lip or a rectangular segment
has been exeised, the V-hp-switch flap 1s less effective and a flap

Lines of excision
marked out

Completion of

Insertion of muco-
suturing

muscular cat gut suture

Fie 5, 8

Squamous carcinoma of lower lip treated by V-excision with direct closure

showing the two-layer method of suture which 1s routinely used 1n repamring

the full thickness of the lip

corresponding 1n shape to the defect must be used Since nco-

plasms of the lower lip are much more common 1t 1s the defect
of the lower lip which usually calls for repair

A fan-shaped flap based on the labial vesscls of the normal Iip

and of depth corresponding to the defect 1s constructed and rotated
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must be used to reconstitute the red margin as the alternative
method approximating red margins would make the onifice of the
mouth 1mpossibly small

8kin and muscle defects. The potential source of matenal for
reparr depends on the size of the defect  When the defect 1s of any
uze the main sources are the forehead and neck  For the upper
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Fic s, 11
Excion of two-thirds of lower lip for squamous carcmorna and reparr with a
rlntfm flap rotating red margin to meet red margin showing the reducton
m size of the mouth which resulta  The patient refused further surgery
to enlarge the aperture of the mouth.

lip and naso-labual region (Fig 5, 14) bnidge pedicles of forehend
skin based on the temporal vessels are usual  Rotation or trans-
posed flaps for the loner lip (Fig 5, 15) are usually taken from the
neck either with a secondary free skin graft to the donor site or
direct closure 1f the shin 1 sufficiently lax
The nose

For small defects particularly where there 15 no loss of hning
the forehead 13 the usual source of shin ~ To cover the upper nose
and adjotning canthal area a flap based on one set of supra orbital
veasels can be rotated leaving a forehead defect which can usually
be closed by direct suture (Figs 5 16 and 4, 30)

L
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repairs following extensive lip resections 1s to suture the shin
and mucosa of the flap along the line of resection and use 1t as the
red margin (Ig 5, 12) This often leaves a larger mouth

e e .
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T'ic s, 10

Squamous carcmoma near the angle of the lower lip excised with mitial shin-
mucosal suture  Definitsve repair with a V-flap from the upper ip  Angle of
mouth opened subsequently

In practice the best method 1s that in which the flap lies most
easily

It may happen that the angle of mouth has to be opened up
secondarily if the orifice 1s too small ~ This should if anything be
underdone as the opened segment tends to gape in a rather
unsightly manner

Bilateral fan flaps can be used to repair a defect of the entire
lower lip (Fig 5, 13) In such a situation shin to mucosa suture
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must be used to reconstitute the red margin as the alternatnve
method approamating red margins would make the onfice of the
mouth 1mpossibly small

8kin and muscle defects The potential source of material for
repair depends on the size of the defect  When the defect 13 of any
uze the main sources are the forehend and nech  For the upper

Te g 11

Exclsion of two-thurds of Jower lip for squamous carcnoma and reparr with a
:nmt‘}:hn flap rotating red margmn w meet red margn showing the reduction
o of the mouth which resuls  The patient refused further surgery

the mouth

Iip and naso-labal region (Fig 5, 14) bndge pedicles of forehead
skin based on the temporal vessels are usual  Rotation or trans-
posed flaps for the lower hip (Fig 5 15) are usually taken from the
nech either with a secondary free shin graft to the donor site or
direct closure if the skin 13 sufficiently lax

The nose

N For small defects particulacly where there 15 no loss of hining

the forehead 1s the usual source of shin ~ To cover the upper nose

and adjoining canthal area a flap based on one set of supra orbital

L“‘Ch can be rotated leaving a forehead defect which can usually
¢ Clecd by direct suture (Figs 5 16 and 4 30)
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The reach of this flap 1s strictly Iimited and beyond 1t the usual
complication which arises in constdering repair if the defect 15 of

AW, T T T -y e
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r

Tic s, 12

Recurrence of squamous carcinoma of lower hip following radiotherapy
excised and repaired by single fan flap with reconstruction of the red margin
by advancing mucosa

full-thichness 1s need of ining  The methods of coping with this
problem are beyond the scope of this book  If no lining 1s needed,
the forehead bridge pedicle flap based either on the temporal
(Fig 4, 29) or supra-orbital vessels (Fig 5, 17) 1s most uscful
though with a smaller defect a naso-labial flap may bc possible P

/"'“\\
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The cheek

The most useful method of repar using local tissues 1s the
feriorly based rotatton flap by which post auncufar skin 1s
brought forward (Figs 5, 18 and 4, 23)  I'he defect posteriorly

[‘2‘\,2“"1

Fic %, 13

E
d;m;un;r‘xnof almost the entire lower lip for squamous ma  Ingtm)

carcino
skin mucoeal suture and subkequent reparr by bilateral fan flaps

€n usually be closed but wh
relatrely e ut when a free shin graft 15 needed its

picuous posmtion gnes a good cosmetic result

The mett od worhks best v 7o s
hy

I vhere the lesion 18 Iong and narrow or 1

An alternatne method with honzontal lesions of the lower
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I'ic s, 14

lcer of naso-labial fold (A), exased and repaired primarily with a
Rﬁ?}ix# Zfr:\ft (B) Definitine repur with temporal bridge pediclc flip (Q)
Si”)tcr escision of the sphit-shin graft  Immecdiate result (D) and final resule (1)
a after scar cxcisions mcorporating Z-p]ﬂstlc%
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cheeh 18 to advance neck shin 1n association with extensiy e under
muning 1n the nech The resulting scar tends to stretch very
badly and the method cannot be recommended

The ear

Quite unnecessanly comphicated reconstructions of ear following
limrted excision are described and reasonably good results can be
obtained by very simple methods (Fig 5, 19) VWith a tumour
confined to the ear two courses are open

1 When the leston 18 neither meatal nor peripheral and 18

Fia 5 15
Rodent ulcer overlying and mvading the body of the mandible excmed and
reparred by transposed flap
A Extent of excwion and delay of flap
B Transfer of flap wrth development of web across the chin and Z-plesty

outimed
C  End result after Z-plasty

small enough to be excised leaving enough ear to make recon
struction worth while a simple V shaped full thickness
exasion with the apes towards the meatus and the limbs of
the \ of equal length should be used giving adequate tumour
clearance  Closure of the defect by suturing the lunbs of the
\ together 1n the two shin layers produces some distortion

but 1n most cases 15 entirely adequate cosmetically  When
good prosthetic facilities are available an alternatne method
may be to leave the defect fully displayed by suturing the
shin on the two sides of the ear together  The resdual ear
can be made the basis of a partial prosthesis (Fig 5, 19m)

2 The penpheral leson can be dealt with by adequate
claarance of the tumour tollowed by an additional exersion of
} inch of cartilage to allow the skin to be closed directhy over it
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Modified Glabellar Flap incorperating
Z-plasty

Iic s, 16

Very estensne molluscum scbaccum (confirmcd by biopsy) cxcised 1nd
reparred by simple glabellar flap A modification 1s also shown which s
useful when there ts difficults 1n closing the secondary defect of forchead
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There should be no hesitation however 1n excising the car
completely and 1f necessary of removing adjoining shin etc
A free skin graft does well 1n this sitc making an appropriate
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Fio 5 17

Penetraung rodent ulcer of medm] canthus and adyoinmg nose (A) excmed

and reparred primenly with s splt-skan graft (B)  After a perod of follow-up

without recurrence dehin ive repaur by forehead bru:lge’_lqe!d:clc flap (1nset

#nd €)  Result follow ing return of bndge segment (D) pat ent refused
1o ha ¢ turther trommung et of the flap

incision to correspond to the meatal stump (Fig 5 19¢)  The ear
12 one of the casiest appendages to replace effectnnely erther with a
partial or total prosthests
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Premalignant hcratosis of check exersed and rc

pred by modified rotation flap
using the method deseribed

in Ly 4, 28
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Fic %, 19

Repairs following excion of neoplesma of ear
A Cucmion of squamous caranctm of helix with direct shun closure
B Amlic prosthetic replacement following partml excsron of helix for
SqUIMOoUS carcnoma
¢ Externne vodent ulcer of pre-surrcular skin involving the pinne by direct
lrwnLndvcnl]v excrsed and reparred by splr-shin graft and acrylec
prosthesn
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using the method described in 1o 4, 28
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grafted immedmately but the deeper cavity left after the treatment
of an ano-rectal fistula where haemostasis 13 more difficult s
probably better left for secondary grafting When sccondary
grafting 18 being used the wound can be packed for the 2 davs and
then gently cleared of clot to recerve the graft  With esther method
massrve cat gut ligatures should be avoided

The sctual method of applving the graft does not differ from
clsewhere a split skin graft overlapping the margin of the raw
surface 18 used with the usual tie over dressing A thin split shin
graft 1s preferable because of its better tahing properties  The
secondary contraction of such a graft 18 of no moment and such
contraction as does occur can be turned to advantage 1n reducing
the depth of the grafted cavity

After the first dressing on the fourth to fifth day all dressings
are discarded and the bowel can safely be opened if the area 18
gently and carefully cleaned afterwards  The use of a shin graft
need not mfluence the admimistration of intestinal antibiotics as a
cover during surgery of the anal condition

It 13 a fortunate coincidence that the surgical steps essential
for good graft take should be those necessary to eliminate the
particular pathological condition for 1t means that partial or even
complete failure of the graft to take 18 not an irrepamble disaster

local treatment can if neccssary proceed as though a graft had
never been used

MISCELLANEOUS CONDITIONS

Varicose and pravitational ulceration

The part played by plastic surgical methods 13 only a ven
minor facet of the treatment of this condition  The provision of
shin con er does not influence the fundamental circulatory deficiency
and unless this 11 comcidentally treated grafting 1 a complete
waste of ttme ulceration will inevitably recur Only the
methods ot providing skin cover will be considered here

Grafung the ulcer Using the methods already described the
rranulations must be prepared for grafung  Of these measures
pressure 12 probably the most important  Varginal healing and
an abgence ot Sr prerenes indicate the time to graft and the best
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Carcinoma of Breast

Radical mastectomy 1nvolves removal of a large area of skin
and further skin loss may be caused by suturing the wound under
tension  This has led to an increasing awareness of the value of
the free skin graft following mastectomy The usual graft used
1s a thick split-skin graft and the essential point of technique 1s to
ensure close and immobile contact of graft and chest wall The
skin flaps are liable to be mobile and 1t 1s unwise to rely on them
alone for anchorage Various methods are described to give
added fixation but as simple as any 1s to make the graft overlap the
defect so that 1t extends on to the flaps The usual anchoring
suture with a bite through intercostal muscle or rib periosteum
will fix both graft and flap to the chest wall

By leaving the sutures long as usual a tie-over bolus dressing
can be used to give the necessary local immobility  The flaps can
be independently drained or treated by contmuous suction as
preferred, the graft still remains a separate entity fixed to the
chest wall

Anal Surgery

In the treatment of fistula-1n-ano, anal fissure and anal stenosis
it 18 usual practice to leave at the end of the surgical procedure a
widely open, saucerised or flat, raw area to epithelialise slowly
from 1ts margins By grafting this area considerable reduction
in healing time can be achieved Indeed the methods used to
cure the pathological condition and prevent its recurrence, namely
the eradication of fistulous tracks, the prevention of pocheting
by wide shin excision, and the conversion of the wound into a
single, widely open cavity, are the very points one would stress
in laymng down principles of successful grafting under such
conditions

The natural resistance of the perineum to 1ts normal flora would
appear to estend to shin grafts and infection 1s scldom a problem
given good contact between graft and recipient site and no dead
space full of haematoma or tissue flud to provide a culture
medium  As haematoma 1s the most likely causc of graft loss,
adequacy of hacmostasis becomes the deciding factor in whether
the graft can safely be applicd 1immcdiatcly on concluding the

anal surgery or whether 1t s better applicd as a sccondary pro-

cedure 2 davs later  The superfical, flat surface can readdly be
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bearing sites may be involved. When cxcsion 1s consdered
desimable two methods of repair are possible

Whole skin graft In most cases this 1s the easiest and best
method (Fig 5, 20) and should be used unless previous treatment
cg mdotherapy has caused so much scarrng that a bed
sufficiently vascular to accept a graft 18 unlikely  Skin from thigh

Filo 5, 20

Tlantar wart (A ) excised and repasred by full thickness graft (4,) Recurrence
(D) at the oargm of & graft apphied st the time of previous excuston of a plantar
wary

or abdomen has an adequate thickness of dermis to provide a good
pad.

Local fiap Gross scarning 38 the main indicanon for using a
flap and such a flap must come from a non weightbearing area
The source (Fig § 21) 13 usually the smde of the foot when the
wrart 18 near the margin or the plantar surface distal to the weight
beanng ridge of metatarsal heads when the wart 1s on that site
The secondar, defect has to be grafted which explains why the
flap must be taken from a non weightbeaning area

With both methods the common cause of fallure 18 marginal
recurrenct (Fig 8, -08)  Along the margin of the graft or flap
though not encroaching on the actual tissue transferred the tvpical
callonity gradually develops with return of svmptoms  Inadequate
removal 18 not the cause of recurrence for even the most radical of
exeons may be followed by the gradual des elopment and spread
ot the recurrent callests  The infectnve aetiology of the lesion
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graft s a thin <sheet sphit-chin graft - Once healed, measures to
combat the arculatory defect must continue Grafting may also
bo used merdy as o preimimary to avasion and grafting of the
wholc ulcer-baarmg arca

Excision of the ulcer-bearing area “I'his 1s a much more
ambitious project and fatlurc is correspondingly more serious The
ulcer withats surrounding prigmentation and induration 1s excised
en bloc to the laved of deep tasca "The fasenal planc of cleavage in
the zonc of the uleer s usually poor or virtually absent and n the
viamity of the medial malleolus this can make dissection extremely
tedious and difficult as cxposure of o tendon 1s something of a
disaster for over at the gratt will fal - A thick spht-shin graft 1s
usually applicd with 4 tic-over dressing which must be most
carctully apphed over the instep, for gratt failure here leaves bare
tendon and the creeping of granulations over sloughing tendon
15 a depressingly slow process  Attempts to hasten matters by
exasing the slough only produce fresh slough of the tendon left
Post-operatine immobihisation of the anhle 1s essential, either by
bulk of dressing or more effectively by plaster of Paris

Such an excision can be carried out while the ulcer remains
unhealed but the clinical appearance and flora must be satisfactory
and 1t 1s safer to get the arca healed with a split-shin graft before
cvcising and grafting The success of radical excision and grafting
in giving permanent cure 1s probably due largely to the destruction
of the perforating vein ““blow-outs >’ which 1s mevitably part of the
procedure

Plantar warts

Fortunately the majority of plantar warts do not require excision
and repair and such surgery 1s usually regarded as a last resort
It may be required erther because the wart has failed to respond to
other methods or because of complications artsing from the methods
themselves, 1 particular from over-enthusiastic radiotherapy
The warts treated by excision and repair are thus a highly selected
group and a particularly unpromising one It 1s scarcely surprising
therefore that surgery cures only a percentage and 1t should not be
lightly undertaken since a cure cannot be guaranteed

The warts which give rise to symptoms commonly overlie the
metatarsal heads, particularly the second, but any of the weight-
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radical measures the entire area of shin mvolvement with the
associated fibrosed subcutaneous fat and indurated Iymphatics
must be excised  The condition should preferably be as quiescent
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Fic &, 22

Chronic axiltary hrdradenitis treated by excmon of the involied shin areas and
replacement by spirt-slan grafts

a3 passible before surgen wbegun A thick spht shin graft with
« tie-over dresming 13 used to cover the defect and an immobilising

plaster of Pana shoulder spica mav be added to gine the necessan
stability to the drexsing
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mav caplan the tendenes to recurrence, certanly much remains
unhnown about the natural pathology, cte, of the leston

It there a8 no recurrence, ssmptoms are usually completely
rchaved and cvan despite margimal recurrence the symptoms are
ottcn tmproved  VMewures to avord waghtbearing on the area of
rccurrence may sufhed to give virtually complete relief

Tic 5, 21

Examples of transposed
flap repairs, after excision
of plantar warts

Hidradenitis

This entity 1s more common than 1s usually recogmsed It 1s
an infection of the apocrine sweat glands and may affect any of the
sites of these structures The most common site 1s the axilla
(Fig 5, 22) and here 1t presents as multiple, apparently superficial,
furuncles spreading over the awillary concavity It 1s relatively
chronic and, despite opeming of the abscesses as they develop,
sinuses form which flare up sporadically In severe cases the
draining lymphatics become involved 1n the inflammation and
fibrosis

\When, 1n spite of conservative treatment, the condition has
persisted long enough and 1s sufficiently disabling to demand



CHAPTER ST\
Orthopaedsc Surgery

KIN cover 1n orthopaedic surgery 18 required becauae of the
need for a sterile field duning and after surgery of bone and
jomt  In mcute bony trauma with skin deficiency shin

cover can for practical purposes convert an open imto a closed
fracture with a corresponding drop 1n the probability of infection
In the late treatment of trmuma adeguate skin cover permuts an
operative approach without fear of wound breakdown and infection
When secondary surgery of nerve or tendon 1a required good shin
cover 18 equally necessary for sirrular reasons

The care of the paraplegic has become a matter for the ortho-
paedic surgeon and the surgery of decubitus ulceration will be
conmdered 1n this context  The problem of pressure sores extends
to the non paraplegic but the principles of surpical treatment
apply to both types of ulcer and they will be discussed together

SKIN COVER IN BONY TRAUMA

When skin Joss 18 associated with bony damage the type of skin
cover possible depends on whether a fracture 18 compound to the
skin defect The fractures mest likely to be compound and
associated with shin loss are those of the subcutaneous long bones
particularly tibia and ulna ~ The circumstances are often such that
much damage to surrounding tissues occurs and there may be
degloving anatomical or physiclogical of greater or lesser extent
These factors affecting as they do the blood supply of the skin
which 1s locally avmlable for skin cover must be kept in mind in
planning closure of the wound

1f the loss of shan 18 small primary suture may be attempted
but with larger deficiencies tension of the suture line 18 likely and
may lead to breakdown and infection of the wound A relasing

incision placed 1n the long axis of the limb and at some distance
u 77
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area especially if the bone 18 normally subcutaneous and for that
reason alone such scarnng may require replacement with a direct
flap or tube pedicle

TENDON AND NERVE INJURY

When a nerve or tendon 18 1njured 1n assocuation with extensive
loss of skin 1t 18 necessary to provide a covering of subcutaneous
tissue as well as shin to form a satisfactory bed prior toany operation
of the nerve or tendon itself and a flap must be used as cover
The flap may be transferred as a pnmary procedure 1n favourable
condrtions  alternatrvely 1t may be used secondarily once primary
healing has been achieved by a split shin graft

In the upper limb a direct abdomunal flap 1 usual whale 1n the
lower limb 1 cross-leg flap may be used for a locahised skin loss
The large defect of lower leg or thigh most often requires an
shdominal tube pedicle

OSTEOMYELITIS

It 18 the unstable scarning of the overlymg skin produced by
chronic osteomyelitis especially of tibia which usually requires
treatment  Such an area of scarting 1s seldom suitable for free
shin grafting s 1t may be necessary to treat the bone erther at the
time of shin replacement or subsequently and an abdominal tube
pedicle or direct flap 1s used when scarnng 18 extensne  The
infection must be quiescent before the tranafer 18 begun  the best
results tend to be achieved when the bony infection 18 bumned
out and all that remains 13 the scarred unstable shin

Operations on the diseased bone can be undertaken during flap
transfers only if the treated bone 13 to be covered immediately
and completely by the flap

PRESSURE SORFS

Pressure sores occur 1n bedridden and 1n paraplegic patients
In both the pathological processes are essentially simular and the
Cause 18 pressure sufficiently severe and sustained to produce
1schaemic necrosis of the skin~ The ulcers dex elop tn areas where

pressure 1s borne and where the pad of subeutancous tissuc 1s
scanty
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from the wound mav allow the resulting bipedicled flap to move
across the Iimb sufhiaently to closc the wound, the resulting
sceondary defect s covered with sphit-skin - Tlowever, 1t must be
apprectated that local tissuc damage and degloving may have so
disrupted the blood vesscs of the shin that this manoeuvre may
result m a large <lough  Such a procedure must therefore be
carcfully asscssed,  the relasation incision must be placed at a
considerable distance from the wound so that the flap has at least
the safcty of breadth, and finally, undermining of the shin 1s to be
avorded as far as possible  The procedurc tends to work only
when the defect could almost be closed by direct suture and 1t
should bc used rarcly

‘The rotation or transposed flap 1s not recommended 1n acute
injury of the mbs  Even under optimal conditions such flaps m
the Iimbs must be planned and delayed most carefully and 1n fact
arce scldom used

If the defect 1s large, the only possible method of primary
closure 1s the direct flap—in the arm from the abdomen, 1n the
leg from the opposite leg  The surgeon should realise however
that a cross-leg flap used in such circumstances 1s hable to be
extremely difficult technically and 1s by no means free from potential
disaster  Preliminary delays are not possible and so the dimen-
sions of the flap must provide as large a margin of safety as possible
A one to two ratio of length to breadth 1s desirable and the shin
defect may have to be enlarged by excising adjoining normal skin 1if
need be to accommodate a flap of adequate breadth  The fracture
must be simultaneously stabilised either by plating or intra-
medullary nailing whichever 1s appropriate and such a method can
only be used 1f the fracture 1s seen soon after injury and adequate
debridement 1s feasible

Flap procedures 1n acute bony trauma should not be lightly
embarked on and the co-operation of orthopaedic and plastic
surgeon 1s desirable, the actual decision as to whether closure 1s
either feasible or desirable 1s a matter for discussion in the
individual case  When 1t zs found possible to cover an area with
a spht-skin graft primarily this 1s preferable, for secondary flap
cover, if needed, can then be provided at leisure with greater safety

A late problem of mixed skin and bony damage may result from
the fact that a secondary orthopaedic procedure, e g bone grafting,
cannot be carried out through a scarred or even free skin grafted
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area especually if the bone 18 normally subcutancous and for that
reason alone such scarring may require replacement with a direct
flap or tube pedicle

TENDON AND NERVE INJURY

When a nenrve or tendon 18 injured 1n association with extensive
loss of skin 1t 18 necessary to provide a covering of subcutancous
tissue as well as skin to form a satisfactory bed prior toany operation
of the nerve or tendon 1tself and a flap must be used as cover
The flap may be transferred as a primary procedure in favourable
conditions  alternatively 1t may be used secondanly once primary
healing has been achieved by a spht skin graft

In the upper imb a direct abdomunal flap 18 usual while m the
lower hmb a cross-leg flap mav be used for a localised shin loss
The large defect of lower leg or thigh most often requires an
abdominal tube pedicle

OSTEOMYELITIS

It 18 the unstable scarnng of the overlymg shin produced by
chronic osteomyelitis especially of tibra which usually requires
treatment  Such an area of scarning 1s seldom switable for free
skin grafung as 1t may be necessary to treat the bone either at the
tume of skin replacement or subsequently and an abdominal tube
pedicle or direct flap 18 used when scarning 1s extensmive The
infectton must be quicscent before the transfer 18 begun  the best
results tend to be achieved when the bony infection 18 burned
out and all that remains 18 the scarred unstable skin

Operations on the diseased bone can be undertaken duning flap
transfers only 1f the treated bone 1s to be covered immediately
and completely by the flap

PRESSURE SORES

Pressure sores occur 1n bedndden and in paraplegic patients
In both the pathological processes are essentially similar and the
cause 1s pressure sufficiently severe and sustanea to produce
wchaerme necross of the shin - The ulcers develop ina as where

pressure 13 borne and where the pad of subcutancous tissue 18
scanty
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The Non-paraplegic Pressure Sore

Usual sites are the sacral arca and heel, occasionally the 1thiac
crest The cause of the sorg, 1o the factor producing the immo-
bility, must always be treated before considering active surgery
ol thc ulcer, the patient must be capable of heeping off the pressure
point

Local treatment 1s aimed at getting the uleer fit for split-shin
grafmg  When the tme comes to apply the graft the problem 1s
usually a technical one of immobilisation and the igenuity of the
surgcon may be taned to get immobihity for the 4 days or so
necessary tor graft tahe  Where all other methods have failed.
success has somctimes been achieved by applying closely set thin
spht-shin stamps without any dressings and merely protected
agamnst bang rubbed off, the patient being kept on the surface
oppostte the sore

If, despite local measures, the ulcer becomes static 1n size, more
heroic measures may be contemplated though the local condition
has all too often to be subordimated to the general state of the
patient This 1s particularly true m sores of the heel where,
in theory, the alternative to a sphit-shin graft would be a cross-leg
flap, an alternative quite out of the question in the aged patient
For the sacral area and ilium the alternative to the split-skin graft
1s usually a rotation or transposed flap, the practice of which will
be discussed 1n relation to the paraplegic

The Paraplegic Pressure Sore

The areas particularly liable to ulcerate lie over the pressure-
bearing bony prominences and in the paraplegic the ulcers tend
to have much more of an ‘‘iceberg” quality with extensive
undermining and ostertis of the underlying bone or even pyo-
arthrosis 1n severe cases Treatment consists of coverage of the
completely excised ulcer with a movable pad of healthy skin and
subcutaneous tissue and simultaneous elimination of any under-
lying bony prominence which could act as a focal pressure point
This latter procedure 1s essenttal as such prominences left
untouched reproduce the mechanical pressure which caused the
original ulcer

During the acute phase of the spinal njury, the common sites
are over the sacrum and femoral trochanter, er recovery

[2
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prolonged sitting n a wheel chair makes the tschial area the most
frequent ste  Sacral ulcers tend to be large and flat with minimal
undermining  ulcers of the trochanter and 1schium usually have 2
small opening leading 1nto a large slough lined cav1ty into the base
of which the bony prominence projecta

Healing of the anaesthetic tissues of the paraplegic 1s poor and
with the slightest proocation the wound will fail to heal following
surgery Tension of flaps must be avoided haemostasis must be
even more meticulous than usual cavities and dead space must be
positively eliminated—failure in any one means failure as a whole
When the state of the ulcer permits a preliminary split skin graft
18 worth using for although uscless as a definitine procedure 1t
enables the subsequent surgery to be done 1n a clean surgical field
If skin loss 18 minimal excision and direct closure may suffice
but 1n most cases a rotation or transposed flap 15 needed It 1s
seldom possible to avord grafting the secondary defect but the
graft need not necessanily be applied at the actual time of flap
transfer  Indeed leaving the secondary defect ungrafted (Fig 6, 2)
1s a useful way to ensure that a large area 18 available through
which any haematoma can dramn mnstead of collecting under the
flap to cause tension infection and necrosis  The graft can readily
be applied 7-10 days later

When multiple sores are present the planming of the several
flaps required must be co-ordinated carefully so that the strictly
limited areas of available shin are used to the best advantage

Sacral ulcers

The appropriate type of flap depends on the shape of the ulcer
Frequently suitable 18 the bilateral rotation flap of buttock shin
based on the inferior gluteal fold (Fig 6 1) and this double flap 13
espeeally useful 1n the sacral pressure sore in the non paraplegic
patient  If the shape and extent of the ulcer make this flap
unsuitable alternatives arc the transposed or rotation flap based
on the lumbar region (Fig 6, 3) or as a last resort a tube
pedicle  This latter procedure has many technical difficulties
and should not be lightly undertaken

Trochanteric ulcers

Initially the mam cavity of the uler 15 the trochanterie bursa
and 1t this alone 13 imvolied permanent closure mav be achieyed
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without mterfering with the bone Frequently, however, the
trochanter and neek of femur project into the cavity and excision
of trochanter and appropriate cortex of the shaft 1s then required
to let the soft tissucs collapse and obliterate the cavity  In the
most scyvere instances a pyoarthrosis of the hip joint develops and,

mm
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Fic 6,1

A sacral pressure sore 1n a non-paraplegic repatred with bilateral
rotation— transposed flaps of buttock skin

once present, this complication 1s virtually impossible to eradicate
without amputation It1s probably wise 1n such circumstances to
concentrate on improving the patient’s general condition as much
as possible and accept the permanency of the pyoarthrosis

The ulcer 1s so undermined 1 most cases that free skin
grafting 1s seldom practicable, a transposed flap must be used
(Fig 6, 2) Its precise situation and shape will depend on the
size and shape of the ulcer, with the proviso always that the
secondary defect must be on an area free from subsequent werght-

bearing
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Fic 6 2
A wacral and 3 trochanterc ulcer 1n & legic showing reparr of the

trochanteric ulcer

A The ulers

B The trochantersc ulcer with the transposed flap outlmed

C  The wedge of protrudmp trochanter excwed to elmmate the focal

mt of pressure

DE I;Le&ptnmfmd atoperatson and 1o days later prior toupplication
of the splt-skm graft to the secondarv defect

¥ The end result
It = not neceseary alnavs to graft the secondary defect at the trme of the fup

tramster I thi patrent the secondany defect was prafted 10 days later
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Ischial ulcers

The cavity of the ulcer consists of the ischial bursa, but as the
condition progresses and extends the ischial tuberosity projects
into the cavity and becomes the seat of chronic osteitis A major
advance n the treatment of this ty pe of ulcer has been the exciston
of the 1schial tubcrosity jointly with the appropriate soft tissue

Fic 6, 3

A sacral ulcer and bilateral 1schial ulcers 1n a paraplegic showing repair of the sacral

ulcer bv a rotation flap of buttock skin and of the left 1schial ulcer by a transposed

flap of thigh shin  The X-ray shows the extent of the ischiectomy on the left
side and the osteitis of the right ischial tuberosity

surgery (Fig 6, 3) Even where the bone 1s not pathologically
involved 1t 1s still the mamn cause of the ulceration, certainly its
excision has greatly improved the late results

When planning the appropriate flap the patient should have
the hip flexed to imitate the sitting posture to ensure that residual
scars do not overlie the tuberosity  The best flap 1s very broadly
based medially along the greater part of the thigh and moved
upwards (Fig 6, 4) Its superiority over other possible designs
1s due to 1ts generous dimensions which on the one hand make 1t
extremely safe and on the other permit further rotation (Fig 6, 3)

Vi
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F1o0 6, 4
‘The trans) flap used to repair the defect left following excmion of
the ulcer and mchiectomy  The cavity left by the mchiectomy

o filled by detachung at its lower end and mobilmmg such harmtring
muscularure s 13 2 nilable

Fio 6 s

Bccondary rotation of s
pre o]y used thigh fap to repair recurrent ulceration
The segment of fap bevond the hne of the scar of the previous fup way
dela ed prio to rotstin of the fap
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should the ulcer recur  An added advantage of this flap 1s that
1t enables the atrophic remnant of the biceps muscle to be detached
at 1its lower end and mobilised by dividing approximately half
of the perforating vessels  T'he muscle can then be rolled up and
tuched 1into the dead space left by the 1schiectomy

It cannot be emphasised too strongly that the procedures which
have been described for the various types of decubitus ulceration
arc only a small facet in the overall care of the paraplegic and must
be regarded as merely providing the ulcerated area with a fresh
start 1n the best conditions
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CHAPTER SEVEN

Hand Surgery

N surgery of the hand 1t 13 essential to avord the pitfall of
sceing the hand 1n1solation  the patient and hus condition must
be viewed as one Before the surgeon embarks on a time
consuming procedure he should give serous thought to whether
the end result 13 going to justify the time spent 1n obtamning 1t
with the loss of work and mcome which the patient will suffer
He must remember that the very procedure may give rise to
disabiliies which could outweigh the posaible advantages to be
derived from 1t he must decide whether the patient 18 intelligent
enough to benefit from a complicated reconstruction and co-
operaute fully dunng 1ts various stages
When the alternative exists a labouning man may well be better
off with a partial amputation or free skin graft of his injured finger
than a more elaborate repair which will require immobalisation of
one or more fingers or even most of the hand wnst elbow and
shoulder

The possible complication of shoulder arm and hand stiffness
18 especially relevant to the older age group and may be a major
consideration 1n deciding the best procedure

When different modes of treatment are equally feasible 1t 18
often worth while to explain the problem and its possible solunona
in smple terms to the patient so that he may understand what
each will entail in ume discomfort and end result  In this way
€o-operation dunng the actual procedure 15 more likely

HAND INJURIES

In 4 hand injuny the provision of shin cover by direct suture
free shin graft or flap takes absolute prionts  Shin cover alone
halts the 1win procesaes of intection and fibrosis which are parta
cularly harmful 1n the hand  1he appropriate method of skin

. 187
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cover depends so much on the type of mjury and its extent that an
appreciation of the pathological features of the common mjury
patterns 1s necessary to an understanding of the principles of
treatment

Hand injuries are of three main types—cutting and slicing,
crushing and degloving. As a rule an mjury belongs pre-
dominantly to one type, but on occasion an injury has the
characteristics both of crushing and degloving

Cutting and Slicing Injuries

The extent of a cutting or shcing mjury 1s clear-cut and
prelimmary clinical assessment of damage 1s straightforward
Tendon and nerve damage are common and must be tested for,
but, 1f one excludes the guillotine amputation which 1s so often
part of the injury, assoctated bony damage 1s uncommon  With
the exception of the partially sliced-off flap, the skin loss 1s
immediately obvious, and even with 1t the devitalising effect of
crushing 1s not present to add to the difficulty of deciding climcally
whether the flap 1s viable

It 1s not proposed to discuss the merits of primary tendon
repair, discussion will be concerned rather with the means of
providing such skin cover as will permit tendon repair or graft,
primarily or secondarily

The method of repair can usually be decided on the basis of
the preliminary clinical examination When there 1s no loss of
skin direct closure with minimal excision of the wound margins
should be carried out, and here accurate suturing 1s as vital as 1n the
face 1 order to achieve rapid healing with mimmal scarring
Skin loss must be made good by free skin graft or lap  Free skin
grafts, commonly of split-skin thickness, are generally used except
when the raw area includes a structure which will not accept a
free skin graft, when the pulp of the finger tip has been lost and
replacement requires more bulk than 1s present 1n a free skin graft,
or when subsequent repair of a deep structure such as tendon 1s
contemplated In these circumstances flap cover must be pro-
vided and the type of flap depends on the site and size of the defect
The posstble flaps m the various circumstances will be discussed

on page 201
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The guillotine amputation which exposes bone 15 1n many
cases best closed by trimming the phalanx until the tissues will
close directly over 1t without tension  Free shin grafts do poorly
over such stumps  Faulure of the graft over the bone 18 common
and even with good take the scar adherent to the underlying bone
tends to make the graft always vulnerable Flap cover may be
indicated on occasion but 1n the majority of patients amputation
18 to be preferred

These considerations apply with particular force 1f one finger
alone 13 injured  When more than one finger 1s involved a more
comservative approach 1s indicated and direct flaps from chest
abdomen or the oppomte forearm must be considered  Cross
finger flaps are seldom feasible In the thumb a quite different
approach 18 essential and the principle becomes one of extreme
conservation  Length must be maintained primanly at all costs
There should be no excessive trimming of & traumatic amputation
to get shin cover a free shin graft or flap should be used as the
local carcumnstances dictate  The overnding need for conservation

of finger tissue becomes less with passage towards the ulnar side
of the hand

Crushing Injuries
A crushing injury may vary in severity and extent from the
mildest subungual haematoma through the crush mnjury of fingers
with or without bony damage up to the power press mjury which
leaves o shapeless pulp of devitalised tissue ~ With severe crushing
there 18 often a2 bursting laceration  The brunt of the 1njury
13 taken by the soft tissues and bones rather than the tendons and
nerves  Loss of skin and soft tissue by the actual injury 18 not 2
feature but the real loss 15 often much greater than 1s at first
apparent for disruption of blood veasels end devitalisation of
tissues may gine nise to quite extensne shin necross  This
hidden damage may result 1n unexpectedly severe oedema post
operatively and falure to guard agsinst this oedema can further
devitalise the crushed tissues particularly if they have been closed
under tension
Pre operatn ¢ appraisal of the situation can be most musleading
only dunng actual cleansing and surgical exploration of the wound
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can the mpury be accurately asscssed  T'he important pornts 1n
such an assessment arc

1 To determine what 1s definitely not viable The test
alrecady described (page 149) to assess the viability of skin
must be rigidly applied here and non-viable soft tissue
structures excised quite ruthlessly  This may mean excision
of bone, tendon, ctc , when a segment of finger as a whole 1s
judged to be non-viable

2 With the non-viable tissue excised the position 1s assessed
afresh to decide which njured structures are worthy of
retention and shin cover The detailed decistons which this
implies must tahe nto account such factors as the relative
importance of the fingers and the thumb, the age, intelhgence,
etc , of the patient, and the extent and severity of the damage

Much that has been said of closure following guillotine amputa-
tion applies to the crushed finger  With the sole exception of the
thumb where the conservative approach always applies there are
two opposing lines of argument On the one side the more
severe the damage to the individual components of a finger—
nerve, tendon, shin, bone, the stronger 1s the argument for ampu-
tation though the finger as a whole may be viable, for the less
chance there 1s of a useful digit resulting  On the other side the
greater the damage to other fingers and the rest of the hand the
stronger 1s the argument for retention of an injured digit even 1n
the knowledge that it may be suff It 1s in the crushing injury
particularly that a useless finger should always be considered as a
potential source of skin  Filleted, 1t can be used to cover a skin
defect of adjoining dorsum or palm avoiding the need for graft
or flap

It 1s often stated that any lacerations which are present as part
of a crushing injury should only be loosely closed with a few
tacking sutures because of the tendency to post-operative oedema
In our experience, when no shin has been lost much better results
are obtained by suturing such lacerations as accurately as possible
with many fine sutures leaving no raw areas between suturcs
When this has been followcd by absolute immobilisation, pre-
ferably with plaster of Paris, and scrupulous post-operative
elevation for at least 48 hours ocdcma has not given rise to any
trouble It seems likely that thc ocdema which 1s so feared 1s the
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result of farlure to follow thelatter part of the regime describedabose

Compared with a cutting njury of apparently comparable
sevenity the crushing injury carmies a much longer disabilitv pertod
and the results are poorer  The problem of the associated fracture
will be considered separately

Degloving Injuries

In degloving imjuries of the hand as elsenhere the important
pathological factor 1s mjury to the vascular system  The anato-
mucal characteristics of the palmar shin withits intimate attachment
to the palmar fascia make 1t less Liable to degloving but when 1t 1
degloved the palmar aponeurosis 1s usually part of the tissue
avulsed. Elsewhere the plane 1s the usual one between superfictal
and deep fascia

In the pure degloving injury damage to deeper structures 1s
surprisingly uncommon though 1t must alwayvs be tested for
The important surgical decision 1s that of viabilitv and the
tourniquet test may help (see page 150) Retention of shin 13
only justifiable on the basis of positive clinical demonstration of an
actine shin airculation  Shin which 1s not demonstrably viable
must be excised

The sphit shin graft 15 the usual method of coser and should be
used unleas tendon bone or jomnt 18 exposed  Fuen af 1t 1s felt
that subsequent cover by a flap will be nceded the sphit shin graft
1 still the pnman cover of choice especially when more than one
surface of the hand 1s imolved  When a direct flap 1s required
primanly 1t should be designed to cover as much of the raw area
as possible with 1ts mitwul attachment

1t 13 often difficult to esumate the preciee shin loss immeduately
after the ijur but aver estimation s less serious than under
estimation  If at the hrst post operative dressing ahin necrosis
1% tound to he more exten ne than was expected and tresh slough
1% present 1t should be exaiced and replaced with a pht <hin graft
torthwith  In this way healsng and mobiliation can be achicyod
s rapidly as posable

Degloving ot a mingle digit occurs ocea 1onally and again with
the sole exception of the thumb amputanon @ u wallv adviable

he degloved thumb b uld be in crted it o tut od tlap rar ed

on the oppoute arm or trunk (b1 57 1)
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can the myury be accurately assessed  The important points 1n
such an assessment are

1 To determme what s definitely not viable The test
already described (Page 149) to assess the viability of skin
must be rigidly applied here and non-viable soft tissue
structures excised quite ruthlessly  This may mean exciston
of bone, tendon, etc , when a segment of finger as a whole 1s
judged to be non-viable

2 With the non-viable tissue excised the position 1s assessed
afresh to decide which ijjured  structures are worthy of
retention and shin cover The detailed decisions which this
implies must take into account such factors as the relative
Importance of the fingers and the thumb, the age, intelligence,
etc, of the patient, and the extent and severity of the damage

Much that has been said of closure following guillotine amputa-
tton applies to the crushed finger  With the sole exception of the
thumb where the conservative approach always apphes there are
two opposing lines of argument  On the one side the more
severe the damage to the individual components of a finger—
nerve, tendon, shin, bone, the stronger 1s the argument for ampu-
tation though the finger as a whole may be viable, for the less
chance there 1s of a usefuy] digit resulting  On the other side the
greater the damage to other fingers and the rest of the hand the
stronger 1s the argument for retention of an injured digit even mn
the knowledge that st may be stiff It 1s 1n the crushing injury
particularly that a useless finger should always be considered as a
potential source of skin Iilleted, 1t can be used to cover a skin
defect of adjoining dorsum or palm avoiding the need for graft
or flap

It 1s often stated that any lacerations which are present as part
of a crushing Injury should only be loosely closed with a few
tacking sutures because of the tendency to post-operative oedema
In our experience, when no shin has been lost much better results
are obtained by suturing such lacerations as accurately as possible
with many fine sutures leaving no raw areas between sutures
When this has been follow ed by absolute immobailisation, pre-
ferably with plaster of Paris, and scrupulous post-operative
elevation for at least 48 hours oedema has not given rise to any
trouble It seems likely that the oedema which 1s so feared 1s the
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Finger tip Injurics

Isolated finger tip myuries of all three types are extremely
common and the influence on treatment of the nail and pulp
makes separate consideratton of the injury necessary

The pulp with 1ts skin the phalanx the nail and its bed,
each or all may be damaged in varying degree  The best treat
ment by proxtmal amputation free skin graft or flap depends at
least partly on the extent of the damsage to each constituent
In the extreme case the choice may be clear cut 1t 18 1n the mixed
injury that difficulty anses  Severe crushing devitahsing the nail
and phalanx while the pulp 18 still viable 15 best treated by ampu
tating the damaged segment and closing the defect with a flap of
pulp skin  For the shcing injury which removes either pulp skin
or distal naul without significantly damaging pulp or phalanx the
obvious measure 18 a free skin graft The majonity of injuries
which lie between these extremes with loss of pulp and sometimes
of bone are capable of being treated by flap free skin graft or
proxunalamputation  Themorebone 1s exposed the less surtable s
the site for a free shin graft for the reasons already given (page 189)
The finger tip 18 one of the very few sites where a whole skin
graft has been successfully used 1n primary trauma but 1t has no
real advantage over a thick spht shin graft The flap has 1its
main usc where there has been loss of shin and pulp but where
bone and nail are undamaged The more bone has been lost
the less good will be the result

A finger tip injuny which occurs sufficiently often to constitute
a distinct injury pattern 1s the partially avulsed finger tip which 1s
left attached by a pedicle of pulp  When the mjun 1s of the
crushing tvpe the nul 15 usually avulsed from 1ts base with the
flup  the ungual process of the phalany may be intact but denuded
or fractured with the distal fragment as part of the avulsed segment
With a cutting tvpe of mjun the nail mav be cut transversely the
distal half rematning attached to the avulced flap

It 1s actonsshing how small the pedicle need be to ensure <un val
of the avulsed flip and 2 deciion as to viabihity should only he
mude when the flap has been replaced 1 ats correct P ~ition to
chminate the adver ¢ effect o torvton and anzulatin ot the pedicle
on the blood supphy ot the tlip Tt 1t 14 not viable treatment 14 as
for a pulloune amputatt 0 \With 2 vuble tlp the tinger up

Y
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I'i'c 7,1

The use of distant flaps 1n resurfacing the thumb

A Degloving of thumb with loss of distal phalanx, resurfaced with cross-arm
tubed flap The use of the graft covering the forcarm defect to line the
pedicle segment 1s shown, and the final result

B  Use of a pectoral tubed flap to resurface a thumb degloved mn a crush-
degloving tnjury which damaged the index finger bevond salvage

While these methods of resurfacing may be the only ways of salvaging the digit,
the return of sensation and consequent utihisation by the patient tend to be poor
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active exerciscs within the painless range of movement  Move
ments are progressively increased at the end of the second weeh
and by the end of the third week a full regime of exercises can be
instituted

When dressings are still required for the shin component of the
injury these should be as light as possible to allow the maximum
of unhindered movement  In this situation Tubegauz 18 most
useful 1n providing good cover with a mimimum of restraint from
sheer bulk of dreasing

The method of treatment which has been outlined may be
contrary to current orthopaedic text book practice but the great
1mprovement 1n results since 1ts introduction has justified 1t

LLECTIVE SURGLRY

Plastic surgical principles apply also 1n clectnne surgery of the
hand both 1n the surgery of approach to deeper structures and 1n
reconstruction following injury congenital anomaly ete

The placing of scars 1s important 1 the surgery of approach
but 1t has a much wider application 1n relation to grafts and flaps
and will be discussed 1n relation to all three  In the late recon
struction of the injurcd hand the problems of shin cover are similar
to those of the acute phase and are usually concerned either with
shin replacement following excision of contractures and scar or
prevision of shin cover to permmit reconstruction of deep structures
most often tendons  The use of free shin grafts and flaps will
be considered hoth for the priman treatment and the late
reconstruction

T'he Z-plisty may be required as a sccondan procedure where
the principles of scar placement have not been followed at the time
of priman repatr because of precarious blood supply etc  but
118 required all too often to correct the contracted scars resulting
trom wanton diregard ot theee principles

ITCHNIQUES O RIPAIR
Placing scars 1n the hand
he may 1 palmar and digital crea e indicate hnes of flenion

mown u hand peston and ina won directh acr them at
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should be reconstituted after minimal exciston of wound edges and
damaged pulp fat  The nail should be retamned and replaced m
its bed to provide splintage and to ensure a smooth nail bed after
healing  In this way the likelthood of distortion when the fresh
nail grows in 1s reduced When the nail has been transected care
should be taken to get the edges accurately apposed for the same
reason

The Associated Fracture

A fracture as part of a finger injury adds weight to the argu-
ment 1n favour of amputation, particularly if there 1s severe
comminution  Before such a finger 1s retained skin cover must
be demonstrably available and if 1t 1s not available the finger
should be amputated unless damage to the remainder of the hand
makes retention imperative  As already emphasised the thumb
1s an exception to this general rule

If such a finger 1s retained, the fracture and the soft tissue
damage which 1nevitably accompanies 1t worsen the prognosis
as regards function and add to the problems of treatment If the
periosteum on either flexor or extensor surface has been exten-
stvely damaged by displaced bony fragments there 1s corresponding
damage to the surface over which the tendons move and adhestons
rapidly develop between the two surfaces

Internal fisation by small plate or intramedullary bone peg has
been recommended but good results can be achieved by relatively
simple methods without recourse to such fixation The criterion
of success 1s function rather than anatomical perfection of bony
contour With the skin closed the fracture should be reduced
and the finger immobilised 1n the position of function Plaster of
Paris 1s not always necessary, bulk of dressing often provides
entirely adequate splinting

The problem of subsequent care 1s to reconcile the needs of
the fracture and those of the soft tissues Immobilisation for
the periods usually recommended for closed fractures means a
stiff finger and at the end of that period the mature tendon
adhesions added to the scarring of other soft tissues makes sub-
sequent mobilisation virtually mmpossible A compromisc 1S
necessary and 1t 1s our experience that by the end of a weck to
10 days the fracture i1s sufficiently ““stichy” to permit gentle
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lest contruction of the marginal scar recreate the deformuty the
procedure was designed to relieve

Conversely when the side of the finger 18 grafted in syndactyly
the marginal scar onginally antero-lateral tends with flexion of
the finger over a period to move antertorly further away from the
neutral fine and forms a contructure requiring a Z-plasty It 1s
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Fic 7 3

“uitable merions extending ext ting wounds to permit explorution and reparr
il necessary of nerves and tendons (after Rank and W akefield)

well recogmised that incisions along the muddle of the palmar
aspect of a finger are contra indicated 1n general but given such a
#car a Z-plasty can allesrate at least the contractural result

Use of the Z-plasty

Contractures  The / plasty 15 onlyv usctul in the well defined

farly narrow lincar contracture T'he diffuse hroad contracture
requires the importation at Jan by flp or gratt The bow trning
contracture 1k suitable tor one large 7 plasty  the contracture of
st severe deprec inve lung several joints requires muluple smaller
7 phr i 1o correspond wath the tlesion (rease of exch jome
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right angles should be avoided (Figs %, 2 and 3) as contraction of
the scar 1s liable to cause a flexion contracture

This principle applies also to grafts and flaps at least to the
extent that the margin of the graft or flap should not run in an
unbroken line at right angles across a crease ~ With a graft such a
marginal scar 1s especially liable to contract, as 1n most cases falure

Fic 4, 2

Commonly used mcisions 1n the hand ‘These may be combined or modified
if necessary with the proviso that the blood supply of any flap raised must be
adequate for 1ts survival (after Furlong)

of the graft at 1its margin for even a millimetre or two produces
a scar which gives rise to a contracture  If a straight marginal line
1s necessary for any reason 1t will probably require subsequent
revision with a Z-plasty inset to break the line

In the finger the lack of skin wrinkling along the lateral linc
shows 1t to be neutral as regards skin tension (Fig 7, 4) and grafts
and flaps are best carried well round on to the side of the finger
to bring the marginal scar into this neutral line where a minor
contracture 1s of no consequence When a contracted scar 18
being excised this may mean that normal shin has to be removed
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lest contraction of the marginal scar recreate the deformity the
procedure was designed to relieve

Comversely when the side of the finger 1s grafted in syndactvlv
the marginal scar orsginally antero-lateral tends with flexion of
the finger over a penod to move anteriorhy further away from the
neutral line and forms a contracture requinng a Z-plasty It 1s
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right angles should be avoided (Figs 4, 2 and 3) as contraction of
the scar 1s liable to cause a flexion contracture

This principle applies also to grafts and flaps at least to the
extent that the margin of the graft or flap should not run m an
unbroken line at right angles across a crease ~ With a graft such a
marginal scar 1s especially liable to contract, as in most cases failure

Fic 7, 2

Commonly used 1ncisions 1n the hand  These may be combined or modified
if necessary with the proviso that the blood supply of any flap raised must be
adequate for 1ts survival (after Furlong)

of the graft at 1ts margin for even a millimetre or two produces
a scar which gives rise to a contracture  If a straight marginal Iine
1s necessary for any reason 1t will probably require subsequent
revision with a Z-plasty inset to break the line

In the finger the lack of shin wrinkling along the lateral linc
shows 1t to be ncutral as regards shin tension (Fig 7, 4) and grafts
and flaps are best carried well round on to the side of the finger
to bring the margmnal scar mnto this neutral line where a minor
contracture 1s of no consequence When a contracted scar 1s
being excised this may mean that normal shin has to be removed
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A continuous multiple Z-plasty can often be used most effectively
(Fig 7, 5)

The contracted junction of a graft and the surrounding skin
can be lengthened with Z-plasties and these again should be placed
to correspond with the flexure lines

Web deepemng In minor degrees of syndactyly or post-burn
webbing the Z-plasty can be applied to the problem of deepening

FIG 7, 4

The absence of major wrinkling along the lateral line, compared with both
palm and dorsum, shows 1t to be neutral for skin tension

the web (I1ig %7, 6)  If the web 1s looked on as a line of contracturc
a Z-plasty can be carried out with a dorsal and a palmar flap
Lengthening the web 1n this way has the effect of deepening 1t

Incidentally such a Z gives excellent exposure of the deep
structures of the web, 1t allows, for example, the supcrﬁcml
transverse ligament of the palmar aponeurosis to be excised casily
when 1t 1s severely mvolved in Dupuytren’s contracture

Central finger scars It 1s particularly 1n dealing with the digital
extension of Dupuytren’s contracturc that a Z-plasty of the palmar
shin of the proximal phalangeal scgment gives good exposure while
at the same time correcting the shin contracture so often associated
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Usc of Free Skin Gralts

In 2 duficult tuation where take of a gnft o bikeds to e
havardous as with a granulating urface of im primary trwmn

E
Fie 75

A continuous multiple Z-pla ty used to correct a mild linear contracture (A
Nate the deagning of the r- (I3) to place the transverse imbw of tho (umpl:tczi
Zoplaty (C D T Fyin \increases e tig 1 g

the overniding need 15 for successful take and the split skin graft
18 therefore the graft of choice regardless of mte  T'ven i the
palm of hand and finger where secondary contracture 1s inevitable
1t must sull be used to be replaced 1f necessary by a whole skin
graft at a later date when conditions for take are better
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It 1s 1n the uncrushed injury that grafts take most easily
In the crush mjury grafts take much less well probably due to an
element of devitalisation sufficient to jeopardise the viability

I'nc 7,6

The use of a Z-plasty 1n deepening the web between the thumb and index
finger to increase the grasp of a thumb short as a result of trauma

of the finger but of a degrec to affcct adverscy the vascularisation
of the graft Recogmition of this fact suggcsts the desirability
of morc radical debridement of the rcapient site i preparation

for the gratt in crushing injuries
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In clectine surgers and the sccondany repur of hand injurics
the split <k graft preferibly thick can he ueed on the dorsum
On the palm between the fingers and in the wehe where secopdan
contracture would <o often destron the whole pont of the
procedure a whole shin graft must be ud

Although the 17¢ of a graft depends prinmanidy on the dimenaions
of the defeet there are occasions where 1t becomes dearable to
carny the graft bevond the onginal defect even thouch thie mn
mean excrang normal shin 1 he factors which detesnune such a
procedure hine been i cusced 1n relation to the plaong of scars
tn the hand

I he methed of applvng and <uturing the graft 14 sinuhe to
that detenibed for general wse  When applung the e over
flavine wool and the subsequent pres ure dresang cire should be
taken to avord undue pres ure on the Lraft It e the graft on
dorsum of tinger< and und swhich 1 sapeendis lable to be adversely
affected by too much pressure and the pranunences catised by the
heads of the metacarpals and provimal phalanges are the most
wvulnerable arecas Oser these aras too Lraft fatlure s most scrious
for exposure of tendon and joint capeule 1s the ancutable result
Fhe prominences are increased by nurked flevion of the fingers
and ro the hand should be immobihsed ifanvthing onthe extended
stde of the position of function

I'he apphication of the dressing will be discussed under the
heading of post operatine care

Use of Flaps

Different sources of shin vary 1n the extent to which they
reproduce the charactenstics of the shin of the defect 1n sensation
texture appearance ctc  Local shin s best followed by forcarm
shin with trunk shin a poor third  but this aspect 15 only one
factor to be considered in an individual case and the appropriate
type of flap 1ts source etc tends to be governed morc by the size
of the defect and 1ts mite

In preparing the recipient site for a flap of any kind the margin
should always be excised to healthy tissue and this applies with
special foree to a granulating area for only with radical excision
can the flap be soundly sutured to good surgical material It 18
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advisable on occasion to bring a flap beyond the obvious defect
for the reasons mentioned in the placing of scars in the hand
(page 195) Difficulties will be avoided if 1t 1s remembered
planning that the arm 1s at its most comfortable 1n the mid-prone
position The more supiation called for by the flap the more
difficult 1s the position to maintain voluntarily and as fiation
cannot be other than by elastoplast the most comfortable position
should be chosen

The elimmation of raw surface both in the hand 1tself and on
the flap 1s desirable at all stages It 1s seldom if ever possible to

¥
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Fic 7,7

Defect of the dorsum of the hand resulting from an electrical burn with loss of
extensor tendon  The transposed flap used to provide cover permitted sub-
sequent tendon repair by extensor mndicis transplant

raise a reception flap 1n the hand and the sphit-shin graft covering
the donor site of the flap must be extended to line the bridge
segment when a direct flap 1s used The tube pedicle, though 1t
takes added time for tubing, does have the great advantage of
completely elimmnating raw surface quite apart from the added
latitude of movement which 1ts pedicle length permits while 1t 1s
attached to the hand

When a flap 1s being transferred as a preliminary to a rccon-
structive procedure, ¢ g of tendon, 1t 1s usually advisable to have
the transfer complete and the area quite healed before the deep
structure 1s treated so that the possibility of sepsis can be quite

eliminated

Defects proximal to the webs
If a defeet of the dorsum 1s small a rotation or transposced flap

1s somettmes a posstble mcthod of reparr (g 7, 7y Free shin
grafting of the sccondary defect 1o almost universally needed as
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theamountot ik walable on the dor um e deceptnely small
In practice ca ev uttable for 4 rotation tlap «cldom occur and the
dietant flap s ©much wider u ctulnes Rotation tlipe of the
palm cannot be recommended fram 1oy pont of view hecause of
the charactert e of the hin it eIl and 1t ntimte sttachment to

the palmar aponcuras
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Se ere palmar contracture bowing inftul inset of the pedi e into a neutral
un carted arce m preparation for sulmeguent exerion of & arning reledse
of ontracture and insetting of pedicle in a single procedure

I'he pointa brought out 1n discussing the use of direct flaps
from chest and abdomen for defects of forearm apply to the hand
also When a tube pedicle 1s used particularly for palmar defects
1t1s worth wiile conmdenng an tnsct of the pedicle ito o neutral
unscarred zone (Fig 7, 8) so that cxcision of the scarring can be
followed by skin cover of the entire arca 1n a mingle procedure
For the defect of intermediate size near the radial or ulnar side a
direct flap from the opposte forearm may beused  ['hecross arm
flap 18 discuased 1n more detail for cover of finger dcfects
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Decfects distal to the webs

The defect mwy be ol one finger only or of scveral fingers and
accordmg to arcumstances a distant flap from trunk or opposite
forcum, or a local flap from adjommg finger or thenar eminence
may be used tor cover

Fic 7,9

The use of a trunk flap to repur a defect of pulp of thumb

Distant flaps  When a single finger 1s mvolved the deciston of
whether or not a trunk flap can be used depends largely on the
site of the defect for the other fingers may make 1t impossible to
bring the defect and potential flap together readily It 1s more for
pulp replacement that a trunk flap 1s used (Fig 7, 9) though even
here skin more near in character to normal pulp skin 1s preferable
where a suttable flap can be constructed

Defects of several fingers may be dealt with stmultaneously by
suturing the adjacent margin of each defect so that one large
defect 1s made which can then be covered with a single flap
(Fig 7,10) When the fingers come subsequently tobe separated 1t
will be found that the amount of shin needed for each finger 1s
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Fig 7 10

The conversion of an injury of scversl fingers 1nto a smglo defect T to flap

cover  The mnjury (A) of index mxddle and nng fingers ca b&r‘dlﬂh
ing converted nto a singhe defect (B) and covered by a direct abdommal

fiap (C) Tho fup divided (D) and the fmpers separsted (E) The final
reault (F) after thinung of the segment of the flap on each finger
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graater than one nught have capected  The thichness of the flap
makes this unavordable aven allowing for as much thinning as
possible and the flap should be of correspondingly  generous
dimunsions

The oxtensive dedect usually requires a trunk flap (Fig 4, 17)
because the alternative sonrces are too limited inarea For the
defect of intermediate sizea cross-arm flap from the other forcarm
(Figs 7, 1 and 7, 11) 15 @ usctul method of covering erther the
dorsal or palmar surtace of a finger  T'he position 1s easy to
mantam and the flap can be of the direet type of the length-
breadth ratio permuts When the ratio makes such a flap rishy
the bipedicded strap flap may be used mstead  The flevor aspect
of the torcarm s the obvious donor site but as long as the flap does
not encroach on the subcutancous border of the ulna any site
which permits a comfortable position during transfer may be used

Local flaps  ‘These can be tahen trom an adjoiming finger or the
thenar emunence as cross-finger and thenar flaps

Cross-finger flap (Figs 7, 12,7, 13 and 7, 14)  Ths type of flap
can provide cover for a defect of the palmar aspect of a finger,
particularly 1n the middle and pronimal phalangeal segments,
since 1t can only be taken from the dorsum and side of the donor
finger It 1s most useful for defects of between one and two
phalangeal segments  Smaller defects increase the length-breadth
ratio while the technical difficulties increase if the area to be
covered 1s much longer than this  The flap finds one of 1ts most
effective uses 1in covering the thumb  Whether pulp or tip 1s
being covered the thumb can readily be positioned so that the
flap from index finger 1s not under tension and its pedicle 1s not
subject to undue torsion

The flap must be raised with care to avoid baring the digital
nerve and artery or extensor eapanston and the secondary defect
on the donor finger 1s covered with a thick split-skin graft

Fig 7, 11

The use of a cross-arm flap 1n repairing an injury of the thenar emmence

The mnyury (A), involving the metacarpo-phalangeal jomnt, prepared (B)

to recerve the flap  The flap outlined (C), and raised (D)  The split-

skin graft applied to the secondary defect (E) showing the extension of

the graft (F) to line the pedicle segment of the flap (G) and the plaster

of Pars fixation of the arms (H)  The flap immediately before division
(I), and divided and mnset (J)  The final result (K)
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graater than one mught have avpected  The thickness of the flap
makes this unavordable aven allowing for as much thinning as
possible and the flap should be of correspondingly generous
dimensions

The extensive detect usnally requires a trunk flap (Fig 4, 17)
because the alternative sources are too himited 1n area For the
detect ot mtarmediate size a cross-arm flap trom the other forearm
(Iigs 7, 1 and 7, 11) 15 a uscful method of covering either the
dorsal or palmar surlace of a finger The position 1s casy to
maintain and the flap can be of the direet type 1f the length-
breadth rato pormnts When the ratio makes such a flap rishy
the bipadicled strap flap may be used mstcad  The flevor aspect
of the forcarm s the obvious donor site but as long as the flap does
not encroach on the subcutancous border of the ulna any site
which pernuts a comfortable position during transfer may be used

Local flaps. ‘T'hese can be taken from an adjomning finger or the
thenar eminence as cross-finger and thenar flaps

Cioss-finger flap (Figs 7, 12,7, 13 and 7, 14)  This type of flap
can provide cover for a defect of the palmar aspect of a finger,
particularly m the muddle and provimal phalangeal segments,
since 1t can only be taken from the dorsum and side of the donor
finger It 1s most uscful for defects of between one and two
phalangeal segments ~ Smaller defects increase the length-breadth
ratto while the technical difficulties increase if the area to be
covered 1s much longer than this  The flap finds one of its most
cffective uses in covering the thumb  Whether pulp or tip 1s
being covered the thumb can readily be positioned so that the
flap from index finger 1s not under tension and 1ts pedicle 1s not
subject to undue torsion

The flap must be raised with care to avoid baring the digital
nerve and artery or extensor expansion and the secondary defect
on the donor finger 1s covered with a thick split-skin graft

Fig 7, 11

The use of a cross-arm flap in repairing an injury of the thenar eminence

The 1njury (A), involving the metacarpo-phalangeal joint, prepared (B)

to recerve the flap  The flap outlined (C), and raised (D) ‘The split-

shin graft applied to the secondary defect (E) showing the extension of

the graft (F) to line the pedicle segment of the flap (G) and the plaster

of Paris fination of the arms (H)  The flap immediately before division
(I), and divided and mset (J)  The final result (K)
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The raach of o cross-finger flap can be mcrcased 1f a point 1s
madc ol divadmg Cleland’s skin hgaments “T'hese ligaments as
thay appaar m this surgical procedure torm a fibrous septum just
dorsal to the neuro-vascular bundle and bind the shin of the neutral

Clelands
hgaments

Fic 7, 12

A cross-finger flap used to resurface the pulp of thumb The mmjury (A),

prepared to recenve the flap (B) The flap raised before (C), and after (D),

mcising Cleland’s ligaments, and sutured 1n position (E) The flap (F) and

the split-skin graft applied to the secondary defect (G) shortly before dividing
the pedicle  The final result (H)

line to the side of each phalanx  Their division frees the skin of
the neutral line and adds greatly to the mobility and reach of the
flap 1tself

A modification of the cross-finger flap as described can be used
to resurface the tip of a finger when the relative lengths of donor
and recipient fingers are suttable and the mobility of the recipient
finger adequate (F1ig 7, 15) It 1s 1mportant to avord encroaching
on the nail bed of the donor finger when the flap 1s constructed
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Fic 7 13

A crom finger flap used o presertie length in & aumatic partal amputs

ton of thumb s type of flap can only be used readily when the thumb

has slready been shortened and with 1t twmt of pedicle it must be planned
wrth great care

Fio 7 14

A cross finper flap used to resurface the palmar aspect of almost the whole
legth of the Aifth fmper  Thia 1 &5 wide & Sap e can safels be wned
o
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Fic 7, 15

The distallv based cross-finger flap used to cover a guillotined index
finger-tip  The njury (A) and the flap (B), sutured in position with a
split-shin graft applied to the secondary defect (C)  The dressing 14 days
later (D), and the end result (E)
This 1s 8 common injury and when the preservation of length of the finger
1s considered desirable the flap 1s a most useful one  The distal basing
of the flap docs not jeopardise 1ts viability

The index finger 1s the one which most often sustains an mnjury

requiring this particular flap
Thenar flap It 1s well-recognised that flexion of any of the four

Fic 7, 16

The use of a thenar flap to repatr a defect (A) of pulp of finger The
defect 1s displayed fully (B) by excising marginal scarring and the flap is
outlined with Bonney's Blue (C) on the thenar eminence, elevated (DY,
and sutured to the defect (E) A split-skin graft 1s sutured to the
secondary defect (I) and a tie-over dressing (G) 1s apphed The flnp
1s shown just before (H)and after (I), division of the pedicle and msetting
of the flap  The final result (J)
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The distally based cross-finger flap used to cover a guillotined ndex
finger-tip  The mjyury (A) and the flap (B), sutured in position with a
sphit-skin graft applied to the secondary defect (C) ‘The dressing 14 days
later (D), and the end result (E)
This 1s a common mjury and when the preservation of length of the finger
1s considered desirable the flap 15 a most useful one  The distal basing
of the flap does not jeopardise 1ts viability

The index finger 1s the one which most often sustains an mjury

requiring this particular flap
Thenar flap It 1s well-recognised that flexion of any of the four

Fic 7,16

The use of a thenar flap to repair a defect (A) of pulp of finger The
defect 1s displayed fully (B) by excising marginal scarring and the flap 1s
outlmed with Bonney’s Blue (C) on the thenar eminence, clevated (D),
and sutured to the defect (E) A split-skin graft 1s sutured to the
secondary defect (F) and a tie-over dressing (G) 1s applied The flap
s shown just before (H) and after (1), division of the pedicle and insetting
' of the flap  The final result (J)



HAND SURGLRY 213

in padding 13 to convert the hand into a cylinder so that pressure 13
cvenly distnibuted  Tatlure to pad the palm and dorsum ade
quately causes undue pressure on the radil and ulnar sides and
sores may result  Only the finger tips are left vimble to wndcate
the vascular state of the hand

Fic 7 17

The plaster of Paris cast appled post-operatnely

When no graft has been used absolute :mmobilisation may be
less necessary and the regime can be sutably relaxed

Prevention of oedema

Otdema fliid provides the raw matenal of suff fingers and 15
prevented by elevation  When a graft has been applied or there
has been extensive soft tissue dissection the hand should be
elevated preferably in plaster of Pans

A well padded cast should encircle the arm as far prommally as
the upper humerus (Fig 7, 17) 8o that the weight 18 taken on
the upper arm and nof on the wrist and hand  In more mmor

procedures elevation on a pillow or 1n a sling without plaster of
Pans 13 adequate
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fingars brings ats pulp to almost the same pomnt of the thenar
cminence and this fact can be used in resurfacing pulp or finger-tip
defects by a flap rased on the thenar eminence (Fig 7, 16)
‘The flap has 1ts main use 1in the hand with relatively thin palmar
shin, the calloused hand of the manual worker 1s quite unsuited
for the procedure It the patient 1s unable to bring the finger
regiiring cover to e agamnst the thenar eminence easily and with
a complete absence of discomfort the flap should never be con-
templated  This excludes 1t as a rule from being considered for
the index and fitth fingers

The dimensions and site of the defect determine how the flap
should be bascd  For a defect of the greater part of the pulp a
sidc-based flap offers the best length-breadthratio . The secondary
defect 1s covered with a thick split-shin graft

Planning with jaconet, so cffective elsewhere, does not work
well with the thenar flap  The blood-stained imprint of the
flexed finger 1s more uscful 1n giving the appropriate site and shape
of the flap to be raised

This flap has its enthusiastic advocates but 1t 1s not without
unsatisfactory aspects A tender scar in the thenar area 1s a
serious disability and occastonally occurs, and the finger 1immobi-
lised 1n flexton for the period necessary 1s sometimes difficult to
mobilise  In addition 1t 1s difficult to avord maceration of skin
1 the operative site from the close proximity of flap and palm for
the area sweats virtually continuously at ordinary temperatures
It 1s a flap to use sparingly and only when the indications are clear

POST-OPERATIVE CARE

Following a surgical procedure in the hand a period of immobi-
lisation 1s generally desirable and this 1s provided by the dressing
on occasion reinforced by plaster of Paris At the same time
measures should be taken to prevent oedema developing in the hand

Dressing of the hand

If a graft has been applied 1t 1s usually wise, regardless of the
site of the graft, to immobilise the entire hand in the position of
function Following the tie-over dressing careful padding of the
whole hand, in the webs and between the fingers, must be carried
out before applying the circumferential crepe bandages  The aim
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1n padding 15 to convert the hand 1nto a cylinder so that pressurc 18
cvenly distributed  Fatlure to pad the palm and dorsum ade

quately causes undue pressure on the radul and ulnar sides and
sores may result  Only the finger tips are left visible to indicate
the vascular state of the hand

Fio 7 17
The plaster of Parm cast applied post-operatively

‘When no graft has been used absolute tmmobiliaation may be
less necessary and the regime can be suitably relaxed

Prevention of oedema

Oedema fluid provides the raw materml of stiff fingers and 18
prevented by clevation When a graft has been applied or there
has been extensve soft tissue dissection the hand should be
clevated preferably i plaster of Pans

A well padded cast should encircle the arm as far proxmally as
the upper humerus (Fig 7, 17) o that the weight 1s taken on
the upper arm and not on the wnst and hand  In more minor

procedures elevation on a pillow or 1n a shing without plaster of
Paris 18 adequate
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Subsequent dressings

Unless there 1s a good reason most dressings 1n hand injuries
should be left untouched for a weeh and many can safely be left
for longer  T'he less the mjury and dressings are interfering with
hand function the less the need for carly dressing and, if there are
no clinical signs to suggest infection, the first dressing can often be
left until the tenth to twelfth day  This applies even to the mjury
imvolving a graft  When the function of the hand 1s significantly
himited by the dressings, particularly in older patients, the first
dressing should generally be done on the seventh day and the bulk
of dressings thereafter should be reduced to a minimum so that
movement of the fingers can be instituted as rapidly and intensively
as possible

A similar approach applies to the dressing following elective
procedures
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CHAPIIR TICHI
Surgery of the Eyelids

S}\II\ cover of the evelids 1s usually required as a result of

loss from trauma or surgical excision for malignancy

CYELID INJURILS

The extremely nich blood supply of the evelids permits survival
of flaps with the most tenuous of attachments It follows that
the approach to the treatment of trauma 1n this region must be
ultra conservative wound cxcision should be minimal and the
surgeon s chief aim should be to replace tissues in their proper
anatomical site (g 8, 1) The scverely damaged eyelid may
present o ventable yig saw purzle but reassembling the various
parts correctly 1s not labour wasted even if secondary operations
are required to correct shin or deep contractures they will be casy
and successful in direct proportion to the care tzhen and the
accuracy achieved at the primary operation

When an evelid mmjury 18 first seen there often appears to be
actual loss of tissue but the true loss can be assessed only as the
repair proceeds and 15 almost always less than at first scemed likely
In repairing these injuries there are certan kev structures which
correctly placed as a first step can act as landmarks

Tear duct system  When the lower lid canaliculus has been
severed 1t s desirable to reconstitute 1t where possible
Failure to do 8o may result in an intractable epiphora and late
reconstruction 18 not possible A careful search should be
made for the cut end leading to the lacrimal sac but if 1t
cannot be found passage of a nylon thread or probe through
the canaliculus of the intact Iid and lacrmal sac will sometimes
help in 1dentifying 1t (Fig 8, 1) 1In the same way if the
segment 1n the Iid cannot be seen passage of a nylon or silk

worm gut thread through the punctum will show the cut end
of the canaliculus where 1t cmerges  Passage of the thread

a1y
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into the other orifice will allow healing 1n continuity  This
procedure 1s caster to describe than carry out but 1t 1s worth
attempting where possible  'The tendency to stricture even
when the canaliculus 1s reconstituted 1s marhed and despite

Fic 8,1

A Reparr of an injury without tissue loss avulsing the lower hid from 1ts
medial attachment, showing an attempt to restore the continuity of the
canaliculus by threading monofilament nylon through the lacrimal
punctum and into the lacrimal sac

The final result shows the excellent appearance which can be achieved
by accurate reconstitution of the medial canthus

B The result of failure to reconstruct the canthus accurately following an
myury similar to A

The repair of an mnjury similar to A as part of a more extensive facial soft tissue
injury 1s shown in Fig 1, 10

passage of probes drainage of tears 1s often poor  Fortunately
even with complete failure to reconstitute the canaliculus the
epiphora 1s not invariably severe

Lid margin  Various methods of stepping incistons or wounds
of the lid margin have been described but careful matching 1s
quite adequate if the wound edge 1s made to evert a little by
the suture In any case 1t would be quite unjustifiable to
traumatise still further tissues already damaged by the injury
The various landmarks of the id margin—the eyelashes, the
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grev line the junction of conjunctiva and ahin all ein be used
for matching purposes

Tarsal plates  In cach exchd the taral phte 15 closcly
adherent to the conjunctina and m traumn the two hehave as
a single structure It 18 advtaable where posaible to avord
sutures in the conyunctna but matching of the tarsal plates
can be used to fix the margine of the assecated conjunciina
which in any case heals very rapidly

Comunctrra At the completion of any repair 1t 1s essential
to have a situation which will pernut cover of the cornea with
Iid conjunctina duning sleep and a tar<orrhaphy 1s sometimes

e T —
e ==

Fic 8 2

‘The interweaving suture (after Stallard)

needed to cnsurc this  Sutures of the conjunctiva cause
irnitation of the cornea where the two come 1nto contact they
are difficult to remove and are best avorded  Vhen they
cannot be avoided a continuous interweaving  suture
(Fig 8, 2) brought out to the shin surface at each end 18 useful
It draws the conjunctiva together well there 18 no interlocking
and 1t 18 readily removed The smooth surface of nylon

thread can be turned to advantage in this situation for casy
removal

Palpebral Lgaments The tarsal plates which give to the
cyehids such nigidity as they possess have their main attach
ment to the bony orbit via the medial and lateral palpebral
ligaments and if erther of these ligaments has been dinded
traumatically 1t must be reconstituted as far as possible by
suture  The medual ligament 18 the more powerful structure
and damage to 1t 18 correspondingly serous for the whole
medial canthal region drifts forward and laterally grving the
appearance of a unilateral hypertelonsm It 1s stated that
this appearance only results if the posterior attachment of the
higament behund the lacrimal sac 18 divided but at least as
far as trauma 1 concerned  this 13 largely an acedemic pomnt

Unfortunately 1t 18 extremely difficult to reconstitute the
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mto the other orifice will allow healing in continuity  This
procedure s caster to describe than carry out but 1t 1s worth
attempting where possible  The tendency to stricture even
when the canaliculus 1s reconstituted 1s marked and despite

A Repair of an injury without tissue loss avulsing the lower lid from its
medial attachment, showing an attempt to restore the continuity of the
canaliculus by threading monofilament nylon through the lacrimal
punctum and into the lacrimal sac

The final result shows the excellent appearance which can be achieved
by accurate reconstitution of the medial canthus

B The result of failure to reconstruct the canthus accurately following an
injury similar to A

The repair of an injury similar to A as part of a more extensive facial soft tissue
mjury 1s shown in Iig 1, 10

passage of probes drainage of tears 1s often poor ~ Fortunately
even with complete failure to reconstitute the canaliculus the
epiphora 1s not mvariably severe

Lid margin  Various methods of stepping incisions or wounds
of the Ird margin have been described but careful matching 1s
quite adequate 1f the wound edge 1s made to evert a httle by
the suture In any case 1t would be quite unjustifiable to
traumatise still further tissues already damaged by the mjury
The vartous landmarhs of the id margin—the eyelashes, the
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grus hine the junction of conjunctiva and shin all can be used
for matching purposcs

Tarsal plates In each eveld the tarsal plate 1« closely
adherent to the conyunctiva and 1n trauma the two behave as
a mingle structure It 15 aduisable where posaible to avod
sutures 1n the conjunctiva but matching of the tarsal plates
can be used to fix the margins of the associated conjunctiva
which in any case heals very rapidly

Comunctrra  \t the completion of any repair 1t 13 essental
to have a situation which will permut cover of the cornea with
1id conyunctiva dunng sleep and a tarsorthaphy 13 sometimes
(R = —
— e ]
Fio 8 a
The interweaving suture (after btallerd)

needed to ensure this  Sutures of the comjunctive cause
smitation of the cornea where the two come 1nto contact they
are difficult to remove and are best avoided  When they
cannot be avoided a continuous Interweaving  suture
(Fig 8 2) brought out to the skin surface at each end 1s useful
It draws the conjunctiva together well thercis nointerloching
and 1t 18 readidy removed The smooth surface of nylon
thread can be turned to advantage 1n this situation for easy
removal

Palpebral hgaments The tarsal plates which give to the
evelids such ngidity as they possess have their main attach
ment to the bony orbit via the medial and lateral palpebral
higaments and 1f either of thesc ligaments has been divided
traumatically 1t must be reconstituted as far as possible by
suture  'The medial ligament 18 the more powerful structure
and damage to 1t 18 correspondingly serious for the whole
medial canthal region dnfts forward and laterally giving the
appearance of a untlateral hypertclonsm It 18 stated that
this appearance only results if the postertor attachment of the
hgament behind the lacnmal sac 18 drvided but, at least as
far as trauma 18 concerned this 1s largely an academic point

Unfortunately 1t 18 extremely difficult to reconstitute the
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ligamentous attachment and though the immediate post-
operative position of the lids following wiring, etc, of the
ligament to 1ts bony insertion may be good, the system tends
to drift back to its pre-operative position

USE OF GRAFTS

Ideally a graft replacing eyelid skin must fulfil certain require-
ments which arise from the functional anatomy of the region
Firstly, the lack of rigidity of the normal tarsal plate makes the
eyelids prone to cicatrical ectropion or entropion if there 1s the
slightest contracture on the surface of the Iid or mn the socket
Secondly, eyehd skin 1s extremely thin and in the upper Iid
particularly 1s only loosely attached deeply because of the need
for rapid movement of the eyelids  The lower eyelid 1s less mobile
than the upper and the part of the upper Iid corresponding to the
tarsal plate 1s 1n 1ts turn less mobile than that above the upper
palpebral furrow

Skin grafted to an eyelid should be as thin as normal eyelid
skin, especrally when the most mobule skin 1s being replaced, and
in addition should be free of a tendency to secondary contraction
Unfortunately the best skin, which comes from the upper eyeld,
1s extremely limited 1n quantity at best and may not be available
at all and so a compromise has generally to be reached (Fig 8, 3)
For less mobile areas, the canthi, the lower eyelid and the tarsal
segment of the upper eyelid, post-auricular whole thickness skin
provides the best substitute, gives an excellent colour and texture
match, and its extreme vascularity makes take easy

In the upper part of the upper eyehd, the need for extreme
mobility 1s paramount and a thin split-shin graft from the anterior
or medial aspect of the upper arm 1s usually used With the
knowledge that such a graft will undergo gross secondary con-
traction, the defect 1s stretched to 1ts maximum and indeed over-
corrected so that the Jargest possible area of skin can be mserted
in expectation of sccondary contraction  Despite this, the graft
area nearly always does end up a Iittle shorter than normal 1 the

vertical dimension
Preparation for grafting

Following surgical exciston and immediately following trauma,
the actual shin defect 1s already visible, but 1n the late reparr of



Fi1o 8,3
The free skun grafts used 1n the verious evelxd sites

A, Post burn ectropson of both evelxds  Upper lid skin replaced by split
akm from upper arm and lower eyeld skan replaced hy port-a

whole thickness slan

B Rodent ulcer of medml canthus invol ing the carunde and adjomnmng
eyeluds ced after excmion by post-aurrcutar whole thickness skin

C  Rodent ulcer of skm ovcrlyu:ithe upper tarzal plate replaced after

”_,!‘rhnqhy post-auriculer whole thicknews slan
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trauma, the defect usually shows as ectropion and must be
demonstrated afresh as a raw surface so that 1t may be corrected

If the skin loss has been localised the scarred area 1s well
delineated and can be dealt with, excising the scarring so that the
eyelid may lie against the eyeball When the resulting defect 1s
in the upper part of the upper eyelid and a sphit-skin graft 1s felt
to be appropriate additional transverse incistions medially and
Jaterally beyond the area of actual scarring are advisable so that
the original defect may be over-corrected to allow for the

Fic 8, 4

The method of correcting diffuse ectropian of the lower eyelid and the insertion
of a post-auricular whole shin graft

subsequent contraction of the graft When a post-auricular whole
skin graft 1s felt to be adequate such over-correction 1s less
necessary

The ectropion which results from a full thickness skin loss burn
1s more diffuse and to demonstrate the extent of the shin lost a
different method 1s used (Fig 8, 4) With skin hooks on the Iid
margin to put the skin on the stretch, an inciston 1s made approxi-
mately 2 mm on the skin side of the eyelashes and parallel to
them If the contracture has distorted the canthus, and the
lateral 1s the one liable to be pulled off the eyeball, the incision
should be prolonged beyond it, so that any shin loss 1n a transversc
as well as a vertical direction may be corrected An incision
confined to the actual Iid margin 1n such circumstances tends to
leave shight residual ectropion towards the canthus

Maintaining tension on the hooks, the knife blade 1s worked
away from the lid margmn parallel to and just decp to the shin
surface separating shin from underlying muscle  As disscction pro-
ceeds the ectropion becomes increasingly corrccted and the skin
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defectdisplaved  'he id <hould b freed until it hiewspont incously
agamst the evehall along 1t (ntire length and can readily be
stretched well over its fdlow evelid T ven after extensive freeing
the lid mav stil tend to lic off the globe and this 1s generally duc to
residual areas of scarring in the orbiculanis muscle I'ese patches
of scarring arc felt rather than <cen and must be excised completedy
with fine «cissors  Fren what would seem to be a most radical
excsion of much of the muecle leaves no diability  only of the
levator palpebrac supertons 18 divided will there be ptosts e
undermining of the hd margin for a millimetre or so to ginca good
suture line completes the preparation for the graft

The extent of the difect of evelid made surmically 1s usually
governed by pathological constderations but on occasion additional
normal skin has to be excised to ginve a better line to the junction
of graft and surrounding shin  \n cxample of such a situation 13
the extending of exeision a hittle bevond the canthus 1f the Junction
of graft and surrounding cyelid 1s approaching 1t Also just as
straight vertical scars from the Iid margin are best avoided lest
contraction of the scar cause cctropron a vertical junction of graft
and eyelid 18 undesiruble  When 1t 1s unavoidable the defect
should be fully displayed so that the masimum of shin can be
mserted to allow for any subsequent contraction

The application of the graft

The method of applying a whole shin graft differs only 1n minor
details from elsenhere It 18 afer to suture away from the eyeball
though this may mean suturing from a less to a more mobile
structure and the sutures along the eyeltd margin should not be
ted too tightly as they cut through readily  In the same way the
sutures tied over the flavine wool bolus should not put too much
strain on the sutures Undue pressure 18 not necessary  these
grafts take very readily of haematoma 18 avorded

With a splhit skin graft the same techmque of applving the
Braft can be used but the object 13 to stretch the defect to allow,
as much shin as possible to be mserted and the flavine wool
technique does not lend iteelf readily to thus  The stretching and
over-correction 18 better achieved using the STENT mould
techmque (Fig 8, 5) STENT 1s a dental mouldung compound
which softens to malleability 1n hot water and hardens to ngdity
1n cold and 1t can be used to take an accurate impreasion of the
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stretched defect  The graft 1s draped over the mould with its
raw surface outwards so that 1t completely covers the surface of

I'c 8, ;s

The STENT techniquc of grafung an evelid  The ectropion of upper hd

(A) 1s corrected (B) and a STENT mould (C) of the defect 1s made The

spht-skin graft with raw surface outwards 1s draped round the mould
(D and L) and 1nserted 1nto the defcet (IN)

the mould which 1s going to be inserted into the defect The
mould with skin 1s then laid 1nto the raw area  Suturcs through
the shin edges of the defect are tied over the mould half-burying 1t
so that the maximum contact of raw surfacc and graft 1s obtained
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and 1n this way the manamum of grft 19 apserted Thore 18 no
question of suturing the graft wlue to edee to the defect Any
obvious excess 1¢ trimmed off when the tic over sutures are tied
the graft takes to the margin of the defect and at the first dressing
usualls 7 davs later the shin bevond the edge of the defeet dry and
papery by now 15 casthh tnmmed off

Before the dregsing 14 applicd 1t 14 always adviable with uther
technique to  vaschne  the cvedashes anav from the ovehall
To distribute pressure the dressing 18 huilt up round the flavine
wool or mould and a erepe bandage 18 applied  Unleas it 18 felt
that mor ement of the vy eball underneath wall srrtate the comeas and
with a stmple graft of shin alonc this 14 scldom true there 1s no need
to cover the other eve Some surgeons carry out a temporary
tarsorthaphs stmultancously but thie 1s quite unnccesan

Post-operative care

Apart from farlure of the graft to take and tlus fortunately 1s
extremely rare the only complication to be fuared 18 corneal
ulceration and this 1s usually the result of trichiasis which has not
been dealt with immeduately  I'he patient must be speaifically
asked 1f he fecls anything m his eve and a positive reply 18 an
absolute indication to take down the dressing and mspect the eye
for the offending cyelash  This applies regardless of the conse
quences to the graft though fortunately take and vascularisation
are 80 rapid that the graft 18 seldom jeopardised by a careful
inspection  Patients occasionally complain of some pain but gne
a negative reply to the direct question about the feeling of a foreign
body In such cases there 1s scldom need to take down the
dressing  gentle eastng of the bandage 18 usually adequate

The graft 18 dressed on the seventh day and a further dressing
18 often wise for o further week or s0 not 2o much to provide
pressure as immobility  ‘The lids are so mobile that even after

2 100 per cent take some loss may occur 1f unlimited Iid movements
are gllowed too soon.

USL OF FLAPS

When a full thickness defect of eyelid has to be repaired a flap
may be necessary for skin cover but for skin replacement alone
1t 18 less often used  Following excision of a mzlignant Jeston
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1t 1s not casy to justify its usc 1f shin alonc 1s involved, though on
grounds other than pathological it will give an entirely adequate
result A flap can be most useful, however, in the awkwardly
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The use of a single pedicled flap from upper evelid 1n covering the defect
left after cxcising a pigmented papilloma near the id margin
A The lesion
B The flap outlined
C  The flap transferred
D The final rcsult after ovarsion of the bridge segment

placed simple lesion whose cscision lcaves a defect  Papillomata
near the Iid margin, for example, often rcquire morce than minimal
clearance to prevent recurrence and leave a raw arca which cannot
readily be closed by direct suturc

Lower lid defects are particularly amenable to flap repairs and
the results are functionally cxedlent because the bulk of cyclid
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mavement 16 by the upper evelid and 2 locdy ed deticeney of
orhiculana has hutle effect on function When the detect does not
evtend bevond the evelid on o the chieck o fhip ot <kin from the
upper evelid above the upper palpebril furrow G be u cd
(Fig 8,6) lhe vaccularity of the region pormit a tlap of quite
outrageous length breadth ratio to he u ed and depending on
the length site cte of the defeet the flap ma be used with a
ongle pedicle at uther canthus or swung down 1 1 hapediclod
strap flap  When the defeet does not extend to the canthus the
flap mav be uced a< a brdge pudicle and the unu od wepment
which ven rapidly tubes walf can ether be returned to s
donor site or cxaised whichever 18 more comvenient  Lhese
repairs are most often nevded 1n the older age group=and the added
lauty of the upper evchd which so often gocs with age makes
closure of the sccondan dufeet caster  1f the secondary defect
an be closed by dircet suture without producing tctropion this
1s the course to pursuc 1f not a spht shin graft must be uwd

When the defect extends buvond the confines of the lower id
a broader flap 1s needed and the forchead 14 the usual source  for
the medial canthal region a glabellar type of flap can be used
(Fg s, 10) for the lateral canthus and the remainder of the
lower Iid a temporal flap 1s switable (Fig 8 7)

There 15 a moderate amount of shin svailuble 1n the upper
eyelid for closure by direct suture without producing ectropton
and flaps ase less often needed

TULL- LHICKNLSS TYT'LID DLFECTS

The levator mechanism 18 of extreme importance 1n the normal
functioning of the cyelids and 1ts loss makes 1t difficult or impossible
for the upper cyehid to be rawed sufficiently to expose enough
comnea for normal vimon  The lower eyelid takes part to 2 much
smaller extent 1n eyelid activity and loss of its movement does not
produce a significant disability

Thus difference 1n the funchional importance of the upper and
lower eyehds 12 reflected 1n the relative ease of reconstructing each
and 1n the excellence of function and appearance of the recon
structed Iid  Reconstruction of a lower lid 15 relatnvely straight

forward and the results are on the whole good  Reconstruction
P
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it 1s not casy to justify its use 1f shin alone 1s 1mvolved, though on
grounds other than pathological 1t will give an entirely adequate
result A flap can be most uscful, however, 1n the awhwardly

The use of a single pedicled flap from upper evelid 1n covering the defect
left after excising a pigmented papilloma near the hd margin
A The lesion
B  The flap outlined
C The flap transferred
D The final result after excision of the bridge scgment

placed simple leston w hose cacision Icaves a defect  Papillomata
near the Iid margin, for example, often require more than minimal
clearance to prevent rccurrence and leave a raw arca which cannot
readily be closed by direct suturc

Lower hid defects arc particularly amenable to flap reparrs and
the rcsults arc functionally cxecllent because the bulk of ¢ychd
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of an upper evelid 18 much more compheited and the weellence
of the result depends larg.cly on the extent to which Iuvator function
an be prerenied  Trom thie it follows that reconstruction of 2
partial defect 18 much more succes<ful than that of an entire upper
avelid

In view of the difficults of reconstrucuny, the entire upper
evelld and the generally poor results hoth functionally and
cosmetically 1t 1% fortunate that its relatne immumity to neoplasia
compared with the lowir evdlid and the excellent protection
afforded 1t by the overhanming orbital margin make total recon

struction esther because of surgical everson or trauma «tldom
necessary

The Lower Eyelid

The repair of a full thichness defect 1s sinular 1 principle
whether the wholc width of the cyvdlid or a segment only 1 mvolved

for 1n each case the problem 1s onc of providing conjunctival hning
and skin cover

Conjunctival liming  Beyond the infcnor margin of the tarsal
plate of the lower lid and round the formx to the limbus the
conyunctiva both of Iid and globe 1s only loosely attached and 13
readily dissected free as a layer which can be advanced rotated
etc as necessary to provide hining where 1t 18 needed  With a
partial Iid defect of small extent the conjunctiva 1n the region of
the fornix can be mobilised and advanced to the level of the hid
margin on etther stde  \When a major segment of the eyelid has to
be reconstructed the conjunctiva over the whole length of the
defect can be simularly advanced to form lining  Depending on
whether or not any hd conjunctiva at all 18 avaulable the conjunctiva
of the globe may have to be undermined all the way up to the
limbus and advanced to line the reconstructed eyehd Thus

although 1t virtually obliterates the fornix gives rise to nofunctional
dusability

The partial defect (Fig 8 8§)

With the conjunctiva advanced to be used as lining skin cover
13 provided by a flap eingle or bipedicled according to the length
required brought down from the upper eyelid as already described

The 1nclusion of any eycbrow hairs in the flap 13 to be avorded as
they are prone to cause trichiasis
bt
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T'ic 8| 7
The use of a temporal bridge pedicle to provide cover after excision of the

recurrence of a rodent ulcer 1n the centre of a previously applicd post-wricular
wholc shin graft

The lesion
The escision leaving comjunctinal lining, and the temporal fhip

outlined
The flap transferred with secondiry defect spht-shin grifted
T he final result after return of bridge scgment of flip

(9]
=0 oy
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The total defect (11 8, 9)

“The method dercnibed for a partil defedt can e evended
reconstruct the entire Jower bid wang 4 tipecicled brdye flap fram
upper evehd or 2 remporal flap i the slan cnver Tequired mote
area than can readily be provided by the wpper ovclul 1 the
reconstructed evehid 1 unduly ban wcan rewnforcad Latee by
wserting, a narrow <trp of auscular cartilage hut ruch support .
seldom needed 10 the event

Vartous methods intended to add margind aelanhe 1o g
reconstructed evelid have been suggested but thes are not
recommended  The fundamental lack of conjunctina temie to
gne nisc to ehght entropron and the added hars at the hd marn
cause tnchians

An alternatis e method of reconstructing an entire fower evelid
has been desertbed 1n which the upper esclid 14 spht 4 far as the
upper border of the tarzal plate into a sperficial bner of Jan and
orbteularis muscle and a deep laver of taral plate and conjunceina
The tarso-conjunctival laver s advanced downward< and sutured
to the conjunctiva mobilieed from the lower forn to pive complete
conunctval lintng, leaving, anly @ sl opemng, at the wedial
anthus for draming the tears e raw area feft by the con
Junctval closure 18 covered with a post aurscular full thichness
%ﬂﬁ a bipedicled flap from upper evehd or a temporal based
t;‘:":zd [ﬂap whicherer 1 mare sutted to thy circumstances of
mmﬁu case  When the separated lavers have healed i thar

onship an tnetsion 1s made through the full tadkness of
g"d‘)d tf"”“g the shin margin of the mtact Iid 2« 1 guide for the
Up;cromﬁion and so distnbuting the waraal plate betweun the

The ruuleur::l‘o?}:::ur::]l )‘:1“:: cvlid . bi }

10 mpare unfavourabiv with thase
fﬁi:i:t method described and 10 addition 1t interferes with the
role ngg:;ﬁ"'d I'he upper eyclid plays such an tmportant

activity of the eyelids that 1t must be conmdered

vndennble to interf, LT
detsirent by vy ere ‘t“ﬂm 1ts functional integrity to ita potential
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Partinl reconstruction of lover ovelid Radent uleer (1) requiring excision of

full thickness of eveid (B, C)  \obilys tton of conjunctiy y of lower fornix (1)

and globc (L), advanced (1) to torm hining of the rceonstructed evehid  Shin

cover provided by a single padicded i of uppcer ovehid (G), the sccondiry

defect closed by direet suture The final 1eaule (H), ftcr evasion of the bridge
sement of the fp
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The total defect (Fig 8, 9)

The method described for a partual defeet can b extended to
reconstruct the entire lower Iid using a bipedicled bodge flap from
upper evelid or a temporal flap 1f the shin cover required 14 morc in
arez than can readily be provided by the upper avid I the
reconstructed evelid 18 unduls lav 1t can be ranforeed later by
mserting a narrow stnp of auncular cartilage but such support 13
seldom needed in the event

Various methods intended to add marginal cyclashes to a
reconstructed evehd have been suggested but they are not
recommended  The fundamental lack of conjunctiva tends to
grve mae to shight entropion and the added hairs at the hd margin
cause trichiasis

An glternatiy e method of reconstructing an entire lower evelid
has been described 1 which the upper eyclid 1s split as far as the
upper border of the tarsal plate into a superdicial layer of skin and
orbiculans muscle and a deep layer of tarsal plate and conjunctina
The tarso-conjunctival layer 13 advanced downwards and sutured
to the conjunctiy a mobilised from the lower fornix to give complete
comjunctival lining leaving only a small opening at the medal
canthus for draming the tears  The mw area left by the con
Junctival closure 18 covered with a post auricular full thickness
graft, a bipedicled flap from upper eyehid or a temporal based
forehead flap whichever 18 more swited to the circumstances of
the actual case  When the scparuted layers have healed m their
new relationship an incision 18 made through the full thickness of
eyehd taking the skin margin of the intact hhd as a guide tor the
level of section and so dustributing the tarsal plate between the
upper and the reconstructed lower eyelid

The results of this method compare unfavourably with those
of the first method described and 1n addition 1t interferes with the
normal upper eyelid  The upper eyeld plays such an important
role 1n normal actrvity of the eyelids that 1t must be considered
undesirable to interfere with 1ta functional 1ntegnity to 1ts potential
detriment by using any of 1ts tissue other than skinin reconstructing
a lower evelid

The lower eyvelid on the other hand has less importance
functionally and the pnnciple of the method has 1ts real value in

reconstructing the upper eyelid at the expense of the lower as
described below
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Partinl rcconstruction of lower cvelid  Rodent uleer (A) rcquiring excasion of
full thickness of eveid (B, C)  NMobilis ttion of comyunctivg of lower forn (1)
and globe (L), advinced (') to form hning of the reconstructed evelid  SHin
corver provided by 1 single pedided fhip of upper evcid (6G), the  ccond iy
defect closed by direct suture Fhe finil result (H), sfter exasion of the bridpe
scpment of the fhap
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The Upper Lyelid

It 13 scldom necessan to reconstruct more thn the tiral
plate segment of the upper evelid for this as the part which 1s
usually traumatically avulsed and tumours FLQUIRING (\CISION
wider than this generally call for orlutal exenteration
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Fic 8, 10

Partu] rcmn-n'unnn of u elid  Rodent ulcer (A) of upper cyehd

exched (B) Reparr by htErr:elra:zu}nmmv with mobilisation of e Tavernl

hdf of the upper eyelld di 1ding mdaally the orbxculars muacle to permit

sdhancement of the lateral segment of the ld and clu-urn of the post-excaronal

defect (C)  excmwon of the dog-car FO’) gang the
fimal result (E)

The partial defect

When the defect docs not actually include the lateral canthal
region the most straghtforward method of reconstruction 18 to
carry out a lateral canthotomy dividing the upper lid segment
of the lateral canthal ligament and mobiltsing the remairung lateral
evelid segment o0 that 1t can be advanced medilly and sutured
to the medual segment (Fig 8 10) The orbrcularis muscle must
be divided radically upwards from the lateral margin of the
canthotormy 1ncison to allow the hid segment to be advanced
freely and sutured without tension This medul advancement
has the effect of bringing 1n akin previously lateral to the line of the
canthus to form the lateral gegment of the reconstructed e elid
With the advancing of the skin the conjunctiva mav also have to
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Rcconstruction of the entirc lower ¢velid cxersed for rodent ulcer involving the
whole thichness of the Iid  Conjunctivil hning provided by advancing the
conjunctina of the globe as far 15 the Iimbus and <Fin cover by bipedicded flip
from the upper cveid, sceondiry cover of the upper ovelid defect with o sphit-
On cach side the bridge segment (xesed to grve the find o ult

I 1¢ 8, 0

shin graft
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The total defect

The princple of repar by advancing a tarso-conjunctival flap
from the intact ey elid has already been mentioned and this method
can be used to reconstruct the entire width of the upper hd
(Fig 8, 12)

The margin of the lower evclid 15 mncised along the grev hne
and the lid 18 scparated 1nto a superfical musculo cutancous and a
deep tarso-conjunctival laver from just lateral to the lacrimal
punctum almost to the lateral canthus  From cach end of the
incision along the hid margin vertical incisions are made through
the tarto-conjunctival flap down to the lower formy  [he tarso
conjunctival flap 18 then mobilised as far as the lower formy and
advanced upwards to aflow s upper margn to be sutured with
an mterweaving suture to the edge of the remaning upper hd
comjunctiva At this pomnt an cffort should be made to 1dentify
the edge of the levator palpcbrac superons muscle and fix 1t
along with the conjunctina to the upper edge of the tarsal plate
If this can be succeasfully accomphished 1t helps to prevent the
occurrence of ptosis which 18 g0 often an unfortunate characteristic
of upper hid reconstructions

If 1t 13 avaulable a bipedicled flap of the rematning ehin of the
upper eyelid 18 brought down to provide cover for the tarso-
conjunctrval flap and sutured to the margin of the lower cyelid
skin The secondary defect of upper evelid shin 15 free skin
gratted

A bndge pedicle of forehead skin may be required 1f insufficient
upper eyehid skin 18 available but such shin 1s unduly thick and
despite maximal thmning 1t tends to remam ngid and 1mmobile
when the tarsorthaphy  has been divided 1n due course

In this way the tursal plate 1s distributed between the lower and
the reconstructed upper ¢velids and when the scparated layers
have consolidated in thewr new positions 1n 2-3 months the

tarsorthaphy 18 divided

As already indicated the end results both cosmetically and
functionally tend to be imperfect either because ptosis prevents
the reconstructed Iid from cleanng  the cornea well enough for
normal vision or because the reconstructed Iid 1s short and fails to

cover the cornea adequately during aleep and the surgeon should
am to steer between these tho extremes
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be mobilised to move medially and provide lining, partially
obliterating the lateral fornix, though enough “slack” 1s usually
present to make mobilisation unnecessary as a formal step  The
advancement of the skin also creates a ““dog-ear” of redundancy
lateral to the lower Iid, and excision of a triangle of skin 1s necessary
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Fic 8, 11

The repair of a full-thickness defect of the lateral third of upper eyclhid
following cxcision of rodent ulcer using a "*fan flap ™ of lower cyehid

to equate the wound lengths of the canthotomy  When the two
eyelid segments are sutured together carcful matching at the hd
margin 1s necessary to avoid notching and the vertical Iine of shin
suture may with advantagc be broken by a Z-plasty

A dcfeet of the lateral third can be repaired by a procedure
stmilar 1in principle to the fan flap as usced i repairing a hip defect
near the anglc (Fig 8, 11) A “fan flap™ of the latcral part of the
lower lid 1s mobiliscd, dividing the lateral canthal hgament, and
rotated 1nto the defeet to provide shin and Iming simultancously
Ihis has the cffcet of reduang the length of the palpehral fissure
and although function 15 usually good the cosmetie result tends to

e 1impeorfoct
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The total defect

The prncple of repair by ads incing 1 tar<o conpuncuval flap
from the intact evelid has already been mentioned nd this method
can be used to reconstruct the cntire width of the upper hd
(Fig 8 12)

The margin of the lowcr evelid 15 tncised along the grev Iine
and the Iid 1s separated into a superheial musculo-cutancous und a
deep tarso-conjunctival laver from just lateral to the lacrimal
punctum almost to the lateral canthus  From cach und of the
mnasion along the id margin vertical mcisions are made through
the tarmo-conjunctival flap down to the lower formy  I'he tarso
conjunctival flap 1s then mobilised as far as the lower fornis and
advanced upwards to allow 1t upper margin to be sutured with
an interweaving suture to the cdpe of the remaming upper hd
comjunctiva At this pont an effort should be made to wdentify
the edge of the levator palpcbrac superiorts muscle and fix 1t
along with the conjunctna to the upper edge of the tarsal plate
If this can be successfully accomplished 1t helps to prevent the
occurrence of ptosis which 1s 50 often an unfortunate charactenstic
of upper lid reconstructions

If 1t 18 available a bipedicled flap of the remaining skin of the
upper eyelid 18 brought down to provide cover for the tarso-
conjunctival flap and sutured to the margin of the lower eyehd
skin - The secondary defect of upper eyelid shin 15 free shin
grafted

A bridge pedicle of forehead shin may be required 1f msuffictent
upper eyelid skin 1s available but such skin 1 unduly thick and
despite maximal thinning 1t tends to remain ngid and 1mmobile
when the tarsorrhaphy has been divided 10 due course

In this way the tarsal plate 18 distributed between the lower and
the reconstructed upper eyelids and when the scparated layers
have consolidated m their new postions in 2-3 months the

tarsorrhaphy 18 divided
As already indicated the end results both cosmetically and
functionally tend to be imperfect either because ptosis prevents
the reconstructed Iid from  cleanng  the cornea well enough for
normal vision or because the reconstructed lid 12 short and fails to

cover the cornea adequately during sleep and the surgeon should
aim to steer between these two extremes
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Totil reconstruction of the upper cvelid  Inasion along the grey ine and

scpirition of the lover cvdid mmto tirso-conyuncus il ind musculo-cutneon

lavers  Mobah-rion ind 1dyincement of the tir o-conpunctival Tiyer for

cuture to the congunctiv il fringe of the nrirgin of the upper hid defect to provads

conguncty ] liming Stn cover provided be rd inang 1 bipedicded flp of the

hin bedow the o cbroe wh free b oprdung of the socondar e fect
uby cquent dirron of the  tir orchaph 1o g1« the hind rooult
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Total reconstruction of the upper eyelid Incision along the grey line and
separation of the lower evehd into tarso-conjunctival and musculo-cutancous
layers DNobilisation and advancement of the tarso-conjunctival laver for
suture to the conjunctinal fringe of the margin of the upper Itd defect to provide
conjunctival lining Skin cover provided by advancing 1 bipedicled flap ot;_thc
shin below the eyebrow with frc‘c skin grafting of the sccondary dcfect
Subsequent dnvision of the ! tarsorrhaphy to give the final result
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Elcetric dermatome, 75, 76
advantages, 75, 76
burns, usc 1n, 76
disadvantages, 75
mode of use, 75, 76
Evchids,
LCtFOplO? of—see Lctropion, evelids,
o
flaps, usc of, 223-225
glabellar, 166, 225
temporal, 225, 226
upper cyvelid, 224, 225
injurtes—see Injuries, cvehids, of
grafting, method of,
flavine wool, using, 221
STENT, using, 221, 222
grafts,
preparation for, 218 221
types, 218, 219
usc of, 218-223
lower,
full thichness defect, 225-230
conjunctnal lining, 227
partial, 227, 228
total, 229, 230
upper,
full thickness defect, 231-234
partial, 231, 232
total, 233, 234
post-operative care, 223

F
Finger-tip injuries—see Injuries,
finger-tip, of,

Tlaps,

care of, 105, 106

definition, 93

difference from graft, 93

effect of,
haematoma, 105, 114
kinking, 100, 10I
oedema, 101
tension, 100, 10I

haematoma, effect of—see I'laps,

effect of haematoma

head and neck, of, 136 et seq
carrier segment, 139
planning, 137, 138
secondary defect, 137
supra-orbatal, 136, 138, 167
temporal, 136, 137, 164, 226
transfer, 138, 139

immobilisation, 122-125

kinking, effect of—see I'laps, eflcct

of khinking
neck, of—see Tlaps, head and ncch

of

TICHNIQUIS OF PLASTIC SURGERY

Flaps (contd)
necrosis of,
chinical picture, 101, 102
presention of,
delay, by, 103, 104
flap care, by, 105, 106
imtial design, by, 102
trcatment of, 100, 107
ocdema, cffect of—see Flaps, effect
of oedema
planning of,
deciding type, 9496
defining defect, 94, 95
in reverse, 97, 98, 137, 138
plannming transfer, 97-99
site of defect, 96
s1ze of defect, 96
time factor, 90, 97
raw areas, avoidance of,
sphit-skin graft, use of, 118, 119,
192, 207, 208, 209
trap-door, use of, 118, 119
sepsis, ehimination of, 105
tension, effect of—see Flaps, effect
of tension
tvpes,
cross-arm, 96, 192, 203, 200, 207
cross-finger, 96, 206—210
cross-leg, 90, 121, 122
cheehk, 129, 163, 168
direct—see Direct flap
evehid, 223225
fan, 158-161
forehead, 130,
164, 227
glabellar, 161, 166, 225
hip-switch, 157, 159
lower lip, 161, 165
naso-labial, 162
rotation—see Rotation flaps
temporal, 136, 137, 164, 226
thenar, 210-212
transposed—see Transposed flaps
tube pedicle—see Tube pedicle
upper hp, 161, 164
usc 1n,
bonv trauma, 178, 179
hand surgery, 201-212
neoplasia of head and neck, 155-
165
ncoplasia of skin, 155
neric njuries, 179
non-paraplegics, 180
ostcormvclitis, 179
paraplegics, 180-186
plantar warts, 173, 174
ridiodermatitis, 152, 153
ridioncerosss, 152 154
tendon injurics, 179

137, 138, 101,
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Flaps, usc in (contd )

ulcen aacral 181 182 18y
ulcers  trochanterie 181 1b
183
suscular adpistment g9 100

vascular @ pects 99 et 569
vwcular chanpes 99 100
wmcular insufhiaeney 106 101
subdiy of 15 102
Flavine wool
eyeld grafes use in 221
grafts wse in 8y
preparaton of b3
Forceps  dusccting—iee Dt secting

orce
Fructures finger—see Injunes hand
of suocuted fracture

Free shin graft 50 et seg and ser
Split-alan graft and Whole
alan grafi
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-pphc-ggn of gmft Bo B2 87
brdpng phenomenon 36 57
dressing of 83 87

effect of heermatoma 53 4 55
factors m take s53-57

graftable areas 53

mfluwence of mmobility 55
wfluence of ure 56
mfluence of recrprent

54
physwlogical fixatron
pressure dru.-mg 83 87
reciprent avea 78 ef seq
tahe process of 5z 33
ungraftable aress 53 84
vuscularmation of sz 83

nte

8o

53
55

G
Glabeltar flap 161 166, 225
Granulating rea 84
:.mbmnc- we of 8

cternl flora 8y 86
B protews 56
Bact colt 86
Pr pyoyamea Eé
Staph asrews

Gra itatonal ulcers—asr L ancose
ul-eranon
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H
Hand snjurses—are Injunce hand
Haematonu
| free hingraft n §3 54 55
pres ure presentton by 32
tube pedicles 1In 114
Hand urgery
| defects dital to webs 204-212
cross arm fups use of 206
cros  finger FEp: uec of 206-210

‘ dntant flaps usc of 204 2085
local fips uwe of 206 212
thenar thps usc of 210-212
defects of severul fingers 204-206
defects provumal to web» 203 203

cross-arm flap~ e of 203
direct flups e of 133 203
transposed flups use of 202 203
tube pedicles use of 203
drrect fup» wsc of 123, 203 207
dressings graft of zor
dressings post-operutne 212 213
M use of 201-212
free skin grufts use of 199-201
Jocal flaps me of 202 203
oedema preventron of 190 191 213
plaster of Pars uae of 213
post-0; t1Ve care 2312-214
aplit-4 urafts use of 1gg—201
dl:.crur flaps use of 210-212
trunsposed flaps use of 203 203
whole skin grafts use of 201
Z-plmaty usc of 197-198 1
central finger scars 10 1
cofitractures in 197 I
palmar scary 10 197 xgg 199
wob deepening 1n 198 200
Hrdradennm 174 178
exciason and ting 175
pathological features 174
Hook sk 11 2z, 36
Humby knife 6572
lubrication of 68
prepamtion of 67
setung of 68 69
use of 6669
Hypertrophic scas—ses Keloids

1
\In_rurm deglo mg—see Skin loss
traurmatic, lmnbe
‘ Injurren eyclads of 215-218
aratomica] consrderatons 115-31~
conjunctna m 317
lendmarks 1n 215-27
Id m 216
malpebral ligaments 1n 217 218

200
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Llcetric dermatome, 75, 76
advantagcs, 75, 76
burns, usc 1n, 76
disadvantages, 75
mode of use, 75, 76
Evehds,
cctropxo? of—see Lctropion, eyehds,
o
flaps, use of, 223-225
glabellar, 166, 22
temporal, 2235, 226
upper evehd, 224, 225
injuries—see Injuries, evelids, of
grafting, method of),
flavine wool, using, 221
STENT, using, 221, 222
grafts,
preparation for, 218-221
types, 218, 219
use of, 218-223
lower,
full thickness defect, 225230
conjunctnal liming, 227
partial, 227, 228
total, 229, 230
upper,
full thickness defect, 231234
partial, 231, 232
total, 233, 234
post-operative care, 223

F

Finger-tip 1injuries—see Injuries,
finger-tip, of,
Flaps,
care of, 105, 106
definition, 93
difference from graft, 93
effect of,
haematoma, 105, 114
kinking, 100, 10X
oedema, 101
tension, 100, I0I
haematoma, effect of—see Flaps,
effect of haematoma
head and neck, of, 130 et seq
carrier segment, 139
planning, 137, 138
secondarv defect, 137
supra-orbital, 136, 138, 167
temporal, 136, 137, 164, 226
transfer, 138, 139
immobilisation, 122-125
kinking, effect of—see I'laps, effect
of hinking
neck, of—see [laps, head and nech

of

JUNDAMINTAL TICHNIQULS Or PLASTIC SURGERY

Flaps (contd)
necrosis of,
clinical picture, 101, 102
prevention of,
delay, bv, 103, 104
flap care, bv, 105, 106
initial design, by, 102
trcatment of, 1006, 107
ocdema, effect of—see Tlaps, effect
of oedema
planning of,
deciding type, 94—96
defining defect, 94, 95
in reverse, 97, 98, 137, 138
planning transfer, 9799
site of defect, 96
size of defect, 96
time factor, 96, 97
raw areas, avoidance of,
split-shin graft, use of, 118, 119,
192, 207, 208, 209
trap-door, use of, 118, 119
sepsis, elimination of, 105
tension, effect of—see Flaps, effect
of tension
types,
cross-arm, g6, 192, 203, 206, 207
cross-finger, 96, 206—210
cross-leg, 96, 121, 122
cheek, 129, 163, 168
direct—see Direct flap
eyelid, 223-225
fan, 158-161
forehead, 136, 137, 138, 101,
164, 227
glabellar, 161, 166, 225
lip-switch, 157, 159
lower Iip, 161, 165
naso-labial, 162
rotation—see Rotation flaps
temporal, 136, 137, 164, 226
thenar, 210212
transposed—see Transposed flaps
tube pedicle—see Tube pedicle
upper lip, 161, 164
use 1n,
bony trauma, 178, 179
hand surgery, 201-212
neoplasia of head and neck, 155-
165
ncoplasia of skin, 155
nerie njuries, 179
non-paraplegics, 180
osteomyelitis, 179
paraplegics, 180-186
plantar warts, 173, 174
radiodcrmatitis, 152, 153
radioneccros:s, 152-154
tendon injurics, 179
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traatment 180 tho

trochanterc ulcers tht 18y
Protheses 137 156 168 167 169

R
Radiodermatitin—see Shin loss post
radntional |
Ridwonecrotn—ee Skin lowe  post
radmtional

Reaprent area 78 et seq
surpcally clean 78 84
tun 78 Ho
adrenaline use of ?b 79
chip syninge use of 80
higatures use of 79
margral bleedens 7
nordreruline e of 78 79
orange stick wse of 80
sucker use of 79
ume wse of 79
yao-comtrictors uxe of 78 79
Rcf"’!\'llrltn:m 78 8o
verse 'Y 1 138
Retaton fape 97 ¢8 137 13
back-cut cloaure of 135
back-cut, use of 1139 130 135

deagn of 131 132 134136
dog-ear tn 13
plenning of 131 132

princrples 128 130
vascular limrtations 131

8
Sacral ulcers 181 182

Baalp « ulsron — se¢ Skin loes
traumatic scalp
Scar length 3
Scan 1 nes of el ction fo —#ee Lines
of election
Scar. ¢ ng of
hand 1 95 19
ha loe md

s
Vne of lechon 1 5
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o plang o (r wtd)
natursl Juneti noan g
natural hine in g
wnnkle n ¢
“ar uething 3
S tatt sed ee battoed  arong
1 oor 2t
~orotum avul kn of =1 Shan e
traumanc  crotum
Shan avul ion ofsee Slan s
traurmate hmin and In

Juries hand of degloving
Shin cover
bany trauna n 177 1 g
cro~ leg thp 3-8
direet fap 17%
di tant fup 18
tocal tLip 178
primary suture 17{
hand imury 1In—gee Injurics hand
of
Rerve INJUrs 1N 1)
osteomyehitn 1n 179
tendon injury 1N 179
Shin healing of
Shin hook—zee 1100k shin
Skin loss 1nfective 154
grafung criteria 154
split-skin graft e of 154
Shin foss postsurgical 154 ef sey
andl surgery 10 170 170
breast caner 10 170
gra ratonal ulcer In 171
hidradenntm 1n 174 175
neoplasia head und neck
flapa use of 156 147
grafts use of 155 156
prosthesea use of 156 167 169
repeirs—¢e Anatomical Regon
neoplesia skan
faps usc of 155
afts use of 15§
Sjun loss poet radutrons) rsz-154
bopsy wse of 154
car m 152
fups weof 152
grafts o of 153
mastectorny scar In 152
orsl cu 1ty 1n 152
pathologreal factors 1852 154
scquestrectorny 152 154
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lmbs of 148181
o ulsed skon e of 151
bony wjury 1in 149 151
chintcal tests 149 130
Jont injunes ;n 151
mechanwm 149
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Inyuries, cychds, of, (contd)
reconstitution, 215
tarsal plates in, 217
tear duct, reconstitution of, 215, 210
Injuries, finger-tip, of, 193, 194
chinical features, 193
flaps, indications for, 193
grafts, indications for, 193
partial avulsion, 193, 194
prosnimal amputation, use of, 193
types, 193, 194
Injurtes, hand, of
associated fracture, 194, 195
cutting and shecing, 188, 189
assessment, 188
chinical examination, 188
flaps, indications for, 188, 189
sphit-skin grafts, use of, 188
crushing, 189-191
pathological features, 189
post-operative care, 190
split-skin grafts in, 19o
suture, use of, 1g9o
degloving, 191
assessment of, 191
chinical examination 1n, 191
split-skin grafts 1n, 191
tourniquet test in, 191
skin cover in, 187, 188
Injuries, nerves, of—see Skin cover,
nerve injuries, mn
Injuries, tendons, of—see Shin cover,
tendon 1injuries, 1n
Injuries, thumb, of, 189, 191, 192
Instruments, surgical,

drum  dermatome — see  Drum
dermatome

electric dermatome — see Llectric
dermatome

forceps, dissecting, 22, 23
Adson, 22, 23
Gallies, 22, 23
Mclndoe, 22, 23

knife,
Blair, 65, 66
Humbv, 65, 66

needles, 21
needle-holders,
Gillies, 21, 22
Kilner, 21, 22
SCISSOrIS, 23
skin hook, z1, 22
Ischial ulcers, 184 186

K

Keloids, 34-39
ACTH, use of, 36
age, influence of, 35

IUNDAMINTAL TECIINIQUES OI' PLASTIC SURGERY

Keloids (contd )
clinical picture, 35, 36
cortisone, usc of, 36
line of election, 36
problem 1n practice, 36, 39
race, influence of, 36
scy, influence of, 36
site, influence of, 36
surgery, use of, 30, 39
time, cffect of, 36
treatment, 36
X-rays, use of, 36

L

Langer’s lines, 4
Lateral line of finger, 196, 198
Lines of election, 4, 5
face, 1n, 4
flexures, 1n, 4
Lip repatrs, 157-101
full-thichness defect, 157-101
direct closure, by, 157, 158
fan flap, by, 158-161, 162, 163
lip-switch flap, by, 157, 159, 160
partial téncl\ness defect, 161, 164,
165
forehead flaps, by, 161, 164
nech flaps, by, 161, 165

M

Mastectomy, use of spht-skin graft
following, 170
Materials, suture—see Suture materals

N

Needles, 21

Neoplasia of head and nech—see Shin
loss, post-surgical, neoplasia,
head and neck

Neoplasia of shin—see Skin loss,
post-surgical, neoplasia, shin

Nerve njurites—see Shin cover, neric
injuries, In

Nosc, methods of reparr, 137, 138,
156, 161, 162, 166

o

Osteomyelitss, skin cover in, 179

P

Paraplegics—see Pressure sorcs, pdara-
plegics, 1in

Pcdicle—see T ubce pedice

* Physiologicl fixation”, 55, 80

Placing the scar—see Scars, plaang of

Planning of flip—sce I lap plannming
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Fhﬂ:ur-:n 2 176
e of 1%y 174

prafte uscof 13

margnal recurrence 173 174
Pressute dree ings
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non panaplemcs in 1o
faps ueof 18
mfts use of 180

peraplegecs in
nchial wleere 184 1%6
sacral ulcers 1h1 183, 184
treatment 180 1%
trochantenc ulcers b1 183

Protheses 137 156 165 167 169

R
Redwdermatitis—see Skin loss post

raduatonal
Radwnecrosu—iee Shin b post

madutional

Reciprent area 8 ef seg
surgically clean 78 &y
baemostasn 78-80

use of

ctors use of 78 79
Preparaton 7880
Reverse planning g7 98 137 138
Rotation flaps
back-cut closure of 135
back-cut use of 129 130 13%
design of 13 132 134~ 36

Sacral ulcers 181 18a
Scalp  avulon — tes
tramatic scalp
Scar length 31
Scar 1 nes of lection for-—ee Lines
of election

Skin  loas

N
Iime of election 1@ 5

“car plhcing f (cmrd)
natural yuncton an
naturat ine an %
wonlle in x
San tret hang ol 3
~ar tattpocd—see Lattoned carnng
oy 2y
~crotum avul wn of —see Shin Jos
traumatie crotum
avul on of —see Slin lows
traurmatic hmbs and In
junes hand of degloving
Skin toser
bony trauma 0
o dep flap 1%
direct flap 1-b
di tant flap 1=b
local flap 1=
primary suture 17
hand injury In—see Injunies hand
of

~kin

(a0

nemce njurny N 179
ostcomyelitn 1n 179
tendon ynjury tn 179
Slin healing of
Skin hook—1ee Hook slin
Slan loss infectine 154
gfting criters 154
split-skin graft use of 154
Skin lows post-surgical 154 et seg
anal surgery 10 170 171
bresst cancer 1n 170
gravitatonal ulcer n 171
hudradenntn 1w 173 175
neoplasie head and neck
flaps use of 156 157
grafts use of 155 156
prostheses use of 156 167 169
repars—ies Anatornical Regron
neoplasie elun
flaps use of 155
we of 155
Slan loss post mdistional 152-1354
biopsy use of 154
ear in 152
flaps use of 152
grafts use of 152
Mestectomy scar 1 162
oml avity in 152
pathological factors 152 134
sequeatrectomy 152 154
treatment 142
Slan loss raurmate
Lmbs of 148-151
avulsed skin wse of 181
bony injury 1n 14¢ 181
clinical tests 149 130

172



242 TUNDAMINIAL
Skin loss, traumatic (contd)
slough c\cision, 151
trcatment, 150, 151

grafts, usc of, 150, 151
tourniquct test, 150
types, 149
scrotum, of, 151
scalp, of, 145~148
complete, 146-148
grafts, use of, 140, 147, 148
mechanism, 145
partial, 146
pericranial loss, 146, 148
subsequent care, 148
treatment, 140, 147, 148
Skin neoplasia—see Skin loss, post-
surgical, neoplasia, shin
Skin suturing, 23, 24-28
instrumental tyving, 23
atraumatic handling, 24, 26
Shicing inyuries—see Injuries, hand,
of, cutting and shicing
Slough removal, 86, 87
eusol, use of, 86, 87
phosphoric acid, use of, 87
pyruvic acid, use of, 87
streptodornase, use of, 87
streptokinase, use of, 87
trypsin, use of, 87
surgical, 86, 87
electric dermatome, by, 87
Humby knife, bv, 87
Split-skin grafts, 64 et seq , and see also
Free skin grafts
anal surgery, use in, 170, I7I
application of, 81, 82, 87, 88
assessment of thickness, 70—72
bleeding pattern, by, 70, 71

translucency of graft, by, 7o,
71
bony trauma, use 1n, 178
definition, 51
degloving 1njuries, use 1n, I50,

151
donor arsea—see Donor areas, split-
skin graft
donor sites, 05
placing of arm, 67, 68
placing of leg, 66, 67
ear, use 1n, 167, 169
evelids, use 1n, 221-223
forchead, usc 1n, 146, 147
gravitational ulcer, use 1, 172
hand surgery, use 1n, 199-201
head and nech neoplasi1, use 1n,
155 157
hidradenitis, usc 10, 175
hvaluronidase, usec of, 91
infective shin loss, use 1, 154

I'ICHNIQUES Ol

PLASTIC SURGERY

Split-skin grafts (contd )
mstruments for cutting,
Blair knife, 65, 66
drum dermatome — see Drum
dermatome
clectric dermatome — see Electric
dermatome
| Humby knife—sece Humby kmife
local anaesthesia, use of, 91
mastectomy, 1n, 170
properties, 51
radiodermatitis, in, 152
radionecrosis, 1n, 152
rcfrigeration of shin, 89, 91
scalp avulsion, use 1n, 146-148
scrotal avulsion, use 1n, 151
skin neoplasia, use 1n, 154, 155
stamp grafts—see Stamp grafts
storage of, 89, 91
suturing of, 81, 82
uses of, 64
wounds, use 1n, 14
varicose ulcer, use 1n, 171, 172
Stamp grafts, 88, 89, go
advantages, 88, 89
disadvantages, 88, 89
indications for use, 89
Stitcheraft, 18 et seq
STENT, use of, 221223
Surgical instruments—see
ments, surgical
Suture marks, 14, 15, 16
Suture materials, 18, 20, 21
cat-gut, 20
lhinen, 20
nylon, 21
silk, 2o
silk-worm gut, 21
stamnless steel, zo
Sutures—see Wounds, suture of
Sutures, removal of, 33, 34

Instru-

T

Tattooed scarring, 14, 15
prevention of, 14
Tendon 1njuries—see Skjn

tendon 1njury, 1n

Three-point suture, 29, 30
Thumb 1njuries, 189, 191, 192
Tourmquet test, 150

hand injuries, usc 1n, 191
Transposcd flaps,

back-cut 1n, 134

design of, 132 134

dog-car 1n, 136

cover,

plinning of, 131 134
prinuples, 130
vascul ir imatations of, 131
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Trap-doot scarning treatment 3 11

Trochanteric ulcer 181 183

Tube pedicle 10~ ef 5oy and sec alt
1

™
abdommal 107 10%
acromo ectoral 107 108
creulaton 1ot 113 11y
doubk attachment 115 116
hacmatorna effect of 114
mtenval are of 113
nsmgof jo8 110
transfer on carrier 114 11§
transfer to carrier 110 113
waltzing 116 117
Tumoun
wmfAuence of pathologp on treatment
154 157
head and neck w155 157
skin m 184 18§
U
Ulcery decubitus—see Pressure sares
Undercutting 18 19
face men 18 19
lmbs use 1n 18 19
salp uen 18 19
tenson use 1n eliminating 18
trunk use in 18 19
wound preparation use 1n 18
v
Varicose ulceration 171 172
excmon and grafting 172
graftng of ulcer 171 172
bility of flaps asaesament 1§
w
Warts plentar—eee Plantar warts

Whole skan graft 57 ¢f seq see also
Free slan graft
application of 81
cutting graft 63, 64
definion 51
donor sites 57-60
abdoren 6o
antecubrtal fossa 59 60
are of 64
gromn 59 60

thgh 60
drows ng of graft 83 84
evelids usoin 218231

method of use 6062
Pattern making of 61
pattern mat

plantar Warts wsen 173

Whole kin graft {contd )
MHopeTtes 1 (=
crotal avul on usen 18t
uturshg hi
tattooiny, matching point
W und
careof 3t
efrors 1N treatment 14 15 16
facal 4
healing of 3§
matching 14 11§
method of 1
result of falure 15 16
™ t-operatine care 3 34
post-operative support 34
preparation of 12 18
conseriative treatment 13 14
dirt removal of 12
cxasion 13
non traumatred 12
tattoocd acarming 14 IS
trmumatived 12-14
undercutting edge 18 19
atretching of 3
preventron by 18 28
cat-gut 28
continuout intradermal 28
undercutting 28
Z-plasty 6 28
slan mucosal suture 14
sphit-shin graft use of 14
suture removal 33 34
Wounds suture of 23-28
dﬁ:-rﬂn Dog-car
t 1que 23, 2428
prevention of miemwon 2§ 26
three point suture 29 30
types of 24-28
continuous 28
blenket =z7 28
wntradermal 27 a!
overand o er” a7 28
nterrupted 34-28
cxt gut 27 28
smmple boop 24 25
vertrcal mattress 26 ¥7 28
VWound temson 6 18
effect of 6
preventon 18

(r 62

Viounds type of dremsmg 32
Wounds vabillty sstessincnt 35
z

Zplnty 6-12 40y
angle size effect of 42 43
baslc manoeuste 40 41 43



242 TUNDAMENTAL
Skin loss, traumatic (contd )
slough excision, 151
trcatment, 150, 151

grafts, usc of, 150, 151
tourniquect test, 150
types, 149
scrotum, of, 151
scalp, of, 145-148
complete, 146-148
grafts, use of, 140, x47, 148
mechanism, 145
partial, 146
pericranial loss, 140, 148
subscquent care, 148
trcatment, 140, 147, 148
Skin neoplasia—see Shkin loss, post-
surgical, neoplasia, shin
Skin suturing, 23, 24—28
instrumental tving, 23
atraumatic handhing, 24, 26
Slicing injuries—see Injuries, hand,
of, cutting and slicing
Slough removal, 86, 87
eusol, use of, 86, 87
phosphoric acid, use of, 87
pyruvic acid, use of, 87
streptodornase, use of, 87
streptokinase, use of, 87
trypsin, use of, 87
surgical, 86, 87
electric dermatome, by, 87
Humby knife, by, 87
Split-shin grafts, 64 et seq , and see also
Free skin grafts
anal surgery, use 1n, 170, 171
application of, 81, 82, 87, 88
assessment of thickness, 7072
bleeding pattern, by, 70, 71
translucency of graft, by, 7o,
71
bony trauma, use 1n, 178
definition, 51

degloving 1njuries, use 1n, 150,
151

donor area—see Donor areas, split-
skin graft

donor sites, 05
placing of arm, 67, 68
placing of leg, 66, 67
ear, use 1n, 167, 169
evelids, use 1n, 221-223
forehead, use 1n, 140, 147
gra\ltatlonal ulcer, usc 1n,
hand surgery, use 1n, 199-201
head and necch neoplasin, use 1n,
155 157
hidradenitis, usc 1n, 175
hvaluronidase, usc of, 91 )
infective shin loss, use 10, 154

172
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Sphit-skin grafts (contd )
mstruments for cutting,
Blair knife, 65, 66
drum dermatome —see Drum
dermatome
electric dermatome — see Electric
dermatome
Humby knife—see Humby hmife
local anaesthesia, use of, 91
mastectomy, 1n, 170
properties, §1
radiodermatitis, 1n, 152
radionecrosis, m, 152
refrigeration of skin, 89, 91
scalp avulsion, use 1n, 146-148
scrotal avulsion, use 1n, 151
shin ncoplasia, use 1, 154, 155
stamp grafts—see Stamp grafts
storage of, 89, 91
suturing of, 81, 82
uses of, 64
wounds, use 1n, 14
varicose ulcer, use in, 171, 172
Stamp grafts, 88, 89, go
advantages, 88, 8¢g
disadvantages, 88, 89
indications for use, 8g
Stitchcraft, 18 et seq
STENT, use of, 221—223
Surgical instruments—see
ments, surgical
Suture marks, 14, 15, 16
Suture matenals, 18, 20, 21
cat-gut, 20
linen, 20
nylon, 21
silk, 20
silk-worm gut, 21
stamnless steel, zo
Sutures—see Wounds, suture of
Sutures, removal of, 33, 34

Instru-

T

Tattooed scarring, 14, 15

prevention of, 14
Tendon 1njuries—see  Skin

tendon njury, 1n

Three-point suture, 29, 30
Thumb njuries, 189, 191, 192
Tourniquet test, 150

hand 1njurics, usc 1n, 191
Transposcd flaps,

back-cut in, 134

design of, 132 134

dog-car in, 130

plinning of, 131 134

prinaples, 130

vasculir hmitations of, 131

cover,
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Z-plasty (contd)
construction of, 42-44
contractures, Usc in, 40—49
definition, 40
flaps,
blood supply of, 48, 49
necrosis of, 48
prerention of necrosis, 48, 49
hand surgery, in—see Hand surgery,
Z-plasty, use of,
lateral tension, diffusion of, 44
limb length, effect of, 43
multiple, 44, 47, 48
continuous, 47
parallel, 47
shew, 47, 48
discontinuous, 47
evolution of, 47
factors 1n, 44, 47, 48

FUNDAMENTAL TECHNIQUES OF PLASTIC SURGLERY

Z-plasty (contd)

planning, 4547, 48
selection of flaps, 45

scars, use 1n, 6—12
camouflage, 7, 8
comma scars, 7
hollow, setting 1nto, 9
overriding scars, 10, 11
placing Z, 11
primary trauma, use in, I4
scar line, breaking of, 7, 8
scar revision, use 1, 7
tension, redistributing, 6
trap-door scar, 9, 10
wound length, equalisation of,

7
size of 44
tension, redistribution of, 6

theorv of, 40-44






