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Preface to Third Edition

This third edition has been completely
revised and much new matenal has been
included The use of pedicle flaps is cov
ered more fully to describe the most accept
mble reparr for each lesion under discussion

Chapters on trauma resulting from farm
industrial and traffic accidents are added
and also on the repair of atomic radiation
electrical and cathode-ray injuries

The use of postrnortem skin homografts
summaries of much experimental work en
this subject and detalls of the clinical maln
tenance of & skin bank are included.

Material has also been ndded on perma
nent pedicle blood-carrying flaps repairs of
genitalin, further utes of composite grafts
and other things

The early excision and grafting of many
small and medium-sized deep burns is de
scribed together with other efforts to reduce
the time and the expense heretofore re
quired for the successiul repair of thess
injures

Ta review or to list credit of all articles
on plastic surgery effectsvely would require
an additional volume however a bibliogra
phy is included

Plastic surgers has had the {ollowing trib-

ute paid to it by Dr Michael Mason

Plastic surgery has not only grown into
adulthood since the early part of this cen
tury but has made a real fmpact on all sur
gery The past war has seen the triumph of
plastic surgery and the growth of a whole
group of plastic surgeons serious-minded
and earnest in the development of this im
portant field The plastic surgeon, with his
meticutous technic, his respect for tissues
his insistence on careful hemostams and re
spect for blood supply, his demand for fine
instruments and suture materal and for
accurate closures has called the attention of
surgeons to the importance of these pringy
ples In sll surgery Plastic surgery is no
longer synonymous with shin-grafuing the
plastic surgeon has put skin grafting where
it belongs as a technic of surgery applicable
to all fields of surgery, just as is suturing or
hemostasis

The procedures described in this book are
those which the authors use and have found
to be valusble Dr 3Minot P Fryer hay
worked in close association and great credit
1s due and is extended, for Ius efforty

Jaxes Bauzerr Brow N
Frawx McDowrrr
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Introduction

Skin regenerates rapidly and completely
when only part of the thickness 1s fost as
in an abrasion & superficial bum or follow
ing the removal of a split graft but it does
oot regenerate at alf when 1t 1 divided or
Enjured through Its entire thickness asma
laceration or & deep burn In such mstances
the defect 18 bridged with granulation tissue
{which later becomes fibrons scar) covered
by a friable sort of epithelium This substi
totlon is fairly satisfactory when the area
15 not too large or when it 18 not 1 » highly
specialized place such as an eyehd where
mobihity and softness are necessary In all
these Instances 8 more adequate covering
can be obtaised by grafting

Free skin grafting is a rather recent de
velopment which 1s not yet widely under
stood or appreciated Although pedicle flaps
of subautaneous tissue and skin were ocea
stonally transferred in ancient times pinch
grafty were first described by Reverdin m
1869 mnd full thickness grafts by George
Lawron in 1870 Ollier described 1872
both full thichness and partial thickness
grafts of from 4 to 8 sq cm i area and
apparently realized some of the posmbilities
of covening large areas with partial thick
ness grafts if a satisfactory method of cut
tng them could be developed In 1874
Thiersch published & report on & small series
of patients on whom he later used these
graits, Following this the jdea became wide
pread that such geafts should be cut ex
tremely thin in order to leave some of the
surlace epitheliom behind 1o heal the donor
s This necessitated the use of Litte thin

chips of graft which became known m the
English medical literature as  Thiersch
grafts  ‘ epidermuc grafta” or ‘razor grafts
and were so generally unsatisfactory for re
surfacing that their use was limited to heal
ing small refractory ulcers Skin grafting
changed Mttle during the next 50 years
which wax the golden age of abdominal
surgery’ and during which most surgeons
were eccupied in bringing this specialty into
full fower

About 30 years ago 8 revolution occurred
i skin grafting as the result of three devel
opments (1) It finally became apparent
that the dermal pad is the most important
part of 8 skin graft in producing a new
tough, Tesilient surface (2) It was demon
strated that the donor-site epithelium, after
removal of g partial thickness graft regen
erates from deep 1slands of hair folicle and
sebaceous-gland epithelium This meant that
the grafts could be cut as thick as possible
rather than as thun as possible and that use
ful amounts of this dermal pad could be
transferred without interfering with the
healing of donor mites (3) Since the grafty
wrere to be cut much thicker it was possible
to devise mstruments (suction retractors
and long knives) for cutting really large
grafts These thicker grafts were named
split grafts” as the process of cutting
them seemed sumilar to the splitting of
leather in a harness shop

For the first time large areas couid be
resurfaced satisfactorily and could be meas.
ured in terms of square feet rather than
square centimeters. These split grafts, in
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sheets, were so superior that pinch grafts
practically dropped out of general use
Many old rules were abandoned when 1t was
found that contracted axillae and necks
could be repaired much better with these
grafts than with pedicle flaps Conversely,
the use of the split graft for covering donor
areas increased the facihity of transferring
large flaps or free full-thickness grafts Skin
grafting became a routine procedure rather
than a rare one

The surgeon no longer has to decide
whether a wound will finally heal spontane-
ously without grafting Rather, he has to
decide whether a better final surface will
be obtained with a graft, or whether the
convalescence of the patient can be short-
ened weeks or months by grafting (Plate 1)

By trial and error. procedures have heen
developed which practically assure the
“take” of a skin graft In many nstances,
this means close personal attention to de-
tails by the surgeon to obtain success Some
of these important details are hikely to be
considered “trivia” by the surgeon who does
only occasional shin grafting This some-
times leads to the publication of reports of
“new” procedures by which a few grafts
have been done with 6O per cent or 70 per
cent “take,” but 1t should be realized that

something serious has gone wrong whenever
a single graft 1s lost New procedures are
being developed, but they should lead to
routine success m the “take” of grafts to be
worth while

There has been a large volume of work
and development 1n the free grafting of shin
in recent years, including methods of wound
preparation, early grafting, methods of cut-
ting grafts, the use of postmortem homo-
grafts to save hfe. attempts at prolonging
the survival of homografts, and the widen-
mg use of skin grafts. Shin grafting has
become a widely used technic of surgery ap-
phcable to all fields, due to the efforts of
plastic surgeons

The repair of defects should be as close to
normal as possible, free grafts may be best
mm some patients, whereas others may re-
quire the thicker repair of a flap The two—
free grafts and pedicle flaps—should not he
confused 1n reporting or n recording, and
especially not 1in contemplating what 1s best
for an individual patient

The preponderance of skin grafts 1s done
for burns Because of this, and because
burns present an unusually good oppor-
tunity for the study of wound heahng. they
will be considered first and in greatest
detail
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Burns. General Considerations

The stary of the burned patient begins
with the minute of his acadent and should
continue to the day on which he finally re
sumes his place in society Evaluation of
the final results can serve as g criterion for
the trustworthiness of the procedures that
bave been employed

In the extensiye hiterature on burns there
has been a notable lack of reports of com
pleted cases ie final demonstration of pa
tients who have been badly burned and have
ot only been treated and saved from death
but also have had complete final and satis-
fectory surgical repair of resultant open
wounds and contractures (Figs 1 to 4)
Apparently, most effort has been devoted
to the development of some single method
of caring for the local aren and of taking
care of the acute stage of shock Seermogly

the wounds are allowed to beal as they will
® the final outcome—functional snd cos-
metic—is not reported

Ponsibly there has been too much pre

oupation with temporary supportive ther

3 of fluds etc until some surgeons bave

&ven felt that this {s treating burns In many

Sances however this is simply a prelims

Ty maneuver to keep patients alive and

£ them in condition for the definstive sur

Ueatment of replacing the loat skin
quite pecessary pouring fluids and
into a patient with extensive raw

. dmm‘ be likened to pouring them into

» the determination and the main
of fluld halance may be difficult or
mpossible The definitive treatment

B0 stopper these raw areas with adherent

bive shan at the earlieat possible moment—
permanent sutografts when feasible other
wise with temporary homografts until such
time as they can be replaced with the pa
tient s own shin. When this 13 done, the
patient s own regulatory mechanisms take
over and wil heep him in better fluid and
electrolyte balance thereafter

This work has been of great value how
ever i calling attention to the serfous na
ture of burny and nught be sad to have
stunulated & burn consclousness * mn many
physictans and 0 many hospltal services
with the result that the burned patient now
generally recerves much better care and
more imterest than heretofore

One of the main obstacles seems to have
been the confusion of superficial and deep
burns and the ensuing healing processes in
each mstance The term deep burn 18 used
here to designate one that has completely
destroyed the fu)l thickness of the slin
TWhere there has been such & loss, surface
healimg will have 1o progress from the edges
of viable skin there will be production of
deep scar and if heahng finally occurs
there wiil be a thin surface covering that
may be called scar epithelum.” I{ the loss
is over a large enough area there will also
necessarily be & prunary contracture of sur
raunding tissues that are pulled in by the
scar and if healing has been long delayed
there will almost always be secondary con
tractures of underlying muscles tendons
and jonts

This contracture and scar formation will
tale place in every extensive case regard
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F1c 1. Total loss of <kin
of both thighs and buttachs
26 large homografts from 26
donors were used as “emer-
gency dressings” before per-
manent autograftsweredone,
in this instance this proce-
dure was thought to be hife-
saving Homografts persisted
from 3 to 10 weekhs The
blach-appearing area 15 a
granulating surface, not a
tannic-acid membrane (Ann
Surg 115 659)
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Fic 2 Total resto-
ration of function in 5
operafions (same pa-
tient as Fig 1) 600
square mnches of shin
taken from the back
and the abdomen, 4
“crops” from the <ame
areas, and 1 “crop” 19
days after the preced-
ing one Scars on donor
sites are hardly prt” »
able “The pat
resumed wor -
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(Top) Front view and (center) back view of extensive full
thickness burn 1n a child, repalred in two split-grafting opera
tions with result shown 1n bottom picture Total hospitalization
was 80 days and homografting not required in this case.
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of the type of treatment used if early
s are not taken for the replacement of
surface tissue. m fact, permanent heal-
never may occur if the area of full-
kness skin loss is excessive Late deaths
n these huge debilitating wounds have
been uncommon, and any large deep
1 may present the problem of getting
onably early coverage to preserve life
1 1)

large series of patients who have re-
ed deep burns have been cared for and
lied by us over a long period They have
1 seen 1n all stages that is, (1) fresh
after several days or weeks when open
cted wounds have been present, (3) later
n healing 1n a position of deformity has
irred, or (4) 1n a late stage of chronic
ecurrent ulceration

n this work 1t 1s hoped mamly to out-
the essential pomnts of care which have
n beneficial in treating this group of pa-
ts who have suffered full-thickness loss
shin and require skin grafting to give
able restoration and function

‘he active co-operation of the surgical
dents, the mterns and the members of
nursing staff has been invaluable, with-
this, the work would not have been pos-
e In this connection, it 1s easier to main-
1 such interest 1f the repairs are done as
idly as pos«ible so that the mitial period
rospitalization is a few weeks or months
1er than years The progress should be
h that 1t is definitely measurable from
'h to week, and it 1s important to the
ient’s morale that he realize what has
n accomplished, what is to be done and
n The treatment must be individualized
cach patient, but all who come in con-
t with him should understand that the
ndance of pain and the cleanliness of
mds are the escence of good care.

wme general nhservations on the care of
burned patients will be included, but an
smpt will not be made to cite and corre-
~ al} the excellent procedures and erperi-
ntal worl, recorded in the hterature

Rather, this is intended to be a summary of
the work that has been done and the pro.
cedures presently employed on our sersice.

PREVENTION, INCIDEXCE AND
MORTALITY OF BURNS

Prevention would be the best treatment
for burns, and all physicians have an oppor-
tunity to help educate the public about
them Burns in children are particularly fre-
quent, serious and pathetic, and their pre-
vention would seem to be especially desir-
able

The statistical approach to burns, as with
other surgical subjects, may lead to gross
maccuracies There are marked variations
according to geographic areas, time, halnts
of the population, size and depth of the
burns, age groups of the patients, general
and local treatment, etc, In some situations,
various sets of these factors may be addi-
tive, and in other situations they may tend
to cancel each other out A conclusion that
may be true on a wide basis may be untrue
as apphed to a particular situation With
these reservations, a few selected statistics
will be presented. for whatever value the)
might have

Some recent nationwide surveys in the
United States have indicated that accidents
cause more deaths n children aged 0 to 13
years than all other causes combined, and
that burns are the second most frequent of
these accidents (inhalation of foreign bodies
being most common) This, combined with
the pain, the sufiering. the crippling and the
disfigurement which occurs in the large per-
centage of burned children who do live
might ndicate that burns are the largest
single hazard of childhood

In our own experience certam causes of
burns by age groups stand out In mnfants
and very young children there 15 an appall-
ing numhber of scalds, from improvised
“croup hettles” and from hot cofice In tod
dlers many strious burns ocewr {rom chil-
dren walking up to the Jatchen stove and
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putling down on any protruding pot handle
to see what 15 Inside the hot liquid usnally
lands on their faces necks and axillae with
sertous consequences to life and to future
uppearence In school children fire burns
predominste—usually fram pleying with
imatches or with Aammable liquids These
are sometimes the result of or made worse
by wearing clathing that is extremely flam
mable In teen-agers and adults fire bums
result most commonly from the use of flam
mable iquids Many of these are from the
use of small quantities of gasoline or kero-
sense to start fires  others occur around
garages or filling stations or from the use
of ‘dry-cleaning’ fluds at home Smoling
and dozing accounts for a {air number of
serious bumns.

Metropolitan Life Insurance Co statisties
{for 1950) indicate that the mortality from
burns in the United States is at & lower rate
than it ever has been In the age group of
1 to 74 the recent death rate has been 13
per 100000 population annually This is
about one half the 1936-40 rate and one
seventh the 1911 15 rate In the age group
of 1 to 9 yrs the rate has dropped 90 per
cent {n the last 40 years.

They found that m children under the
age of § years scalds from hot liquids or
steam account for two thirds of the {atal
burns among boys and one half among girls

In children aged 5 to 14 years stoves and
grates accounted for one half of the burn
deaths in girls and one fifth among boys
In boys of school age Bammable Hiquds out
ranked everything causing one quarter of
the deaths There was an appreciable num
ber of fatal burns in both sexes from play
ing with matches

In the age group 15 to 64 years flam
mable liquids were the chief source of fatal
burns in men and stoves and grates were
involved in two fifths of those in women

ige Oto 14 yrs
Age 15 to 44 yre
\ge 45 to 64 yr.
\ge over 65 vrs

Gasoline explosions 1n filling statiens and
garages were Common Causes, as were paint
remover and paint explosion burns, pouring
gasoline or herosene on fires to get them
started caused many deaths Flammable dry
cleaning fluids caused an appreciable num
ber in women Among the stove and grate
burns in women, & number occurred in
elderly women with poor eyesight. Careless
smoking-donng caused ane smxth of the
deaths 1 men

Colebrook {in England) noted that 70 per
cent of burns oceur in and around the home
and 30 per cent in industry Unguarded
flames and flammable clothing were chief
causes in that area He estimated that the
care of bums in England (population 42
rullion) requires 875 000 hospital bed days
each jear

Bull and Squire (in England) analyzed
the mortality rate in burned cases according
10 age in 794 hospitalized patients (Sae
bottom of this page )

Fire and heat are such an integral part
of our civilization that burns cannot be
eliminated but widespread publicity of the
following might reduce thelr number =g
atficantly

{ Instruction of parents, and ali physi
cians who care for children of the haxards
of {mprovised steaming srrangements for
respiratory infections

2 Imstruction of mothers regarding dan
gers of pans contaming bot liqulds, with
handles protruding where young children
can reach them

3 Instruction of clothing manuiscturers
stores and the general public of the danger
in using flammable materials for clothing,
particularly in fuffy or ruffled dresses for
voung girls (some of these ignite explo-
sively like gunpowder or dried-put ever
green trees)

4 Continued and more effective teaching

51% burn required to kill 50% of patients
40% burn retquived to kil 509 of xp)u:th:nu
23% burn required to Lill 50% of patients

9% barn required to kil 50% of patients
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concerning the dangers of keeping any in-
flammable hiquid in or around homes, and
particularly the hazardous practice of start-
ing fires with the awd of Kherosene or gasoline

5. More effectine and unmnersal guards
around stoves and room heaters of all types

6 Wider appreciation of the burn hazards
associated with smoking—particularly in
bed, or when mined with alcohol or drowsi-
ness

Burx Warps axp Divisioxs

Although bacteriologic and research rea-
sons are ucually given as justification for
burn wards or divisions in hospitals, some
of them were ongmated in order to segre-
cate burns away from more “acute cases”
or with the feeling that burns are neces-
sartly “chronic cases”

To the extent that this latter feeling or
attitude persists the use of burn wards may
be undesirable 1 <ome mstances There are
some possible psychological advantages to
burned patients, and to ther surgeons,
nurses and house staff in having them on
a general surgical division where the aver-
age hospital stay 1s about 8 or 9 days. This
may help impart a certain sense of urgency
about the whole thing, which 15 desirable,
and prevent evervone from subconsciously
thinking that the hospital is a “second
home” for an mdefinite period

Although massive burns may reqwire con.
siderable hospitalization, usually they are
m the minority, and such burn divisions
have a tendency to become filled with smali
or medium-sized burns, with a further tend-
ency to treat the latter in the same manner.
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Farly General Care of Burns

It may be taken for granted that anyone
sccepting the care of badly burned patients
will bave his own ideas already at hand for
the general care of the patient in combating
shock, etc., but, for the sahe of complete
ness we can include an outline of proce
dures This is desirable also because It may
be difficult to differentiate general care from
loca) care of the wounds in some phases of
treatment

‘The literature is replete with methods of
early general care based in each instance
on the author s conception of the pathogene
sis. Data obtained by animal expenmenta
tion and by observation of patients, by
different workers and various methods, does
rat always agree, and there Iy even more
disagreement in the Interpretations

Much treatment is predicated on various
chemscal deviations, and these attempts to
gain further knowledge are useful and com
mendable However they do not mean that
all of the mechanlsms are completely under-~
stood or that all deviations are necessarily
bad or in need of correctlon A hypersome
thing in the blood may need diminution, or
may be similar to & hypetleukocytosis in
infections a hyposormethingelse in the blood
may need increasing or may resemble hypo-
peristalsls In petitonitis Indeed st has been
observed that some therapeutsc efforts along
these lines have made the charts look better
but the patients lock worse

It is recommended that all Jaboratory and
bedside observations that are remsonably
possible be made and that the treatment

be formulated from both of them not one to
the exclusion of the other

The early general care of burns will be
considered under the divisions of (1) burn
shock, (2) the postbum phase, and (3) the
umportant subject of control of sepsis, Whuch
will be treated separately

BURN SHOCK

Primary shock 18 of short duration and 15
thought to be of nervous onigin. It has been
atiributed to massive stimulation of pain
endings or to emotlonsl aura surrounding
the accident and has been lkened variously
to syncope or to a blow over the solar
plexus It cannot be readily produced in
animals and therefore is not well understood
but may be associnted with widespread re
flex capiilary dilatation Few fatalities aceur
at this time as a rule, the patlents have
efther recovered from this stage or died by
the time they are seen by a physician Con
sequently, the treatment usually recom
mended is “general and supportive meas
ures’ (For first aid treatment, see Chap 4 )

Secondary shock Is often present or ymmi
nemt when the severely bumed patient is
first geen by the physician Very much has
been written about this and rightly so? but
a complete review of the subject will not be
attempted here Its duration usually fs
measured n hours and when present its

ICI Womack, W A, Editor On Bums Spring
Bedd (I1.) Thomas 1953 Moyer C A Flaid Bal-

ance Chicaze Year Bool Publishers, 1952 and other
recest treatines on bum shock and fald balance
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alleviation should <upersede all other treat-
ment. Mozt of the evidence indicates that it
15 due to a diminution in the blood yolume
and flow, secondary to maszive leakage of a
plasmalike fluid through the capillary walls
otit into the interstitial spaces Most of the
leakage seems to be in the region of the
burn, but <ome evidence indicates that a
similar though less extensive process occurs
throughout the entire body Some fluid. of
course, is lost through the wounds this loss
bemng slow but of long duration so that 1t
may be more mmportant in producing late
debilitation than early shock Many agree
that the rate of change of hemoconcentra-
tion 1s a more valuable clinical guide for
therapeutic measures than the blood pres-
sure, as the latter may not fall until the
patient is n a critical condition The in-
creased understanding of this stage and its
treatment probably has done more to lower
the early mortahty during recent years than
any other factor.®

The treatment of shock is necessarily
directed toward mamtaining the blood vol-
ume preventing any undue increase n the
s17e of the vascular bed and nsofar as pos-
~ible. nuimimuzing leakage from the vascular
bed Any desirable adjuncts may be in-
cluded Several admurable and complete
treatizes on the subject have been wnitten,!
but the continuance of research m many
centers  indicates  that our present-day
Lonwledge is by no means final

General cupportive measures clude the
Alleviation of pamn with small doses of mor-
phine, temporary clevation of the foot of
the hed when necessary. and covering the
piient to present chithng

Prevention of leakave of plasma and sub-
<eqquent erdema of the burned areas j< almost
smpos<hle, but they may be diminished by
earlv apphieation of pressure dresangs This

S A er e CStawed can b el treated, seiter
Wl oy oon be pres nted, but for the otercl

roedd et bl we bave arcamphd ot pothisg
N L A S R L R AT R LT e Ine
moer ot alic of cau o~ v rertd2n Vo)

plan has been followed for many years on
this service and 1t is thourzht that mini-
mizing edema not only conserves the hods
fluids but also reduces the local suscepti-
bility to infection

Tannic-acid and open-air eschars may
constrict and produce this pressure in cir-
cular burns but in an nelastic and unyicld-
ing manner so that they may go so far as to
produce necrosis of the distal parts of ex-
trenuties This warmng should al~o be ap-
plied to the use of pressure dressing~ partic-
ularly when the inner layer consists of wet
bandage, but the danger scems to be less
The pressure should be produced only by
an external bandage which 1s wrapped on
outside some elastic or compressible mate-
rnal Closed or sealing eschars probably do
more to prevent surface leakage from the
wounds than does open surgical dramage

Even less 1s known about methods for
preventing dilatation of the vascular bed
Adrenal cortical extracts have heen used for
this purpose with various observers obtan-
ing different results Tt 1s possible that the
late complete vascular collapse occasionally
seen may be the result of prolonged made-
quate blood volume and anovia and would
be prevented best by carly and continuous
whole blood tran<fusions and ovygen ther-
apy Blalock showed long ago that the ap-
plication of too much heat may hasten or
bring about gencralized vascular dilatation:
the use of hypothermia for the prevention
of this is the subject of precent mvest-
gations

Restitution of the blood volume is the
most efiectine of present methods for the
treatment of shock, and someone should be
delegated to secure a sufiicient quantity of
whole blood from the start Equal amounts
of itras enous gahine vaually are given intra.
venously, or Ringers solution may be sub-
stituted i desred,

Glucose solutions i water end up as pure
water  Thi amount of vater ntale by
mouth and by vein must be lionted o
minmmal roquirements Fxec-ave pmounts
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may aggravate localued or generalized
edema and may even lead to water intoxi
cation

Plasma most nearly resembles the fuid
lost in burns and it might seem to be the
almost ideal substance for replacement ther
apy However it has been demonstrated
repeatedly that there i a simudtaneous mas-
sive destruction of red cells and expentnce
has shown that whole blood therapy Is
better most of the time If pooled plasma
is nsed it should be aged 6 months at room
temperature or other measures employed to
prevent the tranamission of nfectious hepa
titls Serum atbumin can be given on ocen
sion especially when the patients bema
toctit reading is excesmively high

Aany of the recently published facts
concerning reduction of the colloidal and
electrolytic osmotic pressure n the blood
hypoproteinemis the Donnan equilibrium
cellular concentration, ete. are old knowl
edge and their consideration has formed a
part in the everyday treatment of burns for
s number of years Tappemner (1881) Hock
(1893), Wilms (1901) and others recognized
the 1mpartance of plasma transudation
burns and Stockis (1903) summarlzed the
process excellently In one terse paragmph
{ef Harkins The Treatment of Burns)

Plasma substitutes are still the subject
of much jnvestigation Gum acacia was used
during World Vear ¥ jor the treatment of
shock and intermittently for about 20 years
afterward This is & large molecule paly
saccharide and the theory was that the
molecules would be too large to leave the
circulation and that their colloidal oamotic
pressure would bold flind in the vaseutar
system, In practice {t would relieve the
symptoms of shock for an hour or two but
patlents nearly always required whole blood
Iater for permanent rehief It was also found
that continued use of it produced hver dam
age and clogged the reticuloendothelial
Bystem.

The Germans used polyvinyl pyrrolidone
(“PY.P ) duning Dordd War 11 for ths

same purpose Various gelatins and globms
have been used in the Umted States and
dextran (a large molecule polysaccharide)
was mtroduced in Britaln and in Sweden
Experimentation 15 proceeding with these
vanous substitutes in many centers but
none has found umversal adoption In the
early days of dextran difficulty was encoun
tered in the tremendous variation in size of
the component molecules, but it 1s thought
that this has been corrected There were
also some difficulties with allergic reactlons
to it which appeared to be peculiar to some
preparations and not to others At present
dextran probably 18 used more in the United
States than the others However it s em
ployed mainly as a temporary substitute
when blood is not available (in burns) and
it is realized that it will not substitute for
the loss of circulating red cells and the
ability to carry axygen

‘The whole subject of plasma substitutes
is creating great interast hecause of the
problem of stockpiling for atomic or other
disasters but it 1 not settled at this thne

Whole blood transfusions are the best
for treating burn shock in most patients
The Initial rise in the red-cell count is only
an index of hemoconcentration and may dis-
guise the progreasive massive destruction of
red cells which probably beging immedi
ately and becomes apparent when the blood
is diluted to its normal volume Cases have
been noted in which plasma transfusfons
were given early when the red count was
around 6 or 634 mllion and the cells from
this blood were preserved i o saline sus-
pension in the rcebox. On the 2nd or 3rd
day when the red count has fallen to around
3 or 334 milhon the cell suspension was
given intravenously with resultant improve
ment in the anemia. The erythrocyte frac
tion of whole blood transfusions may per
sist in the blood stream and transport
otygen for periods up to 1 month accord
mg te Dr Carl 2oore It is probable that
it would have been better to have given
these patients whele blood :nltially, and
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thcy may represent fairly typical cases
rather than exceptions

-\ donor’s blood with a red count of from
412 to 5 mullion does not increase the eryth-
roconcentration when given to a patient
with a count of from 673 to 7 million but
dilutes it, and a drop in the count is com-
monly obcerved after whole-blood transfu-
stons, although this drop is not so marked
as when plasma 1s used It 1s possible that
in a patient with a severely contracted blood
volume and ery throconcentration, the num-
ber of oxygen-laden red cells passing a given
pomnt during any time interval 1s actually
decreased. and reports concerning anosia in
burns seemed to be more frequent when the
practice of discarding red cells was common
It 1s evident, however, that the red count
should not be allowed to rise to such a point
that the increase 1 wviscosity presents any
impediment to circulation

The increase 1n both the number and the
quality of blood banks has done much to
make whole blood readily available

Various excellent formulae for determin-
mg the amounts to be given have been de-
scribed by Black, Elkinton, Wolff and Lee,
Harkms, Evans and others The more com-
mon error, perhaps, 1s to give too little too
late The Evans formula 15 quoted most
often and consists of 1 cc of blood plus
1 cc. of electroiyte <olution per Kg body
weight for ecach per cent of hody <urface
burned (plus normal water requirement—
e, approvmately 2000 cc dmly for an
adult) The above is given during the first
24 hrs, and about half of the above 1s tiven
the =econd 24 hrs, and agamn the third 24
hre, 1f ncees<ary  The electrolyte <olution
may be physiolozic <ahne, or half of it can
he lactate Rmger's solution Thus for a 75
Ke adult with 25 per cent of by <urface
burned, ane could wive 1860 cc blood plus
030 <«  phy~wolome saline plus 030 cc
Putgte Ringer~ solution plos 2,000 cc
water by mouth (or 2,000 cc. ghucose m
wile rantravenonsly ) during the first 23 hrs
Sych formulae miay be romewhat ueeful a-

a rule-of-thumb check. but they a<sume that
all burns are the same and that all pa
tient s react the same to them, which leads
to absurchties if one mmists on applying
them exactly

On our service, it is routine with =z
severely burned patient to start a whole-
blood transfusion immediately and to heep
it running at the correct speed for as long
as 1s necessary An equal quantity of electro-
lIyte solution 15 given simultanecously or
interspersed between the blood transfusions
To determune the correct speed, a graphic
chart 1s set up at the patient’s bedside, with
pulse and blood pressure recordings every
15 minutes and hemoglobin recordings (pho-
toelectric) every 30 munutes The urinary
output (per catheter) 1s recorded as it oc-
curs, and each new umt of flmd or blood is
marhed down when it1s started Esvery cfiort
15 made to keep the pulse and the hemo-
globin down to 100 (154 Gm %¢) and the
blood pressure up to 100 1f the hemoglobin
level 15 rising n spite of the transfusion, an
additional unit 1s started in another vein, or
it is pumped 1n faster with a 3-way syringe
until the level 1s stable In addition to the
laboratory determinations, frequent obser-
vations are made of the patient’s general
appearance, and especially s degree of
mental alertness and clarity. For this rea-
<on, large doses of sedatives are undesirable,
though reasonable amounts of morphine
may be used

During the first few hours 1t may be nec
essary to run the blood i rather fast, and
one <hould not hesitate to do this Nothing
seems more futile than a slow dripping
transfusion m a patient in profound shock
After this the level usually stabibizes ~o that
it can be mamtamed by & mederate drip
and even m widespread burns at is vewdly
possible 1o cut down the rate toa slow dop
i from 12 to 20 hours and discontinue it
altozether after from 20 to 24 hours, In
deciding when to discomtintie the tran~fu
don, one ity unul the teveds are ool
normal and have boen slowly umproving
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over 2 3 or 4-hour period during treatment
with & very slowly drpping transfusion
After discontinuing it further recordings are
made every hour for a little while, and then
every 4 hours for another day restarting
the transfusion if necessary Plaama electro-
lyte CO, and proteln determinations are
obtained as often as practical for checks
during this early period

The method described above may seem
to be mather crude when compared with the
various elaborate mathemaucal formulae
but it seems to be easier and more practical
than trying to determine precisely a pa
tient s future proteln and hemoglobin needs
when he 18 first seen.

In order to carry this out it is ususlly
necessary to have special nurses and to
detail a responsible surgical house officer to
the early care of the patient in order to fol
low his progress constantly and see that the
Iaboratory and blood bank details are belng
carrled out properly A really alert house
officer can often estimate the laboratory
findings with some accuracy in advance by
his obmservations of the patient. Euphoria
usually denotes a mild degree of shock dis
onentation more and progressive degrees of
stupor and unconsciousness appear as it bey
comes critically severe Several hours after
treatment {s started (usually from 12 to 20
bours in the widely burned patient) fluid
transudation out of the vessels into the in
terstitial spaces stops and then slowly re
verses. This is often marhed clinteally by a
sudden large output of urine as well as by
8 rapid fall 1n the hemoglobin and stabili
zation of the blood pressure and the pulse
at satisfactory levels At times the change
in the facies genernl appearance and men
tal alertness in the patient is as dramatic as
1t is in the crisis of lobar pneumonia

The question of oitrate intoxication al
ways comes up in these multiple transfu
sions  Some of our patients have received
enough citrated blood withun 24 hours to
replace their entire caleulated blood volume
{one thirteenth of body weight) without

any mpparent intoxication but it seemns ad
visable to use heparinized blood or plasma
for the later transfusions when it is obtain
able or to cover the citrate with intravenous
calcium,

The care and the pampering of super
ficial veins 18 of practical importance m
these patients with widespread serous
burns Such patients will require a large
number of intravenous infusions and trans-
fusions during the comung days and weeks
and nvailable veins are hielines In general
ventpunctures should be done only by those
who are skilled in this art, and each one
should be used maximally—for intravenous
anesthesia blood withdrawals infusions
transfusions and everything that is planned
for that patient for the next 12 hours or so
Firm fixation of the needle splinting of the
extremity and firm pressure over the vesn
after withdrawal of the needle will help to
preserve the vemn for future use It is also
helpful to begin with the most distal veins
gradually working proximalward as re
peated punctures are done The use of
indwelling venous catheters for long parieds
1s not always a good solution ns thair use
may be followed by extenshe thromboses
or thrombophlebitis This fatter complica
tion 13 not an uncommon cause of fever and
other later troubles

The oral administration of fiuids elec
trolytes and protein is obviously impor
tant and it is often surprising how much
some of these patients will take particu
larly during the early hours This may ex
plam why some severely burned patients
have survived who have been treated at
home in rural aress without any parenteral
fluids

The use of salt by mouth probably ex
tends back into antiquty (intrasenous
saline in burns goes back at least as far as
1901 to Parascandolo in \aples and W eiden
feld n Vienna) Favored methods of 20
years ago and still useful include giving
the patients pretzels potato chips popcarn
peanuts, and other heavily salted foods with
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their drink. Drnking solutions of weak so-
dium chloride and sodium bicarbonate have
been used for a number of years invarving
strengthe and manners Possibly Haldanes
solution and Moyer’s solution are two of
the best-known ones. The latter one 1s very
satisfactory and consists of 1 teaspoonful
(4 cc) of table salt (sodium chloride) plus
from 1% to 1 teaspoonful of baking soda
{sodium Iicarbonate) to 1 quart (or hter)
of water. Tt is most palatable when iced,
and somctimes the addition of a small
amount of citric acid or lemon juice helps

Water intoxication may occur early mn
severely burned patients as a result of low-
ered plasma electrolvte concentration un-
restricted drinking of water or nonelectro-
Iyte solutions (or intravenous glucose 1n
water), plus dimmshed urmary output
This has been rightly emphasized by Moyer
and others Symptoms nclude those due to
cedema of the gastro-intestinal tract (ileus
and vomiting), edema of the bram (head-
ache papilledema, vomiting, apprehension,
and later dulling of sensorium, coma and
comulsions), and generahzed cdema (loss
of fingerprints visible swelling, pitting of
dependent areas) Prevention includes ad-
miniztration of electrolytes by vein and by
mouth, and restriction of nonelectroly te
flids by vem (e g, glucose n water) and
by mauth

Vomiting 15 a complicating factor 1n
these patients and may be due to morphine,

such a patient to open the tent frequently
and attend to us wants and needs There i<
a regrettable tendency to <tarve patients in
ozyvgen tents and to mahe them feel that
they are isolated. incommunicado and for
gotten.

Adrenal cortical hormones have been
used 1 much experimental work in burns,
beginning with the nonpotent crude cortical
extracts and later using the more potent
DOC\ and ACTH-cortisone combinations
It is easy to prove that marked “alarm re-
actions™ occur 1n severe burns However, the
bulk of the evidence mdicates that on the
whole, potent cortical hormones do mare
harm than good in severe burns

Anuria or oliguria is a serious develop-
ment in a burned patient In the early
phases 1t 1s due most often to shoch or low
electrolyte concentrations, and treatment is
directed to these causes There may also he
some clogging of the hidneys from free
hemoglobin, and this is more difficult to re-
lieve; admimstration of lactate solutions to
alkalinize the urine has been recommended

Immediate or carly surgery on wide-
spread, serious burns can be fatal, or nearly
so This should be postponed unti) the shock
situation 15 well mastered

Burn shock must be brought under con-
trol early 1f the patient 15 to survive, and
its treatment takes precedence over every-
thing clee at this time However, this is not
(reatment of hurng, but treatment of shack



The Postbumn Phase is

Both the patient and the surgeon should
regard this as a phase rather than a chronic
state, and do everything possible to shorten
or eliminate §t Thu {s the perfod charac
terized by pain and debilitation when the
patient s ife fluids are oozing out of him
and everyone is hoping that he will get
better Patients who have been carried bnl
hantly through the shock atage may grad
ually deteriorate and die i this phase

‘This period s also characterized by
ternal chenucal shifts and metabolic de
rangements and by therapeutic efforts which
resuit in overreplacement of some elements
underreplacement of others and no knowl
edge at all of still others. Still further shifty
and derangements mayv occur and compound
the original confusion These situations are
trying to the best of surgeons and require
maximum hnowledge continuous effort and
at least a modlcum of good fortune The
surgeon should realize that these efforts are
not treating burns” but are dhrected toward
keeping the patient alive and getting him
in condition for definitive treatment of hia
burns

At best he is putting fluids food blood
etc. nto & sieve which 1s leaking different
components at various and unknown ratey
The problem s further comphcated by
multidirectional osmotic shifta of varions
fons between the vascular strenm and fnter
celtutar fluid and between the latter and the
protoplasm within the cells The onlv ob-
servation window for chemical determina
tions is the plasma concentration of a spe
cific element ns it passes one particular
point at one given time It s probable that
the available Lknowledge concerning the
import of all of this changing shifting sty
ation is infinitesimal compared with that
which is not known or understood

The best way out of thix predicament
is to get the wounds hesled—permanently i
possible but 1f not even temporarily As
soon as the wourds are healed or nearly so
the patients own internal controls tahe
over and a cure 1s practically assured

Superficial burns  present minmum
problems after the instial shock Is over If
they are kept clean and umnlfected, and the
patlent s general condition is mamtawed in
a reasonably average state, they wil heal
spentaneously and completely in n short
fime

Deep burns require removal of the
stough and (if of am considerable area)
preparation for grafting and getting skin
grafts to take, in order to get the wounds
healed 1f less than 15 to 20 per cent of the
body surface is imolved and the patient
is not too old, early exclsion (3rd or 4th
day) of the slough and grafting (on the Sth
to the 7th day) can often be dome thus
almost ehminating this postburn phase (cf
Chap S} In larger burns this may cause
too much blood loss and the patient may
be in poarer condition, so that the excision
of slough may have to be staged or delayed
2 week or two for some spontaneous loasen
ing or separation lHiewise, grafting may
require staging but the sooner the whole
procedure is completed the better it will be
for the patient and everyone concerned Still
larger burns may require staged removal of
slough and then temporary coverage with
homografts Again, the time should be
short  these patients tend to deteriorate
under even the best care and it {s usually
advisable to get them in the best condition
that can be obtained in a few days and
then go ahead with the work

Pluld balance is important to maintain
during this periad in apite of the difficulties
and the vagaries noted above There are
several excellent monographs on the sub-
Ject which will not be abstracted here but
with which the surgeon crnng for bums
should be famihar Ordinanly, plasma Na
K Ca Q1 CO; and NPN determmnations
are obtained 2 or 3 times weekly or more
often if necessary and appropriate therapy
Is instituted—insofar as 1t can be deter
mined by both laboratory and clinscal signs
Early m the course of a large burn there is
a tendency to diminution of the total elec
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their drink Drinking solutions of weak so-
dium chloride and sodium bicarbonate have
been used for a number of years in varying
strengths and manners Possibly Haldane’s
solution and Moyer’s solution are two of
the best-known ones The latter one 1s very
satisfactory and consists of 1 teaspoonful
(4 cc) of table salt (sodium chloride) plus
from %% to 1 teaspoonful of baking soda
(sodium bicarbonate) to 1 quart (or Iiter)
of water It i1s most palatable when iced,
and sometimes the addition of a small
amount of citric acid or lemon juice helps

Water intoxication may occur early mn
severely burned patients as a result of low-
ered plasma electrolyte concentration, un-
restricted drinking of water or nonelectro-
lyte solutions (or intravenous glucose 1n
water), plus dimimished urinary output
This has been rightly emphasized by Moyer
and others Symptoms include those due to
edema of the gastro-intestinal tract (ileus
and vomiting), edema of the bramn (head-
ache, papilledema, vomiting, apprehension,
and later dulling of sensorium, coma and
convulsions), and generalized edema (loss
of fingerprints, visible swelling, pitting of
dependent areas) Prevention includes ad-
ministration of electrolytes by vein and by
mouth, and restriction of nonelectrolyte
fluds by vein (eg, glucose in water) and
by mouth

Vomiting 1s a complicating factor 1n
these patients and may be due to morphine,
water-intoxication, or other causes Sus-
tained efforts should be made to prevent 1t
and treat it During the first 24 to 48 hours,
patients are permitted, or even encouraged
a little, to drink as much weak electrolyte
solution as they desire, but fluids are not
“forced,” and other items of diet probably
are not so important during this early
period

Oxygen therapy probably 1s helpful in
most patients with large burns, especially
during the early shock period However, 1t
should be almost mandatory for someone to
be in constant attendance at the bedside of

such a patient to open the tent frequently
and attend to his wants and needs There 1s
a regrettable tendency to starve patients n
oxygen tents and to make them feel that
they are 1solated, incommunicado and for-
gotten

Adrenal cortical hormones have been
used mm much experimental work in burns
beginning with the nonpotent crude cortical
extracts, and later using the more potent
DOCA and ACTH-cortisone combinations
It 1s easy to prove that marked “alarm re-
actions” occur 1n severe burns However, the
bulk of the evidence indicates that on the
whole, potent cortical hormones do more
harm than good in severe burns

Anuria or oliguria 1s a serious develop-
ment 1 a burned patient In the early
phases 1t 1s due most often to shock or low
electrolyte concentrations, and treatment 1s
directed to these causes There may also be
some clogging of the kidneys from free
hemoglobin, and this 1s more difficult to re-
lieve, administration of lactate solutions to
alkalinize the urine has been recommended

Immediate or early surgery on wide-
spread, serious burns can be fatal, or nearly
so This should be postponed until the shock
situation 1s well mastered

Burn shock must be brought under con-
trol early 1f the patient 1s to survive, and
1ts treatment takes precedence over every-
thing else at this time However, this 1s not
treatment of burns, but treatment of shock
to keep the patient alive so that the burns
can be treated definitively later Some pa-
tients with massive burns will mevitably die
during this period (cf Chap 2, section on
burn mortality in relation to surface area
and age, p 7) The remainder of the pa-
tients, after the first day or two, enter the
period which may be termed “the postburn
phase ”’

THE POSTBURN PHASE

This period begins when the mmtial shoch
1s over, 1t lasts until the patient 1s healed,
or until defimtive grafting 1s undertaken
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Poth the patient and the surgeon should
regard this as a phase rather than a chronsc
state, and do everything possible to shorten
or elimpate it. This Is the period charac
terized by pain and debilitation when the
patient’s life flulds are cozing out of him
and everyone I hoplng that he will get
better Patients who have been carried bril
Bantly through the shock atage may grad
ually deterjorate and die 1n thus phase.

Thls perlod is also characterized by in
ternal chemical shifts and metnbolic de
rangements and by therapeutic efforts which
result in overreplacement of some elements,
underreplacement of others and no hnow!
edge at all of still others Stil} further shifts
and derangements may occur and compound
the onginal confusion These sitnations are
trying to the best of surgeons and require
maximum hnowledge continuous effort and
at least & modicum of good fortune The
surgeon should realize that these efforts are
not “treating burns” but are directed toward
Leeping the patient alive and getting him
in condition for definitive trestment of s
burns

At best, he is putting fluids, food, blood
ete., into a sleve which is leaking different
components at various and unknown rates
The problem ls further complicated by
multldirectional osmotic shifts of various
fonx between the vascular stream and inter
cellutar fluid and between the latter and the
protoplasm within the cells The only ob-
servation window for chemical determina
tions is the plasma concentration of a spe-
afic element as it passes one particular
point at one given time. It is probable that
the avallable knowledge concerning the
import of all of this changing shifting situ
ation Is infinitesima) compared with that
which is not known or understood

The best way cut of this predicament
is to get the wounds healed—permanently of
possible but if not even tempaorarily As
$00h 33 the wounds are healed or early so
the patlents own internal controls tale
over and a cure Iy practically assured

Superficial burns present minimum
problems after the inftial shock 13 over 1L
they are kept clean and uninfected, and the
patlent s general condition is maintnined in
a reasonably average state, they will beal
spontaneously and completely in a short
time.

Deep burns require removal of the
dough, and (if of any considerable area)
preparation for grafting and getting shin
grafts to take, i order to get the wounds
healed If Jess than 15 to 20 per cent of the
body surface Is involved and the patient
is not too old, early excision (3rd or 4th
day) of the slough and grafting (on the §th
to the 7th day) can often be done, thus
almost eliminating this postburn phase {cf
Chap 5) In larger burns, this may cause
too much blood loas and the patient may
be 1n poorer condition, so that the excision
of slough may have to be staged, or delayed
a week or two for same spontanecus loosen
ing or separation, lihewise, grafting may
require steging, but the sooner the whole
procedure is completed the better it will be
for the patient and everyone concerned Still
larger burns may require staged removal of
slough, and then temporary coverage with
homografts Again, the time should be
short, these patients tend to deterlorate
under even the best care, and it is usually
advisnble to get them m the best condition
that can be obtmned in a few days and
then go ahead with the work

Fluid balance is important to maintain
during this perfod 1n spite of the difficulties
and the vagaries noted above There are
several excellent monographs on the sub-
ject, which will not be abstracted here, but
with which the surgeon canng for burns
should be famfliar Ordinarily, plasma Na,
k., Ca, Q, CO; and NPN\ determunations
are obtained 2 or 3 times weekly, or more
often if necessary and nppropriate therapy
is instituted—insofar ns it can be deter
mined by both Iaboratory and clinfeal signs
Early in the course of a large burn there is
a tendency to dumnution of the total elec
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trolyte concentration of the plasma (water
mtoxication), and this may recur later
Later, there may be a tendency to dimimnu-
tion of sodium (acidosis), or chloride (alka-
losis), or both (water intoxication) Potas-
sium deficits may occur n the later stages
of burns and may not show a hypokalemia
until they become severe Early signs may
include scattered twitchings, picking at bed-
clothes, excessive rambling speech, burning
pains, EKG signs, and acidosis refractory
to sodium bicarbonate therapy, or alkalosis
refractory to sodium chloride therapy Later
signs include absent reflexes, muscle weak-
ness and flabbiness, paralyses (sometimes of
the Landry’s ascending paralysis type),
stupor and hypokalemia

Blood transfusions are given frequently
to mamtain hemoglobmn and serum protemn
levels within a “normal” range It 1s par-
ticularly important to have these levels up
just before, during and after skin grafting
In general, these are the most effective
“tonmic” that can be given to burned patients

Diet 1s obviously important for mamntain-
g nutrition After the first day or two,
patients should be encouraged to take a
regular diet, 1f there is no nausea or vomit-
g Often, this can be advanced quickly to
a high-protein, ligh-caloric diet, with added
salt and with additional between-meal feed-
mngs If there 1s nausea or vomiting, the
patient should be checked for electrolyte
imbalances, or water intoxication with
edema and 1leus Another cause may be mor-
phine, or other drugs In any event, nothing
will be gained from trymng to force the feed-
ing of a patient with nausea and 1ileus, and
measures should be taken to try to correct
these

Feeding tubes are of value in some pa-
tients who have good bowel sounds and
movements but are weak, listless, or drowsy,
or have anorexia Very small plastic tubes
are used, and the feedings may be put in by
slow continuous drip, or intermittently The
feeding should be constructed so that it has
a high protein and caloric content, adequate

minerals and vitamins, homogenized suffi-
ciently so that 1t will not clog the tube
and not i 1tself be productive of nausea,
vomuting, or diarrhea Patients can eat by
mouth around these tubes and should be
encouraged to do so If the patient can and
will take enough by mouth, the tube 1s not
needed However, adult patients with large
burns require phenomenal amounts of food,
1t 15 not uncommon to see one who will
require from 7,000 to 8,000 calories per day
merely to maintain his weight level

Morale of the patient and thaose éround
him 1s 1mportant He should be made to feel
that this 1s a short and temporary phase,
that daily progress is being made on a defi-
nite program, and that everything possible
1s being done to get final, satisfactory heal-
ing at the earliest possible date Cleanhness
of his person, dressings and surroundings 1s
paramount Avoidance of pawn, and a pleas-
ant, confident attitude on the part of all
who care for him are obwviously strong fac-
tors 1n building morale

CONTROL OF SEPSIS

Sepsis 1s so intimately concerned with the
local treatment that 1t cannot be fully con-
sidered here As a general principle, the sur-
face of the wounds should be kept as free
of any culture media as possible, and this
mncludes dried serum, blood clots, necrotic
tissue and crusts of all descriptions If omnt-
ments are used, the old ointment should be
entirely removed at each dressing, using
ether 1f necessary Edematous tissues seem
to be much more susceptible to infection
than others, and keeping down edema by the
use of pressure dressings may be of con-
siderable value

These patients should be 1solated from
any person with an upper respiratory or
other infection, and every effort made to
prevent additional contamination of the
wounds If tubbing is employed, it 1s neces-
sary to have a separate tub which 1s not
used by anyone else, of course, it must be
thoroughly cleansed before each use



Prate 2

(Top) Front view of a child who was moribund when first seen
several days after an extensive full thickness burn (Bottom left)
Appearance after burn slough removed and temporary coverage
with pastmortem skin homografts. General condition was greatly
improved and homografts probably were hifesaving in this nstance.
(Bottom right) Complete heallng after homografts were replaced
with autografts. Ready for the fourth phase—release of small con
tractures and general smoothing up in appearance This patient
was cared for by Dr Minot Fryer
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Chemotherapy and antibiotics are te
lied upon to destroy apy organlsms that
tave entered the tissues or the blood stream
even as locat cleaniiness and antiseptics are
wsed to keep down growth on the surface of
the wound (which feeds bacteria into the
tiesnes and the blood stream) No long term
policy 10 regard to antibiotics may be fore
cast, as mote effictent ones are being devel
oped rapidly, but the ones presently used
may be listed

Initial systemic coverage may consist
of both peniciliin and streptomyan, or tetra
cycling, or other antihiotic of choice As the
we of any partlcular antibiotic becomes
older, more strains of bacteria become re
ustant to it, and it 18 necessary to change
to another one Even during the course of a
particular burned patient, his cwn organ
{sms may become resistant to ane antibiotic
after another, with each one being effective
for o short tme None of the systemic anti
tuchics seems to bave much effect on the

carrion * organisms which grow in surface
detnitus on the wounds or on the surface of
the surrounding sksn, constant local clean
liness seems to be 1he best control measure.

Local antibiotics on the wounds have
been rather disappointing Even those re-
puted to be effective for the “carrion” or
#nsms have not worked out well until the
wounds are free of necrotic tiasue and de-
{ntus once this is sccomplished and main
watd they are not especsally needed

Evidences of infection are ordinarily
comsldered to be foul or profuse discharge
{rom the wounds redness of the surrounding
Win marging fever leukocytosis malamse
@d general signs of “tomcity ' The local
*ound tigns are rather posttave and may be
m‘ﬂ by increased cleanliness of the
e Plus changing to other suitable sys

mlc antibioticy In adequate doses The

general signs are not so positive and
fnay be due to pneumomna thrombopblebitis
HPer resplratory infections pyelonephritis
o even to dehydration or varjous chemlcal
shifts within the bady

Culturea and sensitivity tests may be
done but have not been £0 helpful as was
ance hoped

Burn wards complete isolation, ultra
violet mir aterilization cte., have all had
their advocates, but ail present serious dis-
advantages The bacterial problem s uay
ally not too difficult to heep under control
0 that it does not delay healing or grafting

Serum hepatitis 15 8 senous complica
tion but rare when individual blood trans
fusions are used every known procedure
should be used to prevent 11, including ade
quate heat sterilization of needles, ete

Detergents for local cleansing and in
first aid applications prove to be of great
value especially in badly contaminnted and
dirty burns It {s probable that large wounds
cannot be kept stenle by any presently
known method but systemic antibiotica
may resist mvanve tendencies of organisms
that may continue to hive in large wounds

Bacterlologic studles strict asepsis, occly
cive dressings the application of pressure
1o wounds are all smportant considerations,
It scems that more stress could profitably
be placed on the foregoing elements, even
though therr importance mught seem to be
too obvious to require such stressing Small
essentials such as washing hands between
even slight contacts with each patlent,
masking all attending to open wounds, in
cluding the patients, and general ward clean
hiness are almost natural procedures for any
surgical service but should have frequent
attention called to them as {updamentals of
success.

In summiog up the value of cleanliness in
the care of wounds a person mught con
jecture what he would choose if allowed
only one thing The answer would be clean
iiness and preserving cleanliness Under this
heading could come all the things that im
prove cleanliness but s0ap and water or g
detergent would come first. This will have
much to do with the patient s general com
fort and the chapces of the quickest possible
recotvery
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PREVENTION OF TETANUS
AND GAS GANGRENE

Tetanus and gas gangrene are rather rare
mn burns but do occur occasionally 1n deep,
necrotic lesions Therefore, the administra-
tion of the proper antisera (or toxoid
booster) should be considered carefully in
each patient

GENERAL CARE OF THE PATIENT
The avoidance of pain, attention to the

general physical condition, and applying
morale-restoring measures whenever pos-
sible are points that should be carried on
throughout the course of each patient They
are essentials not to be forgotten 1n enthusi-
asm for some special subject or procedure
Early closure of wounds with grafts before
debilitation has progressed 1s one of the
best general measures that can be appled,
even though 1t 1s a local one
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GENERAL CONSIDERATIONS

n serious burns, any local treatment s
delayed until the pain s somewhat relieved
with morphine and until any present or im
pendlng shock has been treated Meanwhile
the burned area 15 covered with clean sheets
wath as much added bedclothing over them
as seems best for the patient s comfort It
is not necessary to wait until the hemo-
globin, the blood pressure and the pulse have
stabilized at a normal level before begln
mng local treatment but only until trans-
fuston is well under way and a few reading3
have been taken indicating that the mtu
ation can be held at a Jevel where local
manipulation will not endanger the patient

There are essentlally two methods of
treating burns locally (1) coogulating or
tanning or “open-atr  which commuts one
as #00n as it is started because t1s pot 2
reversible process except with operative re
maoval of the membrane and (2) surgical
dramage methkods which include all of the
variations of local care that can be reversed
By theee methods the wound can be exposed
and examined and the treatment changed if
advisable Even plaster of Paris, paraflin or
other occlusive methods in which the dress
g ot chemical produces a membrane come
under this head because they can be re
moved

In this text swrgical dramage” has been
used to denote reversible methods and is
not mtended to mean leaving wounds ex
posed and unprotected Cleanliness without
damaging underlying tissue leaving blisters
on hand« ears, eyelids using cotton swabs

whenever possible using fine mesh gauze
(No 44) next to the wound and enclosing
the whole area 1n a surgical waste dressing
for pressure to prevent swelling and to pro-
duce comfort are bamic ideas that still permit
surgical drainage and constitute a reversible
treatment \What omntment or antiseptic to
use on the gauze 13 a variable that will con
tiue as such according to praved efficiency
The avoldance of bactenal, chemical and
mechanical trauma to the wound remains
easentinl

Plaster of Paris over dressings for jont
fixation and for comfort in travel may b=
helpful but skin does not do well under
plaster and any use of 1t “skin tight” should
be done with great caution It 1s stfll an
open treatment in the sense that it cap be
reversed

Trogations and continual baths have been
used 1n deep burns seen late that have come
i so infected that this treatment for a
period seemed to be preferable to risking
the occlusion of a dressing

To a greater extent than n almost any
other surgical wound, varous chemicals
have had thelr vogues in the treatment of
burns and seem to have been applied 1n the
hope that some particular chemical would
be found that would be specifically good for
burns. During the last § years, varlous ay
thors have published papers on the use of
alummum foil, aluminum powder dibrom
propramidine 6 per cent salicylic aced in
alcohol, Furacin  bacitracin chloraphyll
rlobin  alkalipe rsotonlc baths panthenol,
phosphotic acid gel, Aureomyain, silicic acid

19
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Fic 5 Prmary
local treatment of
burn (Top) Flam-
ing gasoline burn of
hand and {forearm
as first seen about
30 minutes after the
accident (Cenfer)In
operating room after
washing with soap
and water to remove

dirt, grease and ne-
crotic shreds of epi-
thehum (Note re-
moval of ring from
finger ) (Bottom)
Application of pres-
sure dressing with
fine-mesh grease
gauzenext to wound,

followed by surgical
waste, gauze rolls,
bandage and adhe-
sive

powder, ammonium salt baths, crushed ice
paching, casemn gel with zinc acetate, poly-
myxmn, streptodornase and streptokinase
trypsin, neomycin, terramycin, benzocaine
omtment, gentian violet, various plastic
strips and sheets and sprays, bombs, etc —
all recommended for local use on burn
wounds Some of these may be quite helpful
In some situations, of course, but should be
used for a specific purpose at a specific time,
rather than applied reflexively to every
stage and type of injury that 1s called a
burn A burn 1s a wound produced by
thermal, chemical or electrical trauma and,
of course, may vary widely mn extent and
character Its name implies the agent pro-
ducing 1t but not the damage sustained or
the patient’s reactions to 1t, and 1t may be
more unwise to standardize its treatment
than 1t would be even 1n all lacerations or all

fractures

Conflicting reports of results may have
been associated with errors 1n the diagnosis
of the depth of burns and 1n some instances
1t 15 indeed difficult, 1if not impossible, to
estimate this correctly when the patient 1s
first seen The local appearance may be
altered by the presence of oils or greases
and varies somewhat in scalds and fire
burns In general, reddened or blistered
areas are apt to be partial-thickness loss,
while carbomzed areas in some fire burns,
or dead-white or dingy gray areas 1n scalds
or fire burns are usually full-thickness loss
These latter areas may have diminished sen-
sation 1 them, while the more superficial
ones may be hypersensitive Some patients
present widespread redness and blistering
with enclosed scattered white patches of
full-thickness loss In infants and young
children the shin 1s quite thin, and the worst
is to be feared In adults, the thick skin of
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Fio 6 Bu?l ilﬂ
re § completely
mcd 12 days Iater
(radressed twce dus
ing that time.) This
wasa superfical burn
but would have been
treated In the same
manner if ft had
been deep and would
have then been well
alang in prepacktion
for grafting

the back Is coly rucely burned through and
full thickness burns of the face are appar
ently sustmned more easily in women than
in men with deep hafr {olicles Scalds are
apt to be deepest under clothing while fire
burns are often warst in exposed regions
utiless the clothes igmite and burn the skin
uoder them

The relation of body area and depth to
possible fatal outcome I3 uncertain, Huge
areas, of course tause wmoce shock initinily
and present mote opportunities for sepsis
Iater, but the velation to mottality is only
@ gross one. 11 one is interested in the re
cording of the percentage of body surface
burned the figures of Berkow may be of
help For adulta—head § per cent, arms 18
per cent legs 28 per cent trunk 38 per cent,
for chlldren—arms 16 per cent, trunk 40
per ot

It is certain that children and infants
stand burns less well than do adulty, and, of
course there 14 tremendous variation s
individual endurance Roughly, burns of the
extremties seem to be borne better than
those of the trunk.

FIRST ATD TREATMENT

In small, superficaal buens the objectives
are to allay pain and to aveld deing barm
The latter seems 1o be trite, bul patients
are apt 1o use batemn plcrate or tannic-acid
jellies even in the comjunctrval sac when
they are included In first-aid Wts Immer
sion of the part in cood water, or cold wet
compresses will often give quichest relief of
pain Following this witial deansing can be
carried out {f advisable, and then any recog
nized form of treatment used It is well to
e vome local application that wil not per
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sist longer than the effects of the burn Fine-
mesh gauze with some bland ointment on 1t
can be appled, and there seems to be no
particular advantage 1n the use of any spe-
cial commercial preparations A firm, secure
dressmg often gives the most comfort and
may be changed every few days as neces-
sary

In either larger or deeper burns, an ade-
quate sedative (about 4 gr of morphine 1n
adults) should be given and, 1f possible, and
if he 1s in suitable condition, the patient
should be taken immediately to a place
where definitive treatment can be started
A clean sheet can be wrapped around him
to prevent further contamination Treat-
ment of any shock present should be started
at the earhest possible moment

Upon arrival at the place where definitive
treatment 1s to be undertaken, measures for
general care should take precedence over
local treatment, and someone should be dele-
gated at the start to secure blood As soon
as the general condition 1s relatively satis-
factory the decision must be made as to the
mode of local care

SURGICAL DRAINAGE

This method 15 generally recognized as the
one of choice 1n burns of the hands, the face
and the genitaha, or in other areas if the
patient 1s first seen after 12 hours or after
infection or disintegration of a coagulated
membrane has begun Many, including our-
selves, prefer 1t i the treatment of all
burns

It really 1s not a single method, but con-
stitutes all of those procedures ordinarily
used 1n the surgical cleansing care of raw
surfaces (or surfaces about to become raw)
In using 1t, one tacitly accepts the principle
that deep burns are raw surfaces with a
necrotic covering, not amenable to any spe-
c1al chemical but treated best by securing
rapid separation of the slough and replace-
ment with live tissue

The method involves débridement as soon
as feasible, but sometimes in stages, and

day-to-day cleansing and dressings with any
necessary alterations as the occasions arise
Dressings may be erther continuously mosst,
wet to dry, or with ointments, but it 1,
important that some protector be used next
to the wounds to prevent any granulations
from growing up through the meshes of the
gauze and “mushrooming ” For this, strips
of old linen, perforated cellophanehike mate-
rial, nylon, rayon, silk, or wide-meshed cur-
tain cloth impregnated with paraffin (so-
called “tullegras”) can be used However, a
very fine mesh (No 44) bandage gauze
seems to be most satisfactory and has been
used routinely on our service for many years
(Fig 35)

Intriar DEBRIDEMENT AND CLEANSING

The 1mitial débridement 1s done almost
immediately if the patient 1s not 1n shock,
or as soon as his general condition permits
The entire areas are cleansed gently but
thoroughly with large gauze sponges, mild
white soap or some other detergent and
water, and ether Blisters are opened, and
all loose skin 1s trimmed away Any evi-
dently charred tissue may be removed, but
the dissection should not be carried deep
enough to cause bleeding Cleanliness, but
not absolute sterility, 1s involved in the pro-
cedure and 1t 1s carried out with the realiza-
tion that any necrotic tissue left serves as a
culture medium for the future growth of
organisms The washing may be done more
efficiently 1f the operator puts on sterile
gloves and uses his hands to best advantage,
rather than trying to do everything with
lIong sterile forceps

For large burns, it 1s usually best to take
the patient to the operating room, place him
on sterile sheets and anesthetize him with
mtravenous Pentothal Sodium (the Pento-
thal needle may be inserted into the trans-
fusion tubing) The work can be divided
advantageously among members of the team
so that it can be completed in from 15 to
20 minutes Brushes with very soft bristles
may be helpful in removing quickly large
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amounts of necrotic epithelium from the
wounds and any tenacious dirt in them or
in surrounding areas Applications of cold
cream wiped off mith dry gauze and followed
by washing with ether can also be used as
a solvent for heavy ofl and grease Koch
‘ason Allen and others have re-emphasized
the desirability of converting these burns
into surgically clean wounds and rightly so

In an occasional very widespread bumn
one may not be able within the first 2 or 3
hours to get the patient in smtable condi
tion for the procedure described above In
these instances, or when so many burned
patlents are brought in together that there
18 not suffictent personnel to carry out the
procedure it may be necessary to omit the
nitial débridement, postpone 1t or compro-
mise with simple washing of the areas in
bed However, cleanliness of the wounds is
one of the key polnts of success and should
not be compromised except under urgent
necessity

OCCLUSIVE PRESSURE DRESSINGS

The 1nitial dressing consists of fine-
mesh grease gaure next to the wounds
covered by a thin layer of ordinary surgical
gauze cotton waste in abundance and large
gavze and cotton pads. The whole 18
wrapped securely with gauze rolls (cf Fig
35 A 4-inch widths being used for the ex
tremities the head and the necl, and 8-inch
widths for the body) followed by elastic
bandage or plain bandage secured by plenty
of adhesive (cf Figs S, 6, 7)

The flufly waste serves as an elastic
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medwm to distribute the pressure evenly
over depressions and prominences and it 1s
essential to use enough of 1t over all bony
prominences (especially around the head of
the fibula to protect the peroneal nerve)

The pressure is actually appled with the
external bandage, and 1t may be wrapped
very tightly 1f there 1s sufficlent waste
underneath it to distribute the pressure
eveanly Adbesive 18 wound on spirally from
rolls and it usually requires at least one full
roll for an adult extremity to secure the
bandage firmly and prevent it from slip-
ping for several days or more

The fine-mesh grease gaurze 13 No 44
mesh bandage gauze, 4 inches wide with
only enough ointment on it to keep it from
sticking to the wounds and not any excess.
If preferred, finer mesh bandage can be
used and it could be silk or rayon It 1s
prepared 1n rolls, usually by standing 4 rolls
on end in a jar placing one pound of omt
ment on top of them and autoclaving them.
As 1t is sterilized, the omntment melts down
through the rolls, about the right amount
remaming 1 the meshes, and the excess
collects in the bottom of the jar A number
of these rolls of grease gauze are kept in the
accldent room and in the operating rooms
at all times, and the excess grease can be
wiped off the outside and the bottom of each
roll just before using The type of ointment
that 13 used 1s probably not very important,
except that it should be harmless and mildly
antiseptic Plain petrolatum may be used
though it is not antiseptic and has a tend
ency to macerate (which may be an advan
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Fio 7 Tvpe of pressure dressing used in extensive burn {wounds treated in

mme manner as in Figure 5 after
received blood transfusions in the
débridement  Pentothal Sodium
tubing

prelminary treatment for shock) This patient
veins of both ankles before during angaanﬂ::r
anesthetic was introduced through transfusion



24 Early Local Care of Burns

tage early, but 1s a disadvantage later with
new epithelum from the edges or with
young skin grafts) Fairly satisfactory oint-
ments nclude 4 per cent xeroform, or 5 per
cent scarlet red, in petrolatum

When sufficient pressure 1s apphed to the
upper portion of an extremity, any exposed
distal portion 15 apt to swell, so that 1t 1s
best to mclude 1t 1n the pressure dressing
(leaving the tips of fingers and toes out, 1f
possible, so that circulation can be ob-
served) The bulky pressure dressing 1s 1n
iself sufficient splhinting 1in most nstances,
though wooden or metal splints may be -
corporated 1f desired (especially in position-
ing hands)

The second dressing 15 done whenever
the first dressing becomes dirty or loose, or
when 1t 1s thought that the patient’s com-
fort can be increased by doing 1t There 15
no established time interval for doing it,
though it 1s often done from 5 to 8 days
after the mtial dressing As in the first
dressing, the work 1s done 1n the operating
room under light general anesthesia, with
all usual sterile precautions If there 1s a
coating of serum on and about the wounds,
this 1s washed off with soap (or a detergent)
and water Any new bhisters are timmed off,
and any slough present 1s carefully pal-
pated (with a sterile glove, of course) to
sce 1f there is any pus beneath 1t The
wound edges are examined for celluhtis, and
an attempt 1s made to move passively any
jomts which have been included in the
dressing If there was any doubt as to the
depth of the burn m various areas at the
mitial dressing, usually the answer will be
evident at the second dressing Often a de-
cision can be made at this time as to when
the slough should be excised, and whether
it should be done n stages or all at one
time. IFactors influencing the decision are
the general condition and the age of the
patient, and the size and the location of the
areas to be exaised In general, the slough
1« only & necrotic culture medium which 1s
delaying grafting, and 1t 1s best to get it

off as rapidly as the patient’s condition wili
tolerate. If the burn is of moderate size,
often 1t can be completely excised at this
time; I more extensive burns it may be
wise to débride one extremity at each dress-
g (preferably under tourmquet), or some
simiharly staged plan. In very extensive
burns 1t may be necessary to wait a few
more days until there has been some spon-
taneous loosening of the slough, so that re-
moval can be accomplished with less blood
loss, even here, 1t 1s not necessary to wait
for complete spontaneous separation,

If the burn, or some part of 1t, is to be
débrided, usually a blood transfusion 1s
started If débridement 1s to be done on a
Jarge part of an extremity, a pneumatic
tourniquet 1s applied as high as possible
This 1s done by elevating the extremity to
the vertical position, placing a folded sterile
towel around the upper portion, applying
the pneumatic tourniquet over this, covering
the latter with a folded sterile towel clipped
1n place, squeezing blood out of the extrem-
ity by wrapping a gauze roll tightly from
the distal end to the tourniquet, and then
inflating the tourmquet

On long flat surfaces, the slough 1s shiced
off m wide long sheets with a graft knife,
staying 1 the level of the junction of the
dermis with the subcutaneous tissue. On
some 1rregular areas, such as the hands, the
face and the feet, ordinary scalpel dissec-
tion 1s used As the slough 1s removed,
cloudy fluid usually drains off , this may be
partly serous or lymphatic exudate, or
partly liquefied fat However, fat 1s not ex-
caised, unless 1t is definitely necrotic

In areas where a tourniquet cannot be
used, active surgical assistants can prevent
much of the blood loss by coming in right
behind the knife with weak adrenalin com-
presses (1/5,000 on gauze flats) and making
firm pressure As soon as a moderate area
has been débrided, larger pads are apphed
over this, or a gauze roll 1s wrapped around
where possible, mm any event, cutting is
stopped, and firm pressure 15 made until
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hemostasis is obtained Then the débride
ment is resumed

The patient s general condition is checked
frequently, and the cutting 13 stopped he
fore he shows evidences of going Into shoch
These patlents may have had considerable
shoch 1mmediately after the burn and do
not stand repeated episodes of shock well
Enough débriding for one sitting can usu
ally be done in 10 to 20 minutes of expedi
tious work, and 1t should rarely be prolonged
over 30 minutes With the above precau
tions it is generally possible to get the
slough off early i the postburn phase
without setting the patient s general cond:
tlon back too much. This is one situation
where it 1s well worthwhile to trade 1 or 2
units of blood for 1 or 2 weeks of time a
few weeks can seem llke an infinity to a
patient with a raw or necrotic burn, and he
probably would deteriorate further i this
time

The second dressing s applied 1n the same
manner as before with pressure and with
fine mesh gauze next to the wounds How
ever one may elect to use a wet dressing
(rather than olntment) 1 the slough has
just been excised if there is cellulitis of the
wound edges, or if 1t 1s thought that It will
hasten separation of the slough without
making the patient too mserable In apply
ing a wet dressing a roll of dry fine mesh
gnuze is soaked in saline (or a mild anti
septic solution such as 1 5000 aqueous
Zephiran” chloride) and wrapped loosely
around the wounds until they are covered
with one or two thicknesses. A single layer
of wet gauze flats is then applied, followed
by Carrel irrigntion tubes and the usual
dressing The jrrigation tubes are omitted
sometimes and several thicknesses of wet
gauze flats are used with the dressing cov
ered with some waterproof matenal to de
crease evaporation.

Subsequent dressings are done every 2
or 3 days in the operating room under gen
eral anesthesia. A combination of intrave
nous Pentotha! Sodium and mask nitrous

oxide seems to be the most satisfactory on
our service with the patient s awakening as
the dressing is being completed and being
ready to eat the next meal Tnchlorethyl
ene (Trilene) can also be used

If wet to-dry dressings bave been used
it may be necessary to soak loose gently the
layer of fine mesh gauze next to the wound
Grease gauze dressings usually come loose
quite easily and with little bleeding

In an area that has been débnded satis-
factorily at the lnst dressing the appear
ance of the wound surface on close observa
tion may be that of healthy ghstening
yellow fat. If the observer steps back a few
paces, the surface has a pinkish color, due
to the fine skein of new granulations over
the surface This is an Ideal bed on which
to apply skin grafts and there 1s nothing to
be galned by waiting If the patient’s gen
eral condition i3 good spht skin grafts are
cut 1n as large sheets ns posuble, applied
and ‘snubbed-on with the new dressing
If the patient s general condition Is precan
ous homografts may be applied in the same
manner

If an area débrided a few days before has
spots or sheets of dull, brownish yellow fat
(sometimes almost leopardlike in appear
ance), these are sliced off, and grafting is
postponed Areas of dead fascia, tendon
or other necrotic tissue are excised similarly

In instances where the débridement is
staged, one may be grafting one area and
débniding another at the same operation In
this connection it must be remembered that
graft-cutting causes some blood loss and
postoperative oozing of serum from the
donor area

Areas that are clean and are to be grafted
at this operation nre washed off with plamn
saline and not with soap contaiming hexa
chlorophene This latter substance, plus
ether, my be used on the surrounding shin
on any remalming burns not to be débrided
at this ttime and to cleanse the donor shin
before cutting grafts

In reapplying dressings, wet dressings are
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tage early, but 1s a disadvantage later with
new epithelum from the edges or with
young shin grafts) Fairly satisfactory omnt-
ments nclude 4 per cent xeroform, or 5 per
cent scarlet red, 1n petrolatum

When sufficient pressure 15 apphed to the
upper portion of an extremity, any exposed
chstal portion 1s apt to swell, so that 1t 1s
best to mclude 1t mn the pressure dressing
(leaving the tips of fingers and toes out, 1f
possible so that circulation can be ob-
served) The bulky pressure dressing 1s 1n
itseli sufficient splinting 1n most 1nstances,
though wooden or metal splints may be n-
corporated 1f desired (especially in position-
ing hands)

The second dressing 1s done whenever
the fust dressing becomes dirty or loose, or
when 1t 1s thought that the patient’s com-
{ort can be mcreased by doing 1t There 13
no estabhshed time interval for doing 1t,
though 1t 1s often done from 5 to 8 days
after the mitial dressing As in the first
dressing the work 1s done 1n the operating
room under hght general anesthesia, with
all usual sterile precautions If there 15 a
coating of serum on and about the wounds,
this 1s washed off with soap (or a detergent)
and water Any new bhisters are trimmed off,
and any slough present 1s carefully pal-
pated (with a sterile glove, of course) to
sec if there 15 any pus beneath it The
wound edges are exanmined for cellulitis, and
an attempt 15 made to move passively any
jomts which have been included in the
dressing If there was any doubt as to the
depth of the burn n various areas at the
mitial dressing, usually the answer will be
evident at the second dressing Often a de-
cision can be made at this time as to when
the slough <hould be excised, and whether
it should be done stages or all at one
tume Tactors mfluencing the decision are
the general condition and the age of the
patient and the size and the location of the
areas to be exased Tn general, the slough
15 only a necrotic culture medwm which 15
delaymng grafting, and 1t 1s best to get 1t

off as rapidly as the patient’s condition wilj
tolerate If the burn is of moderate size
often 1t can be completely excised at ths
time, 1 more extensive burns it may be
wise to débride one extremity at each dress-
ing (preferably under tourmiquet), or some
similiarly staged plan In very extensive
burns 1t may be necessary to wait a few
more days until there has been some spon-
taneous loosening of the slough, so that re-
moval can be accomplished with less blood
loss, even here, 1t is not necessary to wait
for complete spontaneous separation

If the burn, or some part of 1t, 1s to be
débrided, usually a blood transfusion 1s
started If débridement 1s to be done on a
large part of an extremity, a pneumatic
tourniquet 1s applied as lmgh as possible
This 1s done by elevating the extremity to
the vertical position, placing a folded sterile
towel around the upper portion, applying
the pneumatic tourniquet over this, covering
the latter with a folded sterile towel clipped
n place, squeezing blood out of the extrem-
1ty by wrapping a gauze roll tightly from
the distal end to the tourmiquet, and then
inflating the tourniquet

On long flat surfaces, the slough 1s sheed
off in wide long sheets with a graft kmfe,
staymg 1n the level of the junction of the
dermis with the subcutaneous tissue On
some irregular areas, such as the hands, the
face and the feet, ordinary scalpel dissec-
tion 1s used As the slough 1s removed,
cloudy fluid usually drams off , this may be
partly serous or lymphatic exudate, or
partly liquefied fat However, fat is not ex-
cised, unless 1t 1s definitely necrotic

In areas where a tourmquet cannot be
used, active surgical assistants can prevent
much of the blood loss by commg mn right
behind the knife with weak adrenahn com-
presses (1/5,000 on gauze flats) and mahing
firm pressure As soon as a moderate afea
has been débrided, larger pads are applied
over this, or a gauze roll 1s wrapped around
where possible, in any event, cutting s
stopped, and firm pressure is made until
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hemostasls 1s obtained Then the débride
ment {s resumed

The patient’s general condition s cheched
frequently, and the cutting is stopped be
fore he shows evidences of going into shock
These patients may have had considerable
shock immediately after the burn and do
not stand repeated eplsodes of shock well
Enough débnding for one sitting can usu
ally be done In 10 to 20 minutes of expech
tious work, and it should rarely be prolonged
over 30 minutes With the above precau
tions it is generally possible to get the
slough off early 1n the pastburn phase
without setting the patient’s general conds
tion back too much This 18 one situation
where 1t 1s well worthwhile to trade 1 or 2
units of blood for 1 or 2 weeks of time a
few weeks can seem like an infinity to a
patient mith a raw or necrotic burn and he
probably would deteriorate further in this
time

The second dressing is applied in the same
manner as before with pressure and with
fine mesh gauze next to the wounds How
ever one may elect to use a wet dressing
(rather than ointment) if the slough has
Jjust been excised if there is cellulitis of the
wound edges or if it is thought that it will
hasten separation of the slough without
making the patient too miserable In apply
ing a wet dressing a roll of dry fine-mesh
gauze 1s sonked in saline (or a mild anti
septic solutfon such as 1 5000 aqueous
Zephiran  chloride) and wrapped loosely
around the wounds until they are covered
with one or two thicknesses A single layer
of wet gauze flats is then applied followed
by Carrel irrigation tubes and the uwsual
dressing  The irrigation tubes are omitted
sometimes and several thicknesses of wet
gauze flats are used with the dressing cov
ered with some waterproof material to de
crease evaporation.

Subsequent dressings are done every 2
or 3 days in the operating room under gen
eral anesthesia A combination of intrave
nous Pentothal Sodium and mask pitrous

oxide seems to be the most satisfactory on
our service, with the patient s awakening as
the dressing 1s being completed and being
ready to eat the next meal Trchlorethyl
ene (Trilene) can also be used

If wet to-dry dressings have been used
it may be necessary to soak loose gently the
layer of fine mesh gauze next to the wound
Grease gauze dressings usually come loose
quite easlly and with little bleeding

In an area that has been débrided satis-
factorily at the last dressing the appear
ance of the wound surface on close observa
tion may be that of healthy, glistening
yellow fat If the observer steps back a few
paces, the surface has a pinkish color due
to the fine skein of new granulations over
the surface This is an Ideal bed on which
to apply shin grafts, and there is nothing to
be gained by walting If the patient’s gen
eral condition I3 good, split skin grafts are
cut n as large sheets as possible, applied
and “snubbed-on with the new dressing
If the patient s general condition is precari
ous homografts may be applied in the same
manner

If an area débrided a few days before has
spots or sheets of dull, brownish yellow fat
(sometimes almost leopardlike in appear
ance), these are sliced off, and grafting 18
postponed Areas of dead fascia, tendon
or other necrotic tissue are excised similarly

In Instances where the débridement is
staged one may be grafting one ares and
débriding another at the same operation Tn
this connection 1t must be remembered that
graft-cutting causes some blood lass and
postoperative cozing of serum from the
donor area

Areas that are clean and are to be grafted
at this operation are washed off with plain
saline and not with soap containing hexa
chlorophene This latter substance plus
cther may be used on the surrounding skin
on any remaining burns not to be débrided
at this time and to cleanse the donor skin
before cutting grafts

In reapplying dressings, wet dressings are
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tage early, but 1s a disadvantage later with
new epithelium from the edges or with
young skin grafts). Fairly satisfactory omnt-
ments include 4 per cent xeroform, or 5 per
cent scarlet red, in petrolatum

When sufficient pressure 1s applied to the
upper portion of an extremty, any exposed
distal portion 1s apt to swell, so that it 1s
best to mclude 1t 1n the pressure dressing
(leaving the tips of fingers and toes out, if
possible, so that circulation can be ob-
served) The bulky pressure dressing is in
itself sufficient sphinting 1n most instances,
though wooden or metal splints may be -
corporated 1f desired (especially in position-
mg hands)

The second dressing 1s done whenever
the first dressing becomes dirty or loose, or
when 1t 1s thought that the patient’s com-
fort can be increased by doing 1t There 1s
no established time interval for doing 1t,
though 1t 1s often done from 5 to 8 days
after the initial dressing As 1in the first
dressing, the work 1s done 1n the operating
room under light general anesthesia, with
all usual sterile precautions If there 1s a
coating of serum on and about the wounds,
this 1s washed off with soap (or a detergent)
and water Any new blisters are trimmed off,
and any slough present 1s carefully pal-
pated (with a sterile glove, of course) to
see 1f there 1s any pus beneath 1t The
wound edges are examined for cellulitis, and
an attempt 1s made to move passively any
joints which have been included in the
dressing If there was any doubt as to the
depth of the burn in various areas at the
mitial dressing, usually the answer will be
evident at the second dressing Often a de-
cision can be made at this time as to when
the slough should be excised, and whether
it should be done m stages or all at one
time Factors imfluencing the decision are
the general condition and the age of the
patient, and the size and the location of the
areas to be eacised In general, the slough
1s only a necrotic culture medium which 1s
delaying grafting, and 1t 1s best to get 1t

off as rapidly as the patient’s condition wil)
tolerate If the burn is of moderate size,
often 1t can be completely excised at this
time, in more extensive burns it may be
wise to débride one extremity at each dress-
ing (preferably under tourniquet), or some
simiharly staged plan In very eitensive
burns 1t may be necessary to wait a few
more days until there has been some spon-
taneous loosening of the slough, so that re-
moval can be accomphshed with less blood
loss, even here, 1t 1s not necessary to wait
for complete spontaneous separation

If the burn, or some part of 1it, 15 to be
débrided, usually a blood transfusion 1s
started If débridement is to be done on a
Jarge part of an extremity, a pneumatic
tourniquet 1s apphed as high as possible
This 1s done by elevating the extremity to
the vertical position, placing a folded sterile
towel around the upper portion, applying
the pneumatic tourniquet over this, covering
the latter with a folded sterile towel clipped
m place, squeezing blood out of the extrem-
ity by wrapping a gauze roll tightly from
the distal end to the tourniquet, and then
inflating the tournmiquet

On long flat surfaces, the slough 1s shced
off in wide long sheets with a graft knife,
staying 1n the level of the junction of the
dermis with the subcutaneous tissue. On
some 1rregular areas, such as the hands, the
face and the feet, ordinary scalpel dissec-
tion 1s used As the slough is removed,
cloudy fluid usually drains off ; this may be
partly serous or lymphatic exudate, or
partly liquefied fat However, fat 1s not ex-
cised, unless 1t 1s definitely necrotic

In areas where a tourmquet cannot be
used, active surgical assistants can prevent
much of the blood loss by coming n right
behind the knife with weak adrenalin com-
presses (1/5,000 on gauze flats) and making
firm pressure As soon as a moderate area
has been débrided, larger pads are apphied
over this, or a gauze roll 1s wrapped around
where possible, m any event, cutting 15
stopped, and firm pressure 1s made until



Ocelunve Pressure Dressings 25

hemostasis is obtained Then the débride-
ment js resumed

The patlent s general condition 1s checked
frequently, and the cutting 1s stopped be
fore he shows evidences of going into shock
These patlents may have had considerable
shoch immediately after the burn and do
not stand repeated episodes of shock well
Enough débriding for one sitting can usu
ally be done in 10 to 20 minutes of expedi
tious work, and it should rarely be prolonged
over 30 minutes With the above precau
tions It is generally possible to get the
slough off early in the postburn phase
without setting the patient s general condi
tion back too much. This is one situation
where it Is well worthwhile to trade 1 or 2
units of blood for 1 or 2 weeks of time a
few weeks can seem ke an infinity to a
patlent with a raw or necrotic burn and he
probably would deterjorate further in this
time.

‘The second dressing is applied 1n the same
manner as before with pressure and with
fine mesh gauze next to the wounds How
ever one may elect to use a wet dressing
(rather than olntment) if the slough has
just been excised 1f there is cellulitis of the
wound edges or 1if it is thought that it will
hasten separation of the slough without
mahing the patient too miserable In apply
ing & wet dressing a roll of dry fine mesh
gauze 1s soahed in saline (or a mild ant1
septic solution such as 1 5,000 aqueous
“Zephiran” chloride) and wrapped loosels
around the wounds until they are covered
with one or two thicknesses A single layer
of wet gauze flats is then applied followed
by Carrel irrigation tubes and the usual
dressing The irrigation tubes are omitted
sometimes and several thichnesses of wet
gauze flats are used with the dressing cov
ered with some waterproof material to de
crease evaporation.

Subsequent dressings are done every 2
or 3 days in the operating room under gen
eral anesthesia. A combination of intrave
nous Pentothal Sedium and mask nitrous

onde seems to be the most satisfactory on
our service with the patient s awakening as
the dressing s being completed and bewng
ready to eat the next meal Trichlorethyl
ene {Trilene) can also be used

If wet to-dry dressings have been used
1t may be necessary to soah loose gently the
layer of fine mesh gauze next to the wound
Grease gnuze dressings usually come loose
quite easily and with little bleeding

In an area that has been débrided satis-
factorily at the last dressing the appear
-ance of the wound surface on close observa
tion may De that of healthy glistening
yellow fat If the observer steps back a few
paces, the surface has a pinkish color, due
to the fine sheln of new granulations over
the sucface This is an 1deal bed on which
to apply skin graits, and there is nothing to
be gained by waiting If the patients gen
eral condition 1s good, split skin grafts are
cut n as large sheets as possible, applied
and ‘snubbed-on  with the new dressing
If the patlent’s general cond:tion is precari
ous homografts may be applied in the same
manner

If an area débrided a few days before has
spots or sheets of dull, brownish yellow fat
(sometimes almost leopardiile in appear
ance) these are sliced off and grafting is
postponed  Arens of dead fascia, tendon
or other necrotic tissue are excised similarly

In instances where the débridement 1s
staged one may be grafting one area and
débnding another at the same operation In
this connection it must be remembered that
graft-cutting causes some blood loss and
postoperative oozing of serum from the
donor aren.

Areas that are clean and are to be grafted
at this operation are washed off with plain
saline and not with seap containing hexa
chlorophene This latter substance plus
ether may be used on the surrounding skin
on any remalning burns not to be débrided
at this time, and to cleanse the donor skin
before cutting grafts

In reapplying dressings, wet dressings are
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usually employed over any newly débrided
areas, and fine-mesh grease gauze over
grafts or any other areas The same bulky,
occlusive, splinting, pressure dressings are
used until healing has occurred and grafts
are reasonably solid

Superficial burns are dressed and cared
for in much the same manner, except that
cutting débridement, of course, 1s not done

The occasional appearance of the charac-
teristic foul-sweet-smelling, green discharge
associated with Bacillus pyocyaneus 1s dis-
couraging, as 1t 1s very destructive to young
epithelium or grafts, even though it seldom
produces much constitutional reaction It 1s
combated best by frequent and liberal soap-
and-water cleansing with occasional applica-
tion of 10 per cent Mercurochrome, 5 per
cent gentian violet or other dye antiseptics
Acetic acid has not helped much in our
experlence

Dressings should be changed as frequently
as necessary to keep the wounds clean and
to keep infection down A bath of pus over
young epithehal 1slands will destroy them
and will convert a superficial burn into a
deep burn Once such an infection is estab-
lished, 1t 1s much more difficult to eradicate
than to prevent 1t n the first place The key-
note of local treatment 1s to keep these
wounds clean and to keep them covered

Areas m which there has not been full-
thickness loss usually will be healed 1n from
1 to 2 weeks under this regimen but can be
kept covered with a little cold cream and a
protective dressing for a short time after
that

Facial and genital burns are always
somewhat of a problem In severe burns of
the whole face, the entire head can be
wrapped 1n a firm pressure dressing with
omntment gauze next to the shin after the
imtial débrnidement, leaving small holes for
the nostrils and the mouth (Fig 22) If
there 1s any conjunctivitis the eyes can be
irngated with boric-acid solution, and a
mild omtment can be mnstilled Anesthetics
should be used in the eyes rarely and cau-

tiously This initial dressing can be left in
place 3 or 4 days and will do much to Keep
down swelling 1n eyelids and other loose tis-
sues If the burns seem to be deep (when
the mitial dressing is removed), another
dressing of the same type 1s apphed after
washing the face and irrigating the eves
When the burns are superficial, a second
full dressing may be omutted, and the areas
are just covered with strips of fine-mesh
grease gauze These should be changed about
every 4 hours, and at that time any crusts
or old omtment removed by using pledgets
of cotton and fresh omtment Less severe
facial burns and gemtal burns can be cared
for 1n this latter manner without using any
mitial pressure dressing In burns of the
buttocks the patient can lie on a large pad
covered with several layers of greased gauze
which 1s changed frequently, with extra
cleansing after each bowel movement Fre-
quent tubbings or sitz-baths are most help-
ful 1n the care of burns in the genitorectal
area

Prevention of the destruction of any re-
maming deep glandular epithelium 15 one
of the principal objects of the method, and
every attempt should be made to prevent
such mjury which may be caused by me-
chanical trauma, strong chemicals or infec-
tion Occasionally, areas of apparently ob-
vious full-thickness loss will contain enough
of this deep epithelium to give rapid and
stable healing This occurs most often in
adults on the back, the sides of the chest
wall, the scalp and in the beard area of men
For this reason, any cutting débridement
should be postponed longer than usual in
these areas

COAGULATING OR “TANNING”
METHODS

At one time some observers believed that
touic split-protein products were absorbed
from burned skin, producing a general tox-
emia, and that 1t was therefore desirable to
coagulate or “tan” the burned area to pre-
vent this absorption Various protemn pre-
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Fio & {Left) Falrly clean and dry tannic membrane with patient comfortable
(Right) Same membrane 8 days later with dirty pus discharging from crachs and
patient not very comfortable,

cpltants were used, including ferric chlo-
ride pleric acld, alcohol aluminum acetate
silver salts mercuric chloride varlous dyes
and such crude products as tea ink, takto-
cut cutch extract, etc However tannic acld
(introduced by Davidson in 1925) with or
without silver nitrate (populanized by
Bettman) was by far the most popular of
these coagulating agents

Experimental work on burns and on split
graft donor sites showed that tannic acld
definitely delayed wound healing (Figs
12 13) However the death Lnell to tannic
acid treatment was sounded by Wells,
Humphrey and Coll (1942) when they
showed that tannic acld applied to burns
could and did produce liver necrosis and
this was subsequently confirmed by others
1t is now Lnown that this central liver ne

crosis which was an ordinary postmortem
finding in severe burns, was almost always
due to tannic acad absorption rather than
to the burn

The tannic acld treatment of burns can
now be viewed as an interesting historical
method but 1t has no place In present-day
therapy nor does there seem to be anv rea
son to resurrect any of the other coagulants
(Figs 8 to 11)

OPEN AIR TREATMENT

The open-air or exposure (no dressings)
treatment of burns was used on most burns
from the beginning of time until the latter
part of the last century, then intermittently
on a large number of burns until shortly
before World War 11 After about 10 Years
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m the discard, 1t has been resurrected with
some modifications, and has found several
enthusiastic advocates A B Wallace, of
Scotland, and Truman Blocker, m this
country, along with several other good
workers, have done much to study 1t, modify
it and revive 1t Inasmuch as each worker 1s
experimenting with his own modifications,

the method varies considerably m different
places at various times Perhaps 1t should
be thought of 1n the plural, as methods, with
the “no dressing” factor beng the only one
common to all

The general idea 1s to expose the burn
continuously to the air, so that any exudate
or transudate from the surface will coagu-

Fic 9 (Top)
Burned child first
seen on 4th day
after tanmng, with
high fever, marked
sepsis and anemia
Several boggy areas
in membrane and
pus draming from
some cracks (Bot-
tom) Appearance 1
month later, follow-
ing chemotherapy,
transfusions, surgi-
cal removal of part
of membrane and
daily removal of re-
mander of it 1n sa-
Itne baths Patient
1s now ready for
grafting with bright-
red, fine granula-
tions
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Fio 10 Same patlent as in Figure 9 Complete coverage of all raw areas and
complete release of both awllae and neck by total of 3 split-grafting operations.
The back was used as 2 donor area.

late This together with the burn-coagulated
slan in the deep areas will form a mem
brane Some of the advocntes of the method
feel that this membrane Is a Larrier to the
entrance of outside bacteria and to the
escope of body fluids. Other advantages
which have been stated are that the method
requires less care from physicians and less
materials o that {t would be more applica
ble in the case of massive disasters

Some of the leading workers with this

method feel that the advantages are negated
if the membrane has any contact with
clothes or bedding This may macerate the
membrane in which case it 1s no longer a
barrier but becomes food for bacteria. Thus
circular burns of the extremities are often
put up in traction for elevation and con
tinuous exposure. Crucifix splints have heen
used for some noncircular burns of the
upper extremities. Vany feel that the
method should not be used for
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Fre 11 Later views of patient in Figures 9 and 10 after placing an elliptical
full-thickness graft across the top of the neck to restore completely the normal

angle between the neck and the jaw

Fic 12 Comparison of fine-mesh grease gauze and tannic membrane as dressing
for surgically clean partial-thickness loss of shin (thick spht-graft donor areas)
Patient shown after 2 weeks with left thigh donor area entirely healed and without
dressings (treated with fine-mesh grease gauze) Tanned donor area on the nght
thigh is clean and dry, but the membrane has not separated One edge of the mem-
brane subsequently became infected, and the right thigh required 2 more weeks to
attamn the same appearance as the left Both donor areas were white when first
healed (as usual in Negroes), but there was subsequent pigmentation

burns of the trunk, as it 1s almost impossible
to expose them continuously Some advo-
cates believe that this method should never
be used for hands or feet N ost workers

state that the method should be discontinued
as soon as the membrane begins to disinte-
grate, or surgical removal 1s hegun—that
the method is not good for granulating



Open-Air Tresiment 3

Fic 13 Healing under tennic membranes, (A,B,C) Blopsies of tanned donor
ares of patlent In Figure 12 (A) Third day with no surface epithellum (B) sixth
day with no suclace epithelium, but apparently activity in remnant of follicle epl
thellum, (C) ninth day with thin surface coverage of poorly differentiated epf-

thelnm, (Com
day New epl

with Fig 40} (D) Tanned superficial burn biopsded on ninth
um begiuning to differentiate into Iayers and to form rete pegs.

Most of the dermal structures were not destroyed In this burn

wounds However, Wallace states that he
has used 1t on occaston right on through the
grafting perfod

Since exposure is not recommended gen
erally for granulating or grafting periods
and there are a number of limitations dur
Ing the Initial perlod most advocates feel
that it does not have universal appheation
For instance one observer who visited a
leading service which uses this methad ce
ported that out of 11 burned patients on
the service § had large dressings on—be
cause they were in the granulating or graft
ing phases or were unsuitable for initiat
exposure

Some exposure centers have kept their

patients in fndividual rooms in “burn divi
sions' or In isolated cublcles in “bumn
wards” with elsborate provisions to prevent
infections These bave Included sterile bed
linens wearing of stetile gowns caps, masks
and gloves by all m attendance, cleansing of
floors with antiseptic solutions, uitraviolet
sterflization or filtration of wr, specially
trained nurses the blowing of penlicillin or
ather antisentic powders on the wounds, efc.
Others have kept therr patlents an open
wards with none of these special precautions
but have applied small dressiogs ever any
eracks which appear in the membranes
Blocker has reported that he exases the
membrane on abomt the 17th day, and
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Wallace on the 16th day Then the areas of
deep burn are grafted in the usual manner

As with other methods, exposure treat-
ment may be subject to misunderstandings
or abuse Instances have occurred of super-
ficial burns of a part of one extremity, where
the patient has been Lept in bed n traction
for a long time waiting for the membrane
to fall off, such burns could have been

[

Fic

face Shown on fifth day with deep

treated more comfortably and economically
with a pressure dressing on an ambulatory
basis, of course Other instances have been
seen where indescribable and irreparable
hand deformities have occurred from pro-
longed exposure treatment

Some of the worst cases seen have been
circular burns 1 patients who have been
put 1 bed naked with a sheet-covered frame

JEPNPIE SO S OO TR

14 Necessity of dramage of deep burns (A) Deep clectrical burn
of hand treated elsewhere with proprietary oily solution apphed on sur-

pus i palm celluhitis of forearm, and

al of coagulated
hand sealed with coagulated shin (B) Shown after remova ’
<hin. and drainage Tendons and boncs m thumb and ndex finger were

burned

Fever and cellulitts subsided promptly after removal of charred

shin, dramnage and wet dressmgs up to clhow
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Fro 15 Same pa
tient as in Figure 14
(A) Clean granulat
Ing surface ready for
grafting 18 days
after débridement
Grafts carned over
small exposed areas
of necrotic bone on
thumb Amputation
of mnecrotlc portion
of index finger Late
separation of small
chips of bone from
thumb (B, C) Final
result with best func
ton obtainable under
the circumstances,

over them and then largely neglected or
forgotten In theee the under part of the
membrane macerates other parts crack
ard the picture is that of a feverish emaa
ated patient lying in a pool of pus with ac

companying stench (and sometimes flies)
The authors recall seeing a “burn division
of these patients 20 years ago in a govern
mental hospital, where the chief reason for
{solating the division was to get this mess
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where 1t would not be seen or smelled It 1s
a sad experience to see this situation recur
in even one patient today.

These poorly handled cases are not a valid
criicism however, of a carefully planned
and executed exposure regimen The lead-
ing advocates of the eaposure treatment
today are excellent surgeons who are en-
thusiastic and capable workers Their cases
have been kept clean and comfortable and
have been grafted early Practically every-
one who has seen their patients has been
mmpressed by the excellence of the care and
the final results obtained

If there 1s any worthwhile criticism of the
open-air method, 1t might be its appeal to
the lazy and unversed, to those who are dis-
interested i burns but would not mind ac-
cepting the care of an occasional burned
patient 1f 1t does not entail any personal
labor In such hands 1t 1s easy for 1t to
become the “open treatment of neglect ”

Certamnly there 1s more than one good
method of treating burns Within the im-
tations proscribed by its advocates, and
when properly carmed out, the exposure
treatment seems to produce very good re-
sults 1n properly selected cases However,
early surgical débridement and occlusive
pressure dressings seem to have more uni-
versal application for deep burns, and for
many other reasons, this method 15 the one
used on our own service

REMOVAL OF THE SLOUGH

In deep burns the separation of the
slough delays the repair of the wound by
skin grafting more than any other one fac-
tor This has long been recogmzed, and
everyone working n this field soon tries to
devise methods for getting 1t off the wounds
more quickly Thin-skinned areas (as on
the forearm or on children) will usually
separate faster than thick-shinned areas (as
the adult back) Large sheets. for some rea-
«on, often separate quicher than small, deep
areas (as in electrical burns)

Much experimental work has been done,
and this 1s continuing, to try to develop
some nonmechanical method of getting the
slough off of burn wounds Pepsin, figsm,
trypsin, papain various bacterial enzymes
and other substances have been used to iry
to digest the slough off. Various alkalne
preparations have been used to soften the
slough, and numerous weak organic acids
have been used to shrimk it and thereby
loosen its attachment to the underlying base
In our hands, these methods up to the pres-
ent have seemed too slow and uncertain—
perhaps too much like cutting a dog's tail
off an inch at a time

The factor that prolongs illness the most
n deeply burned patients 15 this slough and,
on our service, the best remedy for this has
been early knife excision—as described
earlier 1n this chapter and in Chapter §
This one 1tem has done as much, or more,
than anything else to shorten the period of
illness and hospitalization 1 these deep
burns, and to permit skin grafting before
excessive debilitation has occurred

In an occasional critically 1ll patient,
kmife excision may not be feasible Even
here, 1t 1s not necessary to wait for spon-
taneous dissolution of every single fiber at-
taching 1t, but after 10 days or so, a plane
can be developed under the slough by alter-
nate spreading and dissecting with scissors,
so that 1t can be removed in sheets with
practically no blood loss

The bed obtamed immediately after re-
moval of the slough 15 seldom satisfactory
for immediate grafting (unless the excision
has been quite deep) Grafts will grow in
some cases, but in others there will he
enough loss 1o necessitate secondary graft-
ing later within the same area Tt s there-
fore better, as a routine, to apply wet or
wet-to-dry dressings for 2 or 3 days until
granulations have begun to grow, and then
go ahead with the grafting This will shorten
the course more and obtan a hetter final
result, in the greatest number of patints
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Taueniate Excrton or Buens
AND SEIN GRAFTING

At first thought, immediate excislon of
burns and grafting would seem to be the
ideal solution This has been suggested by
Wilms (1901), Murat Wilhs (1924) Wells
(1929) Young (1942) Cope et al (1947)
and others Actually, {ts apphcation is quite
limted, though there is a defimte place
for 1t

The first problem Is in judging the correct
depth of the burn in all of Its portions This
18 fauly obvious mm some burns but is not
in many others, especiolly i the observer
has watched a large number of burns
throughout their healing perfod Even if it
s definite that the full thickness of the shin
hus been burned through 1t mav not be clear
exactly how much of the subcutaneous tis-
sue is damaged beyond recovery Small
buras in fat areas, such as the buttocks the
thighs or the abdominal wall, can be treated
in this manner as 1t 18 always possible to
excise the burns and then cut out a lttle
more fat until one 13 sure that a viable bed
is present before applying the graft This is
especially applicable mn small deep burns

from molten metals or electnaty Thin
areas such as the dorsum of the hand the
nose the eyelids, etc., allow so little work
1ng margin that one should be very cautious
about undertaking this procedure in these
areas

The advice to solve this problem by ex
clsing all questionable areas and grafting
them 18 not good It may be good from the
standpoint of economy, or of an overbusy
surgeon, but it 15 not good from the stand
point of the patient, as grafted skin s sel
dom as good as superficlally burned skin
that has regenerated satisfactorily

Large burns should not be treated by thls
method, as the mortality figures will show
if it 18 permisted in The patient must be
able to withstand his onginal burn shock,
plus the shock of denuding another area at
least as large, plus the shoch ncident to
further blood letting from the burn and the
donor area, plus the long anesthetic neces-
sary

Early excision and grafting, as described
in the next chapter has proved to be a much
better procedure for most deep burns of
small and moderate size
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Early Excision and Grafting
of Some Deep Burns

Many deep burns which are not too large cleansing care and fine mesh grease gauze
can be grafted within a few days after occur- pressure dressings Massive deep burns pre-
rence. and the patients can be back at their sent serious problems in each case, tend to
normal routine within 30 days after the congregate in plastic surgical centers, but
accident (Plate 3, Figs 16-18) constitute a small mmority of all burns

Superficial burns, however widespread, Numerically, a major problem 1s that of the
will heal within 1 to 2 weeks under gentle best care for the large number of small and
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Fic 16 Hot-water scald of both
thighs, exciced 1 week after burn,
(Lefty Appearance 2 days after o
cision, immediately before grafting e
(Right) Patient 15 at home, walking, M\ﬁ{if} K AR
healed 30 days after burn .

~
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Early excision and grafting (Left) Appearunce 3 days after bum,
with deep areas on thigh elbow and hand demarcated. These were
excised at this time and grafted 2 days later (Right) Completely
healed and back in school 21 days after the burm

Typical appearance of bright red fine, firm granula
tions which denote that a wound {s ready for grafting
(See Fig 315)
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Fro 17 (Left)
Gasoline burn of leg
first seen after 1
week excislon of
burn next day (Cen
ter) Before split
grafting 2 days later
(Right) Back 1n
school and walking
1 month after burn

moderate-sized deep burns that occur so
frequently

SMIALL DEEP BURNS

Some of these, especially small circum
scribed electrical and molten metal burns
are sultable for immediate excision and
grafting

However a large number of scalds flash
burns and fire burns are not As noted be

~ 3
\)\l}rh\\r

i

fore 1t Is sometimes difficult or mpossible
to judge correctly the depth of the burn in
all of its parts—exactly where the tissue
will recover where it will go on to necrosis
and how deep this necrosls will be Often
there may be farly widespread superficial
burns contamung & few small areas of deep
burn with indeterminate margms

In these instances 1t 13 usually best to
cleanse the burned area and wrap it up n

IS
y 2
¥

T

F1o 18 Fire burn of leg (Lcft) First seen 1 week later Excised and grafted after
2 more days (Right) Appearance 30 days after burn
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Deep Burns

a fine mesh grease gauze pressure dressing
for 2 or 3 days If the total area of all the
burn 15 small, it may be best to do this on
an outpatient basis, but burns of moderate
size are admitted to the hospital If there
15 a significant area of accompanying super-
fictial burn, the patient may need observa-
tion or treatment for the possible develop-
ment of shock In either event, it may also
be worthwhile to Leep the patient on sys-
temic antibiotics for a few days

In 2 or 3 days the exact depth of the
burn mm all areas will usually be evident,
and the patient will have recovered from
any shock At this time the dressing is
opened for inspection, and 1f there are deep
areas sufficient to require grafting, he may
be taken to the operating room that day or
the next, and the slough excised under gen-
eral anesthesia After 2 or 3 days of wet or
wet-to-dry dressings, these areas are ordi-
narily ready to graft

Many of these patients can be discharged
from the hospital a few days after grafting,
and the dressings and the remaining care
are done on an office, home, or outpatient
basis Most of these patients will be healed,
without dressings and back at work or in
school (many are children) within 30 days

Since these burns can be cured most
quickly, economically and with the best
final result by the early and shillful use of
the knife, there seems to be no advantage
in procrastinating or using less effective
methods of treatment,

Instances have been seen where these
burns have been dragzed out with various
medical treatments with great prolongation
of pain and disabihity, and decimation of
the family’s financial resources Tt is hoped
that these all belong to the past, as such a
procedure is difficult to justify at the present
uime

MEDIUM-SIZED DELP BURNS

Practically ali of these will require imme-
diate howpitahization and abservation for

the possible development of shock THow-
ever, they are cleaned and dressed as soon
as possible, in the operating room under
light general anesthesia A few days later
when the deeply burned areas are definitely
demarcated_the burn slough 1s exaised Twa
or 3 days later, they are dressed agmn in
the operating room If the base is clean and
pinhish grafting 1s done, 1f there are a fow
scattered small patches of deep necrotic tis-
sue, they arc excised, and grafting is done
if there 1s a considerable amount of decp
necrotic tissue present re-excision 1s done,
and dressings are apphed for a few more
days before grafting

By keepmng the blood chemistry levels,
hemoglobin and blood volume up. trans-
fusing during operations and minimizing
blood loss from recipient and donor areas at
operation, 1t 1s usually possible to excise all
of the slough at one operation and graft
all the raw areas at the second operation
This presupposes that the operative work
will be done as directly as possible with a
minimum of waste motion and time How-
ever, 1t will be necessary to stage either the
excision or the grafting on a few patients
Tn most nstances, however, 1t will be pos-
sible to get the patient healed with grafts
and out of the hospital 1n 3 to 6 weeks, and
without dressings then or shortly thereafter,

This early, defimtive, surgical, method of
taking care of these patients will do much
to eliminate or munimize various comphica-
tions and any secondary work Some of the
things that may be decreased or obviated
include chronic pain and debilitation, ser-
ous eclectrolyte mbalances, hypoprotemn-
emia. anemia, complicating respiratory and
hidney infections, decubitus ulcers, muscle
atrophy, narcotic addiction, stiff joints, in-
vahd mental reaction, physiotherapy and
occupational therapy

All of this 1s subject to the condition that
the surgeon can cut graft and care for the
donor arcas m such a manner that they will
heal promptly and can get complete ¢ tal e
of grafts apphed (cf. Chap, 9)
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Spontaneous Healing of Burns

and Other Open Wounds

In the treatment of all superficial bums
and of deep burns too large for immediate
or early grafting full knowledge of the spon-
taneous healing processes is necessary for
the best care and results

After the acute shock is over m small
or superficial burns there may be a ‘lull
that follows the storm,” but in large, deep
burns the patients may show a steady de-
cline until death or unt:l they are covered
with skin whichever occurs first (Plates 1
and 7 Fig 1)

When a claim 18 made that a chemical
will produce bealing without scarring, ap-
parently the healing processes are not under
stood Rnowledge of these processes seems
to be essential to the rational planning of
care during this period Probably not all the
Important facts are known and those that
have been learned have been accumulated
quite slowly Laboratory animals are not
very simflar to the human in akin and sub-
cutaneous arrangement and it Is thought
that human biopsies have been of the most
direct value Dmly gross observation of
wound henling in a large number of these

patients has been perhaps most instructive
of all,

HEALING OF SUPERFICIAL BURNS

When redness only has been present
durlng the easly days, it s probable that
auly the superficial Jayers of the epidermis
have been destroyed and they are replaced

3%

by the normal constant outgrowth from
bassl layer or stratum germinativam 2
a fen days, the necrotic layers “peel”
and replacement probably will occur v
out any scarving visible even with & ms
fying glass It 1 difficult to see the v
of any strong chemicals in these instar
and 1t is thought that simple bland
ments or lotlons do as much good as
thing

Bhatering may apparently occur wi
the epidermis in the dera, or occasfos
even in large bullae between the derma
the subcutaneous fat Hence, Its pres
may denote anything {rom the most s
ficial type of burn to full thichness la:
skin. Often, when blisters are trimmes
and the surrounding Joose layers are
maoved in sheets, the remaining base al
exactly resembles a fresh donor site
a thick split graft. This base is red dt
with white stumps of hair follicles scatt
throughout Healing zeems to octur
these halr follicles in the same mann:
w donor sites (cf Chap 8) by outgn
and ded:fferentiation of the epithelium
process may require from 1 to 2 weeks
the surface bemng quite red for several w
or months afterward and finally bleac
out The final appearance is similar to
of & donor site If the graft or the burr
denuded only the superficdal part of
derma the final appearance may be ¢
normal  with diffierences in the textur
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Healing of Superficial Burns 41

Fi¢ 20 Superficial burn shown (A) immediately (B) 3 months and (C) 10 months
dressings

later Treated by débridement and

with fine-mesh olntment gauze It is

difficult to see how any strong chemmicals facilitate healing in this type of burn

the skin apparent only with a magnifying
glass However, if most of the derma has
been removed or destroyed the healed area
may be of a lighter color and may present
oo “orange peel surface with apparent en
largement and depression of the hair folll
des (Figs. 19 to 22)

In the Negro if nearly all of the derma
Is removed by cutting a graft or by a burn
the area may heal 1 the usnal manner and
time but may be completely white at first
Pigmentation may occur in the more super
ficial areas dunng the next 4 to 6 weehs but
the deeper areas often remain lighter or even
white permanently This may mean that the
maore superficial cells in the hair follicles are
apable of bLetter dedifferentiation than
those down near the papillae

Thick split graft donor areas seem to be

ideally suited for the study of healing in
this type of burn (Fig 12) The average
donor area will be completely healed in
about 8 or ¢ days :f it is not contaminated
and 1s covered with fine mesh grease gauze
though 1t may be desirable to protect it with
a dressing for a few days longer Such a
donor area beals most quickly If the onginal
dressing is left untouched through this
period The same probably would be true
1 burns of similar depth if one can be
assured of their cleanliness In either case
if most of the derma 1s gone infection may
be devnstating to the remaining deep epi
thelium and convert portions of it into full
thichness loss An infected donor site usu
ally requires about 6 weehs for healing and
may have final patchy areas of searring
Coagulated membranes would <eem {o he
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Healing of Superficial Burns 41

Fio 20 Superficial burn shown (A) immediately (B) 3 months and (C) 10 months
later Treated by débridement and dressings with fine-mesh ointment gauze It is
difficult to see how any strong chemicals facilitate healing in this type of burn.

the skin apparent only with a magnifying
glass However, if most of the derma has
been removed or destroyed the healed area
may be of a lighter color and may present
an orange pee! surface with apparent en
largement and depression of the hair folli
cles (Figs 19 to 22)

In the Negro if nearly all of the derma
is removed by cutting & graft or by a burn
the area may heal in the usual manner and
time but may be completely white at first
Pigmentation may occur in the more super
ficial arens during the next 4 to 6 weeks but
the deeper areas often remain lighter or even
white permanently This may mean that the
more superficial cells in the hair follicles are
capable of better dedifierentiation than
these down near the papillae

Thick split graft donor areas seem ta be

ideally suited for the study of healing in
this type of burn (Fig 12) The average
donor area will be completely healed in
about 8 or 9 days if it is not contamnated
and is covered with fine-mesh grease gauze
though it may be desirable to protect 1t with
a dressing for a few days longer Such a
dornor area heals most quickly if the original
dressing 18 left untouched through this
period The same probably would be true
in burns of similar depth if one can be
assured of their cleanliness In either case
if most of the derma 18 gone infection may
be devastating to the remalning deep epi
thelium and convert portions of It into full
thickness loss An infected donor site usy
ally requires about 6 weeks for healing and
may have final patchy areas of scarring
Coagulated membranes would seem to he
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prrnl

F1c 21 (Left) Widespread superficial burn on face (and arm), the patient was
n the hospital 11 days with open surgical drainage, including soap and water cleans-
g, gentle débridement and fine-mesh grease gauze over the entire area (Right)
Completely healed without deformity or scarring because there had been no full-
thickness loss of skin (Internat Abst Surg 67 105-116)

of very little help 1n these except as a matter
of convenience Tanned donor areas on
thighs may finally heal satisfactonily, but
the crusts do not begin to come off for 2
weeks, and 1t may be 4 weeks or longer be-
fore all are finally healed and the crusts are
all off If the areas of donor sites under
coagulants become nfected, the partial loss
of shin 1s turned into a full-thickness loss,
and grafting of the donor site may be neces-
sary This i1s comparable with the infection
of second-degree burns under coagulants <o
that they are turned into full-thichness loss

Considerable laboratory work has been
done on our service with standard super-
ficial burns 1in mice, to test the effect of
various dressings and chemicals on thewr
heahng 1 he results were approsimately the
same as those obtained i clinical observa-
tion of & large number of nonstandard super-
fical burns 1in human patients, on which

different procedures and chemicals were
tried

The findings indicate the following
(1) Nothing was found that would “stimu-
late” healing or decrease the healing time
Quickest and best healing was obtained
under secure fine-mesh grease gauze pres-
sure dressings, changed whenever dirty The
time was the same for a number of bland
omtments, 1t was 6 to 9 days i humans,
and a day or two less in mice Uniform heal-
ing without scar was the rule Cleanliness
and lack of scabs, crusts, and culture media
on the surface scemed to be important
(2) Healing was delayed under dry coarse
mesh gauze, or when dressings were allowed
to be loose and shpping, or dirty for con-
suderable periods If infection <upervened
areas of full-thickness loss occurred, which
were slowly healed by scar (3) Esposure
treatment without dressings produced excel-
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Fig 22 Total burn of face early cleaning

o

fine-mesh Alerthiclate oilntment gauze and
surgical waste pressure dressing Dressing left

on several days and no further ones necessary
Eartly complete healing

lent healing in most mice and bumans but
often required from 2 to 3 weeks for all of
the membrane to come off Infection devel
oped under the membrane op several occa
sions and in this instance there was wide
spread conversion to a deep burn with slow
bealing by scar (4) Many chemucals which
have been advocated in the past markedly
delayed healing (5) Three new commercial
preparations which have been advised re-
cently were tried on mice with conversion
of superficial burns into deep ones in 14
out of 15 of the animals who survived {over
half the antmals died following this treat
ment)

The above of course furnishes some very
Kood indications for the treatment of super
Banl burns, Before chanming 1t is probable
that new methods should be tried first on
animals, then on small human donar sites

are certain pitfalls in the ammal ex
Penimentation (1) Skin and burns in dif

{7

sl

ferent specles of amumals do not always
react alike nor exactly similar to human
skan and burns (2) The techmc of applying
and keeping decent dressings on ammals {s
difficult Mice have to be isolated individ
ually or they mill tear each others dressings
off and they bave to be kept in glass jars
rather than wire cages or they will rub them
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F1c 23 (Top, Ieft) Typical scar epithehal healing, with no dermal pad to attach
1t to the fibrous tissue beneath (Top, right) Same thing evisting 1n a scar after 20
years This does become “tougher” but retans the same microscopic appearance
(Bottom, lcft) Fresh scar, with red blood cells collected nterstitially, just ready to
detach the surface scar epithelum (Bottom, right) Microscopic appearance of the
frequent gross finding of detachment of scar epithelium by hemorrhage Even shght
trauma may cause a large surface loss from hemorrhage under this poorly attached

epithehum (Ann Surg 115 1166)

off Some larger animals rub them loose or
so1l them badly 1t 1s almost impossible to
even get an abdommnal incision to heal with-
out infection under a dressing i some of
these ammals

HEALING OF DEEP BURNS

If the full thickness of the shin 1s lost
aver a large area, the result 1s a raw surface
or an open wound, regardless of the type of
treatment employed The size of these de-
fects 15 relative for various parts of the

body, a loss on the eyelid or the back of
the hand of only a few square centimeters
may be as cripphing as a very large loss over
the flank or the thighs

Healing must necessarily occur from the
deeper tissues and surrounding shin Gran-
ulations come up from the deeper structures,
fill the wound and eventually lose their vas-
cularity to contract down into a firm, dense
scar In the meantime, if healing occurs,
thin scar epithehum comes out from the
surrounthng shin on all ©xdes and covers the

surface,



Hoaling of Deep Burns

Fic 24 (Left)
Faflure of healmg in
complete circular
full thickness Joss
Edges qulescent no
growth from lower
edge (Center,right)
Complete healing
followng one thick
plit-grait operation
(Ann Surg 115
1166}

[

Scar EprrureLron

Skin 15 2 complex organ and the emthe
llum is the only part of 1t that regenerales
The pad of derma that 13 really important
1w giving bearing protection does not regen
erate, to any noticeable degree and neither
do any of the structures 1 1t such as elastic
tissue, sehaceous or sweat glands The thin
scar epithelium that creeps across a wound
by itself may not be very serviceable as a
bearing surface Tt 1 thin has no papiliae,
no harr follicles no glands and may form
on excessive layer of keratin with nuclear
remnants present far out wmn it The latter
finding may be evidence of a short life cycle
of the cells associated with the continual
wound stimuli of temsion and repeated
trauma This scar epithehum may never be
come very firmly attached to the underlying
fibrous tissue 30 that large areas of it can
be detnched and lost by trivial injuries or
infections (Fig 23)

Palture of healing may occur and 18 seen
most often in circular burns of the extrem
ties and wide-open arens on the scalp In
such extremities there may be httle or no
upward mowth of epithellum from the
lawer skin edge so that the presence of

even a narrow longitudinal stnp of sk
be a big help 1n spontaneous healing
24 and 26) In the scalp it has bee
jectured that the follicles are so far
entiated into hair forming structure
they do not revert to the production
face epithelium so easily as elsewhere
body This s niot true in the face ha
where rapid healing occurs sometime
in full thickness losses presumably
deep haire folhicles that extend clear
mto the subcutaneous tssues (in mer

Individual vanations in the grot
epithelium aside from general nutr
factors are marhed. An occasional |
will heal & wide full thichness loss an
get permanent bearing function Othe
heal rapidly but wmith 80 much dense
fibrous scar that marked deformity
produced (Fig 25) These patient
about the most trouble of repmr of o
thus deep scar may have to be remo
allow normal function Other patient:
not te grow any epithelivm and can
on over long pertods developing mor
and losing more body fluids all the tim
may die

Studies of open wound (ulcer) edge
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followed from the above considerations, and
one of three pictures 1s usually found n
them (Fig 27)

1 There may be no activity apparent at
the edge at all the epithelium simply thin-
ning out and the stratum granulosum ap-
pearing to curve around to meet the basal

layer. as though a permanent condition of
open edge were to be established This might
be taken to illustrate an absence of response
to the wound stimulus of the open area and
usually occurs where there 1s little fibrous
tissue laid down

2. There may be excessive heratosis with

¢ ! caling by extreme contracture of anilla, elbow wnst and thumb (com-
p]c]telfx 31?q1(§zated) (’!.('N) Shown 6 vears after burn, dunng which time the cg)k{
alwavs had had an empty shirtsleeve, and playmates thought that he har} no ]'u';n i nlt
futile attempt had been made (elsewhere) to release this severe deformaty \\;l ) , ;}nc :
grafts from the left thigh (Right) Rough appearance soon after lm‘:\;pnxt-;,,'r‘;lup;_
operations, but complete function of axilla, elbow, wrist and thumb, (McDowell, T,

and Brown, J] B

The surgcal repair of burns, Wiscansin N, )
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epithehal débris piled up along the edges,
indicating that there has been a response to
the wound stimulus exemplified by the short
Iife of the cells, but that they have failed
to go on across the defect and effect a clo-
sure (Figs 28 and 29) This condition has
been chagnosed erroneously as carcinoma by
some pathologists, on the hasis of edge
biopsies, and they have nustakenly advised
amputation for 1t It 1s sometimes known as
“pseudo-epitheliomatous hyperplasia” but
could be called “piled-up ulcer edge”
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Fic 27 Wound edges in unhealed
ulcers (A) Inactive edge from an old
wound showing no tendency to heal
(B) Piling up, but no spread of epi-
thehum laterally from an old ulcer
edge (C) Marked breahing up and
deep extension of epithehum at edge
of an old open wound Possibly re-
lated to onigin of carcinoma in old
ulcers

3 There may be a breaking up of the cells
with apparent mvasion of the deeper fibrous
tissue, and it 1s presumably in this type of
reaction that carcinoma develops, However,
carcmoma develops nfrequently in com-
parison with the numbers of burns that
occur It occurs most often in areas that are
prevented from collapsing, such as the scalp,
or m large, dense fibrous ulcers that are
broken open repeatedly, especially on the
bachs of knees and thighs (Fig 30).

Deep fibrous healing is presumably the

I'ic 28 Hyperkera-
totic edges, unhealed
dfter 17 months, Pa-
tient was in bed for the
entire time and <pent
£1 200 on a =mgle pro.
prietary ointment ad-
vertised for treating
burns Both legs healed
im 2 <plt-graft opera-
urms {Surg, Gynee §
Obst 60 379)
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only mechanism by which defects below the
skin level may finally become closed the
area filling with granulation tissue that
gradually changes to fibrous tissue This
dense tissue tends at times to defeat Its own
purpose by becoming so thick and avascular
that it cannot support its own surface or any
epithelium struggling across it. In some old
leg ulcers calaum may even be laid down
in the scar and resemble sequestra roent

genographically (Thus, of course, may come
from adjacent periosteum ) Failure to re

move this deep scar accounts for many fail

ures of grafts for leg ulcers and other

Left) Complete circular loss shown 17 months after gasoline burn

Fic 29
No took

wounds that have been open for a long time
Because of the thick, deformung dense
fibrous tissue that may go along with rapid
epithelial growth and produce early distor
tion sometimes it Is easier to repair the
patient who makes Dhttle if any epithelial
effort of his own but at least does not go
into every possible hind of deformity

BURNED TENDONS AND BONES

Burned tendons or bone may Leep wounds
open for very long periods unless they are
removed (Fig 15) Dead tendons may he at
the bottom of & wound for months without

place though the patient had spent $3 000 for medicines and

dressings. (Right) One operation for each leg and appearance after [ year

(Surg Gymec. & Obat. 63 331)
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Fic 30 (A) Estensive squamous carcinoma m old burn scar, extending beyond
ulcerated edges shown and down to hamstring muscles (B) Two months after
excision and spht grafting at same operation Graft 1s placed directly on muscle

sheaths but has free motion

£

Fic 31 Burns of the shoulder and the scalp, with dead portion pf the <hull
evposed (a few pinch grafts had been laid on the wounds elsewhere} Shoulder and
scalp were corvered with sphit grafts i one operation, cuttmg & drumage hole
through the graft over the hone The dead segment of the external table was pried

out with a4 periosteal elevator three weeks later, and a small <plit graft w

as lad on

the granulations after they appeared The final result 3o shown at the right, thi

arca has remamed healed for 4 years,
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Fio 37 Circular burn of the leg from the knee to the ankle with the dead por

tion of the tiba
edges of the dead

The entire area was covered in one operation up to the
ne Involved bone (which consisted of anterior cortex) was

pried out with perlosteal elevator a few weehs later, and another small sphit graft
was applied over this area as soon as sufficient granulations were present

any granulations covering them or may be

come partially covered to form a persistent
deep sinus. They should be excised as scon
as It 15 definitely established that they are
not viable The bones most commonly in

volved are the superficial ones, including
those of the hands and the feet the tibla
and the skull (Figs. 31 to 33) Grafting need
not be delayed for montha while walting for
spontaneous separation If the exposed por

tions are small, the graits can be put on over
or around them to heal oll surrounding
areas When the exposed dead bone 1s con

siderable, a preliminary operation can be
done to remove it with gouges and chisels.
The llne of separation is usually definite
but in case of doubt it may be better to err
on the conservative mde Care should be
taken not to elevate any of the surrounding
periosteum In the skull usually the outer
table only is destroyed If it does not show
any evidence of separation after a reason

able period multiple drill holes may be put
just through the outer table and after gran

ulations have come up through them the
intervening fragments can be carefully pried
foose However, this s not devoid of danger
and in spite of seeming to be a simple pro-
cedure should be undertaken only with the
maost careful consideration If the inner
table 1s also dead it should be removed
carefully (often in conjunction with a nen

rosurgeon) to avoid any tears in the dura,
temporary coverage with a split graft may
or may not be used Lut final covernge prob

g

gl f
J
- 1"

3
' w
Fig 33 Final result in the patient
shown In Figure 32 The patient re

turned to work in a railroad switch-
yurd

~

[
R
kN

ably will hac to be provided by rotating in
a local flap Bone grafting may be done
scvernl months later when necessan (Figs.
267 268)
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Preparation

of Wounds

for Skin Grafting

BURNS

The preparation of deeply burned areas
for shin grafting is a continuation of the
early care

The general care 1s of primary impor-
tance and includes the exercise of patience
and gentleness and mnterest in the patient’s
welfare by all who come 1 contact with
mm The patient should be kept free from
pain and from objectionable restramnts, sed-
atives should be used carefully, and an
interest in surroundings should be devel-
oped, especially when patients are children

A firmness of purpose should be main-
tamed that will tend to keep morale on the
highest possible level Nutrition must be
sustained, and frequent transfusions may be
requred  Repeated plasma-protemn  and
hemoglobin determinations are necessary to
determine the need of transfusions, and an
effort 15 made to supply much more than the
mamum vitamin requirements  High ca-
loric and Ingh protemn diets are useful 1f
they are prepared 1 an appetizing manner
o that the patient will eat the food, and
supplementary between-meal feedings may
be provided The patient should be cheched
chnically and by laboratory determinanions
in regard to his clectrolyte levels, as often
as is necessary, and appropriate therapy
<hould be instituted

The local care of the open wotinds has
for i< object the cleaning up of the areas
as quickly as posaible and obtawing firm,

52

bright-red granulations (Plate 4) for the
reception of skin grafts before damaging
contractures have occurred

SURGICAL DRAINAGE CARE
OF WOUNDS

If wet dressings are employed, fine-mesh
gauze 1s used as the layer next to the
wounds, and sahine or aqueous Zephiran
may be introduced frequently through irr-
gation tubes, or they may be allowed to dry
out without irmgation tubes. They should
be used when there is a considerable amount
of slough that 15 1n the process of separating,
or when there 1s any infection, as evidenced
by cellulitis around the cdges, fever or copi-
ous or foul drainage, and it is sometimes
advisable to use wet dressings for from 24
to 48 hours hefore grafting, or after excision
of slough Some patients react unfavorably
toward them, complaming of pain or the
generally disagreeable dampness, or tend to
develop maceration of the edges or small
pustules in the surrounding <hin In such
instances, it may be better to omit them or
use them at infrequent intervals, The use
of <ilicone ointments on the surrounding
shin will prevent most of the maceration
When wet dressings are used, it ccems better
to change them frequently.

Fine-mesh ointment gauze dressings are
more comfortable and may be used when
there i~ no special indication for wet dress-
ings They are quite ueeful when the wounds
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Fio 34 Mlany pa
tients are so com
fortable in the baths
that they are reluc
tant to leave them
The water can be
chaoged gradually
with a slow stream
of warm water run
ning {n This patient
“kicked out 90°
secondary contrac
tures of both knees
in the bath (Surg
Gyuec. & Qbst 60
379)

ure relatively clean and while walting for
the granulations to develop In sufficient
quantity and become of the proper char
acter Plain petrolatum Is not used because
of o tendency to macerate, but almost any
powder in it, such as 4 per cent xeroform
5 per cent scarlet red, 5 per cent boric,
1 2000 Merthiolate, etc., will tend to pre
vent this Some mild anuseptic seems to be
destrable but it is not peasible to make any
long range forecast as 1o the best one When
petrolatum Is used as a velrcle all exceas
ointment should be removed from the gauze
and only enough Jeft on to prevent sticking
Some of the “greaseless pintment”™ bases can
be used but they tend to dry out consider
ably after autoclaving and may not come
looge from the wounds easily unless they are
soaked When the wounds are cdJean enough
for the use of grease gauze, usually they can
£0 48 hours between dressings

TREATMENT OF OLD BURN
WOUNDS
Patients with old burns may come m for

defimtive care after weeks tmonths or years
with persistent open wavads or »ith mix

tures of scar coptracture and raw areas
Some of the worst situations occur when
both the ongnal burn wounds nnd “teo
deep shin grmft donor areas are open and
infected

If the wounds are reasonably clean, they
can be prepared for grafting In a {ew days
by washing with soap and water and ether
under general anesthesia and applying firm
fine mesh gaure pressure dresainge {either
wet or grease gaure) Exuberant, pale,
coarse granulations will lose thelr edema
and infection and become o fine, flat bnght
red bed

Wounds that are heavily infected and
corered with multiple layers of old gresse
scales and scabs may require more gross
cleansing at first and more time The same
1s true of old infected burns with mem
branes on them,

Tubbing mav be the most efficient and
convenient way for gross mechanical cleans-
ing of many of these wounds (Fig 34} All
of the dressings down to the fine mesh gauze
can be clipped loose in bed and the patient
can then take this inner layer off while in
the tub or all dressings can be removed in
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the tub if desired \ careful search should
be made for any crusts of serum which are
adherent to the wounds or the surrounding
shin If any are found they should be re-
moved Over-all washing with white soap
and water, using gauze flats for wash cloths,
usually is mdicated but should bhe done as
gently as possible Due attention is paid to
the surrounding skin, and f quite hary it
may be shaved Abscesses can form within
granulations, and there should be careful in-
spection for any areas of bogginess After
the cleansing has been accomplished, fresh
water can be run m, and the patient may be
allowed to remain as long as he 1s comfort-
able Sometimes burns of even the upper
extrennties the axilla and the neckh may be
cared for conveniently in the tub. but can
also be cleansed otherwise, utihzing the
same principles The bath saline 1s kept at
a comfortable temperature with about 2
pounds of cooking salt i each tubful, but
both temperature and salimity can be varied
according to the patient’s comfort

Secondary contractures can almost al.
ways be straightened by the patiemt's own
voluntary efiorts while m the tub, thoush
considerable persuasion and  supervision
may be necessary This 15 well worth while,
and 1t is not unusual to see a secondary 90°
knee contracture “hicked out™ with only a
few treatments in the tub Primary con-
tractures are held by firm, dense <car and
will not yield to exercises or stretching, hut
many of them have some accompanying sec-
ondary element which may be relieved It
15 usually not advisable to use either shin
or skeletal traction at this stage

Pressure dressings are a fundamental in
the preparation of wounds for shin grafting
This continuous pressure probably does
most to convert edematous, pmhish-gray,
coarse granulations mto firm, bright-red,
fine ones The pressure 1s applied by the
external bandages which should be large and
heavy enough for the purpose Several va-
rieties have been used, including the com-
mercial elastic, woven ones (eg, ‘“Ace’



Disposal of Eschars and Membranes 55

bandage}) muslin bandages and “gauze
rolls "' The gauze rolls consist of 8-ply gauze,
4% inches wide which may be purchased
from surgical supply houses in long rolls
however, it 1s usnally cut into 5 yard lengths
for comvenient use (Fig 35) Narrower
widths may be of advantage with children
whfle 6- or 8 inch widths may be easier on
the trunk of an adult. The crinkly conform
ing gauze rolls that are now avallable are
very useful for these pressure dressings
The rolls are wrapped tightly around the
involved areas and then snubbed on with
plain bandage and plenty of rolls of 1 inch
adhesive, wound spiraily around upward
and then back down.

Some medium Is necessary to distribute
the pressure evenly in crevices and prevent
too much pressure on any bony promi
nences. Marine sponges were used for years
for this purpose, but they have been re
placed by ordinary cotton surgical waste
which Is more efficient easler to use and
cheaper (Fig 36) The waste is autoclaved
at 20 pounds pressure for 30 munutes it
should be picked apart and “fluffed out’
Just before use

Elevation of the Involved areas is gen
erally accepted and needs no further com
ment

Splinting is accomplished to some degree
by the bulk and the firmness of a pressure
dressing but additional aluminum or wood
splints may be incorporated If desired

DISPOSAL OF ESCHARS AND
MEMBRANES

Infected membranes occur in manv deep
burns where expasure or coagulating treat
ment has been used and the disposal of
this membrane and the control of the re
sultant fnfection may be a problem The
membrane may be opened in several places
and any loose areas detached, and then miki
antiseptics on packs used as outlined above
or the antiseptic may be applied 1n omntment
form, if there Is not too much discharge and
celiulitis In other words open surgical
drainage plus antibiotics 18 again the treat
ment If there is much slough under the
membrane Dakins solution may be used
for a few days. As soon as the whole mem
brane begins to loosen, the patient may be
tnken to the operating room and the entire

Fic 36 Bleached white cotton “surical
Walworth Co  Dhiladelphuia  Although this
bleached <hort fine thread, surgicals waste
handle wiping materials) can
materials.

waste supplied by C Gilbert
Is the mcest, yet any clean
(supplied by companies that

be used as could other soft compressible
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the tub 1f desired A careful search should
be made for any crusts of serum which are
adherent to the wounds or the surrounding
skin If any are found they should be re-
moved Over-all washing with white soap
and water, using gauze flats for wash cloths,
usually 1s indicated but should be done as
gently as possible Due attention 1s paid to
the surrounding skin, and if quite hairy 1t
may be shaved Abscesses can form within
granulations, and there should be careful in-
spection for any areas of bogginess After
the cleansing has been accomplished, fresh
water can be run in, and the patient may be
allowed to remain as long as he 1s comfort-
able Sometimes burns of even the upper
extremities the axilla and the neck may be
cared for conveniently in the tub, but can
also be cleansed otherwise, utilizing the
same principles The bath saline 1s kept at
a comfortable temperature with about 2
pounds of cooking salt in each tubful, but
both temperature and salimity can be varied
according to the patient’s comfort

Secondary contractures can almost al-
ways be straightened by the patient’s own
voluntary efforts while in the tub, though
considerable persuasion and supervision
may be necessary This 1s well worth whle,
and 1t 15 not unusual to see a secondary 90°
knee contracture “kicked out” with only a
few treatments i the tub Primary con-
tractures are held by firm, dense scar and
will not yield to exercises or stretching, but
many of them have some accompanying sec-
ondary element which may be reheved It
1s usually not advisable to use either skin
or skeletal traction at this stage

Pressure dressings are a fundamental in
the preparation of wounds for skin grafting
This continuous pressure probably does
most to convert edematous, pinkish-gray,
coarse granulations mto firm, bright-red,
fine ones The pressure 1s applied by the
external bandages which should be large and
heavy enough for the purpose Several va-
rieties have been used, including the com-
mercial elastic, woven ones (eg, “Ace”

Fic. 35 (A) Gauze rolls which are used for the apphcation of pressure 1n large
dressings (B) Fine-mesh (No 44) bandage gauze which 1s used next to all open
wounds and grafts, either wet or with ointments Granulations do not grow up
through the meshes of this gauze and 1t can be removed with nearly no pamn or

bleeding Fine-mesh gauze has been used since 1929.
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bandage) muslin bandages and gauze
rolls ' The gauze rolls consist of 8-ply ganze
434 Inches wide, which may be purchased
from surgical supply houses in long rolls
however it is usually cut into 5 yard lengths
for convenient use (Fig 35) Narrower
widths may be of advantage with children
while 6- or 8 inch widths may be easier on
the trunk of an adult The crninkly conform
Ing gauze rolls that are now avallable are
very useful for these pressure dressings.
The rolls are wrapped tightly around the
involved areas and then snubbed on with
plain bandage and plenty of rolls of 1 1nch
adhesive, wound spirally around upward
and then back down

Some medlum is necessary to distribute
the pressure evenly in crevices and prevent
too much pressure on any bony promi
nences Marine sponges were used for years
for this purpose but they have been re
placed by ordinary cotton surgical waste
which is more eficient easler to use and
cheaper (Fig 36) The waste Is autoclaved
at 20 pounds pressure for 30 minutes, 1t
should be picked apart and ‘fluffed out’
Just before use,

Elevation of the involved areas is gen
erally accepted and needs no further com
ment.

Splinting is accomplished to some degree
by the bulk and the firmness of a pressure
dressing, but additional aluminum or wood
splints may be incorporated {f desired

DISPOSAL OF ESCHARS AND
MEMBRANES

Infected membranes occur in many deep
burns where exposure or coagulating treat
ment has been used, and the disposal of
this membrane and the control of the re
sultant infection may be a problem The
membrane may be opened in several places
and any loose areas detached, and then mild
antiseptics on pachs used as outlined above
or the antiseptic may be applhed in ointment
form, 1f there 13 not too much discharge and
cellulits In other words open surgical
drainage plus antibiotics 18 again the treat
ment If there is much slough under the
membrane, Dakins solution may be used
for a few days. As soon as the whole mem
brane begins to loosen the patient may be
taken to the operating room and the entire

Fio 36 Bleached white, cotton “su

Walworth Co  Philad
bleached short fine-thr,

handle materials
b wiping materials) can be

elphia. Although thls is t
ead surgkals waste (

rgical waste supplied by C Gilbert
he nlcest, yet any clean
supplied by companies that

used as could other soft, compressible
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thing removed surgically, much as an ordi-
nary burn slough 1s removed When the
membrane 1s clean, as 1t may be on a super-
ficial part of the burn, 1t may as well be
left on until 1t drops off, even 1f this takes
some time, because cutting or pulling 1t off
only disturbs the healing

PREPARATION OF CHRONIC
ULCERS FOR GRAFTING

Old ulcers, whether originally due to
burns, specific infections, mechanical trauma
or circulatory insufficiency, assume many
common characteristics They are apt to
have a dense fibrous base, to be covered
with a poor quality of edematous granula-
tions, may have some slough present and
are almost 1nvariably quite dirty when first
seen

A careful history and examination are in
order to determune all etiologic factors and
to see if any of them are still present and
require treatment Biopsies can be taken 1if
there 1s any question of the presence of a
tumor, cultures should be taken if some
unusual type of infection seems probable
If the ulcer is below the knee, the patient
1s kept 1n bed with the leg elevated through-
out the preoperative and the postoperative
periods

The ulcer 1s cleansed thoroughly with
soap and water, and the surrounding skin 1s
shaved, washed with soap and water and
usually some fat solvent such as ether or
benzene If very much slough 1s present, it
1s desirable to take the patient to the op-
erating room and débride 1t under anes-
thesta Small amounts can be removed by
local débriding n the dressing room

Wet fine-mesh gauze pressure dressings
are applied daily, with new cleansing each
time Sahne 1s used on larger wounds, but
1 5,000 aqueous Zephiran or 1 1,000 aque-
ous Merthiolate can be used on small uicers
Ten per cent Mercurochrome can be painted
daily on small wounds that seem to be heav-
ily contaminated with Bacillus pyocyancus

However, mercurial poisoming is possible
when any of these mercunial drugs 1s ap-
plied repeatedly, especially on large wounds
or on patients who have renal damage

Very large wounds may often be cleansed
more efficiently in saline baths, with the
surgeon or the responsible house officer put-
ting on sterile gloves and thoroughly wash-
ing the area himself, rather than leaving 1t
to more mexperienced personnel Systemic
antibiotics may be used for a few days
before and after grafting

There 1s often an increase 1n the discharge
from such a wound during the first 2 or 3
days of the above treatment This may be
due fo mew activity m an old sluggish
wound 1n which the rather feeble granula-
tions have been living 1n a sort of symbiosis
with myriads of contaminating orgamsms
As the new granulations multiply under the
cleansing care and wet dressings and estab-
lish control over the local flora, the drainage
will usually diminish in amount

The 1mtial appearance of some of these
old, quiescent ulcers may be deceptive, and
their true character may be more apparent
after a day or two of wet dressings In gen-
eral, all except very small ulcers will require
a mmmmum of 4 or 5 days of the treatment
described above to attain maximum condi-
tions for the good growth of grafts

CRITERIA OF TIME TO GRAFT

Most deep burns, when treated by surgi-
cal drainage and débridement, can be made
ready for grafting within a short time Sur-
gical drainage and pressure dressings usu-
ally result in wounds with bright-red, firm
granulations, free from surrounding cellu-
hitis (Plate 4) The discharge should have
moderated 1n amount and should not have
an offensive odor

Bacillus  pyocyaneus occurs very fre-
quently m large wounds, especially 1f they
have been unclean over a long period, and
though 1t does not appear to hurt the pa-
tient or the wound, it 1s exceedingly bad for
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skin grafts 1f the open surgical drainage
débridement and dally cleansings do not
suffice the application one or two times &
day, of 5 per cent gentian violet, 10 per cent
\lercurochrome, or other dye antiseptics
may help sf one is sure first to get rid of
all débrls with soap water and ether The
presence of B pyocyancus can be recognized
by the green color on the dressings and the
peculiar musty nausenting odor If there 1s
any question a day or two of wet dressings
will help to decide the issue The bacillus
may lurk in greasy scales on the wound
edges, and the meticulous daily removal of
these with ether will help Acetic acid and
some new antibiotics which have been ad
vised for it have been somewhat disappoint
g

Bacteriologic studies have shown that
it is probably easier to get sterile cultures
from small wounds than from very large
open areas Many wounds have been grafted
when from the appearance of the granula
tions they have been thought to be suitable
for operation  and successful takes” with
o minimuim amount of cellulitis have been
obtained when preoperstive culiurss have
shown multiple organisms. Most culture
technics show the variety but not the quan
tity of organisms present and it may be
casier to get graftz to take in the presence
of  few hemolytic staphylococer or strepto-
cocet than in large numbers of Bacdlus pvo
cvancus or Protaus valgaris For this reason
the climcal appearance of the wound may
be the safest guide as to the total

are constantly “slipping,” homograftir
may be almost invaluable for a temporat
respite (See below )

A thorough Carrel Dakin technic s w
doubtedly an advantage at times, but it e
not replace careful evaluation of the gener
condition of the patient and of the gross a)
pearance of the granulations and swmoun
ing tissues

Interest m early grafting has been ve
worth while and gratifying, but it should n
push the surgeon into grafung wounds b
fore they are ready The few days more th
may be necessary to free the wound of sms
sheins of necrotic, sloughing derma may r
ward the surgeon and the patient by pr
ducing & full take of the grafts obvisth
another operation and actuafly reducing tl
total amount of hospitalization reguin
hefore complete healing

HOMOGRAFTS AS EMERGENCY
BIOLOGIC DRESSINGS

It may be 2 lfesaving process to go to t
trouble of applying large sheets of splt hom
gralts in patients who cannot stand 2 lo
operative procedure and are  slipping” dai
from debilitation and paln. Homografts ta
almost as well as autografts and survive frc
3 1o 10 seeks. During this period the patie
18 given & resplte from paln and dressings 1
general condition picks up and there is a st
ulus to hix own epithelization so that cample
healing may occur even after absorption
the grafts This notable incresse In wouw
healing has caused some observers to thi

of infection present.

The general condition of the patient is
obviously important He should be relatively
free from “toxemia snd nearly afebrile
The hemoglobin and plasma protein levels
should be up within rensonable hmits How
ever the large wounds in themselves can be
continpously debilitating and when 1t Is
thought that the patient is in the best con
dition that can be attained the grafting
may be done In desperately il patients whe

that homografts survive per ently T
grafts absorb in & rather clean fashion ju
fading away from the third week on withe
infection usually and leaving a clean gran
lating base (¢f Chap 28)

Four Phases of Care of Deep Burr
Homografting may be considered a3 the m
ond in 4 phases of care end rehabilitation
extenuve deep burns First 13 the prevent:
of shock and the maintenance of fuid halan
nutrition and blood elements. Second is hoen
grafting for emergency  blologic dressings
open areas to thde the patient over the eritk
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eriod, Hf possible Third 1s flat surface auto-
rafting, to give permanent wound closure and
1iealing. Fourth 1s final rehabilitation by plas-
1c surgery, including reconstruction of flexion
leformities and restoration of hand function
A\nother long and important element of this
ourth phase 1s resurfacing and rebuilding of
aces and features to give restoration of the
vest possible contour anatomy

OCCUPATIONAL THERAPY
AND REHABILITATION

This may play a most important part in
the outcome of the operation, both from a
mental and a physical standpoint, and 1s
especially important for patients with mas-
sive burns who are to have a considerable
veriod of hospitalization Together with this,
physical therapy, either voluntary or by
directed active and passive manipulation,
may be of great assistance in preventing
and overcomung secondary stiffness of the
tendons and the joints

MORBIDITY AND EXPENSE
OF BURNS

Morbidity and expense of care of burns
can reach huge proportions, and 1t 1s to be
noted that very few seem to recognize this,
including many hospital, nsurance and
administrative echelons The tremendous
amount of work necessary in plain “elbow
grease” and 1n patient care 1s difficult to
realize, even 1 some professional levels

Ordinanly, the surgeon must assume re-
sponsibility for driving the treatment
through to early completion and rehabilita-
tion—tolerating no delays except those that
are to the distinct advantage of the patient
In most instances, 1t will be found that there
15 every advantage .o orderly constant pro-
gression i the repair, and that delays are
productive only of more pain, more debili-
tation and more expense to the patient, plus
more total work for all of the personnel
concerned
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Varieties of Skin Grafts

Free shin grafts may be differentiated
from pedicle flaps in that the former are
tahen completely loose from the donor site
and transferred to the reciplent area at one
sitting Repairs by free grafts are neces
sanly more direct and expeditions than
those by pedicle flaps and the results are
often better (Fig 37) but this will be con
sidered in greater detail later

Free grafting is apparently made posmible
by the fact that skin can maintain its via
bilty for n short time without sny blood

Fio 37 Excislon of radition burn of entire neck »
coverage with split skin grafts, Shows smoothness and
achieved by eareful placing of targe grafts and by attentlon ta

take Resurfacing onby 1s needed here and the

be obtained {rom any flap
39

supply and fcr an even longer period by
osmotic interchange with the intercellular
fulds, until capiliaries can invade it and
supply nutrition One might conclude from
this that slin has a relatively low meta
bolic rate and Is capable of adaptation to
low oxygen tensions It is possible to Leep
free grafta of skin In the reingeratorat 4 C
up to 3 weeks and apply them succesafully
if sterfle precautions are observed However
that there are limits to this ability to with
stand oxygen deprivation is shown by the

nd upper chest anteriorls, snd
cantour that sometimes can be
details to get & perfect

result s far superior to that which could
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Fic 38 (Top) Simple
free-hand method of cut-
ting thick spht graft,
about 75 per cent of the
full thickness (11 x41mn),
(Bottom) Larger grafts
are available n large pa-
tients Healed donor sites
shown of one graft 36 4
inches, and one 30 x 4
inches (Ann Surg 115

fact that full-thickness grafts from very
thick areas (such as the skin of the back)
cannot be relied on for uniformly successful

“takes ”
The types of free grafts most often used

are (1) thick sphit-skin grafts, (2) small
deep grafts and (3) full-thickness grafts

THICK SPLIT-SKIN GRAFTS

These grafts are cut 1n fairly large sheets,
consisting usually of one half to almost the
full thickness of the skin (Figs 37 and 38)
They are perhaps the most widely applicable

Fic 39 Three types
of skin grafts (fop)
Ollier-Thiersch graft,
with practically no
derma, (bottom, left)
thick spht graft of
about 80 per cent of
the full thickness (used
i 1932), (bottom,
right) full-thickness
graft from adjacent
area of same patient
Same magnification 1n
all (Ann Surg, 115,
1169)



Thick Split Skin Grath &1

Fio 40 (Top) Thick split
skin graft used successfully
in the r?dr of a burn (Bot
tom) Blopsy of same graft
1 yesr later Arrows point to
attachment of normal dermal
pad May be compared with
Figure 23 (Ann Surg 115
1170}

of any type of graft in the repair of burns
Huge areas can be quickly covered with
them {up to 220 &q in. 1n one operation
and 600 8¢ in in one patient) and the
included dermal pad gives a surface that is
stable and will withstand trauma
Synonyms for this type of graft include
Oltier Thiersch graft razor graft epidermic
graft intermediate graft calibrated graft
three-quarter thickness graft blanket graft
and implantation graft. This multiphcity of
names 1s confusing and does not add any
thing to the work. Ollier and Thiersch were
among the first to describe this type of
graft but there 18 some evidence that othery
were using it at about the same time They
described a very thin graft sliced off in
small chips with a razor and the name
“Olher Thiersch graft has this connotation

to most surgeons Some textbooks contam a
microdrawing of this type of graft, showing
the skin sliced off just above the bases of
the rete pege of the epidermis and imply
that healing takes place from these rete Peg
stumps. On actual trial it has been nimast
impossible to cut a graft this thin and if it
were it would have very Httle more value
for covering than scar epithelium  The
dermal pad is probably the maost important
clement of a graft and for this reason it i
suggested that the terms  razor graft' and
“eprdermic graft’ nught also be dropped

The recent terms “intermediate graft” and
“three quarter thichness graft” do imply
that 2 partial thickness of the shin is being
used but do not seem to have any advan

tage over the established name thick split
graft  The term “blanket graft  has been
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used when split grafts are sutured together
before applying them Others have diced up
sheets of split graft into small chips before
applying them and have called them “post-
age stamp grafts ” Neither procedure seems
to be useful or desirable The term “spht
graft” was coined to designate any graft of
partial thickness obtained by splitting the
skin 1n two, the 1dea coming from the opera-
tion of a leather-splitting machine 1n a har-
ness shop The name seems to be sufficiently
concise and well enough established to merit
1ts continued use

The dermal pad 1s one of the essential
features of the graft and enables 1t to with-
stand trauma satisfactorily in many in-
stances (Fig 40) These grafts have been
used on the soles of feet, the palms and the
buttocks and have continued to function
satisfactorily for many years They sweat,
secrete sebum and grow hair, but perhaps
the most immportant parts of the derma for
wear are the numerous, interlacing, elastic
fibrils which give resilience to the surface
The derma apparently does not regenerate
at all in a full-thickness burn, and the only
portion of 1t present will be that which 1s
transplanted 1n the graft

Multiple crops can be cut from very
thick areas such as the back As many as
5 crops have been taken from one area with
the second crop removed only 19 days after
the first (Fig 2) The derma in an adult
man’s back can be exceedingly thick, as
compared with the extremities, and 1t 1s
probable 1n these instances that only about
one fourth or one fifth of its total thickness
1s removed in any one graft, though it 1s
possible that some regeneration occurred
under these conditions Whatever explana-
tion 1s correct, this use of multiple crops
has permitted very extensive repairs in some
patients with hmited donor sites available

Areas on which split grafts will “take”
mclude clean granulations or their under-
lymng vellow fibrous base, scar from which
the epithehum has been denuded, fat,
muscle, fascia, periosteum (but not bare

cortical bone), tendon sheaths or peritendon
(but not bare tendons), and possibly peri-
chondrium They have been put in many of
the cavities of the body, mncluding the in-
side of the orbit, the conjunctival sac, nose,
mouth, larynx and vagina Often the grafts
will persist laterally for distances of about
1 cm from their blood supply, and because
of this they may bridge over small areas of
bare cortical bone, cartilage or small nerves
and tendons or blood clots, though one
rarely depends on this

Rapid healing of the donor sites makes
the work possible and furnishes an oppor-
tunity for study of epithehal healing in gen-
eral (IF1g 12) Large areas are denuded
under sterile conditions, and the influence
of any agent on the rapidity of epithelial
healing can be readily noted The resem-
blance to a superficial burn or to a deep
abrasion 1s evident

In the healing of donor sites, the deep
glandular epithelium in the derma spreads
out over the surface and entirely re-covers
it 1 6 days, and often 1n 6 more days the
dressings can be left off In fact, only one
dressing 1s usually done, on the 10th to the
12th day This process 1s a sort of “dediffer-
entiation” of the cells of the hair follicles,
so far as we have been able to determine,
and a gross observation 1n substantiation of
this 1s the fact that on the palms and the
soles, where there are no hairs, healing 1s
slow

The whole process can be studied micro-
scopically in biopsies taken at intervals
(Fig 41) Healing 1s complete by the 6th
day, and by the 9th day conversion to squa-
mous epithelium 1s so nearly complete that
papillae are formed, and some keratmn 15
being thrown off This process is apparently
the reverse of the original formation of hair
follicles It is also something like a reversal
of carcinoma formation, and 1t was thought
that a somewhat similar picture might be
found 1f enough healing donor-site biopsies
were done This has not been entirely dem-
onstrated because the cells go out so rapidly



Fro 41 Healing of donor sites of thick
donor site—zo surface eplthelium (Top
follicle but no surface coverage (Botlom toper
tive day showing complete coverage with squamous epithelium. (Bottom right)

Ninthday with normal appeanmg epithelial surface

spllt gralts {Top lzft) Biopsy 2-day-old
right) Fourday-old blopsy showing deep

feft) Two days later or 6th pos 2
Rete pegs beginning to develop

and keratin being thrown off (Ann Surg 115 1175)

and orderly but suggestions of it have been
{ound

It i3 apparent that this process is & very
delicate one and that irritation of any na
ture chemical bacterial or mechanical wili
prevent healing When this does occur the
healing penod is changed from 10 davs to
B or 10 weeks and whole areas of the derma
stem to melt away Tt is evident that ex
treme cate should be taken not to damage
these cells therefore no strong chermieals
should e put on the area. Many types of
siressings have been tried mcluding tannic
acld membranes (Fig 12) silver foil var
cus chemicals and spravs exposure ete. byt
they seem to heal most apidhy under fine
mesh greate pnure This source of informa

tion in epithelial healing 1s one of the most
practical available There is much more in
vestigation to be done with material alreads
on hand

PINCH GRAFTS
(Small, Deep Grafts)

These gralts consist of small istands of
shin of varying thickness which can be cut
quite easily bv anyone and transferred indi
vidually to the recipient site Sines they are
the simplest of execution untatd numbers
of them have been lost or placed on unsuit
able areas Tts Is not a fault of the method
per se but is pethaps due to the fact that
sometimes they are used by surgeons who
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are unfamiliar with the principles and the
varlous methods of skin grafting

Reverdin originally described this graft
as Including little more than amail bits of
epldermis, but anyone using this method (as
did perhaps Reverdin himself) will soon find
that deeper bits of skin going quite far down
In the derma will give better results. Dr
J S Davis did most to popularize this type
of graft and called it a 'small deep graft.”
The term “pinch graft” origlnated when
they were removed by pinching up a bit of
skin and cutting it off, but this method is
too traumatizing and is no longer used. The
present technic of application 15 outlined in
Figure 42

The wounds ate prepared for grafting in
the same manner as outlned in Chapter 7,
but it s thought by some that the wounds
need not be as clean as for split grafting

The chief advantages of these grafts are
that they can be taken and applied under
local anesthesia with very little blood loss
or other debilitation from the operation At
times, they may even be applied to small
wounds without taking the patient to an
operating room but due care should be ex
ercized to avoid infecting the donor sites
1f they fail to grow, not much has been
lost (if donor areas good for other types of
grafts have not been used), but If good pre-
operative care {s given the wound there
should be an excellent percentage of sur
vival of these grafts,

The disadvantages of these grafts in
clude the fact that they do not give a
smooth, final surface and practically should
not be used on areas not covered by cloth
ing (Figs. 42 and 43) The healing between
the small deep grafts is essentially by scar
epithelium and the continued wound stim
ulus dunng this prolonged healing period 1s
apt to result in the most contracture occur
ring with any type of graft, though not
nearly 30 much as in spontaneous healing
For the same reason they cannot be used
very satisfactorily for coverlng wounds
which are made by opening contractures

When these grafts are used, they should not
be taken from a possible suitable future
donor site for spht or full thickness grafts,
and they should be removed from as small

F1o. 43 Appearance 8 months after
coverage of extensive burns of backs of
both lower extremities (elsewhere) with
small deep grafts Function seemed to be
good, possibly Influenced by being in a
region where powerful muscles oppose

contracture. Appearances here does not
moatter much but would be bad on ex
posed surf{aces
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Fic 44 (Left) Tll-advised destruction of good donor areas by removal of pinch

¢
-

» -
Bl L P T | -

grafts (elsewhere) in a patient with extensive burns of auilla and neck Freshly healed
spht-graft donor site shown on inside of nght thigh (Right) Healed spht-graft donor

site 1n another patient

an areas as possible (Fig 44) Some of the
most pathetic patients are those with huge
raw surfaces where someone has transferred
a totally inadequate number of these grafts
from widely scattered areas throughout all
of the available good donor sites In general,
they are of more historical interest, than of
present value,

The after-care of these grafts 1s practi-
cally the same as for split grafts, except that
healing usually takes longer The first dress-
ing 1s done on the 3rd, the 4th or the 5th
day, and the entire area 1s gently cleansed
using soap and water 1f necessary Greased
or wet fine-mesh gauze 1s apphed with a
pressure dressing outside, and then the
wounds can be dressed daily or every other
day, depending upon their appearance After
8 or 10 days, thin bluish scar epithelium can

be seen growing from the edges of each.

eraft, and these sheets of epithelium later
coalesce to complete the closure of the

wound

The donor areas are dressed 1n the same
manner as for spht grafts and usually heal
m 2 or 3 weeks (Fig 44) The first dressing
can be left on for 2 weeks and then changed
as necessary If the grafts are all removed
from a small elliptical area, 1t 1s possible
to excise completely the donor site, under-
mine the edges and bring them together with
sutures to prevent the rough “cobblestone”
appearance which might otherwise follow

Sieve grafts are the exact opposite of
small deep grafts i that the “pinches” are
left on the donor site, and the portion that
would ordinarily be the donor area is trans-
planted A small, arrcular, sharp metal die
1s used to cut the 1slands out of the piece of
skin which is to be transferred. These sicve
grafts have been advocated by Douglzr's_" .

FULL-THICKNESS GRAFTS\ <\,
(Wolff-Krause Grafts) ™

Full-thickness grafts include the complete
depth of the shin without any attached fat

[

b
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(Fig 39) and were first described by George
Lawson They give the nicest immedliate ap-
pearance of any of the free grafts and are
used for resurfacing on the face, the nech
and the hands where possible (Figs 45, 215
and 327)

Clavicular grafts (from skin either
above, over or just below the clavicle) re-
maln very soft and flexible and give about
the best color and texture match of any for
small facial repairs They are especially de
sirable on eyehds and lips (cf Chaps 10
12, 23, 24)

Postauricular grafts are readily ob

Fic 45 (Top left) Deformity
of neck and face from burn sear
that extends from arm across the
axillza and has pulled skin nor
mally under the jaw all the way
down to the clavicle (Top right)
Correction of deformitv with one
full thickness graft let in low down
Surface unevenness left for later
correction  (Bottom) Completed
correction with {ull thickness grafts
has been done In 2 stages to avoid
injury to lower branch of 7th nerve
(Surg Gvnec & Obst 60 379)

AR™

s&

tained for small facial repairs and provide
a good color match in some patients but are
apt to be too pink or red in others They
are usually not as soft and flexible as clavic
ular grafts

Larger full thickness grafts are usually
obtained from the lower abdomen the upper
thigh or the inguinal area (outside the zone
of halr) but may be obtalned from the
mnside of arms or thighs or other thin
skinned areas

The “take’ of full thickness grafts on
granulating surfaces Is uncertain so that
their use i burns usually s limited to re

g 1
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placement of scars or release of contractures
When they are done in a proper manner and
on freshly opened wounds, the “take” 1s
almost certain, and the result usually will be
the best that it 1s possible to obtain How-
ever, the amount which can be transferred
1s strictly limited, as their use amounts to
the trading of raw surfaces If the donor
arcas are small, often they can be closed by
undermining the edges and suturing, but if
they are large 1t may be best to cover them

Fic 46 Use of pedicle
flap to restore deep loss
on dorsum of the hand
(Top) Hand on splint
with elastic traction to
fingernails and thumb ro-
tated Direct abdominal
flap has been raised (Cen-
ter) Coverage with direct
flap (Bottom) Result
(Ann Surg 107 967)

with sphit grafts Full-thichness grafts are
exceedingly tedious to do, and one 4 x 5
inches 1s considered large. As a working
rule, one should consider full-thickness
grafts for all exposed surfaces and for the
hand and then substitute the more simple
thick spht graft, if it is thought to be
applicable

“Accordion grafts” are full-thickness
grafts 1in which multiple slits have been
made so that they can be stretched to cover
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2 larger area The former practice of stab-
bing muitiple drainage holes In ordinary
{ull thickness grafts has been discontinued
because of the ugly resuliant scars, and the
same objection holds for accordion grafts.

PEDICLE FLAPS

A flap consists of a portion of akin and
attached subcutaneows fat which fs taken
loose fram the donor site except at one side
or end where 8 pedicle {8 Jeft, through which
vessels course to nourish it The flap 15 at
tached to the reciplent ates, and the double
connection to the donor and the recipient
arens is left until a satisfactory blood supply
is established from the latter (Fig 46)
Usually 2 or 3 weeks is sufficient and then
the pedicle may be cut across at once or in

stages The donor srea can be closed by
undermining and suturing i small, or by
{ree grafting if Jarge {cf Chap 11)

Flaps are usually necessary only when it
is desired to transfer bull to restore con
tour and are neither necessary nor advisable
where only resurfacing is desired They are
extremely laborious and cumbersome, and
patients who have heard only of them are
sometimes fearful of afl plastic surgery The
transferred skin, in some instances may
have a more normal coler and {exture than
a free graft but the general blabbiness of
the repalr may turn the result into defeat
(Fig 87) At times the use of the pedicle
Baps cannot be avolded but many repairs
which were formerly done with flaps are
now heing done with free grafts in & more
direct manner and with better final results
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Cutting and Application of
Thick Split-Skin Grafts

If any considerable area 1s to be grafted,
general anesthesia 1s used Local anesthesia
can be used for smaller areas but 1s more
difficult for both the patient and the sur-
geon In severely debilitated patients, a
compromise may be used by cutting the
grafts during a few minutes of hght mtrous-
oxide or Pentothal Sodium anesthesia and
then wrapping them on over the granula-
tions by the “snubbing” method with the
patient awake

It 1s usually better to plan to cover raw
areas first and to open any contractures at
subsequent operations, unless the raw areas
are small and the contractures great

Any granulating areas are washed thor-
oughly with saline under anesthesia, and
then both surrounding recipient and donor
skin are painted with very dilute tincture of
1odine (usually under 1%), or other anti-
septic of choice, and the sterile draping is
done

SELECTION AND PREPARATION
OF DONOR SITE

If one tlugh 1s available, it will nearly
always be the area of choice and should be
draped so that the whole circumference 1s
accessible from well up on the buttock to
shghtly below the knee (I1ig 47) Some-
times a large adult thigh will yield ncarly
200 square nches of graft by complete de-
cortication, but 1f that much or more 1s
desired, 1t may be wise to drape an addi-

70

tional donor area When both thighs are
available, sufficient skin can be obtained to
cover almost any defect The back 1s usually
the next best donor area, especially 1n obese
patients (Fig 50), but 1t may be difficult
or mmpossible to cut over the iliac spines
and crest and over the ribs in thin ndi-
viduals Sometimes a surprising amount of
skin can be obtamed from both buttocks
The utility of the abdomunal wall varies
with the nutrition of the patient, usually
only scrappy grafts can be obtamned from
thin patients, but really worth-while ones
may be secured from an obese abdomen
It 1s almost impossible to remove decent
grafts from the anterior chest wall with a
knife, but suitable ones can be cut with the
dermatome and other machines The upper
extremities and the lower legs are practi-
cally useless except for very small grafts
In general, grafts are easier to cut carly
after a burn, before debnlitation and cachexia
are present

Grafts will grow hair 1f they are thich
enough and if they are taken from hairy
donor sites This 1s of importance, especally
if they are to be put on the face or the nech
or mside the nose or the mouth, and donor
areas which are as nearly hairless as possible
should be selected Even on men's faces, 1t
1s usually best to use fairly harless grafts,
as the graft hairs will not simulate a beard
because of their distribution, direction and

texture
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Donor sites should be shaved before op-
eration for additional cleanliness and ease
In cutting the grafts unless the grafts are to
be used fn the above areas

FREE HAND CUTTING OF GRAFTS

These grafts may be cut in seversl ways
the main esrentials belng & long sharp knile
and some method of producing & smooth
diaphragm on which to cut

The graft knife can be of the ordinary

Fio 47 (Top) Thigh droped for use as 2 donor site
{ram the upper buttock to below the knee is left out.
smooth out the inner surface for cutting by tightening

soft tissues medually

amputation variety or one espeaially made
for the purpose but it must be long and
sharp A razor 18 useful only for obtaining
small chips A special straight knife with a
ribbed back razor-steel blade 18 cm long?
15 quite sausfactory if someone Is availsble
to sharpen it properly at frequent itervals,
Essentially the same knife but with inter
changeable blades (Fig 48) has been de

t Obtalnable from B H Tontrup Co 1801 § Han-
fev St St Lo, Mo

AN

The entire circumference
(Bottom) An assistant can
the skin and pushing all of the
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signed by Ferris Smith,* and 1ts use simpli-
fies the sharpening problem Large grafts
have been cut with an ordinary carving
knife, but the best knife obtamnable should
be considered a necessity rather than a
lunury The kmives are not autoclaved or
boiled, but are sterilized by immersion for
30 minutes 1n 95 per cent alcohol and then
carefully dried without touching the cutting
edges

The diaphragm 1s produced by stretch-

2 Obtainable from Wech and Co, 135 Johnson St,
Brooklyn, N YV

1

§

| R, R

ing the skin and simultaneously depressing
it, as with two large spatulae (Fig 37), or
elevating 1t as with tenacula, a vacuum suc-
tion retractor, Kirschner wires, or with glue
(as on the dermatome) The suclion re-
tractor® (Fig 49) described 1n 1929 is used
almost routinely and seems to be the best
present method of producing a diaphragm
but 1s probably not the final answer to the
problem A special explosion-proof motor, or
some means of getting 25 to 28 Ibs of suc-

3 Obtanable from Storz Co, 4570 Audubon, St
Louis, Mo

$

L

& -~

Fic 48 Granulations are never scraped but are sheed off sn_mothl) with an old
graft knife, razor or scalpel Care 15 taken to prevent contamination of the new base.
Surrounding bluish scar epithelium 15 also usually removed.
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Fie 49 (Top) Smith Weck graft knife with sn interchangeable blade of ribbed-

b e - —-

back razor steel 18 cm long Blades can be resharpened a few times new ones are
inexpensive. (Bottom) Suction retractors used for creating a disphragm of skin on
which to cut These are hollow brass boxes with cross bars oo the under surface to
prevent the skin from being drawn up into them. They are connected by poncollapsible
rubber tubing to & strong suction machine (usually 25 lbs of negative pressure) Three
lengths are avallable 45,70 2nd 95 cm  the middle sire being most generally useful
The valves that were present in the old ones were a source of leaksge rather than

& help

tion (negative pressure) at the patient is
essential Considerable ingenuity must be
exercised with any method to get a fiat sur
face and moving the leg around to relax any
promivent muscles on the thigh may help
The hollow which is sometimes present just
in front of the gracths muscles often can be
flattened by an assutant who euther

the sofi tissues on the outside of the thigh
to tighten the skin on the fnside or pushes
all of the soft tissues medially to fill the
depression (Fig ‘{1) Moderate flexion of
the knee may teduce the prominence of the
hamstrings and dlight abduction of the
thigh may fatten the iljotibial band when
cutting m those aceas Conslderable diff
culty may be experienced in getting over
the greater trochanter or the posterior in
ferlor fliac spine The largest thigh grafts
usuatly can be obtained {rom the postentor
surface extending from high on the buttoch
down almost to the knee (Fig 53) The
inner and the lateral surfaces are quite use

ful (Fig 52) bui the anterlor surface varnes
according to the atate of nutrition and re
sulting promluence of the femur In a well
nourished patfent the largest grafts may be
obtained sometimes by starting near the
scapula and coming down over the buttoch
and the thigh almost to the knee (Fig 50)

Cutting the Grafts. A thin film of petro-
iatum is first spread on the donor area The
shin is picked up and siretched flat with
the suction retractor while an assistant
makes countertension and the graft is cut
with long even strokes of the kmfe staying
about 1 or 2 inches behind the suction re
tractor as it is moved along slowly {Figs
51 52 and 53) The back of the Lnife ix
often used to help create the diaphragm and
1815 helpful to practice cutting small grafts
at times with the knife alone The suction
setyactor is usually held level with the skin
surface but may be elevated or depressed
slightly when pecessary After part of a stnp
has been cut the Joose end may fall down
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in the way but can be held back enough for
vision by an assistant, though the graft
should be allowed to ride back and forth
with the knife and not be kept taut Judging
depth requires a little experience, but when
proper, the knife blade usually can just be
secen through the graft, and the derma pre-
sents a definite resistance to cutting In
general, the grafts should be cut as thick as
possible but a donor site should be left
without any granules of the fat showing so
that 1t will heal rapidly When it 1s desired
to cut multiple crops at intervals from the
same donor site or when removing grafits
from the thick shin of the back, 1t may be
desirable to cut them relatively thinner.
Grafts destined for the mtenior of the nose,
the mouth or the orbit probably should be
rather thin The thichness can be graduated
fairly well and certain patterns can be
adhered to roughly after a httle practice
The cutting may sound difficult, but actually

F16. 50 Large
grafts greatly facili-
tate extensive re-
pairs (Top) One
graft 36 inches long
and 4 or S inches
wide is seen, held
above the patient
Another one 18§
inches long and 5
inches wide 1s Iying
on the patient, de-
tached except at one
end Both grafts
were cut with a suc-
tion retractor and a
knife (Bottom) Do-
nor site of a single
large thick spht
graft The total
amount removed at
this operation was
200 square inches
Same patient as in
Thgure 151 (Ann
Surg 115 664)

it 1s fairly easy, and nearly all internes and
residents gomng through the service are able
to obtain good grafts after a few trials

In large repairs, the grafts should be cut
as large as possible (Iigs 37 and 50), as
small grafts are apt to be uncertain, nerve-
racking and time-consuming

HUMBY KNIFE AND VARIATIONS

From time to time, various surgeons have
attached a small shin roller, or other guide,
to the graft knife just m front of the cutting
edge of the blade The general idea is to
Keep an mexperienced operator from cutting
too deeply. but the contnivances do interfere
with free motion of the knife and almost
prevent obtamming large grafts Perhaps the
first one was brought out by Humby m
England, a later one by Marcks m the
Umited States, and varous others by «ur-
reons in different countries and they have

been =0 named
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51 Techaie of cutting the graft The suction retractor Is moved along aboyt
1 ifng in ldvaﬁxﬁ:l; of the knﬂi while an assistant makes countertraction with a soap
dish or & spatula Suction machine and tubing also shown (Bottom) The graft is
shown spread out on the table It should be covered with moist gauze and the Iatter
clawped down to the table cover to prevent los, (Surs Gynee, & Obst 60 379)

THE PADGETT HOOD
DERMATOVME!

The Padgett Hood dermatome may be of
use in obtaining grafts up to 8§ by 4 inches
from the backs of children or undernour
shed adults or from the thoracic wall (Fig
$43 The knife blade should be set as closa
to the drum as possible unless one is very
familbiar with the mstrument which he 18
using as the general tendency is to cut too
deep Any attempt at  calibration” of the

1 Obiaingble from hanss Cty Amemblage Co 816
Lot St hamas Clty Mo

thichness of a graft in millimeters or other
fixed units does not seem particularly usahle
1o uy as the thickness of the skin varjes
with race age state of nutnition, from one
individual to another ang from one region
of the body 10 another The thichness of 2

nesses in various parts This is also trye §f
there is any play in the hnife arm, or if the
%0 ends of the blade are not set at exactly
the same distance from the drum. However
it is an ingenious instrument and may bea
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thin but black and 1s pamnted on the drum,
using a small sponge folded mn the tip of a
Kelly clamp for a paintbrush Rubber
cement 1s poured in a separate medicine
glass, diluted with a small amount of ether
and then applied to the skin The cements
are allowed to dry for 2 or 3 minutes, then
the drum 1s pressed on the skin, and the
graft 15 cut as usual The two cements give
better adhesion for the graft cutting than
the rubber cement alone After cutting, the
graft 1s peeled from the drum quickly and
easily with no cement on its surface The
drum is cleaned by scrubbing 1t with ether

In the past, various workers have used
sheets of pliofilm and other materials be-
tween the drum and the graft, have apphed
various powders to the outer surface of the
araft during or after removal, and have tried
numerous other mancuvers to keep the graft
from wadding up mto a useless mass The
two cements described above are a quick
and easy solution to this major annoyance

THLE REESE DERMATOMES

The Reese dermatome is a metal-drum

6 Obtainable from Bard-Pacher Co, Danbun,
Conn

I'ic 56 Reese
Dermatome, for
© cutting spht shin
grafts See text,
and manufactur-
er's instructions
! for method of
use (Bard-Parker
Co)

.

type, with a dermatape which 1s apphed to
the outside of the drum and adheres to the
skin After cutting a split graft, the tape
and the attached graft are peeled from the
drum and applied to the recipient arca At
times, this can be done in such a manner
that the overlapped edges of tape will ad-
here to the shin margins adjacent to the
defect, thus fixing the graft in place Dr
Reese and his associates spent a great
amount of time 1n studying the mechanical
principles involved, as well as various metal
expansion coefficients, etc , in order to mahe
this a precision nstrument Practically
everyone who uses 1t agrees that they have
accomplished this purpose and have devel-
oped an excellent mstrument for cutting
umform sphit grafts (Fig 56)

THE BROWN
ELECTRO-DERMA\TOME?

The Brown electro-dermatome was con-
ceived by Dr Harry M Brown of Indian-
apohis while a prisoner i the Philippmes
during World War 1T 1t 1s a cable-driven
machine with a blade that cuts 8,000
strokes per minute. The head is constructed

T Ohtammable from Zimmir Miz Co
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Fic 37 Brown Llectro-Dermatome for cutting sphit skin grafts See teat. (Zimmier
Mfg Co)

so that the blade will be kept at a predeter
mined distance under the surface of the
skin and no cement or suction s used Tt
will cut grafts up to 3 inches i width the
length being determuned by the available
flat donor area The newer explosion-proof
model has the very great advantage that 1t
it 18 designed to use safely in the presence
of Rammable general anesthetics (Fig §7)

In addition to other uses this instrument
has been used extenmvely on our service for
cutting very long strips of postmortem
homograits

THE PADGETT HOOD
ELECTRO DERMATOME!

The Padgett Hood electro-dermatome has
the motor in the handle and is designed to
cut grafts up to 4 inches in width and as
long as the avsilable flat donor area
tFig s8)

* Obtainable from Kansas City Awemblige Co 816
Locost hanwas Cliy Mo

THE BARKER VACUTOME®

The Barker vacutome consists of a suc
tion box with an attached knife arm so
that the blade can be adfusted at 3 desira
ble distance under the surface of the suc
tion box The shin 1s first coated with
petrolatum  as in the free hand cutting of

® Obtalnable from Johmson Mix. Co  Chippewn
Falls Wh,

Fio 58 Padgett Hood Electric Der
matome for cutting split skin grafts
See text {hansas City Assemblage Co )



80 Cutting and Application of Thick Split-Skin Grafis

-

U

grafts, and the suction box 1s moved along
to create a diaphragm in much the same
manner The fixed distance of the knife 1s
designed to procure a uniform thickness of
graft and, if properly set, to avod cutting
the graft either too thin or too deep The
instrument 1s designed to cut split grafts
up to 4 inches 1in width and as long as the
available flat donor area (Fig 59)

GENERAL CONSIDERATIONS OF
GRATFT-CUTTING MACHINES™

There are, and will be, other graft-cutting
machines available, and the omussion of
their description, or the length of the de-
scription of these, 1s 1n no way ntended to
reflect their relative merit Various opera-
tors will prefer one over the other, at least
for certain purposes, and each surgeon will
learn his preferences by actual expenence
It is probable that none has reached the
acme of perfection, but that all will do a
reasonably good job 1f used carefully ac-
cording to instructions. by a surgeon who
has <ome hnowledge and experience in sphit-
shin grafting

Notwithstanding some of the propaganda,
the purchase of one of these machines will
not make an untrained surgeon an expert in
the art of shin grafting overmght It would

M Sgme of thee machines have been reproduced in
fuoreicn tountries under other surgeons’ names

Fic 59 Barker
Vacutome, for
cutting spht-shin
grafts  See tent
(Johnson Mfg
Co.)

be as reasonable to suppose that the pur-
chase of a 3-bladed clamp would make any
surgeon an expert m  gastro-intestinal
resections

Cutting the graft is probably the least
difficult and requires the least judgment
and Lknowledge of any of the facets of shmn
grafting More difficult phases include de-
ading what patients require grafting, when
to do the work how to prepare the wound,
fination of the graft, getting the donor area
to heal, and getting the graft to take, plus
the handhng of all possible complications

Any surgeon who has reasonable control
of his hands and 1s wilhng {o study the sub-
ject sufficiently to learn the elements of the
above can learn to cut grafts “free-hand”
with only a httle effort This effort will be
well rewarded, as it will free him from any
dependency on particular machmes, and will
carry him toward being able to cope with
any grafting situation at any time

They all cut with a knife and provide
some sort of diaphragm of skin at a fised
distance With experience, the surgeon will
learn that skin daphragms can he created
in vanous arcas on difierent patients n
certain ways that are the best in each in-
stance He will learn to think of depth in
terms of percentage of thick ness of the shin
in that area on that patient and will guide
his knife ~o that he will get thicker grafi
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from thicker areas and thinner graft from
tkinner areas even while cutting one long
stnp He will learn to cut roughly to pat
tern He will find that he can cut all of the
graft that he wants for any patient in 10or
1§ minutes Bewng independant of any ma
chine he will learn which one can be most
wseful to him 1n any particular situation

Some of the most pathetic patients have
been those who originally had moderate
areas of deep burn but come in with those
aw and wth huge, raw infected donor
areas These have been the result of surgeons
who knew Httle or nothing about skin graft
mg uymg & machine with the idea that
cutting a graft is all that is necessary Such
instances have been the worst 1n those with
thin skin including emaciated adults and
very young children who are least able to
tolerate thyy denudation

The sbove remarks are not directed
agalnst the machines which are very usefut
snstruments, but are meant to point up that
they should be used onlv by those who know
what they are about

SLICING OFF GRANULATIONS

In grafting any granulating wound the
qoestion always comes up whether to apply
the graft on top of the granulations or frst
to excise the granulations and apply the
gait on the underlying firm yellow bed

In general the graft is apt to take more
completely if the granulations are first ex
clsed o this procedure s usually carried
ot with small and medjum-sized wounds
In tage wounds however the blood loss
from thiy excision may be too great {espe
cially in debilitated patients) so that it 19
wually omitted and the grafts are sunply
applied on top of the granulations

I the granudations are to be excised they
are wsually sliced off in a sheet with an old
EVaft knife (Fig 48) taking care to avoid
indue contamination of the underlying yel

bed and also belng careful to avoid in
3;"’ toany important underlying structures
o smaller wounds a straight razor or scal

pel can be used In elther event usually ttis
best to remove the surrounding bluish scar
epithehum at the same time out to normal
skin

Hemontasiy is secured manly by pres-
sure with werm saline gauze sponges or
occasionally with such sponges wrung out
of 1 5000 adrenalin solution Extremities
can be wrapped snugly with gauze rolls to
secure circular pressure for a few minutes
Vost coxing can be controlied by permstent
efforts 1n thus direction Small spurting ves-
sels or visble venules may be ligated with
No 000 white sk cut on the knot catgut
or other larger higature material is not used
under free grafts Heat or dinthermy coagu
Iation of vessels is not used In general it
i3 not good practice to apply grafts while 8
tourniquet is on the extremity

Grafts seem to have some hemostatic
properties m themselves hut in general the
field should be fairly dry before they are
apphed The two main causes of Joas of
grafts sre wmfection and hematoms and of
these hematoma is probably the wmore
common

APPLICATION OF GRAFTS
AND FINATION

Before applying the graft the recipient
area should pass a final mnspection The con
tour 15 noted and any irregularities are
triamad down smooth when ndicated
Edges of the defect generally should be
sharp smooth and within good shin The
bed is especially inspected for sdequacy of
minute blood supply in every square cenl
meter If necessary deeper excision i{s done
or adjacent vascular tissue may be sutured
over ischemic areas with interrupted No
000 white silk Any small troughs or depres
stons can be closed in the same manner The
recipient area should be as smooth as possi
ble with an adequacy of small blood vessels
in every part but with oozing and bleeding
cootrolled

The gralts are now lald on the reciprent
area moisteped with a little saline and then
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Fic 59, Barker
Vacutome, for
cutting split-<hin

g,ﬁ*t i

3

puinpive)
el

grafts, and the suction box 1s moved along
to create a diaphragm in much the same
manner The fixed distance of the knife 1s
designed to procure a uniform thickness of
graft and 1f properly set, to avoid cutting
the graft either too thin or too deep The
mmstrument 1s designed to cut spht grafts
up to 4 mches i width and as long as the
available flat donor area (Fig 59)

GENERAL CONSIDERATIONS OF
GRAFT-CUTTING MACHINESY

There are, and will be, other graft-cutting
machines available, and the omission of
their description, or the length of the de-
scription of these, 1s 1n no way intended to
reflect their relative merit Various opera-
tors will prefer one over the other, at least
for certain purposes, and each surgeon will
learn s preferences by actual expenence
It 15 probable that none has reached the
acme of perfection, but that all will do a
reasonably good job if used carefully ac-
cording to instructions, by a surgeon who
has some knowledge and experience n sphit-
shin grafting,

Notuwithstanding some of the propaganda,
the purchase of one of these machines will
not mdahe an untrained surgeon an expert in
the art of shin grafting overmght. It would

1 Same of thee mrachines have been reproduced in
ft)!t‘u‘.ﬂ wountnes under Otth *umcom' namie

grafts  See tent
(Johnson Mig
Co)

be as reasonable to suppose that the pur-
chase of a 3-bladed clamp would make any
surgeon an expert 1n gastro-mntestinal
resections

Cutting the graft 1s probably the least
difficult and requires the least judgment
and knowledge of any of the facets of skin
grafting More difficult phases include de-
ciding what patients require grafting, when
to do the work, how to prepare the wound,
fination of the graft, getting the donor area
to heal, and getting the graft to take, plus
the handhing of all possible complications

Any surgeon who has reasonable control
of lis hands and 1s willing to study the sub-
ject sufficiently to learn the clements of the
above can learn to cut grafts * free-hand”
with only a little efiort This effort will be
well rewarded, as it will free him from any
dependency on particular machines, and will
carry him toward being able to cope with
any grafung situation at any time

They all cut with a knife and provide
some sort of diaphragm of shin at a fixed
distance With expenience, the curzeon will
learn that shin diaphragms can be created
in various areas on dificrent patients in
certain ways that arc the best in each in-
stance He will learn to think of depth in
terms of percentage of thichness of the <kin
in that area on that patient and will guide
his hnife <o that he will get thicker graft
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smoothed out flat by brushing them with
the fingers or the back of a forceps Ordi-
narly. they should be allowed to overlap the
normal shin edges and each other for about
1 cm all around, but if the defects are huge
and donor sites limited, occasionally 1t may
be necessary to ‘‘space” the grafts so that
they do not quite touch each other or the
shin edges

SUTURE FIXATION

The sutures used are No 000 black silk
on half or quarter curved cutting needles of
3% to 34 inch size Each graft 1s first fixed
with a runming stitch which goes through
the graft, through the shin edge and then
out through the graft, all around the edge

I'ie 60, Coverage of defect
<hown. Wound covered in one aper,

The grafts are sewed on at about <kin ten
sion =0 that they will not have any wrinkle-
or yet be very tight

A\ basting stitch can also be run up and
down the central portions for further im-.
mobihzation, if desred (Figs 60 and 61),
but will leave marks

Drainage holes were formerly stabbed
in the grafts throughout. but they leave un-
sightly scars and do not drain blood unless
they are right over a bleeding pomnt, now
they are usually omitted Blood must not
be allowed to collect and clot undernecath
the grafts durmg the suturing Tt is removed
by brushing the graft rather firmly toward
the periphery with a blunt instrument at
mtervals and agam just before the dressing

L

5
L]

o

i
.

chown in Digure 18 with tvo arafts Basting <uturee
wion, after pruent had gone throuvh Lot fuor

months of prezaancy with it at homu in ruradl area
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is spplied Occasionally, it may also be nec
essary to wrigate underneath the graft with
«aline from a svringe

SNUBBING O\ GRAFTS

The term “snubbing  might be explamed
as binding on grafts with roller bandages
without suturing

On many flat areas suturning is omitted
and the grafts are snubbed on with a roller
bandage of fine mesh grease gauze This 18
used particularly on the flat surfaces of ex
tremities In grafting larpe raw burns The
grafts are smoothed out carefully in place
brushing them with & flat {nstrument to re
move all underlying air blood or serum
The greased bandage is then rolled on
steadily and seugly in the direction that s
wants to go without twisting it varying the
tension or other maneuvers that would
slide the grafts The usual pressure bandage
and splinting are applied external to this

Numerous autogencus homogencus and
heterogenous extracts have been described
as “glues  for this work but none of them
seems to be necessary or particularly
helpful

TIE-OVER DRESSINGS

In arens where there ts motion and {rregu
lar contour the edge sutures of the graft
are interrupted and left long to be tied over
a pad of surgical naste for internal fixation
of the graft \fter the sutures are all in and
ready a sheet of fine mesh grease gauze 18
put over the graft then the pad of waste
and the sutures are tied-over In & few in
stances one will want to pull the graft
around the pad of waste =0 that the latter
will be small In most instances however
the pad of waste wifl be so large that even
when 1t is compressed it will overlap the
graft  this ghves the effect of tying the pad
down on the graft for pressure and keeps
the araft flat The usnal external pressure
dre<sing and splints when necessan may
be applied outside of the tie-over dressmg

Stent fixation is a term sometimes used

L.

Fio 61 Neck contracture opened
with very thich split grafts and sutures
shown The gralt overlaps the edges of
the wound slightly A nasal feading tube
was used to minimize movements of the
larynx under the graft.

for these tie-over dreamings. ‘ Stent” was o
brand of Dutch dental wax, but this type
of wax is now seldom used except inside the
mouth and sometimes in the anophthalimic
orbit or in the vagina

Tue Presvre Dusssrvg os
THE (GRAPTS

The dressing should be regarded as part
of the operation and probably has more 10
do with the take” of the gralts than any
other step except possibly the preparation
of the wounds (Figs 62 to 65) On extenvive
areas lits application may require up to 30
minutes Pressure is relied on {or asepsis
by preventing collections of blood or serum
underneath the graft and by minimizing
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edema 1n the area Its application should be
purposeful and umiform. and considerable
mgenurty may bhe required to get 1t n cer-
tamn places

Fine-mesh gauze 1s used for the first
layer or two next to the grafts whether wet
or grease dressings are to be used On ex-
tremities the gauze may often be wrapped
on firmly from a roller bandage Then a
layer of ordmmary gauze flats 1s laid on
smoothly, and surgical waste is applied over
this The waste should be well “fluffed out”
and individual portions of 1t tucked down
ito any crevices or depressions

Gauze rolls (Fig. 35) are wrapped firmiy
over the waste and mn turn are snubbed on
with ordmary bandage and rolls of 1-inch
adhesive. The saving of adhesine m these
dressings 1s false economy. and it should be
wrapped spirally around up and down and
used to attach the dressing to the shin abme
and below

Elastoplast can be used in place of, or
underneath the gauze rolls m certan loca-
tions It is particularly useful for fsation
of dressings on the abdonunal or chest walls,
or about the face

Plaster casts are seldom necessary and

16 62 Dressing of leg graft and donor area on same thigh (Top, Ief2)
Split graft sewed on and then fine-mesh greace roll wrappcd snugly around at,

(Tap, right) Waste
(Crnter, left)

Donar ~ite with a thin laser of intact derma left

apphied over this and wrapped on with gauz¢ roll.

{(Center,

righty Double thick uess of fine-mesh scarlet rod ganse just over the defect

( Bottom, lejty Donng site carefuily

protected from mechanical, bactenal

ind chemieal trauma (Bottom, ripht) Whole Tex with firm presure dre 2-

ing (Ann Surg 115 668)



Fio 63 (Top) Graifts on
both thighs with no sutures
but * snubbed on by wrap-
ping with & roll of fine-mesh
faure A thick gauze coll s
being wrapped on outside
this. {Boitom) ALl graits and
donor aress (back) incorpo-
rated in larpe secure dressing
Dressing is laborfows but
necessary and is an exvential
part of the operation {Ann
Surg 115 601)

Fia 64 (Top) Back and laft amm
gauze in place over one donor area In extensive cases, it ma
prepare the entire shin of the body and feave 3t =Cmsl%

grafted. Grafts sewed on and scarlet red

le when draplng
Patient recelving intratracheal anethetic

F1o 65 {BoMow) Same t Flasl massive dresing

tien! 210 5q in of graft
g done Surgwal waste is :g;rnnt keft, {Ann. Surg. 11§ 14)
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are used infrequently Hip and shoulder
spicas are apt to slip when put on outside a
bulky dressing \ very light posterior or
anterior plaster sphnt is sometimes included
in the outer layers of the dressing when
grafts are put about the elbow or the knee
The impression has been gamed that com-
mercial plaster sometimes contains Bacillus
pyocvancus, though this may be erroneous

Wet dressings can be used if the wound
was oniginally quite dirty and refractory to
treatment before operation, or 1f there are
any reasons to fear a degree of infection that
might damage the graft ITrrigation tubes can
be ncorporated n the dressing for the fre-
quent introduction of saline as the inner
layers should be kept constantly damp, if 1t
1s to be used In these instances i1t may be
helpful to “waterproof” the surrounding
shin with a silicone omntment, to prevent
maceration

Grease dressings are used almost always,
however, and just cnough of the omntment
should be on the fine-mesh gauze to prevent
stiching, but not enough to cause macera-
tion Xeroform omtment 1s the one most
frequently used As more attention 18 pad
to the preoperative preparation, the neces-
sity for wet dressings decreases

EXPOSURE TREATMENT OF
GRAFTS

pletely should be nearly 100 and 1» definitely
much hicher when good pressure dressmgs
are used. The latter protect the wraft from
externdl factors and the pressure 15 impor-
tant in preventnyg accumulations aof <crum
or blood under the graft The pressure also
does much to press the graft right down
into firm, umform contact with the endo
thehal buds which are wvadimg it for
nourishment.

The pressure dressings also permit -
mobilization of the graft and underlying
area  without mmmobihzing the patient
Some trying situations have been seen of
extensn e traction apparatus, crucifis splints
and overlying bird cages—all for small
grafts where the patient could have been
ambulatory, or at least could hatve rolled
around 1n bed, 1f he had had a good dressing
instead

Other types of unreliable fination and
pressure have been used, such as sandbags,
hot-water bottles filled with mercury, com-
pressed air )ackets, etc

The results and the advantages of good
pressure dressings are so fine that every sur-
geon domg this type of work <hould learn
how to apply them

DRESSING OF DONOR AREA

Every precaution 1s tahken to protect the

rtaweliter Al thn Adanar aean  'rach anctrn.
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¥io 66 (Left) Comparison of final bealing in split-grait donor areas on thighs, The

right leg scars are due to cutting grafts too deep

These donor sites themselves had to

be grafted. The left thigh has been completely decorticated all around from the knee
1 fhe #roin and has healed perfectly because the derma wax not cut through—and
because a careful dressing was apphed (Rigk?) Final appearance of split-graft donor
aren in snother patient, Growth of hair is normal

prevent shpping and a large firm bulky
dressing is securely wrapped on outside of
this and anchored with adhesive (Fig 62)

The first dressing is usually the last one
and it can be leit in place until the donor
site 18 completely healed and stable enough
to require no further protection If the grafts
were fairly thin the dressing can be 1e
moved on the 10th day  but with the usual
thick graits it may be best to leave it on
until the 12th or the 14th day Then it can
be removed and cold cream snd taleum
powder applied dally for about 2 week
(Fig 68}

If there have been any small areas of iIn
fection it will be necessary to heep small
grease-gauze  dressings over them until
heating has taken place \lassive donoc-site
infections are exceedingly rare but are one
of the worst complications and such areas
muny require from 6 10 10 weehs for healing
They usually result from poor dressings
which shp with resultant early exposure of
the wounds and the long pentod of heahing
probably s the result of destruction of
much of the deep epithelium This is some
what comparable with the processes occur
ring under an infected membrane on a
<uperficial bum

The dressing may become messy from the
oozing of serum and it 1 safe to change the
outer portions of it but any early disturb-
ance of the layers next to the wound may
delay healing

If one inadvertently goes through inte
the fat while cutting a graft, the cutting
should be stopped and the area closed with
sutures

SUBSEQUENT DRESSINGS OF

The first dressing of a graft which has
been placed on a granulating wound is wse
ally on the Sth day though it may be best
to do it on the 3rd or the 4th day if there
is any question of the cleanliness Gralts
which have been placed on a freshly created
raw surface as in opening a contracture
may go as long as from 6 to 8 days before
the first dressing if one is satisfied with the
cleanliness of the area Any tiny infections
developing underneath the graft may spread
and tend to dissect it away from the surface
if the first dressing is delayed too long

The inner layer of the dressing is removed
slowly and separated carefully from the
graft All sutures are removed and excess
edges are trimmed away The take” fs Indi
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are used infrequently Hip and shoulder
spicas are apt to shp when put on outside a
bulky dressing A very hght posterior or
anterior plaster splint 1s sometimes mncluded
in the outer layers of the dressing when
grafts are put about the elbow or the knee
The 1mpression has been gained that com-
mercial plaster sometimes contains Bacillus
pyocyaneus, though this may be erroneous

Wet dressings can be used if the wound
was onigmnally quite dirty and refractory to
treatment before operation, or if there are
any reasons to fear a degree of infection that
might damage the graft Irrigation tubes can
be incorporated 1n the dressing for the fre-
quent 1ntroduction of saline as the inner
layers should be kept constantly damp, if 1t
15 to be used In these instances, it may be
helpful to “waterproof” the surrounding
skin with a silicone ointment, to prevent
maceration

Grease dressings are used almost always,
however, and just enough of the omtment
should be on the fine-mesh gauze to prevent
sticking, but not enough to cause macera-
tion Xeroform omtment 1s the one most
frequently used As more attention 1s paid
to the preoperative preparation, the neces-
sity for wet dressings decreases

EXPOSURE TREATMENT OF
GRAFTS

Many grafts will take moderately well
with no dressing whatsoever This treat-
ment of grafts 1s the oldest one and crops
up recurrently There 1s hardly a plastic
surgeon of great experience who has not
tried this at some time and given 1t up, 1t
was abandoned on our service over 30 years
ago

The 1dea comes up generally when the
surgeon 1s having a difficult time 1n apply-
ing secure pressure dressings which do not
shp, rub and file on the graft The apphca-
tion of a good dressing to various areas 1s
an art which does not occur automatically,
but anyone can learn it

The percentage of grafts which tahe com-

pletely should be nearly 100 and is defimtely
much higher when good pressure drecsmé:
are used The latter protect the graft from
external factors, and the pressure 1s 1mpor-
tant 1n preventing accumulations of serum
or blood under the graft The pressure also
does much to press the graft right down
mto firm, uniform, contact with the endo-
thehal buds which are invading it for
nourishment

The pressure dressings also permit 1m-
mobilization of the graft and underlying
area, without immobihizing the patient
Some trymg situations have been seen of
extensive traction apparatus, crucifix splmts
and overlymg bird cages—all for small
grafts, where the patient could have been
ambulatory, or at least could have rolled
around 1n bed, if he had had a good dressing
mnstead

Other types of unreliable fixation and
pressure have been used, such as sandbags,
hot-water bottles filled with mercury, com-
pressed air jackets, etc

The results and the advantages of good
pressure dressmgs are so fine that every sur-
geon doing this type of work should learn
how to apply them

DRESSING OF DONOR AREA

Every precaution 1s taken to protect the
steriity of the donor area Iresh mstru-
ments are used, and the dressings are hept
separate from the materials used on the
graft The immediate covering of the donor
area 1s usually with two layers of fine-mesh
gauze containing § per cent scarlet-red oint-
ment This omtment 1s about the most dry-
ing and least macerating of any, provides a
visible red tag for donor sites for anyone
cutting down through the dressing and usu-
ally 15 highly sausfactory However, an
occasional patient 1s allergic to 1t, and f
there 1s a listory of shin allergies, 4 per
cent Neroform may be used mnstead Over
the grease gause, a layer of gause flats s
placed These dare fastened firmly to the
surrounding shin with adhesive tape to
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Fio 66 (Left) Comparison of Gnal healing in splitgraft danor aress o thighs. The
right leg scgrs jnr)e due to cutting graits too deep These donor sites themselves bad to
be graited The Jeit thigh has been completely decorticated ali around from the knet
to the groin and has healed perfecthy because the derma was not cut through—and
because a careful dressing was applied, (Right) Final appearance of split-grait donor
srea In another patient. Growth of hur is normal

prevent sipping and a large firm, bully
dressing is securely wrapped on outside of
this and anchored with sdhesive (Fig 62)

The first dressing §s usually the last one
and it can be left in place until the donor
site s completely healed and stable enough
1o require no further protection I the graits
were fairly thin the dressing can be re
moved on the 10th day but with the usual
thickh graits 1t may be best to leave it on
until the 12th or the 14th day Then it can
be removed and cold cream and talcum
powder applied daily for about & week
(Fig 60)

11 there have been any small areas of in
fection 1t will be necessary to keep small
grense-ganze  dressings over them until
healing has taken place “assive donor-site
snfections are exceedingly rare but are one
of the worst complications and such areas
may require from 6 to 10 weehs {or henling
They usuafly result from poor dressings
which ship with resultant early exposure of
the wounds and the long period of healing
probably s the result of destruction of
much of the deep epithelium This 1s some
what comparable with the processes occur
fing under an infected membrane on a
wuperficial burn

The dressing may become mess) from the
oazing of serum and it s safe to change the
outer portions of it but any early disturb-
ante of the layers next to the wound may
delay healing

If one wadvertently goes through into
the fat whie cutting a graft, the cutting
should be stopped and the area closed with
autures

SUBSEQUENT DRESSINGS OF
GRAFTS

The first dressing of a graft which has
been placed on a granulating wound is ysu
slly on the Sth day though it may be best
to do it on the 3rd or the 4th day if there
in any question of the cleanliness Grafts
which have been placed on g freshly created
raw aurface as in opening a contracture
may £o a8 Jong as from 6 to 8 days before
the first dressing if one is satisfied with the
cleanliness of the area Any ting infections
des eloping underneath the graft may spread
and tend to dissect it awny from the surface
if the first dressing {s delayed too long

The inner layer of the dressing Is removed
slowly and separated carefully from the
rraft Al sutures are removed and excess
edges are trimmed away The “takhe” is indi
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cated by lack of any drainage, firm adher-
ence to the wound and the pink color of the
graft Any areas of “loss” are usually moist
or blistered and either darker or quite white
If the “take” is complete or nearly so and
the graft 1s clean, the same type of dressing
may be reapplied and changed as necessary
Subsequent dressings are done usually at in-
tervals of 2 or 3 days, though some large
contractures have been opened and grafted
with only 2 dressings being necessary after
the operation When the “take” 1s perfect,
the dressing can be left off in from 10 to 12
days 1f 1t 15 1n an area not subject to much
movement or trauma but may require pro-
- tection a little longer 1n some locations
When scattered areas of loss or infection
are present, more cleansing may be needed
Blebs are trimmed away, hematomata are
opened, and any loose portions of the graft
are trimmed out If a small hematoma 1s
present, it may be best to incise over 1,
express it and apply a pressure dressing
back over the overhanging edges of graft,
as the latter may persist If the graft 1s
very messy, all of it may be washed gently

with soap and water even as carly as the
5th day Ten per cent Mercurochrome or
some other antiseptic may be used for any
Bacillus pyocvaneus present A wet pressure
dressing 1s applied and changed daily with
cleansing until the graft 1s clean enough for
grease dressings A sphit graft usually will
start to send epithelium out over any de-

‘fects 1n about 10 days, and the dressing 1s

left off after healing has been complete for
a short while

Cold cream or some other lubricant 1s ap-
plied once or twice daily to the grafts after
the dressings are removed and until the
sebaceous glands are functioning When the
glands first start secreting, they may be
plugged, and small “whiteheads” sometimes
appear throughout the graft These are most
often seen about the 3rd or 4th weeck and
are opened with a stab blade and the con-
tents expressed, after which there 1s usually
no further trouble During this pertod the
grafts may become thickened, and consid-
erable contraction may appear, presumably
as a reaction to the sebum, but they usually
soften and stretch out later
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Cutting and Application of Free
Full- Thickness Grafts

A fres full thickness graft includes the
full thickness of the skin down 1o the sub.
cutaneous tissue (Fig 38) Despile state
mants to the contrary these grafts stiil have
a definite place In the repair of skin defects
They have the best earlv appearance of any
of the free grafts seem to stop the wound
healing stimulus sooner and have less Iate
contracture under them Thelr color may be
counted on to be more uniform but f there
has been any epithelial or full thickness
loss {as there is apt to be) permanent scars
may appear within the grafts The late ap-
pearance of these grafts in general mav be
said to be the best but often they cannot be
distinguished from very thick spht grafts
after several months

INDICATIONS FOR USE

Their use is generally indfcated in repairs
that are not too extensive about the face
the nech and the hands Their take” on
granulating surfaces is uncertain so that
any open wounds in these areas are usually
first covered with split grafts Sometimes
the final appearance will be about as good
as with full thicknesy grafts but i it is
not the thicker grafls can be substituted
Iater Full thickness grafts are often used
{or the replacensent of scars or the opening
of contractures 1o these areas,

It s not honown exactly why the slight
difference 15 the thichness of these and split
grafts should cause a difference in the

80

amount of late contracture occurring be

neath them (it is of course the bases which wb

contract and not the graita) Presumably
the cut ends of hair follicles and glands on
the under surface of spht grafts may cause
some frritation and consequent wound stim
ulus untll the deep epithelial growth from
them has closed them beneath

This contracture factor may be an impor
tant one in deciding which type of graft to
use Over n smooth bony surface such as
the forehead or the ccalp very Hitle con
tracture is possible, and split grafts usually
will mve an excellent result On loose tis-
sues however such 23 the cheels or the
lips or on any fat base full thickness grafts
may be advisable The muscle power in the
ares is also a factor in preventing or stretch
ing out any such contractures Around the
axilla the elbow or the knee split grafts
are used routinely Due to the powerful
flexor muscles spht grafts may not become
contracted when put on the dorsum of the
fingers but the extensor muscles are 8o weak
that full thickness grafts are preferable on
the palmar surfaces

SUITABLE DON\OR AREAS

As the skin of the body varies in thick
ness texture and color selection of a donor
site is of considerable importance The
mcest  thinnest skin to be found In any
quantity is in the inguinal region the ad
Jacent loner abdomen and the inside of the
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thigh Portions that are relatively hairless
and free of striae or other blemishes are
selected Sometimes smaller pieces can he
obtained from the inside of the arms, or
other locations The use of very thick-
skinned areas, such as the back, should be
avowded, as the resulting grafts may be too
thick to take. The use of eyelid shin has
been recommended, but it is usually not
possible to get enough shin from this area
for even the smallest repawrs, and cutting
and scarring of this flexible area has too
many cisadvantages for the small amount of
shin obtamned Scraps of foreskin from cir-
cumcision do not seem to be worthwhile,
and the proposed use of scraps of shin from
the labia nunora is mentioned only to cau-
tion against its use

Fic 67 Moderate
contracture of nech
with dense, corru-
gated scar from ear
to ear Sometimes
this can be corrected
with only one large
full-thickness graft,
though the usual
more severe types of
contractures require
2 or 3 operations
Dashes indicate hne
of scar excision

.

POSTAURICULAR SKIN GRAITS

Small pieces of good shin can be obtained
from behind the ears, and the donor site
closed with no visible deformity. These are
sometimes very useful for small facial re-
pairs 1n patients with ruddy complexions
but may prove to be too red in color in pa-
tients with very light or fair faces. The shin
is very thin and may not resist contracture
as much or be as fleuible as grafts that are
a httle thicker

CLAVICULAR SKIN GRAFTS

Somewhat larger grafts may be obtained
from the clavicular arca, and these often
provide the best match in color and texture
for small facial repairs These grafts are
also quite soft and flexible and are often



Preparstion of the Reciplent Area 91

Fio 68 Recon
struction of eyelid
with free full-thick L
ness graft from .
supraciavicular ares
for best colos match  # / 3
and soft fexibilit
{Top)Upperfidak
Jost jrom windshield
cuts and patlent
wearing malst cham
ber constantly to try
and save eye (Bot
tom) Appearance
and function after
one opeiation (o
graft in the eyelid
and one operation to
trim and smooth
medisl and lateral
edges of trapdoor
forehead flap

best suited for eyelid and other repaiss
where this quabty is important Clavicular
grafts are a lttle thicker than those {rom
some other areas and that quality may be
impartant in avoiding depressions on the
surface of the nose and other locations. The
pink or red color tones whith are character
istic of the face usually are found only to
the face and the nech  grafts from the body
or extremities may appear much too white
in this environment but clavicular grafts
usyally blead in nicely

These grafts are obtained from the lower
neck or the upper chest adjacent 10 or over
the medial portion of the clavicle The de
fect is closed by undermining and sutunng
in layers to provide o stralght Hne trans.
verse closure The resulting scar s usually
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Just a fine line but may be notsceable par
ticulsrly in women and the disadvantages
of 1t must be compared with the advantages
of this particular graft In each patient, be
fore mahing a fina) declsion. The advan
tages often exceed the disadvantage of the
scar even in women (Figs 68, 181 and 182)

PREPARATION OF THE
RECIPIENT AREA

After o contracted defect (Fig 67) is
apened by dissaction to the desired limit,
the bleeders are tied with \o 000 white
sk and pressure Is applied by an assistant
while the graft 15 being cut to obtain ss
dry a field oy possible Tt is important to
have the edges of the defect firm for fisation
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of the graft, and 1f any adjacent flaps have
been rawsed, the edges should be fastened
down sccurely with multiple deep fine
white silk sutures Occasionally. it may be
desirable to reef the edges back or fix them
with deep mattress sutures

An accurate pattern of the defect 15 cut
in bleached s-ray film, ¥4 mm <heet lead
(Ing 69), or any suitable matertal The pat-
tern 16 made the same size as the defect as
a4 matter of record and then if itas thought
that the donor <khin 1s too tense, as n a well-
nourished baby or fat women, a <uitable

Fic 69 After re-
moval of the con-
tracted kelod and
re-estabhishment of
the normal neck an-
gle, the resultant
wound may be sev-
eral times the «ize
of the scar (extra
fat may be laid
down beneath these
old scars, and re-
moval of some of 1t
may be necessary to
get a definitive nech
angle) A lead foil
pattern 1s made of
the defect, using two
preces if necessary to
conform to the con-
tour of the wound
(Celluloid 1s easier
to use than lead )

GurBuide HemanX

excess may be allowed all around, for ex-
ample, 1 cm larger, if this proves (o he
too much, it can be removed when the graft
1s sewed 1n place The mam pomnt 15 to have
the final tension of the graft correct, as will
be mentioned later

CUTTING THL GRAFT

The pattern 1s outhned on the donor arca
with 5 per cent methylene blue or other
curtable marking material .\ small mecham-
cal drawng pen is a useful instrument for
scratching 1n these hnes Anincision 1s then
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Fic 70 Cutting a full thichness graft from the abdomen. Assistants provide counter
traction in 3 directions to keep the bed taut. The operator holds the graft in his left
hand and cuts the gralt loose with a knife The plane of dissection is in the very fine
white fibers which attach the skin to the subcutaneous tissues (fibers have been
magnified in the dramng for Mustrative purposes)

made clear around the outling gompg just
through the shin but not Into the fat

The greatest help in removing the graft is
1o have two assistants stretch the shin
every direction mte a tout  drumhead
this tension should be maintained through
out the cutting process A sharp scalpel is
a pecessity so that new knife blades are
used and changed as often as is necessary
during the removal of the graft. The edge
of the skin can be piched up with a fine
thumb forceps to start the removal of the
graft but as soon as 2 or 3 cm are loose {t
can be held with a piece of gauze in the
fingers to eliminate forcep marks as much
as possible If the donor area is Lept taut
and the end of the grait is pulled up tightly
the layer of fine white vertical fibers at

taching the skin to the subcutaneous tissue
can be seen readily (Fig"§0) This is the
plane for dusection and the fibers are gently
divided a few at & time to remove the graft,
The best menans to prevent cutting holes in
the graft 1s to visualize this plane constantly
and not to use force enough with the kmfe
blade to go through the graft There should
be little or no bleeding but it is fmportant
to prevent any blood stalning of this plane,
so that 8 fresh sponge is used each time
wiping from the graft down on to the base,

Multiple forceps or individual sutures
may be put around the edge of the graft as
it Is being dissected i desived but ususlly
are not necessary and may leave marks
With eare the graft can be removed with
out toking up any {at and it is thought that
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this 1s a better technic than one in which
the fat globules are cut off the raw surface
of the graft after 1t has been detached from
the donor area

APPLICATION AND FIXATION
OF GRATIT

If the graft 1s of irregular shape, 1t must
be taken with the pattern placed correctly
and not turned around later To avoid this,
suitable blue marks may be made on the
graft to show the correct direction of its
application

The graft 1s placed on the field and
anchored carefully with waxed No 000
black sitk sutures at hey pomts, and then
daccurate sewing 15 done to try to obtain pri-
mary union between graft and defect edge
all uround Of course there may be some
trimming to do hut this should be done
eradually or at the last place of fination
The corrcct tension to put on the graft can
be described best as normal <kin ten<ion for

(. (~—J F
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Fi6. 71A Graft
sutured m place on
the nech The grait
15 sutured edge to
edge in the defect
with multiple fine
mterrupted silk sy-
tures with the ends
left long to tie over
the dressing (stent
type of fination).
Another suture is
run between these,
and the mattress su-
tures mn the center
of the graft also aid
in fination (the lat-
ter can be omutted
m most locations)

a person of average weight, that is, not the
tight tension found in an overnourished
baby or woman and not the looseness found
m the aged or debilitated person This 1s
a matter of practice, but this description
seems to be the clearest

Formerly, multiple stab holes were put in
these grafts to allow for escape of blood and
serum, but they leave ugly scars and usually
can be omtted if sufficient care is taken to
sec that the field is dry and to get a dressing
with umform pressure throughout,

Interrupted deep matiress sutures can be
put 1 through the graft where necessary to
hold it down into any depressions or where
there is uncontrollable movement, such us
over the thyroid cartilage (Ig 71A).

DRESSINGS

The dressing is done in much the same
manner as for spht grafts, using 1 or 2 layers
of finc-mesh grease gauze nest to the graft
Surgical waste is applied over this (Fig,
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Fic 71B Sature
fixation with thelong
edge sntures tied
snugly over surgical
waste, A layer of
fine mesh grease [
gauze is placed be
tween the graft and {l
the waste and an ,
over all large dress-
ing is applied after
ward to provide fur
ther fixation and
immobllization of
the head.

71B) care being taken o tuck separate por
tions of it down Into any depression firm
pressure Is obtained with gauze rolls band
age and adhesive Joint movement must be
avoided if it will tend to dislacdge the graft
or cause bleeding and some splinting can be
used Crinoline ususlly will suffice but plas
ter or wood splints may be used About the
neck copious head dressings and fixation of
all nech movements must be done

On the face it is often necessary to close
the eyelids on the involved side and to wrap
the dressing over them In this instance the
conjunctival sac is washed out and a small
amount of white petrolatum or other safe
olntment s insulled The lids are taped or
sutured shut being careful to have nll lashes
turned out. The hds are covered with a sheet
of fine me<h grease gaute and then a pad of

,-./—“\\“1 -
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fluffed-qut waste over which the pressure
dressing is applied

In grafts close to the mouth the anus or
the urethra it may be desirable to build up
a dam of waterproof ointment near the edge
of the graft to avoid {uture contamination
A silicone omtment 18 very useful for this
of § per cent zinc oxide 1n petrolatum may
be used if preferred

CLOSURE OF THE DO\OR AREA

The donor aven will granulate and heal by
secondary intention unless some provision
is made for sts closure In small or roughly
elliptical grafts often the edges can be
undermined and brought tlogether Inter
rupted silk vertical mattress sutures being
very useful for this purpose Sometimes
round or square defects can be closed by
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Fie 72 Reducing the size of the abdominal donor area prehminary to covering
it with a spht graft Often smaller donor areas can be closed without grafting by
undernmining and suturing, or by swingmg local flaps In any event, an attempt 15
made to get primary healing of the donor area

undermining and switching local flaps to
effect a closure 1in the shape of a Y, a T or
an H Larger defects usually should be
closed with a thick split graft, though some-
times the defect can first be made smaller
by closing the ends and putting heavy
wide, lateral mattress sutures all the way
across underneath the center of the wound

(Ing 72)

SUBSEQUENT DRESSINGS

The first dreseing 1s often done on the
sth day but may wait an estra day or (wo
if one is satisiied with the cleanliness of the
arca and the security of the fixation Grafts
close to the eyes, the nose or the mouth
probabls <hould not he allowed to zo longer
than 3 day~ bhefore the dressmg is changed

The dresangs are done m the same man-
ner s for split graft= escept that the edge

sutures are left in a little longer—usually
from 8 to 10 days Iull-thichness grafts are
a hittle slower in healing n at the edges and
usually will not begin to grow new cpithe-
Irum to heal any areas of loss 1n them until
nearly 3 weehs after they are applied Sub-
sequent dressings may be done at intervals
of from 1 to 4 days, depending upon the
general appearance and cleanliness of the
araft

Serpiginous ulcers may appear occa-
sionally 1n these grafts They usually start
as a tiny area of full thichness or sometimes
only epithehal loss which is seen at the first
dressing They have a strong tendency 1o
spread without the appearance of much in-
flammation or discharge and, of course,
leave scars wn the grafts when they are
finadly  healed  These uleers are poorly
understond but are possibly accocnted with
the <y mbiotic gronwth of low.grade organ-
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fsms The best present method of desling
with them seems to be to trim out mny
slough or to peel off any blistered epithe
lum dry the area thoroughly and apply
10 per cent \ercurochrome or other anti
septic of choice If there is am) tendency
toward burrowing under the periphery, the
overhanging edges can elther be excised or
elsa care must be tahen to get the drugs in
underneath them Usually they are dressed
daily until the process of dussolution has
stopped and bealing is well under way

The final edge scars on tiny {ull thickness
grafts may be almost invissble but on larger
grafts they may be even worse than with
sphit geafts Gradual excision of these in
stages will often do a great deal to improve
the final appearance

TIE-OVER DRESSINGS OR
SUTURE FINATION'

This method of fuxation has sometimes
been called  stent” fxation and Ollfer
Thiersch grafts thick split gralts or full
thichness grafts can be used Cugpinally the
name was applied only to grafts which were
put in over a8 wax mold with the edge sutures
left long and tled together over the form
but it 15 currently used for this type of
funtion regardless of the material employed
sn the {form Surgical waste is now used fox
nearly all these grafts except those inside
the mouth where dental wax or stent is
still employed

This type of fixation is very desirable for
grafts put on the nech the cheek eyelids
lips ears or inside the mouth the nose or
the orbit and ot umes it is advantagemm
on the abdominal wall fingers and other
focations In general It {s wred when satis.
factory pressure and fixation cannot be
obtained by the usual external dressing
alone

When used multiple interrupted sutures
are put through the Junction of the graft
and the surrounding skin all the way
around and the ends are left long and tled

Fio 73 “Tie-over fixation of & full
thickness graft on the lateral mspect of
the neck Dresmng conslsts of fine mesh
grease gauze waste and pauze flats with
the long edge sutures tied over alf of it
A larger outer dressing is applied after
this Incorporating the head and the
upper chest.

over a pad of waste (Figs 70 71 and 73)
or other type of form In some areas such ns
the eyelids it ma) be advantageous to use
only a small pad of waste and pull the graft
out partially around the dressing when tving
the long sutures but in other places such
as the cheeks nrelatively large pad of waste
overlapping the edges can be used so that
the sutures pull the graft up snugly agamnst
the form The usual type of external pres-
sure dressing 1 used in addition to the
“stent fixation m most instances
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Pedicle Flaps

GENERAL CONSIDERATIONS

Pedicle flaps consist of the full thickness
of the shin with the underlying subcutane-
ous fat and are left attached to both the
donor and the recipient areas until a suffi-
cient blood supply has developed from the
latter They are used principally for restor-
mng contour or bulk, in contrast with free
shin grafts which are used for resurfacing
Flaps are often a necessity in restoring lost
features (Figs 74 and 75) or bridging over
holes into cavities and may be required for
padding over bony prominences Flaps are
somelimes essential to bring new blood

I'te 74 Arm flap repair in a young pee

imvolve most of nose a4 betle n

only the major portion T
MeDowclt Plastic Surgery
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supply nto an ischemic area, which could
not support a free graft (cf Chap 12, Per-
manent Pedicle Blood-Carrying Flaps™)
Flap repairs 1n general are time-consum-
ing and expensive for the patient and tedi-
ous for the surgeon, so that careful thought
should be given to therr necessity in each
instance, especially as to whether as good
or better results could be obtained with a
free skin graft In case of doubt, a free shin
graft could be tried first, substituting a flap
later 1f 1t proves to be unsatisfactory Flaps
are essential 1 certan types of repairs and
produce better results than frec grafts n

e el
b

Jase and surrounding scarnng
wonng the entie o, rather
orge Howpital (Brown and
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some others but it is surprising how the
indications for them decrease as soon s the
surgeon gets in the habit of thinking of free
grafts fiest and becomes adept in handhng
them,

Flaps may be classified into direct flaps
which are applied at the same time that they
are raised and dedaved flaps which are
ralsed in stages to fmprove thewr blood
supply before spplication They may be

Fic 75 Use of delayed forehead
flaps for reconstruction of part of the
cheek and most of the nose. (Top
left) The temporal flap (containing
one of the branches of the superficial
temporal artery) was swung down
into place first to reconstruct the
missing part of the cheek and to pro-
vide a platform for the new nose.

(Top right) At the next speration
the temporal flap pedicle was re
grlawctd and the forehead flap was

ght down and shaped into the
oew nose (swung on a supra-orbital
veasel pedicle) (Botiom reght) Final
result after returning the forehead
pedicle and covering the forchend
and le‘m{ﬂe defect with s thick split
skin graft

clnssified further as local flaps which are
swung into the defect from immediately
adjacent areas, and distant flaps

PLANNING FLAP REPAIRS AND
SELECTION OF DO\OR SITES

Once the necessity for a flap s deter
mined the donor site should be selected with
due consideration of all ymportant details
For faclal repairs local forehead or nech
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GENERAL CONSIDERATIONS

Pedicle flaps consist of the full thickness
of the skin with the underlying subcutane-
ous fat and are left attached to both the
donor and the recipient areas until a suffi-
cient blood supply has developed from the
latter They are used principally for restor-
ing contour or bulk, in contrast with free
skin grafts which are used for resurfacing
Flaps are often a necessity in restoring lost
features (Figs 74 and 75) or bridging over
holes into cavities and may be required for
padding over bony prominences Flaps are
sometimes essential to bring new blood

Fic 74 Arm flap repair n
mvolve most of nase, a better repar ¢a
only the major portion Patient cared .
McDowell- Plastic Surgery of the Nose, St Louis, Mosby )
98

u‘jw— [ M‘\—-—WM&L—'R—
a voung person When loss and currounding <carrimng
Y n be made by covering the entire nose, rather

for at Valley Forge Hospital (Brown and

supply into an ischemic area, which could
not support a free graft (cf Chap 12, “Per-
manent Pedicle Blood-Carrying Flaps”)
Flap repairs 1n general are time-consum-
ing and expensive for the patient and tedi-
ous for the surgeon, so that careful thought
should be given to their necessily m each
instance, especially as to whether as good
or better results could be obtained with a
free skin graft In case of doubt, a free shin
graft could be tried first, substituting a flap
later 1f 1t proves to be unsatisfactory Ilaps
are essential 1n certain types of repairs and
produce better results than free grafts in
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some others but 1t 18 surprising how the
indications for them decrease as soon as the
surgeon gets in the habit of thinksug of free
grafts first and becomes adept in handling
them,

Flaps may be classified into direct flaps
which are apphed at the same time that they
are rased and delayed flaps which are
raised in stages to mprove therr blood
supply before application They may be

Fio 75 Use of delayed forehead
flaps for reconstruction of part of the
cheeh and most of the nose (Top
left) The temporal flap (containing
one of the branches of the superficial
temporal artenn) was swung down
inte place first tg reconstruct the
missing part of the cheek and to pro-
vide a platform for the new nose

(Top right) At the next operation
the temporal flap pedicle was re
L)hccd and the forehead flap was

rought down and shaped into the

new nose (swung op a supra-orbital
vessel pedicle) (Bottow right) Finat
sesult sfter returning the forehead
pedicle and covering the forehead
and temple defect with a thick split
skin praft

classified further as locel flaps, which are
swung mnto the defect from immediately
adjacent areas, and drstan? faps

PLANNING FLAP REPAIRS AND
SELECTION OF DONOR SITES
Once the necessity for a flap ts deter
mined the donor site should be selected with
dus consideration of all important detafls
For facial repairs, local, forehead or nech
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flaps are apt to give the best color and
texture match In nose repairs, especially,
the rigidity of forehead skin presents a
marked advantage (Fig 75) over the pale,
soft skin of the chest or the arms, as the
latter may be sucked 1n and collapsed with
each inhalation In fingertip repairs, the firm
tissue from cross-finger flaps or from the
hypothenar eminences may be quite superior
to a tiny, blobby flap from the abdomen,
which may tend to contract into a small
ball on the end of the finger Small repairs
over the ball or the heel of the foot can
sometimes be effected with a better weight-
bearing surface by rotating a local flap from
the arch

After noting all possible donor areas, from
the standpomnt of suitable skin and subcu-
taneous tissue, one should consider which
area can be shifted into the defect the
quichest, with the fewest operations, with
the least inconvenience to the patient, and
leave the least visible donor deformity
These points may come into conflict, 1n
which case 1t 1s necessary to decide how
much each one counts with the patient at
hand For instance, one might elect to repair
a nasal loss in an old man with a forehead
flap, as he might be more concerned with
the quickness and the adequacy of the re-
pair than with the resultant forehead scars
The same loss 1 a young woman mght be
repaired with a direct arm flap, as one would
not fear shoulder joint arthritis as much 1n
her and she probably would object to any
additional facial scars

When other factors are fairly equal, the
time factor should be given much weight
Direct flaps and local flaps may be con-
sidered first, using distant flaps only when
they are not feasible In this connection, 1t
15 well to remember the mobility of the
extremities and the head, that often the
defect can be brought to the donor area
rather than vice versa, or that each of them
may be moved part way. The greatest
amount of ume s saved when the donor
and the recipient areas can be brought to-

gether without intermediate transfers. thus
avording caterpillar or jump flaps If the
final decision 1s difficult, the alternate plans
may be presented to the patient for Ins
selection

After selecting the donor area, a pattern
of thin felt, chamois skin or other suitable
material 1s made of the defect, remembering
to allow additional skin for hning, etc if
necessary The pattern 1s enlarged as much
as necessary according to the donor site
selected If the forehead 15 to be used, only
a shght excess 1s necessary, as these flaps
shrink very little However, neck or chest
flaps may shrink as much as one third, and
arm flaps one half or more In computing
the extra allowance, it is much Dbetter to
end with a hittle extra tissue on the defect
than not quite enough Then the enlarged
pattern is laid on the donor area in such a
manner that all of 1t except the pedicle can
be lifted up and apphied over the recipient
area When this position on the donor area
1s determined, 1t 1s so marked by tracing
around the pattern with a 5 per cent alco-
holic methylene blue scratching in the lines
with a mechanical drawing pen 1f necessary

At this time, the whole procedure is re-
considered with the patient, being certain
that he understands the number of opera-
tions, the time required and the position of
immobihzation and 1s psychologically and
physically prepared to go through with 1t

This planning 1s gone mto 1 some detail
because a little exatra time spent at this
point may save much time and efiort in the
actual eaecution of the plan Nothing 15
more annoying, or more unnecessary, than
ending with a flap that is too small, a pedi-
cle that 1s too short, or a joint position that
15 not endurable for the required time

SUITABLE RECIPIENT AREAS
FOR FLAPS

A granulating area should be as clean for
the reception of a flap as for a free skin
graft. In fact, of there 15 any question of
cleanhness, cover the area temporarily with
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a split graft to get quick healing and sub-
sidence of inflammation and then replace it
with the flap Jater

A finp can pick up blood supply from the
same preas that a free skin graft can, fe.,
granulations fat fascla muscle perfosteumn
etc. In additian, it can bridge over avascular
areas such as bare bone, cartilage or tendon
or over a cavity If the flap is to bridge such
an area it is important to have a sufficientiy
wide blood supply around the periphery
even excising some normal skin around the
edge if necessary to get it A local Rap will
bring in its own minute supply (whichisa
marked sdvantage in some avascular areas)
but all other flaps must be provided with
a vaxularized bed In the reciplent area to
nourish them and they Bre parasites on the
reciplent area

Flaps never should be placed over dead
bone tendon or fasciz, a3 the inflammation
attending their subsequent separation may
gravely jeopardize an overlying Bap which
is struggling for its own survival In gen
ernl bare cortical bone or bare tendom
which has been expased for several days
should be aasumed to be dead unless proved
to be otherwise by appearance of granula
tions on the surface

PROPER TIME SEQUENCE POR
FLAP COVERAGE AND DEEP
WORK O\ BONES TENDONS

NERVES ETC

It can be taken as a surgical axiom that
deep healing never can be better than the
surface coverage In peneral the rule §s to
get fnal complete surface coverage and
healing first and then after a suitable in
terval to go ahead with repair of the desper
structures

For instance o patient may come in fer
eral hours after an extensive hole has beent
blown out of the foresrm with a large sup
in the skin subcutaneous tissus muscles
radius etc Lsually it I8 best to do o
debridement  clean the wound sphint the

extremity in the best possible position and
cover the wound immediately {but tempo-
rarfly) with a split-skan graft to get a healed
wound and prevent further coniracture or
infection The sphit-shin graft can be peeled
off in 3 or 4 weeks and a direct abdominal
flap substituted for it to provide adeguate
final covernge After the flap has healed and
softened and all edema and reaction has
disappeared (usually 6 weeks to 2 months)
an iocision can be made through the flap
for deep work such as bone grafling nerve
sutures {cndon grafung etc. At this time
the surgeon has o completely clean field and
adequate surface coverage both of which
are essential for the success of this deep
work.

Oceasionally if the wound 1s seen very
eatly or s unusuaih clean the darect fiap
may be applied Immediately without the
Intermediate spit shin graft stage

Numerous instances have been seen where
surgeons bave tried to put in bone tendon
or nerve grafts or have tried to plate frac
tures or suture nerves or tendons withowt
adequate surface coverage and these are all
doomed to {aflure from the start

Occasional instances have been reported
where n satisfactory result has been ob-
talned by simultaneous immediate deep
work (such as bone grafting) and coverage
with & flap The total number of these 38
prababhy rather small cowpared with the
rumerous fatlures that have been teen from
this procedure

DIRECT FLAPS

A direct flop 18 one that can be applied
%o the reciplent arer at the same tume that
it s first rased Certain well known flaps
containing named srteries and veins can be
apphied In this manner One example is a
forehesd flap with a fateral pedicle cantain
ing the anterior branch of the superficial
temporal artery and veln Another is 3 il
thichness lip flap swung on a vermilion pedi
cle containing the coronary nrtery nnd vein

In addition to these known flaps & direct
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F16 76 Direct ab-
dominal flap to the
hand (Top,left) Ex-
tension deformity of
fingers and wrist fol-
lowing wide skin loss
(Top, center and
right) Voluntary
flexton of wrist, but
not much flexion of
metacarpophalan-
geal joints obtained
However, the hand
in general 1s almost
normal 1n function

Surg 107 969)

flap can be raised from almost any area
having an ordmarily good blood supply, 1f
the width of the pedicle 1s more than the
length of the flap Such a flap may be sem-
circular or semielhipitical 1in shape (Fig 76)

With considerable caution, direct flaps
can be raised from some areas with the
flap length greater than the width of the
pedicle In such instances, the pedicle should
be kept as thick as possible and be in the
direction of the greatest known blood sup-
ply The flap 1s raised slowly, stopping fre-
quently to apply tests for viability, and if
there 1s question of this, it 1s usually better
to stop and replace the flap, using a staged
delay procedure instead

Sometimes a direct flap from the inner
surface of the arm can be used for the resto-
ration of part of the nose or other areas
about the face Direct flaps are also raised
from the abdonmnal wall for covering the
forearm or the hand in some 1nstances, espe-
cially when the covering of tendons is a
problem (Figs 300, 301 and 76) An ab-
domuinal pocket is another type of direct
flap which can be used in some of these
cases, particularly for covering the dorsum

DELAYED TLAPS

A delayed flap 1s one which 1s raised in
stages before transference to the recipient

(Bottom) Hand sphnted
across the abdomen, with flexion maintained and
direct abdominal flap growing n place (Ann

area (Ing 77) It can be narrower and
longer, but 1n general the length should not
exceed three times the width In the usual
rectangular flap, cuts are made along the
two long sides, and undernuning 1s carned
out from one side to the other If 1t 1s de-
sired to lme the under surface of onc end
of the flap with a skin graft, it can be in-
serted at this time, a full-thichness graft
being better for this purpose than a splt
araft The flap 15 then sutured back down
mn place, and a pressure dressing is applicd
After 2 or 3 weeks the end can be cut across
and resutured, and a week or two later the
flap 15 ready for use if all swelling and
edema has subsided The purpose of raising
such a flap in stages 15 to permit gradual
hypertrophy of the blood vessels in the pedi-
cle and possibly to accustom the tissues in
the flap to a lower onygen tension or o
poorer circulation,
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¥ 77 (A) Deep solid scar around the heel Chronic ulcer healed after being
“dressed” with a thick split graft as the best preparation for the wound and the srea
toreceive the flap (B) Tubed flap prepared in s single stage and defect grafied rather
than pulled together or left open (C) Fixation of cross-le position. (D) Flap of

{E and Fy Completed fiap with wide restoration of region (Brown J B and Can
Hradford The repalr of surface defects of the foat Ann Surg 120 417430}

LOCAL FLAPS

A local flap is one rotnted into the defect
from an immediatels ndfacent donor area.
1t may be raised and transferred directly
of after one or two delayx according to the
sze the shape and other dreumstances 1t
is often possible to leave the pedicle intact
permanenth 50 as to bring a new hlood
supply {nto the recipient area {cf Chap 12)
Local faps usually can be transferred with
greater certainty and in fewer operations

e

than distant ones so that the possibility
of using one should be carefully considered
in eath patient requiting a flap repair
{Fiz 88)

DISTANT FLADPS

A distant flap is one prepared at tome dig-
tance from the defect the two areas are
brought together by movement of the ex
tremities or the head or by a caterpifiar or
Jump technic. Distant flaps are usually more

-
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hazardous and are apt to require more stages
than local ones, so that the possible use of
a local flap should be carefully considered
first m each instance The most useful dis-
tant flaps are probably cross-leg flaps for
the lower extremuty, and arm flaps for cer-
tain defects about the head and the neck
(Thgs 74, 77)

FLAT FLAPS

A flat flap 1s one 1n which the entire flap,
including the pedicle, 1s transferred in its
natural flat position, without additional pre-
limnary operations to tube the flap, and
without additional subsequent operations to
untube 1t A flat flap and pedicle 1s apt to
maintain a better blood supply and to be
subject to less torsion and central venous
thrombosts than a tubed one A flat flap
also requires less operative mampulation
and handling than a tubed one If 1t 1s de-
sired to have the donor site and the under-
surface of the pedicle closed for cleanliness,
this can be done with a spht graft, with
much less manipulation and endangering of
the flap than tubing would entaill There are
very few instances in present-day plastic
surgery where the tubing and untubing of
a flap 1s not disadvantageous The use and
the advantages of a flat flap should be care-
fully considered before embarking on such
an mdirect and prolonged procedure (I'ig

266)
TUBED FLAPS

A tubed flap 15 a delayed, rectangular one
in which the two long edges are raised, with
undernuming between, and sutured together
underneath to form something that looks
hke a swmtcase handle, The skin edges on
either side of the flap may be brought to-
gether under the tube and sutured to close
the defect. or the defect may be covered
with a split graft This tubing has been
described by Filatov and Gilhes and may
he advantageous when using a long flap, as
the pedicle 15 entirely healed (Fig 77). It
i< a natural development, as the raw surface

of any pedicle tends to heal, contract and
curl 1nto a tube while the flap 1s up mn place
and the usual difficulty comes later mn at-
tempting to flatten out the pedicle when
replacing 1t 1n the donor area

CATERPILLAR FLAPS

A caterpillar flap 1s a tubed one which i~
raised at some point remote from its desti-
nation and then 1s brought up to the latter
site by turming 1t end over end 1n stages
It 1s probably the most laborious of all ty pes
of repair and most subject to losses because
of the multiple transferences

JUMP FLAPS!

A jump flap 1s usually a tubed abdommal
flap which 1s temporarily attached to the
wrist, with the upper extremity being used
as a vehicle to bring 1t up to 1ts destination
on the face or the neck Both jump and
caterpillar flaps are somewhat susceptible to
central vein thrombosis, as a result of the
sluggish circulation, and this may produce
some loss at the end However, an open
jump flap (Fig 311) from the abdomen to
the forearm to the leg is often useful where
a cross-leg flap cannot be used

ISLAND FLAPS

An island flap 15 a direct one with the
pedicle consisting only of the supplying ar-
teries and veins One usually can be obtained
from the forchead for obhteration of an
orbit (IFig 78) (when the globe and the
hids have been destroyed) by palpating one
of the anterior branches of the superficial
temporal artery, cutting over 1t and isolating
it with 1ts accompanying veins and an at-
tached flap of shin and fat at the end. Then
a tunnel can be made for the pedicle, and

1 A method of delaving a jump flip Iy turning It
i on steelf firct in a pochet and later attaching it 1o
the carnving wrist his been desenbied by Cuthlient
under the title of “marsumal Mip” Thi lewes g
pochet 1n the abdominal wall which ¢an be stirfaced
with eplit geafts In trandernng it to the arm, the
turned-bick sbin edee on the wrist 1« attached o the
upper free edre of the folded abdominatl flap
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Frc 78 Idand forehead flap used for
oblfteration of orbit Usually this is done
when the globe and both eyellds are
entirelv destroyed Flap with sttached
artery and vein (which has been care
fully dissected out) is put through a
tunnef to the orbut

the flap is introduced through 1t into the
orbit Similar island flaps from the scalp
with one of the posterior branches of the
same artery can be used for the replace
ment of eyebrows (Fig 79}

CROSS-LEG FLAPS

A cross-leg flap can be jmvalusble at times
but involves alout the most manual labor
of any procedure in surgery and 18 subject
to smore complications and lHmitations than
is popularly supposed \any surpeons who

Y10 79 bland flap reconstruction of
each evebrow from the scalp Final ap-
pearanee shown in Figure 326
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had successful experiences with these flaps
on young, healthy athletic soldiers in World
War II have been surprised at the difficul-
ties encountered 1n later civilian experience
with aged or obese patients, who may have
varying degrees of arthritis or vascular dis-
ease

The lower leg and the foot are out on the
end of a pemmnsula and present difficult
problems for bringing in new tissue for re-
pair In any such defect, the surgeon should
carefully consider whether a satisfactory
repair can be accomplished with a free
graft, in this connection, free grafts func-
tion quite satisfactorily on the sole of the
foot, provided that sufficient subcutaneous
padding 1s present The next consideration
should be a local flap, fairly large defects
on the leg can be covered satisfactorily by
rotation of delayed local flaps, on the sole,
local flaps can often be rotated from a non-
weight bearing area to a weight-bearing sur-
face If a local flap cannot be used, the next
consideration 1s a cross-leg flap, then an
open-jump flap Caterpillar flaps and ampu-
tation are the last considerations

If the defect 1s large enough to require a
cross-leg flap, usually 1t will be necessary to
take 1t from the opposite thigh (Iigs 85
168 and 170) The lower leg will seldom
supply a flap of sufficient size, and 1t pre-
sents additional hazards associated with de-
nudmg of padding over the fibula or the
tibia There 1s probably no reason for ever
cutting mto the opposite foot; every effort
should be made to preserve at least one
undamaged foot for the patient to stand
and walk on

It 1s essential that the patient understand
the entire procedure, and that he be pre-
pared to go through with it Tt 15 well to
eaperiment with various positions before the
operation to determine the one most toler-
able for him The flap will usually have to
come from the anterior, the anteromedial or
the anterolateral surface of the thugh The
casiest position s usually with the donor
extrenuty nearly straight and with the bent

knee of the recipient extremity about half-
way between a fornard and a lateral posi-
tion; extreme abduction or lateral rotation
of the hip on the recipient side is an almost
unbearable position for many patients after
a few hours The required positions are usu-
ally not too bad for young patients but may
be unbearable for patients over 40 or 45
vears of age, though this 1s determined more
by the condition of the jomts than by any
chronologic age Obesity makes the whole
situation much more difficult

If the flap can be designed with a short.
broad pedicle, it may be possible to do a
direct transference, more often, 1t will be
necessary to raise the flaps by one or two
delays The donor area and the undersur-
face of the pedicle may be covered with a
split graft at the time of transference

A pressure dressing is applied over the
transfer area, without pressure or torsion on
the pedicle Immobihization 1s usually ac-
complished with a double hip plaster spica
to the toes, with an incorporated wood cross-
bar between the thighs, and a wood stand
under the recipient knee Prepared splints
of metal or plastic can also be used. if pre-
ferred About 17 or 18 days 1s usually re-
quired for transference Ixtreme care 1t
used to pad well over all bony prominences
and to avoid undue weight-hearing of the
reciptent extremity over the anterior surface
of the donor thigh The location of the
peroneal nerves 1s important to bear in
mind

CROSS-LIP FLAPS

A cross-lip flap 1s a shield-shaped, or tri-
angular. flap of the full thichness of the lip,
rotated into a defect of the opposite hp, on
a tiny pedicle of vermilion and the adjacent
coronary artery and vemn This can be done
as a direct transfer but requires careful
planming About one third of one lip can be
rotated as a flap mto a defect as Lirge as one
half of the opposite hip and the resultant
balance will usually be <atisfactory particu
larly in older paticnts (Figs 80, 1 and 823,
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Fio 80 Crosy-lip flap technic lumed trom upper Yip to lower lip around the corner
of the mouth based on a tiny pedicle containing the coronary artery It is xeldom
necessary to excise the triangle 4 A ) and to make the cosscut D \. (Right) Shows
2 later operation to pull the new comer of the mouth over into batter position
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Fia 81 Crm:—!f}n Oap technic fo 6l in large defect in the center of the lower lip
A flap is switched from the side of the lower hip into the centra] defecs finnt and then

the resulting sde defect is filled with a flap rotated down fram the upper hp in the
usua! manner

In transferring any cross-lip flap  the
mucocutaneows functions are marked by
puncturing in points of methyvlene blue on
both mdes of the defect and on both sides
of the flap mcisions before the operation 15 mouth fs advanced laternih at a later gpera
started this prevents confusion os to the  tion by 2 VY maneuver to sestore sy
exact location of these borders fater iy the melry between the two angles of the mouth
operation Central defects can be filled In o dif

bor lateral defects o flap is rased from ferent manners A laterat flap from the same

the epposing segment of the opposite lip

on & medial pedicle and rotated into
the defect 30 thar the pedicle farms the nev
corner of the mouth This new angle of the
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had successful experiences with these flaps
on young, healthy, athletic soldiers in World
War IT have been surprised at the difficul-
ties encountered in later civilian experience
with aged or obese patients, who may have
varying degrees of arthritis or vascular dis-
ecase

The lower leg and the foot are out on the
end of a pemmnsula and present difficult
problems for bringing in new tissue for re-
pair In any such defect, the surgeon should
carefully consider whether a satisfactory
repair can be accomplished with a free
graft, in this connection, free grafts func-
tion quite satisfactorily on the sole of the
foot, provided that sufficient subcutaneous
padding 1s present. The next consideration
should be a local flap; fairly large defects
on the leg can be covered satisfactorily by
rotation of delayed local flaps, on the sole,
local flaps can often be rotated from a non-
weight bearing area to a weight-bearing sur-
face If a local flap cannot be used, the next
consideration 1s a cross-leg flap, then an
open-jump flap Caterpillar flaps and ampu-
tation are the last considerations

If the defect 1s large enough to require a
cross-leg flap. usually it will be necessary to
take 1t from the opposite thigh (Figs 85
168 and 170) The lower leg will seldom
supply a flap of sufficient size, and it pre-
sents additional hazards associated with de-
nuding of padding over the fibula or the
tibia There 1s probably no reason for ever
cutting into the opposite foot, every effort
should be made to preserve at least one
undamaged foot for the patient to stand
and walk on

Tt 15 escential that the patient understand
the enuire procedure, and that he be pre-
pared to go through with it Tt is well to
experiment with various positions before the
operation to determine the one most toler-
able for lum The flap will usually have o
come from the antertor the anteromedial or
the anterolateral surface of the thigh The
casiest postion 1 usually with the donor
estremity nearly strasght and with the bent

knee of the recipient entremity about hali-
way between a forward and a lateral posi-
tion, extreme abduction or lateral rotation
of the hip on the recipient <ide 1= an almost
unbearable position for many patients after
a few hours. The required positions are usu-
ally not too bad for young patients but may
be unbearable for patients over 40 or 45
years of age, though this is determined more
by the condition of the joints than by anv
chronologic age Obesity makes the whole
situation much more difficult

If the flap can be designed with a short.
broad pedicle, 1t may be possible to do a
direct transference, more often, it will be
necessary to raise the flaps by one or two
delays The donor area and the undersur-
face of the pedicle may be covered with a
spht graft at the time of transference

A pressure dressing 1s applied over the
transfer area, without pressure or torsion on
the pedicle Immobilhization 1s usually ac-
complished with a double hip plaster spica
to the toes, with an incorporated wood cross-
bar between the thighs, and a wood stand
under the recipient knee DPrepared splints
of metal or plastic can also be used, if pre-
ferred About 17 or 18 days 15 usually re-
quired for transference Extreme care i¢
used to pad well over all bony prominences
and to avoid undue weight-hearing of the
recipient extremity over the anterior surface
of the donor thigh The location of the
peroneal mnerves is important to hear mn
nund

CROSS-LIP FLAPS

A cross-hip flap 1s a shield-shaped, or tn-
angular, flap of the full thichness of the lip,
rotated into a defect of the opposite ip on
a tiny pedicle of vermilion and the adjacent
coronary artery and vein This can be done
as a direct transfer but requires careful
planning About one thrd of one lip can he
rotated as a flap mto a defect as Targe < one
half of the opposite lip, and the resultant
halance will usually he satistactory, particy
Larly 10 older patients (Fags 50, K1 and 823
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Fio 80 Cross-lip flap technic, turmed from upper lip to lower lip around the corner
of the mouth based on a tiny pedicle contsining the coronary actery It 18 seldom
necewsary to excise the triangle A A ) and (o make the crosscut DX\ (Right) Shows
2 later operation 1o pull the new comer of the mouth over into better pealtion
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Fio 81 Crosslip fap techole, to fill in large defect sn the center of the ower lip
A flap is switched from the side of the lower hp into the central defect first and then
the resulting side defect is filed with a flap rotated down fram the upper lip in the

usuaf manner

In transfersing any cross-lip 8ap the
mucocutaneous functions are marked by
puncturing in polots of methylent blue on
both mdes of the defect and on both sides
of the flap rmcisions before the operation is
started this prevents confusion as to the
exact location of these borders Iater in the
aperation

tor lateral defects a flap 15 rawed from

the opposing segment of the opposite lip
based on & medial pedicle and rotated mto
the defect 3o that the pedicle forms the new
corner of the mouth This new angle of the
mouth is advanced Jaterally at a later opern
tion by a \ 1 maneuver (o restore sym
metry between the two angles of the mouth

Central defects can be filled In two dif
ferent mannens A lateral flap from the same
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lip can be shifted over and the defect thus
created can be filled by a cross-hp flap, as
noted above The other method 15 to use a
cross-lip flap across the center of the mouth
from the opposing central segment of the
other hip, this requires a temporary pedicle
across the center of the mouth which is cut
after 10 or 12 days This latter method ne-
cessitates the mouth s being closed for 10
or 12 days (with feeding by tube or syringe)
and 1s done most safely under local anes-
thesia

For any cross-lip flap the mucocutaneous
points are punctured in, and the borders of
the defect and the flap are marked n, with
5 per cent alcoholic methylene blue and a
mechanical drawing pen The incisions are
hghtly made with a No 15 blade and then
the opemngs are made through the hip at
right angles to the surface, cleanly and ac-
curately with a No 11 blade The exact
location of the coronary vessels 1s noted
when the lateral border of the flap 1s raised,
and extreme care 1s exercised to avoid cut-
ting these vessels when nearing the pedicle
on the medial sitde The donor area 1s closed
before suturing the flap 1n its new location
Closure 15 done with interrupted fine su-
tures, mucosa first, then muscle, and skin
last A strip of wide elastic adhesive. from
one temple to under the chmn to the oppo-
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site temple, will remind the patient to heep
his mouth closed and plaster fixation 1< not
necessary

CROSS-\RM FLAPS

The cross-arm flap can be used for get-
ting a soft, fleuble, flap into the wel space
between the thumb and the index finger To
see how this works, one can grasp s oppo-
site arm just above the elbow The flap is
a direct, semicircular one from the opposite
arm, with the pedicle based superiorly

CROSS-FINGER FLAPS

The cross-finger flap 1s an old established
procedure of somewhat himited utility Most
defects on a finger can be covered best with
a free graft, 1f an ordmnary spht graft would
be too thin, 1t may be possible to get a
thicker and softer coverage by using a full-
thickness graft from the clavicular area.

If a free graft will not be satisfactory,
next consideration may be given to rotating
in a local flap and grafting the donor area
Nearly all finger defects can be covered by
one of these two methods

Occastonally, a flap from an adjacent fin-
ger may be advantageous (Iig 83) If so,
1t should be raised in such a manner as to
protect the nerve supply in the donor finger
and to avoird exposure of tendons in the

't 82 Cross-hp flap  (Lefty Cancer paste defect with large recurrene
below st Widely resected and filled in vith cross-hp flap as <hown i photo-
craph at nght This asoded the old German ¢ face-slashing™ operations, of
advancine or rotating in large latceal flaps with resulting better appearnte

and better sphineter function here



Final Planning For a Flap Repair

Fro 83 Cross-finger flap techole
(Tep} Punch-press defect with tult of
bone gouged out (Cemier) Cross-finger
flap §n place for 18 days (with split grait

ng on donor fioger during this
time) {Botlom) Detached and final
resuit

donor finger In older patients the immobih
zation Tay result in two stiff fingers instead
of one

The use of an shdominal flap for n small
finger defect is mentioned only to suggest
that it usually results in vadding up into a
Hitle doughy ball that is more of an annoy
ance than a help

FINAL PLANNING FOR
A FLAP REPAIR

As mentioned before extra<detailed and
repeated planning of flap repalrs may save
time fn the end and be the best assurance
of success

The defect should be studied again
making cerain that s flap reparr wonld be
better than a free gra{t and that the defect
18 in condition to accept a flap Several days
of wet dresaings and cleansing may be nec
essary on & dirty defect or it may be best
10 gret it cleaned up by first healing it with
= spllt gralt Any devitalized tissue must be
removed If the area is excessively ischemic
the possible use of a permanent pedicte
blood-carrying flap should be considered

Poasihle donor areas are reviewed agnin
50 that the best one may be selected The
possible shrinhage of the flap is estimated
and the pattern of the defect Is enlarged o
corresponding amount and marked out on
the donor nren By pattern and thread meas
urements it {s made certain that the fiap
will reach without tension and withowt
undue torsion on the pedicle Then it is
decided whether the flap shall be prepared
as o dueet one ot delayed in stages Finally
it 18 made certawn that the patient Iy aware
of each stage the time and the positions

wvolved and 1 prepared to go through
with it

T
g
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RAISING THE FLAP AND
TESTS FOR VIABILITY

In raising a direct flap, the distal por-
tion is raised first and then step-by-step
back toward the pedicle, stopping each time
to be certain that the blood supply 15 still
all right s one approaches the pedicle, the
flap is kept as thick and wide as possible
If there is question as to the blood supply
at any time. the flap is replaced, and the
procedure 15 converted mnto a staged one.

In the final raising of a delayed flap,
the edges are cut around with a knife, and
often the second undermining can be done
with the finger or by blunt dissection

After raising, the flap 1s wrapped 1n a few
moist sponges and replaced in its bed for a
few minutes, to recover from any vasospasm
that may have occurred Then 1t 1s finally
tested for viability

Viability tests are many, but the more
comphicated ones are uncertain and difficult
to carry out at the operating table The
simple test of wiping the distal end with
moist gauze and thereby securing multiple
oozing points 1s perhaps the most rehable
The over-all pink color of a flap with no
evidence of color change or demarcation in
any part, i1s always encouraging The “flash
test” is useful pressing down on the distal
skin with the looped handle of a hemostat
for a second and then observing how long
the blanched area requires to regain 1ts full
color. 1f the flap passes all of these tests,
particularly when rotated to its new posi-
tion, 1t 1s almost certamly ready to use

CLOSING THE FLAP DONOR AREA\

As noted before, flat flaps are preferred
to tubed ones for most purposes. If it is
desired to seal the pedicle a sphit graft can
be put on the undersurface of the pedicle
and carried on down over the donor area

Some donor areas can be closed by under-
mining and =uturing up to the pont where
the pedicle will be replaced, if this dnes not
constrict the pedicle in any way At times,
1t may be best to dress the donor area npen.

and clese 1t at the ume the pedicle i
returned

SEVERANCE AND RETURN
OF THE PEDICLE

If the flap does not have a permanent
pedicle, the question always arises as to
when the pedicle should be severed and re-
turned to 1ts original locale Various com-
plicated tests have been devised for deter-
mining this, but most of them are subject
to various technical difficulties and errors

In general, few pedicles can be severed n
less than 2 weeks (except 10 to 12 days for
cross-hp flaps), and few will require longer
than 3 weeks, 17 or 18 days may be an
average figure, if the recipient site ofiers
good blood supply and wide contact

After waiting the estimated period of
time, the pedicle can be compressed with a
rubber-shod clamp, using rubber hands on
the clamp to apply the pressure, for 15 or
20 minutes The flap will often become quite
pale for a few minutes and then regan us
normal color with a rapid “flash ” In such
mstances the pedicle can be severed at any
time If there is question, or if the pedicle 1s
very broad, 1t may be best to make a partial
cut across it from esch side under local
anesthesia, leaving about the central half
mtact .\ day or two later, the remamnder of
the pedicle can be clamped and tested as
above

In deciding swhere to cut the pedicle, one
should consider whether a hanging tal will
be useful i completing the repar For -
stance, m arn flaps to the nose, a long hang-
mg tail is usually left attached to the new
nose for 2 to 4 weehs, as there will be con-
siderable shrinkage, and 1t is necessary o
have enouch finally to turn up and in to line
the meide

After the pedicle 1s severed, any grapule
tions or split graft on the under side mav
e escised, and any necessary  escisions
carried out in ftg old bud i proparation for
its return 15 the picicte has tended to tulwe,
it may be necessary to mibe soveral longs-



Preparation of the Recipient Ares 1

Fio 84 (A) Extensive loss of sole of foot. (B) Split graft applied to obtain quick
healing, but obviously an insufficient pad to allow the patient to walk.

tudinal cuts on the underside so that it can
be flattened out completely Then it is care
fully fitted back inte place and fixed wth
subcutaneous and shin sutures os necessary,
folloned by a pressure dressing

The remaining raw edge of the flap can
be trimmed and fitted into place now or
later according to the circumstances This
is not a good time to undermine any part of
the flap whatsoever

LATE DEFATTING OF FLAPS

If flaps are not used except where bulk s
required if they are prepared and applied
in the proper thickness originally, and {{
abxlominal flaps with their coarse lumps of
fat are avolded whenever possible this “de
fatting” nulsance can be largely ehiminated

When necessary it is usually best to wait
a month or two open up one side of the

flap excise the excess fat and a little bit
more, replace and resuture the flap and
apply a firm pressure dressing The proce-
dure may have to be repeated later from the
other side, especlally if the patient gains
welght This can develop into a repeated an
noyance and it is well to avoid 1t by fore
sight, when possible.

PREPARATION OF THE
RECIPIENT AREA

Prior to the transferring operation the
recipient area is made as clean as possible
by daly cleansing wet dressings antl
botics ete. or even by temporary split
graft coverage if necessary (Fig 84)

At this tune, any scar epithelium around
the edges Is excised, and granulations are
shiced off down to a firm smooth bed with
a multitude of fine oozing points An ade
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I''c 85 Same paticent
as Figure 84 Restoration
of <ole with pedicle flap
from opposite thigh ()
Plaster fixation (B) Good
functiomng sole which al-
lows patient to get atound
and pursue all normal ac-
timities However such a
flap does not metaplase
into true plantar skin and
often requires protection
with a sponge-rubber pad
in the shoe, or
some other de-
vice (C) Grafted
donor site on
thigh Compare
size with (B)
Sufficient  allow-
ance for shrink-
age and trimming
should be made
when any flap 1s
designed

quate minute bload supply 15 necessary for
the “take” of a parasitic flap (e £ . one that
will not have a permanent pedidde) 1If the
edges of the defect are excessively thmn, it
may be necessary to sacnifice some normal
shin to get hack to good thick tissue I s
often worth while to undcreut the edges of
the defect <lightly and turn them up {or best
cuture fisdation of the flap Sharp corners or
Vs or darts are averded whenever possible

APPLICATION OF FHE PLAP

The flap 1 now moved into position and
anchored with multiple mterrupted sutures
of fine catout or Na 000 white «ill, God
approvinnition of subcutaneous tissues and
deeper tissues i essential ol around the
erees exeept vhere the pedide comes in
If this s dom aecuratcddy thronghont, fes if
any ohin sutures will be nevesaary
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DRESSINGS AND FINATION

A dressing Is applied with pressure over
the part that is to be transferred but with
no pressure, constriction or tension on ihe
pedicle Any torsion of the pedicle should be
munimized as much as possible and the ad
jacent jolnts and parts are immobilized

Fine mesh grease gauze is applied imme
dintely over the flap then a Jayer of waste
and compression by means of & gauze roll
or FElastoplast The pedicle donor area Is
dressed similarly The pedicle itsell is cov
ered with grease gaure a few flats and s
loose dressing

Although the adjacent joints and parts
must be immobilized plaster fixation is sel
dom necessary except in the case of cross-
leg fiaps For instance in arm faps to the
face adhesive and Elastoplast fixation 18
sufficient and 1s much hghter and more com
foctable {or the patient In all fixations
bony promnences and nerve points mre
padded and care 18 taken to prevent any
pressure sores

POSTOPERATIVE CARE

The dressings and the fixation are ar
ranged in such & manner that easy and fre
quent access to the flap may be obtained
for inspections The Brat such inspection 18
then carried out In an hour or two and
thereafter as indicated However it is im
portant 1o replace elnstic pressure on the
fap each time as more flaps probably dis
from venous stasis than from arterw! in
suffinency

If the flap is dusky on Inspection a fur
ther clue a5 to its status can be obtained
by 1ty flash time ” Aeasures to combat this
may include being sure that the pedicle s
Yoose and free from hindrances elevation of
the arex and a continuously good pressure
dressing on the flap itself Leaving the flap
Ppen massaging {t applying suction apply
Ing iccbags etc., are all messures which
probably do more harm than good Extra

care In the planning and the operation will
avoid most of these difficulties

The flap and the pedicle are hept clean
and redressed as often as necessary through
out the postoperative period

CONMPOUND FLAPS

Varnous bizarre procedures are reported
from time to time In which bone or cartl
lage, or some other object s first buried
under a flap in its engnal donor Jocation
and later is transferred along with the flap
Such a flap {s known as a compound flap
Shin Hming mav routinely be put under
flaps and transferred with them in this
manner Experience to date with the other
compound flaps probably would not ment
their use 1n 8 routine manner

Similarly there are ocrasional reports of
putting & bone graft in an open wound and
Immediately covering it with a flap or
doing the same thing with cartilage metal
He implants etc. Enough faflures have been
seen from these procedures to suggest that
they be discontinued

FAT FLAPS

Judging from the results seen 1t would
seem that free ft gra{ts are rarely success-
ful when any considerable emount of bulk
is involved

A flap seems to be the most certaln way
of transferring fat even though 1t is cumber
some

In hemifacisl atrophy a good filling of the
face can usually be obtained with a fat flap
and this has been done from time 1o time on
our service for many decades (Fig 86)

A flap from the inside of the arm is used
most often though a chest flap can be used
with a little more difficulty

The fap 1 a long rectangle, with the
pedicle at the elbow end and is delnyed
At the time it is raised for transfer a free
skin graft is cut off the surface and apphied
to the donor bed uderneath The flap 15
fet into the foce through a transverse p



F1c 86 Fat flap for restoration of contour Hemufacial atrophy, treated by
single maneuver of mserting arm flap with sphit graft cut off the surface. up
through 1ncision under horizontal body of mandible (Right) Shows result
I yedr later, with preservation of good movement

16, 87. (1ft) Tlap repair o burn contracture of neeh (done elo ‘.s;x;rc): lhn;;
straight-line profilc from the Tip to the sternum 1s commonly secr st l’;' t;.;;r!;.r
(Righty Re-toration of the neck angle by cutting across the muddle o !1
a frac full-thickness graft ollowing ths, Iht: petent wois abdg
iv arcirdent, Alen note reronstriction of helix of ear

Te pﬂlr~
fap ansd ineerti
to swam for the fivst ime after b
with wnall direct flap of mastoid shan
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cision under the jaw Several long double
armed sutures (strafght needles) are passed
through the upper end of the fat flap and
then passed through adhesive tape patches
in the temporal scalp and the outer end of
the brow and then tied up in place The
forearm is fastened over the bead in the
usual manner and from 17 to 1B days is
sufficient for the transfer

ADVANTAGES OF SHORT
BROAD PEDICLE FLAPS

Shoxt, broad pedicled faps have been used
extensively in the past 15 vears instead of
tubed flaps They are most applicable to the
hand and the arm following crushes and
gunshot wounda that leave large defects
(Figs 300 snd 301)

These areas can be repaired with direct
abdosnal and chest flaps by uslog the
prnciple of a short broad pedicle which
will allow complete mobilization and smme
diate use of the flap There is rarely anv
need for delaying or tubing flaps for these
repairs.

This procedure has been carried out in
jarge numbers of patients and a valuable
saving of patient hospital weehs has been
possible \Whereas long tubed flaps or de
fayed flat flaps have been known to require
months of preparation this direct flap 15
prepared in 10 to 30 minutes and usually
can be detached in 14 to 20 davs Therefore
the crippled extremity is freed of its sear by
thateugh dissectlion the flap 15 prepared ac
curately and at the same time the arm is
~planted” under the flap with the result
that in 2 or 3 weeks the arm or the hand can
be detached from the abdomen and the
wound closed This flap is soon ready for
wse of for any necessary deep work on bone
nerve or tendon

Bone nerve and tendon repairs cannot be
accomplished stccessfully through dense
scar because the results of these operations
can only be 35 good as the surface henling
When deep repairs are attempted through
excessive scarring the wounds mav break
down end wire foil screws plates and bone
grafts may be lost The procedure outlined
here is of marked importance in the prepa
ration of many areas for necewsary ortho-
pedic or neurosurgical repairs

RESULTS OF FLAP REPAIRS

Flaps may give the best result or the only
posmble result 1n some instances but they
are not without their faults In general the
shin maintains its own color and texture
quite well and facial repaire with forehead
or other adjacent flaps match whereas flaps
{rom more distant areas ate apt to differ
The chief difficulty however is that the
thickness the heaviness the excess fat and
the general blobbiness may markedly impair
emotional expression or other movements
and may actually create webs This is sreen
quite strikingly when large flaps have been
put in from the lower Iip to the suprasterpal
notch for repair of contracted nechs (Fig
87} The flap mav form an glmest straight
diagona} Line from the lip to the sternum
without any normal chin prominence or
angle between the nech end the jaw Be
cause of the constant weight the patient
may tend to Leep his mouth open or lips
apart although closure is possible Another
difficulty with flaps 1s that because of the
laboriousness of the method shnnlage and
unpredictable partial losses too little skin
Is often brought wp to effect a satisfactor)
repair The amount of skin required to open
widely some of these severe contractures
may be more than amone might predict
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Permanent Pedicle
Blood-Carrying Flaps

USES AND ADVANTAGES

In repainng a defect m a heavily scarred
area with dimimshed vasculanty it may be
advantageous to use a flap with a permanent
blond supply coming in through a permanent
pedicle that does not have to be detached from
its donor site Such instances are found in
rachation lesions, i defects extending nto
bony cavities, as about the tibia and the foot

e o e s

e €6 Permanent prdicle blood carryng flap (Left) Deep

wion Tespn of back of aulla for w hich .
7y Rewlt af ane oprratinn, with lip rotatrd pps il froem

Do cupply 1o the ey
LI

praposed (Rl
Diteral che t wadl, e ney

where bone may hate to be replaced as about
the jaw, about the chest and the avilla, m
densely scarred arcas resultmg from gunshot
wounds, and traffic accidents. 1n extensive war
injuries, 1n defects of the scalp with or without
bone loss, defects followmg tumor removals
where bone 15 eaposed, as over the veriehral
spines, the pelvis and the elbow. and wn decu-
bitus nleers This type of flap actually adds
blood supply to the recipient ate mstead of

tndurated reds-
(3 of operatione bt bren

-

a4 leng
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being a parasite on the area as the usual dis-
tant flap does that has to have its pedicle
severed

Along with the blood supply these flaps may
carry some nerve supply that may give more
tone to the fina} repalr and possibly betley
sensation In designing and using these flaps
however 1t 11 advisable not te sacrifics impor
tant adjacent nerve or blood supply or to
distort other functions or features, These flaps
are designed not so much for the method of
the ease of preparation and manipulation as
for the permanence of the pedicle and the
blood supply Although they are rotated into
position they are designated as to their func
tion vather than as to thefs form and for thia
reason the term permanent pedicle blood
carrying flaps is suggested These flaps hayve
been mentloned previously but not by thus
suggested designation When a rotated flap
{sland or arterial flap pelste or Estlander hp
flap or any type 8 used in which the pedicle
dots not have to be cut the same process is
carried cut but the design to obtain the per
manent pedicle is the point of consideration
here Along with thiy {undamental reason it
may be that this ta the dmplest posdble type
of repair and may save many stages and much
scarring a8 compared with the use of & distant
flap

In resecting sene of these defects the un
derlying nerves vessels tendons or joints may
be so infiltrated with the fibrosed tissue that
some of it may have to be left. In radiation
lesions there mav be scar tlssue of reduced
vasculanty that may break dowm on slight
trauma and may be responsible for subcu
taneous calcification so that these areas are
not normally resstant to trauma of any kind
—surgical or mechanical For this added rea
son surgical procedures mav be more difficult
and this pathologic condition may make the
use of permanent pedicle flaps more important

This deep fibrosis and vascular change maw
be the tissue effect that ienders radiated tissue
both early and late less remstant to other
trauma. The microscopic appearance hay been
studied in tissue taken deep fn such radiated
areas and the tudy showe light-stalning
fibrous tissue only with vascular elements
lacking to a marked degree and the tissue
appears to e umable 10 cope with much

Fic 89 Yermanent pedicle blood
carrying flap {Top) Deep avascular
sloughing radiated area 7 years after
treatment for recurrence of brenst car
cinoma. Necrotsc ribs pleura and pen
cardium and nothing Lo nourish & pars
aitic flap Patient almost demented from
years of severe pain (Bottom) Resuit
of excistorn and coverage with delayed

rmanent pedicle flap which brought
ts own new blood supply with it ints
the area

trauma when considering healing possibilities
An example of the need and the use of this
flap is demonstrated in a patient with a severe
painful radiation lesion of the axills following
postoperative treatment for carcinoma of the
breast (Flg 88) Prolonged effort was made
by the patient to obtain relief with wide vari
ations In advice being received Suggestions
had been made as radical as transferring a
thigh flap an the opposite right arm into post
tion which would have required many oper
ations and long hospitalizations and as radics’
as fust letting the radiation lesion alo
using sedation,
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Permanent Pedicle Blood-Carrying Flaps

In finally desizning the repair for the axalla
1t was recngnized that resection of the area
was dangerous and that a soft pliable resur-
facing would have to be supplied. with the
best assurance of primary healing for protec-
tion of the nenve and blood supply to the arm
A free grait was not indicated because of the
extent and the depth of involvement

Accordingly a large permanent pedicle flap
was designed from behind and lower over the
chest and the flank and was carnied nto place
m a single operation 1t was designed on the
short broad pedicle principle rather than on
the long narrow or tubed pedicle basis and the
permanent result and rehalibtation was ac-
comphshed 1n a single operation with only
2 weeks of hospitahzation. The donor area was
repaired with spht grafts at the same tinie
This flap adds permanent blood supply as well
as nerve supply to the area and gives the best
protection to the underlyving vessels and nerves
and muscles After designing the permanent

pedicle, the <hift s that of & buge direct 1o
tated flap The many other recommend wnime
for comphcated distant tubed or jump Rae
have been cieccumyented by thic smele opera-
tinn

If necessary for such a repmr the flap o
be delayed in <everal stages N delayed per-
manent pedicle flap with blood supply coming
i from both sides 1s iNustrated in izure $9.
This patient had a radiation slough includiny
shin muscle and bone in the anterior chest

Her condition was desperate with recur-
rent hemorrhages from the internal mam.
mary and intercostal vessels, necrotic ribs,
and exposure of the pencardium and the
pleura Pamn was so great that she was
thought to be a narcotic addict or to be
un olved with hopeless cancer and she had
had adsvice from many <ources that nothing
could be done

It was evident that a free shin graft or

. |

Tia, 43 Pormanent pudicle blood carryam dap (12483 Derp bole ander
tibe o phiteay, wath 2o much bune pone tht l{rc e u‘nnm’w! u,mn'h 1l !n’u fn{
a crsscder thp, ollinad by buope ge sftne, 1Certer crd Bielry Civermapi v,:x ¢
¢ peomrnent pedicle, tooed fhp ODstemeoneas woas rapist alter tho po ably dus
tr ey Blo capply s that bane goiftind was ot peegenty,
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a parasitic flap could not take and survive
on this aren. It was also obvious that dé
bridement alone would accomplish nothing
but exposwre of more debilitated tlssue
which would then undergo further necrosis
unless immediate permanent coverage could
be applied

4 permanent pedicle blood-carrying fap
was peeded here as a life-saving process
with no question s to its own survival
Accordingly alarge thich delayed flap was
designed below the defect snd prepared in
two preliminary ralsing stages At the final
operation the flap was raised rotated inte
its new poaition and it was determined that
ita circulation was good A complete d&¢
bridement of the defect was done removing
devitalized chest wsll and dead nbs and
decorticating pleura and perfcardium until
8 henlthy base and margin was secured all
around. The flap was then fixed In place
and its onginal bed was skin-grafted

take and firm union (Patient ea
similar patients seen where a distant tubed Ry
these avascular areas, there was often
sepeated loss of sulsequent bane grafts

Primary healing occurred with good per
manent coversge new permanent blood
supply o the area and rehabllitation of the
patient

1t is felt that this procedure was a life
saving one and that besides the fact that
the ares would not support a parasitic flap
this patient could pot have gone through the
laborious stages of a distant tubed or jump
or arm-carnied flap

Where pedicles are very frregular usuafh
they may be faally smoothed out depending
on newly established channels from surround
ing norma! tissue but any folds or arngles
should be left for an adequate time to sssure
wability and restoration

When pesmanent pedicles are not available
other types of flaps are utilized they are
carried well Into openings made out in the
normal tissue to obtain blood supply

Deep holes in the tibia present one of the
worst problems for obtawning an adequate per

red for ot Valley Forge Hospital.) In other

P Was put up as x parasite on

partial toss of the flap and sometimes
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Fic 94 Perma
nent pedicle flap
(Top 1Iejt) Squa
mous carcinoma
growing in extensive
radiation bumn a3
the result of radia
tion treatment (else- 1
where} for benign §
goiter (Top right) ?
Estent of resection
necessany with ex
posure of great ves-
selsand nerves Base
i}t has a poor mi
nute blood supph  (Boffom) Fermanent
pedicle fiap shifted up from chest to cover
defect and bring its own new blood supply to
ares.

the pedicle It is recognized by all who have
worked with these defects that free grafts in
these cavities are apt to break down mav
wrinkle, have offensive odor and do not aliow
much new hone depasition so that final per
manent healing and a chance for bone grafting
may require a flap repair

The defect shown in Figure 90 was repaired
with & permanent pedicle flap used after »
prelminary delay in which the posteror open-
ing and complete undermining was done, At
the second and Gna) stage the bony area ywaa
{reshened  the old free graft duisearded the
petmanent pedicls flap put in place and the
donar tite repaired with sphit grafts. This af
lowed an adequate site for a bone graft nnder
the tibal platean (which the free graft repair
would not) but the effect of the blood-carmy

{ng flap has been such that the bone graft has
not been peeessary although the exact added
strength or amount of bone lald down cannot
be determined In this as in many other bony
defects the good effect of adequate thick soft
tissue coverage i e with confirmation of
the dictum that the deep healing can be no
better than the surface repair

Y

Fio 95 Permanent pedicle fiap (Lef2) Radition lesion of back, with hard

white uchemie tssue clear down to

the spine. (Rigkt) Repair in one opera

thon with new bleod supply browght in by adfacent flap,



Fic 92 Permanent-pedicle flap, based on temporal artery (Left) Radio-
necrosis of forehead and shull, going through to dura Exased through to
dura, and peripherally to bleeding bone and bleeding soft tissues all around
Flap raised and swung down in same operation, and sphit graft placed on donor

site (Right) Early result

manent repair, especially 1if the hole is just
under the tibial plateau and there 1s question
of adequate support for the knee joint In this
instance the permanent pedicle blood-carryving
flap gives the most efficacious repair, 1f avail-

able For use of the flap 1t 1s important that
the bone necrosis be cheched and thepe may
be great benefit from the healing that closure
with a free graft may give, so that the area 1s
in the best possible condition for reception of

Fic 93 Permanent-pedicle flap, based on temporal arters  (Lejt) Old chemical burn
of forehead, with necrotic shull Medial «car 1s where <omeone had tricd to <hft a <mall
double pedicled flap with further necrosis This was excised. including nvcrt:Im !.mnl('
and o permanent pedicle flap was rotated m at the <ame operation (Center) Farls
result (Rrckt) Late result,
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Fic. 94 Perma
nent pedicle flap
(Top left) Squa
mous carcinoma
growing in extensive
radfation burn, as
the result of radix
tton treatment (else-
where) for benlgn
golter (Top right)
Extent of resection
necessary  with ex
posure of great ves-
selsand nerves Base
stfll has a poor mi
nute blood supply (Botfom) Permanent
pedicle flap shifted up from chest to cover
defect and bring its own new blood supply to
area.

the pedicle, It Is recognired by all who have
worked with these defects that free grafts in
these cavities are apt to break down may
wrinkle, have offensive odor and do not allow
much new bone deposition, so that final per
manent healing and a chance for bone gafting
may require a flap repair

The defect shown In Figure 90 was repalred
wth a permanent pedicle flap used after a
prellminary delay in which the posterior open-
ing and complete undermining was done. At
the second and final stage the bony area was
freshened the old free graft discarded, the
permanent pedicle flap put In place and the
donor site repaired with split graits. This al
lowed an adequate site for a bone graft under
the tibial plateau (which the free graft repair
would not), but the effect of the blood-carry

r ~— -

)

Fic 95 Permanent pedicle flap

ing flap has been such that the bone graft has
not been necessary although the exact added
strength or amount of bone laid down cannot
be determined In this as in many other bony
defects the good effect of adequate thick soft
tlssue coverage fs seen with canfirmation of
the dictum that the ‘ deep healing can be no
better than the surface repalr’

Left) Radisty
white ischemic tissue clear down (S_\ u:/g)spme, or Yesfon of back, with hard,

tion with new blood supply brought In by

(Right) Repair in one opera
adjacent flap
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I'1c 92 Permanent-pedicle flap, based on temporal artery (Left) Radio-
necrosis of forehead and shull going through to dura Excised through to
dura, and peripherally to bleeding bone and bleeding soft tissues all around
Flap raised and swung down 1n same operation, and sphit graft placed on donor

site. (Right) Early result

manent repair, especially if the hole 1s just
under the tibial plateau, and there 1s question
of adequate support for the knee joint In this
instance the permanent pedicle blood-carrying
flap mves the most efficacious reparr, 1f avail-

able Tor use of the flap 1t 1s important that
the bone necrosis be checked and thepe may
be great benefit from the healing that closure
with a free graft may give so that the area 1s
in the best possible condition for reception of

F1c 93 Permanent-pedicle flap. based on temporal artery (Left) Old chemical burn
of iorehead, with necrotic shull Medial scar 1s where someone had tried to shift . smatl]
double pedicled fap with further necrosis Thic was exciced includig necrotic '{0”":
andd a permanent pedicle flap was rotated m at the same operation (Center) Farly
re~ult { Righty Late result
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Fic 94 Perma
nent pedicle {lap
(Top left) Squa
mous carclnoma
growing In extensive
radiation burn  as
the result of radia
tion Lreatment {2lse-
where} for benlmm
golter (Top right)
Extent of resection
necessary with ex

re of great ves-
Ennduﬁmfhsc
still has a r i
nute bl supply {Pottgm) Permanent
pedicle flap shifted up from chest to cover
defect and bring its own new blood supply to
ares.

the pedicle. It is recognized by all who have
warked with these defects that {ree grafts in
these cavitles are apt to break down may
wrinkle, have offensive odar and do not allow
much new hone deposition, so that final per
manent healing and a chance for bone grafting
may require a ftap repair
The defect shown In Figure 9 was

with a permanent pedicle flap, used after a
prediminary delay in which the postenor open
ing and complete undermining was done At
the second and final stage the bony ares was
freshened the old free graft discarded the
permanent pedicle flap put in place and the
donor site repaired with split grafts, This ai
lowed an adequate site for a bone graft under
the tibiaf plateau (which the free graft repair
would not) but the effect of the blood-carry

T

{

ing flap has been such that the bone graft has
not heen neceasary although the exact added
strength or amount af bone lald down cannot
be determined In this as fn many other bomy
defects the good effect of adequate thick soft
tissue coverage Is seen with confirmation of
the dictum that the deep beallng can be no
better than the surface repair*

|
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Fic 95 Permanent pedicle flap (Left) Radiation leston of back, with hard

white ixchemic tissue clear down to the spine. (Rj)

tion with new blood supply brought fn

ek} R i
by adfacent fe epair in one opera
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Permanent Pedicle Blood-Carrying Flaps

Severe jaw injuries, such as gunshot
wounds, that require bone grafting are
often best repaired with a permanent pedi-
cle flap The flap is usually available lower
down on the neck (Fig 91) and is moved
up on two pedicles left permanently at-
tached This provides a good minute blood
supply m the bed for the bone graft and also
excellent coverage for 1t, being definitely su-
perior to parasitic flaps let in from a dis-
tance The neck defect can be grafted at the
same time or later, with good function and
smoothness often resulting

Skull, scalp, and forehead defects are
often best covered with a permanent pedicle
blood-carrying flap (Igs 92, 93, 227 and
267) If 1t is thought that a necrotic area
the shull may involve both tables, 1t 15 best
to have the flap ready to put down for
coverage before the dead bone 1s removed
In many instances the flap can be designed
as a direct one, with the temporal artery m
the pedicle (Figs 92 and 93) so that the
débridement and the coverage can be done
1n one operation, 1 other instances, 1t may
be necessary to design a delayed flap which
1s prepared in stages

For neck defects a flap is usually avail-
able from the upper chest and is indicated
in deep losses, as from radiation effect and
radical tumor removals Replacement clear
to the trachea has been made following
radical resections for mahignant radiation
lesions, as lifesaving pracedures (Fig 94)

Back lestons, particularly in the mid-
line, may have very poor blood supply and
may require a permanent pedicle flap for
certainty of repair (I1g 95)

Decubitus ulcers are frequently repaired
with rotated permanent pedicle flaps, and
this occasion 15 taken to mention the futility
of pulhny or advancing flaps nto place by
pulhing lateral flaps together after extensive
undermining. This often results n loss of
flaps and more scar, so that a final flap is
difficult to obtain  If permanent pedicle
flaps can be dewigned and moved into place

without tension the best repairs can be
expected (g 138)

The foot on hoth plantar and dorsal sup-
faces is frequently repaired with permanent
pedicle flaps i instances of deep dense scar-
ring over relatively small areas, but of such
nature as to be painfully cripphng, as seen
m gunshot wounds, warts, radiation lesions
and traffic mjuries (Figs 166 and 167)
Careful evaluation of the donor site is im-
portant here to avoid uncovering bearing
areas that might give more cripphing.

PARASITISM OF ORDINARY FLAPS

The ordinary flap is nourished through
its pedicle during the early days, then from
both the pedicle and the recipient area, and
after the pedicle 1s severed and returned
the flap remamns as a parasite on the recipi-
ent area

If the flap has to bridge an open space,
such as the mouth or the maviliary antrum
no blood supply 1s available from under-
neath, and nutrition is derived entirely from
the borders to supply the central segment
In such instances, the border attachments
must be sufficiently wide on every side, and
it may even be necessary to cut away a
strip of normal shin all around the defect
mn order to get a sufficiently wide border
attachment 1n every place The same situ-
ation obtains in bridging large areas of bare
bone, bare tendon, cartilage, rachated areas,
or areas ischemic from other causes In all
of these instances, the use of & permanent
pedicle blood-carrying flap <hould be con-
sidered

NOMENCLATURE 0O}
PEDICLE FLAPS

In considering flaps designated according
to their own physical characteristics, many
variations have been noted and reported Of
the group similar to permanent pedicle
flaps, there may be mentioned such descrip-
tions as rotated, adpacent, Prench, Estlan-
der, idand and artenal, as these may not



Nomenclaturs of Pedicle Flaps 123

need to have thelr pedicles severed, although
they are not designed for this reason or
advantage.

Of the parasitic group that are brought
from o distance are included tuhed, flat,
pancaked direct delayed pochet, marsupial,

glove, thoraco-epigastnc, cross-leg, cross-
arm cross finger, cross-lid, some cross-lip,
triangular, wristcarried jump, caterpillar,
mermaid, and even the term “waltzed” has
been used, though not with much actuoal
assocation with Terpsichore
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Permanent Pedicle Blood-Carrying Flaps

Severe jaw njuries, such as gunshot
wounds that require bone grafting are
often best repaired with a permanent pedi-
cle flap The flap 1s usually available lower
down on the neck (Iig 91) and is moved
up on two pedicles left permanently at-
tached This provides a good minute bload
supply 1n the bed for the bone graft and also
excellent coverage for 1t, being definitely su-
perior to parasitic flaps let in from a dis-
tance The neck defect can be grafted at the
same time or later, with good function and
smoothness often resulting

Skull, scalp, and forehead defects are
often best covered with a permanent pedicle
blood-carrying flap (Figs 92, 93, 227 and
267) If 1t is thought that a necrotic area in
the shull may involve both tables, 1t is best
to have the flap ready to put down for
coverage before the dead bone is removed
In many mstances the flap can be designed
as a direct one, with the temporal artery mn
the pedicle (Figs 92 and 93). so that the
débridement and the coverage can be done
in one operation, in other instances, it may
be necessary to design a delayed flap which
is prepared 1n stages

For neck defects a flap is usually avail-
able from the upper chest and 1s indicated
m deep losses, as from radiation eftect and
radical tumor removals Replacement clear
to the trachea has been made following
radical resections for malignant radiation
lesions, as hfesaving procedures (g 94)

Back lesions, particularly in the mud-
line, may have very poor blood supply and
may require a permanent pedicle flap for
certainty of repair (IFig 93)

Decubitus ulcers are frequently repaired
with rotated permanent pedicle flaps, and
this occasion 15 taken to mention the futility
of pulling or advancing flaps into place by
pulling lateral flaps together after extensive
undermuninyg. This often results in loss of
flaps and more scar, so that a final flap is
difficult to obtain, Tf permanent pedicle
flap- can be designed and moved into place

without tension, the best repairs can he
eapected (g 138)

The foot on both plantar and dorsal sur.
faces is frequently repaired with permanent
pedicle flaps in instances of deep dense scar-
ring over relatively small areas, but of such
nature as to be pamnfully cripphing, as <een
i gunshot wounds, warts, radiation lesione
and traffic injuries (Figs 166 and 167)
Careful evaluation of the donor site is -
portant here to avoid uncovering bearinyg
areas that might give more cripphing

PARASITISM OF ORDINARY FLAPS

The ordinary flap 1s nourished through
1ts pedicle during the early days, then from
both the pedicle and the recipient area, and
after the pedicle is severed and returned
the flap remains as a parasite on the recipi-
ent area

If the flap has to bridge an open space,
such as the mouth or the maxillary antrum,
no blood supply 1s available from under-
neath, and nutntion is derived entirely from
the borders to supply the central segment
In such instances, the border attachments
must be sufficiently wide on every side, and
It may even be necessary to cut away a
strip of normal skin all around the defect
in order to get a sufficiently wide border
attachment in every place The same situ-
ation obtains in bnidging large arcas of bare
bone, bare tendon, cartilage, radiated areas.
or areas 1schemic from other causes In all
of these instances, the use of a permancnt
pedicle blood-carrying flap should be con-
sidered

NOMENCLATURLE OF
PEDICLE FLAPS

In considering flaps designated according
to their own physical charactenstics, min}
varations have heen noted and reported, Of
the group smmilar to permanent pechele
flaps, there may be mentioned such desenip
tions as rotated, adjacent, French, Estlan-
der, island and artenial. as these may not



Nomenclature of Pedicle Flaps 123

need to have theie pedicles wevered althoueh
they are not dedigned for this reaton ot
advantage

Of the paramtic group that are brought
from a dwtance are included tubed  flat
pancakaed direct delaved pocket marsumal

plove thoracoepigastne  crose leg  croas
arm cross finger  croce-lid <ome ot hip
trlangular wrist-carrled  jump  caterpiliae
mermaid and even the term waltzad  has
bern weed though not with much actual
asaociation with Tetpaichore



122

Permanent Pedicle Blood-Carrying Flaps

Severe jaw injuries, such as gunshot
wounds that require hone grafting, are
often best repaired with a permanent pedi-
cle fiap The flap is usually available lower
down on the nech (Fig 91) and is moved
up on two pedicles left permanently at-
tached This provides a good minute blood
supply in the bed for the bone graft and also
excellent coverage for it being definitely su-
penior to parasitic flaps let in from a dis-
tance The neck defect can be grafted at the
same time or later, with good function and
smoothness often resulting

Skull, scalp, and forehead defects are
often best covered with a permanent pedicle
blood-carrying flap (Figs 92, 93, 227 and
267) If 1t 1s thought that a necrotic area in
the shull may involve both tables, it 1s best
to have the flap ready to put down for
coverage hefore the dead bone 1s removed
In many instances the flap can be designed
as a direct one, with the temporal artery in
the pedicle (Iigs 92 and 93). so that the
débridement and the coverage can be done
mn one operation, i other instances, it may
be necessary to design a delayed flap which
1s prepared 1n stages

For neck defects a flap is usually avail-
able from the upper chest and is indicated
in deep losses, as from radiation efiect and
radical tumor removals Replacement clear
{o the trachea has been made following
radical resections for mahlignant radiation
lesions as hifesaving procedures (Fig 94)

Back lesions, paruicularly in the mud-
line, may have very poor blood supply and
may require a permanent pedicle flap for
certamty of repair (Fig 95)

Decubitus ulcers are frequently repaired
with rotated permanent pedicle flaps. and
thic occasion 1s taken to mention the futility
of pulling or advancaing flaps into place by
pulling lateral flaps together after extensive
undermiming This often results in loss of
flaps and more <car, so that a final flap is
QBifficult to obtain  If permanent pedicle
flap~ can be designed and moved mto place

without tension, the best repairs can he
evpected (Fig 138)

The foot on both plantar and dorwal sur
faces is frequently repaired with permanent
pedicle flaps m instances of deep. dense sear-
ring over relatively small areas, but of <uch
nature as to be painfully cripphug. as <cen
in gunshot wounds, warts, rachation lesions
and traffic mnjuries (Figs 166 and 167)
Careful evaluation of the donor site 1s im-
portant here to avoid uncovering bhearnmg
areas that nught give more cripphng,

PARASITISM OF ORDINARY FLAPS

The ordmary flap is nourished through
its pedicle during the early days, then from
both the pedicle and the recipient area, and
after the pedicle 1s severed and returned
the flap remains as a parasite on the recipi-
ent area.

If the flap has to bridge an open space.
such as the mouth or the manillary antrum,
no blood supply 1s available from under-
neath, and nutrition 1s derived entirely from
the borders to supply the central segment
In such instances, the border attachments
must be sufficiently wide on every side, and
it may even be nccessary to cut anay o
strip of normal shin all around the defect
in order to get a sufficiently wide horder
attachment 1n every place The same situ-
ation obtains n bridging large areas of bare
bone, bare tendon. cartilage, radiated aredas,
or areas ischemic from other causes. In all
of these instances, the use of a permanent
pedicle blood-carrying flap should be con
sidered

NOMENCLATURE OF
PEDICLE FLAPS

In considering flaps designated according
to their own physical characteristics, many
variations have been noted and reportad Of
the group <imular to permianent pedicle
flaps, there may he mentioned such descrip-
tions as rotated, adjucent, French, Estlan-
der, island and artenal, a~ thoese may o



Nomenclature of Pedicle Flaps 123

need to have thelr pedicles severed, although
they are not designed for this reason or
advantage,

Of the parasitic group that are brought
from a distance are Included tubed, flat
pancaked direct delayed, pocket, marsupial

glove, thoraco-epigastne, crossleg cross
arm, cross-finger, cross-lid, some cross-lip,
trlangular, wrist-cartled, jump, caterpiilar,
mermald and even the term “waltzed ' has
been uzed, though not with much actua)
assoclation with Terpsichore
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Composite Free Grafts of

Skin and

TECHNIC AND USES

These are free grafts, usually taken from
the ear and applied to defects of the nose
They ordinarily consist of two thicknesses
of skin. with a layer of cartilage in between
(though “flal” composite grafts consist of
only one layer of skin plus one layer of
cartilage)

i
[ S

! ‘
14
“

[t 96 Composite graft from €2

Cartilage

A composite graft has sufficient npmdity
thinness and sharpness of contour to make
an excellent nostril border, or even most of
an entire nostril, and 1s invaluable for fillimg
m full-thickness defects of the nostril The
result 1s vastly superior to that which could
be obtained from any type of flap (Iig 96)
In repairmg a nostril defeet, the edges are
pared back to an area where there 1s rea-

¢ to nose (Lefty Ba<al e} carcinone,

meolumnz full thichnese of aln  (Rrekt) Result of one aperation for with

eveivion, and fithing

faces of <hin, taben {rom ear Nostpl re

supenior to ang othees bnoan

defect with free composite
purs with componte

eraft of cartdage and 1w <or-
prafs ard us iy

124
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Fic 97 Sketches of
the operative detalls of
transferring a com]
ite graft of carLﬂT;e
and two thicknesses of
skin from the rim of
the ear to the nostril
border Single opera
tion on the nose. Raw
area on the ear buried
beneath postauricular
skin at the same opera
tion and relezsed about
10 days later with
enough skin attached
to it to complete repair
of the ear (Brown
J B and Cannon
Bradford Composite
free grafts of two sur
faces of skin and cartl
lage from the ear, Ann
Surg 124 1101)

sonable thickness and a good minute blood
supply A pattern of the defect is cut out of
cellulold (bleached xray film), lead, or
other material Then the ear is flattened out
and examined to determine where a graft
nenrest the shape and the size of the pattern
can be removed and an inconspicuous repair
of the ear is carned out

Often the crus of the helix is the Dest
choice. After a graft Is excised from this
area, the edges can usually be beveled to a
pradual slope and the anterior skin sutured
to the posterior skin the loss of the thick
ness of the crus Is scarcely noticeable

Sometimes a wedge {with the base on the
nm) Is taken out of the upper posterior seg
ment of the ear A V-closure can be done,
with slight shortening of the ear but not

“«

very noticeable if the graft 1s not too large,

Occasionally a long segment is taken off
the helix in the supenor posterior aren of the
ear The edges of such a defect can be
trimmed to a gradual slope, the skin over
the back of the ear and the postauricular
sulcus undermined and advanced so that jt
can be folded double to make a new helix
to fill the defect. This results in a slight
decrease i the depth of the postauricular
sulcus but usually is not noticeable

After the donor area for the graft is
chosen it is flattened out, the pattern laid
on 1t, and traced with 1 mechanical drawing
pen and 5 per cent alcoholic methy lene blue
A field block around the graft can be done
with procaine but no solution is injected
within the graft. A fine suture or two can be
passed through the graft and left long for
bolding the graft so that no forceps are ueed
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on it The graft is cut with a stab blade

iNo 11) kmfe with a cawing motion,
throneh the complete thichness of the ear
The tar i~ repaired as outhned above (Iigs
a7 9n).

The two ¢nds of the graft are fastened
in place with fine, interrupted sutures, being
cortiun 1o have the convex surface of the
graft outward Pollowing this, the graft is
anchored with multiplc interrapted 0070000

T'te 08 Reonns
struction of ala an-
ele and  wolumelia
with a ~ingle com-
posite free graft n
one single operation,
Secondary frecing of
the car from the
scalp waith a spht
graft, in this in-
stance The pitent
1s also shown in D
ure 99 (Brown
J B. and Cannon,
Bradford Compos-
e free graits of two
surfaces of shin and
cartilage from the
car \nn Surg 124
1101)

black sith sutures put in dbout T or 2 mmm
apart, and not more than I mm v i, insule
and outside The graft is nover grasped with
a forcep, or crushed i dmy pnner,

The whiteness of the graft §s coextremt
at this «tage das 10 be very upettmd, until
the surgeon his done enough of them to be
used 1031

The praft te now conered, inside ind ot
cide, with o sheet of fine mesh grege gare
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Fic 99 Restoration of ala angle and columella in one operation by » free composite
graft from the ear The ear is shown after Iater detachment from the head by a split
graft (Brown ] B and Cannon, Bradford Composite free grafts of two surfaces of
skin and cartilage froin the ear Ann Surg. 124 1101)

The insuide of the nose (both nostrils) is
packed frmly (but not distended) with
fodoform gaure A this Inyer of fluffed sur
gical waste is placed over the outside of the
nose and an external aluminum splint {usu
elly with a forehead attachment) s applied
and molded in to make uniform but gentle
pressure over the entire nose and graft
Narrow strips of tape or Elastoplast are
strapped across the bottom of the nose for
gentle pressure in this area

These grafts can be lost from failure of
arterial blood to get Into them or from ve

nous congestion with faflure of blood to
drain out If the rims of the defect sre pared
back to an adequate blood supply (and this
may be impossible in some radiated noses)

and 1f the pressure dressing s not too tight

blood should enter them on about the Zund
day and the supply be well established by
the 4th day The clinical evidence of this is
a uniform pink color with blanching and re

turn on pressure {the ‘fiash’ test) During
the first two days, the grafts have to survive
by Isteral osmosis 2o that no portion of the
graft should be more than t cm from its

Fia 100 Large re
placement  of nostrit
defect by use of &
free compaosite graft of
skun and cartilage in 2
single operation \ini
mal ear deformity with
xalp flap restoration
(Brown ] B and
Cannon Bradford
Compasite free grafts
of skin and cartilage
from the ear Surg
Gynee. & Obst 82
253 255)
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F1c 101 Totalre-
surfacing of burned
nose m a single
operation with a
full-thichness  graft
from above the clav-
icle Reconstruction
of both alae later
with free composite
grafts from the car
at onc operation
Bottom photo-
graphs show the
burned ear which
was used for the
alar reconstruction
and repawrr of the
ear after removal of
the graft (Brown,
J B, and Cannon,
Bradford Compos-
ite free grafts of
two surfaces of shin
and cartilage from
the ear, Ann Surg
124 1101)

Fic 102 Large
nasal restoration 1n
a single operation
with a large compos-
ite free graft from
the ear (Brown,
J B, and Cannon,
Bradford Compos-
ite free grafts of two
surfaces of shin and
cartilage from the
ear, Ann Surg 124
11006)

nearest blood supply, this limits the size of
the graft A good gentle pressure dressing is
helpful 1n preventing cyanosis and venous
congestion, and 1n heeping the area clean
and preventing mfection Composite grafts

3. S A NP |

can be done successfully without a dre-sing,
but the percentage of successful “takes” will
be much higher if the detail of a zood dress-
ing 15 attended to meticulously.

There are probably few other places in
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Fio 103 Succes-
slve compaosite
grafts to Gl large
nasal defect. (Left)
Upper border of de-
fect was a thin scar
wall for some dis-
tance up After ex
clsion of scar up-
ward to normal
bleeding tlasue the
defect was too large
for a single graft.
(Center) Result of
first composite graft
from rim of left ear
(Right) Result after
second composite

gralt from right ear was inserted below the first graft. This was done about two months later

Fic 104 Flat
composite graft. Ex
cinon of carcinoma
of pase (left) all
around down
throngh cartllages to
lining (Right) Im-
mediate filling of
defect with flat com

te graft of carti

and one layer

of skin from back of
the ear

surgery where preciseness in technic or at
tention to details so definitely spells the
success or the failure of the operation but
routine success can be expected if these are
carried out (Figs. 99 100 101 and 102)

MULTIPLE COMPOSITE GRAFTS

As noted before a single composite graft
is limited in size to 1 cm {n its shortest
dimenslon However in large full thickness
defects of the ala and the side of the nose
a compaosite graft of this size can be applied
superiorly in one operation, and a second
graft placed inferfor to it after 2 or 3

months Similarly 1 expanding a dimin
ished or contracted nostrl, a wedge com
posite graft 1 cm wide at the base (nostril
rim) can be inserted vertically at one opera
tion and another wedge later at a second
operation By this 2-stage technic (securing
one graft from each ear) very sizable defects
of the lateral wall of ths nase can be re
paired successfully (Fig 103)

FLAT COMPOSITE GRAFTS

Patients will be seen with carcinomas or
other lesions nvolving the skin and the
cartilage over the lower nose but with the
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Composite Free Grafts of Skin and Cartilage

hining not involved Formerly, these patients
usually had full-thickness resections of large
areas of the nose, with subsequent flap
repairs

Now, it 1s possible to excise these lesions
down to the hning and immedately fill 1n
the defect with a “flat” composite graft con-
sisting of one layer of skin and one layer of
cartilage (Fig 104) These grafts are usu-
ally taken from the back of the concha, and
it helps m taking them to inject procaine
between the anterior skin and the conchal
cartilage The defect on the back of the ear
1s covered by undermining and advancing
postauricular skin, or by a free graft from
the back of the opposite ear

SUBSEQUENT DRESSINGS OF
COMPOSITE GRAFTS

The first dressing 1s usually done on the
4th day After careful but thorough cleans-
ing, the same type of dressing is reapplied
with the same careful attention to details
and 1s changed about every Znd day The
sutures can be removed n about 10 days,
and the dressing left off then, or a day or
two later

MISCELLANEOUS USES OF
COMPOSITE GRAFTS

A composite graft can be used occasion-
ally to replace a missing rim or other por-
tion of an eyelid 1n an anophthalmic sochet
Since the iming will be shin in an ordinary
composite graft, 1t should not be used n
front of a seeing eye However, if conjunc-
tival hining 1s available, flat composite grafts
could be used 1 some of these instances

Columellar repairs are always difficult
and frequently are carried out best by
means of one or more composite grafts

Minor ear losses, especially rim segments,
can be repaired with composite grafts from
the opposite ear

For replacement of tiny losses in only
the wide fleshy part of the nostril base, a
small soft composite graft can be used from
the other nostril base or from a wedge out
of an ear lobe These do not contain car-
tilage, are rather flabby and shapeless and
are not swited for repairs out on the main
thin segment of the nostril rim

With further research and experimenta-
tion, other uses, and even other donor areas,
will doubtless be proved, extending the great
value of composite grafting
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In the repair of late burn contractures
frea skin grafts can be used extensively and
will give permanent bearing surfaces ing-
many Instances They often may be sub-
stituted for a tedions use of pedicle flaps
that would require multiple operations

AVOIDANCE OF CONTRACTURES

Contraction of the wound edges Is part
of the normal healing process and attempts
to combat ft with splints or countertenction
usually are of no avail they may produce
tears in the granulations with bieeding ex
posure of deep structures aond subsequent
contractures of even greater sevenity One
patient has been seen who had the flexor
tendons at the wrist sawed through with a
bandage by attempts elsewhere at counter
traction to prevent an axiilary contracture.
The use of plaster casts or ‘ wedging plas-
ters Is apt to result in pressure sores or
necroals of the areas on which the counter
pressure is applied without preventing the
contracture The best preventive seems to
be early grafting to stop this wound stim
ulus but even then some secondary open
ings with insertion of more skin may be
necessary

GENERAL PRINCIPLES OF REPAIR

If am comsiderable amount of raw sur
face is present with the contracture it may
be advisable to cover this at the nrst opera
tion and to relieve the deformity subse
quently

When sinuses extend down into scar folds
and harbor organtims detrimental 1o the

chance of “take of a skin graft 1t may

(advisable to do a preliminary opening a:

exaision of these followed by a short perd
of wet dresungs and subsequent skin gra
ing {Fig 130) In the grafting of all co
taminated open wounds, the thick split gre
is used instead of a full thickness one t
cause of the grenter assurance of its ‘tak
in such a field

If the late contracture is healed so thal
clean operation can be done then the u
of a full thickness graft can be undertah
much more safely but even here in ma
instances, the spht graft can be used sat
factorily and may even be requlred if t
area to be grafted is so large that the neci
sary amount of full thickness skin cane
be sacrificed

In repairing bealed contractures all s
rounding shin passible I8 utilized, and a
webs present may also be fashioned ir
ocnl flaps (“77 plasties etc.) and used
the contracture is very marked and comph
relief 1s to be obtained, there usually w
be a considerable amount of raw surfo
to be skin grafted even after all avallat
local tissue is utilized This grafting ts v
ally done at the same operation

In opening contractures caution is 3
visable as important structures may
pulled out into the scar Care must be tak
to avoid serering any important vessels
nerves and exposing tendons jolnts,
banes If the scar is broad and dense withe
any apprecisble webbing it may be b
first to excise the supecficiat layers of
Then the deeper portions can be dealt w

13t
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by gradual decortication (removing 1t in
thin layers), or by opening transversely
across it at many different points, or by a
combination of these Constant but light
traction is made during the process, and
various tight points in the deep scar can
be palpated and opened as they appear
However, any strong or sudden jerking
movements may cause undesirable exposure
of deeper structures Sometimes the skin
edges can be pushed back for considerable
distances with a piece of gauze

Darts 1n the surrounding normal skin
may be necessary if the contracture is long-
standing (F1g 105) The contraction devel-
ops m all directions, consequently, corre-
sponding opening cuts may be necessary
The opening usually should be continued
until complete relief 1s obtamed, eg, 1n an
axilla so that the arm can be extended
upward until 1t touches the head, and in the
neck until the head can be extended back-
ward The raw surface remaining for graft-
ing usually consists of short strands of scar
and fat If a tiny area of any important
structure 15 exposed, this dissection 1s
stopped at that point, and a small local flap
of fat 1s sutured over 1t The dissection 15
resumed 1n other places Muscles may be
exposed during the process, but one rarely
has to cut into them However, in one old
asillary contracture 1t was necessary to ad-

vance the pectoralis major on the thoracic
wall before obtaining complete extension
(Ing 130)

The bow-stringing of vessels and
nerves across the contracture 1s an uncom-
mon but most troublesome complication It
1s most apt to occur mn old contractures
about the elbow or the knee Everything
else 1n the area 1s made as free as possible,
and then the surface is covered with grafts
Either splinting or hight traction is utihzed
to maintain the degree of opening, after 3
or 4 weeks, when the grafts are stable, either
extra traction or exercises can be used to
help stretch them Secondary opening and
grafting after this may be necessary At
times 1t may be best not to do the grafting
primarily but to use traction and moist
dressings for a few days after the opening
and then graft (Fig 152)

Bony dislocations may occur in severe
contractures of long duration, but usually
they can be reduced, after the soft tissues
are opened, without special equipment or
great difficulty (Ig 215) Secondary short-
eming of tendons and joint capsules can be
quite troublesome about the hand and 1s
discussed under repairs pertamning to that
region

Physiotherapy and directed exercises
may be quite helpful in regaining function
after the grafts are stable (Iig 106).

: 5 r contracture with
Fic. 105 ‘The use of darts in opening contractures (\) .\\.xllnr) con :
scarring from elbow to ailla to below hip (B) Type of dressing used after grafting

(C) Complete function 15 apparent
60-379)

(notice the darts). (Surg, Gynec. & Obst
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Fic 106 Simple equipment which is useful in working out postoperative stiff
ness or even secondary contractures Even a trapeze hung in the transom of the
hospltal or the home may suffice. The instillation of a will to help limself in the
paoﬂ)cnt may be more important than the type of equipment Jlassage baking
and baths are seldom necessary {f the restoration has been adequate and the
patient is able to exerclse (Surg., Gynec. & Ohst 56 790)

¢Z" PLASTIES AND OTHER LOCAL
FLAPS

In old cases in which the acar has been
drawn out Into a web and there is little or
no deformity, occasionally it is possible to
effect the repair by using the web itself
This is commonly called a “Z" or reversed

7” plasty however, the openings seldom
actually resemble a ¢ Z,” and the main point
to remember is that the two surfaces of the
web are saved and fitted across each other
to obliterate the web (Figs 107 and 108)

Other types of local flaps include the
double Z plasty “V )" procedures turn
mg “U  flaps into Inverted ‘ T” incisions

Fio 107 “Z" plasty for a webbed
bumn scar of the neck In which the jaw
was not down pulled down very badly
This procedure may be wseful for elim
Inating webbing when there is not much
limitation of motion. It does not replace
lost skin but changes the axis of tension.
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etc The fundamental principle of all of
these procedures 1s that they do not create
any more skin but only change the axis of
the skin tension If the skin is moderately
tight 1n one direction but fairly loose 1 an
axis transverse to that, any of these pro-
cedures may be helpful They are more use-
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ful in the repair of congemtal webs than
in burns However, in some burn contrac-
tures. the use of adjacent flaps or the two
surfaces of a web may be combined with
free shin grafts to cover the openmg Scar
flaps should not be too large because their
blood supply may be extremely uncertain

16 108 (Top, left) Webbineg of auilla but also contracture, <o
thnl;xft isOLm(m npiha{ .2umc grafts will be necessary. (Top, right)
Result of single operation, complete function (Center) Method of
opening a webbed arca sphtting the two surfaces in two, lno=cnm;;,
and replacing surcounding tissue ('Bo!lmu) Tashinning ﬂa;?s 0
the web in various shapes and lcnving open areas to be covered
with sphit grafts (Chmces 1-25)
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Fic 109 ([cft) Generalized skin
shortening No gross deformity 1s evi
dent except scarred areas over bach
buttocks and thighs 0 tight that the
patlent had not been able to sit down
normally for 26 years. The patlent was
a chronic Invalid, and otomy had
been contemplated in another hospital
Multiple arens over back and buttocks
were ed and spread and split skin
grafts were inserted (Right) After 15
years duration of function (Surg,
Gypec. & Obst 72 848)

GENERALTZED SKIN SHORTENING

Generalized skin shortening is a term ap
plied to areas that have healed possibly
with satisfactory surface, which show no
gross deformity but do oot permit normal
function of complete flexion and extension
This is due to deep scarring and insufficient
skin and s comparable with clothes that
are too tight—the patient simply cannot
bend around in his envelope of skin The
situation becomes especaally bad if he puts

on weight, as the dense blanket of scar will
not distend for the new fat and at times
ths thick unylelding surface actually seems
to form bursae over the deep fat. Notable
examples of this have been seen One pa
tlent could not rarse her arm without rafs
ing her leg (Fig 105) and another had not
sat down normally for 26 years ( Fig 109)
The repair consists of opening suitable
areas efther stretching bach the edges or
removing scar that is too dense, and filling
the defect with free shin grafts.
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Repairs of

COMMON PROBLEMS IN
HAND REPAIRS

The hand 1s one of the most extraordinary
and dehlicate mechamisms in the human
body Along with injuries to the covering,
there may occur serious or even irreparab'e
damage to the deeper structures If the hand
is to function satisfactorily after replace-
ment of the covering, 1t 1s important to re-
tain or regamn suppleness of the jomts,
ghding of the tendons, sohidity of the bones,
sensory function of the nerves, motor func-
tion of the intrinsic muscles, and adequate
circulation throughout Lack of any one or
more of these can impair or even negate the
final result but should not stop the most
vigorous efforts to achieve the best possible
ultimate function Amputative procedures
are often the quickest and easiest way out,
but are quite final and should not be re-
sorted to when there 15 any equivocation or
until other possibilities have been ruled out
or exhausted

Every surgeon working with hands should
realize that maintenance of the position of
function 1s basic, with it, no matter what
else happens, probably some use will be re-
tained 1n the hand, without it no matter
what else happens, the hand may end up
completely useless This position is with the
wrist dorsiflexed (or extended), the fingers
and the thumb in moderate flexion at all
jomnts, and with the thumb around in front
of the fingers, opposing them It has been
hihened to grasping a ball, with the wrist
cxtended The Mason-Allen universal hand
splint (made of aluminum) 15 very useful
for maintauning this position.

the Hands

The second great problem 1s that of re-
taining suppleness of the finger joints The
crux of this problem 1s that immobilization
of finger jomnts in patients over 30 years of
age, even for 2 or 3 weeks, may result
more or less permanent stiffness of the
jomnts This mmmobilization may be from
sphnts, bandages, casts, scar, edema, burn
membranes, or voluntary from extreme pain
of open wounds, but whatever the cause, the
end resultis the same To prevent this, every
few days from the begimning, fisation should
be removed and the finger joints gently and
slowly moved through most of the normal
range, anesthesia 1s seldom necessary but is
used 1f it 1s demanded Cortisone and its
derivatives, with antibiotic coverage, have
been used in some of these instances for
their effect on joints, they appear to be
helpful but are not used in large burns
Every effort 1s also made to minimize edema
by pressure dressings and elevation and by
measures to prevent and control infection

Prevention is more successful than treat-
ment of stff finger joints However, if it
occurs special spring and elastic contriv-
ances can be used to stretch the joint cap-
sules slowly and flex and extend the joints,
and physiotherapy 1s employed—again as a
gradual stretching process rather than by
any sudden forceful rupturing Surgical cap-
sulotomies may be quite helpful for the
M-P joints but are often of less help in the
middle and the end joints Every cfiort is
made, in any event, as good covering and
zood tendon function are of little avail, if
limited by one or more stifi joints

As an aid in description, the digits are

136



Grafts 1 Flaps In Hand Ropairs 137

Fio 110 (Top)
Total burns of hands
treated with open
syrgical drainage
xnd dressed’in
thick split grafts on
the 20th day, svold
g total loas of func
tion (Centerand
bottom) Complete
restoration of func
tion and persistence
of it after 5 years.
{Clinics, 1 25)

usually numbered from 1to 5 and the finger
jolnts are lettered A,B C from the knuckles
out Thus the middle interphalangeal joint
of the ring finger would be 4B

GRAFTS VS FLAPS I\
HAAD REPAIRS

In restoring shin losses on hands free shin
grafts will give a superior result to flaps in

most instances and always should be con
sidered first (Figs 110-114) Then, if there
is some particular reason for not using them
or some special indicatlon for a flap the
latter may be employed instead

The thinness the flexibility and the re
slliency of a skin graflt are great advantay -
i hinesls the graft moves with the ha
In contrast, flaps are apt to be thick, bog
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and somew hat stiff, the hand tends to move
inside this ponderous casing

Epicritic sensation usually develops much
more fully in a free graft than 1t does 1n a
flap

Nevertheless, there are definite 1ndica-
tions for flaps especially when thicker cov-

B 5 .

erage 18 needed for subsequent tendon or
bone grafting When such flaps are ndi-
cated, it 1s usually best to get them off the
lower anterior chest, where the fat globules
are not so large as on the abdomen. and to
transfer them as thin as the circulation will
permit
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I'tg 111 Split grafting of
raw burned hand (Top, irft)
Garoline burn, about 3 weeks
after acadent (Top, richt
and hotton) Result of (vor-
aon of granulations and sur-
rounding ~car epithelm, and
emerage with one large spit
graft, diadmg end of sraft
for the finvers,



Fresh Thermal Busms— The Rew Hand'

FRESH THERMAL BURMS—
THF RAW HAMND"

When poasible st 18 desirable to do a sur
gical débridement of areas of full thickness
Ioas on tbe hands very early and go ahead
with skin grafts immediately or o few days
later However ft is not desirable to un
cover bare tendons or open joints on the
dorsum of the fingers In some bumed
hands it may be more difficult to delineate
the full thichness losses {rom superficinlly
burned areas during the first day or two—
particularly on the palmar surfsce—and a
short delay may be necessary for this reason

Untf! the hands are grafted, they should
have firm pressure dressings in the position
of function and elevation to minimize
edema The finger joints should be moved
gently through their range of motion every
{ew days Every effort is put forth to pre
vent deep infection that will rapidly fix
tendons and jolnts and prodisce deformitias
that may never be overcome The hands
may be clennsed under general anesthesia
and carefully inspected and palpated for
any deep wfection that may requre winck
sion and droinage As noted before the dend
in is removed as soon as feasible wet
dressings are apphed and shan grafts are
put on as quickly as the bed can be made
ready (Figs 110-114)

A tourniquet may be used for the excision
and the débridement after which it is then
removed and complete hemostasis is ob-
tained befare the gralts are apphed

Usually it is best to suture shin grafts
carefully i place on the band After graft
ing the first dressing s usually done on the
Sth day and then every day or two after
ward but no movements of the fingers are
started until the gralts are firmly seated—
commonh about the 10th dzy Once move
ment {s started 1t {5 increased rapidhy even,
eflort being made to get back as much fune
tion as possible wathin 3 weeks Physiother
apy may be necessars after that However
children and voung adults are an exception
and rarely have much difficaits in this.

Fic 112 Split grafting of raw burned
hands (Zop) Hands raw dirty and
completel out of position of function
from lack of splinting when first seen
These hands are tvplcal of some seen
following exposure treatment First atep
wa1 deansing and débridement under
reneral anesthena and splinting in cor
rect position with pressure dresaings
(Center and bottom) Result of coverage
in single split-grafiing operstion Func
thon superior to that which could be ob-
talned by amv flap covernge
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As a rule, burns of the dorsum are more
crippling than those of the palm because of
the close approvimation of the extensor ten-
dons to the shin surface and to the nter-
phalangeal and metacarpophalangeal jonts,
\ not uncommon type of burn 15 one in
which the mud-portion of the extensor ten-
don 15 destrayed over the muddle finger
jont The mo~t lateral portion of the ten-
don may <hip over on the side, and the

Fic 113, (\)
Hand shown 2 weels
after a mangle burn
(B) Two days later
after saline soals,
gentle débridement
and pressure dress-
ing (C) One month
later after apphca.
tion of split graft
Patient was able to
work I week later
(D) Four months
later, showing per-
manent bearing <ur-
face (Surg.. Gymec
& Obst 60 379)

patient flexes fis finger when he tries to
extend

If the patient 1s burned elsewhere, there
may be an unfortunate tendency to neglect
the hand, and 1t may never recover 1te full
function (Iig 119)

There seems to be unanimnty of opinion
that apen surgicad dramage is the method
of chmce i the imtial treatiment of burned
hands that fingers should be dressed apart,
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Fio 114 (Left awd center) Burn of band shown at time of admission and after a {ew
days of saline soaks and gentle débridement. (Right) The patient returned to full time
work 5 weeks later after repair with a thick split graft. Result shown after 6 months
{South. M J 28 408)

and the whole hand hept la the position of
{unction (Fig 19}

N\early everyone agrees that the open
alr trestment or any other sealing mem
brane treatment has no place m the treat
ment of burned hands, Instances have been
seen where this has been persisted in to the
pont of deep gcar fixation in grotesque
positions with the wrist flexed and fingers
and thumb extended o that the hand i
totally useless except for whatever function
can be salvaged by attempts at secondan
repar

OLD BURNS—~THE SCARRED
AND CONTRACTED HAND
As noted before prevention is better than
treatment for these but when such patients
present themeelves, it is usually possible to
help them considerably
Late healed deformities of either sur

face of the hand require extremely careful
dissection of the scar to allon complete re
fease without exposing tendons This means
that {orced manipulations should be done
only with great caution to prevent sudden
expasure of a wide area of tendon Usually
it will be found that the scor can be freed
gradually by excision and parual incston
through it to allow normal replacement of
the parts even though a light film of scar
tiasue is left on the tendons At this time if
it is found that no tendons or only ven
small areas are exposed a free shin graft
can be used Thich spht grafis suffice on the
dorsum  but full thickness grafts sre often
best on the palmar surface especinlly on
fingers. Some means of fixation should he
arranged that can be hept in use for 3 weeks
such as the wire screening shown In Figures
115 117 and 118 or aluminum splints pre
pared before operation as advocated by
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Kanavel. Koch and Mason The wire splint
is a double thickness of hardware cloth, with
the edges covered with adhesive tape The
hand and the forearm are laid on gauze pad-
ding on the splint, and the forearm is
fastened to it with wide strips of sterile
adhesive (sterilized in a Formahn cabinet)
and a sterile bandage The fingertips are
immobilized with small pieces of umbihcal
tape or, better, with strands of No 24 stan-

less steel wire passed transversely through
them and anchored through the meshes of
the screen The wire screen can be bent in
any direction to give the desired position
to the wrist and the finger jomts The hand
is usually retained on the splint constantly
for 2 to 3 weeks, and then actin e and passive
motion 1s begun It is particularly important
to loosen up the finger joints in alder peaple
as quickly as possible Tf there 1s any tend-

Fic 115 (Top, left) Comy
spread full-thichness Joss of shi
position of func’ “Top, righ
ful divwettion, with
Method of {7 0 AT
cation of th re of
weel s after, take
(Battonr)y A .aled
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Fio 116 Same patlent as in Figure 115 after 6 years with perfect function

ency toward recurrence of the deformity the
hand can be immobilized at night for an
other 3 or 4 werks on a specially made aly
minum splint or one cut out of plywood on
2 jigsaw (f the neutral position Is desired)
Children uwsually need no physiotherapy
(Fig 120) but older patients do especiaily
if the burn is on the dorsurn and the exten
sor tendons and §f joints have been involved

Burned tendons and bones may be veny
<dow to separate but should not delay the
grafting unduly A preliminary débriding
operation can be done or definitely dead
portions removed at the time of grafung
C onservatism s usually worth while as the
cortex on one side of a phalanx may sepa
rate and later heallng may leave a func
troming bone (Figs, 255 and 15}

Tendon and joint contractures may
prevent complete releass of a deformity but

can be opened ns far as possible and grafted
and traction or occasionally tendon length
enings used later followed by more grafting
Some Sth fingers will be seen that are so
badly burned and anlylosed that almost
nothing is left but a curved stiffl bony hook
amvered with scar epithehum Reconstruc
tion of these is not satlsfactory so they
should be amputated if they nterfere with
other hand movements

Partial restoration of function is the
best that can be hoped for in some severe
injuries but is well worth while (Figs 119
and 121) Possibly many of these deformi
tres might be prevented by adopting the
view that the lost skin should be replaced
early probably there never can be any ex
cuze for the completely webbed or degloved
band as it has been called

Permanent function of free grafts on
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Kanavel, Koch and Mason The wire splint
is a double thickness of hardware cloth, with
the edges covered with adhesive tape The
hand and the forearm are laid on gauze pad-
ding on the sphnt, and the forearm is
fastened to it with wide strips of sterile
adhesive (sterilized in a Formalin cabinet)
and a sterile bandage The fingertips are
immobilized with small pieces of umbilical
tape or, better, with strands of No 24 stain-
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less steel wire passed transversely through
them and anchored through the meshes of
the screen The wire screen can be bent
any direction to give the desired position
to the wrist and the finger jomts The hand
15 usually retained on the splint constantly
for 2 to 3 weeks, and then active and passie
motion 1s begun It 1s particularly important
to loosen up the finger joints in older people
as quickly as possible If there 1s any tend-
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F16 115 (Top, left) Complete extension deformity following a w1
spread full-thichness loss of skin, with thumb and fingers defimtely out of

position of function (Tep, right)

Full restoration of function after care-

1 Center, left)
ful dissection and coverage with a single full-thickness graft ( ,
Method of fastening hand to wire sphint with sterile adhesive and of apph-
cation of the graft (3 hours of operatine work) (Center, right) Three

weehs after operation. full take of graft,

arm bewmng taken ofi sphnt

(Bottom) Abdominal defect healed by direct suturc (Ann, Surg 107.958)
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Fic 116 Same patient as in Figure 115 after 6 years with perfect function

ency toward recurrence of the deformity the
hand can be immobilized at night for an
other 3 ar 4 weeks on a specially made alu
minum splint or one cut out of plywood en
a figsaw (If the neutral position is desired)
Children usually need no phymotherapy
{Fig 120) but older patients do especially
if the burn is on the dorsum and the exten
s0r tendons and {f joints bave been involved,

Burned tendons and bones may be very
slow 1o separate but should not delsy the
grafting unduly A preliminany débriding
operation can be done or definitely dead
portions removed at the time of grafting
Conservatism is usnally worth while ns the
cortex on one side of a phalanx may sepa
rate and later healing may leave a func
tioning bone (Figs 255 and 15)

Tendon and joint contractures mas
prevent complete release of a deformity but

can be opened as far as possible and grafted
and tractlon or occasionally tendon length
enings used later {ollowed by more grafting
Some 5th fingers will be seen that are so
badly burned and ankylosed that almost
nathing is left but a curved stiff bony book
covered with scar epithelium  Reconstruc
tion of these 13 not satisfactory, 2o they
should be amputated if they Interfere with
ather hand movements

Partisl restoration of function is the
best that can be hoped for in some gevere
injurfes but 1s well worth while (Figs 19
and 121) Possibly many of these deformi
ties might be prevented by adopting the
view that the lost shin should be replaced
enrly probably there never can be any ex
cuse for the completels webbed or deploved
hand as it has been called

Permasent function of free grafts on
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hands has been quite good, and Figure 319
illustrates a total palm replacement done 20
years ago, which has withstood all normal
trauma and activity However, the anatomy
of the skin and the subcutaneous fat in the
palm differs considerably from that of the
rest of the body, and such repairs are re-
garded as usable substitutions rather than
true restorations

Pedicle flaps must be considered when
too much viable tendon 1s exposed, or when

bones, tendons, or nerves are lost and re-
placement is bemg contemplated, though
free grafts can be used temporarily for heal-
ing 1n the latter cases The usual flap 15 a
direct one from the abdomunal wall, or an
abdominal “pocket,” which 1s a direct flap
with the pedicle left intact on 2 or 3 sides
(Figs 45 and 76)

Replacement of the fungertip pad with
a small palmar flap from the thenar or the
hypothenar eminence 1s occasionally of use,

' i bbing of fingers

i 117 (Top, left) Complete flexion deformity and we
sc»I;lrcz;l years (aftcj: a b{lr)n (Top, center and right) Full function obtained \Elth
one full-thickness graft and two subsequent procedures to reheve the webbing

Iefty Hand shown at time of first dressing mth‘ molded marine
Efoox:ézni;l p{az:c Dorsum well padded (Bottom, center) Fine-mesh gre}th
gauze next to the graft, which 1s dry, 1quca§mg full 1ake (Bottom, ng :t})‘
Full take shown with edge sutures and mdwzdual mattress sutures (hm}:xﬁd
the center, fingers held extended with fine wires through ecach tip and he

1o the wire sphint (Ann Surg. 107:959)



Old Burns—the Scarred and Coniracted Hand

145

as Is a cross-finger flap (Fig 83) The re-
placement of a fingertip loss with an abdom
{nal flap is to be deplored, as 1t feels like a
ball of jelly to the patient

Cross-finger flaps are obtained from an
adjacent finger to cover small deep palmar
or deep dorsal losses, where a free graft

would not suffice The flap is turned down
from the side of the donor finger taking
care not to injure the nerves or the vessels
in the donor finger The pedicle 15 on the
dorsum or the palm corresponding to the
recipient site The donor finger is covered
with a free graft the flap sutured in the

Fic 118 Late contracture of hand due to surfuce loss without tendon
loss. (B) Full-thickness graft restoration after complete freeing of the scar
(C and D) Function <hown 2 jears after the one operation (Internat.

Abstr Surg 67 105)
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Fic 119 (Top) Com-
plete loss of use of hand
1 vear after severe burns
which have destroyed all
the shin and many of the
tendons and joints Pa-
tient was unable to dress
himself  (Center) After
several operations of &
rather slow progress in re-
moving the scar and re-
placing it with spht grafts,
Appearance not good,
but the patient was able
to draw well enough to
enter art school and do
work as shown in bottom
part of cut,which includes
some of the many objects
made as a result of m-
struction by occupational
therapists (Ann  Surg
107 956)
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reciplent area and the two fingers bound
together for about 2 weeks until the pedicle
is severed amnd both fingers trimmed and
adjusted

Cross-arm flaps are used occasionally for
repairing deep losses in the thenar web and
eminence The position can be demonstrated
Dest by grasping the opposite arm just above
the elbow

OTHER HAND INJURIES

Repairs of otber types of hand injuries
are described 10 Chapter 30, “Restoration
of Defects from Ferm, Traffic and Indus-
trial Injuries,” Chapter 31, “Repair of Elec
trical and Cathode Rey Burns ” Chapter 32
‘Surmeal Repair of Radiatlon Injunes and
Atomic Burns” and Chapter 33, “Skin
Grafung mn Military Plastic Surgery ”

Fro 120 Complete release of severe flexion contracture of babys
hand with one full thickness graft. These nearly always require more
skin than one would think In this instance the graft covers half of the

palm the entire space between the
tends down onto the thumb and the

thumb and the index finger, and ex
index finger

Fio. 121 (Left) Leit hand com
months after 2 deep burn with the
normal position restored bv 3 splitgraft tions with
fingers functioning for the first time since the Eu g o pand

pletely out of position of function 18

arm still not healed (Rigkt) Falrly

M (Ann. Surg 107 955)
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F16 122 Surgical release of webbed fingers (Left) Simple cutting apart of
fused normal fingers and coverage of raw areas on adjacent fingers with a single
full-thickness or very thick sphit shin graft. (Cf Tigs 123 and 124) (Center and
right) Flap type of operation sometimes used for separating thumb and index
finger A U-shaped flap 1s raised on the dorsal surface and turned through into
an inverted-T incision on the palmar surface, spht grafting the remaiming raw
areas on the sides of the digits, (Cf, Fig 123)

Fic 125 Third and fourth fingers separated as i Figure 122
(A) Thumb and index fingers separated as in Figure 122 (Center
and right)
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F1o 124 Separa
tion of normal but
fused fingers as n
Figure 122 (Left)
Final appearance
Function seems to be
perfect

WEBBED FINGERS
(SYADACTYLIS)

Early in the embryonic development of
the hand it is & flat single, finlike struc
ture and fissures develop later to separate
the fingers DPartial or complete failure of
this fissuring results in congenital webbed
fingers. This gnomaly may occur in one ar
both hands {eften svmmetrical) and may
or may not be associated with the same
anomaly in the feet When the webling {s
confined to one hand an associated absence
of the pectoralls major muscle is a mather
frequent finding  but the latter creates
almost no disability and requires no trent
ment

Webbing may occur in otherwise normal
hinds or may be associated with an abnor
mal number of fingers (polydactylism) or
abnormalities in the width and the number
of phalanges (brachydactylism) In poly
dactylism the axtra digil usually is attached
to the metacarpal of the thumb or the 5th

e

finger It Is often rudimentary and without
functioning tendons but occasionally will be
completely developed with good tendons In
either event 1t should be removed in earh
infancy Ordinarfly it is obvious which digit
to remove but a few patients will require
careful study of the movements, the
strength the direction of growth and beny
development (as seen on x ray examination)
of tha duplicats fingers in order to make the
correct decision

Complete correction can be obtained in
the webbed normal hand with practically
perfect results Correction of the webbed
brachvdacty lic hand 13 welf worth while but
does ot result in perfection Careful x ray
and functional studies of the latter are nec
essary and the plan of treatment must be
mdividualized in each instance

Probably the most common form Is sym
metrical webbing m two normal hands be
tween the 3rd and the 4th fingers throughout
their length (Figy 122 and 124) Operation
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on these should be delayed until the patient
15 2 or 3 years of age At that time, the depth
of the normal fissure between the fingers is
marked on both the palmar and the dorsal
surfaces (it will be noted that the normal
fissure extends farther proximally on the
dorsal surface than on the palmar surface,
leaving a slanting normal web between the
fingers) The fingers are dinided with a kmfe
down to these marks, the surgeon being es-
pecially careful near the provimal end of
the new fissure to avoid injury to any of the
proper vessels or nerves The resulting raw
surface 1s covered with a single full-thick-
ness shin graft eatending from the tip of
the 4th finger down to the sulcus and back
out to the tip of the 3rd finger The graft 1s
cut to pattern, carefully sutured in place
and fined by “stent” sutures and an all-over
pressure dressing The same plan of repair
can be used in full-length webbing between
any 2 fingers except between the thumb and
the index finger However, 1t 1s best to avoid
operating on both sides of any one finger at
one time Thus, 1f all fingers except the
thumb are webbed together, 1t 1s better to
sphit the index from the middle finger and
the ring from the hittle finger at one opera-
tion, then split the muddle from the ring
finger at a second operation a few weeks or
months later

Webbing between the thumb and the
index finger creates special problems be.
cause of the disparity in length, the wide
range of motion of the thumb, and the nor-
mally wider space between these digits
(I1g 123) Operation 1s usually done earher
to allow the index finger to increase in
length and to prevent bony curvatures of it
from developing An inverted U flap (with
the concavity toward the wrist) 15 raised on
the dorsal surface of the web and fitted
through into an mnverted T incision (with
the crossbar nearest the wrist) on the palmar
surface This leaves a triangular raw defect
on the adjacent side of each digit, and these
are covered with thick spht grafts (g
122)

Occasional patients will be seen with no
real webbing but simply fusion of the tips
of 2 or more fingers These can be divided
mn early infancy, closing or grafting the re-
sulting raw spots

Numerous operations for completely
webbed fingers have been described 1n
which the raw areas on the fingers are closed
with local flaps rather than additional shin
(grafts) These result in failure, as there 1s
always a lack of skin, and the resultant
flexion deformities produced by them may
be more difficult of correction than the
original webs
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This area alone accounts for a large num
ber of the bum deformities that are seen
and thick split shin grafts in sufficient num-
ber offer a simple and almost umversally
applicable plan of repair

FRESH THERMAL BURNS

In the Initial treatment of burns in this
region free movement is one of the main
abjectives and the earlier this can be accom
plished the better With the general condi
tlon comfort and morale of the patient all
being cared for early complete resurfacing
of the denuded area will shorten Invalidum
and Jessen or prevent further fixation by the
scar that occurs with spontaneous healing

At operation, the granulations are shaved
from the areas down to a very thin scar base

Fro. 125 (Left) \ery large full-thickness

the Axilla

and some of the full thickness of the scar
itself is removed 5o that complete elevation
of the arm is possible (Figs. 125 and 126)
Large grafts expedite the work, and they are
sewed accurately in place with extra bast
Ing" sutures through the center A large
pressure dressing is applied with the arm up
fn the ‘never agun” position (xhoulder and
etbon at 90° with the hand up in the air)
This dressing Is made of soft materials con
slsting of fine-mesh grease gauze, waste ab-
dominal pads gauze rolls, quilted bed pads,
additional gauze rolls, bandage and adhe
stve respectively from inside out and seems
to be definitely preferable to a spica plaster
cast (Fig 127) Extreme extension of the

Joss with secondary contracture

{(Center) Complete heahing in 2 spht-graft operations and prevention of growth

Py vears ater (Internat \b<tr Surg 67 105

of arm to side fter § months. (Right) Camplete function of otiginal repair shown
)
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shoulder (1n the dressing) is avoided, as it
nught produce “stretch paralysis” of the
radial nerve

OLD SC\R CONTRACTURES

Contractures of great severity and caus-
mmg extreme disabihity may result if spon-
taneous heahng of areas of full-thickness
Joss is relied on

In relaning the ‘arm healed to the side”
type, mcisions arc placed to allow openimg
of the area with preservation of any flaps
poesible for covermg the apey of the axilla

et bt i e ot b e

I'ic. 126. Split
grafting of raw
burns {Top) Clean
granulating wounds
obtained by débnide-
ment and wet dress-
mgs Upper extrem-
ity burn s circum-
ferential and axilla
is burned out (Bot-
tom, left) Result a
few months after
spht grafting (Bot-
tom, right) Result §
vears later, showing
good growth of
grafts This boy
later became a com-
bat <oldier n Korea
and was decorated

It 1s well to have one assistant do nothing
but hold the arm and gently extend it as the
scar gives way. Tightness of the shin from
the deltoid region to below the clavicle and
over the posterior aspect of the arm must
be opened and the defect grafted Even o
small triangle of opening 1+ important in
these areas and 1f the graft s successful,
this may mahe the difference between com
plete and partial freedom of motion (Dig-
128 and 129) Darts into the surrounding
normdl shin may be necessary i the con
tracture 1< an old one, and generahized «Lin
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e 128 (Leiny
Total loss of auliary
shin and most of
right breast by bum,
(Center) Immediate
result after 2 spht-
graft operations and
(righty shown after
1l-year growth pe-
niod (Chmes 1,25,
1942)

shortening may cxtend down to the thigh
(Ig 105). The deeper portions of the dis-
section must be done carefully to avoid
1njury to important structures, and complete
abduction must not involve tearing of under-
lymng muscles In one mstance it was neces-
sary to advance the pectorahs major muscle
on the chest wall (Ing 130)

“Z" plasties can be used occasionally n

F1c 129 Complete restoration of con-
tracted ailla with thick spht grafts in
one operation (Surg, Gynec & Obst
56 790)



Fio 130 {Left) Arm grown solid to body with excessively thick scar and
deep dirty snus extending high into axilla, 234 years after the burn At the first

operation the sinus was opened and cleansing dressings were applied to the raw
area At the second operation, the comtracture was opened widely, but the arm
would not come up satisfactorily In consultation with Dr C H Crego it was
decided to advance the pecto major and the latissimus dorsi upward on the
chest wall, and this was done followed by dressings to the raw area At the third
operation (48 hours later) the entire area was covered with thick split grafts
(173 sq in) with result shown in the other three pictures. (Surg Gynec. & Obst.

56 790)

cases of long standing with the fixation over
a limited area, where the abductor muscles
have drawn the scar out into one or more
soft webs or plicas which permit free move
ment In these cases operation 1s done
chiefly to do away with the webbing The
fold Is split and each side is converted into
an appropriate flap by inclsions which may
somewhat resemble a ‘Z.” There are few
patients however, who do not need at least
supplementary grafts {f Immedlate and com
plete function is to be obtained in one or
two operations (Fig 108)

Auxiliary flaps from neighboring skin or
soft scar are always to be used if possible
over the axillary vessels and nerves but
extreme care <bould be taken not to expose
the axillary contents during the mobiliza
tion In the late healed cases there is usually
an increase in the quantity of fat, as hap-
pens elsewhere in the body where there is
a contracted flexor surface This is a valu
able protection to the axillary contents

One criterion of a good result is that

the patient should be able 1o extend his
hand directly overhead with the arm up
against the head Cases in which the arm
can be abducted up no farther than $0°
should not be considered as totally satils-
factorv

Physiotherapy or directed activities may
be of value {n overcoming postoperative
stiffness or even secondary contractures
(Fig 106) The instillation of a will in the
patient to help himself and the provision of
simple equipment for exercise and recrea
tion may be all that is necessary A trapeze
hung in a transom of the home or the hos-
pital may suffice Vlassage, baking and
baths are seldom necessary, If the restora
tion has been adequate and if the patient is
able to exercise

BURNED BREASTS
Deep burns in the breast area of young
pirls may present certaln problems The
burn may extend just through the nipple
area or the entire gland may be destroyed
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F1c 131 Burned breasts (Left) Child first seen several years after healing by scar,
and partial coverage with ‘stamp’ grafts elsewhere Puberty beginning, and area tight
and pamnful Wide excision of scar done, and coverage with large sheets of sphit-shin
graft (Center and right) Result and appearance 4 years later

In the latter event, the mitial spht graft
coverage will suffice permanently, but in
the former case, at the time of puberty
tenseness may develop and it may be nec-
essary to insert more spht graft to allow
for expansion and mauimum contour devel-
opment (Fig 131). If the mpple areas are
burned off, free lactation will be impossible,
but this can be suppressed by hormone
therapy after delivery.

GRAFTS VS, FLAPS IN
AXILLARY REPAIRS

Burned or contracted axillac may require

enormous amounts of new shin for reparr,
and this 15 better provided by free grafts
than by pedicle flaps Many years ago there
was a dictum to use flaps for anillary con-
tractures, and they were routinely unsuc-
cessful—barely getting the arm laose from
the chest and not up at all The utihity of
large split-shin grafts was first demonstrated
in massne repairs in this area, and for the
first time, such children could swim, play
basketball and baseball, and engage in other
activities which required the arm to be com-
pletely free and go straight up over the
head.
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Repairs of the Arm and
the Forearm

Repairs of the arm and the forearm are
considered together bere, although injuries
in these areas are frequently combined with
injuries of the hand and the axills

FRESH THERMAL BURNS

In deep burns here, as elsewhere, the
problem Js essentially that of getting the
slough off and large shin grafts on as
quickly as feanible

1f not much else of the bads s bumed
often this can be done a few duys after the
burn, as deseribed in Chapter 5 4 tourni
quet may be used during the débriding o
minimize blood loss.

Lang gerafte are especally useful when
both the arm ond the forearm sre raw Such
grafts can be obtained from the back, start
ing medual to the scapula coming down over
the loin and the buttock and clear on down
the back of the thigh to the knee if neces-
sary When cut free hand they can be ob.
tained in widths of 3 or 4 inches if details
are observed to fiatten out the denor area.
These include (1) positionlng the arm to
flatten the scapula agaiast the Iack (2} in
sertion of a hard pillow under the abdomen
to elevate and spread out the loin area
{3} the uwe of suction boxes 10 elevate and
flatten out the skin and (4) the use of towel
clips in the skin laterally by assistants o0
pull or push the skin up against the suction
box so that full width can be obtained
These large grafts are worth the tronble in

a
I

volved as they can be cut in 10 miputes of
Tess and one or two of them will cover an
entire upper extremity, with the best pos
sible final cosmetic and functional result

Mangle burns are commeon ip this area
especially in children Although there Is
some crushing along with the buming the
repair is done as outlined above The medial
and the lateral epicondyles of the humerus
and the tip of the glecranon may be burned
in such instances, these mav be chiseled off
to bleeding bone before gralting or niter
grafting, but should not be permitted to
delay coverage unduly (Fig 132}

Burned bone may be large in amount in
some patients In such nstances soft tix-
sues are prepared and grafted up to the dead
bone at an early date Later the dead bone
is removed with chisels ar otherwise outer
cortex or full thickness as necessary and as
soon as granulations appear this area is
covered with split graits for temporary cov
erage If no subsequent bone grafting is nec
essary the split grafts may be left if service
able otherwise, the grafts may be remored
and a flap substituted—usunlly a dicect flat
flap from the chest wall or the abdominal
wal) on that side (Figs 134, 202, 203 and
168)

Chronic raw arms }f circular, may pre
tent difficult problems Dense circular scar
is laid down in the depths of the granula
tions constricting the arm and producing
edema of the distal parts At operation the

187
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Fic 132 Mangle burn in which both
upper extremities went in up to the shoul-
ders, and the child’s face was pulled up
against the roller As usual, there were no
fractures but deep burns Lateral epicon-
dyles of both humeri were burned and

separated. as well as central shps of extensor tendons on nght middle and indes
fingers Primary coverage with spht grafts Later resurfacing of bachs of hands and
fingers with full-thickness grafts to get smoother appearance Complete function

except in fingers which had burned tendon<

granulations are shiced off down to a firm caution 1s that i.

yellow base, and then multiple longitudinal  region may rec

incisions are made down through this base fination as s 7=

to allow circular expansion, before grafung  actual mvolv
Results are usually good when granu-  ankilosis (F
lating areas are covered early with Jarge - may p

thick split-skin grafts The larger and fcv:‘M ure to
the grafis, the better the result, Some £ . ™ n, an
ming of border scars may be necessary . tract.
(Fig. 133). ' B ~ond.
BN Th
OLD SCAR CONTRACTURES thin

With the arm itself, the special poir of th

aent of '
he(
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Fio 133 Split grafting of raw burma. (Top) Conditlon
when first seen seseral weeks after fire burns. Treated by
débridement pressure dressings and twm split graitiog
operations (Botfom) Appesrance after ! year DPatient
later became a star basketball center

tics at early ages are apparently not very
successful but some gains in functional
position may be made with wedging plasters
and very occasionally with osteotomies
Direct flap coverage from the chest wall
may be necessary on some of these elbaws,
following open operation (Fig 134)
However, many of the scar contractures

N |

Fia. 134 Direct flap coverage D
lm;ml}f wound of forearm and meltep
o o551 necessitating putting in
flap with arm straight to prevent flexton
contractute. Flap oo and detached n
18 dayx. Two operations.



158

Repairs of the Arm and the Forearm

Fic 132 Mangle burn in which both
upper extremities went 1n up to the shoul-
ders, and the child’s face was pulled up
against the roller As usual, there were no
fractures but deep burns Lateral epicon-
dyles of both humer1 were burned and

separated, as well as central ships of extensor tendons on right middie and index
fingers Prnimary coverage with split grafts Later resurfacing of backs of hands and
fingers with full-thickness grafts to get smoother appearance Complete function

except 1n fingers which had burned tendons

granulations are shiced off down to a firm
yellow base, and then multiple longitudinal
incisions are made down through this base
to allow circular expansion, before grafting

Results are usually good when granu-
lating areas are covered early with large
thick sphit-skin grafts The larger and fewer
the grafts, the better the result Some trim-
ming of border scars may be necessary later
(Fig 133).

OLD SCAR CONTRACTURES
With the arm itself, the special point of

caution 1s that involvement of the elbow
region may result in much the same sort of
fixation as 1s seen 1n the hand, that 1s, an
actual involvement of the joint and resultant
ankylosis (Fig 323) In this condition, the
joint may prevent complete opening of the
contracture to allow replacement of the nec-
essary skin, and there are then the two fac-
tors of contracted skin surface and ankylosis
to cause secondary contractures of muscles
and tendons There is scarcely a more hope-
less situation than this in the entire problem
of restoration of these patients Arthroplas-
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Fro 133 Split grafting of raw burns. (Top) Condition
when first seen several weeks after fire burns. Treated by
débridement, pressure dressings and two split-graiting
operntions (Bolfom) Appearance after | year Patient
later becume 8 star basketball center

tics at early ages are apparently not very
successful but some gains in functional
position may be made with wedging plasters
and very occasionnily, with osteotamies.
Direct flap coverage from the chest wall,
may be necessary on some of these elbows,
following open operation (Fig 134)
However many of the scar contractures

1
4

- SN §

Fic. 134 Direct flap coven,
traumatlc wound of {umnnp nil ?::T
cubital fossy, necessltating putting In
flap with arm stralght to prevent flexion
contractare Flap on and detached In
I8 days, Twao operations.




160

Repairs of the Arm and the Forearm

of arms and forearms do not have joint in-
volvement, and in these, decortication of all
the scar and resurfacing with large splht-
skin grafts will give good results (Figs 25
and 323) Around the wrist, 1t 1s important
to avoird exposure of large areas of tendon,
as noted m Chapter 15, “Repairs of Hands ”

GRAFTS VS FLAPS

Here, as elsewhere, free skin grafts are
more generally useful than flaps and are
always employed when only resurfacing 1s
needed

However, flaps may be imdicated to fill in
huge losses for contour (Fig 134), or to
provide satisfactory coverage for future
bone grafting, tendon grafting, or other deep
work Flat, direct, broad-faced, short-pedicle
flaps are nearly always best, securing them

from the lateral chest wall for the arm, and
from the upper abdominal wall and the
lower anterior chest wall for the forearm.

Amputation can often be avoided 1n seri-
ous mjuries by flap coverage, and subse-
quent bone and tendon grafting, provided
that there 15 a good blood supply and some
nerve supply to the hand (Fig 256)

OTHER INJURIES

The repair of some other njuries to the
arm and the forearm are covered 1n Chapter
30, “Restoration of Defects from Farm,
Traffic and Industrial Injuries,” Chapter 31,
“Repair of Electrical and Cathode Ray
Burns,” Chapter 32, “Surgical Repair of
Radiation Injuries and Atomic Burns,” and
Chapter 33, “Skin Grafting in Mihtary
Plastic Surgery ”
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FRESH THERMAL BURNS

Deep burns are responsible for most of
the skin losses in this area and if large may
present early danger from shock, and & con
siderable Jate mortahty rate from extreme
debilitation Circular burns of the body are
responsible for most of the burn deaths.

H the patlent can be brought through the
early stages of shock etc., encly covernge of
some sort will do most to save his ife The
problem of delinenting deep burns from su
perficial bumns always comes up with the
same critena being used as elsewhere except
on the thick skin of the back especially in
adults At times thls will be dead white due
to coagulation for several millimeters but
the skin may be 1 foch or more thick and
some deeper lnyers may be alive Instances
have been seen of granulating wounds on
the backs of adults that appeared ready for
grafting, but an close inspection a few fine
hairs were seen coming out of the granula
tlons within a few days the hales were
longer an epithelial island appeared around
each one and within 2 weeks the back would
be healed spontaneously However this is
not routinely so and many deep bums do
oocyr on adult backs which require shin
grafting Undue delay is not indicated in
every case but conslderation of this posm
bitity is indicated

In general sloughs over large areas of the
body are treated conservatively by cleansing
under anesthesia and application of fine
mesh grease gauze occlusive dreeangs eveny

3 or 4 days for about 2 weehs Some degree
of pressure can be used on some of these
wounds but dreasings around the body
should not be constricting enough to inter
fere with respiration and there must be
room for changes in the slze of the abdomen
with varying digestive states. These patients
must also be turned regularly and precau
tions observed to prevent the development
of decubltus ulcers in nddition to their
burns

In about 10 days to 2 weehs the slough
will begin to loosen so that it can be
nicked and scissors inserted underneath to
dissect 3t Joose by sprending and clesing
Most of the dissection Is done by spread
ing and the attempt is made to get it off
plecemeal if necessary without toe much
blood loss \When moat of the slough is off
any remajning tenacious s can be
sliced off with a graflt Lnife, and the assist
apls can follow along to staunch blood loss
by pressure with sponges

The situation js much better if these pa
tients can be made ready for grafung withim
14 to 18 days after Infury as they will con
tinue to deteriorate untll they are grafted
They are the ones who need most careful
follow-up and treatment of any alterations
in blood elements etc.

Large wet body dressings are usually not
tolerated very well but sometimes they can
be used for a day or two before grafting i
thought aduisable

\t the time of grafting the question

161
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Fic 135 Widespread burn of back
and arm repaired with thick sphit grafts
(Brown, J B Closure of surface de-
fects with free skin grafts, Surg , Gynec
& Obst 84 862)

comes up as to whether autografts alone, a
combination of autografts and homografts,
or homografts alone should be used If the
burns are largely linated to the body, if
good thigh donor areas are available, if the
patient’s general condition is not too bad,
and 1f half or more of the raw area can be
covered with autografts at one sitting, then
autografts alone are used (Iigs 135, 136,
and 133) Blood transfusion probably will
be required at the operation and for a few
days afterward, but as soon as the patient
has recovered from the denudation of his
donor sites, and the grafts have sealed a
considerable portion of his burn, improve-
ment 1s usually rapid and dramatic

If the burn 1s larger, if the donor sites
are less, or if his condition 1s poorer, 1t may
be wise to use a combination of autografts
and homografts In such instances, 1t is pref-
erable to use long sheets of both, alternating
them This may result in later creeping re-
placement of the homografts from the auto-
grafts, to give fairly good healing through-
out In some nstances, the quality of healing
may be good enough to be permanent, at
other times, later replacement of the scarred
homograft areas may be necessary How-
ever, the immediate problem 1n these pa-
tients 3s to get them sealed and healed—

with autografts, homografts, scar, or any-
thing that will contamn therr life fluids and
hold them 1n -

In extremely large burns with marked
debilitation, the condition of the patient
may be too poor to allow denudation of any
donor areas, or only small scrappy donor
areas may be available Here, 1t may be best
to cover the burns entirely with large homo-
grafts (Plate 2) This sealing of the sieve
gives the patient’s own body chemistry regu-
latory mechanisms a chance to take over,
and with the surgeon’s help n replacement
therapy, his general condition may improve
greatly within 2 or 3 weeks At this time,
piecemeal replacement of homografts with
autografts can be started and carried out in
stages, with the internuttent further use of
homografts as indicated, until complete
There will be some late deaths 1n this group

The whole subject of homografting 1s de-
scribed further in Chapter 28

Smaller burns of the body do not pre-
sent the above problems and are débrided
and grafted as elsewhere

Burns of the buttocks and the peri-
neum present difficult dressing problems,
but they are also not satisfactory for the
“exposure techmic” as maceration prevents
the formation or intact persistence of any
protective membrane In general, dressings
can be wrapped around the upper part of
the buttocks For the lower part, it may be
best to have the patient hie on a large gauze
pad covered with large sheets of fine-mesh
grease gauze This 1s replaced as often as
necessary, with soap and water cleansing
and cold creaming of the local parts after
each bowel movement

Axillary and breast burns are covered
m Chapter 16

Burns of the genitalia are described n
Chapter 19

SCAR CONTRACTURES AND
GENERALIZED SKIN SHORTENING

Healing of these areas by scar may be a
slow and uncertain pracess, but may occur
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Fio 136 Split-grafting raw burns.
Coverage in two split grafting opern
tions One later operation for insertion
of more skin In the neck and the left
axilla

with marked tightness and ‘generalized skin
shortening ” The dispersal of a few pinch
grafts or stamp grafts within the scar does
not alter the situation much In some cases,
the body may be pulled to one side or the
other or one extremity may be pulled in
others nothing may be visible except the
rigid, glazy encasement of scar, or the um
billcus or the nipples may be displaced
\ovements of the body from side to side
or forward and backward, may be markedly
impaired or the patient may wall side
ways or be totally unable to sit down The
difficulty Is that there Is not enough shin
for him to move around in Replacement of
all of the scar with sheets of skin graft is
the best treatment for these when possible
(Fig 137) If this cannot be done some
times great relief can be obtained simply

s
g

ra
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by openmng the tight areas, allowing the
edges to retract, and grafting the defects
(F1g 109)

Flaps are more often tahen from the body
than apphed to 1t or shifted thereon. How-
ever, such shifting of flaps 1s sometimes
done for decubitus ulcers, and for radiation
burns (cf Chaps 5 and 32)

Fic 137 Old un-
healed burn of chest,
abdomen and thigh,
with flexion contrac-
ture of hip Repaired
1n one operation by
excision of scar and
ulcers, opening con-
tracture and cover-
Ing entire area with
thick spht-shin
grafts

RADICAL BREAST EXCISION
DEFECTS
These present no particular problems, ex-
cept that it may be advisable to tach down
the flap cdges to the chest wall with fine
sill. sutures before applying a split graft to
the remaming defect Drains can be placed
under the flaps, with their exits dependent
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and at some distance from the graft, to help
keep any serum under the flaps from leak
ing under the graft

Free skin grafts are not apt lo grow on
bare bone or bare cartilage and i such is
exposed, an effort should be made to shift
the flaps in some way over these areas.

The grait should be appled in a single
large sheet, and it can be sutured in place.
A local dressing of fine mesh grease gauze
and surgical waste should be used, with
strips of Elastoplast for fixation, going about
two thirds arcund the body The usual larger
splca dressing may be applied over this

INGUINAL DEFECTS

Burns are treated as elsewhere, using a
spica type dreasing and being careful of
the major vessels,

Vany ingwnal and groin sloughs are the
result of inguinal dissections. These are
cleaned up and covered with split grafts.
The worst ones are seen from the old verti
cal incisions and this can be minimized by
the use of oblique incisions (similar to those
for Inguinal herma repalr) with & down
ward prolongation from the medial end and
trimming off any ischemic edges fust before
closure

DECUBITUS ULCERS

Decubitus ulcers are sa deplorable that
every effort should be made to prevent
them They are prone to occur chiefly in the
following groups of patients (1) uncon
sclous persons (2) emaciated, disabled
elderly patients (eg in bip fractures) and
(3} in paraplegics In the first group pre
‘entlon consists of turning the patient from
back to side to opposite side about every
3 or 4 hours massaging and inspecting the
skin each time having the nurses chart their
appratsal of the skin condition and calling
attentlon to any areas of persistent redness
blanching or blistering In addition to this
a responsible ward officer should inspect the
skln daity If any such areas are found it is

Fio 138 Decubitus ulcer over dead
fschial tuberasity treated by excislon of
dead bone shifting up permanent bt
pedicle flap and covering donor area
with split graft.

essential to keep the patient off of them
until they have recovered and before necro-
sis occurs.

In the second and the third groups of
patients it is almost essential to keep the
patients on a speaal turning bed such as
the Stryher or Foster frame, with turniag
every 3 or 4 hours day and night, and spe-
cial skin care as outhined Paraplegles are
most susceptible to decublti duning the first
weehs of the disease and good care Is espe-
clally important during this time In splte
of the work concerned decubltus ulcers are
50 much more easily prevented than cured
that ngid attention to these details ix wel}
worthwhile

If patients are brought in with small
shallow ulcers, the latter will heal under
good cleansing care with fine mesh grease
mauze dressings {f the patient 1s hept off of
them There are no special chemicals or
magic formulae for decubitus uleers the
treatment is the same as for other ulcers
with the additional measure of Leeplng pres-
sure ofl of them

Slightly larger or deeper ulcers can be
treated by simple elliptical excision under
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muining the edges, and suturing Dead areas
of fascia, tendon, or bone must be removed
from any decubitus ulcer before it will heal

Larger decubitus ulcers over bony promi-
nences present severe and difficult problems
In general, the plan of repair 1s to delay an
adjacent flap first, then later to excise the
bony prominence, rotate the flap into place,
and split skin graft the flap donor area The
flap should be a local one, with a permanent
pedicle to bring 1n 1ts own blood supply, and
should be as thick as possible However, 1t
must be obtained without denuding padding
from over another bony prominence (Iig
138)

Common bony prominences which are the
site of decubitus ulcers and may require ex-

asion include (1) the ischial tuberosities,
(2) the spines and the posterior plate of the
sacrum, (3) posterior 1lac spines, (4) an-
terior superior ihac spmes, (5) calcaneal
tuberosities, tibial tuberosities and (6) the
back of the skull In the last, 1t 1s often only
the external plate that 1s dead, in which case
it may be excised and covered by rotating
1n a scalp flap

Tremendous decubitus ulcers can present
insurmountable problems and even can
cause the death of the patient

In caring for paraplegics, it must be im-
pressed on the patient and everyone around
him that braces, physiotherapy procedures
or no other one single thing 1s more 1mpor-
tant than keeping his skin intact
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Repairs of the Genitalia

Patlents have been cared for with skiu
losses and desp loases over the gemtalla
from granul inguinale, gunshot 3
sdoughs {ollowing Injections or topical anes-
thetics or acids radiation burns war in
jurles etc Perhaps the largest group have
been farm and industrial Injuries of the
‘power tahe-ofl variety in which an over
all oc pant leg Is caught in a turning power
shaft and the patient is wound up in It
finally resulting in a complete avulsion of
the penoscrotal skin

Some of the various lesions will be con
sidered separately

PENILE SKIN LOSSES

Some losses will be seen from burns or
chemical sloughs and they are débrided and
covered with split shin grafts in the usual
manner (Fig 139) If the wounds are old
granulating ones it may be necessary to ex
ase the granulations and the underlying
yellow bed down to expansile tissue so that
there will be no scar sheath preventing ex
panslon In diameter or length. A catheter is
then inserted the penis is stretched over it
and a split shin grait is apphed

H the patlent 15 first seen late after heal
Ing by scar and contracture, it may be nec
2531y £0 excise this in the same manner and
stretch out the penfa as much as possible
before applying the graft This procedure
may have to be staged or repeated 2 or 3
times 10 get the heat final result.

U n small flap is necessars for some part
3 serotal skin graft will comwe nearsst to pro-
viing the necessary thmness softness flexi

bllity and elasticity Abdomnal or thigh
flaps do not make good penile reconstruc
tlons and are rarelv, i ever indicated

The technic of spht grafting the penis is
described n the next section.

PENOSCROTAL SKIN LOSSES

As noted, these losses are usually aval
alons from a “power take-off mjury ' The
patient may be pulled out of the seat of a
tracter, or it may happen while climbing
wnto {t The trouser leg s caught and twisted
up the leg to the genital reglon where it
engages the shin of the scrotum and the
penis and completely avulses it The skin

Fio. 139 Result of drcumierential
spht graft coverape of penfs. Loxs was
from mistalen Injection of topical anes-
thetic,
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) Fic 140 Con’a’plete avulsion of skin of the penis and the scrotum from

power take-off” mjury Inset shows specimen, which was brought 1n
separately, with catheter threaded through 1t, but traumatized too severely
to be used as a graft ’

Fic 141 Operative repar of patient
in Fuzure 140 The perineum was closed,
the testes were smplanted in adjacent
“clash’™ pockets 1n the thighs and the
pems was covered with spht-shin graft,
all 11 one operation,

I'tc 142 Final result of single opera-
tion on patient shown in Figures 140 and
141 Normal function No further <urgi-
cal work or revision was needed
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tears loose at the corona, so that the glans
is usually Jeft intact The tearing may rip
backward into the rectum and there may be
further avulsion up over the abdemen, the
flank and the back (Figs 140-144)

There is not as much pain as would be
expected at the start but it may be severe
later Unconsciousness or severe shoch has
not been noted, but this would depend on
how soon belp was at hand The skin speci
men, in one plece, Is usually recovered and
brought 1n with the patient, though it may

be badly contused and dirty (Fig 140)

This type of Injury does not seem to dam
age the deep erectile tissue or the spermatic
cord The skin 15 50 loose that it is pulled
off of the body to brenk away at the glans.
The separation is probably along the dartos
fascia, with the testes held back separately
(Fig 140)

Prompt evacuation and operation is obvi
ously indlcated, and transport for definitive
care s most advisable, If delay in final hos
pitalization is unavoidable, the testes can be

FIo 143 Penoscrotal avulsion from power take-off” Injurs (Left) Follow
ing coraplete penoscrotal avulsion torn open perineum, and tearing loose of
large abdominal flap arcund the Rank to the spine a local physician saved the
penis and the testes, and the patent by successful operation He implanted

the raw penis under the fower abdominai skin closed the perineum
the testes under adjacent thigh flaps, and sutured the abdominal flap

lanted
ck in

place with appearance shown at left (Right) Shows the raw penis after
removal from abdominal pocket several days later and just before the spht

skin graft was applied
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Fi1c 144 Final result on patient shown
in Figure 143 There was normal func-
tion, and the patient was not desirous of
any attempt at making a scrotum (as
none of these patients has been) Mar-
ried 8 years later, and i the following
vear a normal baby girl was born Nor-
mal spermatogenesis

saved by implantation just under the adja-
cent skin of the thighs, and the penis can be
dressed, or implanted temporarily under a
slash pocket 1n adjacent skin, such as the
abdomen (Fig 143) For these dramatic n-
juries, consultation may be held by tele-
phone, and the local surgeon can carry out
implantation of the testes, instead of just
dressing them open with the added possi-
bility of twist or thrombosis of the spermatic
vessels

In most of these patients, the operative
work will consist of (1) closing the perineal
defect, (2) implantation of the testes, and
(3) shin grafting the penis—all of which
are carried out at the same time, 1f possible

For testes implantation, a short incision
1s made on each thigh, just below where the
testis will reach easily, from this ncision,
the shin 1s undermined thinly upward,
making a tunnel through to the regon of
the external ring Each testis 1s then gently
pulled down through the tunnel to the super-
fictal pochet just under the shin at a lovel

of a normal scrotum, with great care to
maintain the cord without blockage or twist-
ing, and the skin incision is closed A bulge
1s produced by the testes and 1t is covered
about three fourths of the way around by
skin alone There 1s evidence that the ten{-
perature in this locale 15 lower than general
body temperature, such patients have re-
tamed their reproductive function as much
as 8 years later!

Grafting the Completely Denuded
Penis Catheterization 1s necessary (which
probably already has been carried out). The
penis 1s elongated to 1ts full extent on the
catheter and covered with a single large
sphit-skin graft, suturing 1t to the dorsum
and along the corona and the base 1f neces-
sary The graft 1s taken from the thigh or
some suitable nonhairy area and 1s about
two-thirds thickness As a dressing. fine-
mesh grease gauze 1s wrapped around the
penis, then covered with a thin layer of sur-
gical waste or gauze, and local pressure i1s
made by wrapping a 1- or 2-inch strip of
Elastoplast spirally around the penis from
the base outward A large hip spica dressing
may be added for further immobilization
and protection After-care of the graft 1s
about the same as in other areas If there
1s need for further graft, or additional
loosening, more shin can be added later
Sphit-skin grafts undoubtedly provide the
best covering here, with better elasticity
flexibility, looseness and sensation that could
be provided by any flap

Total reconstructions, using a tubed
flap and a bone or cartilage implant, have
been described 1n the Russian literature an
elsewhere Such an mert, msensitive organ
would seem to be so lacking in function that
it would amount to lhttle more than a
prosthesis.

ELEPHANTIASIS

Chronic elephantiasis of the male geni-
tahia of unknown origin is seen occasionally,

B, and Frver, ST ' Peno-Serntnl

145 6%h, 1053

! Brown, ]
Shin 1 osee, Ann Sure



Radiatlon Burns 7t

i
L:‘f‘

Fic 145 Large elephantiasis of perus and scrotum of many years dura
tion with resection and immedinte coversge with splitskin grafts in one

operation

The swollen tissue is ordinanly outside of
the cavernous bodies and the urethra and
outside of the dartos tunic

The best treatment presently known for
some of these cases is exasion and coverage
with spht-shin grafts (Fig 145) A spiral
Elastoplast dressing 15 used for the penis
and a tle-over dressing for the scrotum.

RADIATION BURNS

Severe radiation dermatitis of the female
genitalia sometimes occurs as the result of
treatment for pruritus vulvae or pruntus
eni or the combination (Fig 146)

Repair of this has been described In
others with flaps but m general it 1s prob-
ably best to do it with split skin grafts in
maost patients

If there 15 considerable jeuhorrhea or
trichomonad or momha nfection this
should be brought under control before op-
eration and some treatment during the post
operative period may be necessary

Before operation the colon is cleared out
by laxatives and colonic iwrigations, After
operation the patient is hept on a low
residue diet and opwum pills or other con
stipating drugs for about 10 days until the

§
N

1

Fro 146 Radlation burn of vulva perineum buttocks and perianal area
up to pectinate line as result of treatment for&]rudtus The mtient was ynable

1o ¥t down for 8 years. Covered with split

n grafts in two operations one

side at a time (Regkt) Appearance S vears later with no further trouble
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grafts are well seated and then the colon
i1s cleared out agam

A urethral catheter is left in place for
about 10 days postoperatively, to avoid urni-
nary soilage during this period

As elsewhere, results are better if opera-
tion 1s undertaken before extensive ulcera-
tion or the development of carcinoma has
taken place,

The operation usually should be done 1n
the stirrups position If the area of involve-
ment is very extensive, 1t may be best to do
one lateral half at the first operation, and
the other half at a second operation 2 or 3
months later, otherwise, the entire resur-
facing may be done 1n one operation

As elsewhere, the area of skin mvolve-
ment severe enough to require resurfacing is
marked out with methylene blue, this fre-
quently will involve both labia majora and
the surrounding skin, and the perirectal shin
inward to the pectinate line The excision 1s
done deep enough to get good capillary
oozing throughout the field, and all spurting
vessels are higated with 000 white silk The
spht-skin grafts are cut about two thirds
thickness and as large as possible, prefer-
ably not using more than one for each side
The sutures around the outside of the grafts
can be left long, as can the ones around the
pectinate Iine of the anus and around the
inside of the vulva, and these can be tied
together across the surgical waste dressing
to secure 1t and make local pressure An
indwelling catheter and a rectal tube are
left 1n place. the legs are let down flat on a
table, and then a large double hip-spica
dressing can be wrapped on for additional
pressure and 1mmobilization

One postoperative problem that can de-
velop 1s contracture of the carcular scar
around the anus If this is out a centimeter
or so from the pectinate line, probably 1t
will not be troublesome, but if 1t 1s in the
pectinate line, 1t can result i an external
stricture This can be remedied secondarily
by local ¢ Z" plasties, or by one or two cuts
across the scar, spreading them, and insert-

ing more graft These procedures are usuah
not necessary . but the possibility should b
noted and follow-up examinations carried
out for some months

The operation has ginen great relief to
some patients who had not been able (o st
down for years. but could do so comfort-
ably after the shin grafting was done

CONGENITAL ABSENCE
OF VAGINA

So much has been written about this rela-
tively rare anomaly that probably everyone
knows all about it

The mulder cases are commonly treated by
repeated local pressure mn the area to create
a dimple first, and then gradual persistent
dilatation Several gynecologists have re-
ported good success in some patients by
this method alone When this 1s not feasible
or 1s tried and fails, then a vaginal vault can
be surgically dissected and lined with a split-
shin graft

It 15 usually not best to do the operation
until a few months before the patient is to
be marned, as the surgically constructed
vagina probably will require periodic dilata-
tion for full maintenance

The dissection 1s often done by or with
a gynecologist A catheter 1s mserted nto
the urethra, and a finger n the rectum, to
act as gwides to avoid mjury to these two
important structures Once the dissection 1s
well started and carried past the urethra,
most of the posterior area can be opened by
spreading and blunt dissechon Care 1s
taken 1 the cul-de-sac area to avoid open-
g the peritoneum

The shin graft is wrapped around, or
sewed around a mold of the deswred <hape
and size This mold 1s constructed before-
hand and may be made of acryhe, lucite,
balsa wood, or other materials Commonly,
a groove or a trough i1s made i the upper
outer portion, to fit around the urethra and
avoid pressure en 3t One or two metal
screw-ey es can he inserted m the onter end
and to them are fastened long pieces of
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rubber tubing which in turn are a T belt,
or saddle belting or suspenslon to hold the
mold firmly up in place It goes without
aaying that the shin graft s put on the mold
with the raw side out the mold 18 inserted
and anchored in place with the belting and
then 8 double hip-spica dresssng is wrapped
on for further pressure and immobilization
The bladder snd the bowels are cared for
as noted under radiation burn repairs of the
genitalia,

The mold is removed the first time in
about 1 week, any extrn graft Is trimmed
off, the Intenor gently cleansed and the

mold remnserted This 15 repeated every 2 or
3 days for the next 2 or 3 weeks Ordinarily,
the patient is allowed to be up and walk in
about 2 weeks and to leave the hospstal a
{ew days later A new and somewhat smaller
mald ts usually fitted at that time, and she
15 taughbt to remove it for cleansing and to
replace it daily It should be womn for some
months or most of the time until she is
married

‘This shin does not metaplase into mucopsa
but always remains as skin However it is
the best repair available and patients and
thelr spouses have reported it as satisfactory
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Repairs of the Thighs
and the Legs

Open wounds and contractures of the FRESH THERMAL BURNS
thigh and the leg may respond to free skin
grafting as well as other areas (Figs 1, 2, The problem, as always, 1s to get the

24, 26, 32, 33, 147-151), but some qualifica- Slough off as soon as possible in deep burns
tions about repairs 1n this area should be and to cover them with spht-shin grafts
mentioned Small burns can be done very early, as out-

Fic 147 Complete circular loss repaired
im 3 spht-graft operations Shown after 2
years (Bottom, right) Same type of burn
8 vears after one single operation (Surg.
Gyvnec & Obst 72 848)
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lined in Chapter § Larger burns are accom
panied by more shock and systemic dis-
turbance so thst more care s necessary
Frequentl) however the patient will be in
satisfactory condition within § to 7 days so
that the stough can be removed from one
extremity under a tourniquet and from the
other one a day or two later ¥f the slough
is still tenacious at this time and its re-
moval Is too tedious and opens up too many
vessels, it may be best to wait a few more
days unti] It comes loose easily with scissors
dissection underneath In any event the
slough will usually demarcate and can be
removed earlier i the wounds are treated
with occlusive pressure dressings rather
thag “exposure ”

After the slough is off the patient is kept
on Joca! saline dreszings and systemic antr
blotlea for a few days thben the raw areas
are covered with Jarge split shin grafts The
work will be expedited considerably if the
largest passthle geafts are obiained—often
from the back (Fig $0) Little narrow rib
bons 1 or 2 inches wide are not very useful
and usually good grrits about 4 jnches wide
and 2 to 3 feet in length can be obtalned
from a good donor area on an adult by {ree
band cutting with a knsfe (Fig 147) \lost
dermatome grafts wee too small for large
areas,

The grafts can be applied lengthwice or
occasionally can be spiraled around the leg
from below upward. In any event suturing
is olten not necesstary and tha prafts can
be quickly “snubbed on”—1ihnt is wrapped
on with a roll of fine mesh grease gauze
bandage Surgical waste is applied outside
this then long gaure pads are wrapped on
with gauze rolls with final pressure belng
applied by a tight external bandage fived
with plenty of adhesive tape spically wound
up and down In latge wounds it is often
pecessary to Immobilize the knee and the
ankle and this can be done with a posterior
plaster splint wrapped firmly on the out
side Wounds near the grown mat requite &
<plea tpe of dreasing

In general if any of the lover extremits
is grafted it s well to include all distal
parte to the toes i the pressure bandage—
otherwise there may be swelling of any
exposed distal parts.

Foaot drop ocours rarely in children but is
always g harard in adults so that arrange
ments must be made to keep the feet up in
proper position until the patient starts
walking

The first dressing of grafts is done in 4 or
$ dava and any overiapped areas of graft
are trimmed off any pustules or hematomas
sre opened any dead graft removed gentle
washung with saline is carned out and the
preasure dresving {s reapplied This routine
is repeated tvery ! to 3 days unts) the grafts
are sohd and the extremity 18 healed Then
they are cared for as outlined below

SPECIAL POSTOPERATIVE CARE
FOR ALL LEG AND FOOT GRAFTS

Free grafts on the leg and the foot re
quire careful posteperative treatment be
canse of weight bearing dependency and the
long column of hydrostatic venous pressure
involved many such patients will have
varying degrees of varicose veins and valvu
lar incompetency

The patient 15 not allowed to let his leg
hang down until 2 weeks or wmore have
elapsed after successful grafting and then
far a period of only o few minutes increas-
ing the length of time gradually Constant
pressure is kept on the grafts using an
elastic bandage with cold cream and a few
thin lavers of gauze beneath, until the grafts
are 1ough enough to use an elastic stocking
A few days later walking and weight
bearing are starled using crutches at first
if necessary The elastic bandage or stoch
ing 15 kept on until the patient can get
around without cyanosis or edema of the
grafted areas This may be from o few doys
in most children to a few weeks In moat
adalts but mas contiaue forever in some
elderly adults with very poor circulation
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Successful grafts have been lost when the
above precautions have not been observed
Premature dependency or weight-bearing
may produce sudden widespread epithehal
loss by blistering or deeper loss from cya-
nosis, venous stasis, etc

CHRONIC OPEN BURNS

Large complete circular losses may never

Fic 148  Large
chronic leg ulecrs
open continuoushy
since patient wa
burned four wvears
ago Repatred in one
operation by tran.-
ferring the <Lin of
the entire bick (m
large sphit grafts) to
the lower evtremitics
after excising the ul-
cers and surround-
ing scar

heal ., such wounds have been scen that have
been open continuously for 53 years. There
15 slow, 1f any, epithelization from the distal
margm, and if the distance 1s too great, epi-
thelium from the upper margin may never
struggle across These open wounds may
cause great debilitation because of constant
leakage and because the patient 1= neces-
sarily confined or mmmobihized by them

I'tc 149 (Top) Unhealed burn 3}% years old The patient was bed the entire
tme  (Right) Complete heabng in one thich spht-graft operation, Decp scar de-
corticated n Javers down to good bleeding bate, but <ome coverage left vver both

malleol;, (Chmee 1.25)
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There may be cachexia, demineralization of
the bones and spontaneous fractures, decu
bitus ulcers, recurrent bouts of pneumonia
etc. Granulations at the base of the wound
may contract down into hard scar, and in
dreular wounds, impede circulation and pro-
duce edema of distal parts Impossible and
grotesque contractures may occur Large
wounds may be fatal, if left unhealed Tt ls
with this reallzation that such legs have
often been amputated 1 many parts of the
world, but repair is usually possible and
preferable 1f there is adequate circulation
and nerve supply to the feet (Figs 29,
148 149)

If the patient Is greatly dehlitated when
first seen, he may require bullding up for a
period with repeated transfusions, forced
tube feedings, etc., before any surgery ex
cept local cleansing can be done.

If the legs are covered with grease, scabs
and detritus, daily soaking and cleansing in
a bathtub full of warm saline may be very
helpful as a preliminary measure The dif
ference that a few days or a week of this
may mahe 18 often amanng, and patients
can often “kich out any secondary con
tractures in the tub (Fig 34)

Fio 150 (Left)
Unhealed extreme
deformity after 18
months Patient
came in for uts
thon. (Ceru‘:p and
right) Result of 3
split graft opera
ﬁo:g.ufdumﬂun has
pe through a
growing period of §
years (Clinles1 25)

At least one final cleansing and débride
ment is done in the operating room under
general anesthesia before the grafting opera
tion

At the time of the grafting the granu
lations are always sliced off these old chronic
wounds down to a firm yellow base If this
base 18 tight, 1t is opened through several
longitudinal incisions to allow the leg to
expand in circumference If there are con
tractures, further scar excision may be nec
essary at this time or later After the
wounds are thus prepared, and good hemo-
stauis secured (by tying off spurting vessels
with 000 white silh and using pressure on
others) the grafts are applied

Contractures may neceasitate further sec
ondary work later

OLD SCAR CONTRACTURES

Some of the most extensive burn contrac
tures occur o the lower extremities and
huge amounts of shin graft may be neces-
sary for thewr repair (Figs 150 151, 152)
Flaps are seldom indicated and would rarely
be adequate

It may be accepted as an axiom here that
opening across the middle of a large expanse
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of scar, ¢<preading it apart and inserting a
shin graft will produce httle or no improve-
ment Large areas of scar must be excised—
all of 1t, whenever possible—and large re-
surfacing done In these legs, the scar con-
tracts vertically, horizontally, circumferen-
tially, and n every direction—and only
total removai will restore the pre-evisting
condition At tumes, several operations will
be necessary to complete this, especially if
both extrenmties are involved

After scar excisions, if the margins of the
defect are long vertical hnes, 1t should be
remembered that they will contract in
length during the healing of the graft,
therefore several crosscuts, or “darts,”
should be made 1n them and spread open
mnto triangles, before the grafts are applied
This 15 especially true about the hip and the
popliteal areas

Here, as elsewhere, the largest possible
grafts will effect the best repairs

Occasionally, 1n opening severe knee con-

tractures, the major vessels and neryves may
be shortened and *“bowstrung” across the de-
fect This 1s always a difficult situation
First, 1t is well to be certamn that the skin
15 loose on the medial and the lateral aspects
of the knee, and that nothing else 1s pre-
venting straightening. Secondly, and after
this, it may be worthwhile to make a careful
dissection provimally and distally to loosen
and mobihize them, and try to get enough
length If everything else fails, then it may
be adwisable to apply wet dressings around
the knee defect, and put skeletal traction on
the lower leg for a few days to try to stretch
them before grafting If done, great caution
1s necessary to see that the circulation and
the sensation of the foot remain satisfac-
tory After a few days, grafting is done, and
traction may be continued for 1 or 2 wechs,
and then plaster fisation for an additional
2 or 3 weeks Even with all of this, a repeti-
tion of the procedure may be necessary after
a few months, in some mmstances
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Fia. 152 (Top) A patient sent in for amputation one year after burn (Bottom)

Restoration after 6 months with split grafts. The leg was

opened at first operation to

within 15° of complete extension The remainder was accomplished by direct skeletal
traction by Dr C. H Crepo The defect was then covered with split grafis in two
operations, There was no foot drop and the patient reported playing basketball 8 years

later (Surg., Gvnec. & Obst 60 379)

If a patient presents with extensive open
areas and some contracture, it may be best
to graft the open areas first and heal the
extremity and then open the contracture
later

In all contractures it Is well to remember
that there may be priman or secondan or
bath components

Primary contracture is from granulation
tissue aging and contracting down into scar

this Is organic, mechanical and fixed Tt is
not affected by any medicine or radiation
or anything else except excusion and re
placement with normal tissue Attempts at
stretching or traction may break the =car
producing hemorrhage, which is In turn re
placed by more granulation tissue more
<car and more contracture

Secondary contractures are not true
contractures but are deformities due to
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muscle spasm They are not fixed and may
even be partially voluntary (to relieve dis-
comfort), mn some instances. These are the
leg contractures that may be *kiched out’
in warm baths or may vield to hot packs
massage manipulation, gentle traction, etc
If there 1s an question in any particular
contracture as to the part played by these
two components, it may be settied readily
by gentle stretching under general anes-
thesia

BURNED TENDONS AND BONES

In any wound, burn or avulsion or other-
wise, if bare tendon or bone 1s exposed to
the outside for a week and shows no sign
of covering with granulations, it usually
means that 1t 1s dead and will have to come
out There are some exceptions to this, but
fewer than most surgeons think

It 15 not always necessary to remove these
before grafting or to await their separation,
the remainder of the defect can be grafted
right up to these structures, and they can
be removed secondarily The circumstances
in each instance will dictate whether pri-
mary or secondary removal 1s best (Figs
32, 33).

If it 1s thought that only the outer plate
of a bone 1s dead, it is often best to wait
until spontaneous separation begins and
then pry 1t off. In other circumstances, how-
ever, one should go ahead and chisel off,
or rongeur off, small amounts, layer by
layer, until bleeding bone 15 reached every-
where Then one can await a granulating
bed, or resurface 1t immediately if 1t seems
to he advisable

Tf a dead tendon 1s exposed all around,
and it is 120lated. 1t might as well be re-
moved However. if only the dead surface
of a tendon 1s exposed, and it 15 the most
superficial of a group of tendons, remov al of
it may be followed by dryving out and death
of deeper tendons Tor this reason, it may
be worthwhile 1n some instances to await
the grosth of a fine layer of granulations
between this tendon and the subjacent ones

before removing 1t, unless there is some
other compelling reason to go ahead Of
course, if immediate flap coverage is ayail-
able there may be no reason for waiting

Some large tendons and aponeuroses may
have some munute blood supply witlun
them which may give nse to granulations
This is often true of the Achilles tendon
and the quadriceps aponeurosis, If a pa-
tient is seen 1 which these structures have
been eaposed and dead in appearance for
several days, 1t may be best to wait another
week or so, then shce off the surface layers
and apply wet dressings for a few days in
the hopes that granulations will appear,
surprisingly enough, they often do.

In removing scars from over the Achilles
tendon, the malleoh, the patella, or sumilar
structures, 1t 1s important to leave a little
film of soft tissue over them to support a
graft Pressure dressings in such areas must
be very cautious and gentle

CHRONIC LEG ULCERS

Chronic leg ulcers are perhaps the most
neglected of all common wounds {Fips 28
29, 148 149, and 299) All too frequently
they are turned over to the least-experienced
personnel to try out this or that antiseptic
or type of compression dressing without the
realization that any healing obtained prob-
ably will be only temporary

A leg ulcer that 1s open mtermittently or
continuously over a long period finally lases
all relationship to its onginal ctiology and
becomes an wleer per se. New granulations
are formed repeatedly and contract down
into successtve lavers of dense scar wntil the
minute surface binod supply in the area is
choked ofi Such dense scar may cven calcify
and be mistaken for a sequestrum nn roent-
gen-ray films The border epithelium may
pile up nto thick keratotic edges when the
scar will not nourish it enough to go neross
the wound, or the scar may furnish almost
no wound stimulus so that the epithehal
layers may become dormant and heal to
cach other fo form a permanent open edge
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Fio 153 Chronic, recurrent ulceration in a thin scar over the tibua, following
nsteomyelitls many years aga ‘any of these patients think that thkcg' are having

recurrences of the asteomyelitis when they are actually having brea
Repuired by excision of the scar, by switching a large, thick double-

scar

owns of the

pedicle flap from the side of the leg to the medio-anterior surface of the tibla, and

split-graiting the donot aren

o amount of treatment of the ariginal
etfology will heal such a wound Dupuytren
recognized this In the middie of the Jast cen
tury and found that wide surgical exciston
of the dense scar was sometimes followed
by spontaneous healing

When the scar s not too dense oc deep so
that there {s still a little surface blood sup-
ply, it may be possibie to encourage the
border epithelium to creep across the wound
and cover it However such coverage often
proves to be unstable and breaks open again
after even trivial injucies.

As a routine such ulcers are studied to
reveal their original cause, and this {s
trealed when postible This may fnvolve
ligation lujectlon or excision of varlcoce
veins sympathectomlies for vasospastic con
ditions or antfluetic therapy A special at
tempt {5 made to eliminate edema from the
leg whether from cardiac, renal or local vas-

cular origin Al) this usually requires con
siderable consultation with other services

Following this the patient {s put to bed
with the leg elevated and with o wet pres-
sure dressing on it Daily mechanical cleans-
ing is done and systemic antibiotics may be
employed After the area seems to be as
clean as it is possible to make it, the scar
is decorticated in layers down to a bleed
ing base This may be to a deeper level than
where & few squirting arterioles are first
encountered, on down to where there are
multiple close points of capillary bleeding
This problem mav be most annoying over
the internal malleolus but §t {s usually best
to expose little or no periosteum. X very
little subcutaneous tissue Is left in this area
it may be advisable to have the patlent wear
a small pad over the malleolus permanently
to protect it from trauma

After the ulcer has been completely ex



182

Repairs of the Thighs and the Legs

M)

R A

vy b
.

[

r
"o .

~
Mt o e o (AT

* e,

. t

cised, hemostasis 1s secured by pressure
with warm sahne gauze or weak adrenahn
sponges, and a single spht graft 15 applied
often by ‘snubbing” it on without sutures
Postoperative dressings are done 1 the
usual way, allowing the leg gradually to be-
come dependent about the 3rd weeh., A
custom-made elastic stoching 1s worn until
at least 3 months after operation and afte
that as long as iy necessary to control a~
cyanosis in the graft or edema in the le
The co-operation of the patient’s persong
physician 1~ sceured in heeping edema out

of the leg and 1n reporti hy any
shight break s the «urfa n he
treated before at spre 7 hoa
regimen most intelliy et
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good permanent healing by <kin grafting

and by such treatment of the original et-

ologic factors as may be possible
Excellent articles on the etiologic factors

and mechanisms of these “stasis ulcers™ hayve

been wnitten by Carl A. Moyer and Harvey

P "~ and A’ n Blocker and
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fection that may even be mistaken for a
recurrence of the asteomyelitis. If bone in
fection can be ruled out, it may be best to
swing a long double pedicled f2p from
either the medial or the lateral (be careful
nat ta injure the peroneal nerve) edge of
the wound over the tibla and simultane-
ously graft the ariginal flap site (Fig 153)

FLAP REPAIRS

Compound fractures of both bones of the
leg with avulsion of the overlying solt tis-
sites alwrys present a serfous problem and
frequently require good co-operntion be-
tween the orthopedic and the plastic sen
jces, After any local fnfection is controlied
1t may be possible to cover the area tempo-
rarily with a split graft to get all remaining
inflammation to subsmde. After thiy flap
coverage may be substituted to provide
decent tissues to cover any subsequent bone
grafts. At times, the flap may be a direct
doutle pedicled or a delayed single-pediclad
one from elsewhere on the same Jeg More
often a cross-leg flap wll be necessary be-
calise of excessive tlasue loss or scarring on
the same leg Open jump-flaps carried on
the forearm are occasionally necessary but
caterpiilar flaps seem to be too tedious and
risky to justify their use (¢f Chap 33)

ELEPHANTIASIS

Congenitn) elephantlasis lymphedema, or

Milroy 5 disease” Is a serfous problem for
which there is no satisfactory solution at
the present time The older Kondoleon and
ather operations were natorously unsuceess-
ful The best operation now I8 to excise the
entire area of Involved skin and subcutane
ous tissue all argund the leg (under a tour
niquet) make a few openings in the fascia
ard then cover the fascla and the muscle
with large split-shin grafts The sole of the
foot and the toes are usually not operated
0 though the dorsum may be resurfaced
W omay be wise 1o feave original covernge
over the Achilles tendon Grafts are cut
from the removed skin at times, but often

Fro 155 Carcinomx in burn scar
(Marjolin s ulcer) Resection and split
grafting in one operation.

it is boggy and warty so that better grafts
can be ohtalned elsewhere

The immediate results are dramatic and
gratfying and remain so for some yenrs
after which there may be slow recrudescence
and recurrence of the pracess Subsequent
work may then be necessary The etiology
and the pathogenesis of the iesion are not
understood.

It is said that this same operation is now
belng used some in Alrfca and in other
troplcal areas for filarial elephantiasis.

AMilrov s disease can vary from mild to
very severe Some of the Iatter mav have
repeated Infections chronic ulceration and
crippling to the point of amputation unless
rome such operation as the above Is per
formed (Fig 154)

MARJOLIN'S ULCER OR
CARCINOMA

This is 2 squamous carcinoma arising in
old scars, especially burn scars which have
been under tension far years. It {s particu
larly common on the back of knees and on
thighs, and sometimes it Is sten on the
scalp There is usually o historn of repeated
cracking open and heahing until ft finally
remains open, spreads, forms 1 crater and
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cised, hemostasis 1s secured by pressure
with warm saline gauze or weak adrenalin
sponges, and a single split graft 1s applied,
often by “snubbing” 1t on without sutures
Postoperative dressings are done 1 the
usual way, allowing the leg gradually to be-
come dependent about the 3rd week A
custom-made elastic stocking 1s worn until
at least 3 months after operation and after
that as long as 1s necessary to control any
cyanosis 1n the graft or edema in the leg
The co-operation of the patient’s personal
physician 1s secured in keeping edema out
of the leg and in reporting promptly any
shght break in the surface so that 1t can be
treated before 1t spreads Under such a
regimen, most 1ntelligent patients can get

F16 154, Huge
elephantiasis of leg
of many years’ dy-
ration, with frequent
weeping and skin
breakdowns Excj-
sion and coverage
with spht grafts in
one operation
(Right) Result 3
months later

good permanent heahing by skin grafting
and by such treatment of the original eti-
ologic factors as may be possible

Excellent articles on the etiologic factors
and mechanisms of these “stasis ulcers” have
been written by Carl A Moyer and Harvey
Butcher, and also by Truman Blocker and
Steve Lewis

SURFACE RESIDUALS FROM
OSTEOMYELITIS

Widespread osteomyelitis of the tibia may
leave a chronic surface-healing problem if
extensive saucerization has been necessary
In such instances, the resultant thin scar
over the bone 1s easily broken open by
shght trauma, with ensuing soft-tissue 1in-
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fection that may even be mistaken for a
recurrence of the osteomyelitis 1f bone in
fection can be ruled cut it may be best to
swing a long double-pedicled flap from
either the medial or the Jaternl (be careful
not to Injure the peroneal nerve) edge of
the wound over the tibia and simultane-
ously graft the original flap site (Fig 153)

FLAP REPAIRS

Compound fractures of both bones of the
feg with avulsion of the overlying soft tis
sues always present a serious problem and
frequently require good co-operation be
tween the orthopedic and the plastic sen
lces After any local infection Is controlled
it may be possible to cover the area tempo-
rarfly with 2 split graft to get st remaining
inflammation to subside. After this flap
coverage may be substituted to provide
decent tiasues to cover any subsequent hone
grafts At times the flap may be a direct
double-pedicled or a delayed single pedicied
one from elsewhere on the same leg More
often a cross-leg flap will be necessary be-
cabse of excesalve tissue loss or scarring on
the same ieg Open jump-flaps carried on
the forearm are occasionally necessary but
caterpiliar flaps seem to be too tedious and
risky to justify their use {¢f Chap 33)

ELEPHANTIASIS

Congenital elephantiasis lymphedema or
Milroy s disense” s a serions problem for
which there is no satlsfactory solutson at
the present time The older hondoleon and
other operations were nototiousty, unsuccess.
ful The best operation now is to excise the
entire area of involved shin and subcutane
ous tissue all around the leg (under o tous
niquet) make a few openings in the fascia
and then cover the fascia and the muscle
with large split-skin grafts The sole of the
foor and the toes are usually not operated
on though the dorsum may be resurfaced
1t may be wise ta leave original coverage
over the Achilles tendon Grafts are cut
Srom the removed #kin at times, but often

Fia 155 Carcinoma in bum scar
(Msrjolins ulcer) Resection and split
grafting in one opesntion

it is boggy and warty so that better grafts
can be obtsined elsewhere

The immediate results are dramatic and
gratliying and remain so for some jears
after which there may be slow recrudescence
and recurrence of the process Subsequent
work may then be necessary The etiology
and the pathogenesis of the lesion are not
understood

It is said that this same operation 1s now
being used some m Africa and in other
tropical areas for filarial elephantinsis

Miroy s disease can vary from mild to
very severe. Some of the latter may have
repeated infections chronie ulceration and
crippling to the point of amputation unless
some such operation 2s the above is per
formed (Fig 154)

MARJOLIN'S ULCER OR
CARCINOMA

‘This 15 2 squamous carcinoma arising in
old scars especially burn scars which have
been under tension for years It is particu
Inrly common on the back of hnees and on
thight and sometimes it is seen on the
scalp There is usuall) n history of repeated
crachfng open and healing until it fingily
remains open spreads, forms a crater and
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becomes indurated It 1s slow to metastasize
and usually can be cured by very wide

resection and skin grafting (Fig 155)

F1c 156 Black gangrenous radiation
slough, following intensive therapy (else-
where) to leg ulcer which was mistakenly
thought to be carcinoma when piled-up
epithelial edge biopsied There was a
necrotic section of fibula under this, and
extensive débridement was done, fol-
lowed by slow granulations and finally
split graft coverage (bottom)

RADIATION LESIONS

Radiation lesions on the legs may be seen
from the treatment of leg ulcers, giant-cell
bone tumors, keratoses, skin carcinomas,
fungous infections, superfluous hair, etc
(cf Chap 32)

One of the most pathetic situations is
that m which an ordnary chronic leg ulcer
develops piled-up hyperplastic epithelium
around the edges (Fig 156), a biopsy 1s
misdiagnosed as possible carcinoma, and
tremendous amounts of radiation are given
Since the circulation 1s poor anyway, the
effects may be severe with the sequestration
of bone, sloughing of tendons, muscles, etc,
and may even end up with amputation

Most legs 1n older people seem to tolerate
radiation very poorly

Treatment, when not too severe, 15 €xcCl-
sion and free skin grafting Localized severe
lesions may require a permanent pedicle
blood-carrying flap for repair

OTHER LESIONS AND REPAIRS

Other lesions and repairs are described 1n
Chapters 5, 11, 12, 21, 28, 30, 31, 32 and 33
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Defects and losses of the skin and sub-
cutaneous tissues of the foot cause major
discamfort and disabllity, and trouble con
tinues until there is complete permanent
healing Resurfacing the foot with free
grafts and flaps may result In adequate re-
sults for {unction and comfort, but the proc
esses may be technically difficult and aleo
troublesome for the patlent. Therefore, It s
Important to realize that there are numer
ous quallfications and limitations of this re
surfacing in trying to secure solid perma
nent closure of even a xmall defect

Direct suture of the skin of the foot after
n loss, especlally in the sole is Umited to
repair of linear defects and may not be
effegtive over beaning surfaces In the cen
ter of the sole, for example, some excellent
results can be obtained however, deep su
tures of any kind are apt to cause trouble,
and deep wire is not used because of posafble
frritation and wart formation Simple direct
suturing and careful strapping and band
nging are essential parts of the operation

Leaving small wounds open to heal in
themselves in the sole may be success{ul jn

silent” areay such as the middle of the
arch, but In bearing areas the resultant scar
may be so painful that a secondary repair
18 necessary

Small surface wounds or defects on the
wole of the foot are capable of producing
prolonged and extreme disability and their
successful repaic may enll for more skill and
judgment than in most other nreas

SPECIAL ANATOMIC
CONSIDERATIONS

In 1ts skin and subcutaneous make-up the
sole s a congenitally specialized organ or

structure The same sort of tissue does not
occur elsewhere jn the body (except in the
palm), and if 5t is once Jost, it cannot be
replaced and # substitution becomes nec
essary Tissues transplanted to the sole from
other areas do not underge metaplasia to
become 5 normal sole, nor will walking on
the new tissue cause It to do so, and the sub-
stituted area will requre care and protection
to prevent Irritation and ulceration Because
of this, transfer of skin from the opposite
sole might seem to be Indicated, but the
trans{er would result {n added debilitation
in most Instances. If hair-bearing skin is
transplanted to the sole, the hair will con
tinue to grow, except as it is worn off, be
cause the foreign skin does not take on the
charactenstic of producing the thich hera
tinized layer that occurs in the normal sole

The surface over the normal heel cord ia
also speciatized and though the shin over
the rest of the dorsum is not as specialized
the whole foot including the malleoli and the
dorsum requires an fatact surface for the
protection of these areas. In surgical proce
dures on the foot, care is taken to keep
Incistons at a minimum, and an attempt is
made to assure adequate coverage and
prompt healing The dictum that deep heal
Ing and proper function are dependent on
an intact surface is nowhere smore true than
in the foal.

The sensory nerve supply of the foot is
of great importance, and If anesthesla oc
curs either fn scarred o repaired areas, there
Is apt to be trouble from trauma and vleera
tion. If nerves remaln present In the general
aren, sensatlon will develop in both graits
and flaps to a worthwhile protective degree
and the grafts may develep practically nc

185
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Fic 158 Restoration in one spht graft,
preceded by bone correction by Dr Crego
Function satisfactory with graft on sole of
foot after 9 years of growth Free grafts are
satisfactory on the foot only 1f sufficient deep
pad has been left, otherwise, a pedicle flap 1s
used (Surg, Gynec & Obst 72 848)

F1¢ 157 Trau-
matic loss of fore-
foot with skin lost
over rest of foot,
coverage with thick
spht graft Patient
runs and pursues all
normal activities but
has some annoy-
g wart formation
on the sole and re-
quires protection

mal sensation But 1f the nerve supply has
been so interrupted that no nerves are avail-
able, there 1s apt to be chromc ulceration to
start with, and 1t may continue i the re-
paired area The care of the anesthetic foot
15 tedious but must be vigilant 1f trouble s
to be avoided

FREE SKIN GRAFT REPAIRS
IN THE FOOT

Free thick spht-skin grafts are used gen-
erally for surface repairs, if there 1s an ade-
quate subcutaneous pad of tissue to carry
the graft and form a supporting cushion
Stable covermg for the entire sole may be
obtained from a free graft in such instances
(Figs 157-164) If this pad 1s present, the
repair 1s better with a free graft surface

Fic 159 (Lefh)
Painful deformity
from burn (Right)
Complete restora-
tion of function
from one spht-graft
operatton, persisting
after 9 yeare (Chin-
ics 1 25)
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than any flap transferred {rom a distance
By this plan much time can be saved and
morbidity reduced \ost thermal burns of
the feet can be treated in this manner
Tree grafts also mayv be used as a tnal
measure or to secure femporary healing in
radiation lesions avulsions cancer and other
lesions and o flap may be put in secondarily

Frc 161 Radiation bum and carci
ment for plantar wart Wide and

\(hq;ekgudd:m: rernained so that a split graft gave a good final functional resalt
g

o

Frc 160 \olten lead burn of fool.
Excised and spht pgrafted a few days
later with result shown at right. Satis-
factory function for many years now,
with patient working daily at same fob
in smelter

nom;é:i the foot (left) following treat

fon was done but enough soft
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Fic 162 Spht-skin graft to sole of
foot (Top) Excised specimen of radi-
ated skin and wart formation close to
carcinoma (Bottom) Result following
split-graft coverage in same operation
Function 1s satisfactory for golf and nor-
mal activities

if 1t becomes necessary The occasional extra
operation 15 well worthwhile 1n the consid-
eration of trymng to avoid a cumbersome
cross-leg flap and also 1n having a clean
healed recipient site if one 1s necessary
The “skin graft dressing” method for raw
feet may save many extremities, and ampu-
tation can be left to secondary consideration
if nerve and blood vessel supply 1s reason-
ably mtact One dramatic case of this kind
was 1n a young boy who lost the entire skin
and the anterior third of his foot m a rail-
road accident and was brought in for md-
leg amputation Immediate dressing of the
raw area 1n thick spht-skin grafts saved the
foot and produced stable permanent healing
n one operation His subsequent care of the
grafted foot has not been excessive, even for
a growmng boy, and aside from packing his
shoe where his toes were missing, he has had
hittle difficulty and has participated in high
school and collegate athletics (Fig 157)
Full-thickness grafts may be used if de-
sired, especially for small fresh surgical

Fic 163 Spht grafts to soles (Top)
Radiation burns of both feet. (Cenicr
and bottom) Early result following ex~
caision and spht-graft coverage in same
operation Final function quite satisfac-

tory.

defects, the graft 1s usually obtamned from
the inguinal region.

After any grafting, the usual bulky pres-
sure dressing 1s applied to the whole foot
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ke 164 Cover

age of most of the
sole of the foot ina
\egro with & thick
aplit-shin graft. The
foot was froxen and
then thawed out

bv the patient with
hot water bottles
with a resulting
granulating open
uleer of most of the
sole  Subcutaneous
{fat and padding are
intact so that & split
graft sufficed {or coverage. N

and the lower leg to obtaln partial immo-
bilization of the foot and the ankle the tips
of the toes are usually exposed to observe
arculation The grafts are dressed at the
usual intervals and the patient is hept In
bed with the foot elevated on a pilow for
at least 2 weeks Then the foot is allowed to
tang down for a few minutes at a time (with
the pressure dressing in place) and this is
gradually increased until 2 few days later
when cruteh walking may be allowed If the
graft is on the sole the pressure dressing
1 not Jeft off and full weight bearing is not
started untfl between 3 and 4 weehs after
operation A small sponge rubber pad may
be used in the shoe under the graft for a
time or even permanently If it seems best

The graft is kept lubricated for several
weeks with cold cream but requires Httle
other care In some instances there may be
an annoying tendency to callus formation In
the adjacent shin of the sole near the graft
margin This callus may grow out and over
lap the graft and become so hard that it
acts as a chisel to cut or abrade the gmlt
Treatment consists of paring down the cal
lus as necessary and applying various soften
g of keratolytic apgents such as castor ol
or salicy He acld preparations from time to
ume \fter some weeks months or years
the callus formation may cease ms mysteri
oust) as it started

lack of metaplasia (split graft remains black and grows hair
though the sole i3 white and hairless)

LOCAL FLAP REPAIRS

Local or adjacent flaps are used when pos
sihle, but as there is little extra shin in the
foot, and the plantar skin is not very flexs
ble closing a round defect of any sixe in
the sole can be similar to trying to close 8
knothole fn a board Care also smust be
taken in mobilizing any flaps to aveid Inter
rupting important nerve or blood supply

Rotated flaps can be moved from ‘ silent
areas on the sole, such as the arch or behind
1he toes to weight bearing points and the
donor aren skin grafted This procedure is
particularly useful for repairing defects
from the removal of plantar warts (Fig
172) smalt deep scars or tumors and avoida
a major cross-leg procedure Again nerve
and blood supply should be considered care
fully If the flap is long in relation to pedi
cle width or if 1t has to be rotsted 90° or
more {t 18 often safer to delay it by staged
preliminary raising

The “stirrup flap 15 a double pedicled
one to shuift the arch skin {orward to the
ball or backward to the heel the pedicles
are on the mdes or the dorsum and are
curved toward the direction of movement
The blood supply is not overly good Some
times it can be shifted as & direct flap but
raising should be slow and cautious and if
edge bleeding in the center Is tending to
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Fic 165 Spht graft and local flap
shifting to sole (Top) Foot after pro-
longed treatment, including radiation
and tedious preparation of abdominal
tubed pedicle flap (elsewhere) for wart
of heel (Bottom) Repaired in one oper-
ation by wide excision, spht-grafting
part, and shifting local flap from side of
foot over part The distant tubed flap
was not needed and was exaised and dis-
carded Excellent final function

vanmish, 1t 15 better to replace 1t and do a
staged procedure The final disposition of
the pedicles may require the sacnfice of
some -normal skin, and this flap 1s not as
“mobile” as 1t might be thought to be

Inlleted toe flaps are utihzed occasionally
but such amputation procedures should be
avoided whenever possible

The donor area of local flaps is usually
covered with a spht-shin graft at the same
operation, and the after-care 1s the same as
noted under grafts The outer keratimized
layers of a plantar flap are dead or sem-
dead, so that healing occurs only and slowly
in the basal layer, for this reason. shin
sutures are not removed until 2 weeks or
longer.

PERMANENT PEDICLE
BLOOD-CARRYING FLAPS

Permanent pedicle blood-carrying flaps to
mcrease vascularity in ischemic areas are of
great service in repatring severe radiation
lesions or defects resulting from resecting
dense deep scars (Figs 165, 166 and 167)
These may be rotated flaps in the sole, or
over the dorsum, or dorsum to sole flaps
or even stirrup flaps The single pedicled
flap 1s more generally useful, and a delayed
flap 1s generally safer

CROSS-LEG FLAPS

When a distant flap 1s required, the cross-
leg flap 15 most often the best choice These
flaps, the same as grafts. do not give a nor-

Fic 166 Repairs
over Achilles Ten-
don (Left) Old
1schemic, broken-
down scar over heel
cord Not enough
blood supply for re-
surfacing with free
graft here (Right)
Repair by rotation
of delayed perma-
nent pedicle blood-
carrying flap from
side, and split-graft-
g donor area (The
final photo s 11
vears after the re-
pair, with persist-
ence of good func-
tinn )
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Fia 167 Derfo-
rating ulcer and re-
palr with perma

nent Icle, blood
carrying flap Ths .
area was too Ische- K
mic for a free graft Va 4
but the donor site . "o
was split-grafted

Py

Fio. 168 (Top left) Foot 1
year after crushing heel in an
elevator accident, with thin y)
cemted scar over the calcaneus
Split grafts can be considered for
these repalts  when there is
enough residual soft tissue pad
ding over the bone but none was
present in this patient, (Top
right) Application of delayed
cross-leg flap  with (bottom
left) final resylt. These cross-le
ﬁa{:\s are best obtained from the
thigh,
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Frc 169. Direct cross-leg flap repair (Top, left) Defect
of 40 years’ duration from a railroad accident, with the pa-
tient off duty for 30 years (ZTop, right) Result following 2
operations to transfer direct cross-leg flap, up and down 1n
3 weeks (Bottom) Final appearance of the donor leg

mal sole, because the fat does not change
mnto the compact fine-grained structure
characteristic of plantar fat, and the skin
does not undergo metaplasia into a thick
keratotic sole However, the cross-leg flap
may be the best substitution possible in
some cases, and with care 1t will provide
a satisfactory permanent walking surface
(Figs 168 to 170)

One major disadvantage 1s the cumber-
someness of the procedure and the extreme
manual labor required of the surgical team
However, the foot 1s out on the end of a
long peninsula, and getting a distant flap
out there by any means will always be
cumbersome

The cross-leg position 1s poorly tolerated
by most patients over 40 years of age, and
mn older patients 1t is usually impossible
Jomnt fixations, arthritis, or other disabili-
ties may also preclude 1ts use It 1simportant
to be certain that the patient thoroughly
understands the procedure, and that he has
the physical abihity and mental fortitude to
go through with 1t, before it is started

Direct cross-leg flaps are most useful
and simple and are rehed on when the re-
quirements of the defect are such that a
donor site can be arranged satisfactorily
A short, broad peducle is used, usually with
the base of the flap applied along the outer

t -
i

side of the foot, rather than a long flat, or
tubed, pedicle The process 1s much quicker
and easier and more economical, and the
repair 1s possibly somewhat better because
the flap 15 made to order to fit the defect
during the first operation rather than by
separate procedures These flaps require
that the foot can be brought all of the way
to the donor site, with the patient heing
able to tolerate the position throughout
fixation

Sites of flaps for certain defects can be
more or less standardized, but ecach defect
1s an individual problem The best site is
the one the patient finds the most comfort-
able through practice, tahing into considera-
tion the avoidance of the knee jnint and
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{mportant nerves and vessals Large flaps
are usually best obtained from the anterior
ot the anterolateral, or the lateral surface of
the lower thigh

At operation a pattern of the foot de-
fect is marked out on the selected donor
sfte, and the patient Is covered with stock
Inpette below and above up as f{ar as the
lower ribs The short broad direct pedicle
flap is cut around down to the fascia and
slowly dissected up at that level, checking
the blood supply of the central outer edge
from time to time Then it 15 hinged back
and the circulation finally cheched If ade-
quate, the foot defect is prepared, and the
foot Is brought up into place on the flap
and anchored, either with or without dress
Ing the donor site In a free graft at this

time. The shape of the flap will often be
that of the longitudinal balf of an ellipse
The edges of the foot defect are dissected
up quite thickly, and the flap 1s attached to
the foot almast entirely by interrupted fine
subcutaneous catgut sutures, though a few
#ilk sutures may be used in the skin where
necessary Grease gauze Is applled, then sur
gleal waste and o pressure dressing is
wrapped around the flap, the foot and the
ankie and the adjacent thigh, an assistant
holds the leg above the foot throughout to
mamntaln the exact position The position
will usually be most com{ortable if the knes
on the reciplent leg 18 held so that the hip
is neither ndducted nor abdncted but about
midway between

Felt or sponge rubber pads are applied

MMM

F1c 170 “Heel-and toe” crossleg Baps ralsed directly by
:lj;phl‘d simultaneously detached 3 weeks later (Top Ic}t) }l-'r}:c'z‘ih:mf\i:}d‘:la& f£
of toes (Top right) Result (Bottom left) Method of fixation (Bottom right) Foot

attached with sphit graft on donor arey Entl

and one off Tat

re tramfer In two operations one on

t was cared for at Valley Forpe Hospital
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over the bony prominences of the pelvis, the
knees, the fibular heads, all four malleoh,
and over the sole of the foot on the donor
side A double hip spica plaster cast is ap-
phed all around from the lower rib cage to
the toes of both feet, with switable plaster
remforcements It 1s often helpful to lay a
length of wooden broomstick outside the
fresh cast, across the top of the knee of the
recipient leg and down across the front of
the upper part of the donor thigh, and then
mcorporate this with plaster and join 1t to
the cast This helps stabilize the position
between the two extremities and can also be
used as a handle to Iift the patient Some
experience in working on an orthopedic serv-
ice 1 the days when hip spicas were com-
mon 1s probably the most useful adjunct of
all at this particular stage

Fially, after the cast has hardened for
20 or 30 minutes, a window 1s cut over the
flap, so that 1t can be removed from time to
time for inspection of the flap, then 1t 1s
taped back in place (Fig 168)

There are schemes whereby specially
made sphnts of plexiglass or other matenals
can be prepared beforehand, and these may
be worthwhile where a quantity of cross-leg
flaps are to be done

In any event, it 1s 1mportant that the
condition of the flap and the functioning of
both peroneal nerves be checked frequently
during the first few postoperative hours and
occasionally thereafter

Lower leg flaps can be crossed to smaller
defects on the foot (I1ig 169), and are some-
what more comfortable However, large
flaps cannot be obtamed from this source,
and their blood supply 1s more precarious,
so that they are more frequently delayed
They are obtained from the fleshy part of
ihe calf, medially, posteriorly, or laterally,
but ncver from over the tibia Tt s also well
to leave sufficient covering over the fibula,
and to avoid the weight of the recipient foot
or ankle pressing down on the fibula, one
of the feared comphcations can be necro-
sis of the underhying fibula in transferring

these flaps

Pocket flaps are made by simply opening
an area on the leg, through a single long
incision, usually made transversely beloy
the knee, and undermining a pocket These
are for the end of the foot when it can le
implanted nto the pocket through the single
opening The procedure was developed at
Valley Forge Hospital and used there exten-
sively 1 military services with great saving
m time These flaps were often called
“slash” flaps, but “pocket” seems to be more
appropriate

Double heel and toe flaps are utilized
along the side of the knee for replacing the
front and the back of the foot in a single
direct flap procedure A pocket flap can be
used for the toe and a direct flap for the
knee These flaps may seem to be bizarre
for civil needs but they are not bizarre n
military plastic surgery, where resurfacing
of the foot 15 a constant problem (T1g 170)

Delayed flat flaps are used when a short
broad pedicle is not feasible The usual pro-
cedure is to open the long aws m two
parallel lines, undermine between, and close
the incisions The distal end 1s cut across
secondarily 1n 3 to 10 days and closed, usu-
ally under local anesthesia The delayed
flap 1s transferred a week or so later, when
there 1s no swelling, induration, or redness,
and no suggestion of madequate circulation
through the pedicle

Tubed flaps are rarely used but are nec-
essary occasionally when for some reason
the foot cannot be brought to the donor site
The tube can be raised along the inner side
of the thigh with the pedicle below, at the
knee, and the flap turned over to extend
down toward the recipient foot (¥ig 77).
These are usually delayed Parallel incisions
are made along the long sides, and the cut
sides of the flap are sewed together to make
the tube The raw donor area underneath is
closed by undermining and suturing, or by
spht-shin grafting If a large flat “pancake’
is to be used on the upper end of the tube
this 15 delayed secondarily, as 15 the end of
a flat flap There are several methods of
determiming adequate circulation in a tubed
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flap the best one of which, as learned by
experience, 15 the finding of no redness
swelling, or other sign of fafling circulation
Chemical methods depending on injections
and determination of absorption of test ma
terinls, or temperature change methods, may
give information about the tube proximal to
the tourniquet on one end but will not help
for the flat end or “pancake 7 if one is used
with the flap The procedure for combined
flat and tubed pedicle flaps 18 about the
same as that described for utihmng o flat
area on the end of o tube The tube 1n all of
these 1nstances is for ease of position and
transfer, especlally if the pedicle has to be
twisted

Crots-sole and cross foot flaps are men
tloned only to repeat that in a Jarge senes
they nught result In more added disability
than benefit

The detachment of flaps from a cross-
leg usually can be done In 18 to 21 davs,
depending upon the broadness and the firm
ness of the attachment to the recipient foot
Frequently, it Is safer to cut one quarter
across the pedicle from each side under Jocal
anesthesia and leave the central half of the
pedicle intact {or another day or two and
then divide It if everything appears to be
all right If there is question, the last por
tion of the pedicle can be compressed be
tween rubber-shod clamps for 30 minotes
and the adequacy of the reciplent circula
tion determined before the final detachment
is done The final detachment Is usually
done in the operating room under general
anesthesia after which the cast is removed
and the patient is given a scap-and water
bath on the operating table The pedicle
temoant on the donor side Is trimmed and
sutured down in place, and if the remaniog
donor aren has not been grafted and Is rea
sonably clean it is grafted at this time The
raw end on the fool may be trimmed and
sutured in place in most instances but M
there is a tafl hanging that has to be
wrapped further around the foot it may be
as well to postpone this for a few days or a
week After the foot Is dressed the jolnts in

both lower extremities may be gently put
through full range of motion under anes-
thesia

Donor sites of flaps may gve difficulty
if the sites are not selected advantageously
and cared for properly Patients have been
seen who have had as much difficulty from
the donar site as from the original lesion
As mentioned before, the donor sites may
be shin grafted at the time the flap s trans-
ferred, but this is in no way necessary, if
they are dressed often and kept clean Some
times the procedure Is carried further so0
that both the donor site and the undersur
face of the pedicle are skin graited at the
time of transfer This may be advantageous
in some 1nstances for simplicity of care but
15 not routinely necessary if adequate dress-
ing care can be given Allowing the wound to
granulate up before grafting may result in
a smoother fina! donor site and serlous in
fection amd fibrosis do not take place around
o defect just because the donor site and
pedicle of a flap have not been grafted

JUMP FLAPS

I{ for some reason a local flap ot & cross-
Jeg flap cannot be used, and a flap repair is
necessary, an open Jump flap from the ab-
domen carried along the forearm, may be
the method of choice A large direct flap
from the abdomen may be broadly attached
along a considerable length of the forearm
detached in 14 to 18 days and transferred
secondanly to the foot or the leg. Of course
the forearm on the other side from the foot
or the leg 15 used and positions are tested
beforehand A variation of this method in
chudes folding the flap on 1tself after detach
ment from the abdomen, when a time inter
val is ta elapee before the flap 18 secondarily
translerred to the foot or the leg

Tubed flaps from the abdomen to the
wnist and thence to the foat or the leg, are
subject to more circulatory troubles than
open jump flaps and there seems (o be very
little reason for using them “Many patlents
have been seen who give storles of months
or years devoted 1o stages of this procedure
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Fic 171, Wide eadi-
sion of a plantar wart
resistant to rachation
Shin edges on cither
side were undermined,
and Dhttle flaps of plan-
tar fat were obtaned
and brought together
over the wound with
No 000 sitk sutures to
replace padding over
the head of the meta-
tarsal A thch sphit-
shin graft was applied
with stent fination
(over a pad of cotton
waste) The patient has
quite satisfactory walk-
mg surface with no
more pain.

Fic. 172. Result of
repair after excision of
plantar wart at the base
of each great toe The
wart on the right toe
was larger and deeper,
so that 1t was necessary
to bring in some ad-
ditional padding by
means of a small drect
flap from underneath
thesecond toeand split-
graft the donor ared.
The wart on the left
foot was smaller, <o re-
pair was the same as
for the patient in Iigurc
171
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with final faflare, Surprisingly enough, many
of themn have bad small defects which were
then repaired immediately in one operation
with a free skin graft, or with 2 local
permanent pedicle flap

CATERPILLAR FLAPS

Caterplllar flaps, which are tubed flaps
migrated end-over-end and endlessly, are
mentioned here only to suggest that they
never be used here or elsewhere The same
reasons apply as jus¢ ment{oned under tubed
jump flaps though with more certainty

PLANTAR WARTS

Plantar warts are the reason for most re
pairs of the sole (Figs. 161, 171, 172) It
is difficult for most patients and institutions
and some medical echelons to understand
how an insignificant thing hke a wart can
necessitate 5o much trouble and surgical
work An anywer can be that the wart does
not amount to anything but its location
does, and, to repeat, once the sole s open
disability exists until the sole is bealed free
of trouble, and espeanally free of the wart
A painful wart might be likened to a cinder
in the eye ot a tack {n a shoe, not much in
themselves but exceedingly palnful and dis
abling

Added to the wart may be scarring from
electrofulguration or from acd treatments,
or surgical excisions worse, there may bea
radiation lesion with or without malignant
change Patlents have been seen who from
the results of these have been bedfast for
months, or unable to walk decently for
years, with stories of unremitting prolonged
pain and loss of morale and jobs

The surgical problem may be twofold
(1) to remove the lesion and its complica
tions, and (2) to build a satisfactory repair

For repair of warts, scars and radiation
leslons in the center of tbe fool, mmple
iinear excision and closure may suffice if the
area is not too large Othermise o {ree skin
graft may be used if sufficient pad is left
to support it or 1f small fat flaps can be
mobilized underneath the surrounding skin
and swung together over the center of the
wound to make enough padding If this 1s
not possible, a local flap may be needed, but
it should not be swung from adjacent
weight bearing surfaces over the first or the
fifth metatarsal heads, but rather swung
back from under the toes, or forward from
the arch Such a flap may have to be
delayed

Warts, scars or radiation lesions over the
first or the fifth metatarsal heads or over
the heel are not excised and closed by direct

Fia 173 “Trophic” ukers I an anesthetic foot. The heel ulcer has been excised
undcmucdvithupmgmn,’rhuﬂocrmmeballo{t}nfoolha:beencxcucdmd
covered with an adjacent double-pedicied flap to supply enough
bead of the metatarsal. The donor area has been split-grafted. There ma
currcnﬁ? d;ewhue o;m(be’ré?lot requinng similar
possibility is amputa tient has ed
since this operation was done . Torked § years a3 3 rilroad freman

be re-
treatment but the onf) other
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suture, as this may leave a painful scar.
Flaps are usually rotated 1n from the center
of the ball, or behind the toes. or from the
arch; 1n the case of the heel, a flap may be
used from the arch, or from the side of the
foot The flap donor sites, or course, are
covered with a free graft

A plantar wart, insigmficant as 1t seems
may require major surgical planning, me-
ticulous surgical execution and prolonged
surgical aftercare for a permanently satis-
factory result

TROPHIC AND PERFORATING
ULCERS

A better term for these might be “anes-
thetic” ulcers, as they occur on the soles of
anesthetic feet and perforate deeply due to
continued pressure and Jach of sensation
There 1s very little evidence that there is
any “trophic” element mvolved

They are likely to occur on any anesthetic
foot and may be seen on patients with spinal
cord diseases such as syringomyelia, com-
bined system disease, etc, following spinal
cord injuries, and following peripheral nerve
injuries mcluding most especially severance
of the posterior tibial nerve

The prognosis 1s generally poor If there
15 any posstbility of alleviating the anes-
thesia and restoring any degree of sensa-
tion, treatment should be directed toward
that goal first

However, local treatment may be neces-
sary to prevent loss of the foot, and it is
worthwhile undertaking 1t if it 1s thought
that the patient will co-operate 1in giving
the foot proper care afterward (TFigs 167
and 173).

Local treatment most often consists of
complete and deep excision of the ulcer
down and around to healthy bleeding tissue
in the depths and on all sides. Repair i
carried out most often with a permanent-
pedicle local flap . if there is any possibility
of carrying functioning sensory nerve fila-
ments mnto the area by this procedure
should be planned 1n that manner. The most
important facet of treatment 1s instructing
the patient 1mn the future care of s foot,
He must understand that prolonged pres-
sure and 1schemia 1s the cause, and that he
must get off the foot completely whenever
there is the tiniest break in the surface, and
stay off until 1t 1s sohdly healed A layer of
sponge rubber 1n the bottom of s shoe may
help, and he must train himself to feel in
the bottom of the shoe every time he puts
it on, to be certain there are no wrinkles
in his socks, to shift lis weight constantly
back and forth while standing, and to take
off his shoe and sock and look at the bottom
of his foot every 6 hours when he is up and
about He must also heep his weight down
to average or below-average levels With
these precautions, a satisfactory surgical re-
pair may result 1n a foot that functions well
for many years (Fig 173), or cven perma-
nently, even though it remains anesthetic

OTHER FOOT REPAIRS

Other foot repairs are described 1n Chap-
ter 30, “Restoration of Defects from Farm.
Traffic and Industrial Injuries.” Chapter 32,
“Surgical Repair of Radiation Injurics and
Atomic Burns,” and Chapter 33, “Shin
Grafting m Military Plastic Surgery.”
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On the trunk and the extremities a stable
surface with sufficient skin for free move
ment is most important in the repair, with
appearance secondary On the head and the
nech, the amount of shin to be transplanted
may be much less, but appearance is of
prime Importance so that greater finesse s
required in the work. For small repairs, full
thickness grafts from the clavicular area are

Flo. 174 Lupus with su
carcinoma in lower ant

coverage with single split gra{t. This type of leston ma;

patlent gets immediate veliel lasting

usually best, with poatauricular grafts being
a second choice. For larger repairs, very
thick split grafts of good texture often can
be obtained from the lower anterior chest
wall (Plate 4)

All border bluish scar epithellum should
be exclsed with precision and the grafts
carefully fitted into place Fine sutunng s
done meticulously and long edge sutures

posed radiation dermatitis and ulcerated squamous
or edge. Repaired in one operation by exd?sqion and

many years from the operation’ and the

presence of radiation dermatitls or carcinoma males the procedure obligatory

199
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F1c 175 Total resurfacing of face and necl, using a separate free shin graft for
each feature, though several nonadjacent features can be worked on at the same time,
The patient sustained burns in war and was cared for at Valley Forge General Hospital,

frequently are placed for local tie-over
dressings, 1mn addition to outside general
pressure dressings The face is mobile, ir-
regular 1n shape. and presents difficulty in
counterpressure, so that complete takes of
grafts and flaps are difficult but highly 1m-
portant for the best possible final appear-
ance (Fig 174) Pinch grafts, of course, are
not used on the face

NECESSITY OF SEPARATE REPAIR
OF DIFFERENT FEATURES

The face is not a single unit but a group
of wdnvidual features situated adjacent to
one another Each may have a specific func-
ton such as seeing, smelling, eating, elc,
and cach play< its own separate part in ap-
pearance and in emotional expression When
two or more features are damaged, the re-
pair must be separate and individual (Figs
175 and 176)—not en masse

Tor instance, if a group of facial features
are covered cimultancously with one large

flap, or one large graft, there 1s the danger
that they may lose their separate identity
and be bound together into one unnatural
mass This may be amelorated by later
separating operations, but it may be impos-
sible to overcome this gross defect in the
original plan of the repair.

Perhaps the worst example is the “visor’
flap, in which a flap with bilateral pedicles
15 swung down from the forehead or up from
the nech or the chest to cover the whole
middle third of the face, mcludmg all 4
eyehids, 2 cheeks, the nose and the upper
lip Holes are cut in the proper places, but
the whole thing 1s apt to ook as though the
patient had been hit in the face with a blob
of pie dough The patient may fecl that he
15 behind an inert “flesh mask.” and that he
1s carrying out his movements and express-
ing s emotions behind this  prosthesi-
which 1s separating him from the world in

front
Occasionally, pitients wall be <een with

.



{Top left) Extensive warty hain  melanotic
nevus of face. (Top right) Excised and split grafted
in one operation Free skin grafting on the {ace 1s
abaut the same as eltewhere except that more finesse
and attention to details are necessary to get complete

takes throughout and smooth margins

e i s

Final front appearance of the pa
trent shown in Figure 328 including
reconstruction of the axillz and the
neck.






Flaps vs. Grafts In Faclal Repain 201

widespread facial cancers, radiation buros,
or raw thermal burns in which immediate
simultancous coverage Is a necessity, so that
the surgeon has to make the best of the sitn
atlon and try to separate the features later
When there Is a choice, however, it is beat
to repair individual features separately
However, features which are not adjacent
often can be repalred in the same operation
such as dolng both eyelids on one side along
with the cheel on the other side etc.

In general, separate pleces of skin should
be used for upper eyelld lawer eyelid, nose
cheek, upper lip, lower Ip, chin {orehend
and neck (Figs 175, 176 281, 185 and 797)
Any two or more nonadjacent features can
be covered at one operation, except that it
{s usually possible to cover both eyelids on
one side at one time with resultant {nde
pendent function of each

FLAPS VS GRAFTS
IN FACIAL REPAIRS

Repairs of the face more than in any

other region require the use of pedicle flaps
but free skin grafts can be ased in many

{nstances and are sometimes preferable to
flaps (Fig 174)

Where the loss of a feature, such as the
whole ot part of the nose has occurred by
trauma rather than a burn a more limted
clean-cut deformity s left, and enough good
tissue is available for the best possible re
palr (Fig 74) However, burns of the face
which destroy features are usually 50 exten
sive elsewhere in the region and even over
the body that the best final repair cannot
be obtained because of the poor tissue avajl
able for the restoration surrounding the
damaged area. This may necessitate bring
{ng fn tissue from a dlstance, but the work
should atill be made as simple and straight
forward as possible For instance direct
flaps from the inner surface of the arm can
often replace the laborious use of caterpillar
or jump flaps Baclk flaps are avolded be-
cause of the excessive length of the pedicles
poor arculation and generally coarse tex
ture of the skin Forehead, neck and chest
flaps can be used when available but these
areas are often damaged with the face (Figs
177, 178 and 179)

Fio. 176 Profile views of patient In Figure 175 The [ . .
hypotheses as to how these might be done with a scemiueg ;te?:c‘t‘::ceht;‘ﬂ

eted cases. Free skin

grafts are infinitely superior bere as

ible and move in expresdon, whereas a large flap may tend

lh? are thin
to form a blobby fixed mask,



Fio 177 Severg
rachation dermatius
of a whole xude of
the face, with early
malienant  changes,
the changes in the
exve so marked and
pamnful as to require
removal The entire
side of the face was
excived and repaired
with a huge chest
flap, with the re<ult
shown at the ncht

Fic 178 Stages mn repair of the
patient shown in Figure 177 (Top,
left) Design of delayed chest flap
which was prepared by several
prehminary  raising - operations
(Bottom, lcft) Exasion of -
volved area of face (Boftom,
right) Application of chest flap to
face
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Flaps are generally necessary for restpra
tion of butk or contour but when simple
resurfacing is the requirement free skin
grafts are usually preferable

A good free skin graft is thin soft and
flexible enough that when it is applied to
the surface of the facal muscles, or mth
only a thin layer of tissue intervening the
graft will move with these delicate muscles
and express the various emotlons,

Fia 179 Use of a lined flap to
cover a cavity (Left) Basalcell car
clnoma of the cheek extending into
the antrum (Cenfer) Appearance of
the patlent after one operation in
which carcinoma was widely excised
with the cautery a forehead flap was
raited and & free {ull thickness skin
gralt wus inserted under it for lining
A prabe 18 inserted {oto the parotid
duct which is dralning on the outside
of the face (Right) Final appearance
after pwinging a lined flap down over
the antrum and split-grafting the fore-
head. The parotid duct was put down
into the mouth The patlent remains
well 6 vears after the operatian

Even the best flap, however, is apt to be
thick and stiff enough together with the
lost movement in its own {at pad, that the
muscles of expression move behind it with
out altening 1ts shape very much If a sepa
rate flap 1s used for a single feature, how
ever there may be some tota} movement of
the whole feature The poorest place for
satisfactory motion generally s in a flap
reconstruction of an eyelid where the very
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delicate muscles simply cannot move the
mert mass satisfactorily in little quick
blinking, etc.

If an entire feature is to be covered with
a flap or a free graft, it is best to do 1t in
one piece and aroid separate patches within
that feature.

Lined flaps are usually necessary for
closing over large holes. such as cheek open-
ings through into the mouth or the maxil-
lary sinus (Fig. 179). or forehead openings
into the frontal sinus

The raw burned face always presents a
difficult problem (Fig. 297) The eyehds
may be the most acute problem, to get them
débrided, grafted and restored before there
is damage to the globes If the facial burns
are extensive, 1t may be necessary to cover
large areas with single grafts, and then later
put m small graft inserts to separate the
various features If the sphit grafts prove to
be unsatisfactory im any particular areas,
they may be excised and replaced later as
necessary with full-thickness grafts or pedi-
cle flaps

Generalized shin shortening throughout
the area of the face is not a rare occurrence
in healed burns and is relieved by resur-
facing the entire area of involvement in
stages with free grafts (Fig 327) The fine
muscles of espression may be covered by a
thick mat of dense scar but may not be
totally destroyed so that it 1s especially im-
portant to remove this deep scar n these
cases The object 1s to get a loose but light
and mobile covering over these muscles,
often frec grafts will do this better than
flaps, In widespread involvement, each
cheeh. each lip, the nose, the eyehds, the
forchead and the chin are done in separate
stares, but two areas which are not contigu-
ous can be done in one operation, such as
the forehead and the lower lip, or a cheel.
on ane side and the eyelids on the oppoaitL
ade The “stent’” type of fixation with sur-
pical waste is used extensively on the face
in almost all areas except the forchead,
where it is nol neceseary

Tull-thicl ness grafts are often preferred

e e

to split grafts because of their better tey
ture and appearance {Figs 281 and 2423,
but split grafts should be used to cover all
granulating or dirty areas (Fig. 207) \fter
healing 1s obtamed they can be repiaced
with full thichness grafts or pedicle flap:
when this would effect an improvement in
the appearance

SUPRACLAVICULAR SKIN GRAITS

Small full-thickness grafts of good color
and texture can often be obtained from the
lower neck just above the clavicle Grafts
from the back of the ears match the facial
shin well in some patients, but prove to be
too red in others

These full-thickness grafts from the
neck and the clavicular region have been
found to give superior results m the repair
of many facial defects The amount of shin
available 1s limited, but there 1= enough for
evelids, the nose and about the mouth
(Plate 4, Figs 101, 186, 193 and 272)

Two main advantages arc improved func-
tion and color The graft was first used on
the hd, and many full replacements of the
hid skin hardly can be distnguished at &
distance of only 2 or 3 feet (Plate 8). The
color 1s nearly always close to that of tht
normal face and 1s due to the good color of
the neck shin, plus the good function that 1=
possible, and to the actual extra thickness
that these grafts have over the usual thick-
split or full-thichness graft. None of thewe
nafts so far has had to have pgment -
jection for color matching whereas, dead
whiteness or darkness of other grafts often
jeaves much to be desired There i natural
redness in the grafts not found in other skin
and this redness is the reason far the match
with the surrounding shin, (On a burned
{ace that has healed to a deard white, the=e
grafts give a noticeable contrast, althuugh
they are the closest to normal.)

The second advantage is goltness amd,
therefore, function This function, of cour-#,
i of underlying muscles, but thie grafts
heal in o soft and have such thichne: tht
the best Linesis of grafted areas ean develnp
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This property again is best expreased in eye
1id repairs, where hard, boardlike scars of
grsoline and phospborus bums have to be
Jiterally dug out of the hds and across from
one eye to the other over the nose When
these areas are covered with the neck grafts
there is often a dramatic relief of scar fixa
tion and return of softness and function

The good function Is due to the thickness
and the softness and possibly to the char
acter of the skin which, In its natural
habitat overlies a platysmal muscle This
point has not been proved so far, but the
result of an eyelid s being soft, of normat
color, giving normal function healed in
with practically no edge scar, in 2 to 3 weeks
after grafting brings up the platysmal idea

Late function {a excellent as there {s mini
mal contraction of the graft bed when these
grafts are used (Figs 186, 193, 250)

The graft 1s usually superior in color and
{unction to those {rom other preferved areas
such as the mastold and the Inguinal regions.

The main areas for use are on the lds {n
the canthal reglons about the ala over the
nose and about the lips and the angles of
the mouth As a rule flap repairs are con
uidered for gunshot wounds, whereas, grafts
usually suffice for bums However, about
the lids f a bed at all suitable can be ob-
tained by dissection of the scars, these full
thickness grafts are used in preference to
flaps and ft is thought, with better results

Donor sites can be closed left open fo
granulate or grafted They may make trou
blesome scars for a while but no permanent
wevere trouble has been seen Large scars
would be abjectlonable in women but this
does not preclude the use of small grafts

OTHER FREE SKIN GRAFTS

Larger {ull thickness grafts are sometimes
taken {rom the lower abdomen the groin
and adjacent portion of the thigh (Fig. 285)
Very thuck spiit gralts can often be obtained
with the dermatome from the lower chest
wall anterorly and may have texture and
color approximating that of a full thickness
graft (Fig 307

Injection of permanent pigments into the
grafts may be desirable in some stances
to bring about a closer color match (Fig
318) Secondary excimion and readjustment
of border scars will help at times to make
the whale repair smoother

The possibility of closing small defects by
undermining and suturing, either all at once
or in stages, or by switching local flaps
should not be forgotten but cannot be used
when it would displace or distort features

Forenean

Defects in this area present a ngd,
smoath bed which can contract only slightly
so that thick split skin grafts can be used
almost routinely with good resuits It {s easy
to get good pressure with a circular head
bandage so that “stent” fixation is not nec
essary (Figs 75 194 and 241)

Because of the rigidity of the bed, spon
taneous healing of any granulating wounds
in this area is unusually slow but may occur
with some displacement of the halcline
daowniward and the eyebrow upward Tn such
instances, after removal of the scar, these
features should be dissected Joose enough
to resume their normal positions before the
graft {s applied

Frontal sinus fistulae occasionally occur
from osteomyelutls, injury or the remaval of
tumors These can be closed in most In
stances by swinging in a local flap after
making certain that the sinus has adequate
drainage into the nose Rarely, a flap from
a distance may be necessary

Burned dead bone (from fire, electriaty
or mdiation) in the forehead or the terple
areas may present difficult problems (Figs
92 93) In general it 15 often best to pre
pare a local permanent-pedicle blood-carry
ingﬁnp,lxmdoutbetempommwpn
orbital artery After it is certain that the
flap is viable and will cover the defect, the
dead bone is removed If It is thought that
only the outer tnble is dead one n wajt
for partial sequestration or carefully drifl
multiple holes Just through the outer table
wait for granulations tn annesr and otan
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chisel out the intervening fragments 1 both
tables are dead, a perforator opening is made
through to the dura, the latter is separated
from the undersurface all around with a
dural elevator, and the dead bone 1s then
rongeured out until live, bleeding bone is
encountered on all sides Then the flap 1s
rotated mto place and fixed, and the donor
area is skin grafted If the final bony defect
15 Jarge enough some months later to war-
rant 1t, a bone graft may be shpped in under
the flap (Fig 268)

Curix

The facial muscles normally attach to the
skin and give emotional espressio tif
any muscle power has been leff,
much more evident if covered » -
skin graft than if covered by
{Fig. 180) This may not be
<1}l photographs but i< quite
actual nbservation of the paticn

In deep cheet Toomus
lo~t or marke ‘,;* 5o th
ness provider ¥ give
tour thdan th araf

Yull-thick. wi
fistulae nto he
<inus regquire WA
covenmng In ehe

Fic 180, Burp
contracture of cheel,
outer canthuc and
supra-orbital area
repaired in nne
operation with thick
spht zraft

will provide the most suitable covering If
the opening goes mnto the sinus, or too nch
of the buccal mucosa has not been lnst, the
flap can be lined whide still on the forehead
with a full-thichness free graft ('iyg 170)
When most of the buccal mucosa is gone, 1t
1s important to restore it with a flap in order
to get a new liming that 1s soft and resilient
enough to allow full mouth opening In this
mstance, the Iining usually has to come from
a neck or chest flap The covering may be
provided by a forehead flap or may come
from the <ame neck or chest flap In the
latter nstance, it is hetter to fold the end
of the flup in under for limng while 1t ¢
still down on the neck or the chest and to
kccp a pressure dressing on it for 2 or 3
v swinging the double-surfaced
’ o up into the defect, In all
is necessary to be certaip
g parotid duct i turned

"0 T imgaflap
hurns abont
of a hearrd
ion and
S per-
ih

e

1

i
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surface may occur and cause deformitles of
the eyelids the nose and the mouth and
again the restoration consists in doing the
opening in the contracted area and resur
facing with switable tissue (Fig 327)

LIPS AND MOUTH

The most usual burn deformity of the
lip Is evermon or ectropion and often the
restoration can be done In one operation by
opening the deformity to allow the vermilion
to go back in place and inserting & {ree full
thickness graft cut to pattern. Supraclavic
ular graits are especially good for this pur
pose. In the lower lip it may be necessary
to extend the graft upward and outward
beyond each corner of the mouth, even cut
ting into normal skin to do so If necessary
s0 that the upper border of the graft has
external superior anchorage on either side
and can act as a “hammock’ to hold the
vermilion up 1n place The “stent” type of
fixation is used, with over-all pressure from
Jong strips of Elastoplast The border of the
“stent” adjacent to the mouth can be cov
ered with zinc-oxide olntment or a sllicone
waterproofing material, and then narrow
strips of Elastoplast put directly on the
vermilion

Burns of the vermilion of the lips with
clreular contracture resulting are difficult to
relfeve At times {t is the concomitant Joss
of skin just adjacent 1o the vermilion all the
way around that 13 the worst factor i pro-
ducing this purse-stning effect. Often a good
wa) 1o begin is 10 resect the scar, stretch

the base out as much as possible and Insert
a free supraciavicular graft or else one from
behind the ear This requires careful dis-
section and fixation of the graft but the
results may be gratifying in function and
appearance close o normal after only one
or tno operations If there 18 still lack of
vermilion, sometimes flaps of mucosa can
be swung out and down from the insides of
the cheeks for reparr Some additional fuil
thickness cpenings may have to be done at
the corners of the mouth in some patients
(Figs 270 271 and 272)

Pull thickness losses of the lip if ex
tensive require restoration with pedicle
flaps Usually Ahbé or Estlander tvpes of
vermilion bordered cross-hp flaps are used,
though occasionally it may be necessary to
bring in flaps from a distance (Fig 82)

Extensive mucosal losses in the mouth
may occur from electrical (¢f Chap 31) or
chemical burns, or from cautery destruction
of cancer In most {nstances the scar should
be opened to gve complete relaxation and
the resulting raw area covered with a split
skin graft put in over a dental wax mold of
the area Interrupted, long silk sutures are
put 10 about every centimeter around the
edge of the defect, the graft-covered mold
{raw side out) inserted and the sutores ted
snugly over the mold Farly thin graits
from a nearly hairless area should be used.
These grafts take well and serve as a good
substitute for mucesa but remain as skin
and do not undergo metaplasla into mucosa
{Fig 326)
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chisel out the mntervening fragments If both
tables are dead, a perforator opening 1s made
through to the dura, the latter 1s separated
from the undersurface all around with a
dural elevator, and the dead bone 1s then
rongeured out until hive, bleeding bone 1s
encountered on all sides Then the flap 1s
rotated into place and fired, and the donor
area 1s skin grafted If the final bony defect
1s large enough some months later to war-
rant 1t, a bone graft may be shpped 1n under
the flap (Fig 268)

CHEEK

The facial muscles normally attach to the
skin and give emotional expression and, 1f
any muscle power has been left, 1t will be
much more evident if covered only by a free
skin graft than if covered by a thicker flap
(Fig 180) This may not be discernible in
still photographs but is quite apparent upon
actual observation of the patient (Fig 327)

In decp cheek losses, the muscle action 1s
lost or markedly impaired so that the full-
ness provided by a flap will give better con-
tour than the usual free shin graft

Full-thickness cheek losses with large
fistulae into the mouth or the maxillary
sinus require restoration of hining as well as
covering In many nstances, a forehead flap

Fic 180, Burmn
contracture of cheel,,
outer canthus and
supra-orbital area
repaired 1n one
operation with thick
spht graft

will provide the most suitable covering 1f
the opening goes 1nto the sinus, or too much
of the buccal mucosa has not been lost, the
flap can be lined while still on the forehead
with a full-thickness free graft (Fig 179)
When most of the buccal mucosa is gone, 1t
1s 1important to restore it with a flap 1n order
to get a new liming that 1s soft and resihent
enough to allow full mouth opening In this
mstance, the limng usually has to come from
a neck or chest flap The covering may be
provided by a forehead flap or may come
from the same neck or chest flap In the
latter instance, 1t is better to fold the end
of the flap in under for hining while it is
still down on the neck or the chest and to
keep a pressure dressing on 1t for 2 or 3
weeks before swinging the double-surfaced
end of the flap up into the defect In all
these repairs, 1t 1s necessary to be certam
that any functioning parotid duct 1s turned
into the mouth before attaching a flap

One of the worst features of burns about
the cheeks 1n men 1s the presence of a beard
which may cause continued irritation and
even deep chronic infection if the hairs per-
sist i turning in and being covered with
epithelium It may even be neceseary to re-
move large arecas of shin so affected and
cover them with free shin grafts

Generalized skin shortening of the cheek
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surface may occur and cause deformities of
the eyellds the nose and the mouth and
agnin the restoration consists in doing the
opening in the contracted area and resur
fncing with suitable tissue (Fig 327)

LIPS AND MIOUTH

The most usual burn deformity of the
iip s eversion or ectropion and often the
restoration can be done in one operation by
opening the deformity to allow the vermilion
to go back in place and inserting a free full
thickness graft cut to pattern Supraclavic
ular gralts are especlally good for this pur
pose In the lower lip it may be necessary
1o extend the graft upward and outward
beyond each corner of the mouth even cut
ting into normal skin to do so If necessary
so that the upper barder of the graft has
external superior anchorage on either side
and can act as 3 hamnmock” to hald the
vermilion up in place The “stent” type of
fixation is wsed with over-all pressure from
tong stnps of Elastoplast. The border of the
‘stent ' adjacent to the mouth can be cov
ered with rinc-oxide olntment, or o silicone
waterproofing materfal and then narrow
strips of Elastoplast put directly on the
vermilion

Burns of the vermilion of the lips with
arcular contracture resulting are difficult to
relleve At times {t s the concomitant joss
of skin just adjacent to the vermilion all the
way around that 1 the worst factor in pro-
ducing this purse-string effect Often a good
way to begin is to resect the scar, stretch

the base out as much as possible and insert
n free supraclavicular graft or else one from
behind the ear This requires careful dis-
section and fixation of the graft but the
results may be gratifying in function and
appearnnce close to normal after only one
or two operatfons. If there s stll lack of
vermilion, sometimes flaps of mucosa can
be swung out and down from the nsides of
the cheeks {or repair Some additional full
thickness openings may have to be done at
the corners of the mouth in some patients
(Figs. 270 271 and 272)

Full thickness losses of the lip if ex
tensive, require restoration with pedicle
flaps Usually Abbé or Estlander types al
vermilion-bordered cross-hp flaps are used,
though occasionally it may be necessary to
bring in flaps from a distance (Fig 82)

Extensive mucosal losses in the mouth
may occur from electrical (¢f Chap 31) or
chemical burns, or from cautery destructlon
of cancer In most {nstances, the scar should
e opened to mve complete relaxation and
the resulting raw ares covered with a split
shin grait put in over a dental wax mold of
the area Interrupted, long mil sutures are
put m about every centimeter around the
edge of the defect the graft-covered mold
(raw side out) Inserted and the sutures tied
snugly over the mold Fairly thin grafts
from a nearly hairless area should be used.
These grafts take well and serve as a good
substitute for mucosa but remain as skin
and do not undergo metaplasia into mucosa
{Fig 326)
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Repairs of the Eyelids
and the Orbit

GENERAL CARE OF THE EYES

In all burns about the eyes, an ophthal-
mologist may be of great help 1n caring for
the cornea and vision and in recommending
therapy Early, frequent and careful cleans-
ing of the whole area 1s done, and extreme
care 15 taken that no crusts come in contact
with the cornea This, with the copious use
of bland or antibiotic omtments, has proved
to be a safe plan of treatment

Anesthetic omntments are not usually used
here If there 1s any complaint of scratch-
ing or pain, the dressing 1s opened 1immedi-
ately, the conjunctival sac is washed out
with salne, the cornea 1s nspected, all
lashes are turned out, omtment is re-
introduced, and the lids are closed If relief
is not complete, an ophthalmologist 1s
called

At operation, care is taken to drip saline
on the eye from time to time and prevent
any drying of the cornea It is a rule not
to touch the cornea with gauze, wet cotton,
or anything else; this prevents many post-
operative troubles

BURN ECTROPION

Burn ectropion of the lids usually can
be corrected in one operation with free
grafts put 1n place after the deformity has
been freed by careful dissection (Plate 2,
8, Figs 183,184, 185,186) Most everted hds
have enough mucosa left to allow for pro-

tection of the globe 1f the skin covering can
be obtained The repair 1s made by opemng
carefully the junction of the everted mucosa
and skin, turning the mucosa as a flap to-
ward the globe and then covering the whole
raw surface with a thick split graft or full-
thickness graft or occasionally a small direct
pedicle flap from the forehead or the tem-
poral region Full-thickness grafts from the
supraclavicular area produce the best results
here because of their softness and mobility,
in addition to their good texture and color
(IF1gs 181 and 182)

The free grafts may be held in place by
using a local “‘stent” type of fixation with
the long edge sutures tied over surgical
waste, and then an over-all pressure dress-
ing wrapped around the head The edges of

. the Iids may be sutured together for pro-

tection of the cornea, or if the deformty has
been marked and of long duration, a surgi-
cal adhesion can be created between the
tarsal borders and left for several weeks or
months to heep the new graft up in position
and to avoid contracture of it On the lower
lid, 1t 1s at times advisable to carry the graft
well up into the inner canthus medially and
out laterally and upward beyond the outer
canthus, even at the expense of opening nor-
mal skin The upper border of such a graft
tends to support the tarsal border and hold
it up against the globe This is practically
a necessity when a flap 1s used, as otherwise
the latter by its own weight might hold the

208
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Fio 181 Contracted area opened surface and deep sear removed as oeces-

mry, to allow a little more than normal

Where pressure alone cannot

be relied on—as on the lids—ihe fixation is obtained and the proper openlng
of the area maintained by tying the long edge sutures over a pad of cotton waste
after first covering the graft with fine mesh grease gauze (Brown, § B and

Canron Bradford Ann, Surg 121 639)

tarsal border down and away Irom the globe

In general shortening of the skin of the
face or the scalp the lds mav be pulled
away from the globe and the eyes even held
open The correction of this constitutes a
mather simple premise for all reconstructive
surgery that is to open the contracted

area dissect back the edges and fill in the
resultant defect with normal suitable skin

CONJUNCTIVAL DEFICIENCIES

When there 15 lack of mucosa its re
placement with free grafts of mucesa from
the mouth should be considered as the
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Repairs of the Eyelids
and the Orbit

GENERAL CARE OF THE EYES

In all burns about the eyes, an ophthal-
mologist may be of great help in caring for
the cornea and vision and 1n recommending
therapy Early, frequent and careful cleans-
g of the whole area is done, and extreme
care 15 taken that no crusts come in contact
with the cornea This, with the copious use
of bland or antibiotic ointments, has proved
to be a safe plan of treatment.

Anesthetic ointments are not usually used
here If there is any complamnt of scratch-
ing or pam, the dressing 1s opened 1mmed:-
ately, the conjunctival sac 1s washed out
with saline, the cornea is inspected, all
lashes are turned out, omtment is re-
introduced, and the hds are closed If rehef
is not complete, an ophthalmologist 1s
called.

At operation, care 1s taken to drip saline
on the eye from time to time and prevent
any drying of the cornea It is a rule not
to touch the cornea with gauze, wet cotton,
or anything else; this prevents many post-
operative troubles

BURN ECTROPION

Burn ectropion of the lids usually can
be corrected in one operation with free
grafts put in place after the deformity has
been freed by careful dissection (Plate 2,
8, Figs 183, 184, 185, 186) Most everted hds
have enough mucosa left to allow for pro-

tection of the globe 1f the skin covering can
be obtained The repair is made by opening
carefully the junction of the everted mucosa
and skin, turning the mucosa as a flap to-
ward the globe and then covering the whole
raw surface with a thick split graft or full-
thickness graft or occasionally a small direct
pedicle flap from the forehead or the tem-
poral region TFull-thickness grafts from the
supraclavicular area produce the best results
here because of their softness and mobility,
in addition to their good texture and color
(Figs 181 and 182)

The free grafts may be held 1n place by
using a local “stent” type of fixation with
the long edge sutures tied over surgical
waste, and then an over-all pressure dress-
ing wrapped around the head The edges of
the Iids may be sutured together for pro
tection of the cornea, or if the deformity has
been marked and of long duration, a surgi-
cal adhesion can be created between the
tarsal borders and left for several weehs or
months to keep the new graft up in position
and to avoid contracture of it On the lower
lid, 1t is at times advisable to carry the graft
well up into the inner canthus medially and
out laterally and upward beyond the outer
canthus, even at the expense of opening nor-
mal shin The upper border of such a graft
tends to support the tarsal border and hold
it up aganst the globe This 15 practically
a necessity when a flap 1s used, as otherwise
the latter by 1its own weight might hold the

208
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T 131 Contracted aren opened, surface and deep scar removed as neces-
sry, to aflow a little more than normal Where pressure alone cannot
be relied on—as on the lids—the 8xation is obtalned and the proper opening
of the area maintained by tying the Jong edge sutures over a pad of cotton waste,
after first covering the graft with fine-mesh grease gawze (Brown J B, a

Cannon Bradford Ann Surg 121 639)

tarsal border down and away from the globe

In general shortening of the skin of the
face or the scalp the hds may be pulled
away from the globe and the eyes even held
operi. The correction of this constitutes a
rather simple premise for all reconstructive
surgery  that s to open the contracted

area dissect back the edges and fill in the
resultant defect with normal sultable skin

CONJUNCTIVAL DEFICIENCIES

When there is Iack of mucosa ls re
placement with free grafts of mucosa trom
the mouth should be considered as the

Vd
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bulbar conjunctiva reacts badly to skin in  and the conjunctival sac then filled with
apposition to it These grafts are carefully petrolatum

dissected from the inner surface of the cheek In dealing with a symblepharon, 1t
with a scalpel, removing the entire thickness  usually better to start the dissection ';t the
of mucosa, but trimming away any adherent  lid margin and continue until all m':;dablc
mucous glands on the raw surface of the conjunctiva is shifted over onto the globe
graft The graft may be put n over a tiny so that the raw surface to be grafted i« on'
wet cotton or paraffin mold with fine, long  the inside of the lid onhy 1t is alsa adsvan-
silk sutures tied over 1t for “stent” fixation  tageous to switch local dapq of conjunctiva

Fic 182 Pattern of celluloid or other matenal traced on the nech with
a pen and 5 per cent methylene blue Assistants stretch the area taut to
facilitate removal of the graft which 1s held with the fingers to avoid forcep
marks The wound 1s closed 1n layers with fine sutures (Brown, J B., and
Cannon Bradford: Ann Surg 121 639)

A “
Ly
L W YA

Fic 183 Scvere ectropion of all 4 hids with marked conjunctivitis and globil
irntation Repair of all lids with thick split grafts, doing one <ct of hds (upper an
lower) at each operation The patient still needs a hutle more <kin i the nght inner
canthus



Fia 184 Repalr of burn contracture of upper two thirds of face, with free
skin grafts First operation release of ectmrion of both lower eyelids with
supraclavicular grafts and resurfacing entire forehead with split graft Second
operation resurfacing both cherks  with spht skin gralts. Third operation
:;:jscn'p grafts to make both eyebrows and resurfacing of nose with spht

t,

Fic 185 Small eyelid repaits and adjustments may be the
diificult This one required (1) restoration of the umger iid mm
outer canthus with a supraclavicular graft (2) readjustment and re-
alignment of eyebrow frapments and (3) excision and readjustment
of forehead and cheek scars. Result shown some years later
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when possible, so that the 1id just in front
of the cornea is covered and the graft is on
the medial or lateral portion of the hd
These mucosal grafts usually take quite
well, but have a tendency to shrink consid-
crably, and their application always pre-
sents some hazard to the cornea, so that
entirely satisfactory cases are much rarer
than the literature might lead one to believe

ORBITAL REPAIRS

When the globe has been removed and
a contracted socket 15 present, restoration
of lining to permit wearing of a prosthesis
should be considered if the lids are intact or
nearly so Small deficiencies of hning 1n
either the upper or the lower sulcus can be
restored occasionally with mucosal grafts,
but there will be marked shrinkage Larger
deficiencies are restored best by wide dis-
section until a wide sulcus above and below
is created and a socket at least twice as large

as the prosthesis 1s obtained This new
socket is then lined with a thin split grait
(as hairless as possible) put in over a dental
wax mold or a ball of iodoform gauze, and
the hd margins temporarily sutured together
with a pressure dressing on the outside In
5 days, the lids are opened, the excess graft
is trimmed off, and the paching is changed
then and every 48 hours thercafter The
prosthesis may be fitted in about 2 weeks
and usually functions satisfactorly, though
there 1s a tendency for the sochet to be dry
and require frequent cleansing (Figs 187
and 188)

Discharge from grafted sockets is a
well-known problem However, the mucous
comes from the mucosa in response to small
flecks of irritating sebum from any skin
graft present Thus, the problem 15 most
severe when there is a small amount of shin
present with a large amount of mucosa.
there will be less discharge present when

Fic 186 Airforce burn of midface (left) with adhesions across the cthdc
on hoth sides The patient appeared to be blind (Right) After the adhesions
were separated all 4 eyehds were recreated with supraclavicular grafts, the
eves proved to be all right with good sight. The patient also had resurfacing
of the nose and all 4 canthal regions with spht grafts, repairs of both ears,
and restoration of most of both eyebrows with free scalp grafts. Cared for at
Valley Porge Hospital Later, the patient was graduated m law
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Fic 187 Lining eye-
socket with skin graft
(Left) Tiny scarred
socket present follow
Ing lye bum which
would admit only s
tiny thin glass shell
that would not stay In.
(Right) Socket dis
sected open and rellned
with large split graft
put In over dental wax
(stent) mold. A new
large turmover plastic
eve was fitted 2 weeks
later The missing seg
ment of the upper hd
could be replaced with
a tiny composite graft,
but patient {s satisfied.

1

there s a small amount of mucosa and a
large amount of skin If the socket cannot
be entirely Jined with mucosa (as Is often
the case), and copious discharge is & severe

Fic 188 Split skin
graft to eye socket
(Top left and right)
Chemical burn with re-
sulting small socket
lined with a mixture of
scar and mucosa dis-
charging and too ten
der to tolerate pros-
thetrc eye The patient
had had several at
tempts at small mu
cosal trmnsplants else-
where  (Bottom left
and right) Result after
resecting the mucosa
and the scar com
pletely creating a new
sulcus above and be-
low and lning the new
large socket entirely
with split skin graft.
The discharge and the
tenderness have disap-
peared. Only one oper
ation was requlred.

problem it may be best to excise all re
maining mucosa and line the entire socket
with a single sheet of thin split skin graft.
This latter socket may be excessively dry




F1c 189 (Lcft) Extensive invasive basal-cell carcinoma with only a small ulcer
showing on the lower hd (near the outer canthus), but solid induration of both Lds
and complete fixation of globe due to orbit full of growth (Right) Growth (in-
cluding entire contents of orbit and both lids) removed n one piece The bony
orbital rim evposed was cooked with surgical diathermy and later separated

o

F1c 190 (Lrft) Appearance of the patient in Tigure 189 3 months later after
the orbit had Hiled in with granulations and become partly covered with ¢mthehum.
However. several fistulae into the ethmoid cells and onc nte the pos, win
present. The forehead flap has been rased and is now ready for transfcrence, after
removal of the scar epithchum from the orbit  (Right) inal apperance after
* blanking out’ the orbit with the forehead flap The pedicle was returned, and
remaining defect on the forehead was covered with <pht graft, The patient wars
«pectacles with one opaque Jens



and may require frequent cleansing and
lubrication of the artlficlal globe with min
eral ofl but is much better than 2 sochet
which secretes profuse quantities of pungent
mucous

Where there 15 absence of an eye and
complete loss of one of both hds 1t Is con
sidered best to cover the whole orbital region
with a blank flap rather than to try to re
construct a socket and lids and hope to have
a presentable prosthetic eye This latter pro-
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cedure has been recommended and de-
scribed, but entirely satisfactory cases are
quite rare. The orbital obliteration Is usu
ally done with an istand or direct pedicle
flap from the forehead (Figs. 76, 189, 190
and 191)

EYEBROW REPAI RS

Eycbrows ar¢ jmportant in appearance

and can be replaced with strips of scalp
transferred as free

full thickness grafts ot

Fia 191 The first photographs were
not avaflable on this patient who came
in 10 years after exenteration of the
otbit for malignant melanoma with
multiple ethmold fistulae requlring con-
stant dressings and creating some odor
and pain (Top left) About 10 days
after covering the orbit with an “island
flap” from near the hairline The ellip-
tical flap with its artery and vein ped
Kkl was put through a tunpel from the
temple mr:l\‘e orbit The forebead wound
was sutu except at the upper end
(Top right and bottom ni kt
ance 4 months later cht) Appest
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as wsland flaps (Fig. 327) Care should be
taken in selecting the graft or flap so that
the hair will be growing as nearly in the
correct direction as possible The replace-
ment 1s not perfect. as the scalp hair is
coarser and tends to stand out from the fore-
head This can be remedied somewhat by
allowing the hairs to grow to a longer length
than normal and training them down with
=oap and eyebrow pencil for several months
Free grafts are removed from the scalp just
behind and above the ear and are cut
through the entire thickness of the shin and
subcutaneous fat The graft 1s then inverted
over an assistant’s finger or on a table, and
each tiny grain of fat 1s dissected off with
a fine thumb forceps and small 1r1s scissors
When this 1s complete. the undersurface of
the graft will be covered with the bulbs of
the hair follicles like a fine brush The graft
1s accurately sutured in place, and a pres-
sure dressing 1s applied (Figs 184 and 186)

When only vne brow is destroyed wn a
woman, and the other one 15 o thick tha
she plucks it anyway, a method can be con-
sidered in which the upper half of the nor-
mal brow is transplanted as a free graft
inverting it of course The curve should nat
be inverted but can be modified by the
direction of the opeming incision, hmiting
its length, and the use of an evebrow pencil
and plucking afterward.

EYELASH REPAIRS

Eyelash replacement 1s still more in the
realm of fancy than reality, but very thin
strips of eyebrows can be transferred to the
tarsal borders as free full-thickness grafts
The direction and the curvature of the
lashes 1s abnormal, however, and may at-
tract attention almost as much as ther
absence would
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FREE SKRIN GRAFTS

\Many corrections can be done with free
grafts when there has been a loss of only
the surface shin Full thickness grafts can
be used for small areas resulting from excl
sion of skin carcinomas, nevi or port wine
stains or for amall burn scars or other trau
matic losses of shin The best match 1s often
obtained with skin from the lower neck but
shin from the back of the ear may not be
too red {n patlents with flond complexions
The stent type of fixation may be used, or
pressure may be applied by packing the
inside of the nose to prevent its collapse
and then applying grease gauze, a small pad
of waste and an external aluminum spiint
on the outslde In the preliminary dissec
tlon every effort should be made to avoid
exposing bare bone or cartilage, though free

grafts sometimes will carry over a few millh
meters of these structures by lateral oamosis
or growth of capillaries

Resurfacing of the entire nose is re
quired 1n some patients (Figs 245 246, 247,
281 and 297) because of burns or radiation
dermatitis In these instances, the damaged
skin or scar is carefully dissected off with
out removing any subcutaneous tissue or ex
posing bare bone or cartilage However, an
attempt is made to divide any subcutaneous
acar bands that may be pulllng the nostril
borders up or otherwise deforming the nose
The resurfacing is then done with a medim
thickness split graft cut with a knife, as
this graft can be made to conform to the
contours of the nose better than a full
thickness one (Figs 192 and 193) There 18
no reason whatever to use a flap for this re-

Fio 192 Resurfacing a bumned nose with
pedide 8 "
also had
reconstruction

iree skun graft, cather than a

frequently gives a superior result as shown abo
¢ eyelid and the canthal areas grafted an o it dent

eyebrow graft and ear

217 Vd
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Fic 193, Resurfacing of burned noce
with soft supraclavicular free graft, and
then composite graft to the nostril rim.
(Brown and McDowell* Plastic Surgery of
the Nose, St Louis, Mosby ) )

Fic 194, Reconstruction of almost
the entire nose by means of a forchead
flap, which was delayed in 2 stage.
Complete hining of the new nose is es
sential mn this type of “Indian” rhmo-
plasty and was obtamed partly by turn-
ing down the skin from the bridge of the
old nose and partly by turning the end
of the forchead flap up into the new nos-
tnls to meet it The forchead was re-
paired by a split graft at the same time
the pedicle was returned. L-shaped pre-

served rtilage graft was nserted
mte " se to provide sheletal
5t :r . .

1
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surfacing flaps are indicated rather for bulk
or filling out contour

Small perforating wounds of the walls
of the nose usually result from removal of
penetrating cancers. It is usually best to
walt until these have been solidly healed
suffidently long so that there 1a little likell
hood of recurrence of the tumor before
starting the repair Reconstruction is most
often done by inverting small flaps of skin
from near the edges to provide the new
lining, and then covering the area with a
free full thickness skin graft or with a pedi
cle flap from the forehead the adjacent part
of the nose or the cheek

Defects or deformities of the nostril
border have been some of the most trouble
some to correct If the niche [s produced by
the upward pull of a vertical scar without
much loss of tissue it may be possible to
correct ft by a small ¢ Z” plasty on the axis
of the scar and going through the full thick
ness of the wall. When the tissue has actu
ally been lost, the best correction is usually
obtained by transplanting a free compasite
graft of the full thickness of the rim of the
ear (Chap 13)

Composite grafts of skin and cartilage

Fic 195 Pro-
file views of the
patient shown fn
Figure 194 be-
fore and after re-
construction

from the ear are most useful for repair of
many nasal defects. They can be completed
in one aperation and often will vield a su
perior end result for small defects to that
obtained by any flap The indications and
the technic are discussed in Chapter 13

PEDICLE FLAP RESTORATIONS
OF THE NOSE

Pedicle flap restoration is necessary if the
whole feature or any considerable part of
the framework is gone. The best flap is usu
ally one from the forehead, as this skin has
better rigidity, color and texture for the re-
pair and contracts less than that from any
ather flap (Figs 75 194 and 195) The best
noses can be made on men who are bald or
have a receding anterior hairline so that a
really large flap can be procured, in any
event, a forehead at least 7 cm. high (from
eyebrow to hairline) Is essential for the con
struction of an entire normal-sized adult
nose The flap is turned on a pedicle con
taming the suprn-orbital artery and 1t is
best to have the pedicle on the opposite side
from the defect when only a portion of the
nose s being replaced The distal half of
the flap should contain the entire height




218 Repairs of the Nose

v
\
3 -
by e
4
Elg
<+

[

. #/f:") S m‘;‘?;\\

#

Fic 193 Resurfacing of burned nose

with soft supraclavicular free graft, and
then composite graft to the nostril nm,
(Brown and McDowell Plastic Surgery of
the Nose, St Lows, Mosby )

Fic 194 Reconstruction of almost
the entire nose by means of a forehead
flap, which was delayed m 2 stages
Complete lining of the new nose 1s es-
sential 1n this type of “Indian” rhmo-
plasty and was obtained partly by turn-
ing down the skin from the bridge of the

» .7 J old nose and partly by turmng the end

of the forehead flap up 1nto the new nos-
trils to meet 1t The forehead was re-

_ parred by a split graft at the same time

the pedicle was returned L-shaped pre-
served nb cartilage graft was mserted
mto the new nose to provide sheletal
support
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surfacing flaps are indicated rather for bulk
or filling out contour

Small perforating wounds of the wally
of the nose usually result from removal of
penetrating cancers [t is usually best to
wait until theste have been solidly healed
sufficiently long so that there is little likeli
hood of recurrence of the tumor before
starting the repair Rcconstruction is most
often done by Inverting small flaps of skin
{from near the edges to provide the new
Hning, and then covering the aren with a
free full thichness skin graft or with a pedi
cle flap from the forehead, the adjacent part
of the nose or the cheek

Defects or deformities of the nostril
border have been some of the most trouble
some to correct If the niche is produced by
the upward pull of & vertical scar, without
much loss of tissue it may be possible to
correct It by a small ‘Z plasty on the axis
of the scar and going through the full thick
ness of the wall When the tissue has actu
ally been lost the best correction is usually
obtained by transplanting a free composite
graft of the full thickness of the rim of the
ear (Chap 13)

Compotite grafts of skin and cartilage

Fic 19§ Pro-
file views of the
patient shovm in
Figure 194 be
fore and after re-
construction

from the ear are most useful for repair of
many nasal defects They can be completed
in one operation and often will y1eld a su
perior end result for small defects to that
obtained by any flap The indications and
the technic are discussed in Chapter 13

PEDICLE FLAP RESTORATIONS
OF THE NOSE

Pedicle flap restoration is necexsary if the
whole feature or any conslderable part of
the framework 1s gone The best fizp is usu
ally one from the forehead, as this skin has
better ri;idity, color and texture for the re
pair and contracts less than that from any
other flap (Figs. 75, 194 and 195) The best
noses can bt made on men who are bald or
have a receding anterlor hairline so that a
really large flap can be procured in any
event, a forchead at least 7 ecm high (from
eyebrow to halrline) i3 essential for the con
struction of an entire normal-sized adult
nose. The flap 1t turned on a pedicle con
tainipg the supra-orbital artery and it is
best to have the pedicle on the opposite side
from the defect when only a portion of the
nose is bemg replaced The distal half of
the flap should contain the entlre height
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F1c 196 (Left) Crumpled, collapsed nostril from almost complete loss of hining
and subsequent internal scarring A fine skin hook was put on the nostril border and
pulled forward and outward as the scar was dissected out from the inside of the
nostril, until the nostril was completely expanded to 1ts original shape Then a sheet
of spht graft was draped over the nostril and packed in with a strip of 10doform
gauze, distending the nostril to oversize A small transverse scar over the middle of
the nose was excised and resutured (Rig/t) Appearance 2 months later with an
excellent airway and no external deformity

of the forehead and then gradually narrow over the defect to provide part or all of the
down by downward curvature of the upper lIiming The lower part of the new nose can
border to a pedicle in the eyebrow region be lined by turning the thin distal end of
about 114 inches in width the flap m under If liming cannot be pro-

The flap 1s delayed 1n 2 stages, making cured elsewhere for the upper half of the
the upper and the lower mncisions and under- new nose, 1t may be necessary to line this
mining between them at the first stage portion of the flap with a free full-thickness
From 10 days to 2 weeks later, the end 1s skin graft at the time that 1t 1s first raised
cut across, and the distal mnch or so of the The position of the nostril bases and the
flap may be undermined quite thinly so as base of the columella 1s carefully marked
to give a thin end for the nostril borders, on the face, opening incisions are made to
the columella and the lining When the fore- receive the flap, and the flap 1s brought
head flap 1s quite soft and free from any down and sutured in place The end of the
redness, edema or mduration (usually about flap 1s folded in under on itself to make
2 weeks later), it may be swung down onto the nostrils and the columella, sphitting the
the nose Lining for the new nose must be end nto three tails if necessary Consider-
planned carefully in advance If any rem- able shaping of the new nose can be done
nants of the original nose are left, it may at this time by careful trimming and su-
be possible to mvert flaps of skin from them  turing, the surgeon always being careful of
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Fre 197 Complete Joss of nasal lining and septum In early childhood from specific

infectiom, with resuliing “sucked in” collapsed nose At the first operation an
incislon was made underneath the upper lip through and into the cavity, and
the scar was excised from the Interior of the nose unt:] the dorsum could be brought
well forward and the nostrils overexpanded A dental wax mold was made of the
expanded cavity wrapped in a sheet of split grajt (raw side out) and inserted under
the upper §ip up into the nose, After the graft “took’ this mold was worn for
1 month and was removed dafly for cleansing At the second operation the fistula

under the upper lip was closed, and a cartilage transplant was inserted into the

dorsum of the nose

the blood supply clear out to the end The
forchead defect is conered with fine mesh
pauze and a bandage around the head The
new nose is packed and further shaped with
an external aluminum splint

Two or 3 weeks later the pedicle is
divided at the top of the nasal defect and
the remainder of it is returned to the fore
head The rest of the forehead defect 1a

covered with a thick split-shin graft, and
the upper edge of the new nose {s trimmed
and sutured in place An L-shaped cartilage
support 18 inserted later if necessary for
support Some final trimmng and shaping
is almost always necessary but should be
delayed until all the swelling is out of the
new nose

Cheek flaps w1l also provide a good color
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FIG 198 Profile views of the patient in Figure 197, showing the result of repair
in 2 operations No flaps were used, and the total hospitahzation was about 9 days

match and can be used for partial restora-
tions They are planned with the pedicle
base as close to the nose as possible, and
frequently with the lower edge 1n the naso-
labial crease In older patients with loose
skin, 1t 1s often possible to close the defect
by undermimng, sliding the edges together
and suturing However, 1f this distorts the
lip or the eyelid, 1t may be necessary to close
part of the defect with a supraclavicular
graft These cheek flaps can be raised and
transferred directly, if they are short enough
and have a suffictently wide base but n
other 1nstances should be delayed once or
twice before transfer

When the forehead or t ™ ' 1s not
available, or the patxentﬁP , re 1o
use them, a flap from th "¢ zor
the upper chest may L - are

om-

better for partial restorau

plete reconstructions and 1n any event tend
to be excessively white, flabby and difficult
to shape accurately into a good-looking nose
Shrinkage may be great, especially in arm
flaps, so that they should be designed at
least twice as large as the pattern of the
defect, final trimming should be long de-
layed unti1l one 1s certain that no more
shrinking will occur (Fig 74)

GRAFTING INSIDE THE NOSE

Grafting 1nside the nose 1s often nec-
essary to replace mucosal lining which has
been lost by infection (Figs 196, 197 and

198) (1 r or pyogenic) or for congenital
vesti ~1a (Fig 199). Traumatic
web airways from through-and-
thr ons may also require grafts
for Spht grafts will take rou-
tir nose but do not undergo
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metaplasia and remain permanently as skin
They may secrete sebum and even grow
hair, If thick, so that they should be cut
quite thin and removed from a relatively
hairless donor area. These grafts underge
much shrinkage, so that some Initial over
correction should be dane inserting as much
graft as possible. Circular scars at either the
upper or the lower border of such e graft
may prove to be troublesome in contracting
so that it is best to avoid them whenever
pessible, by switching a small local flap

across some part of the web and grafting
the remaining raw area. Full thickness
grafts can be used occaslonally for very
small regular areas, but most of the defects
are quite irregular, after dissection, and of
considerable size

After widely opening the airway by dis
section (taking care to avold exposure of
any bare cartilage or bone), hemostans is
abtained by temporary paching with 1.5 000
epinephrine on gaure A fairly large thin
sheet of split graft is obtained from a rela

Fia 199 Congenital atresfa of the nares. The left noatril was about
the same as the right. A small flap was fashioned from one side of the
web to line the new nasal floor The remainder of the web was cut out
and a sheet of sphit skin graft was packed in aver the strip of lodoform
gauze Both nostrils were done at the same operation It Is Important to

end these nosteils foitially

Frc 200 Restoration of the colomella In opere
ga‘h fruBm%dtegapgd!rTn the ear (l;ms:rr?ej B, S:\d
onon, Bradfo: te free prafts of t
and cartilage from the ear Ann Sarg 124 “Fg;)muucu of skin
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tively hairless donor area and 1s draped over
the nostril opeming A strip of 1odoform
gauze is packed through the center of the
graft back into the airway, carrying the
graft with it, past the raw area The pack-
ing 1s continued until the nostril and the
airway are overdistended Counterpressure
1s obtained by means of an external alumi-
num nasal splint The packing 1s removed
on the 4th day, the excess graft 1s excised,
and then repacking 1s done daily, with
cleansing and application of some mild anti-
septic, for 2 or 3 weeks

Columellar losses may be the most dif-

ficult of all and require ingenwmity for therr
repair Local shifting of tissues and free
composite grafts from the ear are used
whenever possible (Fig 200) At times, a
flap may be advanced from the upper lip
mto the columella, as in secondary double
cleft-ip repairs When the entire columella
1s mussing, it may be necessary to bring n
a distant flap from the arm or elsewhere

Nostril floor defects are usually filled in
with a tiny flap from just outside the base
of the nostril The pedicle 1s 1n the upper
hip, and the flap 1s switched from just out-
side the nostril to just inside 1t
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ACQUIRED DEFECTS

Losses of the external ear are numerous
and often complicate other serious defects
sa that plans for rapid and simple restorn
tion are Important without the use of mas-
sive distant flaps or great numbers of opera
tions (Figs 201 to 209) The losses result
mostly from burns gunshot wounds traffic
gonrdents and {reezing Congenital absence
and loss from neoplasms account for a rels
tively small but important number

Whatever plan of repalr is used {t is best
st 8 prebminary measure to replace any
sizable amounts of scar tissue in front be
bind or above the ear remnant with soft
and plisble free shin grafts Since the skin
just above ond behind the ear remnant prob-
ably wil} end up on the front of the new ear
nm one can consider using postauricular
skin graft {rom the other ear or supra
clavicular skin graft for this area. If a large
amount of slan replacement 1s necessary
#plit skin from the lower anterior chest is
used

For replacement of only the rim and a
small amount of adjacent tissue no earti
lage transplantation may be necessary The
edge of the ear stump is {reshened and im
planted into the shin (or skin graft) behind
and above it and allowed to heal in for 3 or
4 weehs The outline of the new ear is then
drawn in with methylene blue and a further
outline is drawn outmide of this to include
enough shin to make a rolled helix and to
<urface the back of the repalred portion
Then an incision is made outside this Jast
line and the <kin flap and ear stump are ele

vated {rom the head the flap Is rolled into
 helix and & new back, and the bare place
on the head Is covered with a fresh split
sk graft {Figs 208, 209 and 210)

It a larger segment of ear is missing 50
that a cartilage transplant will be necessary
to replace part of the [ramework the pre
hmunary work and the first stage are also
done as shove When unfon is firm (2 or 3
weehs) an adequate prece of costal cartl
lage 15 put in under the scalp flap in the
desired shape Inanother 3 or 4 weeks when
there Is no swelling the flap and the cartl
lage are dissected free of the skull 50 as to
leave soft tissue attached to the undersur
face of the cartilage and to the skull This
procedure requires accurate careful disec
tion The resultant double raw surface Is
grafted with a single large thick split graft
Later adjustment may be necessary If there
is not adequate size or the patient requests
it a small tubed flap from the immediate
neck region can be added for the helix
however this is seldom requested

With this simple plan, losses of the helix
and the pinna ean be repaired in 2 opers
tions and total reconstructions of both ears
have been done in as little as 3 operations
(Figs 204-209)

In making an ear, skin in front and be
hind is needed with adequate sapport {or
armature} in between. The sealp skin that
was behind the ear is brought to the front
surface of the ear, cartilage (preserved or
fresh) forms the support, and a free grait
goes in behind Tt is recognized that s com
pletely normal totsl ear cannot be made

225
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tively hairless donor area and is draped over
the nostril opening A strip of 1odoform
gauze is packed through the center of the
graft back into the airway, carrying the
graft with 1t, past the raw area The pack-
g 15 continued until the nostril and the
airway are overdistended Counterpressure
1s obtained by means of an external alumi-
num nasal splint The packing 1s removed
on the 4th day, the excess graft 1s excised,
and then repacking 1s done daily, with
cleansing and application of some mild anti-
septic, for 2 or 3 weeks

Columellar losses may be the most dif-

ficult of all and require ingenuity for therr
repair Local shifting of tissues and free
composite grafts from the ear are used
whenever possible (Fig 200) At times, a
flap may be advanced from the upper lip
mto the columella, as 1n secondary double
cleft-lip repairs When the entire columella
1s missing, 1t may be necessary to bring n
a distant flap from the arm or elsewhere

Nostril floor defects are usually filled in
with a tiny flap from just outside the base
of the nostril The pedicle 15 1n the upper
lip, and the flap 1s switched from just out-
side the nostril to just mside 1t
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ACQUIRED DEFECTS

Losses of the external ear are numerous
and often complicate other serious defects
so that plans for rapid and simple restora
tion are important without the use of mas-
sive distant flaps or great aumbers of opera
tions (Figs 201 to 209) The losses result
meatly from burns gunshot wounds, teaffic
accidents and freezing Congenital absence
and Joss from neoplasms account for a rela
tively small but important number

Whatever plan of repair is used it is best
as a preliminary measure to replace any
sizable amounts of scar tissue in front be
bind or above the ear remnant with soft
and pliable free skin grafts Since the skin
just above and behind the ear remnant prob-
ably will end up on the {ront of the new ear
rim one can consider using postauricular
skin graft from the other ear or supra
clavicular shin graft for this area, I{ & large
amount of skin replacement is necessan
split shin from the lower anterior chest Is
wsed

For replacement of only the rim and a
small amount of adjacent tissue no carti
tage transplantation may be necessary The
edge of the ear stump is {reshened and im
planted into the skin (or skin graft) behind
and above it and allowed to heal 1o for 3 or
4 weeks The outhine of the new ear Is then
drawn in with methylene blue and a further
outhine is drawn outside of this to include
enough skin to make 2 rolled helix and to
surface the bach of the repawed portion
Then an inchsion {s made outside this last
tine and the skin flap and ear stump are ele

vated from the head the fiap is rolled into
 helix and 8 new hack, and the bare place
on the head is covered with a fresh split
shin graft {Figs 208 209 and 210)

If a larger segment of ear is missing so
that & cartilage transplant will be necessary
to replace part of the frameworh the pre
Hminary work and the first stage are also
done as above When union is firm (2 or 3
weths) an adequate piece of costal cartl
lage is put in under the scalp flap in the
desired shape. In another 3 or 4 weeks, when
there is no swelling the fiap and the carti
lage are dissected free of the shull 50 as to
Ieave soft tissue attached to the undersur
face of the cartilage and to the skull This
procedure requires acourate, careful disec
tion The resultant double raw surface is
grafted with a single large thick split graft
Later adjustment may be necessary If there
is oot adequate size or the patient requests
it & small tubed flap from the immediate
nech region can be added for the helix
however, this is seldom requested

With this simple plan losses of the helix
and the pinna can be repaired in 2 opera
tlons and total reconstructions of both ears
have been done in as little as 3 operations
(Figs 204-209)

In making an ear shin in front and be
hind Is needed with adequate support {or
armature) in between The scalp skin that
was behind the ear iy brought to the front
surface of the ear cartilage {preserved or
fresh) forms the support, and a free graft
goes n behind It is recognized that a com
pletely normal total ear cannot Le made

228
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There 15 no tissue available to make 1t with
if it could be done Although fresh (or pre-
served) ear cartilage may be used, or chips
of costal cartilage may be molded into the
exact shape, the skin available usually will
not fit into the various recesses of the
concha, the triangular space and the curves
of the helix to bring these variations of the
cartilage into prominence For these reasons,
the restorations are recognized as substitu-
tions, and size, general shape and direction

are concentrated on 1n total restorations, but
a general outhne and prominence may at
least fail to attract notice Many friends
and surgeons have talked to the patient in
Figure 204 without noticing that both ex-
ternal ears have been totally reconstructed

Prosthetic ears of latex or soft plastic are
used according to patients’ wishes They
look like normal ears at a slight distance
but have the trouble of falling off and re-
quire more care than most patients want to

OV,
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Fic 201. Rim restoration without cartilage implantation (Z'op) Restoration of the
crus of the helix and the helin with local flap and graft in two operations Mddle view
shows ear implanted m the scalp (Center and bottom) Operative steps (1) Ldge

opened (2) Scalp pocket prepared. (3 an
operation Second operation* the ear 1s cut
1s stented behind 1t (Brown, J B, et al-

car, Surg, Gynec & Obst 84 192)

d 4) Edge buried m scalp to complete first
loose from the scalp, and a spht shin graft
Surgcal substitutions for losses of external



Fio 202 Ear rim re-
construction without
cartilage transplant
Loss from hemangioma
with much surrounding
scarring  Flrst opera
tlon spiit graft ap-
plied in front above
and behind ear Second
operation some months
later the top of the
ear was denuded and
buned in the skin graft
above Third opera
tion the top of the
ear with attached flap of skin was taken loose from the scalp, and the flap was rolled around
to make a new helix A scalp defect was grafted

Fio 203 Total ear
rim reconstruction
without cartilage trans-
plant in same method
as used in Figure 202
The nose also resur
faced with skun graft,
which is shown here at
an early pink stage
but later it bleached
out The ear rim result
was much superior to
the use of a blobby lit
tle flap from the neck,
with visible neck scar
ring ete,

Fio 204 Major ear repalrs with cartilage
transplantation Almost total loss of both ears
in one patient from freezing infury Both were
repaired in 3 operations by burying ear edges
in skin behind transplanting carved nb carty
lage under the skin, dissecting the new ear
loose and putting a split-skin graft behind §t



Ticurr 206

Fic 205 (Top) Gunshot loss with
occlusion of canal that was opened with
flaps of local tissue Reconstruction done
with neck flap brought up in stages and
with preserved cartilage support (Bol-
tom) Loss of about one third of bulk
from fire Reconstruction with local flap
preserved cartilage and split graft
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Ded GRams  3/2%46

16 207 The dmwings of Figures 206 and 207 show operative steps in total re-
uouf;trucﬁon of ear in 3%‘1:!1“]0115 At the first operation, the edge 1s freshened and
buried In scalp pochet behind Second operation 3 weeks later an opening is made
well above, and a complete tunnel is made in the area. The curved portion of a costal
cartilage is carved to simulate the normal contour and is burfed in the tunne! Third

tion the new ear is carefully dissected forward the surgeon being sure to leave
vi:bk soft tissue both on the back surface of the cartilage and the outer surface of the
skull. The double defect is covered with a split skin graft. (Brown J B, ¢t af
Surgical substitutions for ear loases, Surg  Gynec & Obst. 84 192)

Fio 208 Recon
struction of the upper
ear mth cartilage trans-
plant in 3 operations,
for traumatic loss. (1)
The top of the ear rem-
nant was denuded and
imbedded in a slash
pocket of skin above
{(2) A rib cartilage
transplant was carved
into shape and inserted
(3) The ear top was
taken loose from the
head and split-grafted
behind This method
leaves almost no visible
surrounding scars. The
patlent had a strabis-
mus operntion done be-
tween the ear opera
tlons and other ear was
also set back a little
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give (Their routine use would be acceptable
to most surgeons ) What the patient wants
15 the deciding point

One deformity that occasionally occurs 18
loss of skin without crumpling of the carti-
lage, but with the ear healed clear back
against the skull so as to be hardly dis-
cernible as an ear Sometimes much can be
gained here by simply freeing the cartilage
from the scalp and grafting behind 1t and
on the scalp The result will not be perfect
but may be better than the usual total
reconstruction

Small defects about the rim or the upper
portion of the ear can be filled in occa-
sionally with a composite graft from the
other ear Thus a large curled-over hehy on

m— .

Fic 209 Nearly
total loss of ear from
dogbite, reparred
3 operations, as de-
scribed in Figure
208 Preserved car-
tilage was used.
which later under-
went some absorp-
tion, with need of
autogenous replace-

ment The normal
ear was set bach
some

one ear can be converted nto a small but
natural-appearing curved helix on both ears

Congenital absence of the ear may pre-
sent a more difficult problem than trau-
matic loss The vestigial remnants that are
present may be too far forward, either too
high or too low, and may be associated with
loss of the middle ear, loss of the internal
car, loss of the 8th nerve, weakness or ab-
sence of some branches of the 7th nerve,
and a short mandible on the affected side
The crumpled remnants of cartilage can no
more be straightened out than could a cloch
spring The first operation usually consists
of exaising this crumpled cartilage, smonth-
ing out the shin, shifung the lobe to the
proper location and making certain that
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Fro 210 Congen
jtal absence of the
ear Reconstruction
by (1) excision of
some cartilage rem
rants and repontion-
ing of lobe (2) im
plantation of carved
b cartilage frame
work, (3) detaching
the ear from the
head swinging the
ear {orward and skin
grafting behind it
The normal ear was
set back. While leav
ing much to be
desired, the results
by this method are
as good as or bet
ter than any other
method, and a life-
long series of opera
tions Is not required

Fra. 211 Congen
ital shsence of most

.
“ , \\ of the ear Repalred
in a few op~rations
N by the method de-
h \ N ;crlbed In Figure
10
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Fic 212 Congenital absence of the ear The hairline came down too low to start
out the usual repair, so a segment of adjacent hair-bearing shin was replaced by a
supraclavicular free skin graft, as a preliminary operation Then reconstruction was

carried out, as described in Figure 210

enough smooth skin 1s present mn the correct
location to make the anterior surface of the
new ear Frequently, the hairline 1s too low,
so that 1t may be necessary to excise some
scalp above and replace 1t with a free graft
from behind the opposite ear (or from the
clavicular area) The second operation con-
sists of putting a carved sheet of costal car-
tilage for framework and usually 1s done at
4 or 5 years of age, or whenever enough
growth has taken place so that a framework
for an ear 55 to 60 mm 1n length can be
mserted (the ear does most of its growing
during the first 4 or 5 years of hfe) The
third operation 1s hinging the new ear out
from the shull, and skin grafting behind it
Later work may consist of trimming and
adjustments, adding a helix flap, building
out the jaw line with cartilage, or whatever
seems necessary 1n the particular patient
(Figs 210, 211 and 212)

If a canal is put in, it 1s usually for ap-
pearance rather than for hearing (1n these
congemtal absences) and can be done at the
first operation Many mvolved technics re-
quring a myrnad of operations have been
described, but the results seldom justify the
means.

Congemital absence of the external
auditory canal be treated, in <ome n-

B

-

stances, by creating a canal by dissection
and hmng 1t with a spht shin graft Pre-
Iiminary roentgen studies are made to de-
termine the presence of a bony canal, as
well as examinations by an otologist to indi-
cate the probability of a useful hearing
mechanism on that side In general, chil-
dren with a fairly large and well-formed ear
remnant are apt to have a good bony canal
Imed by a blind epithelial pocket or cyst
and present the possibility of reconstruc-
tion of a good auditory canal Those with
only small skin tags or cartilage remnants
are apt to have no bony canal or one that 1s
too small to use

An masion 1s made behind the external
ear over the anterior edge of the mastowd
process and estending downward to within
about 1 cm of the mastoid tip The ecar is
reflected forward, and the dissection 1<
carried down onto the bare bone of the an-
tertor edge of the mastoid and then upward
to its superior extremity Just anterior to
this, and a httle deeper, the canal 15 ¢n-
countered. At times, it will be lined with
defimte epithelium and may even contain
cerumen. but in other instances the bony
canal will he filled with areolar ficsue which
must be removed. (Carc must be userd in
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Fic 213 Congenital absence of the auditory canal Roentgenograms showed a

bony canal and hegring tests indicated auditory mechanism on this side. An inci
sion was made behind the ear down to the anterior surface of the mastoid, then
upward and forward to enter the bony canal The membrane in the bony canal was
ed, exposing an epithelial pocket containing cerumen A small skin flap was
rated on the anterior surface of the pinna and dissection was carried through the
ear The incision behind the ear was closed The flap was turned down into the bony
canal to line the floor The remainder of new canal was lined by a split graft inserted
over & dental wax mold (The little flap avoids the circular scar which would result

if a graft alone were used )

this dissection to avold Injuring the facial
nerve )

A small skin flap is then fashioned on the
anterior surface of the ear long enough to
reach the bottom of the bony canal or the
epithelium in it and wide enough to line one
side of the new canal The base (or pedicle)
of this flap is usually in the antitragal re-
glon and the flap is removed from over the
new orifice and as far forward as the reglon
between the tragus and the crus of the helix.
The distal end of the flap is quite thin but
It may be thicker back at the pedicle. The
flap is turned down into the canal to line

the postero-inferior segment and if possible
is fastened with 1 or 2 sutures at the end
The incision behind the ear s closed, and
the remainder of the canal is lined with a
thin split skin graft put in anterlorly over
a dental wax mold The mold is removed 1n
5 davs any excess graft is excised and the
mold is replaced. The mold is removed every
2 or 3 days for cleaning and 1s replaced
until it has been in place for 1 month. The
small flap liming one side of the canal tends
to prevent clrcular constriction of the graft
and to ensure a permanent patent canal
(Flg 213)
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F1c 212 Congenital absence of the ear The hairline came down too low to start
out the usual repair, so a segment of adjacent hair-bearing skin was replaced by a
supratlavicular free skin graft, as a prelminary operation Then reconstruction was

carried out, as described in Figure 210

enough smooth skin 1s present in the correct
location to make the anterior surface of the
new ear Frequently, the hairline 1s too low,
so that 1t may be necessary to excise some
scalp above and replace 1t with a free graft
from behind the opposite ear (or from the
clavicular area) The second operation con-
sists of putting a carved sheet of costal car-
tilage for framework and usually 1s done at
4 or 5 years of age, or whenever enough
growth has taken place so that a framework
for an ear 55 to 60 mm 1n length can be
mserted (the ear does most of its growing
during the first 4 or 5 years of life) The
third operation 1s hinging the new ear out
from the skull, and skin grafting behind 1t
Later work may consist of trimming and
adjustments, adding a helix flap, building
out the jaw line with cartilage, or whatever
seems necessary in the particular patient
(Figs 210, 211 and 212)

If a canal 1s put 1n, 1t 1s usually for ap-
pearance rather than for hearing (in these
congenital absences) and can be done at the
first operation Many mvolved technics re-
quiring a myriad of operations have been
described, but the results seldom justify the
means

Congenital absence of the external
auditory canal can be treated, in some n-

stances, by creating a canal by dissection
and lmng 1t with a spht skin graft Pre-
Iiminary roentgen studies are made to de-
termine the presence of a bony canal, as
well as examinations by an otologist to ind:-
cate the probability of a useful hearing
mechanism on that side In general, chil-
dren with a fairly large and well-formed ear
remnant are apt to have a good bony canal
lined by a blind epithehal pocket or cyst
and present the possibility of reconstruc-
tion of a good auditory canal Those with
only small skin tags or cartilage remnants
are apt to have no bony canal or one that 1s
too small to use

An mcision 1s made behind the external
ear over the anterior edge of the mastoid
process and extending downward to within
about 1 cm of the mastoid tip The ear 1S
reflected forward, and the dissection 15
carried down onto the bare bone of the an-
terior edge of the mastoid and then upward
to 1ts superior extremity Just anterior to
this, and a Iittle deeper, the canal 1s en-
countered At times, 1t will be hned with
defimte epithehum and may even contain
cerumen, but 1n other istances the bony
canal will be filled with areolar tissue which
must be removed (Care must be used mn
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Fic 713 Congenital absence of the auditory canal Roentigenograms showed a

bany canal, and hearing tests indicated auditory mechanism on this side An inci
slon was made behind the ear down to the anterior surface of the mastoid, then
upward and forward to enter the bony canal. The membrane in the bony canal was

ed expoung an epithelial pocket contalning cerumen A small skin flap was
cexj‘::lted on the anteror surface of the pinna, and dissection was carried through the
ear The mncision behind the ear was closed. The flap was turned down into the bony
canal to Jine the floor The remainder of new canal was lined by a :gm graft inserted
over a dental wax mold (The little flap avomds the crcular scar which would result
if a graft alone were used.)

this dissection to avold injunng the facinl
nerve )

A small skin flap is then fashloned on the
anterior surface of the ear long encugh to
reach the bottom of the bony canal or the
epitheljum in it and wide enough to line one
side of the new canal The base (or pedicle)
of this flap is usually in the antitragal re-
mon and the flap is removed from over the
new orifice and as far forward as the region
between the tragus and the crus of the helix
The distal end of the flap is quite thin but
it may be thicker back at the pedicle The
flap Is turned down into the canal to line

the postero-inferior segment and, if possible
1s fastened with 1 or 2 sutures at the end
The incision behind the ear is closed, and
the remainder of the canal is lined with a
thin split-shin graft put in anteriorly over
a dental wax mold The mold is removed in
5 days any excess graft is excised and the
mold {s replaced The mold 18 removed every
2 or 3 days for cleaning and is replaced
until it has been 1n place for 1 month. The
small flap lining one side of the canal tends
to prevent circular constriction of the graft
and to ensure a permanent, patent canal
(Fig 213)
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FREE SKIN-GRAFT REPAIRS

On necks, 1t 1s thought that free skin
grafts will effect the best profile whenever
they can be applied (Figs 214 to 219) They
may not be as generally smooth as flaps on
the surface, but flaps are apt to be heavy
and expressionless-looking and, worst of all,
may result 1n a straight line profile without
any defimitive angle between the neck and
the jaw (Fig 87) The growth of free grafts
over such a movable object as the larynx is
difficult, but this.type of repair can be done
successfully even though statements have
been made that 1t 1s 1mpossible

If the repair 1s done before the area 1s
healed, split grafts are always used (Fig
214), and 1if there 1s a dirty sinus present,

Fic 214 (Left)
Complete loss of skin
of neck and part of
face, with a deep
dirty sinus 1n the
scar The jaw was
twisted down mnto an
open bite, the molar
teeth being together
This was restored 1n
2 thick spht and 1
full-thickness graft
operations (Right)
Result has persisted
through a 9-year
growing period
(Clinics 1 25)

1t 1s opened and the whole area 1s converted
into an open wound As stated before, any
unhealed surface 1s considered as dirty, and
full-thickness grafts are not risked in these
areas When completely contracted nechs
are dissected open, there may be such a huge
defect that split grafts are the only avail-
able means of repair (Fig 215)
Deformity may be so great that the pa-
tient cannot look the world 1n the face, and
a normal social and economic status 1s 1m-
possible In children, a wide-open bite of the
jaw may develop because of the pull of
the scar on the chin (Figs 215 ‘and 216)
In this situation, the first premise of treat-
ment 1s to open and cover the neck so that
the head may be held up and the jaw re-
turned to 1ts normal occlusion It 1s almost
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front and both sides of the neck and behind
and over both ears With the head extended,
this 1s bound on with a gauze roll wrapped

continuously 1 3 successive turns, (1)
around the neck, (2) around the head at
the forehead level, and (3) a vertical loop
passing under the chin, over the top of the
head and in front of both ears Outside of
this, a gauze bandage 1s wrapped tightly and
continuously in the same 3 successive turns,
and this 1s bound on with a roll of I-inch
adhesive The bottom of the neck dressing
13 fastened to the chest with large straps of
2-inch adhesive The completed dressing
should exert uniform firm pressure—upward
on the upper part of the neck between the
two horizontal sides of the mandible, back-
ward on the front of the neck, and medially
on the two sides If enough waste padding
1s used over the larynx and the trachea, and
if care 1s taken in the application, this can
be done without interfering with the air-
way The dressing 1s applied with the head
and the face straight and shghtly extended.
and 1f firmly secured to the head and the

F1c 220 (Lejt
Heavy, thick, wob-
bly flap repair of the
neck, put on mn 4
long series of opera-
tions elsewhere, to
extreme dissatisfac-
tion of the patient.
Mouth closing re-
quires conscious ef-
fort, because of the
weight of the under-
lying curtain of mert
tissue, this even
pulls the angles of
the mouth down
(Right) The flap
was removed and
replaced with thin,
flexible, free grafts,
which look and feel
better and also move
better

body, will immobilize the neck sufficiently
so that plaster cast fixation s neither
desirable nor necessary

“Z” PLASTIES ON THE NECK

The “Z” plasty, or rotation and interdigi-
tation of triangular flaps from either side of
the wound, does not create any more shin
but smmply rotates the axis of tension
through 90° (Fig 107) Therefore, 1t 15 use-
ful only when there 1s looseness horizontally
and just shght tightness vertically Some
loose vertical webs, and some vertical nci-
sional scars which are pulled out 1nto a web
can be repaired best 1n this manner Con-
gemtal lateral webs of the neck can also
be improved by this procedure, though it
does not obviate the deformity caused by
the short, wide, heavy musculature that 1s
often associated with this condition

“Z” plasty is not indicated for the
usual burn contractures of the neck, mn
which there 1s gross loss of skin with ex-
treme tightness in every direction
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Fro 221 (Left)
Flap mpalr F’ul on
burned neck in over
100 operations else-
where, to extreme
dissatisfaction of the
patlent. She could
not even close her
lips duetothe heav
inesy of the flap re-
pair and did not
dssite many more
operations (Right)
Retult of cutting
across the flap re-
storing the neck an
%k, and mnserting a

ree gralt from ear
to ear Now she can
close her mouth eas-
{ly See also Figure
222

“Z" plasties with scar flaps are apt to
end in failure in any situation, and 27
plasties of skin graft flaps have an uncertain
prognosis.

PEDICLE FLAP REPAIRS
OF THE N\NECh

Pedicle flaps are rarely Indicated for

open burns or burn contractures of the
neck. One might conceive of a case with
marhed keloid tendency and tremendous
deep scarnng where a flap might be indi
cated, but 1f used, 1t is apt to end up as a
flabby 1nert mass hanging in a straight line
from the chin to the sternum Many such
patients have been seen who have had these

F1a 222 Trofile view
of patient in Figure
221, before and after
cutting across the flap
establishing the neck
angle and Inserting a
free graft to free the
lower faw from the
neck and the body
These heavy curtain
flap repairs of the neck
are rather typical of the
many that have heen
seen for sevondary cor
rection (The final
rho(o in this patient is
es3 than 4 months after
operation, 20 the border
scars around the graft
have not settled dowm
yet)
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repairs done elsewhere (Figs 220, 221 and
222), and 1in most nstances the remedy 1s
to remove the entire flap and apply free
skin grafts directly on the underlying neck
musculature In some instances, the flap has
been cut across horizontally, the edges
spread, and a skin graft inserted to make
an angle between the neck and the jaw

Pedicle flaps are indicated for some
deep defects resulting from radiation
burns or the removal of tumors A perma-
nent pedicle blood-carrying flap (cf Chaps
12 and 32) 1s usually the method of choice
and sometimes can be obtained from else-
where on the neck or from the adjacent
upper chest (Fig 94)

Back flaps, percentage-wise, yield so few
good results on the neck that their consid-
eration might be omtted

Arm flaps can be used for small repais,
but 1n such 1nstances 1t 1s often possible and
preferable to use a permanent pedicle blood-
carrying flap

Jump flaps can be brought up on the
wrist or the forearm from the abdomen,
preferably as open flaps rather than tubed
ones Again, however, there 1s the distress-
ing tendency for the flap to hang as a cur-
tain from the chin to the sternum, and for
the very weight of 1t to pull down on the
lower lip and tend to keep the mouth
open
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Repairs of the Scalp

OPEN BURNS

For the usual burn of the scalp there 1s
frequently a long period of procrastination
in repairing the defect with a graft This is
partly due to the extreme depth of the hair
follicles so that hairs may grow up through
a granulating surface, and the follicles epl
thelium ultimately effect healing When thus
is going to happen there should be some
evidence of it within 4 weels and if there
1s not, grafting should be done Healing with

Fio 223 (Left)
Large painfol wound
from full thickness
loas that probabl
would never hea
(Center) Complete
bealing with a thick
®lit graft, One op-
eration (Rigkt) Per
sistence of functlon
alter 6 years, (Clin
ka1 25)

Fio 224 (Left)
um of scalp from
ty -parlor combs
In this remon scar
epithelrum is slow to
form and usually
g‘t}uh: unsatisfac
surface
with ml:ng tend
Ny 1o repeated ul
Ceratlon (Reghe)
Restoration done in
one operation with g
stagle aplit graft
(Surg ‘Gynec &
50 379)

scar epithelium from the edges 1s extremely
slow and there 1s almost certain to be re
peated breakdown and ulceration of the
new surface, much to the patient’s final
disgust.

Such burns may be from heat where the
clothing or the hair has been on fire or
flash burns from explosions hot liguids or
tar etc. One type seen occasionally 1s fol
lowing an automobile accident 1n which the
patient s head has been pinfoned under the
car against a hot exhaust pipe with the
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motor still running Other deep lesions may
be seen following electrical burns, chemical
burns, meningitis sloughs, sloughs from sen-
sitivity to sulfa drugs or other allergies, etc

Once 1t becomes evident that grafting will
be necessary, preparatory dressings and
treatment should be carried forward If the
area 1s small, shaving for an inch or so
around may suffice, but 1f the area 1s fairly
large 1t 1s usually necessary to shave off all
remaining hair and keep 1t off Daily soap
and water cleansing and wet dressings may
hasten satisfactory preparation of the gran-
ulations It 1s especially important that the
surrounding area be kept clean at all times

Grafting of this area 1s simple, and prac-
tically all repairs can be done with thick
split grafts Of course, the grafted areas will
be bald, but the remaining hair usually can
be arranged to cover them (Figs 223 and
224)

For small areas, “tie-over” dressings may
be used locally, but large grafts are simply
sutured m place around the edges The ex-
ternal dressing 1s always a little difficult
Surgical waste 1s used for padding, and a
craniotomy type of gauze roll and bandage
dressing may be used, with or without the
addition of turns under the chin If the
entire head has been shaved, multiple strips
of Elastoplast can be anchored back and
forth across the graft, under elastic tension,
and therr ends fastened down with cross-
strips of ordinary adhesive tape

THE PROBLEM OF DEAD
EXPOSED SKULL

If the periosteum has been lost, the prob-
lem 1s greatly complicated because free skin
grafts will not grow on bare cortical bone,
and 1f such bone 1s left bare and exposed
for a day or two, the outer table becomes
dead and will not accept a flap

Following excision of scalp tumors, 1m-
mediate sphit grafts can be used if a peri-
osteal bed remains If bare bone 1s exposed,
a direct local flap should be switched over
it immediately, and the donor area covered

with a spht graft

Following burns of any type, the appear-
ance of exposed skull calls for gentle treat.
ment and wet dressings as long as there ;s
any periosteum or soft tissue of any king
overlying 1t that may be wviable and give
rise to granulations Once the bone is com.
pletely bare, and clicks when lightly touched
with a metal instrument, the problem be-
comes one of getting rid of dead bone satis-
factonly (Figs 31 and 267)

It 1s not always possible to determine
whether the mner table 1s ahive, or the entire
thickness of the calvarium is dead The his-
tory of the length and the intensity of the
heat or other injurious agent may be help-
ful In general, 1n large areas of exposed
calvarium, both tables are apt to be dead,
whereas 1n small areas, more often only the
outer table is necrotic In case of doubt,
several shallow drill holes can be put just
through the outer table with neurosurgical
perforators and burrs, 1f 1t 1s thought safe
to do so; and one can await the appearance
of granulations from between the tables If
these appear, usually the intervening por-
tions of outer table can be pried off gently,
and then the whole wound will granulate in
a few days

If 1t seems probable that both tables are
dead, 1t 1s often best to prepare a delayed
local permanent pedicle blood-carrying flap
in advance of the bone removal operation,
provided that the area 1s small enough that
such a covering flap 1s possible The flap
may be based on either temporal artery,
either occipital artery, or any combination
of them Once the flap 1s ready, the area of
dead bone may be taken out by the usual
neurosurgical techmcs and the edges ron-
geured back to live bleeding bone all around,
and the flap then swung in place If sucha
flap cannot be prepared, 1t may be possible
to put sphit skin grafts on the dura or the
underlying soft tissue (we have even seen
split grafts grow on a fungating bram
tumor), and subsequently replace them with
a flap from someplace, even a jump flap
carried on the wrist, 1f necessary. However,
1t 15 better to use local flaps wherever pos-
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sible, even including forehend flaps adja
cent realp flaps, or neck flaps based behind
the ear

Split skin grafts applied over periosteum
or over granulations covering the fnner
1able will frequently provide satisfactory
permanent resurfacing 1f not they can be
replaced later with a flap Split graft ap-
plied aver dur or soft tiasues the ab
sence of bone usunlly should be replaced
with a flap Still later support can be put
in as a bone gmft, or inert implant as
preferred

\ erosurglcal consultation and help s of
the greatest assistance fn all of these diff
cult problems

QLD BURN CONTRACTURES
AND MARJOLIN ULCERS

Ol granulating scalp wounds may heal
eventually over a long perfod of time but
the resultant scar epithellum is unstable and
permanently troublesome The skull is a
rigid box and noncollapsible so that there
1s tenslon to begin with and recurnng ten
sion with repeated Lreakdown and ulcera
tion of the scar surface.

Some patients are seen with extensive
tight scarring of the scalp and the forehead
who have the eyebrows pulled up in a per
manent attitude of surprise and cannot close
their eyes because of the tension from above
in these patients relaxation of the brows
and normal closure of the eyes {or the first
time in many years usually can be eflected
in one operation by removal of the surface
rcar dlasection of the eyelids and the brows
downward and covering the defect with o
large split graft (Fig 327)

QOther patients are seen with extensive
tight «carring of the scalp and repeated
breakdown untll squamous carcinoma de
velops This is one of the frequent sites of
Marjolin ulcers The best treatment is pre
vention excision of the <car pushing back
the narmat shin edges and resurfacing with
«plit prafts before carcinoma develops
However {f carainoma has developed 3t
may be limited to the soft tissues for n

Fis 225 Tight burn scar of salp
(tap) of 40 years duration Repeated
breakdowns with cardnoma (Jlarjolins
olcer) nre now present but slight]y may
able over skull (Boffom) Result after
wide excision and «plit grafting The split
graft s soft, elastic, and moves {reelv on
the alvarium

time, dunng which 1t can be resected and
the defect covered with a sphit graft (Fig
215) ar o local flap If the carcinoma be
comes fixed to the <kull then the under
Iying bone must be removed en bloc with
it and the resulting defect covered with a
flap

AVULSION OF THE SCALP

Avulsion of the scalp 1s becoming an in
creasingly common industnal injury in
women due to the fact that long hair is
eastly caught In rotating machinen (Fig
216) 1f the flap Is still attached to the head
the edges are examined for bleeding and

e

!
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F1c 226 Total avulsion of scalp, forehead and eyebrows (Zeft) by industrial ma-
chinery (Center) Result after primary coverage with split-skin grafts (Right) Result
after fitting of wig, and soon after free eyebrow grafts had been transferred from a
little remaining hair on the nape of the neck

other evidences of wiability, 1t may be
trimmed back as far as necessary to get
bleeding edges, and then the viable portion
sutured back m place If 1t 1s completely
torn off, 1t 1s better to resurface the head
immediately with thick split-skin grafts
from the thighs or elsewhere There are
intermittent reports of shaving of the re-
moved scalp, defatting the undersurface,
and replacement as a free graft, but the take
1s usually spotty, and the hair growth 1s so
poor that a wig 1s necessary anyway

CONGENITAL ABSENCE
OF SCALP AND SKULL

Children are seen fairly often with small
congenital bald patches on the top of the
head, sometimes covered with only a glazy
scar epithelium No treatment may be re-
quired, or 1t may be worthwhile to try mul-
tiple excisions and suturing

Rarely, a child may be born with absence
of a large area of scalp and skull over most
of the top of the head Such a patient is
shown in Figure 227, with even dura absent,
and a large area of pia arachnoid and brain
exposed This was covered permanently 1n

one operation at the age of 2 days, rasing
a large'local permanent pedicle blood-carry
ing flap, suturing 1t over the defect, and
split grafting the donor area To help 1n out-
lming and planning the flap, the branches
of the temporal and the occipital arteries
were carefully palpated with the bare finger
and outhined on the surface in methylene
blue After this, 1t was possible to devise a
single large flap based on the temporal ar-
tery and 1ts various branches that would
swing over the defect and cover 1t This
patient 1s now 4 years old and seems to be
well 1n every way, with no neurologic deficit
apparent after repeated neurologic exami-
nations

OTHER LESIONS AND REPAIRS

Radiation burns may result from treat-
ment of ringworm of the scalp, or other
causes Some are so extensive as to require
excision of the shin and resurfacing with
split grafts In others, there may be even
death of bone, necessitating removal of the
bone and a flap repair, as outhned earher
n this chapter

Electrical burns may be deep with necro-



Fic 227 Congenital absence of scalp and skull (Top, left) Appearance at age of

24 bours with pla-arachoold exposed. This was covered immediately by a divect long

ent pedicle bleod-carrying flap based on the temporal artery, and extending

E;r_k over the occiput. The flap donor area was spht grafted at the same time (Top

right and bottom) Result shown at age of 18 months The child is now 4 yeors old

and is developing normally in every wav Probably will have a bone graft or a metal
plate put in later One operation Two weeks of hospitalization
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sis of the underlying skull The repair 1s as
outlined earlier in this chapter, and mn the
captions of Figure 267

Tumors may require resection of soft tis-
sues, with skin grafting, or soft tissues and
bone, with repair by a flap, as described
earlier 1n this chapter (also cf Chap 29)

SHIFTING FLAPS TO RESTORE
THE HAIRLINE

Bald split-grafted areas within the scalp
usually can be covered satisfactorily by let-

N2

i
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ting the surrounding hair grow long and
combing 1t over the spot

However, a bald sphit-grafted area at the
edge of the scalp or 1n the harrline creates
an unsightly deformity, particularly in men
which cannot be covered satisfactorily with
adjacent hair In this instance, 1t 1s usually
best to shift in a flap of the normal adjacent
scalp to make a new hairline, the donor
area of the flap 1s spht-grafted, of course,
but 1s well within the scalp where 1t can be
covered by adjacent hair (Fig 228)

PRV S |

Fic 228 Switching of flap from back of scalp
down to cover the bald spot mn the temple (result
of trauma) and create a hairhne The donor area
has been covered with a spht graft, which 1s also
bald, but this area 1s easily covered by combing

hair over it
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Postmortem Homografts

and a Skin Bank

Postmortern homografts may be obtained
fram patfents soon after death and wsed the
«ame as fresh homografts This procedure
makes more readily available o method of
supplying a “blologic dressing’ for tempo-
rary sealing of large burn wounds or exten
sive skin losses and may be a lifesaving
messure (Plate 2 Figs. 237 and 238) It has
been used roatinely on aur service for sev
eral yenrs and there seems to be no reason
to go back to the old procedure of obtasn
ing numerous smaller homografts from a
series of anesthetlzed live patients 1in this
work

The postmortem grafts are Hving and
will proliferate nesx epithelum from ther
edges in 7 to 10 days when obtamed and
used as recommended In this chapter This
is due to the fact that there Is a differential
time lag between systemic death (cessation
of breathlng and heartbent) and cellular
death in the various tissues in the cells of
the skin this may amount to several hours
or much longer if refrigeration Is employed

The living postmortem skin grafts de

cnibed here should not be confused with
Iyophilized skin or other dead grafts or inert
substances. Each has fts own properties and
uses

The living postmortem homografts
“take 1n the same manner as fresh auto-
grafts are invaded by the host's blood ves-
<cls and connective thasue sustnined by his

circulation become pink, grow and in gen
eral become part of hiy body until be de
velops an allergic reaction to them and
sloughs them off some weeks later Duning
this period, they seal his body flulds in and
act as o protective mechanism, apparently
almost as well as his own intact skin Fresh
postmortem homografts persist as long and
have the same properties as fresh ones from
live donors, provided that they are obtained
with aseptic technic from suitable donars
within the first hour or two after systemic
death

Desiccated, frozen, lyophilized, or
other dead akin homografts mayv adhere
to a raw surface for periods of 10 to 30
days and provide the next hest variety of
sealing for extenslve open wounds in de
bilitsted patlents. They may be mfiltrated
by the host s connective tissue in the same
manner that a plastic sponge or other Inert
material may be infiltrated but there is lack
of agreement among Investigators as to the
establishment of drculation in them, or the
nature of it and they definstely do pot grow
They do have the advantage that they can
be stored for longer periods of time

Living postmortem homografts can be
preserved in a skin bank for 5 few weeks
with a progressive Joss in the percentage of

takes” and in the dumtion of therr per
slstence,

Synthetic or other natural materialy

M
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Fic 229 (Top)
Very dirty wound
from complete, cir-
cular full-thichness
loss of skin On one
occasion, the patient
had been taken from
the hospital by her
parents because of
extremely bad reac-
tion to treatment
(Bottom) Full tale
of homografts from
mother, shown at
first dressing on 4th
postoperative day
(Surgery 1,558)
This was done 1n
1927, and postmor-
tem homografts
would be used for

have been proposed and investigated for
sealing large burn wounds, and 1f a satis-
factory one could be found that would per-
sist for several weeks, homografts in any
form would become obsolete

The use of postmortem homografts
provides large amounts of grafts from a
single source without disfiguring the donor
patient, and 1t avoids discomfort and the
time loss to comparable live donors, as well
as attendant wound care, pamn and occa-
sional surface scarring There can be large
savings of operative time, expense, physical
examinations, anesthetics and postoperative

this purpose now

care In one Eastern newspaper recently,
there was an article about the use of 100
lIive homograft donors to cover and recover
a single burned patient, this sort of thing
can be avoided and carried out to better
advantage for the patient by the systematic
use of postmortem skin homografts and the
maintenance of a skin bank

USE AS A LIFESAVING MEASURE

Homografts of skin are lifesaving in many
instances They have been used chnically for
this purpose 1n a large number of patients
on our service for over 20 years and have



tient as i Figure 229) (Left top) Another view of homo-
F1e 230 (Same patien ou A

grafts. These persisted for only 2%
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wound was much cleaner the

patient more tractable, and healing had begun (Left, bottom) Four davs after

second

tion showing full take of antografts Also shows small experimental

hom t that had been stored in icebox for 6 weeks with apparent partial take,
but ;’tm\:u all gone in 10 days (Right) Final reqult with split autograits also show
ing well bealed danor site on oppasite leg (Internal Abstr Surg 67 105)

after
half w|
were used

tion

been reported many times Their use has
been 3o successful and 50 routine as to con
stitute an essential part of the work
Postmortem homografts (in good liv
ing condition) “take” us well as auto-
grafta and seal” raw wounds equally well,
They proliferate new epsthelium from their

Fio 231 (Same patent as in Figures 229, 230) Lateral aspect of thigh 4 davs
full take of fresh autografts on lower half o take of upper
bomografts that had been stored in the patlents serum for 3 weels

edges which 1s grossly visible fn 7 to 10
days and will bridge small gaps between
them or between them and adjoming normal
skin or autografts

Homografts of skin probably never
peralst permanently except in the case of
identical twins (Fig 239) but may survive
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from 3 to 10 weeks or longer During this
period, they survive as living skin and may
even grow

After the shock phase 1s over, the ill
effects 1n a large chronic burn are due to
(1) the presence of dead tissue, (2) mfec-
tion, (3) leakage of Iife flmds from the
body, and (4) pain from exposed nerve end-
ings The dead tissue must be removed be-
fore the skin homografts can be appled,
and the growing homografts are a specific,
if temporary, cure for the other effects They
grant the patient a reprieve from his ex-
hausting 1illness or break it up into stages
and give him a chance to build up and mar-
shal his resources to win over the disaster

Perhaps the most dramatic effects appear
1 some emaciated, moribund, patients who
are first seen some weeks or months after
sustaining a large deep burn These patients
may have a high, persistent or swinging,
fever 1 spite of the use of all known anti-
biotics They may have anorexia, vommting,
diarrhea, evidences of impaired kidney func-
tion, bouts of pneumoma, a clouded sen-
sorium, and a morale completely broken by
long-continued pain Intravenous adminis-
tration of electrolytes, fluids and blood
seems like putting them into a sieve—as
blood levels may fall even lower after such
admimistrations Some of these patients will
die despite all efforts, but some can be saved
by massive homografting of spht skin A
few days after homografting the tempera-
ture may come down to a low-grade fever
or even to normal, they may start eating
well or may be able to tolerate continuous
gastric drip through a small-bore plastic
stomach tube, narcotics may be reduced,
the sensorium may clear, and morale 1m-
prove with the lessening of pain It becomes
possible for them to move around 1n bed, be
up 1 a wheelcharr, or even to get up and
walk around in their homografts, in some
instances Intravenous admimstration of
electrolytes and blood, after an mmtial lag.
brings up the blood levels They may gain
weight and present an entirely different pic-

ture 1 2 or 3 weeks, at which time auto
grafting may be begun

Homografts are also of value m the pa-
tient with a recent large burn Surgical
débridement can be done 1n stages (e g, one
extremty, of half of an extremity at a ime)
and after 2 or 3 days of wet dressings, homo-
grafts wrapped n place over these clean
areas Simultaneous autografting can be
done as tolerated, domng high priority areas
such as the face and the hands first, fol-
lowed by the neck, the gemtalia, and areas
around jomnts Homografts are then re-
placed, as they disintegrate, by autografts,
so that all of the final coverage 1s with auto-
grafts

Many patients with huge raw areas will
make no attempt to grow new epithelium,
even though the wounds are kept quite clean
and free from gross infection The wound
margins may remain entirely stationary for
weeks, and autografts may take quite well
but not proliferate even a single millimeter
In such instances, coverage of most of the
remaining raw areas with homografts may
result m sudden and rapid growth of auto-
epithelium, i a week or 10 days This epi-
thehhum may even replace all of the homo-
grafts in a fairly short time It 1s scar heal-
ing, of course, and may have to be replaced
later with autografts, but will persist for
permanent coverage i some flat areas

Homografts are also of value in some pa-
tients who have smaller old burns mvolving
only one extremity, or even less, hut are
completely demoralized by long-contmued
pain Some of these patients have hitle or
no desire to hive, are addicted to narcotics,
refuse to eat or co-operate in any manncr,
are muserable themselves and mahe every-
one around them muserable Often, the best
solution 15 to clean the wounds thoroughly
once or twice under general anesthesia and
then to wrap them completely i homo-
grafts After the homografts take, the pain
will be gone, and gradual withdrawal from
narcotics can be mstituted Once the patient
realizes that he can be cured and that his
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pain is gone, he usually becomes mare tract
able, so that later replacement with auto-
rrafts 1s feasthle

Homografts are also of use in large burns
with limited donor areas to Leep the patient
in reasonably good condition until final cov
erage with autografts can be attmined In
several stages aver several months ume
Some patlents will only have one or two
emall decent donor areas, and it may be
necessary to cut four or five “crops of
autografts {tam the same donor aren In
this Instance It §s necessary to cut the auto-
grafts thin dress the donor areas carefully
and to walt absut 3 weehs between cutting

crops ”

Homografts should not be used in recentiy
burned patients in relatively good conditiont
whose burns are small or mediym in extent
who can be covered directly with avtografts
in one or two operations In such instances
tomofrafts create 2 delay rather than a
respite, and the primary object in all in
stances s to get final permanent healing
and functioning at the earhest posable
moment

Successive “crops” of bomografts can be
used from different donors in patients with
unusunlly large bumns and tiny donor areas
10 that final coverage takes several months.
As many as 3 “crops” of homografts have
been used on one patient When one crop is
rather “moth-eaten” and loose it Is not nec
esary to walt for final and complete dis
integration usually the remnants can be
rcrubbed off in one or two sessions and then
anrother crop of homografts applisd

Fetal membranes zoografts bipod dots
and various other “blologle dressings” have
been reported sporndically with apparent
suceeds  from many different centers for a
long time but seem to drop quickly into
disuse So far as is known split akin homo-
grafis are the only substance that has been
used with remtine success for temporary
«ealing of large burn wounds n a great
number of patlents over a Jong period af
time

RELATION TO BLOOD TYPES

Blood grouping has httle If any rela
tionship to the take of bomografts In fol
lowing one serles of homograflts from 26
donars applied simultaneonsly to one pa
vent (Fig 232) no relation was found
either o the percentage of take or to the
length of persistence This series was typed
by Dr Francis E Holfort down fo even the
Al and the \ groups The ficst dlssolution
appeared In 3 weeks, and 2)] the grafts were
gone in 10 weeks, with nn average persist
ence of from 5 to 6 weeks Simlilar obser
vations have been carrfed out on other
patlents.

THE TECHMNIC OF APPLYING
HOMGOGRAFTS

Wounds have to be as clean for homo
grafts to tahe and grow as for autografls
No useful purpose Wil be served by putting
homografts over areas of slough or on dirty
or infected waunds.

Wounds are prepared for grafting as de-

cribed In Chapters 4 and 7 1t is giten to
the nlitimate advantage of the patient to use
a few extra units of blood so that the slough
can be removed rapldly with the knlle and
the wounds sealed with homografts and
thereby avold a long peclod of chranic de.
billtation,

1f the burned areas are quite extensive so
that the patient cannot withstand early sur
glcal débridement of alf of it the work can
be broken up into stages débnding ome
extremity (or even half of it or n compar
able area) at a time homogeafting it and
o few days later débriding another area In
general however It Is often best 1o employ
2 or 3 days of cleansing care and dressing
between the time of kuife débridement and
application of homegralis to a specific area

The bomografts can be fresh ones, or pre
served postmortem graits from a skin bank
the latter method is employed routinely on
our service The use of n bank means that
the patient can have the grafts applied when
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F1c 232 (Top) Homografts thought to be hfesaving (same patient as in Figs
229-231) Shows gross, clean absorption of homografts after 3 weeks (the last one
persisted almost 11 weeks) (Bottom, left) Biopsy of 3-week-old homograft which
appeared grossly normal Shows marked interstitial edema throughout, with hittle
cellular reaction (Bottom, right) Homograft biopsy at 5 weeks, when small holes
were appearing 1n the grafts Shows marked cellular infiltration with beginning solu-
tion and fragmentation of derma and epithehum Higher power shows so many
eosmophiles that it would be a good place in which to study this type of cell
Various round cells and polymorphonuclears also present

he needs them and when his wounds are 1
optimum condition to receive them, rather
than at some haphazard moment when a
skin donor may be available

At the time of application, the recipi-
ent’s wounds are washed gently with saline
(not with soap or a detergent); the sur-
rounding shin may be washed with soap
and water, and sometimes a final hght
cleansing with ether. Homografts in as large
sheets as possible are obtained from the
bank and smoothed out over the raw areas,
there is very little point of using small

scraps or “stamps” of homograft If the
patient’s condition will tolerate 1t, some
sheets of autograft may be cut at this time,
and the wounds may be covered with alter-
nating strips of homograft and autograft,
using homograft strips adjacent to both lat-
eral margins of the defect

The grafts are wrapped firmly and
smoothly in place with a roller bandage of
fine-mesh grease gauze by the “snubbing
technic”, no sutures are used An over-all
large pressure dressing 1s apphied outside
this, with sphnting where necessary, tn the
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same manner as for autografts Unless other
débriding or autografting Is beng dome
simultansously, the work may be carried
out with only 2 basal narcatic rather than
general anesthesia

The later dreasings and aftercare of the
grafts 5s the same as for autografts

When the homografts dlsintegrate after
some weeks, they can be replaced in whole
or in part with autografts, as the circum
stances indicate, and the remaning open
areas, if any, covered with homografts Dis-
integrating homogtafts come loose rapidly
and cleanly, and it Is seldom necessary to
do anything more than wash them vigor
owsly with a saline sponge, the resulting
bed is clean and Is very receptive toward
auvtogra{ts or new homografts

MECHANIS OF DISSOLUTION!

The mechanum of dissolution of the
grafts Is Interesting (Fig. 232) as it usually
Is not accompanied by elevation of tem
perature, cellulitis, or pus formation Biop-
sies taken early in the process show inter
stitial edema, with slight cellular Infiltration,
as mught be seen In an urticarial whea}
Later the interstitial edema fs Jeas striking
and the celiular infiltration becomes heavy,
consisting chiefly of round cells with many
eosinophils and some polymorphonuclear
cells This heavy cellular infiltration coin
cides with the disappearance of vanous
dermal elements and epithelium in scattered
areas Grassly the grait has numercus tiny
areas of loss and appears ‘moth-eaten” at
this time. These arens Increate in number
and coalesce untll final complete solution of
the graft occurs.

It would appear that the protefns n the
bomogralt are antigenic and that the host
requires abont 3 weeks to build up a maxt
mal allergic response or fmmunity to them
If a second crop of homografts from the
xame donor were applied to the patient at
this time one would expect almest complete

1 Flrnt putished in this book In 1943

failure to take. By the same reasoning, any
previous attempts to “desensiize the pa
tent to the donot’s skin proteins probably
would decrease the chances of take Con
versely, attempts to “denature’ the antige
micity of the proteins in 2 homogmaft or to
change them by previous immersion in the
patient's serum have not proved to be clini
cally successful in skin grafts, In our experi
ence as well as that of others

“Take” and “permanent survival” of
homograits are frequently confused mn the
literature, even by those who should know
better, this is frequently compounded by
the statement that such grafts are “success-
ful,” without elaboration of what {s meant
by that term

“Takes should be routine when skin
homograits (i.e., grafts from one {ndividual
to another of the same specles) are done
properly

“Permanent survival” of skin homo-
grafts in bumans has been authenticated In
identical twins (Fig 239}, and in some cases
of a-gamma-globulinemia. Other instances
have been reported but are open to ques-
tion As _the homograits disintegrate, there
is frequently rapid Ingrowth of epithelium
from swrroundipg skin or autografts, and
connective tissue up from below, to replace
the homograft in situ by scar in exactly the
same gross pattern Thus, such strips of ap-
parent homograft may be seen years later
but usually are composed moastly of scar
This is Lnown as creeping replacement.

The usual duration of persistence of
skin homografts in humans is from 3 to
10 weeks (Fig. 232), with occasional in
stances of persistence for a few months.

Laboratory animal investigations have
been pursued in almost every plastic surgl
cal center to try to find some method to get
homogralts to persist {or patients to tol
erate them permanenthy), but so far they
bave been without success. Sometimes per
sistence can be prolonged by Jarge doses of
“ant-allergy™ drugs such as the antihista
mines, ACTH cortisone, etc,, or by block
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Fic 233 Detnb-
tated child with se-
vere burns of nght
lower and upper ex-
trematies  Intracta-
ble to the point of
having had amputa-
tion considered (\
and B) Coverage, m
the position of de-
formity, with own
spht grafts to obtamn
healing of arm Ho-
mografts from father
used at same opera-
tion to cover the leg
temporarnily (C)
Completely healed,
only two operations,
with his own grafts
from the back and
the abdomen The
hand opened out and
further grafting at
second operation,
when the leg was
covered with msown
grafts (D) Donor
site of homografts
on the father (Ann
Surg 115 662)
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Fio 234 (Same
patlent as in Fig
233) (Top) Origl
nal 90° flexion de-
formity from sec
ondary contracture
Death may occur in
this stage, and the
work of deansing
the areas and get
ting patient ready
for operation, at
times, seems tobe in-
surmountable (Cen-
ter) Leg “dressed”
in split homografts
from {ather Com-
plete*tale”and con
erage J weeks post
operative (Boftom)
Homografts still
present after 6 weeks
but beginning to
melt away Improve
ment can be meas-
ured by the fact
that the patient has
opened his 90° fiex
fon deformity spon-
taneousty The whole
aren  was restored
later with his own
graits as sbown In
Flgure 233 C (Ann
Surg 115 663)

ing or knocking out the reticuloendothehin} \ecording to Tir Leo Loceh, no two indi
system by sublethal penerat body rodiation  viduals are exactly althe, and in the hight
:;!mbn- methods  but even these slight of our present knowledge there is hittle rea

s are not practical for use on pattents  son to expect homografts to survhve perma
However it Is hoped that eventually some  nently

new and usefol method will he developed Homografts n identical twans, how
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ever, have been shown to survive (Fig 239),
and if a twin were burned, probably the
other one could be used satisfactorily as a
donor.

SECURING PERMISSION TO CUT
POSTMORTEM HOMOGRAFTS

The advantages of obtaining from a single
patient after death large sheets of split-shin
homografts versus the disadvantages of ob-
taiming a simular large amount from live
donors are almost too obvious to mention
hut n development of a plan many 1mpor-
tant considerations arise

Fic 235 Decp
burn extending
close to the peri-
toneum Reaction
to any tyvpe of
treatment was ex-
tremely bad, and
general health de-
chned so rapudly
that 1t was feared
that he would not
survive (Surgery
1 558)

Permission for such postmortem homo-
grafts should not be difficult to obtam,
either along with, or without, request for
a general autopsy The responsible relatives
may be shown the need by attending a
dressing of a severely burned child, or by
being shown photographs of what is nceded
and what might be accomphshed Death of
a relative at a time of need would supply
a most acceptable source of postmortem
homografts, and it is possaible that some
patients near death may request use of their
own shin.

A person who dies may save the hfe of
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Fio 236 (Left) Same
patlent as Figure 235

thent improved, and fol
F:w{ng their absorption
there was falrly rapld
spontaneous healing with
the deformity shown. This
phenomenon is sometimes
mistaken for ence of
the homegrafts but can be
differentiated by frequent
ohservation of the wounds
during the period (Right)
Final repalr with thick

lit autografts from the
Elgh to the axilla the
arm the chest and the ab-
domen. (Surgery 1 558)

another person cven after his own death Is
the essentlal iden of this method and In
furthering general acceptance of it expres-
slon of thanks, by parental words from the
recipient family, or by letter, or even a
small certificate from the service involved,
may be considered From a practical stand
point of directness and effectiveness in a
surgical emergency from personal, ethical
and other standpoints no adverse points
have been found that will hold up in com
panson with the general good
Co-operation of pathology departments Is
necewsary, and also of other services for

contact with relatives of patients who have
dled Statutes may be found concerning such
a procedure that can be met on a local basis

Understanding and responsibility of the
recipient and the relatives 1s important to
establish, but except for the bizarre unedu
cated or chronic litigant, there should be
no difficulty In the face of a critical burn or
denudation of skin

Selectlon of donors is impartant In pro-
tection of the reciplent and in allaying nat
ural suspicion Obviously, the postmortem
donor should be free of lesions, diseases,
allergies or dyscrasias that might be detn:
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Fic 237 Lifesaving by homografting (Top,
left) Patient debilitated almost to the point of
death by huge open wound (Top, right) Ap-
pearance 2 weeks later after coverage of the
arm with spht grafts from her own thigh and
temporary coverage of raw body area with
homografts Tacies even shows that the patient
1s now on the road to getting well after a short
interval These homografts underwent dissolu-
tion after from 5 to 6 weeks and were then
replaced with spht grafts from her own thighs
(Bottom) Final appearance 3 years later,
showing surgical rehabilitation and perma-
nence of the result

mental to the recipient Necessanly, com-
plete records on the histories of both donor
and recipient are made and, naturally, nega-
tive serology of the donor will be one of the
most 1mportant records

Complete release of bodies for investiga-
tion might be a source of these grafts, except
that such arrangements are usually delayed
until after complete death, so that the shia
would no longer be useful as a graft.

Armed services could record of each mem-
ber 1f permission for such a procedure would
be granted 1n case of death, civilians could
declare their wishes 1n case of death by a
central registry, and thus in case of severe
emergency the mechamsm for obtaining
large amounts of the best possible “iologic
dressing” would be estabhished This would
seem as practical and as easy of pubhc
acceptance and of implementing as the Red
Cross’s obtamming blood from live donors

National defense could include studies
and direction of a national plan for this pro-
cedure But local adaptation 1s possible even
for small hospitals or for the mndividual pa-
tient in nced The main 1dea is to try to
save the life of cach individual burned pa-
tient and this does not require anything but
prosimity to, availability of, and mecha-
msm for transferring shin from a patent
who has just died to one in need

At a national defense level the need would
he mamnly to educate the public to accept
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Fio 238 Lifesaving with postmortem homografts.
(Left top) A patient moribund from a huge burn, with
Nttle chance of surviving. Burn slough was removed and

em homografts (from refngerated body 7 hours
after death) were applied 9 days later (Right top) Six
days after hom it coverage, with marked improvement
in general condition. (Left bottom) Thirty days after
homogralt coverage, with good persistence and further Im
provement In general condition so that au ts have
now been cut from right lower abdomen (Righ! bottom)
Final healing with all areas covered with autograft in
stages. This patlent was cared for by Dr Minot Fryer

ance, and to the possible development of a
central registry and collecting agency, if
methods of preservation proved to be suc¢ #
cessful This might even be included in the
blood donor notation The thought may be
unpleasant but this should be a matter of
exnmple explaining possible need and of
letting the public in general know how truly
horrible severe burns and shin loases can be
and of the extreme cost of their care. Put in
a plain way a large amount of good, usable
skin is going to waste that could be life-
saving if the detalls of procurement and Withln_1 oc_2 hours after systemic death
application of postmortem homografts are  When possible If the body 18 vefrigerated
worked out. pmmpl:b living grafts can be removed up
to 12 hours or more, but It is more difficult

gsi\%%\‘f}?g\m}\-g to smooth out surface wregulanties and cut

large grafis from a frozen body
Tt is wwally best to secure the grafts The grafts are obtained by the usual

p—— -
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Fic 239 Complete and permanent
survival of full-thickness homografts
mterchanged between 1identical twins
Grafts still persist with border scar
around them after 8 years (Surgery 1
588)

aseptic surgical technic, preparing the shin
with antiseptics, using sterile drapes, gowns,
gloves, etc The exact Jocale of operation 15
not too mmportant The work may be done
Im an operating room, or in a pathology
laboratory, 1if satisfactory preparations are
made y

The best sites for grafts are the back and
the thxéhs, as 1n the living patient

Any graft-cutting instrument can be used,
but a glue dermatome is rather tedious The

Fic 240 Simple shin bank for hving
homografts of skin, usmg an ordmary
clectric refrigerator hept at 4° C, Differ-
ent areas for various methods and nu-
trient media, Upper compartment for
storage at —20° C About 30,000 squarc
inches of shin can be stored in this unit
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largest grafts can be obtained the most rap-
idly by frec-hand cutting with 2 targe knife,
and the use of suction retractors The next
best mothod Is probably the electroderma
tome. In any event It {s important to cut
thin grafts and fn large sizes—the larger the
better

Usually the grafts are folded carefully oo
themselves ond wrapped_in sterile damp
saline sponges or apread out on & damp
roller bandage and then wrapped around &
aterile test tube then the entire group may
be wrapped in a sterile towel and tram
ported to the operating room for immediate
use of to the skin bank for preservation

LABORATORY INVESTIGATIONS

Laboratory investigations have been and
are belng carrled out, among which are
further studies on homografts in general
determination of imits of viabllity and use-
fulness of postmortem grafts and problems
of preservation and poasible persistence

The period of viability of skin Jeft on the
postmortem donor and preserved after re-
moval can be tested by use of the chick
embryo but a more evident method has
been developed by using mice for growing
the human skin This might be called a

reversed roograft.,” Human skin grafts will

take completely on denuded areas of the
moute (or other Iabotatory animals) and
can be seen to survive abaut 30 days Biop-
sies can be done and the vinbility estab-
lished by microscopic study

Laboratory animals don’t lend them
selves to very parallel situations of human
grafting however and good clinfcal obser
vations with appropriate microscopic studies
are apt to be of most value. Antmal skin is
nat much ke human (except In pigs) hair
is a nuisance and the platysma arrange
ment of anjmal skin does not have much
counterpart in humana. Dressings and care
and sterile precantions ecannot be the same,
and animals degenerate so quickly after
death that cbeervations may be missed The

human needs for skin grafts are also diffi
cult to reproduce in animals

Survival of skin for some time after sys-
temle (or samatic) death 14 recognlzed, and
for most practical purposes the shin can be
stored, by belng wrapped up In the 1ce box
for several days without nutrient Ten per
cent plasma probably increases its length of
life but the ezmct extent Is nat finally de-
termined A wide range of time of post
mortem viabllity is reported in the ltera
ture That skin can be “stored’ on the
patient after death and used at sppropriate
times i a practical answer to the storage
problem, but more factual and final deter
minations are being studied to set lmits
on body storage after death storage by
simple cooling after removal from the body
and a main problem to be met is how Jong
freezing will preserve skin so that it may
act as a successful homograft

Needless to say the major benefit would
be to find some method of arriving at per
manent survival of homografts so that the
unfortunate patlent could waik around per
manently in his henefactor’s "gkin clothing »
But 30 far in humans this is possible only
in ldentical twina. MMice can be so inbred as
to establish the effect of identical twins in
the permanent survival of homografts such
as Bar Harbor C 57 and there may be other
animals or birds or cold blooded animals
that may carry on in happy symbiosis or
incorporate as their own living tissues ela.
ments from others of their species But 5o
far the human seems to be Individual enough
to atand or fall on his own thssues. It seems
sad that this is so, but phitosophically it
seems that the Lord did not intend his crea
tures to tear and maim and hurn themselyes
20 far that there would be need for complete
regeneration of damaged and lost parts,

So far there zeems to be no nuthentic
series of permanent persistence of homo-
transplants except in fdentfenl twins or in
bred species in warm blooded animals In
other words, an agent has not been found
that will make us alf alike.
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Postmortem homografts were first done
on this service in 1927, when it was thought
worthwhile to see 1f fetal skin homografts
might be retamned permanently Using im-
mediate postmortem grafts from a 7-month
fetus that had lived 24 hours, there was the
usual complete take of the homograft, fol-
lowed by the usual complete absorption in
4 weehs, so that it was seen that there was
no reason for expecting fetal grafts to sur-
vive permanently any more than other
homografts

Dressing of burns in homografts as a
hife-saving emergency was reported in 1942
Permanent survival of homografts in identi-
cal twins was obtained 1n 1932 and reported
in 1937 (Fig 239)

Postmortem homografts were used on one
occasion at Valley Forge Hospital, working
with Dr Bradford Cannon and Dr Andrew
Moore and others on the service They were
used as immediate grafts, taken a few hours
after a swicide, and were lifesaving for an
officer who had lost the entire skin of the
head, the face and the hands Recent efforts
have been made to go ahead with develop-
ment of this procedure and to try to work
out the multiple facets of procurement of
arafts, transfer to patients, storage, influ-
encing the public to accept the idea, and
of course, further attempts for permanent
survival

Literature Our first postmortem graft in
1927 was done without resort to the liter-
ature, but 1t was realized that the use of
postmortem material occurred to many 1n-
dependently and probably as far back as
Galen There are a few references in the
literature from Russia to the Argentine, but
so far, no very orderly or outstanding imfor-
mation has been found Girdner stated that
he was the first to use “cadaver” grafts in
1881, reporting one nstance of grafts, taken
6 hours after smade, for a patient burned
by hightning Schede in 1881 reported grafts
from amputations and fresh cadavers with
a 12-hour limit on removal of the graft
Bartens, in 1888, used immediate postmor-

tem graft from a patient, dead of “sept.
cemia” (?), which was unsuccessful.

Needless work has been done and hap
hazard ideas expressed, as shown i the
fact that most of the areas requining grafts
were so small that there was no reason for
using other than fresh autografts, the work
presumably having been done on patients
as mvestigation In a recent report, the pa-
tients needed such small grafts as to make
the use of postmortem grafts unnecessary
and useless ’

The differentiation of “take” and of “per-
manent survival” of homografts has had
Iittle attention paid to it in the literature
of homografting in general, and this lack of
recognition 1s true today One of the long-
est and most authoritative works on shin
graft states, my own personal exper-
ence convinces me that isodermic grafts
(homo) are quite as successful as those
from the same individual, under simlar
favorable conditions, this applies especially
to 1sodermic whole thichness grafts, al-
though Thiersch grafts have also healed
well ” Such statements may cause query of
reliability of other statements in the long
article

Ivanova, i 1890, reported postmortem
grafts 2 hours after death for a burned leg,
with observation that speedy and sound
heahng ensued but, as usual, without state-
ment as to how long the homografts per-
sisted Gluck reported use of postmortem
grafts since 1876 with “good results "' Good
results is in quotes because he claimed them
cven after storing grafts in 10 per cent
formaline, and Leeping them cool 2 years;
and he also used frog, turhey and rabbut
skin Dawis, 1n 1910, mentioned such use.
but did not mention permanent survival ob-
servations or indicate mn his report of 550
grafts that any were of postmortem origin
Calot, 1n 1913, mentioned use of po~tmartem
Thiersch grafts and did not think time of
removal after death was important, Mmer-
vini, in 1913, reported use of newhorn and
fetal skin Bianchy, in 1945 and 1047, uwed



Skin Banks 263

grafts taken several days after death with
vital dyes for vitality tests and reported
numerous” grafts with success Catalano
Jn 1947, mentioned one patient who did not
grow her own autografts but did grow grafts
from cadaver, with the usual lack of note
of persistence In 1947 he assumed that a
postmortem homograft survived ndefinitely
when blood groups of donor and recipient
were the same Dogo, in 1952 used the War
burg method of testing vitality and reported
27 positive results from 7 cadavers taking
kin up to 16 hours postmortem, with sur
vivals of graits from 7 to 22 days The 6
patients discussed had small leslons that
could bave had autografts without the extra
work of homografting

The above references are a partial cross
section of the reports to date, Rogers is
referred to for the fullest recent bibliog
raphy on homografts

As # substitute for skin, Davis in 1910
reported work on amnlotic membranes and
others including Douglas have carried this
on with promise

Anima! skin prebably can be successfully
transferred to humans for a short life there
as zoo grafts, but so far the reports of at
tempts have been g0 birarre as to negate
them for the present

Other tissues than skin have been used
and still others may be considered for use
from such immediate postmortem source
whether used immediately or preserved for
example, cortilage fascla bone, tendon
cornea nerve veins and arteries, organs
glands of internal secretion and possibly
even the salvaging of blood

Autotissue cultyre 18 another phase of in
vestigation endeavoring to avold the use of
homografts However even if it could be
found possible to grow sheets of human epy
thehal skin cells in culture these might not
prove to be of permanent practical nee be.
cause all of the layers of the skin Including
the dermal pad especially, are necessary for
normal function. However such sheets
might be wsed for lemporan seallng of

wounds if a satisfactory method of abrasive
or other removal were also devised other
wise homotissue cultures might have some
advantages

SKIN BANKS

A skin bank is worthwhile on any service
that treats a considerahle number of large
deep burns It need not be on an extensive
scale but can be a simple project designed
to furnish large sheets of homografts for
temporary coverage of large wounds when
ever needed

Split-shin postmortem homografts are the
assets of such a bank ‘Vluch expernimental
work 18 belng carried out to find the best
methods for the longest preservation of
such grafts consequently, no final recom
mendation on this 1s possible at the present
tume Apparently preserved living grafts are
better than preserved dead grafts for seal
ing wounds, but even this point is not en
tirely certain

One of the key poimnts is that experimen
tal work on animal shin is not identical
with the results obtained on human slin,
and that work on other tissues (eg, car
tilage or arteries) cannot always be carned
over with the same results on skin Expen
ments involving zoografting are interesting
but complicate the analyais. The final effi
aency of any method will have to be judged
in terms of large human split shin homo-
grafts sealing wounds on living human
patients

Methods being trled include partial de
hydration of the grafts in a vacuum or in
varlous bygroscopic medw. This may be
combined with low temperatures, from just
above freezing to far below freezing and
at varying rates of freezing and thawing to
try to prevent cellular disruption from ice
crystals Work 13 also being carried out on
various nutrient media, but no final dinieal
evaluation is available yet on a large «cale

Until the best method is worked out, a
simple bank can be maintained to presene
homografts for short periods This can con
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sist of an ordinary small electric refrigera-
tor placed somewhere in the operating suite,
used solely for this purpose and attended
daily and continuously by some one respon-
sible individual (Fig 240) The tempera-
ture 1s maintained constantly at 4° C
Postmortem homografts are obtained with
sterile and other precautions, as outlined
before Each graft is wrapped mm a damp
(not wet) saline sponge, which i turn is
wrapped in one or_ two layers of grease
gauze and then 1n a sheet of plastic matenal
(e g, phofilm, or something similar) The
package 1s labeled on the outside as to the
date and the d:onor and placed n the refrig-
erator The loss of ability of these grafts to
seal wounds follows a curve, with a gentle
downward slope between 1 and 3 weeks, and
a precipitous decline around 3 weeks Grafts
are generally used any time during the first
3 weeks, and any remamning ones are dis-
carded when they become 3 weeks old

" This seems to be almost too crude and
simple to describe and recommend and un-
doubtedly will be replaced soon by superior
methods, but 1in the meantime 1t will save
lives 1n severely burned patients When any
such patient 1s admitted to the hospital,
efforts can be started toward procuring post-
mortem homografts for him and preserving
them The grafts are then available for im-
mediate application as soon as his wounds
can be made ready to receive them

Srix BaNninGg at 3° 10 5° C.

Fresh shin homografts remain viable for
about 21 days when folded on saline anti-
biotic gauze sponges and stored at ordinary
household refrigerator temperatures Some
take of these refrigerator stored homografts
is possible after a month but becomes pro-
gressively poorer after 3 weeks

This is the simplest method of banking
A mimmum of time and materials is re-
quired, and ordinary refrigerator tempera-
tures are readily available When needed,
the=e grafts are removed from the refrigera-
tor and are ready for immediate use on the

recipient’s open areas.

e

If these grafts are not used 1n 3 weehs,
they are processed and stored at low tem.
peratures or lyophilized. The desirability of
expanding this double storage method i
being investigated

Nutrient media added to saline-antibiotic
solution lengthens the survival time of post-
mortem grafts stored at 3° to 5° C. tempera-
tures enough to be considered practical The
most satisfactory mixture of this type ap
pears to be 10 per cent serum or plasma
added to buffered normal saline with 50
units of penicillin and streptomycin per cc
Blood cells are not used, as they contribute
to the acidification of the media When
phenol red 1s used as an dicator, color
change denotes lowering of the PH from
accumulated cellular metabolites The media
usually requires change about cvery §
weeks, or when 1t becomes cloudy or con-
taminated Hyatt reported the take and the
persistence of homografts preserved 1n
plasma 1n Earle's solution at 3° C for 6
months comparable with fresh homografts
The grafts, wrapped n gauze, may be cov-
ered with this medium or merely moistened
Allgower and Blocker reported optimum
viability when medium volume was 1 cc
for each sq cm of skin Exclusion of ovy-
gen 1s detrimental to the grafts

Adenosime, which is reported to have more
than doubled the viability period of stored
blood cells, may have promuse n shin pres-
ervation, and investigations of this are being
continued

SkIN BANKING AT Low TEMPERATUREFS

There are numerous reports on low tem-
perature storage suggesting preservation of
viabihty of grafts for long periods How-
ever, there seems to be confusion of obser-
vation of viabihty and of apparent “take”
in the few clinical reports

Glycerol has been used because of s
“antifreese-antithaw” action in low tem-
perature banhing Treatment of the shin
with 15 per cent glycerol in Farle's and
Ringer's solutions with vanpus combina-
tions of nutricnt media has been done before
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storage at —10, —20°, ~40° and at
~79° C

The following Is a description of this
method of use and storage for shin preserva
tion Split skin grafts are placed for 1 to
114 hours In one of the glyverol solutions.
After blotting the graits with gauze they
are placed fu a glass jar Placing this jar in
a second contafner provides an alr jachet
for the slow Jowering of the temperature of
the graft fn a dry ice-alcohol mixture
(=797 C) When this temperature has been
reached the inner Jor Is used for storage. As
they mre needed these grafts are thawed
rapidly by immersing the jar m a 37° C
water bath or by placing the grafts directly
in sterile Ringer s solution kept at 37° C
untlt they are completely thawed, After
thawing the glycerol is removed by placing
the grafts in Ringer s or Earle s solution for
1 hour at room temperature before use

It may be possible that ekin could be ex
posed to —79° C., banked at this tempera
ture for prolonged periods of time and then
thawed with survival of the major portion
of the cells Rapid thawing mves better
visbility than slow thawing Slow (alr
chamber) cooling seems to glve better via
bility than rapld cooling Though there may.
be cellular damage and treahdown nt
~79 C and tven at —180° C., these celln
lar processes are slowed down and pressrva
tian may be possible for prolonged periods
of time Deterioratfon of skin thawed from
this temperatare Is more rapid than that of
fresh shin

1t is known that isolated epidermal cells
will survive exposure to 90 per cent glycerol
for 8hours at ¢ C and 80 per cent glycerot
for 2 hours at room temperature Skin s
protected against the killing effects of low
temperature asxd thawing by the use of gly
cergt but the exact mechanism Is not
certain

Detvdeation ocrurs there 1s change in the
structure of the Jow temperature solid the
freezing point of water is lowered with
the ghcerol promoting supercooting by its
own sjwcosity Fhectiveness of the glycero!

probably depends on its diffusing into the
cells of the graft Varjons cells may differ
in their permeability to glycerol A large
mass of cells as in a shin graft will take @
longer time for the glycerol to permeate it
than small 1solated groups of cells The
clinjcal criteria of success{ul glveerol pres-
ervation Is the successiul preservation of
virbility at low temperatures !

Thawing is more damaging to skin than
freezing Diatherm; has been used for very
rapid thawing of tissues but in some in
stances has not been found to thaw tissues
fast enough Lovelock has suggested a radar
type of apparatus for rapid thawing

“\edawar has reported survival of rabbst
skin up to 500 days or longer at —79° C
after tpregnation with glycerol before tem
perature reduction of the banked grafts.
These grafts used as sutografts did not
show sny distingulshable chdnges from un
stored shin grafts In fine structure Controls
which had been pretreated with Ringers
solution or saline alone are inferfor

Lot temperature storage without glycerol
is being investigated Skoog has reported
experimental storage at —~70° C. up to 28
weehs Alter thawing relatively constant
oxygen consumption by the Bancroft
Warburg methods swas noted He also re
parted three successful clinical takes of
homograits stored at —70° C for 13
months.

Autogralts stored at —20° C t0 —25° C
covered with citrated plasma and thawed
with a water bath at 37° C were reported
by Strumia and Hodge to take almost ax
well as fresh antografts up to 61 days

Virxricariov

Ultrarapld cooling leads 1o vitrification
and ls thought by some to be theoretically
preferred because of the belief that the for
mation of ice crystals is prevented eliminat
Ing the mechanical damage to the cells by
these crystals Luyet has carried out exien
sive studies showing viability of varfous
cells and tissues after ultrarapid {reezdag
and thawing
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Skin has been ultrarapidly cooled after
precooling to just above the freezing point
Temperature lowering is secured by drop-
ping the grafts into liquid nitrogen (—196°
C) Results can be mmproved by partial
dehydration with ethylene glycol Since the
speed of cooling required to vitrify varies
with the water content, this preliminary de-
hydration facilitates vitrification The shin
after ultrarapid cooling was stored at —70°
C A high percentage of survival after 44
and 66 days but not after 123 days 1s re-
ported by Keeley, Gomez, and Brown
Buchanan reports no difference from fresh
controls in_dog skin which was “quick
frozen to —190° C, kept up to 1 hour and
autografted )

Better viability in mammalian skin 1s
mamtained by banking after slowly lower-
ing the temperature of the grafts than by
ultrarapid methods Pryde and Jones report
that vitrification of water 1s difficult to
secure and 1t will remain in the vitreous
state only at temperatures below —130° C,
changing to ice 1n crystal form above this
temperature

LyoruiLization (FrReeze DRYING)

Lyophilization occurs when skin 1s frozen
and then under high vacuum the ice is
evaporated without melting to a low tem-
perature condensor Lyophilization of shin
may become a practical Jong-term storage
of nonwviable skin, as it has with blood
vessels

Webster used lyophilized shin as an auto-
graft and reported an 80 per cent take after
17 days’ preservation, stating, “There 1s no
question of fact that ths skin graft, whck
was frozen at —72° C and dried by the
Ivoplilizing process, actually survived this
trestment and persisted as lromng sk, al-
though it was a less satisfactory transplant
than the contral fre<h graft that was im-
mediately transplanted.”

The possitylity of some cells <urviving
such processe< is heing investigated and to
e most sure autografts are used, or nbred

—— e

animals in which homografts will surs e
Grafts from such animals have been called
isografts by Dr R, M. Merwein and the
group working at the National Heahh
Institute This seems to be a good designa-
tion for these inbred ammal grafts to dis-
tingmsh from actual autografts and 1o
shorten the explanation necessary otherwse

Rabbit shin does not remamn viable n
drying from the frozen state to below 25
per cent final water content, and as yet no
mammalhan tissues have been found to with
stand drying to below 10 per cent residual
moisture content Tissue culture has not
been able to demonstrate hving cells in
lyophilized shin, which has been dehydrated
to the total water content of less than 1 per
cent Gross appearance of the lyopnhzed’
shin is misleading as to the dryness, and
the final water content should be determined
to substantiate the degree of lyophilization

Freeze-dried shin 1s reported by Hyatt to
be an excellent means of long-term skin
preservation, which will serve as temporary
wound coverage as well as fresh homografts
Lyophilized shin can be stored on a shelf
at room temperature, 1s casily transported,
remains stable for prolonged periods of time
and 1s easily prepared for use by the addi-
tion of saline for 30 munutes prior to ust
Lyophihzed shin was used on a young pit-
tient, lasted appronimately 2 weehs, but
Hyatt reports that this shin did seem to dis
appear earher than homografts from mul-
tiple donors which had been preserved in
balanced salt solution

After freeze-dry skin s morstened, it has”
the gross appearance of a fresh spht-shim
graft Pate used lyophilized skin on 20 pa
tients and stated that no surgeon could dis-
tingmsh freeze-dried shan from a fresh

homograft e

Desir 16| aeen slate
were plasmd
hvdran m and
persistes 22
days. | raft

h the
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time of preservation Trial on one patient
suggests that it may prove to be of value ss
a lemporary covering since the skin per
swsted for 12 days, after which the patient
died of complications

The technic of lvophilizotion 13 essen
tally the same as reported by Creech
DeBakey and Cooley Changes In detalls of
this fundamental procedure are made fre
quently Lut report is made of this for
completeness,

Skin grafts can be taken under sterile
conditions, but when necessary they may be
passed through several basins contalnlng
antibiotic-ealine solution Spreading the
grafts over a firm coarse, wrinkled gauze
material will obtaln maximum surface ex
posure and {ree air circulation during dry
ing After the skin has been placed In con
tniners liquid ethylene-oxide 1s added and
poured off after 20 minutes if an antiseptic
Is thaught to be necessary These containers
are then placed fn a dry Ice-acetane mixture
and conpected to the lyophilizer When the
process has been completed the tubes are
vacuum sealed and stored on a shelf at
room temperature

Formerly many hours were needed to
effectively freeze-dry skin Reeent modifica
tions of technic and the use of an efficlent
frecze-drying spparatus manufactured by
the Amerlean Instrument Co., which has out
lets for 25 tubes drying is complete {less
than 1% water content) In less than 3 hours
time When the skin is needed reconstitu
tion {s done by soaling the akin for 30 min
ates mn a 37 C saline sofution containing
500000 units of penicillin apd 1 Gm of
streptomyain to the liter

Viasmury DETERMINATIONS

Human shin will take and persht on the
experimental mouse for 15 to 30 days god
with good repeated clinical observation has
proved 10 be a vatuable means for vishihty
studies Methods of presenvation and stor

SRt temperatures and nutrient influences
can be studied,

Final decision of peraistence may depend
upon the use of autografts from the ammals
themselves or on inbred animals that per
manently retain homografts from ene an
other, since homografta prepared by non
viable methods may last almost as long on
the wound as known viable homogralts
The increasing accuracy of repeated obser
vation and the appearance at the time of
witsmate loss of the graft may mahe this a
method of unquestioned rehiability for all
observers

Tissue culture s stated by Pomerat to
be the best test of skin viability, since there
Is no question of confusing marginal or deep
tissue growth with persistent transplant

Growth of human skin on the chorio-
aliantols membrane was reported by Good
pasture, Douglas and Anderson and this
was confirmed by Tenery and McDowel

The importance of viabiity m homografts
1s being investigated clinfcally and the re-
sults studied Visble komografts provide a
more notmal type coverage may spread out
some, last longer, estoblish a completely
healed wound which requires infrequent
dressing change or no dressing at all and
eventual Joss Is complete with minimal
amount of drainage Lvophilized sk is
more practical {or storage and transporta
tion and because of this might be of more
value in a national emergency or for the
Armed Services Loss of this membrane ap-
pears to be continuous with constant drain
age and the deeper layers of the transplant
may require eventual excision before the
open areas can be covered with autografts

Preser Recoaarnparons ror o Daxx

To anyone caring for numbers of large
burns, the odvantages of a skin bank for
postmortem homografts are too great to
nait for elaborate quarters or apparatus
or grants of money {ram the government or
some foundation

All that is really needed is a reliable re
ingerator that can be kept at 4* C. and the
will to make the project succeed
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Skin has been ultrarapidly cooled after
precooling to just above the freezing point
Temperature lowering 1s secured by drop-
ping the grafts mto hiquid nitrogen (—196°
C) Results can be improved by partial
dehydration with ethylene glycol Since the
speed of cooling required to vitrify varies
with the water content, this preliminary de-
hydration facilitates vitrification The skin
after ultrarapid cooling was stored at —70°
C A high percentage of survival after 44
and 66 days but not after 123 days 1s re-
ported by Keeley, Gomez, and Brown
Buchanan reports no difference from fresh
controls m_dog skin which was “quick
frozen” to —190° C, kept up to 1 hour and
autografted

Better wviability in mammalian skin 1s
maintaimmed by banking after slowly lower-
ing the temperature of the grafts than by
ultrarapid methods Pryde and Jones report
that witrification of water 1s difficult to
secure and 1t will remain in the vitreous
state only at temperatures below —130° C,
changing to ice 1n crystal form above this
temperature

LvorriLizatioN (Freeze DRYING)

Lyophilization occurs when skin 1s frozen
and then under lgh vacuum the ice 1s
evaporated without melting to a low tem-
perature condensor Lyophihzation of skin
may become a practical long-term storage
of nonwviable skin, as 1t has with blood
vessels

Webster used lyophilized skin as an auto-
graft and reported an 80 per cent take after
17 days’ preservation, stating, “There 1s no
question of fact that this skin graft, which
was frozen at —72° C and dried by the
lvophilizing process, actually survived this
treatment and persisted as lromng skm, al-
though 1t was a less satisfactory transplant
than the control fresh graft that was im-
mediately transplanted ”

The possibility of some cells surviving
such processes 1s heing nvestigated and to
be most sure autografts are used, or inbred

————

amimals 1 which homografts will survive
Grafts from such ammals have been calleq
1isografts by Dr R M Merwen and the
group working at the National Health
Institute This seems to be a good designa-
tion for these inbred amimal grafts to dis-
tingmsh from actual autografts and to
shorten the explanation necessary otherwise

Rabbit skin does not remamn wviable 1n
drying from the frozen state to below 25
per cent final water content, and as yet no
mammalian tissues have been found to with-
stand drying to below 10 per cent residual
moisture content Tissue culture has not
been able to demonstrate living cells m
lyophihized skin, which has been dehydrated
to the total water content of less than 1 per
cent Gross appearance of the lyophilized
skin 1s misleading as to the dryness, and
the final water content should be determined
to substantiate the degree of lyophihzation

Freeze-dried skin 1s reported by Hyatt to
be an excellent means of long-term shin
preservation, which will serve as temporary
wound coverage as well as fresh homografts
Lyophilized skin can be stored on a shelf
at room temperature, is easily transported,
remains stable for prolonged periods of time
and 1s easily prepared for use by the add:-
tion of saline for 30 minutes prior to use
Lyophilized skin was used on a young pa-
tient, lasted appromimately 2 weeks, but
Hyatt reports that this skin did seem to dis-
appear earlier than homografts from mul-
tiple donors which had been preserved m
balanced salt solution

After freeze-dry skin 1s moistened, 1t has’
the gross appearance of a fresh split-shin
graft Pate used lyophilized shin on 20 pa-
tients and stated that no surgeon could dis-
tinguish freeze-dried skin from a fresh
homograft

Desiccated shin grafts in the frozen state
were transplanted in the dog after plasma
hydration by Buchanan and Lehman and
persisted 1n a grossly normal state up to 22
days They found autograft or homograft
persistence has not been mnfluenced by the



$tin Banks 167

time of presesvation Trial on one patient
suggests that ft may prove to be of value as
» temporary covering since the skin per
sisted for 12 days, after which the patient
died of complications

The technic of lvophilizalion ix esten
tially the same as reported by Creech
TieBakey and Cooley Changes in detafls of
this fundamental procesture are made fre
guently but report is made of this for
completeness

Shin geafts can be taken under sterile
canditions but when necessary they may be
passed through several basiny contalning
antibioticsaline solution Spreading the
grafts over a fm coarse wrinkled gauze
material will oblain maximum surface ex
posure and {free air cireulation during dry
ing After the skin has been placed in con
tainers liquid ethvlene-axide is added and
poured off after 20 munutes {f an antiseptic
is thought to be necessary These containera
are then placed {a a dry lce-acetone mixture
and connected o the lyophilizer When the
firocess has been completed the tubes are
vacuum sealed ond stored on a shelf at
room temperntire

Lormesly many hours were needed to
effectively freezedry skin Recent modifica
tions of technic and the use of an efficlent
freezedrying apparatus wanufactured by
the \merican Instrument Co  which has out
iets for 15 tubes drying is compleie (lesa
than 177 water content) in leas than 3 hours
time When the skin is needed reconstitu
tion Is done by soabing the skin for 30 muin
utes in a 37 C sahne solutfen containing
500000 unus of penicillin and 1 Gm of
streptomvein to the diter

Vusim DETeryinATIONS

Human skin will 1ake and persist on the
experimental mouse for 35 10 30 days and
with good repeated chinfcal observation has
proved to be a valuable means for viabilisy
studies VMethods of preservation and stor
age temperatures and wnuirient influences
can be studied

Final decision of persistence may depend
upon the use of auiografts from the anmals
themselves or on inbred animals that per
manently reimin homogra(ts from one an
other, since homografts prepared by pou
viable methods may last almost as long o
the wound as known visble homogralts.
The increaning accuracy of repeated obser
vation snd the appearance at the time of
ultimate loss of the graft may make this 2
method of unquestioned relabflity for il
observers

Tssue culture Is stotad by Pomerat to
be the best test of skin viability since there
is no question of confusing marginal or deep
tissue growth with persistent transplant

Growth of human skin on the chorio-
allantols membrane was reported by Good
pasture Douglas and Anderson and this
was confirmed by Tesery and VcDowell

The bixportance of veability s homogrefis
is Deing investigated clinically and the re
sults studied Viable homografts provide o
more normal type coverage may spread out
wome, last longer establish a completely
healed wound which requires Infrequent
dressing change or no dressing at all and
eventual loss is complete with minfmal
amount of drainage Lyvophilized skin is
more practical for storage and transporta
tion and because of this might be of more
value in a national emergency or for the
Armed Services Loss of this membrane ap-
pears to be continuous with constant drain
age and the deeper layers of the transplant
may vequire eventual excision before the
open areas can be covered with autografts

Presu~t Recoumeaparions ror 4 Bavs

To anvone carfng for numbers of large
burns the advantages of & shin bank for
postmortem homograits sre too great to
walt for elaborate quarters or apparatus
or grants of money from the government or
<ome foundation

All that is cealis needed s a reliable re
frigerator that can be kept at 4 €. and the
will to make the project succeed

i
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Shortly after a patient with a large burn
1s admitted, various doctors and residents in
the hospital can be notified of the need
Patients who expire suddenly following head
mjuries, automobile accidents, or coronary
or cerebrovascular episodes are the most fre-
quent donors

Once permussion 1S obtained in writing
from the responsible relative, the grafts are

cut quickly and carefully Then they may
be wrapped in damp sterile sponges, sur-
rounded by a covering of sterile waterproof
material, be labeled and placed in the re-
frigerator

They are ready for use anytime within
1 or 2 weeks that the recipient’s wounds are
considered to be in optimum condition to
receive them
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Restoration of Defects
from Removal of Tumors

Satisfoctory closure by undermining the
edges and suturing or by switching local
flaps 1s usually possible after removing
small skin tumors Esxcislon of larger tu
mors which have arsen in the skin or
invaded it secondarily may leave such de-
fects of such size that closure with free skin
grafts or pedicle flaps {s advisable Examples
of the latter include large nevt port wine

v ™~
‘ S

stalns, plantar warts cancers and lymphan
giomas

NEVI

Countless small nevi are removed, and the
wounds are closed by local shifting of tis-
sues Large ones may leave defects that can
not be closed in this manner without dis

.

1 A

Yo -
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/3

Fio 241 Excislon of hairy nevus of forehead and resurf, cf
mlit skin graft. Some of the nevus extended hack into the Llr;g lr:tthu::re}x:ti!;ilgh
was carried upward to where It was thought the normal hairline should be

269
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F16 242 Single operation repair of port-wine stain The hemangioma was dark
and could not be covered satisfactorily with special cosmetics Surgically ecised
and covered with free full-thickness skin graft (Rsght) Result 6 months later

torting features and therefore should be
closed by grafting (Fig 241) It 15 often
best to make an accurate pattern of the
nevus before removing 1t, as there is often
a tendency for the defect to enlarge as soon
as the involved skin 1s removed Ordinar-
ily, a free full-thickness graft will provide
the best covering, as only skin 1s removed 1
taking out these tumors Small, full-thick-
ness grafts for the face can be taken from
the lower neck, or behind the ear if 1t 15 not
too red Larger ones are usually obtained

from the lower abdomen or the groin Very
thick sphit grafts from the lower anterior
chest wall are often best to use Malignant
melanomas require much wider and deeper
excision, so these defects are also usually
covered with split grafts

PORT-WINE STAINS

These should be considered as congenital
anomalies of the capillary system n the
derma rather than as tumors, and they are
important only because of appearance Some

Fic 243 (Lcft)
Congenital port-wine
stain, which after many
years developed into a
thick, warty, bleeding
hemangioma  (Right)
Result of resection and
split-shin grafting.
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Fio 244 (Left)
Port wine stain of
face with superim
posed radiation le
slon and scarring
necessitating opera
tion Failure of right

sumably 1s due to
radlation (Right)
Result after exciston
and resurfacing with
free skin gmft (pa
tient has heavy cos-
metics on jn final
phate)

of themn i women can be disguised success-
fully with cosmetics, and when possible to
do so this may be wiser than surgery Some
of them may be improved by dermal injec
tlon of permanent white pigments or other
chemicals (cf Bibliography Brown Can
non and Allyn McDowell 1946) They are
almost uniformly insensitive to radintion in
any form Destructfve treatment with acids
heat, freezing (carbon dioxide snow) or cor
roslves leaves a nasty open sore which heals
by scarring and sometimes distortion, which
is worse In appearance than the original le
sion. Clean surgical excision and immediate
replacement of the stained skin with a {ree
full thickness or thick sphit graft 18 nearly
always preferable to any of these destructive
treatments but the results are not perfect
and the problem should not be approached
with too much optimism (Figy 242 and
243)

The stained skin is removed in the same
manner that a full thickness graft is cut
though there will be more bleeding The bed
{s made dry by prolonged pressure with
warm saline packs and short fudicious ap-
plications of weak epinephrine (1 5000)
sponges. The grafts are applied In the usual

manner, the surgeon being sure to brush out
any blood beneath them and to apply a
good, firm pressure dressing Large stains
are resurfaced best in stages so that a single
graft does not extend from the cheek to the
eyelid the nose or the lip Suture lines be
tween the grafts can be placed in the naso-
1abtal fold, or along the border of the nose,
or the border of the eyelid It may be neces-
sary to do secondarv excisions of some of
the edge scars and to inject some perma
nent color into the graft to make it match
the rest of the face as well as possible
Occasional stains will be seen with exten

sive radiation effects and even sgusmous
carcinomas developing within them These,
or course require much deeper and wider
exaision and replacement may be with a
free s\in graft (Fiog 242) or a pedicle flap
may be required (Fig 177)

CANCER

Skin cancers that are still relatively
superficial can be excised and the areas re-
surfaced with free shin grafts at the <ame
operatlon {0 swtable covernge canmot be
obtained by local adjustments of tissue If
the lesion Is Infected or ulcerated a nlit
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Fic 245, (Lefty

Extensive skin car-
cmoma of the nose,
but still can be
moved over frame-
work (Rught) Re-
sult of excision and
sphit-skin grafting in
one operation Re-
sult probably 1s su-
perior to flap here

graft 1s used (Fig 245) Otherwise, a full- deeper excisions, consequently, a pedicle
thickness graft may be used 1f it 1s thought flap restoration may be necessary If a de-
that the appearance will be better (Figs layed flap 1s to be used, 1t can be raised at
246 and 247) Deeper lesions will require the same time that the cancer 1s excised,

Fic 246 Re-
current basal-cell
carcinoma of the
nose with sur-
rounding radio-
dermatitis The
growth was stll
not attached to
the underlyng
nasal bones and
cartilages, so it
was possible to
excise 1t and do
immedate repair
with a full-thich-
ness shin graft in
one operation.
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Fio 247 (Top) Basa! cell carcdnoma of jnner
canthus, cresping along the nase and back into the
upper eyelld (Cemter and bottam) Result of wide
excrsion and coverage of the defect with free skin
graft from the clavicular region for softness and
best match The sutures shown in the center plcture
were originally left Jong and used in a 'tic-over”

dressing

and the latter area can be covered with a
eplit graft temporarily to keep it clean and
healed

Large cancers about the face and the
mouth may require the excision of features
and preeent reconstruction problems that
are covered In other chapters of this book
For instance a small movable cancer of the
nose may be excised and the wound closed
by undermining and suturing A shightly
Iarger movable skin cancer of the nose
might be excised and the defect closed with
a full thickness graft (Fig 246) However
if such a leslon were over the cartilaginous
portion and adherent to the cartilage but
not to the llnlng, it would be excised en bloc
with the cartilage, and the defect filled in
with a flat composite graft from the back
of the ear consisting of 2 layer of cartilage
and external skin (Fig 104) If the lesion
were 1n the ala and involved the full thick
ness, a full thickness excision would be
done and for repair a complete composite
graft would be used conssting of cartilage
with skin on both sides (Fig 96) Larger
fixed lesions of the nose might require full
thickness resection and repair with an adya
cent rotated cheek flap Very large lesions
might require complete excision of the nose
and total nasal reconstruction with a fore
head flap All of these procedures are out
hoed in Chapter 24 Repairs of the Nose

In dealing with a large cancer any place
on the surface of the body 1t may be best
to cover the operative defect temporarily
with a splitskin graft, when a satisfactory
bed can be obtained and then substitute
other covering later {f there proves to be
need for a change Split grafts are so easy
todo and will take in so many difficult situ

atlons that they are fnvaluable for this pur
pose For Instance in cancers over the side
of the head, it may be necessary to chisel
off the mastoid process or the outer table of
the skull, or part of the mandible because
of bony fixation to the tumor The removal
is done in one plece and the bony portion
of the delect is covered with a local flap of
fat or muscle if possible, if not, cortical
bone may be removed until all of the ex
posed bone is cancellous and bleeding and
then a large split graft may be draped over
the entire operative defect and pached in
place with a good take usually resulting
(Fig 248)

LYJMPHANGIOVIAS

There {s still some question as to whether
lymphanglomas are true tumors or congenl
tal anomalies, but they do slowly increase
in size and ma) become horribly disfiguring
when present in the face. They are rather
insensitive to radiation and the surgical



Fic 248 (Left) Extensive basal cell carcinoma, with long history
of treatment with acids, electrocautery and radiation Fiaed to the
zygomatic arch and the mastord process but not to the calvarium
Widely excised in one piece, including the zygomatic arch and the
mastoid process, as well as the ear fragments Splhit graft packed over
defect (including cancellous bone areas) with result shown at right
1 year later Now 5 years without recurrence
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Fic. 249 Excision of deforming lymphangioma of the forchead Shin mvolved
down to the eyebrow, with subcutaneous tumor &\tendx.ng down nto the upper hd
The eyebrow was sutured bach into position after excision, and the forehead was
covered with thuch sphit graft One operation.
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Fio 250 Excision of deforming lymphangioma of the nese and immediate repair
with a free full thickness skin graft from the supraclavicular region

treatment leaves much to be desired They
are rarely malignant so that it is possible
to do multiple partial excisions as the child
grows, Hf the facial nenve or features can be
preserved in that way Subcutaneous re
moval can be done if the skin Is not too
warty or pigmented but the skin is usually
stretched so badly that much of it has to be
excised anyway to effect 2 smooth closure
At times the skin I5 0 ugly and the leslon s
so large that it is best to exclse the whole
thing in one block and cover the area with
a flap or a graft depending upon the con
1our and the compostion of the remaining
base (Figs 249 and 250)

ArTertal HEMANGIOMAS

These are the bright red, rapldly growing
hemangliomas seen in infants They are given
the name “arterlal ’ because of their bright
red color though they are composed largely
of neoplastic cyvlinders of solid endothelial
cells which penetrate surrounding tlssues
and Jater canalize to form capillarylike
vessels

They vary a great deal in thelr rate of
growth and many or most of them begin
spontantous regression somewhere between
the ages of 6 and 18 months or 2 little later
Some sre very slow prowing and benign o0
that thes grow a hittle, remain stationary a
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Frc 251 Large, benign, verrucous growth of the scalp excised and the wound
covered with split-skin graft in one operation

few months, and then gradually disappear
without treatment Others grow with ex-
treme rapidity, invade any tissue on all
sides, and outgrow blood supply to the sur-
face so that extensive ulceration may take
place, with later infection and septic embol1
These latter may destroy features or even
life 1n some 1nstances

For those which grow rapidly or endanger
features, there should be no hesitancy in
employing 1mmediate effective therapy If
surgical excision 1s done, 1t should be rela-
tively wide because of their invasive tend-
ency, and closure effected by shifting local
tissues or by skin grafting Often, about the
face, it 1s best to stop the growth with a

very light dose of interstitial radon seed and
then await spontaneous involution If there
has not been ulceration, or if too much shin
has been destroyed, a good repair may re-
qurre resurfacing with skin grafts (Ig
252)

Some of the worst results have been 1n
lesions which started out about 1 cm 1
diameter, and when they could easily have
been controlled, the parents were advised to
leave them alone Some of these have grown
to cover the whole side of the face and
slough out important features Although
they finally underwent spontaneous regres-
ston, the residual deformities were very
great

e, e b e T i

Fic 252 (Lcft)
Rapidly growing, ul-
cerating hemangi-
oma 1 young infant
Controlled after this
by mmplantation of
a hght dose of ra-
don seed Later, un-
sightly skin was ex-
cised, and the area
was resurfaced with
a single spht graft
with the result
shown at the right
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Restoration of Defects
from Farm, Traffic and
Industrial Injuries

GENERAL METHODS

Accidents from these sources account for
a large percentage of trauma cared for on a
plastic surgical service The varlous types
of Injunes and their repair are recounted
throughout this book under various proce-
dures burns electrical burns, military plas-
tic surgery hand repairs foot repalrs, peno-
scrotal repalrs, and other regional chapters
Some additional specific injunes and thelr
repairs will be considered here

This chapter is not concerned with ordi
nary Jacerations or contusions of the shin
or with Injuries to deeper structures but

with the restoration of surface coverage
when soft tissue flaps have been torn loose
or completely out.

Early, solid skin healing is particularly
essentizl when underlying fractures or ten
don or nerve mjuries are present In fact
any direct fixation of fractures or tendon
or nerve sutures should be delayed unless
the surgeon is fairly certamn that prompt
surface healing can be obtained Free graits
do not provide a thick enough surface pad
for this work, and there is alwavs some
uncertainty about distant flap coverage
especially when direct ones are used

—r

Fio 253 Typleal wringer injury first seen 3 weeks after the actident The re-

malnder of the dead skin flap tas removed,
As soon as the fine granulations shown

with a thick split skin graft.

, and the wound was prepared for graftin,
were obtalned, the wuund was cn\'m.Fd

27
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When soft tissue has been scooped out
and lost, coverage may be restored by re-
adjustment of local tissues, a free sphit graft
or a pedicle flap The exact plan will depend
upon the contour of the wound and the
deeper structures exposed, as well as the
size of the wound Small wounds can fre-
quently be closed by undermining the edges,
sliding in tissue from one or both sides, and
suturing Larger ones can be covered with a
spht graft 1f bare bone, tendons or nerves
are not exposed, with the provision that it
may be advisable to replace the sphit graft
later with a flap if there 1s much depression
or 1wrregularity of the surface contour Ex-
posed nerves sometimes can be transplanted
under adjoining soft tissues and the above
plan carried out Occasionally, 1t 15 possible
to switch small flaps of fat from the edges of
the wound and cover small areas of bare
bone or tendon, after which the whole
wound can be covered with a spht graft
If this cannot be done, one can consider the
possibiity of switching a direct, double-
ended flap from the edge of the wound over
it and 1immediately grafting the original bed
of the flap The last course is to attach a
direct flap from a distant source This re-
quires, of course, that a flap be designed
which can be brought mto immediate con-
tact with the wound and that the pedicle be
at least as wide as the flap 1s long In gen-
eral, it 1s best to rely on temporary split-
graft coverage when at all possible and to
bring the flap in as a later secondary pro-
cedure

When a flap is torn loose but not com-
pletely detached, every effort should be
made to determine how much of it 1s prob-
ably viable, to save this portion and to cover
the rest of the wound as indicated above In
this connection, trap-door flaps (ones which
are torn loose on three sides with a remain-
ing attached pedicle on the fourth side) tend
to shrivel and 1n so doing may collapse some
of the intrinsic venous return Their circu-
lation may actually improve after the flap 1s
stretched out to original size and shape by

suturing 1t back in its bed The arculatioy
may be aided further by applying a pressure
dressing over the flap to prevent stagnation
of blood within 1t If such a flap 1s small
and apparently not viable, one may consider
removing 1t, trimming all the fat off and
replacing the skin as a free graft, usually
with a stent-type fixation

Some patients will be seen who need bone
grafts, tendon or nerve work, whose vwounds
have healed by granulation and scar. In
nearly all such instances, 1t 1s best to excise
the scar throughout 1ts entire depth and area
until a perfectly soft bed 1s obtained and
then cover the area with a pedicle flap The
most common sites are in the leg, where the
flap 1s usually obtained from the opposite
thigh, and the forearm, where a direct flap
from the abdominal wall 1s commonly used
(cf Chap 33, “Skin Grafting in Mihtary
Plastic Surgery”)

WRINGER INJURIES

These crushing 1njuries are most com-
monly seen 1n the upper esxtremities of
children and are apt to be deceptively
benign 1 therr initial appearance (Fig
253) There may be wide areas of separa-
tion of the skin from the subcutaneous fat
(and 1ts blood supply) with only a little
bruising apparent In addition, one or more
flaps (often retrograde) may be torn loose

The 1mitial appearance may not be very
bad, but there 1s little reason for optimism
here If hematomas or flmd collects n the
planes of subcutaneous separation, and if
the flaps become edematous with poor ve-
nous return, there may be widespread loss
within a few days Therefore, treatment
conststs of trying to prevent these sequelae
The areas of subcutancous separation arc
carefully examined and palpated, any b'ood
or fluid collections aspirated or dramned, and
massive firm pressure dressings applied with
immobilization and elevation of the ex-
tremity and mmmobihization of the patient
‘The prognosis can be determuned best after
3 or 4 days of such treatment.
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If flaps are torn loose and hanging they
may present the appearance of question
able or possible viability on the Initial ex
amination However, they are badly con
tused and die more often than not Perhaps
active bleeding from the edges is the only
certaln sign of viability in such flaps If the
edges are washed with a wet sponge and do
not bleed, It Is usually best to trim them
back untll there 15 active bleeding suture
this portion of the flap (If any) back in
place, and split graft the remaining defect

At times the wrist will catch in a wringer,
and the roller will continue to grind on the
palmar surface until there is heat destruc
tion of the bones and grinding away of the
radinl and the ulnar arteries as well as the
median and the ulnar nerves. In some such
instances, only amputation ¢an be done be
cause of a lack of the blood supply

Fractures are rare 1n these patients, so
that 1f clinical examination shows no ev:
dence of them it may be best to go ahead
with definitive surgical treatment of the sof(

v

|
F10 254 “Mangle burn in child (Top) A clean

following 2 weeks of excellent care b)( a I'::)cx] pl‘l':gd:m nmlhm:\:g

dead epicondy les are expased These were removed and the areu'wu covered

with two plit gralts in one opernt
later

lon (Bottom) Farly cesult shown 4 weeks
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F1c 255 Palmar half of 3 fingers shced off 1n lcather.
sciving machine, going night down through the middle of
the bones After thorough washing and irrigating of the
wounds, exposed cancellous bone was covered with smal|
fat flaps from the sides of the fingers, and split-shin
grafts were applied The flevor tendons were gone, and
the fingers were stiff, but the patient returned to his
former job 2 months later and has continued to work at
1t for several years The hand 1s still useful for mampulat-
ing and steadying the leather as 1t goes into the machine

o mm v [

parts and obtain x-ray pictures after the upper limit of the mjury (eg, near the

pressure bandages are n place, rather than
waiting for them and allowing further dam-
aging changes to take place i the soft
tissues

MANGLE INJURIES

These injuries may occur i home laun-
dries (Fig 254), or commercial Jaundries,
the latter often being worse because of the
greater size and power of the machimery

The burn 1s usually the worst component
of a mangle injury, though there may be
zome crushing and finger fractures (espe-
cially in the commercial variety), and there
may be some grinding wringer effect at the

anilla) 1f the patient could not get loose
right away There may be dead bone i
areas of bony prommence, such as the epi-
condyles of the humerus, the head and the
olecranon process of the ulna, etc Some-
times finger fractures can be stabilized with
Kirschner wires, and often burned bony
prominences can be chiseled off after 1 or 2
weeks Other than this, the treatment 15
that of any deep extensive burn of the hand
and the upper extremuty

GENITAL AVULSIONS

These are described in Chapter 19.
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AVULSED SCALPS

These are usually seen in women whose
long hair has been caught in revolving ma
chinery If the scalp is still attached to the
head, the usual tests for fap viability should
be made, and any viable portion sutured
back down i place Even questionable flaps
may be sutured back, replacing any lost
areas later with split grafts However, if the
scalp is torn completely off the head, it 18
best to discard it, resurface the head imme
diately with split grafts and have the pa
tient wear a wig afterward (Fig 226)
There are wolnted reports in the literature
of shaving these detached scalps removing
the fat from the undersurface and sewing
them on as free grafts In such instances,
most of the graft Is usunlly lost the portion
that inkes rarely grows any useful hair, the
patlent wears a wig anywny, and the con
valescence may be prolonged over many
months

HAND INJURJES

Flaps torn completely off of hands com-~
monly expose wide areas of tendons and
in such instances it may be best immediately
to bury such a hand sn an abdominal pocket
When skin is sliced off without the expo-
sure of tendons, immediate coverage with
plit grafts can be done This was done In
one instance in a patient who sliced off the
palmar half of all his fingers in 2 leather
sclving machine The sciving Lnlfe split the
phalanges leaving ¢ Tlous bone exposed
almost the entire length of the fingers
There Is almost no padding on the palmar
surfaces of the fingers, and they are motion
less (due to loss of the fiexor tendons), but
the patlent returned to work at his old fob
2 months after the infury (Fig 255)

SLICED-OFF FT\GERTIPS

Fingertips may be sliced off in bread
slicing machines meat-shicing  machines
ete and brought in with the patient The
sepanated fragment js usually not very large
and is cleanly eut without much contusion

1f the fragment is no more than 1 cm in its
smaltest diameter, it may be sutured back
on the finger and usually will grow in the
same manner as a composite graft

The raw fingertip is covered with a small
saline sponge the hand thoroughly washed
with soap and water, and stenle drapes ap-
plied, here as elsewhere, it is best to pre
\ent soap or any detergent from entering a
raw wound to which a graft is being apphed
immediately

The separate fragment Is washed with &
saline sponge, and after hemostasis of the
stump Is obtained it is sutured in place with
long Interrupted No DOO black stk sutures
which are then tied together over a pad of
grease gaure and surgical waste to exert
pressure on the graft The finger 1s 1mmo-
bilized on a small splint an over all pressure
dressing {s wrapped over the hand, and the
hand and the forearm are kept elevated in
a shing Antiblotics are given for a few days
and all of the usual precautions and technics
of free grafts to the hand are employed

If the separate fragment is more than
1 cm in length, some fat may be trimmed
off the undersurface to bring 1t down to this
size before applying it If there is a tinv
piece of bone In it this is removed

If the fragment is pot covered with
grease ofl or other jrritating materials, and
if it Is not too large (eg not farther back
thao the middle of the nafl), and if it {s not
badly contused usually jt will take satis-
factorily and result in the best possible
repair

PUNCH PRESS INJURIES
OF THE HAND

These injurles are severe crushes which
come in with portions of the fingers already
gone or 0 severely mangled that amputa
tion is necessary The loose fragments can
not be sutured back into place

The main consideration here is whether
to preserve as much length as possible and
this is important 1n some patients The ordf
nary procedure, of course, is to resect add(
tional bone until the soft tissues can be

-
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brought together over the end, or until a
palmar flap can be brought clear over the
end to the dorsum, this frequently means
amputation back to the next jont

In some patients, with certain occupations
or hobbies, 1t may be worthwhile to pre-
serve additional length This can be done 1n
some 1nstances by mobilizing little flaps of
fat from underneath the skin edges, turning
them out over the end of the bone, suturing
them together with No 000 whute silk and
applying a free skin graft In a man, a soft
supraclavicular graft provides excellent
cover for a fingertip Coverage can also be
obtamned in some nstances with a cross-
finger flap (F1g 83)

CORNPICKER INJURIES
TO HANDS AND ARMS

The clawing rotating teeth of a corn-
picker can pull most of the skin, or most
of the skin and other soft tissues off the
hand, or the hand and the forearm The
worst mjuries occur when the farmer uses
the other hand reflexly to try to free him-
self and ends up with both hands and fore-
arms 1n the cornpicker (Figs 256 and 257)

If only the skin 1s torn off without expo-
sure of tendons, or if viable flaps are left
which can be used to cover the tendons,
early coverage with split-skin grafts can be
done

If tendons or other important deep struc-
tures are exposed, 1t may be best to clean
the hand thoroughly and implant 1t under
a direct abdominal flap In some 1nstances,
1t may be necessary to implant the whole
hand and forearm under such a flap.

The extent of these injuries varies so
much that specific rules cannot be made,
except that stable surface coverage and heal-
ing must be provided first, with grafts or
flaps, whichever are required, and as quickly
as possible,

Figure 256 shows an extreme case In
which the right upper extremity was torn off
near the shoulder, and the soft tissues were

——,

claned off the left forearm, except for a
narrow strip about 1 inch wide under the
ulna containing the ulnar artery and nerve
there was a large amount of dayhght show:
ing through from the other side between the
radius and the ulna, and parts of both of
these bones were dead. However, since he
was a young farmer with a family to sup.
port, 1t was thought best to make extreme
efforts Dead bone was excised, and direct
chest flaps were applied to both the volar
surface and the dorsum of the forearm to
provide complete coverage Later, hone
grafts were put i by an orthopedic surgeon
with good success and with about one third
normal function resulting n the extremty:,
A pectoral motor was constructed on the
other side, and a cineplastic arm and hand
were fitted Although he still has many diffi-
culties, the patient 1s able to feed himself,
dress himself, run a tractor, do farm chores
and support himself and family.

STREET BURNS
AND DIRT TATTOOS

Street or friction burns are treated in the
same manner as heat burns, special care
being taken to scrub out any ground-in dirt
or o1l These burns are usually superficial,
but any areas of full-thickness loss may be
grafted if necessary

If dirt 1s allowed to heal in superficial
street burns, permanent dirt tattoos will
result Many of these can be treated sec-
ondarlly by abrading off the superficial
layers of skin with sandpaper or rotating
wire brushes, or shicing the superficial layers
off with a graft kmife or a dermatome and
treating them the same as a split-graft
donor area

Deeper pigment that has been blown into
the dermis or the subcutaneous tissues may
require full-thickness excision, with closure
by suturing or grafting

Deep friction burns behave the same as
thermal burns and requre débridement and
grafting.
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Fio 256 Cornpicker [njury with right arm torn off, and left forearm badly dam
aged (Left top) Dorsal suriace of forearm, with dead areas of radius and ulma
(Left bottom) Volar surface of forearm, the wiite area in the ulcer is not
bone but daylight shining through from the other side (Right) Position following
excision of dead bones leaving drainage on the volar side and attaching the dorsal
side to a direct chest flap Later, the forearm was detached with surplus flap which
was wrapped around to cover the volar defect

Fra 257 Same patient as in Figure 256 Early result shown after complete heal
subsequent bone grafting by orthopedic surgeon and construction n%ht pcctt?rxfl
cincplastic motor on our service The patient has good strength for groas movements
in the Jeft hand but little fine movement due 10 the fact that the median and the ulnar
rf:muaregon&n;idgwst oflh;tendu}a;]sbavebcentomout. Cineplastic arm used for

ne movemen e dresses and feeds himself runs a tra
ments to earn a living again as a farmer # tractor and all usual farm fmple-
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COMMERCIAL TATTOOS

Deliberate tattoos are usually quite deep
in the dermis, or even somewhat 1n the sub-
cutaneous tissues Some improvement can be
obtained by sandpapering, or by secondary
tattooing heawily with tannic acid to get
peeling, or by cutting very thick split grafts
from the 1nvolved skin Deeper and heavier
ones will require surgical excision, with clo-
sure by suturing, local flaps or free skin
grafts (Fig 258)

Fic 258 Com-
mercial tattons
The one on the
thigh has been ex-
aised and sutured
The one on the
forearm has been
excised and cov-
ered with a full-
thickness skin
graft,

ROPE BURNS OF HANDS

If a rope or a cable 1s pulled through the
hands at a fast rate, a deep burn of the
palm and the flexor surface of the fingers
may occur, consequently, a flexion contrac-
ture will be the result Early débridement
and grafting are recommended as the best
treatment, but if the patient is first seen
after contracture has occurred, the scars
may be excised and free grafts inserted (Iig.
259)

EN - - -+

Fic 259 Rather typical rope burn of the hand with flesion contractures of the

ring and the httle fingers Repaired i one operation by excision of ccar opening of
contractures and covering resultant raw areas with free full-thichness shin grafts

Complete function was obtained
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Fio 260 Acd burns of the {ace Small, contracted kelaided scars at the margins
of the upper and the Jower eyelids were excised and covered with skin grafts, The
scar over the glabetlar region was excised and resurfaced with a full thickness graft.
These burns remained red for a long time, but had bleached out as shown 2 years
later

CHEMICAL BURNS

Acld or caustic burns may be seen in
chemical workers (Figs. 260 261) or athers
and immedinte first-ajd treatment should
consist of coplous washing of the areas with
plain water, preferably in n shower bath or
with o hose Phosphorus burns are an ex
ception and are preferably treated with a
weak solution of copper sulfate

Alfter removal of the chemical they may
be treated in the same manner as scalds or
fire Lurns. Superfically burned areas will
usually be henled within 2 few days but may
remain red for o longer perfod than heat
burns Deeper burns may be allowed to heal
spontaneously or may be covered with split
skin grafts according to their size and loca
tion. Scars from them seem to be more
prone 1o helold than scars {rom heat bumns
s0 that subsequent surgical excision and clo-

sure by sutaring or grafting may more often
be necessary

If there is any question of involvement
of the eyes, an ophthalmologist should be in
attendance and joint decisions should be
made throughout the patfent’s course Lye
burns commonly destroy the globe but may
leave useful vision in some patients with
adheslons between the globe and the lids.
When possible jt is best to release such
adheslons by swinging adjacent faps of con
Junctiva ncroas the diseected area The next
best cholce is o free graft of mucesa from
the cheek lUaing and if it does not work
one may be forced to use a split skin graft
Any such shin grafts should be cut as thin
as possible from almost hairess areas but
even so they cause much discharge and in
flammation In the conjunctival sac so that
they are to be avoided whenever possible
When used, it may be advisable to try to
switch conjunctival flaps so that the globe
and the central portion of the lid are covered
with normal tissue and any skin graft used



F1c 261. Acid burns of the face and the nosec A Leloided scar over the
tip of the nose and the left nostril was lumpy and irregular, so this was
exaised and resurfaced with a full-thichness graft from the supraclavicular
region,
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is placed 2s lining over the lateral or medial
side of the lid where it will not rub on the
cornea. The question of comeal grafting is
{eft up to the ophthalmologist, of course,
but if it is done and any useful visfon is
regalned, it may be better to leave the eye
in a partly fixed position than to risk put

ting a skin or mucosal graft in the conjunc

tival sac with 1t. When the eye 18 so badly
damaged that removal is necessary, the con

junctiva is usually destroyed too necessi

tating restoration of lining before an arti

ficial eye can be worn (Fig 187) Mucosal
grafts shrink so much that it is almost im

possible 1o line an entire socket with them
spllt-skin grafts usually being necessary for
this purpese Again the grafts are cut quite
thin from a relatively hairless area, and the
socket s dissected out to sabout twice the
desired size before the graft is put in over
a dental wax or gauze mold An artificial
eye Is fitted about 2 weeks later and should
be kept In day and night for several months

These sockets tend to be dry and there may
be some sebum from the skin grafts creating
a rather disagreeable situation The best so-
lution though not perfect, seems to lie n
frequent remaval of the eye cleansing it and
the zocket and coating the eye with mineral
oll or some other lubricant so that It will
appear moist.

Burns of the mouth caused by lye or
some other chemical, are seen occasionally
In such instances the patency of the esoph
agus should be investigated The scara inside
the mouth may involve the buccal mucosa
and antenor pillar reglon 3o as to prevent
opening the mouth Genernl anesthesia in
such patients always presents some hazards

50 that it may be best to do the work under
local anesthesin The scars are opened up
inude the mouth, and 2 jaw dilator 15 -used
until the mouth can be opened and blocked
in that position Then the raw surface is
covered with a thick split-shin graft put in
over a dental wax mold The patient may
be fed iquids from a cup with a spout or
tube feeding may be used for a few days.
If not too uncomfortable the mouth may be
left blocked open for 3 or 4 weeks and some
form of jaw dilator used daily for a few
weeks after that to help counteract any
tendency for it to close down again Usually
it will contract down some after the initial
weeks s0 that it may be advisable later to
open through the center of the graft again
and spread and insert another piece of skin
grait Rarely, a patient will be seen who has
so much dense scar 1 one cheek or side of
the mouth that complete release by shin
grafts seems to be doubtful In such in
stances one may raise a delayed flap on the
same side of the neck with the pedicle just
under the Jaw and swing it up through the
lower buccal formx to line the cheeh. How
ever, one may always try the split-graft
linwng first and if it does not work it 1s
never too late to resort to the flap which
does give a more flexible lining with less
shnnkage

Besides the above mentloned “false anky
losis ” one may see adhesions between the
gums and the llps or the cheeks between
the tongue and the floor of the mouth or the
hard palate or elsewhere in the mouth.
These are usually released by dissection and
covering the resultant raw areas with spht
shin grafts put In over stent molds
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GENERAL CONSIDERATIONS—
ELECTRICAL BURNS

Electrical burns occur most commonly 1n
linemen (Figs 14, 15) and in adventure-
some older children from coming m contact
with high tension lines First-aid treatment
and early general care will not be discussed
here except to say that early death 1s com-
mon from ventricular fibrillation, paralysis
of the respiratory center, tetany of the
respiratory muscles, or some combination
of these factors Unconsclousness may per-
sist for days, and late deaths may occur
from acute atrophy of the liver, or from
unexplained lesions, so that an internist
should be 1n charge of the patient from the
beginning.

The local burns are usually limited in area
but quite deep so that {endons or even bones
may slough out eventually The entry burns
are commonly in the hands and may be
more widespread and serious than the et
burns 1in the buttocks, the legs or the feet
The latter may appear to be deep. charred
puncture wounds but are actually more
widespread than that, and wide and deep
débridement may be necessary to get down
and around to wviable tissue

Damage to the vessels between the points
of entrance and exait of the electric current
may be severe enough to cause their throm-
bosis or spontaneous bleeding Tt is possible
that damage to vessels may result from therr
being a pathway for the current This some-
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times seems to be expressed in repeated
hemorrhage and crumbling of the vessel
wall 1n attempting hemostasis, so that great
difficulty may be encountered in cheching
the flow from the damaged vessels

LOCAL CARE
OF ELECTRICAL BURNS

1f possible, the definitive repair 1s begun
as soon as the patient 1s first seen, when-
ever his general condition permuts The ad-
vantage of doing any surgical procedure in
the operating room under adequate anes-
thesia is obvious, rather than trving esten-
sive procedures n the emergency room

Primary excision and immediate cov-
erage may be done in some areas if the
exact extent of the burn 1s recognizable,
There may be a tendency here to be too
conservative, and the damage 15 apt to be
more than one might think so that débride-
ment should be a httle more than appears
to be adequate In these instances, mitial
repair usually may better be done by local
closure or with a free graft, and any com-
plicated flap coverage should be postponed

Free skin grafts can be used to sccure
a healed wound and often suffice for per-
manent coverage. If for temporary cover-
age, the wound s said to be dressed in 0
graff. Spht grafts can he placed on bleeding
bone and expected to grow. Small arcas of
exposed (but not burned) tendon can a0
be bridged oser with this type of graft
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Fro. 262 Deep electrical burn of the
foot One operation for débridement and
grafting with complete rehabllitation
Set test for detalls, (Brown and Fryer
Ann Surg. 146 352-353)

Dressing the wounds after they have
been cleansed and frrigated may be all that
the patients general condition will allow
initially 1n some cases. The dressing should
allow for surgical dramnage be comfortable
and splint the part. A firm grease gauze
pressure dressing accomplishes this  and
subsequent dressings are done as necessary

Débridement of all nonvital tissue usu
ally cap be done then within a week or so
after the Injury The necrotic soft tissue
should be excised surmcally rather than
walting or relying on chemical débnding
agents. Nonviable bone is rongeured away
and sequestra are hifted out The wound 1s
prepared for coverage with a graft or flap
as soon a5 possible

Fio 263 Deep electncal burn of the foot extending into the ankle joint.
Débrided and covered with split shin graft in one operation with pcml.{neat
lligallil;,;: ige)text for details, (Brown and Fryer Plast. & Reconstruct Surg

1
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Fic 264 Other foot on patient I
Iigure 263 Deep electrical burn over
malleolus débrided and covered with
split graft in one operation, with per-
manent healing See text for details
(Brown & Fryer Plast. & Reconstruct
Surg 18 177-184)

Amputations are the reverse of recon-
structive surgery, and the main effort should
be to avoid them and save all possible tis-
sue If there is a sustaining blood supply to
an extremity, 1t 1s not removed without due
consideration and usually only after giving
1t a chance for survival and thus a period of
evaluation as to 1ts possible final function

Permanent pedicle blood-carrying flaps
are useful in many of these patients and
have the advantage of bringing a new blood
supply mto a formerly relatively avascular
arca Delay of these flaps in some areas may
not be nccessary Subsequent deep grafts,
as of bone or tendon, will survive in ques-
tionable areas because of this added vascu-
lar soft-tissue pocket The donor site for the
flap can be covered with a free graft at the
time of local rotation or subsequently

——e——
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Bottom of left foot shown
m Figure 263 Débridement and spht-
graft coverage in same operation, Two
feet, three areas, one operation—perma-
nent healing of all See text for details

Fic 265

Short, broad-based, direct flat abdom-
nal or chest flaps are used where thicher
coverage than a free graft 1s required and
where a sufficiently large local permanent
pedicle flap is not available Time is saved
and scarring in the flap is avoded by im-
mediate transfer of this type of flap Scar
in the recipient area 1s excised bach to good
minute blaod supply, and the flap 1s applied
accurately Usually the pedicle can be cut
within 3 weeks, returned, and the remander
of the donor site covered with a spht graft
Bone grafts, joint, tendon or nerve opra-
tions can be done through the flap in 2 to
3 months time, or sooner if necessary  Tlie
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Is another instance where the deep repair
can be no better than the surface coverage

Some facets of this work may be covered
best by describing some of the repaurs shown
in the iNustrations In this chapter

Flgure 262 shows a patient who took in
aver 12 000 volts through his hnee with the
point of exit through the foot while on a
pole Hanging by, his safety belt, his head
touched another wire He was taken to the
ground by other workmen and remained un
consclous for 24 hours After recelving emer
gency care in a local hospital he was trans-
ferred for definitive repair The wounds of
the scalp the knee and the foot were dé
Lrided 1n the operating room and the
wounds were dressed in split grafts He has
required nothing furthes than this initial
débridement and graft closure and has re
turned to his former occupation as o line

Fic 266 Deep electrical burn of elbow
area treated 2 years before elsewhere with

inch grafts. (Top) Heavy scar contracture
Ercaking down repeatedly (Cemter) Re-
sult of permanent soft coverage with direct
flap from lower chest. (Bottor) Position
of flap apphication Two operations, on and
off In about 18 days. See text for details
(Brown & Fryer Plast. & Reconstruct
Surg. 18 177 184)

man Although débridement of his foot ne
cessitated excislon of necrotic plantar fas-
cla, the free graft has proved to be durable
enough to wear climbing irons

Figures 263 to 265 illustrate another ex
ample of débridement, dressing the wounds
in free grafts wlth resultant adequate sur
face coverage for permanent function While
at work at an electrical manufacturing
plant, this patients feet became entangled
in a high voltage wire The drawings {llus-
trate the conditions of the burns when e
wns first seen 1 month later, after ampu
tation had been recommended elsewhere
These wounds were débrided, in the ankle
down to the viable bane and dressed In a
split thickness graft. This patient is walk
ing new with the assistance of o cape and
more complicated coverage is not Indicated

Figure 266 shows a deep burn of the arm
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ustained 2 years previously by contact with  of the thick scar necessitated flap coverage
righ voltage at a power company substation  which was done with a direct short broad.
[reatment at that time, elsewhere, is re- pedicle abdominal flap, applied mmediatel
vorted as consisting of sequestrectomy of to the defect The arm was detached from
he radius and pinch-graft coverage There the abdomen 2 weeks later, and the defect
vas subsequent repeated breakdown of the left by the flap was covered with a thick
esulting heavy scar contracture Excision spht graft. Function has been restored

R 0 ., - S -
Fic 267 (Top, left) Deep electrical bura through the skull and the (Iu'm f;\tii;?tlb
Jhull removed through both tables, necrotic durd excised, and Q[)]II-HLHI‘;J";IO“ L e
over defect (Top, right) \ppearance some months later, with ncv: llmnc ‘il e
edges marhed A httle later, a permanent pedicle flap was delay ei ([md :fuh ﬁ!m !
(bottom, lcft). shifted forward, and later nib hone grafts v.vrc:&u;‘ercr R e
result as shown at bottom, nght See text for details (Brown rr o £

146°342-353)
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Figures 267 and 268 iHlustrate not anly a
successful scalp and shull repair but also
the co-operation posuble between the pa
tient, the insurance carrier and the surgeon
Contact with high voltage on a pole resulted
in a detp burn of the head with necrosis of
the overlying scalp, through both tables of
the skull and Involving the dura At the
first operation when he was first seen 1
month after the accident, the burn was
débrided with removal of full thickness of
the skull and the dum The wound was
dressed in a split-sksn graft at this time A
healed wound resulted and the patient
wanted to return to work which he did with
the permission of the insurance carrier Re
tarning for examination 6 months fater con
siderable spontaneous Ingrowth of the shull
margins was noted, as shown 1n the drawing
in Figure 267 After 4 months of working at
hls former job the first stage delay of a
local scalp flap was done and after a perfod
of returnming to work agan, the permanent
pedicle flap was rotated aver to cover the
delect The soft tissue pocket having been
prepared, the bony defect was subsequently
repalred with 2 bone graft from the ribs,

Figure 269 shows a hneman who took

Fio 269 (Left)
7200-volt electrical
burn with full thick
ness Joss in scalp and
through forehead and
skull into the frontal
sdnus 5 ground burns
o lower extremities
xnd one on hand
(Right) Final result
alter t and
iplit graft  dressing
of defect 6 weeks after
accident and later ad
vancement of scalp and
adjustments (Brown &
Fryer Ann Sorp 146
342 353)

Fic 268 Drawing of rib bone graits
mserted to cover skull defect in patient
in Figure 267

7 200 volts between the hands and the head
and was knoched from the pole to the
ground 20 feet below He had a full-thick
ness Joss through the scalp and one through
the forehend, with a small opening into the
frontal sinus. The first operation was a
débridement and split-skin graft dressing”
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Fic 270 Electrical burn of the mouth in a child It was kept clean and covered
with cold cream n the early stages and healed as shown in the center picture
(Reght) Final result after excision of shin scar at the angle of the mouth and
application of small, full-thickness graft, and after detaching adhesions between
the gum and the lip 1n the nside and relining the Iip with a flap of mucosa swung
in from cheek

of the wounds 6 weeks after the accident
The free shin grafts took completely, even
bridging the small hole into the frontal
sinus Later, additional work was done to
advance scalp flaps and excise some of the
scalp graft The patient is well, except for
a cataract which 1s developing in one eye

These patiénts 1llustrate 1n general how
most of these repairs can be done expedi-
tiously and permanently with free skin
grafts i one or two operations, or the occa-
sional patient who requires flap coverage
can get 1t 1n one or two more operations

I3
e e

but rarely 1s there any reason to embark on
an nvolved or prolonged series of opera-
tions

ELECTRICAL BURNS OF
THE MOUTH

Electrical burns of the mouth may occur
in small babies from suching on electrical
plugs or cords on the floor (Figs. 270, 271
and 272) The feeding problem may become
rather acute so that it is best to hospitalize
many of these babies and give them supple
mentary parenteral fluids as necessary Thes

I'ie 271, Llectrical burn of mouth, some months afterward (lefty with marked r({m-
tracture (Center and right) Result of openung, switching small flaps of mucosa out fof
vermihion, and small full-thickness grafts on the outer surface of the lips
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can be fed from an Asepto syringe with a
ihort Jength of rubber tobing on the end,
if the nurses are persistent and patfent
enough The burned areas should be kept
dean and free of crusts and coated with &
thin layer of petrolatum until healed, and
no surgery is done until some months later

Many rather extensive burns heal with
surpeisingly little deformity (Fig 270), s0
that the required secondary work is much
less than was surmised at first. However
the extreme burns will heal writh marked
purse-string contractare of the mouth open
fng (Flg 271), necessitating subsequent sur
gical separation of the lips with resurfacing
of the vermilion by faps of oral mucosn
swung outward anc soretimes restoration
of lining in the buccal and labfal fornices
with split skin grafts

If there has been extreme loss it may
even be necessary to switch flaps enrly fn

the repaic and then finish with mucosal
adjustments and free skin grafts (Fig 272)

CATHODE-RAY BURNS

As industry uses various new rays for de
termination of the purity of solids or for
investigations of plasties and metals and
other new uses human errors will occur
with accidental exposures and resultant
damage to some of the workers even up to
the status of highly educated and Indoctr]
nated resenrch investigators.

Cathode ray machines for these Investiga
tions with heavy beams of electrons coming
out of them may not give the usual electr
cal current burn but there is a stream of
electrons on the move, which has come from
an electrical current and Is electrical in na
ture These rays have burned patients acct
dentally, with severe results

In the first of these patients observed on

Fio 272 (Left) Extenuve electrical destruction of face, hips and

mucosa. Baxic

lated vermilion and devel

operations through 13 yrar period by D
Robert H Iny with pedicle flaps (Right) In foif o
16 tons for release of fornix contracture construction of simu
of contour

owing 7 vear od,

)y as close (o

rormal as avallable tissue pc.;m“& Restoration of satisfactory useful
ness and of the main {unctfon of the face that of looking normal

This patlent is studying medicine (Brown & Fryer Ann

146 342-353)

Surg
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I'ic 273, Cathode-ray burn of
hand (Tap, Icfty Bhsternyg that fir=t
developed 2 weehs aftar exposure
(Tap, right) Breahdown 4 days hter
(Center, lcft) Heahng proaresains 0
days later (Centrr, rirkty  Nmost
healed 1 month latet (Battont) Il
appearance several months Later Shin
grafting throughout the ares ma 1§
feeded later af serondary bred down
securs, (Brown & Pryers Ann Surg
146:342-353)
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our service (Flg 273), there was & feeling of
slight heat while the exposure was going on
during only 8 few seconds but the exact
amount of electron current could not be de
termived The patient showed only a little
Irritation of the skin of the hand for 2 weeks
and then went on to extensive blistering and
some full thickness loss In the next month
followed later by epithelial fngrowth and
spontaneaus healing It fs not certain vet
whether or not he will require skin graft
replacement later

Another patient did not show bllstering
until 4 weeks after the burn, but then
showed a still worse reaction than an asso-
clate worker with the same exposure

One patient, unfortunately looked Into
one of these machines while it was on and
recelved some erythema over the f{ace, but
s0 far has not developed cataract

It is posaible that the effects here are
somewhat the same ns recently reported in
a case of “radar beam burn” which has
raised the question as to what safeguards,
if any are necessary in the use of radar
ranges, efc,

The use of cathode-ray machines Is too
recent {or any considernble experience with
human burns, but perbaps the main thing
at present is to be careful of an optimistic
proguons, at least until a few months have
elapsed
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Surgical Repair of Radiation
Injuries and Atomic Burns

Excessive exposure to x-rays produces cer-
tain changes in the skin and other tissues
that sometimes require excision and repair
Radium and other radioactive substances
may also cause severe changes, and atomic
warfare may produce lesions similar to those
seen 1n local areas at present The skins of
some ndividuals may be unusually sensi-
tive to the rays, with acute episodes that
may clear up 1n time, but permanent chronic
changes develop m practically all skins in
which there has been heavy or repeated
excessive eaposure or mistaken dosage

The above comments have no relation to
the usefulness of, or the indications for
x-ray therapy, nor are they meant to sug-
gest any directional approach to the prob-
lems in the use of irradiation

SQURCES OF INJURY

Burned hands in physicians are the
most frequent examples of radiation mnjury
seen at the present time (Fig 275) Many
of these occur while the doctor is reducing
difficult fractures under the fluoroscope
when his anuety for the welfare of s
patient has dulled s regard for his own
personal safety Nevertheless, these are pre-
ventable, and every physican using radia-
tion equipment should be aware of the
efiects of a smgle large dose and of the
irreversible, cumulative effect of repedated
«mall doves over many years

The hist of carly warkers with radiation

who have been burned is long, and containg
many names well known to the profession
Dr Walter Cannon, late professor of physi-
ology at Harvard, suffered burns of his
hands that required excision and graftng
These resulted from eaposure while domg
lus proneer worh on roentgen studies of the
gastro-intestinal system, before the late
effects on the skin were hnown
Dentist’s fingers are sometimes burned
(Fig 276) especially when they hold films
in patient’s mouths during exposure.
Prolonged fluoroscopic examinations
have produced some of the most unforfu-
nate burns, with miscalculations in distance,
time or filters probably responsible (Fugs,
274, 289, 290 and 292). Examinations of
empyema fluid levels, fractured metatarsals
and fractured vertebrae have resulted in e
pecially bad ones. These are such a great
trouble to the patients and to those respon-
sible for them that it scems advisable to
make warning mention of this source.
Acne, eczema, port-wine stains, plantar
warts, epidermophytosis and pruritus ani
are all troublesome dizeases but ure as
nothing compared with the pozaible cfiects
of evcessive radsmation therapt on them
(Fags 277, 281, 282, 283, 287, 288, 177
and 178) o
“Sailor's skin” or “farmer’s skin -~
the dry, atrophic, teleangiecintic <k resull-
ing from decades of heavy esporuee 1o M
light—1s eopecially intolerant to frrodintion

208
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The pathologic changes in this type of shin
are similar to those in a mild x ray burn
and it is probably advisable to treat kera
toses, skin cancers and even lip cancers by
other means In such patients

Commercial epilation of superfluous
hair by use of x rays has caused some of the
most dramatic, extensive and useless burns
(Figs. 278 and 291) Patients have been
seen with burns of the entire lower legs
the outside of the thighs the axillae out
side of upper arms entire forearms hands

Fio 274 Fluoroacopic burn
following exposure for locating
forelgn body Complete early
resection and Immediate r
with split graft. One operatlon
with normal function resulting

back of neck entire face and entire front
of neck from such treatments The pro-
longed morbidity suffering and loss of eco-
nomic and social status endured by these
patients have no poasible justification in
relation to the shightness of their onginal
complaint of superfluous hair and this com
mercial procedure cannot be condemned too
severely

As more time elapses for everyone to see
the distant effects of radiation treatment
perhaps changes 1n therapy or dosage will



Fic 277. Eczema burn Wide deep burns of both hands from treat-
ment for eczema. Reparr by resection and replacement of most of the
<hin of both palmar surfaces. including the fingers Two nprrations
Function .thout normal.
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Fio 278 Commerdcial hair remover burn Excesslve burning from commercial
X ray treatment to get rid of hair The patient had arms, axillas and legs com
pletely burned Treatment by excision, in two stages of all skin of the lower arm
and immediate split grafting

Fio 279 (Top left) Shows endarteritis and
endophlebitis at the junction of the skin and
the subcutaneous tissue with complete occu
sion of venule and almost of arteriole Loss of
skin appendages. (Bottom left) Telangiectasis
of subepithelial caplllaries probably as the re-
sult of obliterative changes of venules draining
the skin. (Bottom right) Typleal coal spot.
Dilated thrombosed telangiectasis with suriace
epithelium beginning to grow down around it te
cast it out Hyperkeratosls over the area These
are the first 3 consecutive stages of a radiation
burn of the skin.

T vy

T



Fi6 277 Eczema burn Wide deep burns of both hands from treat-
P

ment for eczema Re

air by resection and replacement of most of the

shin of both palmar surfaces, including the fingers Two operations

Function about normal
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Fra 278 Commercial hair remover burn Excesslve burning frem commercial
x-ray treatment to get rid of hafr The patient had arms axillas and legs com-
pletely burned. Treatment by excision, in two stages of all skin of the lower arm

and immediate split grafting

Fie 279 (Top, left) Shows endarteritls and
endophlebitis at the junction of the skin and
the subcutaneous tissue with complete occlu
sion of venule and almost of arteriole Lass of
skin appendages (Hottom left) Telangiectasis
of subepithelial caplllaries, probably as the re-
sult of obliterative changes of vepules draining
the skin (Bottom right) Typicml coal spot.”
Dilated thrombosed telangiectasls with surface
epithelivm beginning to grow down around it to
cast it out Hyperkeratosis over the aren These
are the first 3 consecutive stages of a radiation
burn of the skin.



304

Surgical Repair of Radiation Injuries and Atomic Burns

S e
- - -
-

/0

-1
1.

I

-

g
S,
,

Iy
L2

c.‘»{::‘a 1
ot

Do,
£

R
Jorct
N

5 5

these dilated capillaries 1s followed by
thromboses, which later become organized
and mn the process may rupture the vessel
walls with some leakage of blood cells out
into the subepithelial spaces These black
“‘coal spots” are grossly visible and are usu-
ally several millimeters in diameter

It 1s well known that the dermis is 1in-
tolerant of macroscopic foreign bodies (e g,
fine silk sutures will remain indefinitely n
the subcutaneous tissues but are always cast
out of the dermis)

Thus the development of carcinoma in
radiation lesions may be about the closest
that we have come climcally to the actual
Lnowledge of the formation of carcinoma
The epithelium 15 continually stimulated
(IFig 279) to downward growth for so many
years to cast off the recurring “coal spots”

Fic 280 (Top) Casting off of
numerous “coal spots.” The ep-
thelium 1s shown actively grow-
ing “under coal spots™ (clotted
vessels) m the process of cast-
ing them off Excessive hyper-
keratosis probably as a praduct
of the short hfe cycle of the
cells, which may be brought
about by the continual and ex-
cessive wound stimulus of the
“foreign bodies” n the dermis
In the upper left can be seen
clotted vessels 1n the Leratin
that have already been cast out
(Bottom) Development of car-
cinoma from the continual
wound stimulus The epithelum
apparently finally invading in
general 1nstead of purposefully,
to get rid of “coal spots " These
are the last 2 stages of raciation
burns of the skin

and to heal the recurring ulcerations that it
finally loses the normal growth response (to
these foreign-body and wound stimuli) and
goes on mto mahignant change (Fig 280).

The chinical stages of atrophy, teleangi-
ectasis, “coal spots,” keratosis and carci-
noma are typical for chronic burns, such as
those found on physician's hands, or when
repeated treatments have been given, as for
acne, goiter or excessive hair. The progress
of the stages 1s different for different pa-
tients and different exposures, but generally
there 1s telangectasis in from 3 to 10 years*
““coal spots” and heratosis in from 10 to 15
years, and carcinoma 1n from 20 to 25 years
Malignant change has been noted as carly
as 3 years, however

An mteresting thing is that in the donor
site from which a split graft is taken to



Fio 281 Widespread involvement following treatment of acne. As usual the
tip of the nose, since it was closest to the tube was burned the worst Repair was
made by resectlon and immediate split grafting Four operations were performed,
for both cheeks, the whole nose and the upper lip

Fic 282 Early occurrence of a burn following radimm treatment of a hemangi-
oma Repalr was made by exasion and full thickness graf
region One operation l ralt from the clavicular
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repair an x-ray burn, the opposite reaction
takes place in that the deep epithelial cells
de-differentiate to re-cover the bare surface
that 1s left when the skin 1s split in two

The carcinomas that develop n radiation
burns are usually squamous-cell in type,
though occasional basal-cell or basal-squa-
mous lesions are seen The squamous-cell
lesions can and do metastasize, while the
basal-cell lesions often show “rodent ulcer”
characteristics with deep local mnvasion

As a rule, x-ray burns are heavily con-
tammated with a wide variety of virulent

il
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F1c 283. Rada-
tion lesion of the
neck, repaired with
split-skin graft inone
operation

bacteria This 1s partly due to the many
tiny crypts and recesses afforded by hera-
toses, recurrent ulcerations and cast-off
“coal spots” and partly to the cessation of
sweat-gland and sebaceous actiwvity, with
loss of the normal skin-cleaning mechanism
The lesions may be so painful that they are
left grossly dirty because the patients
simply cannot tolerate the added pamn of
cleaning the wounds This is an important
factor in the consideration of any surgical
treatment and was responsible for some
grave wound infections before the days of

Fic. 284. Atrophy and deformity following radon treatment of a hemangioma
Excision and repair was cross-lip flap. Two operations
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Fio 285 Frzema bumi Extreme invol

"\,, »
128 -
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t with realignant las af the nose

axd the chin and with multiple carcinamas throughout the areas Repalr was accom
plished by complete excision and immediate free grafting. Four operstions. The
ptosthetic acrylic nose was made by AMiss Gertrude Hance

effective chematherapy A corollary to this
18 that thewe wounds and areas will not
tolerate the tocal application of strong ants
xeptics

TREVTMENT OF ACUTE BURNS

Acute burns are usually the result of a
single massive dose often with Inadequate
or no fltration They are most commonly
sustamed fn fluorocopy either In doctors
hands (Fig 275) or in patients who have
had elusive foreign bodies bured in the
thsue

Even in doclors the true nature of such
burns is <ometimes not apparent and they
may Dbe mistokenls trented as g severe
allergtie condition or as a dermatitis medica
mentgaz Theee areas are apt to be mark
edly swollen ond edematous reddened
weeping serum and characterized by exerun
clxting  deep-boning, throbbing pan They

typcaily become worse each day for 1 or
2 weeks and seem to be refmctory toward
all treatment In the worst cases the shin
may turn white after a few days (as $n a
deep fire burn) and then slough, leaving
foul, greenish gray sloughing ulcer In the
milder ones, the redness swelling and pain
gradually subside and for a few months, at
least, the skin appears fairly to be normal

The pan in acute burns may be so severe
as 1o require hospitalization and heavy seda
tlon One patient required 6 grains of mor
phine aday and the tendency toward nddic
tion desenves 10 be regarded with caution.

As some areas that are acutely burned do
recover of ot least setve as adequate cover
ing for the part and as there {5 not much
chance of determining the extent of damage
of an acute burn very early operation Is
seldom indicated

Local anesthelics are usually unavailing
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Frc 286 Malgnant breakdown of an old \-ray burn 1n an area treated for tuber-
culosis of the lymph nodes Wide, deep resection of the carcinoma (done by
Pr Bradford Cannon) and secondary repair with a thick split graft Two opera-

10ns

ind may add a secondary drug dermatitis
Che use of aloe vera (an antipruritic which
vas formerly used for a variety of skin con-
litions) has been suggested and, 1f obtain-
ble, may relieve 1tching and some pain to
. worthwhile degree However, getting 1t
resh and keeping the bulky split leaf 1n
lace 1s a task that few patients will carry
ut very long

These areas are less pamful if they are
ealed off from the air by some bland omt-
nent (e g, cold cream or lanohn, not auto-
laved) and a loose, soft cotton dressing
vithout any gauze net to the skin Eleva-
ion and immobilization of the hands may
e quite helpful Strong antiseptics, espe-
ially those containing heavy metals, are to
e avoided Gentleness, cleanliness and the
voidance of irritants are the fundamentals
{ good local treatment

The use of ultraviolet or further radiation
f any hind is definitely not advisable and

1s mentioned here only because 1t has been
recommended There does not seem to be
any justification for further radiation ther-
apy 1 an effort to relieve this disease, which
1s already the result of too much irradiation

If the burn has been from a smgle cau-
terizing dose 1n which the limits are fairly
well defined and ulceration seems hkely with
little chance of proper healing, carly exci-
sion and grafting may be worth trymg, In
this instance, the depth of the (rouble may
not be apparent, and there may be difficulty
with a free skin graft

TREATMENT OF CHRONIC BURNS

The diagnosis 1s often missed because the
patient may be unaware of the cause of his
condition. This is true even in the cases of
some physicians who do not associate the
chronic dermatitis of their hands with the
holding of a fluoroscomc screen for a few
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Fig 187 Aene burn, W

minutes tach weskh The tissues’ power of
recovery from the chrome effects of {rradi
stion seems to be slight or nll, so that the
status of a given {ndividual s skin seems to
be determined by ibe cumulatine amount
that he has had throughout his lte

The triad of atrophy, telangectasis and
keratosis of the skin should fead to the ding
noals About the only condition that is to be
differentiated is “safllor’s” or farmers”
skin which i3 similar but s dur to (he
cumulative effect of decades of overexpo-
sure to suntight in pereons who do ot form
sufficient melamn to protect themselves {in
other words they do not “tan”) This can
be differentinted by the history and by the
fact that “sallors skin  symmetrical)y af
fects both forearms both hands and the
entire {ace and neck {n most patlents
Telangiectasis is often predotunant in x-1ay
burns whereas atrophy and keratesis pre-
dominate fn “aaflors skin ' Coal apots
sarely oceur except in x ray burms Cargd
noma may develop in elsher

4 burn tn a doctor {ollowing treatment for acne
The results of resectlon and {mmediate {ree grft after 2 weeks are shown One
operation

The progress of a severe chrome x ey
burn through the variaus stages of atrophy
telangiectasts, “coal spote” keratosls and
carclnoma e irreversible and nevitable if
the patfent lives long enough. Tt is not
affected by any drugs or other means known
at present except surmcal exosion and re-
pair The stages may overlap, and the speed
of the progress {s greatly variable, so that
1t Is often a major factor in deciding when
and of 1o undertake excusion Fast progress
In any patient, and even slow progress In a
young Individual, are indications for treat
ment \ paradox of trentrnent is that the
exasion and repalr should be done when the
area s in relathvely good comdstion—not
waiting untll ulceration, pain and malignont
chanpe have occurred However, many pa
tlents walt unti} these stages appear, and
the preatest surgical problem comes from
thos group

Faint tetangsectasis and atrophy may not
require trentment §f it is very slowly pro-
gressive but excision and repair 15 some
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times indicated even n this group for
cosmetic 1mprovement

Bland omtments may soften “coal spots”
and keratoses and may seem to stop them
for a time, but the underlying pathologic
changes are progressive and later become
manifest On hands, keratoses develop with
the “coal spot™ stage and these may rapidly
become malignant They can be removed
best 1n mass and the areas grafted It 1s less
desirable, but feasible in some patients, to
do cautery excisions of the individual kera-
toses as they occur and let the areas heal by
secondary intention These are the unusual
lesions for which more radiation 1s some-
times recommended, but i1t should #of be
used as 1t 1s apt to accelerate the progress
of the pathologic changes For the same rea-
sons, carcinomas In x-ray burns should not
be treated with more radiation

When 1t 1s decided that a radiated area
needs excising, there are a few considera-
tions that vary with size, depth, location,
ulceration and mahgnant change 1n the area
The basic therapy i1s wide, deep excision
followed by immediate closure of the wound
with free sphit-skin grafts The following
variations are sometimes useful

1 Leaving the wound open to graft later
This 1s because these areas are apt not to
have a very good minute (capillary) blood
supply (even though blood may pour all
over the field from a few arterioles and
venules), and with an inadequate minute
blood supply, transplanted tissue does not
survive

2 If the above 1s suspected, the wound
may be “dressed” 1n a split graft with the
patient hnowing that the graft may not take
and may have to be repeated

3 Defimte plans for an immediate flap
closure of the defect, either by adjacent
flaps or distant flaps prepared ahead of time

4 Delayed closure of defects with pedicle
flaps This is used when the area undoubt-
edly needs a flap, but when the depth of
eACISION 1S uncertain, such as round the ver-
tebrae or any place in which adjacent nerve
supply must be protected

5 Flap coverage of exposed hone or ten-
dons Free grafts do not do well over bone
and will not grow directly on bare bone or
bare tendon (if the area 1s more than a few
millimeters wide), whereas pedicle flaps usu-
ally will survive and attach themselves suc-
cessfully 1n such situations

There are two essentials (1) to get nid
of the lesion and (2) to repair the area for
useful function and appearance

The persistence of function of the shin
grafts will be satisfactory if the involved
tissue has been excised widely and deeply
enough Edges should be watched, and \f
deep trouble develops, wider and decper
removal and repair may be necessary

The preparation of wounds for operation
consists of local cleanlmess, the use of mild
local antiseptics (such as 1 5,000 aqueous
Zephiran i daily wet dressmgs) and sys-
temic pemcillin For hands and feet, non-
wettable agents (such as some of the sihcate-
gel preparations) may be used to prevent
maceration of the surrounding shin under
the wet dressings

These basic repair steps are used through-
out the body, but some local areas may be
considered separately.

Hanbs

Chronic x-ray bands occur most fre-
quently n physicians and dentists and re-
spond well to wide removal of skin and
repair with thick sphit grafts The heaviest
burn may be either on the dorsal or the
palmar surface, but the opposite surface 15
nearly always involved to some catent
Excessive pain may occur and require heavy
sedation In lesions of very long duration,
the mdividual gross blood supply to the
fingers may be of such low quality that care¢
has to be exeraised in mantaining what 13
available, 1 not domng too radical operd-
tions, not sacrificin  * r arteres nf - fin-
ger at one time ' '
tight When p
oped, very wid:
but the excision
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Fic 288. Athlete s foot burn Extremely crippling x ray burns following treat

ment of athlete’s foot. Resection of the

and immediate repalr with thick

split grafts. Two operations—one over the ankle and one over most of the heel

out sacrificing function so that amputation
always has to be considered as possibly best
and safest for some patfents These lesions
do not always remain local, and they always
ghould be examined and watched for pos-
sible regional lymph node involvement One
of the maln difficulties, of course Is getting
phyzicians to submit to adequate operations

Facz

Radiation burns of the face necessitate the
added consideration of the appearance of
the repair The paradox here Is that radical

Fic 289 Fluoro-
scopic burn Ex
tremely painfal
completely erippling
leddon from one flu

c examina
tion following in
jury The involve-
ment extends onto
the dorsum Re
paired in two opera
tlons by wide excl
slonand split
grafting

operation should be done early, before the
features have been damaged by the develop-
ment of caranoma. In some patients who
usually have been treated for acne or
eczema it is necessary to excise and replace
the skin of the entire face—nose cheeks
lids forehead eyebrows and chin If the ex
cision can be done early enough so that free
skin grafts can be used, the functional and
cosmetlc results are far better

It has been noticed that the little differ
ence 1n closeness to the machine that the
tip of the nose occuples usually produces
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times 1ndicated even n this group for
cosmetic improvement

Bland ointments may soften “coal spots”
and keratoses and may seem to stop them
for a time, but the underlying pathologic
changes are progressive and later become
manifest On hands, keratoses develop with
the “coal spot” stage and these may rapidly
become malignant They can be removed
best 1n mass and the areas grafted Itis less
desirable, but feasible 1n some patients, to
do cautery excisions of the individual kera-
toses as they occur and let the areas heal by
secondary intention These are the unusual
lesions for which more radiation 1s some-
times recommended, but it should not¢ be
used as 1t 15 apt to accelerate the progress
of the pathologic changes For the same rea-
sons, carcinomas 1n x-ray burns should #ot
be treated with more radiation

When 1t 1s decided that a radiated area
needs excising, there are a few considera-
tions that vary with size, depth, location,
ulceration and malignant change 1n the area
The basic therapy 1s wide, deep excision
followed by immediate closure of the wound
with free spht-skin grafts The following
variations are sometimes useful

1 Leaving the wound open to graft later.
This 1s because these areas are apt not to
have a very good minute (capillary) blood
supply (even though blood may pour all
over the field from a few arterioles and
venules), and with an inadequate minute
blood supply, transplanted tissue does not
survive

2 If the above 1s suspected, the wound
may be “dressed” 1n a sphit graft with the
patient knowing that the graft may not take
and may have to be repeated

3 Defimte plans for an immediate flap
closure of the defect, either by adjacent
flaps or distant flaps prepared ahead of time

4 Delayed closure of defects with pedicle
flaps This is used when the area undoubt-
edly needs a flap, but when the depth of
escision 1s uncertain, such as round the ver-
tebrae or any place in which adjacent nerve
supply must be protected

5 Flap coverage of exposed bone or ten-

" dons Free grafts do not do well over bope

and will not grow directly on bare bone or
bare tendon (if the area is more than a few
millimeters wide), whereas pedicle flaps usu-
ally will survive and attach themselves suc-
cessfully 1n such situations

There are two essentials (1) to get rid
of the lesion and (2) to repair the area for
useful function and appearance

The persistence of function of the skin
grafts will be satisfactory 1if the mvolved
tissue has been excised widely and deeply
enough Edges should be watched, and if
deep trouble develops, wider and deeper
removal and repair may be necessary

The preparation of wounds for operation
consists of local cleanliness, the use of mild
local antiseptics (such as 1 5,000 aqueous
Zephiran i daily wet dressings) and sys-
temic penicillin For hands and {feet, non-
wettable agents (such as some of the silicate-
gel preparations) may be used to prevent
maceration of the surroundmg skin under
the wet dressings

These basic repair steps are used through-
out the body, but some local areas may be
considered separately

HANDS

Chronic x-ray hands occur most fre-
quently m physicians and dentists and re-
spond well to wide removal of skin and
repair with thick spht grafts The heaviest
burn may be either on the dorsal or the
palmar surface, but the opposite surface 15
nearly always involved to some extent
Excessive pamn may occur and require heavy
sedation In lesions of very long duration,
the individual gross blood supply to the
fingers may be of such low quality that care
has to be exercised 1n maintaining what 15
available, in not doing too radical opera-
tions, not sacrificing both arteries of a fin-
ger at one time, not getting bandages too
tight When definite carcinoma has devel-
oped, very wide, deep excision 15 necessary.
but the excision cannot be very deep with-
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Fro. 288 Athlete s foot burn Extn:mel]; crippling x ray bums following treat
ment of athletes foot Resection of the lesion and immediate repair with thick
split grafts. Two operatlons—one over the ankle and one over most of the heel

out sacrificing function so that amputation
always has to be considered as possibly best
and safest for some patients. These lesions
do not always remain local, and they always
should be examined and watched for pos-
sible regional lymph node Involvement One
of the main difficulties, of course is getting
physicians to submit to adequate operations

Face

Radiation burns of the face necessitate the
ndded considerntion of the appearance of
the repair The paradox here is that radieal

Fio 289 Fluoro-
scopic butn Ex
tremely painful
completely crippling
ledon {rom one fiu

c exmamina
tion followingin
Jury  The Involve-
ment extends onto
the dorsum Re

sionand split
rrafting

operation thould be done early before the
features have been damaged by the develop-
ment of carcinoma. In some patients who
usually have been treated for acme or
eczema {t is necessary to excise and replace
the skin of the entire face—nose, chetks
lids forehead eyebrows and chin If the ex
cision can be done early enough so that free
skin grafts can be used the functional and
cosmetic results are far better

It has been noticed that the Hitle differ
ence in closeness to the machine that the
tip of the nose occupfes usually produces
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Fic 290 A burn of the sole of the foot extendmg so deep that a cross-leg flap
had to be used, rather than a free graft Two operations

encugh more radiation to cause greater dam-
age here, and that there 1s also the added
discomfort of a chronic mucositis of the
nose, 1f not a burn clear up 1n 1t

FEET

Radiation lesions of the sole of the foot
form a story of therr own, with frequent
histories of years of debilitation and great
difficulty of repair Prophylaxis 1s as mm-
portant here as 1n any region, because of the
extreme and prolonged disability that may
result

The rules of treatment are the same—
excision and repair Free sphit-skin grafts
can be used for even wide areas, 1f opera-
tion 1s undertaken before- ulceration has
occurred Small ulcerations, i1f not too deep,
can often be repaired by local flaps or free
grafts, but cross-leg flaps are almost always
needed for repair of extensively ulcerated
lesions The 1dea of cutting into the oppo-
site sole for repair of a damaged one 1s men-
tioned only because it has been advocated
and to suggest that it never be done

Fluoroscopic burns of the foot may cause
some of the most distressing deep involve-
ments seen Where the plantar fascia is in-
volved, shreds may be extruded at intervals
for months with total disability and con-
siderable pain throughout that time The
deep joint structures are especially apt to
suffer in these foot lesions as well as the

opposite surface of the foot The chromaity
of the process far outweighs any value that
may result from the examination

RECTOGENITAL AREA

Perianal and perivulvar burns (usually
from treatment of pruritus) offer their spe-
cial problems in repairing such contami-
nated areas and dressing such a difficult
field Excision and immediate or delayed
free grafting, or immediate shifting of local
flaps inward and grafting their sites, 1s usu-
ally carried out Possible troubles from a
circular scar near the pectinate hine should
be considered and avoided, if at all possible

Preoperative preparation may nclude
enemas and laxatives to empty the bowel,
and oral streptomycin or sulfasuxidine to
reduce the bacterial flora Irequent sitz
baths may help 1n preparing the local shin

At operation, the “stent” type of fixation
may be used on grafts, with long-edge su-
tures tied over a pad of gauze to immobilize
the graft and the dressing and the edges
surrounded with zinc oxide or some other
impervious ointment The use of a retention
catheter and low-residue diet for from 7 to
10 days may help greatly in the prevention
of soilling After that period, cleansing of
the grafted area after cach soiling 1s carnied
out, with the grafts usually becoming quite
stable and requiring little further care after
2 or 3 weelks,



F1o 291 (Top) Commercial x ray treatment for removing hair re-
«ulting n almost total burns of the lower legx. (Bottom) Same patlent
after repair by wide resectfon and grafting. Surrounding involved
area was done at a subsequent operation
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ENLARGING THE SCOPE OF
RADIATION THERAPY BY
SKIN GRAFTING

It 1s possible that the ability of the plas-
tic surgeon to replace damaged skin may
enlarge the useful scope of x-ray therapy in
some 1nstances

For 1instance, the child shown 1n Figure
293 had a rapidly growing hemangioma of
the forearm, the hand and the arm This
was ulcerating, sloughing, and growing so
viciously as to behave as a malignancy

Fic 293 (Left) Rapidly growing,
sloughing, ulcerating hemangioma of up-
per estremity in infant This was con-
trolled by careful tangential radiation
therapy, and the thin scarred skin was
replaced later with spht-skin grafts, as
shown at the right

F16 292 Fluoroscopic burn (Left)
Wide deep involvement following a chest
examination This was repaired later m
one operation (Right) Another patient
shows result of a burn as at left, but with
a direct flap added to cover a deep n-
volvement The burn was the result of
fluoroscopy

[
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Fio 294 Abdominal wall x ray bumn
gastro-intestinal tract. Complete excision
& days in the hospital,

locally A very shiliful radiclogist treated
the extremity with care treating the surface
tissues tanglentally and shisldmg the bones
and the epiphyses 30 that the arm wax
rotated around and treated in a number of
tangential ports with n relatively nonpene
trating ray Only enough radution was
given to stop the growth and induce slow
regression  After the tumor was gone and
everything was quiescent some years later
the skin over the whole area wos replaced
with split tkin geafts, This was necessary
tecause of the multiple huge ulcerations that
had healed with sear and becanse of the
thin and atrephic character of the remain
ing shin that had been badly damaged by
the hemangioma but also prevented any
possible late radiation changes in the skin
The knowledge that this was golng to be
done anyway was the deciding factor in
petung the radiologist to treat her

A number of patients have been seen who
had very extensive cervical and uterine can
cers and had intensive radistion therapy
with resultant controls of the cancers \Many
of thess have required resucfacing of the
radiated skin ports with split-skin grafts
bt the fact that they were well and ready
1o undergo this skin grafting from 5 to §5
vears alter the radiatien speaks well of the
treatment

P

following treatment for a lesion of the
tmmediate grafting. Ope operation with

One such patient was seen who required
resurfacing of both buttochs 8 years after
treatment for multiple peritoneal smplants
(proved In biopsy) from a testicular tera
toma.

1t is possible that the use of harder rays
such as the cobalt bomb or the betatron
may produce may obviate some of this but
it still may be a better plan when treating
serious malignancies to use “radical radi
stion” and later replace the shin rather
than to try to save the skin by radiation
too feeble to do the primary job

RELIEF OF PAIN\ Bl OPERATION

Pain in these burns may be s0 severe and
so refractory (o sedation as to require im
medinte wide deep exclsion of the lemon
with or without primary repair

When pain 1s 20 outstanding very dra
matic relief 15 usually obtained by excision
The patient upon awakening from the anes-
thetic and In spite of the ditcomforts of the
operation  will volunteer the information
that his pain is gone

Strvere paln may occur fn Iesions on the
neck an areas adjacent to bone and in le
sions along the vertebrae where root pain
mav be excessive One patient with sesere
abdominal patn who had a large buen of the
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back, was nearly subjected to a laparotomy
but was completely relieved of his abdomi-
nal pain by deep excision of the ulcer on
his back (Fig 292) This is also especially
true 1n patients with painful anal lesions

The pain from excessive racdiation about
the jaws is one of the most difficult types to
alleviate

These lesions are unhappy ones from
every possible aspect, and more of them
occur than most people think Their pre-
vention should be paramount 1n all instances
of exposure Their occurrence should be rec-
ognzed early, and complete excision and
repair should be done before malignant
changes take place (Fig 286) Such a regi-
men will greatly reduce the total amount of
disability and suffering caused by them

It may be repeated that these lesions are
progressive, and that surgical treatment
should be undertaken before serious ulcera-
tion occurs and carcinoma develops

COBALT RADIATION LESIONS

Radioactive cobalt “bombs” produce a
very hard short gamma ray, on the order
of that produced by a 2-milhon volt x-ray
machine, and are being used increasmngly
for therapeutic radiation, especially for diffi-
cult malignancies

Some spectacular cures have been ob-
tained, and this in turn has led workers to
try to treat more widespread and deep-
seated malignancies with higher dosages, so
that more extensive radiation sloughs and
lesions have occurred, thus multiplying the
problems of plastic surgical repair How-
ever, 1t is possible that the radiologist and
the plastic surgeon together may succeed n
salvaging some of these patients who were
othernise 1n an entirely hopeless situation

In general, the harder ray of the cobalt
apparatus tends to a greater deep effect with
a lesser effect on the shin Thus when dam-
age and sloughs occur, they arc apt to be
deep and extensive, with great effect on the
minute circulation of deep structures This

vascular effect may be progressive for many
months, and structures that appear viable
1 or 2 months after the radiation is term-
nated may undergo slow progressive necro-
s1s some months later For instance, in chest
wall lesions there may be progressive necro-
s1s of the ribs, the intercostal muscles and
other structures right down to the visceral
pleura and the pericardium

The ndications for resurfacing with free
skin grafts are fewer in this type of mjurv,
and the indications for repairs with perma-
nent pedicle blood-carrying flaps are greater
than 1n most ordinary radiation njuries

The requirements most often are for e-
tensive surgical débridement, sometimes n
stages, but ultimately far beyond the imtial
appearance of the lesion, and coverage with
a prepared permanent pedicle blood-carry-
ing flap, when such can be obtained

Other radioactive elements are also
being used increasingly for therapeutic pur-
poses Each has 1ts own particular radiation
spectrum, with regard to the proportion of
beta and gamma radiation, and the hard-
ness of the gamma rays, and different dosage
and time technics are being tried Thus
there will be some differences 1n the rela-
tive amounts of surface and deep damage
according to these variations, but the gen-
eral principles of repair are as outlined n
this chapter

BETATRON RADIATION INJURIES

Apparently some of the betatron machines
can be adjusted to emit varying proportions
of beta and gamma radiation, but n thera-
peutic usage, at least n some institutions,
they are adjusted to emut largely hard
gamma radiation, on the order of a 2-million
volt »-ray machine and somewhat similar to
that from a cobalt “bomb” In these in-
stances, repair problems may be similar to
those from radioactive cobalt lesions

ATOMIC RADIATION BURNS

The occurrence of lesions from atomic
radiation sources will increase as work in
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turning mass into energy increases and If
another war comes the incidence will be
tremendous.

In areas already bombed, fire Injuries
have been greater in number than radiation
Injuries, but some of those surviving the
Dlast and the fire and possibly many relief
worhers will suffer radiation burns

Many of the cates from Hiroshima and
Nagasaki reported in the popular magazines
and newspapers have been ordinary thermal
burns not radiation burns, and are thought
to be little different {rom any other thermal
burn sustained elsewhere

The patients outlined in this chapter rep~
resent surgical repairs of pure atomic radi
ation injuries without any thermal compo-
nent and may be of interest for that reason

Among workers in the development and
production stage of atomic wotk, enough
burns have been encountered to give {ndica
tions of what to expect. The lesion produced
by atomic rndiation Is not a new one en
tirely but the tume element of the develop-
ment is faster than in the mccumulative
xray burn, due to the excessive exposure
in a short space of time These bums usu
ally arise from mustakes in security precau
tlons and ndd the ever-present human ele-
ment to the ultra in sclentific work.

Whether the radiation Is beta or gamma
may not be definlte in some exposures but
as {ar as can be determined now the bums
probably occur from both beta and gamma
radiation  Because of excessive dosage
symptoms may begin very soon after expo-
sure and Dblistering occur in {rom 4 to 6
days The blistering runs its course in about
30 days and there is efther healng or
sloughing with resnltant open wounds, ac
cording 1o the degree of the exposure
Lxpasures heavy enough to be fatal are nat
for discussion here Conservative treatment
especially about the hands avolding early
amputation is Indicated because hopeless-
looking digits may be finally spared Relief
of paln prevention of infectlon and genera)
supportive measures are the main jtems of

treatment. Blood changes are not significant
in patients with exposures over small areas,
but there may be emotional disturbances
in workers that require patient guidance
with recreating of hope for ultimate sur
vival

Since these accidents are apt to be of
excesuve local exposure (12,000 r fn a few
seconds) more sloughing and ultimate
atrophy may be encountered than in the
usual x ray burn, so that ultimately more
amputations may be required The pathe-
logic processes may seem more contracted
in time that ls, the vanous clements of iis-
sue changes may develop faster than in the
usual radiation burn This also is probably
dependent on the large sudden single expo-
sure But these differences do pot change
the rule of being conservative in the acute
stage

The pathology seems to be close ta that
already described for radiation bumns (with
the added sloughing and atrophy) and for
this reason at least as far as the skin is
concerned the same idea of treatment of ex
cision and grafting Is indicated but the
burns are too recent to predict how soon
carcinoma may be expected In ungralted
areas It could be expected in ungrafted
areas earlier than in the usual chronic radia
tion burns from accumulative exposures,

Under the title of “Beta Ray Burns of
Human Skin” Anawlton* and co-workers 1n
1949 reported on 4 cases of beta ray burns
of the hands for the purpese of supplement
ing information In the Iiterature and of
emphasizing the early climeal courses, as
well as the laboratory observations in such
cases.

Theirs is thought fo be the fiest report of
human damage from atomic radiation and
the present report s of the surggical care and
repaur of these Injurles as carried out in
consultation by one of us with these authars
at Los Alamos and later fn St Louis

To recall attention to these first patients
with known atomic Infury (without thermal

Kaowltan, \ P, et al JAM A, 19499 141 239
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back, was nearly subjected to a laparotomy
but was completely relieved of his abdomi-
nal pain by deep excision of the ulcer on
his back (Fig 292) This 1s also especially
true 1in patients with painful anal lesions

The pain from excessive radiation about
the jaws 1s one of the most difficult types to
alleviate

These lesions are unhappy ones from
every possible aspect, and more of them
occur than most people think Their pre-
vention should be paramount 1n all instances
of exposure Their occurrence should be rec-
ognized early, and complete excision and
repair should be done before malignant
changes take place (Fig 286) Such a regi-
men will greatly reduce the total amount of
disability and suffering caused by them

It may be repeated that these lesions are
progressive, and that surgical treatment
should be undertaken before serious ulcera-
tion occurs and carcinoma develops

COBALT RADIATION LESIONS

Radioactive cobalt “bombs” produce a
very hard short gamma ray, on the order
of that produced by a 2-million volt x-ray
machine, and are being used increasingly
for therapeutic radiation, especially for diffi-
cult mahlignancies

Some spectacular cures have been ob-
tained, and this in turn has led workers to
try to treat more widespread and deep-
seated malignancies with higher dosages, so
that more extensive radiation sloughs and
lesions have occurred, thus multiplying the
problems of plastic surgical repair How-
ever, it is possible that the radiologist and
the plastic surgeon together may succeed 1n
salvaging some of these patients who were
otherwise in an entirely hopeless situation

In general, the harder ray of the cobalt
apparatus tends o a greater deep effect with
a lesser effect on the skin Thus when dam-
age and sloughs occur, they are apt to be
deep and extensive, with great effect on the
minute circulation of deep structures This

vascular effect may be progressive for mam
months, and structures that appear viahle
1 or 2 months after the radiation is term;.
nated may undergo slow progressive necro
sis some months later For mstance, w chest
wall lesions there may be progressive necro-
sis of the ribs, the imtercostal muscles and
other structures right down to the visceral
pleura and the pericardium

The 1ndications for resurfacing with free
skin grafts are fewer in this type of injury
and the indications for repairs with perma-
nent pedicle blood-carrying flaps are greater
than in most ordinary radiation njuries

The requirements most often are for ex-
tensive surgical débridement, sometimes 1n
stages, but ultimately far beyond the imtial
appearance of the lesion, and coverage with
a prepared permanent pedicle blood-carry-
ing flap, when such can be obtained

Other radioactive elements are also
bemng used mncreasingly for therapeutic pur-
poses Each has its own particular radiation
spectrum, with regard to the proportion of
beta and gamma radiation, and the hard-
ness of the gamma rays, and different dosage
and time techmcs are bemng tried Thus
there will be some differences m the rela-
tive amounts of surface and deep damage.
according to these variations, but the gen-
eral principles of repair are as outlined in
this chapter

BETATRON RADIATION INJURIES

Apparently some of the betatron machines
can be adjusted to emit varying proportions
of beta and gamma radiation, but n thera-
peutic usage, at least in some nstitutions,
they are adjusted to emut largely hard
gamma radiation, on the order of a 2-million
volt a-ray machine and somewhat similar to
that from a cobalt “bomb” In these in-
stances, repair problems may be sinular to
those from radioactive cobalt lesions

ATOMIC RADIATION BURNS

The occurrence of lesions from atomic
radiation sources will increase as worl in
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turning mass into energy increases, and if
another war comes the incidence will be
tremendous

In areas already bombed, fire injuries
have been greater in number than radiation
injuries, but some of those surviving the
blast and the fire and posmibly many relief
workers will suffer radiation burns

Many of the cases from Hiroshima and
Nagasaki reported in the popular magazines
and newspapers have been ordinary thermal
burns not radiation burns, and are thought
to be little different from any other thermal
burn sustained elsewhere

The patients outlined 1n this chapter rep-
resent surgical repairs of pure atomic radl
ation injuries without any thermal compo-
nent, and may be of interest for that reason

Among workers in the development and
production stage of atomic work, emough
burns have been encountered to give indica
tions of what to expect The lesion produced
by atomic radiation is not 2 new one en
tirely, but the time element of the develop-
ment Is faster than in the actumulative
< ray bum, due to the excessive exposure
fn a short space of time These burns usu
ally arfse {rom mistakes in security precan
tions and add the ever-present human ele-
ment to the ultra in sclentific work

Whether the radiation is beta or gamma
may not be definite in some exposures, but
ns far as can be determined now the burns
probably occur from both beta and gamma
radiotion  Hecause of excessive dosage
symptoms may begin very soon after expo-
sure and bllstenng occur in from 4 to 6
days The blistering runs its course in about
30 days, and there is cither healing or
sloughing with resultant cpen wounds ac
cording to the degree of the exposure
Exposures heavy enough to be fatal are not
for discussian here Conservative treatment
especially about the hands avoiding early
amputation Is Indicated because hopeless-
looking digits may be finally spared Relief
of pain prevention of infection and general
supportive measures are the main jtems of

trentment. Blood changes are not significant
1n patients with exposures over small areas
but there may be emotional disturbances
In workers that require patient guldance,
with recreating of hope for ultimate sur
vival

Since these accidents are apt to be of
excessive locnl exposure (12,000 r {n a few
seconds), more sloughing and ultimate
atrophy may be encountered than in the
usual x ray burn, so that ultimately more
amputations may be required The patho-
logic processes may seem more contracted
in time that is, the various elements of tis-
sue changes may develop faster than in the
usual radiation burn This also is probably
dependent on the large sudden, single expo-
sure But these differences do not change
the rule of being conservative In the acute
stage.

The pathology seems to be close to that
already described for radiation burns (with
the added sloughing and atrophy) and for
this reason, at least as far as the skin 1s
concerned the same 1dea of treatment of ex
cislon and grafting is indicated, but the
burns are too recent to predict how soon
carcinoma may be expected in ungrafted
areas It could be expected in ungrafted
arens earlier than 1n the usual chronic radia
tion burns from accumulative exposures.

Under the title of “Beta Ray Burns of
Human Skin  knowlton* and co-workers 1n
1949 reported on 4 cases of beta ray burns
of the hands for the purpose of supplement
ing information in the literature and of
emphasizing the early clinical courses, as
well as the laboratory observations in such
cases.

Theirs is thought to be the first report of
human damage from atomic radiation and
the present report {s of the surgical care and
repait of these Injuries as carried out in
consultation by one of us with these authors
ot Los Alamos and later in St Louls

To recall attention to these first patients
with known atomic injury {without thermal

*Kaowlon, \ P, et al JAMA 1949 141 239
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back, was nearly subjected to a laparotomy
but was completely relieved of his abdomi-
nal pain by deep excision of the ulcer on
his back (Fig 292) This is also especially
true in patients with painful anal lesions

The pain from excessive radiation about
the jaws is one of the most difficult types to
alleviate

These lesions are unhappy ones from
every possible aspect, and more of them
occur than most people think Their pre-
vention should be paramount 1n all instances
of exposure Their occurrence should be rec-
ognized early, and complete excision and
repair should be done before malignant
changes take place (Fig 286) Such a regi-
men will greatly reduce the total amount of
disability and suffering caused by them

It may be repeated that these lesions are
progressive, and that surgical treatment
should be undertaken before serious ulcera-
tion occurs and carcinoma develops

COBALT RADIATION LESIONS

Radioactive cobalt “bombs” produce a
very hard short gamma ray, on the order
of that produced by a 2-million volt x-ray
machme, and are being used 1increasingly
for therapeutic radiation, especially for diffi-
cult malignancies

Some spectacular cures have been ob-
tained, and this in turn has led workers to
try to treat more widespread and deep-
seated mahgnancies with higher dosages, so
that more evtensive radiation sloughs and
lesions have occurred, thus multiplying the
problems of plastic surgical repair How-
ever, it 1s possible that the radiologist and
the plastic surgeon together may succeed in
salvaging some of these patients who were
otherwise 1n an entirely hopeless situation

In general, the harder ray of the cobalt
apparatus tends to a greater deep effect with
a lesser effect on the skin, Thus when dam-
age and sloughs occur, they are apt to be
deep and extensive, with great efiect on the
minute circulation of deep structures This

vascular effect may be progressive for many
months, and structures that appear vialile
1 or 2 months after the radiation 15 termi.
nated may undergo slow progressn e necro-
s1s some months later For instance, n chest
wall lesions there may be progressive necro-
sis of the ribs, the intercostal muscles and
other structures right down to the visceral
pleura and the pericardium

‘The indications for resurfacing with free
skin grafts are fewer in this type of injury,
and the idications for repairs with perma-
nent pedicle blood-carrying flaps are greater
than 1n most ordinary radiation mjurics

The requirements most often are for e\-
tensive surgical débridement, sometimes 1n
stages, but ultimately far beyond the initial
appearance of the lesion, and coverage with
a prepared permanent pedicle blood-carry-
ing flap, when such can be obtained

Other radioactive elements are also
being used increasingly for therapeutic pur-
poses Each has its own particular radiation
spectrum, with regard to the proportion of
beta and gamma radiation, and the hard-
ness of the gamma rays, and different dosage
and time technics are bemg tried Thus
there will be some differences in the rela-
tive amounts of surface and deep damage,
according to these variations, but the gen-
eral principles of repair are as outlined m
this chapter

BETATRON RADJATION INJURIES

Apparently some of the betatron machines
can be adjusted to emit varying proportions
of beta and gamma radiation, but in thera-
peutic usage, at least in some institutions.
they are adjusted to emmt largely hard
gamma rachation, on the order of a 2-million
volt a-ray machine and somewhat simxlar’tn
that from a cobalt “bomb” In these in-
stances, repair problems may be similar to
those from radioactive cobalt lesions

ATOMIC RADIATION BURNS

The occurrence of lesions from atomic
racdhation sources will increase as worh i
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turning mass into energy increases, and if
another war comes the mcidence will be
tremendous

In areas already bombed, fire injunes
have been greater in number than radlation
Injuries but some of those surviving the
blast and the fire and possibly many relief
workers will suffer radiation burns

Many of the cases from Hiroshima and
Nagasahl reported in the popular magazines
and newspapers bave been ordinary thermal
burns, not radiation burns and are thought
to be little different from any other thermal
burn sustained elsewhere

The patients outlined in this chapter rep-
resent surgical repairs of pure atomrc radi
ation 1njuries, wmithout any thermal compo-
nent, and may be of Interest for that reason

Among workers in the development and
production stage of atomic work enough
burns have been encountered to give indica
tions of what to expect The lesion produced
by atomic radiation is not a new one en
tirely, but the time element of the develop-
ment is faster than in the accumulative
xray burn due to the excessive exposure
in a short space of time These burns usu
ally arise from mistakes in security precau
tions and add the ever-present human ele-
ment to the ultra in scientific work.

Whether the radiation Is beta or gamma
may not be definite In some exposures, but
as far as can be determined now the burns
probably occur from both beta and gamma
radiation DBecause of excessive dosage
symptoms may begin very soon after expo-
sure and blistering occur in from 4 to 6
days. The Llistering runs its course in about
30 days and there is either healing or
sloughing with resultant open wounds ac
cording to the degree of the exposure
Exposures heavy enough to be fatal are not
for discussion here Conservative treatment
especially about the hands avoiding early
amputation s indicated because hopeless-
Tooking digits may be finally pared Relief
of pain preventlon of infection and general
supportive measures are the main items of

treatment. Blood changes are not significant
in patients with exposures over small areas,
but there may be emotional disturbances
i1n worhers that requre patient guidance
with recreating of hope for ultimate sur
vival

Since these accldents are apt to be of
excessive local exposure (12,000 r in a few
seconds) more sloughing and ultimate
atrophy may be encountered than in the
usual x ray burn, so that ultimately more
amputations may be required The patho-
logic processes may seem more contracted
in time that is, the various elements of tis-
sue changes may develop faster than in the
usual radiation burn This also is probably
dependent on the large sudden single expo-
sure But these differences do not change
the rule of being conservative in the acute
stage

The pathology seems to be close to that
already described for radiation burns (with
the added sloughing and atrophy) and for
this reason, at least as far as the skin is
concerned, the same 1dea of treatment of ex
cdsion and grafting s indicated but the
burns are too recent to predict how soon
carcinoma may be expected in ungrafted
areas It could be expected 1n ungrafted
areas earlier than in the usual chronic radia
tlon burns from accumulative exposures.

Under the title of “Beta Ray Burns of
Human Skin Knowlton* and co-workers in
1949 reported on 4 cases of beta ray burns
of the hands for the purpose of supplement
ing information in the literature and of
emphasizing the early clinical courses, as
well as the laboratory observations in such
cases.

Theirs is thought to be the first report of
human damage from atomlc radiation and
the present report is of the surgical care and
repair of these injunes as carried out m
consultation by one of us with these authors
at Los Alamos and later in St. Louis

To recall attention to these first patients
with known atomic injury (without thermal

* Raowiton, \ P, et al JADIA, 1949 141 235
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injury) we may borrow from the report of
Knowlton and co-workers*

All 4 men were mjured while undertaking
procedures . at the first atomic tests at
Eninetok Atoll (United States Atomic Energy
Commission’s proving grounds) This work
mvolved the handhing of radioactive matenals
which emtted large amounts of beta and
gamma radiation A deviation in the pre-
scribed procedure undertaken to expedite the
operation resulted in the handling of these
radioactive substances directly with rubber-
gloved and sometimes with bare hands rather
than with the remote handhng devices that
had been provided Measurement of the dos-
age of beta rays received by the patients was
not obtained at the time of exposure, but film
badge and pocket i1onization chambers worn
by the men over the thoracic region showed
readings for gamma rays varying from 1 to
about 15 roentgens In view of the fact that
the hands were much €loser to the active mate-
rial, 1t must be presumed that the amount of
gamma radiation received by the hands was
somewhat larger, probably a factor of 10

The ratio of beta counts to gamma counts

was about 6 to 1 The physical properties
of beta rays are such that approximately
90 per cent of the incident rays are absorbed
by the first 3 mm of tissue and 99 per cent
are absorbed in 6 mm of tissue Estimates of
dosage indicated that these 4 men received
from 3,000 to 16 000 rep (roentgen equivalent
physical) to the outer surface of the shin The
beta ray dosages below the surface of the skin
would then be 300 to 1,600 rep at 3 mm, and
30 to 160 rep at a depth of 6 mm Tt was
helieved that there was mimmal, if any, dan-
per of important whole body effect, and the
patients were treated primarily for local beta
ray burns of the hands This assumption was
borne out m the course of the disease, in that
at no time was there any significant evidence
of other than local damage

These 4 cases were recounted in detail by
the authors, and their “first” report is a
milestone in clinical observation and labo-
ratory study of patients afflicted with atomic
vachation mjury Anyone interested in the
subject will want to study this report di-

rectly, and 1t will not be amplified here

A study of these first patients with atomic
radration injury (without thermal injury) i
of great importance for purposes of nvesq-
gation as well as for observation of their
climcal course Theirs should not be con-
fused with other accounts, in the popular
press, of patients suffering from thermal
burns of atomic bomb activity Such thermal
burns are not much different from any other
thermal burns and do not represent the
problems or the pathology of the pure
atomic radiation mjury

To recount the early course of one of the
patients, Knowlton and co-workers may be
quoted

A white man aged 27 received about 15 r of
gamma rays to his thoracic region and an esti-
mated 8,000 to 16,000 rep of beta rays to his
hands over a sixty minute period. During this
exposure he experienced a sensation of itchi-
ness in both hands Four hours later . all
the digits of the left hand were swollen and
erythematous There were no blanched
areas on the left hand, and the nght hand
appeared perfectly normal

During the third and fourth days, there was
a defimte decrease n erythema of the left
hand and there were no symptoms referable
to the right

On the twelfth day vesicles began fo de-
velop in the erythematous areas Up to the
twenty-eighth day there was spreachng of the
erythema, with bullae eventually forming
all such areas By the twenty-eighth day the
bullae covered the volar surfaces of all the
fingers and the distal portions of the palme of
both hands

At about this time the erythema subsided
The bullae dried up by the thirty-fifth das.
and part of the dead epidermis sloughed spon-

taneously.

Débridement was done on the 39th, the 53rd.
and the 67th days at Los Alamos, the nrcaf
finally demonstrating thin, glazy, tight epi-
thehum.

All of these patients were seen in consul
tation by one of us at Los Alamos 3 manths
after the njuries. Tt was thought that the
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conservative care given had been corvect
and adequate No amputation had been
done and there were no blood or other
findings to Indlcate general body or blood
system injury One patient was thought to
De well dnd possibly not to need any local
treatment, with the reservation that late
radiation changes rmght necessitate removal
of the areas and grafting One patient was
more poticeably upset mentally than the
others, but he made rapid improvement
when hope was given for hly having useful
hands. For 3 of the patients it was thought
that eventual resection and grafting would
be needed but no amputations were con
sidered even though one terminal phalanx

was questionable
C at this ¢ ltation was, in
brief

These patients have recelved excellent con-
servative care and because of 1t the best pos-
sible outcome can be expected The records
are excellent and invaluable. The question of
blopsy study is still present, but such a study
1s thought best omitted in these hand lesians,
a3 possibly causing too much debilitation and
interference with the struggle for healing to
be worth the value gained from microscopic
study (Poasibly In a flat area of the body
where wounds might be easily excised and the
edges collapsed together multiple biopsies
could be considered and be found of impor
tance.)

Continued conservative treatment is encour
aged with frequent dressings—always under
anesthesia when the patient desired—2o that
pain r brance will be at a mini Let
ting fingers out of dressings rapidly so that
the least fixatlon of joints may occur is rec
ommended \ot doing forced manipulation of
joints is stressed Suggest use of white cotton
gloves and cold cream locally

Propnosis  Passibility that chronle changes
seen fn the usual radiation exposures may
occur and this should be guarded agalnst, or
at least be gone along with as follows (1)
avolding further radiation exposure (2)
avolding excess traumatic damage (3) avold
ing excess chemical damage (4) possibly
change of occupatlon detafls (5) routine ob-

servation of exposed area aver a period of
years (6) If the chronic changes become ap
parent, and persist to a polnt of telanglectasis
or excesmive atrophy, removal of involved areas
and repafr with {ree skm grafts (7) jofnts
prognosis unknown  but probably good Do
not think that they ever should be forced pas-
sively but let moderate actlvity be guide to
recovery and usefulness.

The general progrosis is excellent for a nor
mal life and normal usefulness of the hands

Recommendations and procedures bast
cally were conservative treatment avoid
ance of amputation, subsequent remaval of
the involved shin and resurfacing the areas
with free skin grafts These tenets were
based on expenence with radiation burns in
physicians and patients hands and in one
In particular treated many years earlier and
reported m 1949 along with microscopic
findings of varous stages of radiation burns
up to and including cancer formation The
most notable patient was a doctor who had
sustained approximately 75000 1 of x ray
expostre {rom an unscreened fluoroscope
and suffeved acute burns almost identical
with these atomic radiation burns He had
complete blistering and such severe pain
as to require 6 gr of morphine a day and
to plead for amputation He was cared for
by conservative treatment at the start and
later by resection of the areas and resurfac
ing with thick split skin grafts. The result
was o pair of useful hands and no loss of
fingers except one tip which was necrosed
by the expasure Further chronlc changes
around his palms developed and further
grafting for these changes was necessary
seversl years later, but the important polnt
1 that the hands were saved and the pa
tient has been able to assume an Important
place in medicine in this countny

With the experience in acute x ray burns
as o background to go on these Eniwetol.
atemic radiation patients have been cared
for in this conservative manner

Areas have been resected and resurfaced
with free thick split grafts and good func
tion has resulted In all the patients no
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fingers have been removed, and all patients
are at work 1n important atomic research
and development It is now 8 years since the
original trouble, and the areas of damage
have been grafted as they showed progress
toward chronic burns (Plate 9 and Fig 295)
The grafting was carried out from the 7th
month after the injury through the 2nd to
the 4th year No serious changes have oc-
curred since then, and no deep losses have
been noted The patients have been urged to
protect themselves, and they will be watched
closely for any subsequent changes that may
need removal and grafting Any possible

tually

Fic 296 Cyclo-
tron burn of hand 1n
research worker,
with later spontane-
ous healing Still
later there was an
acute breakdown of
a small area follow-
g trauma, but it
healed again Thven-
it may  re-
qure grafting

e 203 (Lept)
Atonue radation e-
ston of the ankle in
a laboratory worker
(Reght) Repair with
split shin graft with
permanent rehabuli-
tation.

deep vascular damage 1s to be recogmzed
early and will be guarded against by urging
avoidance of chemical, radiation, mechani-
cal, or other trauma

As proof of the need of avoiding mechan-
ical trauma, 1 other patient was seen with a
destructive cyclotron burn of the end of a
finger which healed with conservative care
and because of 1ts small size did not need
grafing (Fig 296) The patient was advised




Atomic radlatlon burns of hands received inadvertently during bomb test Exposure of
about 12,000 roentgens in a short perod of minutes A small blistered area appeared in the first
few days and progressed to the extent shown In (A, fop Icft) 19 days later At 30 days the
blisters had run therr pnmary course. They had opened and were drying up as shown in
(B top right) on the 36th day

(C bottom lcft) by the 40th day the residual of destroyed skin and open wounds was demar
cated Some healing occurred subsequently but with thin glary keratotic scar epithellum that
could not withstand trauma of any kind and pain was severe.

(D, bottom right) Result of resection of the burned areas and resurfacing with thick-split
3kin grafts Operations were started 7 months after injury and carried out over a 2 year perlod

ow the patient.is working normally with care to avold any type of severe trauma—chemical
mechanfcal bactenal or radution His rehabilitation is complete and has remained so for 7
years. (This result has been true of the other patients seen and operated upon at the same

No fingers or hands have been lost, and the conservative protective plan of care with
feplacement of the damaged shin seems to give hope for anyone <o afilicted who has not
fustained fata] body radiation )
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to avold trauma but inadivertently did in
jure hie finger and suffered an acute second
ary breakdown

A 6th patient was seen from an Atomic
Epergy Commission laboratory with an
atomic radiation burn of the ankle in which
natoral healing had progressed about as far
as it seemed it would go This injury was
treated as any mdiation burn with resec
tion and grafting and permanent healing
resulted Thomas L Shipman reported that
in other small beta ray burns of the fingers
early grafting performed between the 10th
and the 14th days had given excellent
results

Observations on the incidence of radiation

burns in general source of, care of, and
surgical reparr of radiation burns, along
with the pathology invelved, have been re-
ported by the Atomic Energy Commission
Bowers and Brown and associates and by
other authors as well and need not be re
peated here A large volume of work of
great importance has been carned out else
where and reported

We beheve that these experiences in sur
gical repalr with this first group of atomic
radiation injurles (without thermal injury)
wn this country are valushle guides for the
treatment of future patients who may suffer
such injury and be fortunate encugh not to
have full body fatal exposure
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The nulitary nfluence on plastic surgery
has been great Modern plastic surgery re-
cerved its start in World War I, and what
was learned then was transferred to civihan
use Durmng the intervening 25 years. great
strides were made, so that the tables were
reversed in World War II, in that knowledge
gained m civiban practice could be apphed
to military medicine for immediate use

Within the United States Army and Navy
during the recent war were bwlt the largest
plastic surgery services m history and again
young civilian surgeons gained knowledge
that could be given back to civihans Before
the war, however, the basis and the possi-
bilities of work had been estabhshed and
the younger surgeons could go ahead under
the gumdance of civiban surgeons n the
services

A single 1tem of interest 1n the change
mn plastic surgery, from one war to the next,
is the ue<e of free shin grafts Tn a 300-page
report from World War I, no mention was
made of skin grafts except as a part of one
sentence Neither was any mention made
of burns In the recent war. about one third
of the work in plastic surgery was done with
free shin grafts, and about one third for
patients with burns

After World War I plastic surgeons in
avilian practice developed methods and
services for the repar of extensive burns,
and, except for a short time dunng which
excessne attention w.s focused on the irre-

versible sealing methods of treatment (tan-
ning), steady progress was made m a hasic
philosophy of treatment of deep burns
namely, to make open areas as clean a~
possible as soon as possible and to restore
shin that has been lost Sull further progress
has been made 1 the concepts of treatment
that aim at the start toward Leeping burned
areas clean However, the essential point re-
marned that deep burns are apt to become
nfected, and certainly in muhitary surgery
all of them cannot be kept ideally clean
Hundreds of patients have been cared for in
the plastic centers with no skin on thar
heads, faces or hands, and with large open
areas over the body and the estremities,
with sloughs, contamination, infection, pain
and when evacuation has been delayed, with
the usual “blown” contamination that re-
sults from lack of change of dressing (Ig.
297).

These patients present all the problems of
nutrition, chronic shoch, blood chemistry
and wound healing that may occur, and
these comphications are all dependent on
open wounds Therefore, the basic surgical
consideration is to get the wounids healed as
soon as possible by means of frec <kin
grafts Any spontancous healing that may
occur 18 welcome, but long defay in waiting
for spontancous hedling adds pain, cantrac-
tures and finaton of joints, us voll as a
chance for furthcr depletion, A~ large opet
wounde heal, either spontancously or

322
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grafting, the general condition §mproves
proportionately In some instances grafting
has been done in spite of the presence of
local infection uncontrolled by chemother
apy, such & graft to close the wounds has
been lfesaving Raw open areas as large as
200 square Inches are frequently grafted at
one successful operation It bas been said
that these extenaive procedures, as well as
others for the restoration of function in

F1o 297 (Top left) Total burn
of the face, grafted early to obtain
healing (Top right) Interim photo
of contracted face with hundreds
of burfed whiskers that had to be
removed  (Bottam  right) Con
tracted scars and Imbedded whisk
er3 dissected out later and full res-
toration made with free split alin
geaflts, Forehead cheeks lips, chin
eyelids and nose all grafied
(Brown J B and Cannon Brad
ford Repair of major facial in-
Juries, Ann Surg 126 417)

World War II would have been considered
fantastic in World War 1

While free grafts have been used most
extensively In repairing burns, they have
been applicable and valuable also in cover
ing large open areas for other causes, such
as gunshot and shell fragment wounds One
of the most important areas to benefit from
free grafting is the hands By early closure
of burns and other defects of the hands,
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many dramatic results have occurred 1n
which function that otherwise would have
been lost has been preserved This statement
applies to the rest of the extremities and the
body, and 1 several plastic surgical services
only about one third of the work has been
on the face

For making very extensive repairs, the
split-shin graft, or some version of 1it, 1s
used because n instances in which 250
square inches are transferred at one time 1t
15 essential that a method of grafting be
used m which prompt healing of the donor
site can be had If grafts are cut too deep,
much added cripphng may occur. In some
mstances 1t has been necessary to discharge
patients because of trouble in donor sites
that exceeded the onginal lesion

A special area about the face may be men-
tioned—the ecyelids When eyelids are
burned and contractures follow, the eyeball
15 left exposed, and impawrment of vision
may result In hundreds of instances satis-
factory protection of the eyeball by the lid
has becn regained with a free shin graft to
resurface the hds A\ <pecial type of graft has
heen used for this work that is adaptable o
function as well as in color and appearance.
Such a praft 1< of full thickne<< and is taken
from the clavicular region; the supply is
limited, but 1t affords the best color match

I'ie 298 Tree inli-
. thichnescurafizfrom
the clavicular reaion
to recover the Juls
after dissechon oy
the <car Two hds
were done at one
operation Nu -
andary trimonung
Was necessary
(Brown J. B, and
Cannon, Bradford,
Repair of niajor fa-
cial juries, \pn
Surg 126°417)

and, because of its character. presumably
from its position in the platysmal area, gives
excellent function (Figs 182, 298 and Plate
8)

Homografts have heen used frequently
to tide seriously ill patients over criticil
periods These grafts, of course, are not per-
manent, usually lasting from 3 to 12 weeks
The wounds are hiterally “dressed” in the
homografts These grafts can be tahen at
autopsy 1if complete releases for the proce-
dure can be obtaned from the patient and
his relatives Such grafts have been tahen
as long as 4 hours after death and have been
stored “refrigerated ”

In the use of free shin grafts (as in other
procedures in plastic surgery) a tendency
has been noted to suppose, on one hand,
that perfection can be obtmned m difiicult
restoration of features and surface «mooth-
ness and, on the other hand to neglect sim
ple procedures in grafting that could re~ult
in the healing of long-<tanding lesions or
deformitics. T'or example, one <oldir wa-
scen who had been oft duty practiaily all
of 9 years brcause of traumutic uleers of
both legs These were grafted m one opera
tion, and the patrent was sent to duty {FVie
209)

In lesions for which froe grafts will not
cufiice, such a~ gunshot and sholbdraemen
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Fra 299 Chronfe traumatic uiceration of both Jegs. The patient was dusabled many
vears. Complete healing followed a single operation (Brown J B Closure of surface
defects with free shin graits and with pedicle faps Surg Gymec. & Obst 84 862,
1947)

wounds and in cases in which features are
jost restorations with pedicle flaps must be
done Whereas in the past the majority of
flap repairs have been done with tubed flaps
it has been demenstrated in hundreds of pa
tients that direct (or delayed) flat flaps can
be used successfully The principle of a
short broad pedicle {s substituted for that
of g long narrow tubed one and If the
application can be made as a direct tranafer
(that ix without delaving the flap) a pro-
cedure may be completed in days that other
wise might require months This has ac
counted for the saving for patients of
thousands of months in a hospital

One of the main uses for the direct flap
13 in the repair of hand and srm defects
The flaps can be put on at early dates fol
lowing the injuries or later after the ex
tremity has healed It ts possible to cover
practically a whole forearm with a direct
flap from the abdomen in from 18 to 20 days
and wmany seriously damaged extremities
have been saved 1t raight be sald that these
procedures are the opposite of amputation
When spplied earls imion of underlying
fractures has been found to progress more

rapdly and successfully and function is
necessarily established at the earliest date
(Figs 300 30t and 302)

In late deformities with surface scarring
and with defects of nerves tendons bones
and joints it 1s essential to obtain sdequate
surface “healing  with a flap before satis-
factory deep reatorations can be dons The
deep healing can be no better than the
surface healing and patients have been seen
with wire foll screws plates bone grafts
and bone fragments protruding through
wounda that did not have adeqguate susface
healing By removing dead and foreign mate
rial dissecting scar back to an adequate
minute blood supply and making 2 repair
with & flap of suitable thickness so that
the deeper tissues can be approached through
good viable tissue that will heal promptly
and protect whatever repair has been car
ried out on nerve tendon bome ar jolnt the
orthopedic or neurclogic surgeop has been
afforded valuable assistance in his work
This co-operation of the plastic surgeon
with other services has been an excellent
contribution and has resulted in saving
mam lives and restoring much function
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In mulitary plastic surgery. the three mamn
lesions that have to be dealt with are- (1)
sunshot wounds (including shell-fragment
and powder wounds), (2) burns, (3) com-
pound injuries resulting from traffic acci-
dents and air crashes These injuries are
different 1in themselves, and they are difier-
ent from thote seen m civihian life—espe-
cially the shell-fragment wounds and the
extensive burns However, the patients in
war are the same ones seen 1 civilian prac-
tice. and the anatomic and pathologic proc-
esses remain the same, so that much of the
information that has been gained in civilian
practice can be used as an excellent starting
point for mulitary surgery For example, fine-
mesh gauze for wounds, pressure dressings
cotton surgical waste, noncoagulating treat-
ment of burns, early fixation of compound
facial injuries and direct flap repairs of
extremity defects have all been employed on
various general plastic surgery services be-
fore the war, Many of these procedures
were employed with as valuable results in
military surgery, and as the differences be-
tween civilian and military surgery were
learned, these proved methods were utilized
to greater advantage

3

Plastic surgery procedures are new to
many surgeons m wartime and the difiicul.
ties are reahized in many fields only atier
trial Surgeons often want to hnow what i<
best to do. but each patient 1= usually an
individual problem, and it i< dificult (o
lay down standard rules The following par.
agraphs are suggested as a conservative sur-
gical viewpomnt to md in fitting difficult
individual problems mto the wholesale and
mass-production care that may be necessary,

ESSENTIAL DIFFLRENCES
BETWEEN CIVIL AND
WAR INJURIES

Dirt Delayed evacuation up to 48 hours
allows much dirt and contamunation, so
that even after patients have been returned
to their home country, their wounds may
still be showing the effects of dirt and of
continued contammnation and infection (g
297)

Shell fragments, twisting and swirling
around, and fragmenting tissue winding up
tendons and nerves, leave <olid, immahile
scar tissue 1 the softest hinetic areas (Plate
10) Where facial hones are mvolved there

g

i 3018 Thureet flap fram the che-t and the abdomen, preparatsny te

deep bone and tendon work (Brown, J. B
the arm and hind, Ann Surg 122:707)

Dureet flap repar of defeet of



Fioc 302 Gun
shot injury of the
hand witha direct
dorsal flap after
separation of the
thumb fram the
fingers No deep
work was re
quired (Bottom
right) Themethod
of internal pin fix
ation to fix the
thumb into post
tlon The nomen-
clature is indi
cated wsing 1 2
3 4 and 5 for the
fingers, A, B, C
for the joints
and W 0\, Y,
Z for the bones.
(Brown J B
Drrect flap repair
of defects of the
arm and hand
Ann. Surg 122
707)

Fio 303 Reentgenogram of the hand shown in Pla rown
te 10 (B
etal Direct flap repair of defects of the arm and hand Ann éurg 122J70I;)
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Fi1c 304 Complete loss of chin and surrounding soft tissue, the jaw s gone from
ramus to ramus and the tongue 1s fined out on the nech Restoration with large lined,
flat flap from the chest Free graft to mobihize the tongue Tlap defect was grafted at
the time 1t was used A single bone graft of the entire jaw from the stump of the ramus
on one side to the other was done with a single nb (Brown J B, and Cannon, B,
Repair of major facial injuries, Ann Surg 126 267)

15 a1 sort of explosion of them with multiple
fragmentation and death of the chips Blasts
of powder m areas of the body concealed
by clothing make httle difference, but n
the face the ugly blachness requires re-
mosal

Shell fragments about the face and the

i e
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head may knock out sections of shin aml
bone at any level of the shull, the cyes, the
nose. the palate or the lower jaw. Thes
lesions may differ in vdarious theaters of war
and according to the hind of warfare (igs
304, 305, 306 and 102)

Gunshot or <hell-fragment wounds of the

Fre. 305, U of

a distant flap for the

nowe rather than cut

mto the forchead A

> flat Bap from the
arm was ueedd (ar-
tlage for support
n " calor wits
h gte

W 0.

fent

1-
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Maltiple shell frmgment wounds of the hand with resultant fibrosis Treatment consisted of
read dlssection with removal of the shell fragments encountered and repair with direct
fap detached in 18 days. (Brown ] B et af dnn Surg 122 707)
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Fic 304 Complete loss of chin and surrounding soft tissue, the jaw 1s gone from
ramus to ramus, and the tongue 1s fixed out on the nech Restoration with large, lined,
flat flap from the chest Free graft to mobilize the tongue Flap defect was grafted at
the time 1t was used A single bone graft of the entire yaw from the stump of the ramus
on one side to the other was done with a single b (Brown, J. B, and Cannon, B.
Reparr of major facial injuries, Ann Surg 126 267)

15 a sort of explosion of them with multiple
fragmentation and death of the chips Blasts
of powder 1n areas of the body concealed
by clothing make Iittle difference, but in
the face the ugly Dblackness requires re-
moval

Shell fragments about the face and the

head may knock out sections of shin and
bone at any level of the skull, the eyes, the
nose, the palate or the lower jaw These
lestons may differ in various theaters of war
and according to the kind of warfare (Figs
304, 305, 306 and 102)

Gunshot or shell-fragment wounds of the

TFic 305 Use of
a distant flap for the
nose, rather than cut
into the forehead A
flat flap from the
arm was used Car-
tilage for support
and final color was
obtained with per-
manent pigment in-
jection The patient
has only travel vi-
son (Brown, J B,
and Cannon, B . Re-
pasr of major {acial
mjuries, Ann Surg
126 630}



Multiple shell fragment wounds of the hand with resultant fibrosis Treatment consisted of
widesirend dissection with removal of the shell fragments encountered and repair with direct
flap hed fn 18 davs (Brown ] B et ol dnw Surg 122 707)






Freeing Infurtes

Fic 306 Ome of the
wotst t
ite compeand in-
ory Restaration with
{uml tissue free skn
graftsand flat flap from
the arm for the nose

(Brown J B and
Canmon B Repair of
major facial injurles,
Ann Surg 126 629)

{nce are only a part of the problems of re-
pair that are required The extremities take
up 56 per cent of the body surface, and ex
tremuty wounds are not as likely to be fatal
2s thoae of the head the chest and the
aldomen For these reasons a large per
centage of war wounds are of the extremi
ties and one of the functlons of the plastic
surgeon in the combat zoot 18 cloaing these
wounds with skin grafts When the wounds
have contracted and have deformed tissue
and dsrupted function  the resection of
scars and replacement with shin grafts ot
faps are important parts of the work

FREEZING I\JURIES

Freezning injuries eccur {ar more often in
military surgery than in civil ife They re
sult mainly from high altitude fiying with
exposure {rom acadents of shell fire They
also occur from excessive exposure on the
ground The lmmediate treatment I8 the
subject of investigation and was first studied
by Dr Loyal Davis In the European theater

As far as plastic surgery Is concerned
the immediate treatment should be consers
ative of tissue and secondan repairs should
be made as necessary One of the worst



334 Skin Grafting in Military Plastic Surgery

Fic 310 Defect plus scar about malleolus that probably would not carry either a
graft or a distant flap Local delayed, rotated fap used to carry its own blood supply
Donor site carefully covered with thick spht graft The whole area 1s firmly healed
and with adequate care will give satisfactory function, First operation flap rased and
undermined Second operation flap cut across distal end Third operation flap shifted
after escision of scar, and donor site grafted (Brown, J B, and Cannon. Bradford
The repair of surface defects of the foot. Ann Surg 120 417-430)

Fic 311 Small insignificant-looking graft put on after resection of
painful scar Solcher had been ofi duty and was ready to give up he-
cause of discomfort Following rehief of pamn and healing with the
thick spht graft he requested return to duty. One operation (Brown,
J. B and Cannon Bradford The repair of surface defects of the
foot, \nn Surg 120 418)
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pedic and plastic surgery affords the best
chance for the patient

The repair of gunshot and shell fragment
woumls usually requires fiaps rather than
free shin grafts such as those that are gen

erally satisfactory for burns The reason for
thus Is the deep scarring that usually eccur<
and the frequent necessity for downg deep
definitive worl, on bone, tendon or nerve
tater (Figs 300, 301, 302 and Plate 6)

Fio. 312 Resurfacing of entire front of lower le with s
from abdominal wall The 7 operntions reqmred 12 weeks, e s Jump-flap
C andBrown, J B Surgery 22 335) (Canam, B Lischer,
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fragment to fragment for support of a gap
were first used in the immediate repair of a
wide bone loss and may be used at the time of
ongmal treatment or in jaw resections for
tumor However, the final repair, especially in
soung patients, 1s thought to be best with a
fresh autogenous bone graft that he can call
his own and depend on

Source of grafts is usually fresh autoge-
nous ones from the ithum or the rib, both of
these supply cancellous bone that would seem
to graft and persist better than a sohd, dense,
cortical graft from the tibia Completely cor-
tical (or chip) grafts to try to obtain a better
blood supply for healing are thought by some
to be advisable However, they do not lend
themselves to immediate solid fixation without
tooth wiring or splint support, and the more
solid type seems to be superior if the bed 1s
adequate Cancellous-to-cancellous bone might
give the quickest umon but 1t still would not
allow firm, independent fixation unless some
firm cortex were left for wiring However, this
1s a techmical pomt that 1s decided mn ndi-
vidual cases by different surgeons

Bone and cartilage grafts are sometimes
used when the whole side of the jaw 1s out,
including the condyle In this instance a sec-
tion of the 6th or 7th nb 1s removed along
with the attached cartilage The angle 1s a
fairly normal one for the jaw contour, and the
cartilage end floats free in the glenoid region
There is no special joint fulcrum, but the ex-
tent of fixation may be adequate for improved
function and position

Size of the graft in length does not seem to
mahe much difference so long as a smtable one
can be obtammed and fixation maintained n
a satisfactory hed Single nb grafts from one
ramus clear around to the opposite ramus have
been successful. Bridging the whole side of the
body 1s frequently done, with good stability
and strength resulting Occasionally, very
large grafts may be put in first and fined to
the fragments <econdarily.

Immobihzation of graft 1s from 8 to 12
weehs, according to needs Function is often
close to normal, depending, of course, on the
available teeth, the lack of severe “turn in”
of the fragments and the success of the dental
prosthetic apphance Later these may not find
a goad bearing surface in extensive itn?' 4

#

repair, but the mgenuity of the dental pros-
thodontist usually produces a worthwhile ap-
phance

Final building out of the jaw to restore
normal profile may be done with onlay bone
graft, cartilage or foreign subcutancous pros-
thesis as desired

Regeneration of the jaw has been noted
and reported by us previously It has been
found that i infections there may be complete
loss followed by complete regeneration of the
body of the jaw. However, tlus has not been
seen to occur n traumatic loss or surgical
removal and therefore i1s not relied on In
mnfections the reason is possibly because de-
struction and regencration presumably are
gomng on at the same time, whereas in trauma
the whole area 1s lost at one time permancently,
whether some periosteum has been left or not

The preliminary soft-tissue prepara-
tion and replacement 1s done before the
bone graft 1s put 1n but 1s described here sce-
ondly because bone grafting has been taken
as the main subject

Flaps for repair of the soft tissues are
designed according to the estent of loss and
of scarring Local flaps, as mn all plastic sur-
gery, can be considered but are not used for
very large losses as they rmight result in further
scarring and collapse of the fragments of the
remaining Jaw Rather than ths, 1t1s better to
fill the defect with soft tissue from a distance
and let the bone fragments separate to their
ongnal normal positions

A permanent pedicle blood-carrying flap can
be brought up from 1ower in the neck and the
pedicles left intact so there 1s a new blood
supply to the area brought in permanently by
the flap. This flap is used 1if there is not a
very wide loss of tissue The usual flap 1s come-
what of.a drain on the blnod <upply of the
area when the pedicles have to be divided

Distant delas ed pedicle flaps are brought up
from the chest when there is o large loss They
have to be lined if there 1s not ennugh murosa
available, and the hmng is turned in as a
sccondary flap or supphed av o thick-split
graft under the pedicle when it is first rused.
Tlat flaps are usually relied on but the pedi-
cles can be tubed 0 this will make shifunge
casier

Tongue 1t on the nech <hould
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Fio 313 Severe
war gunshot wound
of the lower jaw
ares, with final re-
palr shown on the
right, See text and
Figure 314 for de-
tails of repafr The
patient was cared for
at Valley Forge Gen
eral Hospital

be freed and mobilized belfote the flap or hone
gralt is done or the tongue may never be free
Usually the scar can be resected and the
tongue loosened to go back fto place The
defect can be covered with a free graft, prefer
sbly a full thickness one from above the clavi
cle 1o give ihe best {unction and softness, or
with smal} local fisps. If there is extemive loss
of tongue there 1s all the more reason to try
to get It as free as possible a3 speech with 2
fixed stump may be very difficult

Salivary flow out onto the chest has to
be stopped before the hone grafting and if
there is no wide loss the first conslderation is
to mobilize lateral flaps and close the floor so
that the saliva will go back down the throat
instead of out on the chest. This is important
as & morale builder because the patient who
is {reed from this constant annoyante believes
that be has made great progress toward recov
ey However merely to cause this flow to be
reversed {s no reason for lurther distortion and
collapee of the floor rather than adding a suff
ciently large flap with necessary linfng.

Excislon of scars and closure in stages has
almost no place In this type of injury It col
lapees the fragments fixes the tongue and may
frave the wliva pounng out Much difficulty
has been encountered (mouths being pulled

open and saliva pouring out, eyelids pulled
down from the globe and emotional expression
interfered with) in wounds of the face when
the principle of excision and closure has been
apphied to wounds of too great extent

Anesthesia for this work is most important
and needs careful constderation and co-opera
tion. \When safe general anesthesia is available,
there is little use for ‘ocal, but if necessary the
whole work can be done under deep block of
the Sth and the cervical nerves and Infiltration

Tracheotomy may be already present and
an be left open until the major work is done
However it may interfere with the work apd,
il so the opening may be allowed io heal ax
soon as it Is safe to do 30

Pressure fxation dressings are neces-
sary throughout all these procedures as much
s0 as almost any step in the procedure both
for the preliminary flap and for the bone graft

Joint and coronoid fixation of the re
maining jaw fragments is rare but if It
exists stepy 1o relieve the fixation should be
carried out first, for there is not much reason
to graft into an ankviosed jaw

A fascial sling put through an inert flap
mdunchmdlnmhtemmlrtgionnuybe
necessary to hold up the thick tip So far no
one has ever buflt a sphincter, which the
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mouth 1s, but substitution can be made for it
The larger flaps are attached high so that the
middle third muscles can help, and there has
to be a balance between some Iimitation of
opening and the mouth’s remaining watertight,
and the mouth’s being watertight but still able
to be opened

Tattooing or pigment njection may be use-
ful to simulate a verrmhion, and speech tram-
mg may be required 1f there 1s difficuity 1n
the patient’s use of what 1s left for him to
work with

These patients fortunately suffer but hittle
pamm at the moment of the accident, even
though the 5th nerve roots are torn out How-
ever, there is agony and despair to follow. and
the challenge of surgical restoration and of
their own rehabilitation 15 one of the most
demanding i surgery of this type

Tinal good surgical restoration 1s usually
possible, and nspinng rehabilitation mamly
by the patient s own efiort, 18 seen 1n most of
these unfortunate patients

The cace illustrated 1e descrnibed i full, not
ae A case report but as a typical example of
war anjury and repur (Igs 313 and 314) In
this bot there had been early «aving of hie in

———

F1c 314 Same patient as Figure 313
A folded flap from the chest, to supply
hining and coverage, was apphed to the
chin and the lower hip area, to make a
watertight mouth and to provide a satis-
factory bed for later bone graft (shown
in roentgenogram on the right) of b
to mandible

the first echelon by forward surgical officers
and nurses and men, and with immedatc
tracheotomy Late surgical restoration included
a delayed flat flap from across the chest, with
a side flap turned in from above to line the
flap and form the lining of the mside of the
mouth Because of wide loss and not wishing
to collapse the hone fragment further, the
salivary flow onto the chest was not reverser
until the flap itself was put n place to makhc
the mouth watertight

After the flap was solidly in place, soft and
without induration, a Jarge (12 «m) bone
graft from the nib was put directly n place,
utilizing its own solidity and sohd wire fixation
for sphnting so that the graft became its own
splint In this instance there were no teeth for
fisation, but no internal wires or ¢sternal
sphint was necessary, only the graft itsddf wired

in soludly,

GUNSHOT WOUNDS AND DEFITTS
OF HANXNDS AND ARMS

Gunshnt and <hell-fragment wounds thiat
can be repaired nearly always need flaps
In these areas there is an excellent sourec of
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Fic 315 Widespread loss from shell
fragment Restoration in one single oper-

ation with free shin grafts (Brown,
J. B - Closure of surface defects with
free grafts and with pedicle flaps, Surg,
Gynec & Obst 84.862) (cf Plate 3)

in this book * the deep healing can be no better
than the surface healing 7

To start putting in the outside of a repair
first, that 1s the flap, and then to put in the
bone might seem to be working backward and
not like any other mechanical construction in
which the support or armature would be con-
structed first and then the walls bwilt around
it But these fundamental iwdeas are important
to recognize 1 the over-all approach to the
problem

This method was u<ed and reported before
the war, but mibitary plastic surgery supphed
thousands of mstances for carrying out the
method suecescfully, Tt was found, too that
very carly apphuation of the flaps hastened

deep healing and bone umion, The first direct
flap that had been used many years before
the war was on a gunshot wound of the hand,
only 8 days after the mnjury and in an instance
where amputation had been recommended

One cnterion for saving arms 1s that if the
nerves are mtact every effort should he made
even 1f amputation has to be done later Re-
sides this, however, when nerves are lost, if
the circulation will survive then flaps should
be done to give a chance for nerve dissection
and reparr, or tendon substitutions

In this simple, direct method of shin and
soft tissue replacement is found one of the
most useful plastic surgical procedures, and m
the combination of plastic and orthopedic and
neurologic surgical work, many seriously dam-
aged hands and arms have been saved

DEFECTS OF THE LEGS
AND THE FEET

These defects present much the same
problem as the arms and the hands, but
the solution is much more difficult, chiefly
because no good supply of flap tissue 1
available Other difficulties are interruptions
of sensory nerve supply that give perma-
nently anesthetic feet and attendant recur-
rent ulcerations regardless of the success of
the repair, and the highly specialized tissue
of the sole, which cannot be replaced en-
tirely but only substituted for Transplanted
tissue does not metaplase and does not e
velop into a normal sole once transplanted
If har-bearing tissue 1s put on the sole of
the foot, 1t will remain as such, and the sub-
cutaneous tissue from a “cross-leg” or thigh
flap never takes on the firm, trauma-resist-
ing characteristic of the normal sole

Local flaps with preservation of important
sensory nerve supply are usually preferable
to any other type of flap One should be hes-
itant about cuttig into a good Ieg to make
a repair of another without excellent assur-
ance that cripphng will not reult Compli-
cated caterpillar and jump flaps from the
abdomen may become surgieal monstrosi-
ties, and again the simplest, most direct flup
i< often the best  the thigh is usually prefer-
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able to the lower leg for a crossleg flap
unless {t is a very small cne A long tubed
flap up the anteromedial aspect of the thigh
is mefu) for the heel and the lower leg ¥
position Is difficult to maintain with & flat
(nontubed) fiap (Figs 308 and 315}

Avolding injury to the donor leg and
ayolding the loss of fmportant sensation to
the leg and the foot are extremely important
considerations. Ome cannot help being
deeply impressed with the extreme difficulty
of replacing lost tlssue on the leg and the
foot

Pechaps the best, quickest and fafest re-
pair of a defect of the lawer leg or the foot
is an open flat flap from the abdomen
brought down on the arm One starts with
the principle of a short broad pedide for
the f1ap and then brings the flap over on the
arm 1 one stage Then §t can be detached
fram the abdomen In one or as many stages
as desired

In making the shift to the lower extrem
ity the same principle of the short broad
pedicle s followed for the transfer to the
reciplent area and the flap Is put directly
into piace when it is detached from the ab-
domen (Fig 311)

SENSORY \ERVE SUPPLY OF
DAMAGED AREAS AND OF
FLAPS AND GRAFTS

Sensory nerve supply to the foot is ex
tremely important \loat lesions show re-
covery either spontaneously ot following
operation, Sensation may become almost
normal in flaps ard grafts alwo—s0 that both
epicntic and protopathic <ensation is satis-
factory However if the nerve supply is
blown clear out or is totally blocked in ity
return then large areas of scar of normal
skin and of flap or graft may remain anes-
thetic and there 1 Intle to be done except
be eternally vigilant and protect the area
from trauma mfection heat and cold

DFCUBITUS E LCFRS
The<e ulcers can occur 1n any debititated

patient and are frequently seen in burned
patients over expused bony mrens such 8%
heels elbows and pelwic prominences In
these patlents the sensory necve supply is
seldom lost and the repair of the Jesions Is
relatively simple If not much bone is ex
posed or sequestrated Many of the lesions
heal of themselves ny the pahents wounds
are closed or healed Others may require
local rotated flaps or free grafts for repair
as shown In Figure 138

In pargplegics or patients with & local
nerve out the problem s extensive and dis
tressing The main elements of care start
with the patients general care and with
protection of the areas from further pressure
amd frmtation Cleanliness of course Is of
primary importance

Some of the wounds can be excised and
closed when clean enough on others {ree
grafts may be used Rotating In adjacent
flaps and closing or grafting thelr own de-
fects is one of the most widely used pro-
cedures. Usunlly distant flaps are not relied
on because of the technical difficulty in these
crippled patients.

One of the most Important steps 18 to get
rid of the dead and uneven bone even if
{airly large resections of it are necessary
There Is no use trying to use either iree
grafts or pedicle flaps over dead bone

BURNS

The {ollowing paragraphs are included to
round out the military aspect of the general
procedures

The pnmary treatment of burns may
greatly influence the final outcome and it s
as o result of the observations of plastic
surgeons that coagulating methods of treat
ment have been ghen up \o one plan of
treatment 18 applicable to all burns (n all
military situxtions but for deep burns one
usually can follow the simple rule— get the
artas as clean as possible as soon as possible
and restore what shin has been lost with
<kin grafts

Early bureting of tumns fs the ideal pro-
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cedure. and most of them can be cleaned
up. sloughs separated and the patient gen-
crally reads for operation in from 20 to 30
days This requires open surgical dramage,
débridement and general supportive meas-
ures for the patient Chemotherapy. soap
and water cleansing, fine-mesh gauze and
pressure dressings are requisites that have
become almost standard procedures (Fig.
112)

Immediate grafting of burns by wide
debridement of the area and applying free
grafts has been suggested at ntervals for a
long time, Murat Willis being the most-
quoted author While this mught be useful
m certain types of burns in certain areas
it could not be applied umiversally, as too
much good shin would be wasted at times
and too little burned area removed at others
Also, it naturally would not be applied to
widespread burns of the face and the hands

Thick spht-skin grafts of from one half
to four fifths the full thickness of the shin
are used on nearly all raw surfaces and open
wounds and are also used on many late
healed deformities that have to be opened
and the parts dissected back or returned to
their normal position

Full-thichness grafts are still used at
umes on exposed surfaces, as the face the
nech and the hands, when 1t is important to
gain the best and quickest good cosmetic
result

Z-flaps are used sparingly in plastic repair
of burns although they are reported very
frequently The reason they are used spar-
gly s that their utility s low In the first
place, they are scars themselves and do
not do well as direct flaps, in the second
place, bad contractures have lost more shin
than they can restore They are useful f
there is only a webbing without deformity,
but this occurs only infrequenty and then
oply after 4 long period from the time of
the burn For example, if an arm can he
ratced clear above the head, but there 15 a
v eh, then the web will suftice for the repar
1 i1 cannot be raised clear above the head,

then there is so much scar that shin will
have to be added to permit complete fune-
tion

The process of using the flaps 13 not to
dwell so much on the Z or reversed 7 but
to spht the web so that two surfaces enist
and then fashion flaps so that they crow
or fit into each other They arc usually
about 60° angles with bases opposite each
other, but they may be W- or U- or T-
shaped In all repairs, all available or usahle
skin should be used, of course. but 1f the
flaps do not permit complete function, then
the edges still can be placed in their normal
positions and shin grafts added

Pedicle flaps, of course, have to be used
f features are missing or 1if thich padded
repairs are necessary, such as on the sole
of the foot, but whenever they can he
omitted 1n favor of free grafts, much time
and expense can be saved

OTHER ASPECTS OF PLASTIC
SGRGERY IN WAR

Much plastic surgery has been predicated
on the repair of defects resulting from can
cer, but the older patients with lax tissue
available for repair do not present quite
the same problem as the 18- to 25-year-old
youth who has had his face blown away m
a second, with total destruction of features
These voung patients deserve having the
minimum of additional scarring and having
repairs that will give the least possible re-
sidual deformity The annals of surgery ¢hs
play no greater courage and will to live on
the part of patients, nor more earnest W orh
and hope on the part of the ~urgeon, than
were found in World War 11 m the doctor-
patient relationships in such case~ as these

Macs-production metheds do hase to b
used when hospitals are flooded witl battle
casualties or in massave civilian catastro-
phies, but this involves mainly such fife-
waving measures as carly grafting of buens
No matter how great the number of cave
o natton has te deal with, fram o fatlon ol
dier on the ficdd to the redtors! panent
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walking aut of the plastic sirgery center,
there & no substitute for {ndividual doctor
patient relstions This cannot come from
central direction but has te come from the
surgeon himself, and without it little success
can be expected The work often appears to
be endiess both for the patient and the sur
geon, and the surgeon realizes only too well
that the best possible result will still be
short of his wishes or of what the patient
deserves These men are indlviduals and
have to face all the problems fnvolved in

getting along with other people that anyone
does, they should not be grouped together
as a class or given up as hopeless because
of the difficulty of the repairs they require

In the military experience Incloded the deepest ap-
precistion b felt for the work of Dr Bradford Can
non and Dr Andrew Moore and other sargcons aso
chated In the waork. To Mls Viedois McCall &
ettended the greatest reapect for ber o
ol the bumsn problems of Injured soldiens, and for
ber technical 1kdll and artistry in secording the lesfons
sulffered by these Infured men. Thanks sre expresed
aho to Ar Kent Howr for bls photographic meonding.
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FAILURE OF GRAFTS TO GROW

Failure of grafts to grow may be due to
the slipping of the dressing, to the move-
ment of the graft bed, or possibly, in the
case of full-thichness grafts, but not in any
other hind. to too much pressure Collection
of blood under any sizable area will prevent
a “take” There 1s also the possibility of
msufficient blood supply for the graft;
sometimes this 1s seen when not enough scar
tissue has been removed and, in some in-
stances, when there is a dry area in the
graft base 1in an otherwise oozing field.

The causes noted above will not result in
complete failure, except 1n a few 1instances,
and with careful attention to after-care,
much of the graft may be saved and the sec-
ondary repair simphfied

Infection is the most frequent cause of
failure and may cause total loss of the graft
Bacillus pyocyancus is the most frequent
offender, and next 1n frequency the sk
staphylococei and respiratory orgamisms
{especially streptococct), which may pro-
duce serious results m any operation
whether it 1s a laparotomy or a skin graft
Very active care, depending mainly on well-
carried out irrigations and surgical drain-
age, may save large amounts of the graft

Norr Tiis chapter ¢ induded as a seminder that
prting from a cosmetie standpoint may leave much
to be deste~d It could he much expanded, especially
ff Mlu<trations of fatlures were <hown These are
{alely well known however, ard as in all reparative
wark, ane <hagld Ynow the imitations a< well ac the
preabitlities A fulure one time doee not preclude an
impros~ment B further procedure usually

3

4
"

Local and general chemotherapy has been
of assistance both n the prevention and the
after-care  When the wounds are clean
enough and the patient’s condition satisfac-
tory, a secondary repair can he done, usu-
ally using a thick sphit graft

Two types of failures of grafts need espe-
cial mention One is that seen occasionally
after the removal of a very thick scar or
keloid and thought to be due to the presence
or orgamsms deep n the scar tissue itself
The second is the case of radiation burns
in which these orgamisms also may be pres-
ent Moreover, these fields are notoriously
bloodless and sclerotic

CONTRACTURE AND WRINKLING
IN GRAITS

Contracture folloning grafting occurs
mostly 1n the tissues underlying the graft
and not i the graft itself This may he
evidenced by an actual wrinkling of the
graft as the field contracts under 1t,

This occurs difierently n various situa-
tions, of course, and may begin after a few
months in some patients, while others will
require secondary operations Careful and
complete release of all scar contractions
during the opening, and the moxt rapid
healing possible aftersard perhaps will do
most to prevent this In general, also, the
thicker the surface repar, the less will be
the subcequent contractures  Contraciures
are less apt to occur when grafts are placed
over a bony framewark, such as the fore
head or the shull, or over regions acted

6
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upon by strong and active muscles such as
the axflla or the knee,

Deep infection under a graft from or
ganisms passibly held in the original deep
scar may cause exceasive contraction under
a graft that survives in this situation Swmi
larly infected and persistent sebaceous col
lections under n graft may heep up the
wound stimulus and promote contracture

Wrinkling of free skin grafts occurs
most frequently in the Ollier Thietsch the
thick split and the full thickness grafts in
thrs order It is usually due to contracture
ol the undetlying bed This wrinkling is
most apt to appear about the 3rd or 4th
week in split grafts but may smooth out
50 much in time that after 6 months it may
be impossible to distinguish one of them
rom a {ulf thickness graft If the graft hag
been put on a relatively flaceid area how
ever this contraction and wrinkling may
progrems £o that the actual width of the
graft may be reduced several times This is
apparently an effort of the original defect
to close completely In spite of the presence
of the graft Deep massage and careful sur
face rudiation soam after grafting may pos-
sibly retard this but Little optimism cn
be {elt 1o this regard

RELOID FORMATION

Keloid formation Is only one more actly
ity presumably of the same origin to which
the graft may be subjected There may be
keloid formstion around the edge and in
every suture hole and there may be actual
kelold development under the graft so that
its surface is extremely frregular This is
especially apt to occur in fat lttle girls
and bere 1t {s thought that the actual ten
sion of the skin which is distended with
excess subcutanecus fat acls as o wound
“Mimulus and the excess fibrous tissue de
velops wherever there I8 any surface weak
ness

This tendency ts especially bad §f small
Rrafts are wsed such as along A finger or
about the face and the neck. The actual

contraction of the keloid along the edge of
an otherwise normal graft may reproduce
the origloal deformuty, at least in part
There is not much that can be done about
this situation although many ideas have
been advanced Probably the best thing
would be for the patlent to lose a few
pounds of weight and certamnly she should
ot gain Surface radistion is usually used
if the areas are bad, but we have not seen
any very brifliant results from t, and the
thin epithelium orver these kelolds may be
easily damaged

It seems to be fairly definite that buried
epithellal débms, such as ingrown whiskers
and other skin appendages, may cause
Lelod formatlon It Is mentioned here
again because of its importance, that in
resurfacing men’s faces it is necessary to
resect the scar surface down below the
whiskers This usually requires a faicly deep
dissection because the hair follicles extend
through the skin proper down into the strata
just between the dermis and the obvious
subcutaneous tissue

SEBACEOQUS COLLECTIONS UNDER
GRAFTS

These may occur under thich split grafts
especially and do 20 with marked variations
in different patients A split graft may look
perfect soon after 1t is apphed and then In
3 or 4 weeks wrinkling may begin and Little
collections of sebum may sppear under the
surface. These should all be evacuated by
pressure with or without a small sharp in
cislon aver them

Occaslonally large collections may de
velop (Fig 316) These may be due to the
cut ends of glands secreting backward, or
to the covering over of small remmnants of
scar epithebum or deep glandular epithe
Lium Their importance is that final healing
may be delayed and H they become in
fected excoriation or even loss of part of
the graft may occur There is usually a
layer of deep epithelium under these col
Jections so that if they are opened and ex
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pressed and any overhanging edges trimmed
away before infection causes damage, seri-
ous loss is avoided. The occurrence of seba-
ceous collections 1s markedly variable, some
patients not showing 1t at all and others
showing 1t badly, regardless of how thick
the graft 15 cut However, full-thichness
grafts never show 1t

PIGMENTATION OF GRAFTS

It 1 an unhappy situation in the field of
reconstructive surgery that skin grafts, espe-
cially about the face, frequently do not de-
velop a pleasing color in comparison with
the surrounding shin They may be lighter
or darker, and the underlving mechamsm
is a subject of much controversy It 1s pos-
stble that there 1= no loss or gamn in pigment
in the grafts, but according to whether the
eraft is stretched or contracted, the color
may be hghter or darker as a result of the
distribution of the pigment granules At
times, there seems ta be a definite tendency
in a given panent, reeardless of the loca-
tion, to develop lightness or darkness in his
prafts, The donor <ource ic of some 1m-
portance  Tostauricular <kin  will often
match quite well, but at times 13 0o red

F16.316 Riops of laryy
sebaceous collection under
graft These possibly ong.
mate from schaceous
glands without suilable
dramage, or may be mclu-
sion cysts resulting from
covering remnants of <car
epithehum with the graft
They may produce local
necrosis by pressure or in.
fection and <hould be
drained as soon as they
are observed.

Supraclavicular skin 1s usually best for
small grafts, and skin from the lower ante-
rior chest wall matches best for larger grafts

We know of no completely satisfactory
solution to the problem Special cosmetics
may completely conceal 1t in women if they
are skillfully blended with the surrounding
shin, but leave much to he desired in men
and children Prominent and excessively
white or red border scars may accentuate
the condition and should be excised .\ good
suntan on the whole face will sometimes
help blend the graft iy with the other shin
but at times may make the situation worse

PERMANENT COLOR INJECTION
OF GRATI'TS AND FLAPS

Miss Gertrude Iance has developed a
method of tattoning permanent pigments
into grafts or flaps that are too white Thic
often helps appreciably in making them
match the surrounding skin Usually, the
work 16 not started until the repase is several
monthe old and has undergone most of i1s
spontaneous color changes, but it may b
cauttously otartert earhier of at s evident
that more color will be needed (Figs 317

and 318).
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Commercial pigments are used and may
be obtalned from some of the larger drug
houses White is uwsually banum sulfate
yellows and browns are ochers (earthly me-
tallic oxides, red may be an iron oxide or
alizann and black Is carbon The pigments
may be sutoclaved each time or kept 2s a
sterile stoch supply They are mixed on a
sterile glass slab under daylight and mols-
tened with saline until about the consistency
of thick cream For matching a graft to the
face skin one starts with small amounts
of red yellow and white, adding just a touch
of black or brown if necessary An accurate
color sense is essential for the work which
Is often better developed In artists than in
physicians rnd nurses as a class The correct
mixture will be only a shade darker than
the skin, but it is better to err (if at all)
on the side of too light a color, as this can
be darkened by subsequent injections

E
t

Fro 317 Small split skin grafts

ol

The skin 13 prepared with soap, water
and alcobo! Sterile instruments are used,
the chief one being the injection or “tattoo-
ing” needle This is made by soldering from
2 to 6 small needles i a row on a small bar
and attaching the latter to the end of a
small artists paint brush handle The pig
ment fs picked up on the needle points and
the needies are inserted obliquely into the
skin, the needle pricks befng very close to-
gether Local anesthesia can be used if
necessary After one has had considerable
experience one can use a mechanical needle
for greater speed In covering large areas
but the hand needle is safer for the beginner
There is some Inflammation and peeling of
the skin afterward, lasting from 1 to 2
weeks

The color should be built up gradually,
and it may be best to do it in 2 or 3 sittings
n few weeks apart It may not be essential
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PRI

on ecyelids noticeable becaunse of

excestive whiteness (taken from thigh) Color matched to face later
(right photo) by injecting permanent pigment into them

Fig 318 Face

fmproved
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fiap (from chest) noticeable because of excesst temess

by p]:rr'rlx_mcnntd c;}grb Lu}e’c’u%n inte it (HancccmGertn‘:;e“M i
2 owell Frank Color mat

fam 'ﬂg:n . e eeion ok ng of skin grafts and

and Brown
Gynee, & Ohst. 79 624-628)



350 Faults of Skin Grafts

to color the whole graft uniformly 1f one
brings the color of the edges up to that of
the surrounding <kin It is particularly -
portant to get enough points of color n the
zurrounding border scars to break up the
visual white line between the grafts and s
environs

Solid red can be used for correcting ir-
rezular vermilion borders or for eatending
them and black can be used to cover small
cyebrow losses

GROWTH OF TIVIR IN GRAITSR

The growth of hair in grafts may war an
otherwise pleasing result It mav he pre
vented at times by choosing a relatively
hairless donor arca When present, it may
be best to destroy the hair follicles indi-
vidually by electrolysis It may help the
electrologist if she 1= told that the direction
of the follicles 15 apt to be abnormal for the
region,

'ﬁ“ﬂ

Ao ¥,
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Final Results

PERSISTENCE OF FUNCTION

Function has been found to persist m
large skin grafts which have been in place
durmg long periods of growth (Figs 319
320,321 322 and 323) Both thick «plit and
full thickness grafts do seem to graw or at
least stretch out, with growth of the body
surface and to permit normal movement, 1f
they have been successful from the start

This has been true m many patients and
over areas of the body from the face to the
feet

By satwsfactory late function of the grafts
is meant (1) enough skin for free move
ment (2) moderate looseness, (3) ability
to withstand the ususl trauma of getting
around, (4) the development of normal
sensation Full normal sensation usually de-
velops in free shin grafts and is Influenced

Fro 319 (Top lejt) Complete flexion deformity in bay 3 f
(Top center and right) Full function obtained by cueﬁil opizal;;z(agb;
;]:xds ?:& m‘T;edng ?:t;‘adcdngkﬁ Mrun thkkmhrged graft. (Botfom) Shown 13

T gra nitely en and is satisfact
Inevery way (Ann Surg 107 963) aeten 10 the boy
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350 Faults of Skin Grafts

to color the whole graft uniformly if one
brings the color of the edges up to that of
the surrounding skin It 1s particularly im-
portant to get enough points of color 1n the
surrounding border scars to break up the
visual white line between the grafts and 1ts
environs

Solid red can be used for correcting ir-
regular vermihion borders or for extending
them, and black can be used to cover small
eyebrow losses

GROWTH OF HAIR IN GRAFTS

The growth of hair in grafts may mar an
otherwise pleasing result. It may be pre-
vented at times by choosing a relatively
hairless donor area When present, 1t may
be best to destroy the hair follicles indi-
vidually by electrolysis It may help the
electrologist 1f she 1s told that the direction
of the follicles 1s apt to be abnormal for the
region
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Final Results

PERSISTENCE OF FUNCTION

Function has been found to persist in
large skin grafts which have been n place
durlng long periods of growth (Figs 319
320 321, 322 and 323) Both thick split and
full thickness grafts do seem to grow or at
least stretch out, with growth of the body
surface and to permit normal movement if
they have been successful from the start

)

Fra. 319

This has been true in many patlents and
over areas of the body from the face to the
feet.

By satisfactory late function of the prafts
is meant (1) enough skin for free move-
ment (2) moderate looseness (3) ability
to withstand the usual traume of getting
mround (4) the development of normal
sensation Full normal sensation usually de
velops in free skin grafts and 13 influenced

(Top lejt) Complete flexion deformity in boy 3 years of age

(Top center and right) Full function obtalned b open!

y careful ing of th
hand and covering with a single full thickness graft. (Bottom) ;ﬁown l§
years later The graft has definitely enlarged and Is mtisfactory to the boy

inevery way (Ann Surg 107 963)
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Final Results

F16. 321, Contracted awilla and elbow
with deep raw surface almost to perito-
ncum Repaired with thick spht grafts
(after using homografts to tide patient
over cnitical peniod) and shown after 9-
vear growing period Same patient as
igure 235 (Surg, Gynec & Obst 72

848)

Fic 320 (Left) Con-
tracted awlla opened because
of a dirty sinus, deep i the
scar (Rught) Total restora-
tion of function having per-
sisted through a 1Z-year
growing period (Ann Surg
115 672)

by the amount of deep scar that 1s left and,
of course, 1s dependent on the presence of
sensory nerves 1n the area

GROWTH OF GRATFTS

Metaplasia of grafts (and flaps also)
does not take place and, therefore, a really
normal sole of the foot, for instance, can-
not be restored This area 1s specialized to
the pomnt of being an organ, the shmn and
the subcutaneous tissues are different from
birth, and the pecular bearing qualities are
not developmental A graft or flap on « sole
may make calluses (or even annoying warts)
but it will not metaplase mnto the true shin
or subcutaneous tissue of that area. Shin
grafts transplanted to normal mucous mem-
brane surfaces such as the mouth, the
larynx and the eye sochet show no evidence
of a change to mucous membrane (Figs. 324
and 325) The skin stmply persists as such
and even rases hair m these areas if there
are any functioning follicles in the graft

The results of grafting vary in hfierent
regions and with the type of Iesion A graft
put on a soft hase with a good blood supply



Fic 322 One of the mast difficult
contractures with heavy distorting saar
encasing entire arm and wrist, Five split
grafits were required, but complete func
tion of the shin grafts persists after a
S-year period of growth (Surg, Gynec.
& Obst. 72 848)

F1o 323 Complete function from two split grait operations though patient came in
for amputation. Recorded a second time after 9-year growth period with satisfactory
enlargernent of grafts and good persistence of function Same plcture as in Figure 152
(Surg., Gynec. & Obst 72 848)
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Final Results

Fic 321 Contracted amlla and elbow
with deep raw surface almost to perito-
ncum  Repaired with thich sphit grafts
(after using homografts to tide patient
over critical period) and shown after 9-
yvear growing peniod  Same patient as
[igure 235 (Surg, Gynee & Obst 72,
848)

Fie 320 (Left) Con-
tracted axilla opened because
of a dirty sinus, deep in the
scar. (Right) Total restora.
tion of function having per-
sisted through a 12-year

growing period (Ann Surg
115 672)

by the amount of deep scar that 1s left and,
of course, 1s dependent on the presence of
sensory nerves in the area.

GROWTH OI GRATFTS

Metaplasia of grafts (and flaps also)
does not take place and, therefore, a really
normal sole of the foot, for instance, can-
not be restored Tlus area 1s specialized to
the point of bemng an organ, the shm and
the subcutancous tissues are different from
birth, and the peculiar bearing qualitics are
not developmental A graft or flap on a sole
may makhe calluses (or even annoying warts)
but it will not metaplase into the true shin
or subcutaneous tissue of that area. Shin
grafts transplanted to normal mucous mem-
brane surfaces such as the mouth, the
laryny and the eye sochet show no evidence
of a change to mucous membrane (Figs 324
and 325) The skin simply persists as such
and even rases hair in these areas if there
are any functioning follicles in the praft

The results of grafting vary in different
regions and with the type of Icsion A graft
put on a soft bace with a goord bload supply



Fio 322 One of the most duficult
contractures with heavy distorting scar
encasing entire arm and wrist Five split
grafts were required but complete func
tion of the skin grafts persists after a
S vear penod of growth (Surg., Gynec.
& Obst. 72 848)

Fio 323 Complete function from two split-graft operations, though patient came in

for amputation Recorded a second time after 9

year growth period with satisfactory

enlargement of grafts and good persistence of function. Same plcture as in Figure 152

(Surg Gynec. & Obst 72 848)
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Final Results

Fre 321, Contracted axilla and elbow
with deep raw surface almost to pento-
neum  Repaired wath thick spht grafts
(after ucing homogzrafts to tide patient
mer critical perod) and shown after 9-
year prowing period  Same patient as
Finre 235 (Surg,, Gynee & Ohst 72
§48)

F16. 320. (Lcfty Con-
tracted avilla opened becayce
of a dirty sinus, deep in the
scar (Raght) Total restors-
tion of function having per-
sisted through a 12-year
growing period (Ann. Surg
115 672)

by the amount of deep scar that 1s left and.
of course, 1s dependent on the presence of
sensory nerves in the area

GROWTH OF GRATFTS

Metaplasia of grafts (and flaps also)
does not take place and, therefore, a really
normal sole of the foot, for mstance, can-
not be restored This area is specialized to
the pont of bemng an organ, the shin and
the subcutaneous tissues are different from
birth, and the peculiar bearing qualities are
not developmental A graft or flap on a sole
may make calluses (or even annoying warts)
but 1t will not metaplase into the true shin
or subcutaneous tissue of that area. Shin
grafts transplanted to normal mucous mem
brane surfaces such as the mouth, the
laryny and the eye sochet show no evidence
of a change to mucous membrane {1 igs, 324
and 325). The shin simply persists as such
and even raises hair in theee areas if there
are any functiomng follicles in the graft,

The results of grafting vary in difierent
regions and with the type of lesion A praft
put on .« soft bace with a gonrd blnod supply



Fio 322 One of the most difficult
cantractures with heavy distorting scar
encasing entire arm and wnst Five split
grafts weres required, but complete func
tlon of the skin grafts persists after a
S-year period of growth (Surg, Gynec
& Obst, 72 848)

F1o 323 Complete function from two split-graft operations, though patlent came in
for amputation Recorded a second time after 9 year growth period, with satisfactory
enlargement of grafts and good persistence of functlon Same plcture as in Figure 152
(Surg Gymee. & Obst. 72 848)
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can be expected to be more certain than if
put over the shin or the ankle where there
15 little deep pad to help absorb shocks and
trauma .\ frequent cause of loss of grafts
apphied to long-standing fibrosed ulcers is
fatlure to remove the scar down to soft
bleeding tissue, and this may contribute to
recurrent late ulceration even 1f the graft
takes

Although grafts and and flaps are not
being compared, a successful graft may be
more apt to continue satisfactorily through-

Fic 323 Iailurc
of metaplasia of <hin
grafts  {Jeft)y W
opsy after 1 year—
from graft in orint.
Graft 1s sull sk,
Lrossly and mucro-
scopically  (Realt)
Biopsy after 5 years
—from nside lar-
ynx  Gralt s still
shin.with hair grow-
mg from it (Ann
Surg 115:1170)

out a growing period than a pedicle flap,
because flaps have a tendency to hump up
and become heavy from fat rather than to
spread out

Cosmetic results with free shin grafts
may not be as good as the functional re-
sults described What would be a good func-
tional result on a leg or an axilla nught be
a very poor one on the face, hecauce of
roughness and pigmentation However, the
same general rule applies for a late dexir-
able cosmetic result as for function if the

T1c 325 Routme lach of metaplasia in sbin grafts The area of warty Jeub oo
plal 1 on the tonzue was exaiced and resurfaced with ephit-shin graft from the thieh,
i a Nearo (Reekt) Graft remaine blacdh and To e cactly e ongmd ~bin 3

yeursiter



Rehabilitation of Patients 355

Fla. 326 Skin bumnt off the entire face with resultant encasement in contracted

dgid scar The patient had not closed her eyes even in SIE?L
years Result obtained by removal of scar and replacement wi

for more than 20
skin grafts mostly

full thickness. The increase mn the amount of skin In the face permits all normal
movements of expression, as well as easy closure of the eyes The eyebrows were
made with isiand flaps from the scalp (Same patlent as m Fig 79)

grait has been satisfactory soon after oper
atlon it probably will persist in this satis-
factory condition (Figs 326 and 327)

Anv transplant on the face or the peck
should be avoided when at all possible to
do 80 by using rotated local flaps repeated
excision of the scar in stages or by any
other procedure However, this should not
be carnied out to the point of creating de
formung tension on the features Exposed
grafts may not be perfect in appearance,
but the situation in burns over wide areas
of the face nnd the nech is different from
that Involved in the removal of melanomas

glomas etc. in that deep scarring

may prevent satisfactory shifting of local
tisme

REHABILITATION OF PATIENTS

The final criterion of the result is the

extent to which the patient is able to resume
his normal station in life and carry out hus
usual activities without embarrassment In
regard to lus appearance, or limitation in his
motions This optimum goal seems to be a
high one, but can be attained surprisingly
often by suffiaent persistence on the part
of the surgeon and others caring for the pa
tlent. The mental readjustment duning the
first few months after completion of the
repair may be the most difficult part of all
Sympathy tact and understanding on the
part of all at this time may contribute
greatly to the uitimately successful result
Social workers, occupational therapists and
intelligent friends and relatives may help to
pave the way

Tt will be found that the patient s attitude
toward his final result will often reflect the
co-operation that has existed between him
and his surgeon m deciding what to do and
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when to do 1t In this field of surgery it is  duction of the important details of repair
difficult to get away from this individual This might be called indiwidual artistry,
doctor-patient relationship The demands of  but the results are <o far short of artisinn
the patient through a long series of opera- that the surgeon does not hike to e stig-
tions will not allow it in the first place, the matized with it or thought of ac Leing able
chnical results cannot be good without it to make things perfect He aims at funcuon
in the second place. and there is some - first, and with this goes a plan and efiort
tangible feeling of the surgeon for lus work.  to restore contour and smoothness 0 as near
that does not allow widespread mass pro- normal as possible (Fig 328).

A - 2

Tic 327. Burn contracture with dislacation of nech (atly upon
1), Repaired an 3 grafting operations, and reductinng of diss
locatton {(Neeh dislocation accnmpanied the acadent of the harn,
it wa< pot cured by contracture )
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Fio 328 (Left) Extenslve deep bumn of body, axilla, arm
and neck cared for successfully at home and no intravenous
therapy of any kind. The neck was already contracted so
primary operations were performed to close the open defect
with split grafts. (Center) Profile view of neck contracture
after raw areas of the body had been closed with grafts.
After thls, the neck contracture was opened wth free shin

{ts, and successful jaw neck body contour was re-estab-
ished (Right) Result shown 5 years after completion of

repair

Perhaps most important of all 1s that the
patient retain his will to do and not con
sider himself as being permanently and in
escapably handicapped One heroic example
of this was o farmer who was the worst
burned patient that we have yet seen and

had sufficent disability insurance to care
for himself indefinitely Upon completion
of his repmr he relinquished his cluims
climbed back up on the same tractor upon
which he was burned and resumed tilling
his fields
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Bandagef<i, Ace, as pressure dressing in prepara-
tion of wounds for shin grafting, 54-55
gauze, bumne, dramnare, surgrcal 22
Sre alve Drexsing(s)
Barker vacutome, 79-80
Baths in treatment of burns, 19, 21
alhahine 1sotame, 172
mmmonium st 20
iz 26
tuh, for clewnsing old burn wounds, §3-54
Bed, turmng, in treatment of deculntuc ulcers, 165
Henzocune omtment in treatment of burne, 20
Berd ow's figures reltion of body area and depth
tn bums to mortality, 214
Betstrnn radivtion injunes, 316
Huopay, mieestcnpre study of healing of donor
st 6 63
Blagker gesft See Spht-thickaes< «Lin grait
Blittrring, stomic tadiytion hum<, 37
1 sterhinnd hurns spantsnemts bexbng, 341
Biceut, corrated intoxicanion i treament of shak
{rren hiyens, 13

-

Blood—( Cantinucdi
transfusion bumns {resh thermat, of body 173
types, relation of groupmng to "tahe™ ot has
grafts, 281, 252
vessls “howstrninging * and <hortening 1 ¢
plication mn repur of <car contractun .«
132,178
volume, restitution of, v trestment of b
10-13
plasma or substitute, 11
whole blood 11-13
whole, tmn(sfu«xons, as theripy, posthurn phise
16
shock from bums, 1113
care and pampering of  superfival
veins, 13
discontinuance, 12-13
formulae for determination of amauits
to be given, 12
rate of transfusion 12
Bodv, repairs, 161-166
burns, fresh thermal, 161-162
defects, decubatus ulcers, 165-160
inguinal 165
from radical breast excision, 164-168
scar contractures, and generahized <han short-
emng 162-164
surface, percentage burned relition to mortd-
ity, Berhow fhgures, 21
Bone(s), burns, arm and forearm, 157
chromie, 310
clectnical, 288
forchead or temple areas, permanent pr dhele
blood-carrying flap, 203-206
healing 33, 49-31
legs and thighs, 180
old, with scars and contractures, 113
dead, excision before shin grafung, cornpicket
njunies to arme and hande 282, 283
decubitus ulcers, 343
elull areas, exposed, 242-243
from mangle injuncs, 280
destruction, 1 wnnger injuries 270
dislocations, sn <evere contractures of long
duration, 132
grafts and grafting, arm, mihtany phistic <ur-
gery, 326
bridming a gap, 337
cornpicher injunies to arms aud hands, hEEN
283
electrical burns, hull, 242, 2013
face, stappage of «alivary flow before peft
mg, 330
mmmotnhzition, 318
aiternal faation with wire pins or <ol e
337-31%
jas, 131,338
prrmaneney of 13
agupere, 3%
tame sequence {or t‘&]y [£3Y o Aik 1uef th'";r tarfe

A e e b v o b mes o .

Borie acud i petentrtue nosundoal drziose 0!
woynede, 51
Brachydaetyjoen, 149



Breast(s) bumed, repalr 155 156
carmoma, Tepur of radiated ares permanent

cle bl fiap, 117
excislon radical, defects from repalr 164165
Hrown electiro-dermatome 8+/9
Burm, atomic rediation 316-321
“Bets Rav Bums of Human Skin” by
Knowlton 31/ 319
31
trestment 319-321
athode-ray regic 495 297
chemical, restoration of defects, 285 287
deep ireatment, four phases 57 58
electrdeal, mortahity 288

débndement 288-291

direct flat abdominal or cheat flaps 250
91

dressing wounds 289

permanent pedicle bleod-caurrying flaps
290

mouth wounds 294-295
etiology by age groups, 6-7
hosutalization 8 31
fncldence, 7
Infants caumes, 6
infection sgns of local and genera! 17

treatment 19 53-54 322 323
military plutic susgery 343-344
mortality 7 8
peevention, 6-8
teestment, control of sepsis 16-17

See D
findd and elﬁctm}yiul 12 16
3 pagrene prevention 18

Sfbridement, 22 24
dustnsge surgical 19 22 23
firet ald, 21 22
! considerations 19-2{
19

tions,
sworphine 19 22
“open air, 19, 27 34
Paster of Parhs over dreanngy 19
tanalng 19 26-31
open-air  hands contraindicated, 141
posthurn phase 14-16

tetanus prevention 18

Bumns treatment—(Continxed)
altraviolet sir stesflaation 17
wards and hospital isolation 17

wards and hospital drvisions 8 17 31
See also wxder awatomic parts

Buttocks, bums dressings 26
exclsion and tkan grafting 35
radution, repadr 171 31§

162
nﬁmguiu folloned lﬁn:mmm' 4
contractures repeir t grafls, 135
a3 donor site thick spht-sidn grafts, 70

Cable burma of bands restoration of defects, 284
Calibrated graft. See Split thickness skin graft
Carancma, basal cell from bums radiation 306
cheek, full-thickness skin graft, 203
nose ala repar compoaite free grafts of
akm and cartilage from ear 124
exavion and skin grafting 2.2 273
orbit, excualan and pedicte flap 214 pedi
breast repair of raduted aren permanent
cle blood-carrying flap 117
from burma hands repair 3104311
nadiatioa 304 306
atomic, 317
cheek, 308

307
foot, treatment, 18, 188
aose 30/
in sear of old burn 48 50
skin exasion and skn grafting, 271 274
nose 217 219
squamous-cell from burns radiation 306
neck, from radintion bum, repair permanent
pedicle hlood-carrying flap 121
m port 'c;me stain, excision and skin graftmg
271
scalp from scar contmciures freatment 243
w scars old, treatment 183-184
uleerated, of face with lupus and rudistion
dermatitls spiit-thickneas akin graft

199
uterws, radiation therapy resurfocing of radi
ated skan ports after 315
Carre} frrigation tubes, with dreasing bums 25
Cartilage trapsplant before skin grafting, ear 223
21, 230
jaw 338
nose 218 219 221 330-33z
See also Composite free grafts of skin and

castilage
Casein ged with mnc acetate in burn therapy 20
Caterpillar flaps, foot repains 197
Catheters venow, In blood transfusions for shock
{rom dangers in e for long
13

periods,

Celulitiy, with bum dressing 25

Cheek(s) burmma contrscture from repur 206
2

11
electelcal, repaur 295
rdiation, repair 305
carcinoma, basabcell, full thickness skin graft,
03
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Athlete's foar, excessive ridition themapy  in-
jurics. repair, 208, 3l
Atomic radration burns, 316-321
pithology, 317
treatment, 319-321
Mrophy from radiation injuries 309-310
Auditory canal  congenital absence, treatment,
232-233
Aurcomy an therapy, burns, 19
Autogralts, as final coverage after homografting,
240-251, 254, 255, 257, 250
in treatment of burns, 3
fresh thermal, of bady, 162
Avwilla, burns, of breast, repair, 155136
from commeraal epilation of supertluous hair
by x-rays, treatment, 299, 303
fresh thermal, repar, 1512132
repur, 357
tanmng, 27, 28
thickh spht-skin graft, 29
contractures with scarnng after bums, 46, 132,
134, 132, 154-135, 236, 352
radrtion lesion, repar, 116
reparrs, 151-156
grafts vs flaps, 156
webbing repair, 134

Bucillus pyocyanens mfection, burn, treatment, 26
under shin graft treatment, 88
ulcers, chronic, treatment before <hin grafting,
S0
wounds, large, treatment hefore shin grafting,
36
Bacitracin in treatment of burns, 19
Back, burns repairs 162
contractures, repar, spht-<kin graits, 135
as donor <ite, homografts postmortem, 260
nech repars, 240
spht-thichness shin grafts 29, 70, 74
lesions, repur, permanent pedicle blood-carry -
mg flaps, 116 121, 122
Bacteria mrvasion of radiation burng, 306
Randagel<). Ace, as pressure dressing in prepara-
tion of wounds for <kin grafting 54-858
giure, hums drainage, surmieal 22
See also Diresang (<)
Barker vacutome, 79-50
Baths in treatmient of burns, 19, 21
alhahine fsotonic 19
ammonium sl 20
e, 26
tuh far cleansing old bum v ounds, 33.54
Bed, turming, in trestment of deculntus uleers, 16<
Benrocnune eintment m trevtment of hurns, 20
Herbav '« figuees, reltinn of bods area and depth
i bums 1o mortahity, 23
Betvtreer ovd stion muncs, 36
Propay, tncrasemue stpde of heading of doqor
arte 02 hi
Blsrbet praft Ses Sphtathichnes <Lin praft
astener aromie pud slon bune MT
tp e rneesd burne gmntinennts beahing, 39 31
Hlee o puested intemicatinn in teevment of shod
fra=~ byms, 1}

e A i € b oh

Blood—{ Cortfite iy
tranc<fusion burns fre<h thermal, of hehy | j1r
tvpes, relation of grouping to * take” a1 ho=,
grafts, 231, 232
vessels, “howstringing  and shortonms ax eo -
phication i repur of scar contraciy o
132, 178
volume, restitution of, o treatment of fagns
10-13
phsma or substitute, 11
whole bload, 11-13
whole, trancfusions, as theraps, posthum phie,
16
shock from burns, 1113
care and pampenng of superficd
aeins, 13
disconuimuinee, 12-13
formulae for determunation of amount
to be given, 12
rate of transfusion, 12
Body, repairs, 161-166
bumns, fresh thermal, 161-162
defects decubitus uleers, 165-166
mgunal, 165
from radical breast excrvion, 163-168
scar contractures, and genernlized <k <hort
ening, 162-164
surface, percentage burned, relation to rortal
iy, Berhow firures, 21
Bone(s), burns, arm and forcarm, 157
chronic, 310
clectrical, 288
forchead or temple arcas, permanent pedice
blood-carrying flap, 203-206
healing 33, 49.51
legs and tiughs, 180
old, with scars and contracturce, 113
dead, exasion hefore shin grafting, cnrnp:clf*r
injuries to arms and hands, 287, 348
decubitus uleers, 343
clull arcas, exposed, 242-243
from mangle myuries, 280
destruction, in wringer mjunes,
dislocations, in <evere contractures of leng
duration, 132
grafte and grafting, arm, militay phistic sue
gery, 326
bridging & gap, 337
cornpicher snjuries 1o arms and hads 2
253
clectrical bumns, shull, 202, 9%
face, stopprge of «sfnary ot before gl
ing, 339
immobihzation, 32%
nternal fixation v uh ware pirs or stecd b,
337-318
Jaw, 331, 3%
pemmnenes of, 17
e, 338 .
lime waquence for fap cerre and e

R

o

fiorie acud e petratitan s i h e o
worrnde 73
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Hurns treatment—( Contenmed)

emed 135136
Brasl(s) busmed repa? ultrasrolet air steriheation 17

of radiated area permanent
pedicle blood-carrymy flap, 117
excition, radieal, defects fram rqnir 164.165

eleciro-dermatome 78-/9 See alro wnder anatomic parts
gm atomic mdistion 316-321 Buttocks burns dressingy 2
“Beta Ray Bums of Human Skin by excinon and skin grafting, 35
Knowlton 317 319 x:guoné;epalr 171 315
pathology 317 repalr 1
treatment, 319 321 homografts foﬂowcd-!:i!;ulcgnfu, 4
contractires repur split greafts, 135

23 donor site thick sphit-skin grafts, 70

Cable burns of hands restoration of defects 284
Calibrated graft, See Sphit thickness skin graft
Carcinoma, basal-cell from burns radation 306
cheek, full-thickness skan geaft, 203
nose sls, repaiy  composite free graits of
skin and cartilage from esr 124
direct flat abdoménat or chest faps 250~ excision and skin grafting 272 273
291 orint, exmasion and pedicle flap 214
dreasing wounds 289 bresst, repair of radnied area permanent pedi
permanent pedicle dbicod-carrymg flaps cle blood-carrying flap 117
%0 from bums hands repair 310-31t
mouth wounds, 294-29% adtion, 304 306

oathode ray repalr  93-297
chemical, restoration of defects 285 287
58

eiclogy, brv age groups 6~/ atomic, 317
bospitalisation & 3 cheek 308

7 chn, 307
nfants, caimes & foot treatment, 187 188
Infection, signs of local and general 17 nose 307

toextment 19 53 34 327 323
miﬁu:yphm:mxety 334

w scar of old burn 48 50
skin cxaiman and skin grafting 271 2,4

mortality 7 8 nose, 217 219
prevention &5“0; . . ;qmoufyceﬂ !d?:nﬂ;m distion 306
ttatment, control of sepsis, 16-1 roTn A burn, repair permanent
dresumgy  See Dressings pedicle b flap, 121
fnd and electrolytes 12 16 in port wine stain, excision and skin graftng
m prevention 18 271
ﬁn.l early 9-18 scalp, from scar contractures trestment 243
arly 18-3§ n s old, treatment, 183 184
baths, 19 21 ulcerated, of face with lupus znd radiation
chemnleals b0 d;;mum split thickness skin graft
1
“ﬂﬂhgnx 19 2631 uterus radiation t resurfacing of radi
dbridement, 22 24 sted skin ports after 315 &
drabnage, surpieal, 19 27 23 Carrel imgation tubes with dressing burns 25
first aid, 21 22 Cartslage transplant before skin graiting ear 225
reuera! connderations 19-21 22,230
ingations, 19 jaw 338
motphane 19 22 nose 218 219 221 330-3%2

openmr” 19 27 34
of Pars over dressings 19

See also Composite free grafts of skin and

cartilage
| lasaing, 19 26-31 Casem gel with zine acetate in burn thepy 20
open-air ¥ handy contramdicated 141 Catermliar flaps foot repairs, 19, '
Wﬂhnw L;pl:;, 14-1616 Cathetess Vmcns;)in blood transfusions for shock
usions, from burns, n
hptlmmgxs periods 13 e for lang

Celtulitiy with burn dressing, 25
Cheek(s) burns contracture from repur 206

mmbu, 16

fuld balance ‘mantenance 15 16 211
Peychologinal, 16 electrieal repair 295
'ﬁ;&ﬁlm 15 radation, repair 305

basal-cell, full
\etzm prevention 18 mdmmz'o& ot thicknens skio graf,
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Chicehtey 1 Contrrtird
contraetures from burns, sepur 206 211}
a5 donor smite, pedicle flap, to nowe 210
reconstruchion, pedicle flap oY
repur~ <hin crafune 200-207
Chemtical burne, rectoration of duredts, 245237
Chemotherapy, burns, 17, 344
Chest Se Thorax
Children bumis cauees 6-7
mncdence 7
Chin  contracture  scir, wide-open bite of jaw
from 233.236
fows, complcte, repair, 330
Chiorophs Il in treatmont of burmns, 19
Clacqfication of burng, confusion i 3
Clavicle region a< donor <ste for shin grafts, burns
286 305
ear repurs, 225
evehd repoirs, 208212, 324
full-thichness 67, a0 91 204-203, 207
nose repurs, 218
punch-press injunies of hand 282
restoration of defects from removal of tumors
273, 275
Cleansing and cleanhness in treatment of humy,
344
chemieal, 283
emphasis m military plactic surgery 322
fresh thermal, of hands, under anesthesn, 139
mtaal, 21-24, 26
value of, 17
Coagulation membranes, healing 41-42
as treatment of bums, 19, 26-31
arents, 26-27
contr undications, 27
Iiver niecrosis from, 27
‘Conl <pots ™ radiation injurics, 303, 304, 306
309-310
Cobalt rudiation lesfons 310
Composite free grafts of shin and cartifage, 124-
130
eir repars, 230
it 1204130
muluple 129
nnst repars, 223, 224
rextorition of defects from retoval of lumors,
273
<ubsequint dressigs, 130
techme and uees, 124129
Lamutictng, dehicicneies, repar, 209-210 212
Conteictyrel~y, gencealired <bin shortensnn sn
healed arev- 133
from scies i he thing of bume ans after <«bin
rrdung for radintron bums 172
e reyndr, 40 13%-159 353
avardanee, 131
vl A4 182, 1R4.145, M52
brode | repruse, 1624404
heek, nepys, 205
ae vad nod wide e bire of gan fin
:J"!"?‘”'x
¢l s Linrts of Bhooes oo teduction FE)
e electne st Lurns, 361
evelple tonap, 324
frox v e @ T

v

o ot

W ot e -

Contracturet<t from <cars i hes'ime of Sares o
(Contiricdy
hands, free fullathichnes g aratee s.
ofd bums S Hand, v buen
with sear contra tuees
rope or cable bums repur ot
lege repaur, 127-180 3353
neck, repur, 83, 80, 43
peme, 167
phvsintherapy and (xereres alter sepmr, 137
133
prevention by earhy replacement of haened
Suriace tscue 3 b
prmary, legs and thigh- repar 176
reparr, complications “bow-strinng”™ oy vew
<ele and nerves acrose oot wture, 132
darts m wrrounding normal <k, 132
general principles 131133
opemng 131-132
4 phas and other lowal thps, 131, 133
154
<cdlp, repair, 243
secondary, legs, ‘ hrching out' in xaihne hath
177, 150
draghtenming before <1 m prafune, 33 %3
and thighs, repue 179 180
wrist, repur, 353
of shn graft, 346-347
See also nnder anatomie parts
Cornpicher njurnies of arms and hands restortum
of defecte, 282, 283
Cortisone therapy, bums 13
m repur of inger defects, 130
Cotton waste, use in pressure dres<ng, bums, 23
Cross-fngce flap punch prossanjunes ot hand 287
Cross-leg tlaps, delued 101
direct 102-103
i foot repairy See oot repurs crase feg thps
fractures, compound, tiba and fibuty, with avu!
ston of ticeye, 183
heel and toe dauble, 193 143
pocket, 194
tubud, 193-193
Crossip fap, radittion injunc-, tecsiment of
hemangiome, 305
Cultures 1 control of sepsican bane, 17
Cuttme < grafte, full thicknes 42294
sphit-thiel ness T0hst
anesth stv, 70
dermatorne Brown clectro detmtorer, ™n 5%
Padzettdfoumt 75 7795
clectro-d. oatonr, 70
rarthad of getting romegeh e grafy, 7573
Reew, 75
drsnr aite ~~lechion 1l prepartioty, 5878
{tee band ) T1.94
diaphriem, 77.73
Lnife 1137
geensd conspdere my ol prafeeutgr e
chpeps w4
prarulatiney, chiogr ol T <1
imfe, Hirnbey, 73
frch fr, ¢ EEH
vartitp t Haraed, 7% 2
L(,"&En"x‘ B of Fored 300



Index 397

Dakins selution dhpoul of eschars and mem
branes in preparation of wounds for

ft 5
Darts” mﬂ%i‘mm of oid scar con
fractures, les!! 178
Débridement burns, 344
chroajc open, gy 177
dectrical, 288 291
fead, 283
scalp ang skull, 262

fresh thermal, of hand, 138441
tands, rope of cable 284
inftial, 22 14
ofd of hand, tendons and bones 143
raw am and foreamm, 159
street 282
slongh radiation gangrenous in leg 184
tattoos dirt, 282
oleers chronfe before skin grafting 56
Sea as0 Excinon
Deciutn wcers death from 166
fnd:kme 165
tary plastic surgery 343
rtpulr 127 165 168
Dentists burns radution, of fingers 293 301
310311
Dermatiths radiation, with carcinersa, basal-cell,
of nost exchilon and skin gratiing, 272
of face, with tupus and ulcerated sqmmowm-
cell carcnems  split thickness skin
maft, 199
with mahgnant changes repair 199 202
of female genitatle skin grafting 171 172
nose, reamfacing 217
Dermatome Brown dm:tgjm 379
method of getting n cky graft, 77 +8
Pukm Hood, 75 77 49

Dd:!gmu far local cleansing and in fint-aid ap-
pheations fa trestment of hurns 17
Dextran, as phsma substitute in treatment of

Diagnons burns, depth. 2021 35
differential in burna achte and deep from si-
perficial 161 307
“Tarmer’s skin 7 309
“aailor's skin," 309
shin injuries from heavy exposure to em-

light,
Duphragm u nid In cutting free band skin grafts

D\"bmmpmm:midmc in treatment of burns 19
Dhet 3 therapy postburn 16
Dt tsttoos, restoration of defects 282
n war va, civil {njuﬂa 328
therapy burns
Donor arex (dte) nbdomm fuli-thickness skin
oafts 67 205 2.0
Mxrﬁa& 336 143
M!I 250-291 325.329 340-341
ncu skin grafts, for lexs. and

ﬁﬁgiu

clavicle reglon. Str Chv‘lcle region 14 donor mte
for skin graits

dosore full-thickness sk graft, 95 96

Donor area (site)—{ Comismxed)
dressing after cutting, 8487
foll-thickness skan grafts 83 90
abdomen 67 205 270
daviadar regron 90-91 204-205 207
groln 205
84

thigh 2
groin, full Lhickneuddn grafts 205
bealing rapid, 30 6263

M-advised dau—ucdm by removal of pinch

neck, full-thickness skm gt 204-205
pedicle flaps abdomen 282 290-291 325 329
340-341
closare 110 150
permanent pedicle blood-carrying 8ap repairs
over Achilles tendon, 190
posumicuhr reglon full-thickness skin gralts

selection lnd preparation, 70-71

for &ed.l:he flaps 99-100
split thickness skin grafis. Ses variowr anatomuc

parts
thugh, full thickness skin grafta 208
spift thicknass skin grafts 0 /1 76
surgical, bumns, 19 2223 344
hands, 137 140
necessity fos 32 35
disposal of escharx and membranes in prep-
aration of wounds for akin grafting 33
holes in skin graft after smure fixation
abandeument of practice 82 83
wounds 52 53
Dressing() humy acwte 308
am 159
body slough from 161
tlectrical 189
excision of slough 34
face 26
first-aid, 22
foot, 188-189

pressure deessings 23-26 344
cotton waste 23
pawmze fine mesh grease, 23 24 26
initial. 23
second, 24-2%
uhtequent, 25-26
See alro Dressings pressure bumns
superficist, 26
composite (ree grafts of skin and cartilage 130
dcmbitm uiccn, larpe or deep exchlon 185

small, 165

donar ares 84-87

full-thickness skin grafts A3-88 94 95
pressure 83-3% 86
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Dicwanmtsr fuththichness slun erfse—t Cort o
<l 3t Axation 83
fir over £37 84
gresse thiek sphitsabin gmfts an
ped cle flaps, 113
pinch eratte 65
ressure rdventaees and resulis Bh
application 86
bums, cctropion from, shan grafts, 208
clecirical, 289
fre<h thermal, of hands, 139, 120
ot fegs ¢xasion of <lough 173
radiation 172
raw, arm and forearm, 150
shock from 10
warning, 10
Sre glso Dressings burns pressure
ear repurs, 235
fingers, webbed 190
fingertps <hiced off, 281
font repurs, burne, 185-189
full-thickness shan grafis 83-84, 86
gunshot wounds of face and jaw, repar 330
hand repairs, 136
hp repairs, 207
prens repatrs, 170
i preparation of wounds for shin grafting,
34-53
uleers, chrome, leg 181
before shin grafung, 36
wringer injures, 250
<prea, hip, inguinal detects, repur 163
pems repurs, 170
stent fixation, full-thickness &han grafts, 07
“auture fixation,” full-thichness shin graftz, 97
tre over, full-thichness shan gratts, 83-80, 97
scalp repars, 242
we!, bums chrome 310
wpit-thickuess shin praftc §6
in surgical drunage of wounds 32
See also 1w der aratomue ports, repaire

Lar{<r burns, repair, 217
contrwctures treatment Bap grans S
defects repair, compaate tree grafts of «kin
130
1< donor site note repurs 123130, 2218
froering impuries, ropair, 333
pactaurcultr are as donor <o, o repurs, 223
nse reprars 217
resuratinn o defects from remaval of tu
mor< 70, 233
provehevrs of Litex nr <oft phtic, 226, 2°0
repare SRS
“apired depegts 1132453
losars of exteruat ear, 227 20
with earplige tnapsptnt 223
vk eottibape tranaphint
teovemntsl Abnerer, auditony eanal, 23200
extrrast ey, PEL252
poroxo e s te, vate TEptes 710
farie's seatiun e of plaseerad an for prrtenis
Ly § e treerem | omiagy e g din
bael vy rAc

~3

230258
re.z2
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Fetrepdan from bums repie 204 21t
of hp, repar 207
Eeseon exeesane radivnmn sheespn, fofim o
pare J9s 302 ST
Edema o< co nplication of hum- 14
w ulecration chronic leg, treatn enr 1<)
Listaphiat e dressing free full shikpers GLge
orifts 83
Elbow bum electrital, separ 20
contractores e, 46 382
Llectratulguration of phintar waer s¢aering {no«
197
Licctrolvtes See 1ud wnd etectrolste
Elephantiacis pepar, 170-171, 182, 183
Endartentic trom radiation injuries 303
Endophlebitic, from radhation snjunct, 308
Enzsmes bacteriad i tro wnunt of <laugh fens-
bums 34
Epdernuc graft See Sphit-thichness sy gyt
Lmdermophytosic repur of syjunies frum exces
ang radiation thermpy 298 131
Cpthtion of superiluous hair 1 rays, camer
e, treatment of anpuries frum 793
303, 513
Eechars, and membranes dispoxil of, i prgpuess
tion of wounds fur shin grafung, €5 5
open-air, i treatment of burns danger-, 10
LEstlander tape of sermihon hordered croa b
flap~ 207

Etiology of bums by age groups 6-7
Lians formult for dotonmination of amounts af

whole bland to be admmmerered
shock from burne 12

Lveraon, of hip, repyr, 207

Lxcision hone, derd, compidd er ingurnies ta s
and hnds, 282 253
breast, defects from repar, 163165
burne, acute 08
chenuieal, 283, 286
chrome 309-310
deep, 36-38
clectnend, 24% 204, 291
foot 136-1%%
radintion, abdamnen, wall, 318
anomic 317
commeranal epiation of supcrfiuas aic by
x-ruy ¢, 303, 313
face 311
foat, 311, 312
tn hemanmnma, 3035, 04
satigh, 240 34385 168
carcinomy badeeedl, chieel, 2098
orlnt, 214
chin 207
tands, feomn burne 01

nn<r 0T
cortrariyee See baeidon reoy ar b oo
[ 3108
dermatsie, odiztio, wpd bt dhosre
~ At 1
U .
i 157, ° i
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before 1kin grafting 72 81

Index 399
tiomms—{ Contixyed. Face—(Contmged)
gronla ¢ ) a;um.ém wounds military plastic surgery 336-
0

wotods from skin losses penls 167
wounds, 336
imyﬁp;dakh on tongue 354
Jupm with Tadstion devoatitis and ulcerated
us-cell carclnoms 199
oma 2,4-276

mphangd
peck repaire, 236 239
pevt, 269

planter vart, wearrusg from, 196 197

port wine staion, 270 271

ndaton lesfony legy 184

wans and contractures, from bums body old
164

unhesled,
chemical, 285 286
kegx, 178
rope or cable on hands 284
rcalp, 243
cheek, 211
face, 339 355
foacud, 211
handy froem rope or cable bums 284
from skin losses 167
d, from chemical burns 285 286
shell-fragrent wounds 336
#du involvement, in burns radution, 172
tatty 284

004,
tonory, ecelp, 242 246
Set dlro DEandement
F.tzmx:ni after contracture repalry, 132 133
Expense In care of burns, 58
Eyebrows as donor mte eyelash repair 216
repaly 211212 215217 335
Eyehub, repaiss 216
Eythd{a) burus, adbesions repair 212
themniaal, restoration of defects, 285
md condractuees repair 324
onfmctiva deficien repair 208-210
deformitees from akin shortening in
cheek repains 206-207
ectropion, fmm;b\zm: repair 208211
reconstraction full-thickness skan graft, 91
repabs, 208.212 i,
composite free gradts of akon 130
‘}aﬂt thickness skin grafta, 349
rpade 210 212
Eyes burs, Shemical, restoration of defects 185
fa region of geneeal caxe 208

Fm.ﬁnm 2cid, restoration of defacts 285 187
tmmzc;w repair 5 89 211 212 35§
n repalr 311 312
“ delormity full thickness skin graft 67
b clal, freatm:ut, 42,4
ree
ey lacs grafts 200 201

foll-thucknens skin wraft 30

wuhning, 8
ﬂﬂ“;t?slmmbms,rrpnu 3 89 211 212

hemangrome exciton and skin grafting 2 6
hemistrophy  restoration of contour pedicle
flap from arm with split geaft 114
infumes {reezing repaic 332
shell {ragments, repafr 330-331
port wine stains, restoration of defects from
resnoval of 270 271
repairs 199 207
theek. See Cheek
flapa va. grafts 201 204
forehead. Se¢ Forchead
lips See Lipy
mouth. See Mouth
necessity of scparate treatment of different
features, 200-201
sk grafts, donor mies 205
suprclaviculsr 204205
skin, general shortening from graftng correc
209

tien,
Farm wjuries restoration of defects compicker
injoriey to arws and bands 282 283

Fat, brownish-yellow spots or shests afier dé
brndement excision hefore skin graft

g 25
flaps industrial injunes, 278 280
punch press injuries of band, 282
Faults of skin grafts 345-350
;m;tr:c(m 346-347
ailuze to grow 346
hayr g-mwt{nuo
keloud formation, 347
pigmentation, 348
ubxccom:’c:_jkcﬁam under grafts 347 348
Feet. See Foot
Figxin in trestment of slough from bums, 34
radition m dentists 298 301 310-311
repair 299 301
replacement of tp pad with small palmar
fap 144.145
rape or cable, 284
Finger(s) t;x;;;ﬁxum, after punch-press injunes

fractures mangle 280

freezing mjuries repair 333

fused, repair 149

inpuries industrial, 280 281

jounts, stiflness prevention in hand repain 136
ru:pp!cnsg retention of in repalr of defacts

punch-press defect, r  crone-f
frliveh repal) nger flaps
tips fused, repeir 150
webhed, cangenital, repair 148-150
from scarmng after bumg {44
wringer injuries 27, 280
See alro Hand(s)
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Dressing(s). full-thichness skin grafts—(Cont )
stent fixation 83
tie-over, 83-86
grease thick spht-skhin grafts, S6
pedicle flaps, 113
pinch grafts, 66
pressure advantages and results 86
application, 86
burns, ectropion from, shin grafts, 208
electrical, 289
fresh thermal, of hands, 139, 140
of legs excision of slough, 175
radiation, 172
raw, arm and forearm, 159
shock from, 10
warning, 10
See also Dressings, burns, pressure
ear repairs, 235
fingers webbed, 150
fingertips, shiced-off, 281
foot repairs, burns, 188-189
full-thichness shin grafts, 83-84, 86
gunshot wounds of face and jaw, repair, 339
hand repairs, 136
hip repairs, 207
penis repars, 170
n preparation of wounds for shin grafting,
54-55
ulcers, chronic, leg, 181
before skin grafting, 56
wringer njunes, 280
spica, hip, mgumal defects, repair, 165
penis repairs, 170
stent fixation, full-thickness shin grafts, 97
“suture fixation,” full-thickness skin grafts, 97
tie-over, full-thickness skin grafts, 83-86, 97
scalp repairs, 242
wet, burns, chromic, 310
split-thickness shin grafts, 86
n surgical dramnage of wounds, 52
See also under anatomic parts, repairs

Ear(s), burns, repair, 217
contractures, treatment, flap grafts, 5
defects, repair, composite free grafts of shin,
130
as donor site, nose repairs 124-130, 224
freczing injuries, repair, 333
postauncular area as donor site, ear repairs, 225
nose repairs, 217
restoration of defects from removal of tu-
mors, 270, 273
prostheses of latex or soft plastic, 226, 230
repars, 225-233
acquired defects, 225-233
losses of external ear, 225-230
with cartifage transplant, 225, 227-230
without cartilage transplant, 225-227
congenital absence, auditory canal, 232-233
externdd ear, 230-232
rim, 1s donor site, nose repairs, 219
Earle’s =nlution, use of glycerol in, for presena-
tion of postmortem homografts in skin
bank, 264-265

Ectropion, from burmns, repar, 208-211
of hip, repair, 207
Eczema, excessive radiation therapy, injunes, re
pair, 298 302, 307
Edema, as complication of burns, 14
in ulceration, chronic, leg treatment, 181
Elastoplast as dressing, frce full-thichness shn
grafts, 84
Elbow, bum, electrical, repur, 291
contractures, repair, 46, 352
Electrofulguration, of plantar wart scarnng from
197
Electrolytes See Fluid and electrolyvtes
Elephantiasis repair, 170-171, 182, 183
Endartentis, from radiation njurnies, 303
Endophlebitis, from radiation 1njuries, 303
Enzymes, bacterial, in treatment of slough from
burns, 34
Epidermic graft See Spht-thickness shin graft
Epidermophytosis, reparr of mnjuries from exces-
sive radiation therapy, 298 311
Epilation of superfluous hair by x-rays, commer-
cial, treatment of injunes from, 299,
303, 313
Eschars, and membranes, disposal of, in prepara-
tion of wounds for shin grafting, 55-56
open-air, 1 treatment of burns, dingers, 10
Estlander type of yermihion-bordered cross-lip
flaps, 207
Etiology of burns by age groups, 6-7
Evans formula for determination of amounts of
whole blood to be admmstered n
shock from burns, 12
Eversion, of lip, repair, 207
Excision, bone, dead, cornpicher injuries to arms
and hands, 282, 283
breast, defects from, repair, 164-165
burns, acute, 308
chemical, 285, 286
chronic, 309-310
deep, 36-38
electrical, 288, 291, 294
foot, 186-188
radiation, abdomen, wall, 315
atomic, 317
commercial epilation of superfluous hair by
x-rays, 303, 313
face, 311
foot, 311, 312
n hemangioma, 305, 306
slough, 24, 34-35, 161
carcinoma, basal-cell, check, 205
orbit, 214
chmn, 307
hands, from burns, 310-311
nose, 307
contractures Sec Lxcision, <cars, and contrac-
tures
dermatitis, radiation, with mahgnant changee
199, 202
in clephantiasis, 182, 183 i
granulitions, from bums, of aulla, 151
bones and tendons, legs and tinghs, 180
hands, 138
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granulationg—( Contrsed)
before skin graf! 72 81
wounds from skm penls 167
goubat wounds 336
cphidy on toogue 354
{::n with radistion dermatitu and ulcerated
squamous-cell carcinoma 199
Iympbangioma 2,4-276
peck repains, 236 239
vevl, 269
plantar wart, scarring from, 196 197
port wme staing, 270 271
radiation lesony, legr 184
wan, and contractures, from bums body old

mhealed, 1
chemical, 285 286
1%
rope or cable on hands, 284
walp 243

cheek, 211

face, 339 358

f m

hands, {rom rope or cable bums 284

from skin losses 167
from chemien! burns 285 286

shell fragment wotnds 336
skin Invelvement, in burns radiation 172
t 284

umon sealp 242 246
See elso Débridement
after contractuxe repary, 132 133
Expents in eare of burns, 88
Eyebrows a3 domor site eyelaah repains 216
fepair 211 212 215-217 38§
Eyefash, 216
Eveltd(s) adbesions repair 212
chemical restoration of defects 285
l}xdcunmiﬁux;nr:mir 324
tonjonttiva es, T 208 210
defornuties from genern iudmskin
cheek repainy 206-207
e:.mpm fmmf};“ur?m repaly 208-211
construction, ckness skin graft 91
repalry 208-212 £
composite free grafts of skin 130
‘)tpllﬂhdmx
repalr 210 212
Eves, bmx,zschemi7 cal, restorstion of defecta 285
fn repon of general care 208

Fl&m;’dg restaration of defects 285-287
ures repas § 89 211 212 355
dressings,

26
nadiation, 311312

sar szﬁyhfwmmm it, 67
voperficlal, treatment, 42, 43 b

Mﬂmnrﬂ;i:;ng free grafts, 200 201
Toll-thickness skin graft 30
tanning, 28
m‘“";‘?"mbmm 5 80 211 212

Face—(Contraned)
gimshot wounds military plastie surgery 336-
340

hemangioma excinon and skun grafting 2/6
hemistrophy restoration of conteur pedicke
flsp from arm with split graft 114
injuries freezing repafe 332
shell fragments repair 330-331
port wine staing restoration of defects from
removal of 270 271

fixps vy guafts 201 204
forehead. See Forchead
See Lips
mouth. Ses Mouth
nmx&? of sepanie tieatment of Eferent
eatures 200-201
skin grafts dooor sites 205
supraclavicular 204-205
skin, general shortening from grafting correc
tion 209
Farm injunes, restoration of defects cornpicker
injuries to armus and hands, 282 283
general methods 277 278
Farmer's skin,” differentsal disgnosls 309
treatment, 298-299
Fat, brownlsh yellow spots or aheets alter d¢
bridement, excusion before skm graft

ing 2§
flaps industrial injuries, 278 280
pimch-press injories of hand, 282
Faults of skin grafis 346-350
confracture, 346-347
failure to 346
kur gre 350
keloid formation 347
pigmentation 348
sebaceous coflections under grafts 347 348
347
Feet See Foot
Figtin I treatment of slough from burns, 34
mdiation, in dentists 293 301 310-311
repair 299 301
replicement of tp ped with small palmar
flap 144-143
rope or cable 234
Finger(s} amputation after punch-press injaries
281
fractures mangle 280

fi
iojumes industrial 280 281
Jointy, stiffness, preventian in hand vepairs 136
suppleness relention of In repair of defects
136

punch-press defect, repair crossfinger flaps
103-109
Lpe fused, remir 150
webbed, congenital, repair 148150
from scarnng after burns 144
wnnger Mmjuries 2,7 280
See alyo Hand(a)
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Fingertips, shiced-off, restoration, 281
Tirst-aid treatment, burns, 21-22
Tistulae, into ethmoid cells, from orbit, basal-cell
carcinoma, 214
mto mouth or maxillary sinus, in cheek defects
reparr, 206
into nose, from orbit, basal-cell carcinoma, 214
sinus, frontal, closure with local pedicle flap,
205
I'luid and electrolytes, balance, maintenance,
postburn phase, 15-16
as prehminany to shin grafting, 3
as therapy, shock from burns, 12-14
oot (feet), anesthetic, permanent, {rom inter-
ruption of sensory nerve supply, 342
burns, deformity from, repair, 186-189
electrical, repar, 289-291
radiation, repatr, 187, 188, 311, 312
therapy, for athlete’s foot, repair 311
callus, overlapping shin graft, treatment, 189
carcinoma, treatment, 187, 188
defects, repair, 122, 342-343
drop, prevention, 175
gunshot njurtes, 333-336
Immersion njuries, repair, 333
nerves, 185-186
repairs, 185-198
anatomic considerations, 185-186
caterpillar flaps, 197
cross-leg flaps, 190-195
burns, radiation, 312
detachment, 195
direct, 192-193
donor sites, 192-195
double heel and toe, 194 195
immersion mnjures, 333
lower leg, 192, 194
operative technie, 193-194
pocket, 194
sole and foot, 195
tubed, 194-195
free thick splhit-shin grafts, 186-189
yump flap, 195, 197
tubed 195, 197
pedicle flap, 342-343
Jocal, 186, 189-190
permanent blood-carrying, 190, 191
tubed, 343
shin grafts, postoperative, special, 175-176
shell-fragment injunes, repair, 332
sole, extensive loss, pedicle flap, 111, 112
repair, sphit-thichness shin graft, 190
shan, speaahzed, 185
ulcer from freezing, treatment, 189
trophic and perforating, repair, 197, 198
warts, plantar repur, 187, 196-198
Torearm, bums treatment, dibndcment and
dressingy, 41
hemangioma, repar, 314
mjuries, cornpicker, 252, 263
dcfects from, repur, pedicle flap, 325
repirs See Arm, and forearm, repars
Ser also Arm

Forehead, burns of bone repair, permancent pecks
cle blood-carrying Nap, 205-206
electneal, repair 293-294
contractures from burns, repar, 211
defects. repair, permanent pedicle bloed ¢wn
g flaps, 120 122 ’
as donor site, pedicle flap, cheel repur, 203
nose repairs, 219
orbit repair, 214, 215
lymphangioma, excaision and shin grafting, 274
nevus, exasion and shin grafting, 269 270
repairs 205-206
Ioster frame.sm treatment of deculntus ulcer
16
Freczing, ears, reconstruction, 227
mjuries, mihitary plastic surgery, 331-333
I'riction burns, restoration of defects 282
Iull-thichness skin graft(s), 66-69
“accordion,” 68-69
advantages, 89
application and fination, 94-96
burns, 344
chemical, 285, 286
electrical, mouth, 294, 295
hands, by rope or cable, 284
with scars and contractures, 141, 142, 147
radiation, 1 hemangioma, 305
carcinoma of skin, 272 273
cheek repairs, 203, 206
clavicular, 67
cutting, 92-94
description, early, by Ollier, 1
first, by Lawson, 1
donor areas (sites), 89-90
clavicular region, 90-91, 204-205, 207
closure, 95-96
neck, 204-205
postauricular, 90
dressings, 94-95
subsequent, 96-97
tre-over or “suture fixation,” 97
ectropion from burns, 208
eyebrow repairs, 215-216
eyvelash replacement, 216
evelds, scar contractures, 324
face repairs, 204
scars and contractures from burns, 355
hand, flexion, deformity, 351
historical considerations, 1
indications for use, 89
Iymphangioma, 273
nech repars, 234-237
nevi, 269, 270
nose rcpairs, after exciston of shin carcinomas,
nevt or port-wine stans, 217, 219
Iiming of pcdicle flap, 220
port-wine stans, 270, 271
postauncular, 67
rcapient area, preparation. 9§-92
“1a} ¢” on granulating surfaces, 67-68
webbing of fingers, after burn, 144, 148, 150
Furacin in treatment of bums, 19
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m bums, prevention 18

O o s, treatment, 164
vl born, kand, xepalr 138

3 99
Gome i prosye dressiogy 5455 84
bamt,
Gahly,

o

g

2%
barns, dressings, 26
ben, repair 141 172
b, repair 1/0-1/1
akin Josses, repafr 16/ 170

we I preservaton of postmortem
bomografts in skfm bank, 264-265
Graedations, from brurns, of axills, excision 151
ooty and tendoms legs and thighs exasion,

mom, nevl 270

from dissections, repair 165

vear dressing gpica, 175
lntrunnen;:é_;hock from buras 11

phitic surgery 329 333-336

Harth) on cheek, Infection from turning In or
gﬂm with eplthebum in burns
In skin graft, 70 350
N"ﬁtunUm with shufting flaps 246
Gous, commercial epilation by x rays m
. Jurles, treatment 299 303 313
Mﬂ.blmbcd&d in scar contractures distec
hmﬁpberm skin graftung 323
$ solution

o admintration in treatment
of bumns, 14
burm, eathode-ray 295.297

| epdlation of superfluous hair by
X rayx, treatment 299 303

Hand(y)

Basroscopic, treatment 208 209 310-311
fresh thermal (“raw band®) repates 130 141
:ﬂﬂﬂry ¢ surgery 323-324
dv“'hlh‘;tln and contractures repairs 141

bumed tendons and bones, 143

Hand(s) bumns old—(Cont nued>

cross-arm naﬂ}:s 14
cross-finger flaps 145 14
deformities, late heded 141 143
full thickness skin grort ~v
partml restomation or 1uncuun
146 147
pedicle flaps 144
permanent function ot i ¢
143 144
replacement of fingertip pad 1
mar fap 144-145
split thickness skin grafts 146 14
of tendons and jomts 143
radiation cyclotron 320
m phywicians 298 30; 310-311
rope or cable 284
treatment, local, 20 21
contractures, repair See Hand, burns old scars
and contractures repair
cornpicker injuries 282 283
dorsum pedicle flap for restoration 68
fledon deformuty repalr 351
function, tion maintenance of in repair of
g)f’:ﬂ.';, 136
restoration, partial after old burns with scars
and contructures, 143 146 147
permanent after old burns with scars and
contractures, 143-144
gunshot mnjury r 329 340-342
hemangioma 314
industrial injunes, 280 281
injuries, defects from, repair pedicle flaps 325
punch-press injuries 281 282
repatrs 136-150
ampatations, 136
burns. See Hands burns
fingers webbed 148-150
grafts v, flaps 137 141
pedicle flap from abdomen 102
problems 136-137
maintenance of Pofimm of functiom, 136
preventbon of stiff finger }olots, 136
retention of suppleness of finger jolnts 136
wringer injurles 277 280
See also Fingers
Head, injunes, shell fragments repair 330-331
Healing failure of in scar epthelitm 45 47
spontzneous. burns, 39-51
booes and tendons, 33 49-51
4449

scar epithelium 44-49
deep fibrous healing 48-49
Individual variations 45-46 48 49
superficial, 3944
blistermg &9} 41
mental work on mi 3if
cbemlc;]ls and dressingy c:}-:-t fets of
s only 39
Heat destruction ofh:fm bones
wrnger infurjes 279
Heel. cord skin_ spechalized, 185
crushed, repalr cross.leg flap 191

143

ratt

and nerves, in
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Ningertips, sheed-off  restoration, 281
First-aid treatment, burns, 21-22
Fistulac 1nto ethmoid cells from orbit, basal-cell
carcinoma, 214
into mouth or mavllary sinus, m cheek defects
repair, 206
mto nose, from orbit basal-cell carcinoma, 214
sinus, frontal, closure with local pedicle flap,
205
Fluid and electrolytes, balance, mamtenance, m
postburn phase, 15-16
as prehminary to skin grafting, 3
as therapy, shock from burns, 12-14
Toot (feet), anesthetic, permanent, from nter-
ruption of sensory nerve supply 342
hurns, deformity from, repair, 186-189
clectrical, repair, 289-291
radiation, repair, 187, 188, 311, 312
therapy, for athlete's fool repair, 311
callus, overlapping shin graft, treatment, 189
carcinoma, treatment, 187, 188
defects, repair, 122, 342-343
drop, prevention, 175
gunshot njuries, 333-336
immersion njuries, repar, 333
nenves, 185-186
repatrs, 185-198
anatomic considerations, 185-186
caterpillar flaps, 197
cross-leg flaps, 190-195
burns, radiation, 312
detachment, 195
direct, 192-193
donor sites, 192-195
double heel and toe, 194, 195
ymmersioti mjuries, 333
lower leg, 192, 194
operative technic, 193-194
pocket, 194
sole and foot, 193
tubed, 194-195
free thick spht-shmn grafts, 186-189
jump flap, 195, 197
tubed, 195, 197
pedicle flap, 342-343
local, 186, 189-190
permanent blood-carrying, 190, 191
tubed, 343
shin grafts, postoperative, specal, 175-176
shell-fragment injunes, repair, 332
sole, extensive loss, pedicle flap, 111, 112
repur, sphit-thichness shin graft, 190
<tin speciahzed, 185
ulcer from freezing, treatment, 189
trophic and perforating, repur, 197, 198
warts, plantar, repur, 187, 106-198
Forcarm, bums, treatment, debnidement
dresqings, 41
htmangoma, reparr, 314
mijuries cornpicker, 282, 283
defeet< fram, repur, pedicle flap, 325
repurs So Arm, and forearm, repairs
Ser clse Arm

and

Forehead burns, of bone, repair, permanent pedi
cle blood-carnying tap. 202205
elcetneal, repair, 293-294
contractures from burns, reprir 211
defects repair permancent pedicle blood-carr
ing flaps, 120 122
as donor site, pedicle flp cheek repairs 203
nose repairs, 219
orbit repair, 214, 215
lymphangioma, excision and shin grifting, 274
nevus excsion and shin grafting, 269-270
repars  205-200
Foster frame, m treatment of decubitus ulcers
165
Freezing, cars, reconstruction, 227
injuries, military plastic surgery, 331-333
Friction burns, restoration of defects, 282
"ull-thickness skin graft(s), 66-69
“accordion ' 68-69
advantages, 89
apphication and fixation, 94-96
burns, 344
chemical, 285, 286
electrical, mouth, 294, 295
hands, by rope or cable, 284
with scars and contractures, 141, 142, 147
rachation, in hemangioma, 303
carcinoma of skin, 272, 273
cheek repairs, 203, 206
clavicular, 67
cutting, 92-94
description, early, bv Oller, 1
first, by Lawson, 1
donor areas (sites), 89-90
clavicular region, 90-91, 204-205, 207
closure, 95-96
neck, 204-205
postauricular, 90
dressings, 94-95
subsequent, 96-97
tie-over or “suture fixation,” 97
ectropion from burns, 208
eyebrow repairs, 215-216
eyelash replacement, 216
exvehds, scar contractures, 324
face repairs, 204
scars and contractures from bums, 355
hand, flexion, deformity, 351
historical considerations, 1
indications for use, $9
lymphangioma 275
nech repurs, 234-237
nevi, 269, 270
nose repairs, after excision of sk carcmomas,
nevs or port-wine stuns, 217, 219
hming of pedicle flap, 220
port-wine stans, 270, 271
postauricular, 67
recipient arca, preparation 91-02
“1ake” on granulating surfaces 67-08 i
webbing of fingers, after burn, 144, 148, 150
Furacin in treatment of burns, 19
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Gangrene in bums prevention 18
in nd'u!f::dwxh, treatment 184
Gasoline burn hand, repair 138
legs 37 49 )
Gamee In pressure dressings, 3+35 34
burns, 23-24 26
Genital, burny dresungy 26
ndation repalr 171172
tasis repair 170-171
penls, skin lomes repair 167 1.0
repairs 167 173
scrotum  skin losses repair 167 1,0
congenital absence rtmhé 172 133

Globin, In treatment of buméuj 19 . mort
G! we in preservation of postmertem
Fpeerel, 12 in skiv bank, 264-265
Granulations from burns of axilla, sxaston, 151
bones and tendons, legs and thighs excision,
180

chronie open, kegy, 17,
hands, excision 138
cxcison before skin graftmg 72 81
formation, 1
mdixtion letlons leg 184
dleens chrondc, legy 180
woonds frem skin Josses in penis, 167
Groin s danor mte fall-thickness skin grafts 205
restoration of defects from removal of tu-
mers nevs, 270 5
r 16

slovghy from dissecticas,

woitich near dressing spdex 175
Gom acacia in treatment of shock frum burny 11
Gimshot wounds arms  340-342

military plastic surgery 320 333-336

Halr(3) oo cheel, infection from turning in or
covermg with epitheliom In burns
06

growih in Alan graft 70 350
Line restorstion with shifting flaps 246
superfioony, commercal epsiation by x rays, m
jurles, treatment, 299 303 313
»hiskery &b?&dtd in scar contractures dissec
fore sk grafl 323
See #l0 Scalp gt
+ wiution administration in treatment
of burn, 14
Hand(s) buras cathode ray 295 297
commerdial epilation of superfluow hair b
X-rays treatment 299 303
dorsun repain, 140
electrical, 37 33 288
Buoroscopic treatment 298 299 310-311
fresh thermal ( raw hand™) repalrs 137 141
militeny plastic surgery 323 324
old t{tl}: ;mn and contractures repals 141
bumed tendons and bones 143

Hand(s) burns old—(Coniinxed)
cross-arm faps 147
cross-fin pe 145 147
defarmigg, late healed, 141 143
fuil-thickoess skin grafts 89
partial restoration of fumctson 143
4
o cp!fmrt]on of free grafts
143-134
replacement of fingertip pad mith pal
mar figp, 144-145
split-thickness skin grafts 146 147
of tendons and joints 143
radiation, cyclotron, 320
In physicians 298 30, 310-311
rope or cable 284
treatment, loenl 20 21
commchntzz repair See Hand, burns old, scars
coatractures
compacker injurfes 287 283
dorsum, pedicle flap for restoration, 68
flexion deformmty repar 351
funetion, &oduun., roaintenxnce of in repatr of
fects 136

restoration partial after old burna with years
and contractures 143 146 147
permanent after old bums with scars and
contractures 143.144
gumshot injury r 329 340-342
Bemangioma 314

industrial injuries, 250 281
injuriea defects from repair pedicle faps 325
punch preas injories 281 282
repairs 136-150
amputations, 136
burny. Ses ds burng
fingers wehbed 148-150
grafts va, flaps, 137 141
pedicle fap from abdomen 102
problems 136-137
maintenance of tion of functron, 136
prevention of stiff finger joints, 136
sctention of suppleness of finger jomts 136
wninger injurses 277 280
ea fragments v 330-33t
Healing fatluze of in scar edtberleig 45 47
spontentous, burns 39-51
bones and tendons, 33 49-51
e 44-49
scar epathelium 4449
deep fibrous healing 48.49
individunl variations 45-46 45 49
superficial, 39-44
blistermg 3? 41
experiaental work on wice effects of
chemicals mg drexsings 42-45

Hieat, destruction of i
triction of arterles bones and nerves in
wringer Injurfes 2 § i
Heel cord, skin, speclahzed, 188

crushed, repale crous-leg fap 191
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Heel—(Continued)
scar, chromc ulcer, tubed pedicle flap, 103
Hemangioma, involiement of part of external ear,
split-thickness shan graft, 227
radation therapy, mnjunies from, repar, 301,
305, 306, 314
Hemorrhage, from burns, clectrncal, 288
Hemostass, exciston of granulations, S1
Hepatiuis, mfectious from blood transfusions
prexention, 17
transmussion through pooled plasma, preven-
tion by aging, 11
Hip spica, double, cross-leg flaps, foot repairs, 194
ingwnal defects, repairs, 165
pens repairs, 170
Home, burns at, incidence, 7
Homografts, and blood types, relationship, 251
252
burns, 3, 25, 162
contractures, axilla, 352
elbow, 352
desiccated scaling of cxtensive open wounds,
247
as emergency biologic ““dressings,” 57-58
frozen, sealing of extensive open wounds, 247
military plastic surgery, 324-325, 328
postmortem, 247-268§
abihity to proliferate new epithehum, 247
advantages, 248
application, technic, 251-253
cutting, secunng permission for, 256-259
techme, 259-261
dissolution, mechamsm of, 253, 255-256
laboratory nvestigations, 261-263
amimals 253, 253
as hfesaving measure, 248-250
permanent sunvival, 253, 262
prescrvation m skin bank, 247, 260 263-268
with vs without glycerol 264-265
Ivophulization, 247, 266-267
recommendations, 267-268
refrigerator, 260
temperatures, 264-265
viability determinations, 267
vitrification, 265-266
“take” of, 247, 249, 253, 2062
as preliminary to autografts, 4
in twins, identical, 253-256, 260
Hormoncs, adrenal cortical, as therapy, burns, 14
Hosmitahzation for burns, §, 31, 307
Humby kmfc for cutting skin grafts 74
Hypertl} eratosis, excessne, from radiation mjunes,
304
Hyperplasia,
burns, 18
Hyperthermin in treatment of burns, generalized
vascular dilatation from, 10

pscudo epithchomatous, n  decp

Tee, crushed, packing, n treitment of bumns, 20

Tmmorsion injunts mihitary plastic surgery, 333

Immolihzavon of hane graft, 338

Implantation graft See Spht-thicknes<s <} graft

Industnal snjuncs, burns, inadence, 7
restoration of defects, asulsion of <calp, 251

—— e

Industnalinjunies restoration of defects—(Cone )
chemical burns, 255-287
fingertips, sheed-off 2813
general methods, 277-278
hands, 280, 281
mangle mjunes 279, 280
punch-press mjunes of hand, 2§1-282
rope burns of hands, 284
wringer mnjuries, 277-280
Infection, burns, baths and irngations as treat-
ment, 19
deep, management, 322, 323
old, cleansing, 53-34
signs, local and general, 17
donor site, healing 41
Intermediate graft Sece Spht-thickness shin grait
Irrigation of burns, 19
Carrel tubes with dressing, 23

Jaw(s), burns, treatment, thick sphit-shin grait
30

fragments, preparation and support for bone
grafting, 337
gunshot wounds, military plastic surgery, 336
340
mjuries, repair, 338
permanent pedicle blood-carrying flap, 119
122
loss, complete, repair, 330
pamn from excessive radiation, 316
wide-open bite from scar contracture on chin
and neck, 234-236
Joints on hand. contractures after old bums, 143
Jump-flap(s), foot rcpaiws, 195, 197, 343
leg repairs, 183, 335, 343
nech repairs, 240
tubed, foot repairs, 195, 197

Keloid, formation after skin grafting, 347
Keratosis, from radiation 1njuries, 304, 309-310
Kirschner wires, stabihzation n finger fracturee
from mangle, 280
Knee(s), immobilization, burns, fresh thermal
repasr, 175
ulcer Marjohn's, treatment, 183-184
Kmfe for cutting free-hand shin grafis, 71-72
Humby 74
Smith-Weck, 73
Knowlton, N I, “Beta Ray Bumns of Human
Skn," 317-319

Large-area grafts, introduction, 1-2
Lawson, George first descnption of full-thichaess
grafts, 1
Ler(s), burns, commercial epilation of superfluous
hair by wrays, treitment, 208, 303
313
decp, aircular, 49, 51
treaiment, 47
excrston and =) prafting, 37
pinch grafts, 65
thicl, spht-skin graft, 43
contractures from burns, repiir, 353
defecte, reparr 342-343
as donor aren, full-thichness <lan graft, 84
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Lex{s)——{Contrnmed)

§ p from abdominel wall,
s pedicle flap 342 343
tighs epsins 114 184

ER!
burna hanes and tendonu, 180

chronfc open 176-177

fresh thermal, 174-175
qreinoma 183-184
clephantiasis 182 183
Marjolla s ulcer 183-184
pedicle flaps 183
madution leslons, 184
sear contractures old, 177 3180

1

335

nd

primany 179
secondsry  179-180

skin s;?.fu postoperative care  special
175 146

surface resduals from osteomyeltis 18§

1
uleer(s) chronle 1.6 180-182
Marjolins 183-184
ulcer(s) chronlc, repajr 1,6 180-182 324 325
Marjoliny remair 183-184
tongue excision and aldn grafting

34
Lip(u) repiys 207
bums eh:ctrial 294 295
rodiation, 30
defect cmn-lf-p fiap 106-103
Liver dsm‘b:,c{m;n gum ackma in treatment of

1
necroshy, from tannic acdd treatment of burns
27

Lups with radiation dermatitis snd uleerated
squamonscell carcinoma, split thick
ness skin graft, 199
Lymph uoda involvement carcinoma hand, from
radistion injuries 311
tbercilons  racdiation therpy injones treat
ment 308
Lymphangiomas arterial 2,52 6
restoration of defects from removal of 273-
I3 ek legy See Eleph N
Lrophilimbion, preservation of postmortemn homo-
graits in «kin bank, 247 266-26

Bacenation in smgical drainage of wounds pre
ton 52 53

ven
Mangle bums arm and Jorearm repalr 15/ 158
hand, 140
infunes 2 9 280
lks}ohni uleer treatment 183-184 233
Mavoo-Allen yiversal hand splint 136
ll«ﬁ\m-fhichneu skin graft nose resurfaang

llehnmms mahamut exchion and skin grafting

in orbh hhnd fap after eviwenation 218
Meremuchrome (hmp; mftcﬁm Batilins pyo-
cyanens 26
pm,nmdcxa of dxmk \xlctn ot skin grofting

Mereurs poisoniog {rom repested rxsc o treat
ment of large wounds §
Merthilate  aqueows  therapy pnpm:Lkm of
chronle ulcers for skin grafting 56
olutment ga draring bums face 43
powder in pctg’:htm in surgical drainage of
wounds 53
Metaplasia of skin m{u, {aflure of 3352 354
Mice s ts] animals, burns superfichl,
effect of cbemiull and dressings 42

44
factors causing delayed healing 4243
pdtfalls in 4344

Military plastic surgery 322 348

army, wjuries 340342

avoidance of delav 322 313

blood supply of flaps and scarred creas 334 336

bums 343-34

face 323 324

compheations 322
decubitus nlcers 343
differences between cwvil and war fnjunes 328-
331
duct, 328
ahell fragments 329336
face, bumng 323, 324
gunshot inijcs, 336-340
fest defecta 342 343
freezing in!m-m, 331333
gunshat injaries 329 333-336
340-342

face, 336-340

Jaw 336-340
hands bums 323-324
gunshot infures 340-342
homografts, 324-325 328
immeryion fnjurles 333
increased wae of free skin prafts 322
infection management 322 323
aw gunshot wounds 336-340
defects 3427 343
aensory perve supply of damaged areas angd of
flaps snd grafts 343
shell fragment injuries 326-336
types of Injurres 328
\\orld Viars T and IT 322
mgu disease See Elephantiasis
dity bwrns, 55
Morﬁlﬂc uns, acote 307
fore )oa) treatment 19 22
in shock, 10
“Morality buray 78
c open Hxs 14
electrical 288
relation of bod\ aren and depth, Berkows
figures 2

shock from
‘outh burn;, chemlenl, restoration of delects,
clectrical repalr 294.295
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Mouth— Contmurd)
deformuties, from generalized shin shorteming 1n
check repairs 206-207
fistulte into, in check defects repair, 206
mucosa as donor area, conjunclinal deficien-
cles 209-210
losses repair, sphit-thichness shin graits 207
repairs, 207
Moser's solution, administration n treitment of
burns, 14

Neckh bumns contractures from repair, 5, 234-240
full-thickness skin graft, 67, 89, 90 114
pedicle flap, 114
spht-thichness shin grafts, 83
with dislocation, repair, 356 337
pam, rehef by operation 315-316
radiation, repair, 59, 306, 309
repair, 357
thick split-shin graft, 20 30
total resurfacing, free shin grafts, 200, 201
carcimoma, squamous-cell, from radiation burn,
repatr, permanent pedicle blood-carry-
g flap, 121
contractures Sec Neck, burns, scar contractures
from
defects, repair, permanent pedicle blood-carry -
ing flaps 121 122
dislocation from burn contracture repair, 356
357
as donor site, burns, chemcal, 287
full-thichness skin grafts, 204-205
nose repars, 217
restoration of defects from rcmoval of tu-
mors, nevi, 270
repairs, 234-240
full-thickness shin grafts, 234-237
pedicle flaps, 235, 239-240
sphit-thickness skin grafts, 234-238
M7 plasties, 238-239
Necrosis, exasion of tissue before skin grafting,
25
Iner, from tannic acid treatment of burns, 27
from plaster casts, 131
from tanmic-acid therapy and open-air eschars
m burns, 10
Negro pigmentation after healing of superficial
burns, 41
Neomvamn therapy, burns, 20
Nerves, bow-stringing across contracture as com-
plication i repur, 132
destruction, in wnnger inyuries 279
~ensors, dymaged areas, 343
pedicle flaps, 343
shin grafts 343
time <equence for flap coverage and deep worl
101
tranephntation, industrnal snjuries 278
Newvus(iy, nose exavaon and shin grafiing 217
restoration of defects after removal, 269270
Nitrous ovude ac< anesthelic agent, cuttimg and ap-
pheruon of thick sphit-shin graits, 70
with Pentothal Sodwm, bums, dresungs, «uh-
whatient 23

by ek g b

Nose, ala carcinoma, basal-cell repair, composite
free grafts of <hin and cartilage from
ear, 124
burns, chemucal restoration of defects, 286
radiatton 311-312
repatr, split-shin grafts, 212
deformities, from generabized <kin shortenmyg
mn cheek reprure, 206-207
lymphangioma, exciston and <hin grafung, 275
repairs, 217-224
atresia of nares, congemtal, 223
border detects or deformities 219
columnellar losses, 223, 224
composite free grafts of shin and carulage
from car, 124-130
contractures from burns, 211
floor defects, 224
grafting nside 220-224
mjuries, 330-332
hining replacement, 218, 220-224
pedicle flap restorations, 98, 99, 218.222
resurfacing, 217-219
wall wounds, small perforating, 219
shin, carcinoma restoration of defects from
removal of, 272, 273

Occupational therapy n postoperative treatment
burns, 58
Omtment, therapy, burns, acute, 308
Ohguria as complication of burns, 14
Ollier, early description of full-thickness and par-
tial thichness grafts, 1
Olher-Thiersch graft  See  Spht-thichness skin
graft
“Open-air” treatment of burns, 19, 26-31
abuse or misunderstandings, 32-34
advantages, 29
hands, contramndicated, 141
Orbit, hning of sochet after removal of globe
split-shin grafts, 287
obhiteration of, 1sland forehcad flap, 104-105
repars, 212-215
discharge from grafted sockets, 212-213, 218
restoration of contracted socket after re-
moval of globe, 212, 213
Ostcomsehitis, surface residuals from, m leg, n
pair, 181-183
Oxygen therapy, shock from burns, 14

Pad, bed for support of arm, repurs of axilla,
151, 153
dermal, 62
Padrett-Hood dermatome, 75, 77-75
electro-, 79
Pan, burns relief by operation, 315310
Yanthenol in treatment of bums, 19
Papun m treatment of <lough from bumx 33
Parasitssm of ordinary wedicle flaps, 122
Partsil-thichness grafts, eatly descniption by 01
lier, 1
per b Thiersch |
Podiche fhapfs), 608, 69, 98115
from abdemen or therix to arm or foresmm
burns of boae, 157
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Pedicle Aap(s)—{Continned}
application 112
arm(a) 328

wounds 340-342
ent wound, 326

y 334 336

shell £

electrieal 290-291
elbow 291
face 295
scalp and akull, 292 294
oid, of hand, with sears and contractures 144
carcinoma of skin, 2,2 273
squamows-cell in port wme stun  excimon
17

1
caterpithr 104
cheel. repaits 206
chin complete loss 330
classifica 9
closure of frontal sisuy fistulae 203
compound, 113
comapécker injuries (o arms and hands 287 283
cross-arm, 108

burms fingers, 145 14,
croas-leg 103 106
cross-lip 106108
decubitus ulcerns large or deep 169 166
defatting fate 111
delayed, 99 107

gsunshot wourds 136

shell-frogment wounds 336
diferentintion from free skin grafts, 39
direct, 99 101 102

donor sites 99-100
cloure 110
double gunshot wounds arms and hands 341
“stirrup 7 foot repales 189-190
swiace remdwals from osteomyehts legs
181 183
113
@ repaly 228 2133
elbow repair bums 291
fxce 338
burny electncal 293
fat, 113-115
gﬁcm foot, repairs 190
ing 109
frration 113
fla, 104
foot 342 341
plantar warts 197 198
el {ragment injures 332
fractures compound, tibly and fibula, with avul
sion of tusue 183
eeneral conmderations 9399
hand, 329
burns wath scars and contractures, 144
guashot wounds 340-342
Indicationy for e 93-99

Pedicle flap(s)—( Coxtinsed)
wdwtsial injurkes 278
fsland 104 105
evebrow repairs 215-216 333
othit repaic efter evisceratson of malignant
melanoma 215

leg 342 143
bned cheek repairs 203 204
bp repairs, 207
local 99 103
{oot repairs, 186 189-190
donar arex covermg with split-skin graft
190

military plastic surgery 325
neck repairs 235 239-240
nerve supph semsory 343
waraenclature {22 123

nose :gurs, 330-332
stresia of naves congenital 223
after excinion of earcinoma 219
orint, blanking out repair after exasion of
basalctll cxrcdnoma 214 215
pesmanent blood-carrying. Ser Permarent pedi
cle blood-carrying fiap
planning repalss, 29-100
postoperative care 113
raising flap and tests for viabflits 110
recplent aveas 100-101
prepasation, 111 112
results, 11%
rotated decubitun ulcers 343
foot repales 189 333 334
gumshot wounds 333 136
abell fragment wounds 336
salp rs 243
S on 243
burns, electeical 292 294
war contractires and generalzed skin shorten
ing of body areas 164
from scrotum to penis for akin losses 16¢
severance and return of pedicle 110-111
short broad, sdvantoges 115
v skan gralts arm and forearm repain, 160
axilla repains 156
{ace repairs 203 204
hand repains 13 141
skull burns electrical 292 294
tatioon commerclal, reatoration of defects 284
from thotax to arm or forearm old scar con
iractures 159
time sequence for flap coverage ond deep work
on bones tendons nerves 101
tubed. 104

ear reprs 275

foot, 343

pmakot wounds 336

g 313

shell-fagment wounds 336

“visor ” face repairs 200

Penfcillin therapy burng, 14 31 310
Penis skin losses repalr 16 1.0



Pentothal Sedium as anesthetic acent bums de
bridement and cleansing iminal 22 23
dressings subsequent 23
catting 1nd appheation of thich  <plit-<kin
gratt~, 70
Pepsin in treatment of slouzh from burns, 34
Perineum hums, repur 162 171
Permanent pedicle blnod-carryving flaptsy 116-123
burns clectrical, 290, 202 293
face 338
foot repars 190, 191
nech repairs, 240
scalp, congemtal absence of area 244, 245
shull congemital absence ot area, 244 245
dead and exposed bone, 242
uses and adsantages, 116-122
back lesions, 116 121, 122
decubitus ulcers, 122
foot defects 122
forchead defects 120 122
Jaw  severe mjurtes 119, 122
neck defects 121, 122
scalp defects, 120 122
shull defects, 120, 122
tibia, deep holes n, 118-121
Petrolatum  with fine-mesh gauze n pressure
dressing, burns, 23-24
in surgncal drunage of wounds, 53
Phosphoric acid gel in treatment of burns, 19
Phosphorus burns treatment, 285
Physicians burns radiation of hands, 298, 307
310-311
Phyvsiotherapy after contracture repurs, 132 133
after <kin grafting m bums, frech thermal, of
hand, 139
old, of hand with scars and contractures
143
stiffness n finger joints, 136
postoperative contractures of aulla 155
I'izmentation, permanent color injection ot flaps
and grafts, 205 348-350
Pinch grafte 63-60
advantages 65
after-care, 66
disadvantages, 64-66
discontinuance of general use, 2
drecsing 66
fir~t desenption by Reverdin, 1
fl-adviscd destruction of good donor 1rens 66
Pins md prnmg, thumb, gunc<hot nyury, 329
Plasme, rdmmistration i treatment of shock
fram burne, 11
pooled, agng to prevent transmicsion of sniec-
tious hepatitss 11
substitutes admimistration n
shodk from burns 11
Plasier o<ty hurne 19
full-thict nes~ sb i geafts &4, 96
neerosts feom 131
pressiire <otes fram 13
soiet hp double, croseleg flaps oot repurs,
IVR)
inpuint ek defoets, repur, 105
prur repurs 179

treatmint  of

et Tt et iy a8 b e
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Plaster casts—i Contirurd)
for support of arm repurs of aully 181 35t
Plastic stnps shects <prays hombs, i trest nens
of burns 20
Tolsdactrbem 140
Polymyun therapy bums 20
Polyvinvl pyrrolidone (PV PY i tre itment o
shack 11
Port-wine <tamns, excessne radmuon therapy, -
junies repair, 2U%
nose, excision and shin grafung 217
restoration of defects from nmoval of 270 27
“Postage stamp” skin gratts 62
Preparation o1 wounds for shin gratting, $2-3%
hurns, 52
old 53-55
cleansing, 33-34
contractures, secondiry, straughtenmng of
53, 54
dressings, pressure, 54-53
elevation of imvolved areas, 33
sphnting, 35
critenia of time to grafl, 36-37
disposal of cschars and membranes §3-56
dramage, surgical, 52-33
homografts as emergency hologic “dressingy,
57-38
ulcers chrone, 56
Presention of burns, 6-8
Prosthesis(es), after compicher injunes to hind
and arm, 282, 283
dental use m fixation of bone grafts, 337
ears of latex or soft plastic, 226, 230
eve after burns chenucal, 287
nose acrvhe, 307
Protein, admimstration n
from burns, 13
Prurttus am, excessine radiation therapy
1es, 171, 298
rectogenital arca burns from radiation the rapy
312
vulvae, radiation dermatitis from treatment of,
shm grafting, 171
Povchotherapy postburn phase 16

treatment of shock

injur

Radiation, atomic, burns repur 316-321
betatron injurics repur 310
burns, genttalia female <hin graftg, 171172
nech repur 240
<calp rcpur, 244
cobnlt, mjunies repur, 316
mjuries  bums, acute, diftcrentind
307
treatment, 307-303
chronic, tre ument, 308342
face 311312
fuet, 311, 312
hand~, 310-311
rectogenital arcr 312
lrgs treatmint 184
prthngenesic of fodons, 01303, (s e
vath grrt wane ctan of fav e g
b gty 271
sotrce butns deafias 2hs 104

dingnoas,

S ITIRE R ]
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Radiation Injuries source—{C d )
physiclans 298 307 310-311
commercial epilation of superfivous halr
by x mys 299 303 313
fuoroscoplc sxsminations, prolonked, 293
299 311 344
sunlight, heavy exposure 298-299
therapy excessive 208
treatment 298-316
radiation therapy with skin grafting 314-

318
sngieal 315-316
therapy with skin grafting 314-315
Razor graft. See Split thickness skin
Recipient area preparation, full-thickness sdan
graft, 9192
wdtable for pedicle flaps 100-101
Rec ital area burns radution tr 312
Redness only in superficlal burns  spentaneous
bealmg 39-41
Reese dermatome 78
Refrigeration of free skin grafts, 59
Retabilitation of patlents 3§5-357
after recovery from burm 58
Resection burn(s) radixtion face 30§
299

fingers.
hands, 302
neck, 309
therapy for athlete s foot, 311
cercdnoma squamaus-cell in scxrs old, 183184
Se¢ also Excision
Results of skin grafting final, 351 35
growth of grafts, 352 354-355
persistence of function 351 353
relmbilitation of patfent, 35535,
Reticuloendothela] system, damage from gum
scacia fn treatment of shock 11
Reverdin first description of pinch grafts 1 65
Ribs as source of bone {or gralts, 293 338 340
Ringer’s solution administration in treatment of
shock from burns 10
use of glycevol in for preservation of postmor
tem bomograits in skin bank, 264-265
Roentgen Lhmm plantar wart scardng from

Ete’:fm of hands restoration of defects, 284
ccman application fo dermatome drum
and skum w cutting grafa 4/ 78

Sulor s skin,  differentint diagnosis 309
treatment 298-299

Salicvlie aeid 1n treatment of burm, 19

Saline bath, cleansang of old chronle bums of

gram
miravenous 1 treatment, of burns 13-14

of shock from burns 10
oral administration in treatment of burns 1314
mmk;% of chromc ulcers for skun grafting

sl fC J)
in surgical drainage of womds before akin

{ 52
tub bathsg;‘;rmckanmg old burn wounds 54
Scalp ax donor site ear repairs 125
row repains 212 215216
island flaps 355
repalrs 241 246
avalsion 243244 281
hone of skull exposed and dead, 242 243
bums electrical 244 246

thick split skin grafts 50

congenital absence of large area of sexip and
skull 244 245

contractures from old burny 243

defects, permanent pedicle blood-carmnng
Baps 120 122

restorztion of harrline by switching flaps 246

turnors resected area, 246

slan, general thortening from grafting correc

t

on 209
ulcer Marjolins 183184, 243
verrucous growth, aas'kx\ and skin grafting
2.6

‘
Scar(s) and contractures with bums, old of
hand. Ser Hand, repains bums old
with sears and contractures
epilhthum hcnlmg in deep burns 4449

failure, 4
mdn'idu:\ vanations in growth 4546 48
49

of old burn carcinoma, 48 50

{ace excision 339

formation, prevention by early replacement of
burned surfuce tissue 3 6

kelord, from chemical burny, restoration of de
fects 285 286

with wart plantar from therapy 196 19,

See also Contructures and ander anatomic parts

Scarlet red, oimmcm oo gaure, thick splitakin

in pdrohtm in mrgxc:xl drainage of wounds

Serotum !.kxnlcum repalr 167 170

Seburm, collections under skin prafis 34, 348

Sedation pain from buems, 307 315

Shell fragments military plastic surgen  326-336
face lnd had, 330-331
foot, 33,

Shock from bum.l, 914

com c:tium anuria 14

romiﬁng 14
water intoxication 14
mortality 14
g

n
secondary 9-10
treatment fluld and electrolvies 1314
hormones adrenal costscal, 14
axygen 14
restoration of hlood volume 10-13
care and pampering of superficial veins 13
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Shoek from burns, tredtment restoration of blood
volume—( Centint o
plasma or sub<titutes, 11
whole blood, 11-13
surgery mmmediate or early, 14
Shoulder, burns  treatment  d¢bridement and
dressing 40
thich spht-stm graft 40, 30
Sieve shin grafts, 66
Silicic acid powder 1n treatment of burns, 19-20
Silicone ointment for drescing full-thickness shin
grafts, 05
in surgical dranage of wounds betore shin
grafting, 52
Silver nitrate, with tannic acid, m treatment of
burns, 27
Sinus fromtal, burns, electrical, 293-294
maxtllary fistulae into, 1n cheel defects, repar,
206
Skin, banks, 247, 260 263-268
glyeerol, 264-265
Ivophilization, 247 266-267
reccommendations, 267-268
temperatures, 264-265
viabtity determinations of postmortem ho-
mografts, 267
vitrification, 263-266
burns, radiation, stages, chmcal, 303, 304
carcinomas excision and skan grafting, 271-271
“Tarmer’s,” difterentinl diagnosis, 309
treatment, 208-299
regeneration, 1
“stlor’s,” dificrential diagnosis, 309
treatment, 298-299
chorteming after repair of contractures 135
bodv areas, 162-164
cheek ,206-207
Skull, burns, clectrical, repur, 292, 293
congenital absence of area, treatment, 244, 245
dead and exposed bone, exciston and shin graft-
g, 242-243
defects, repar, permanent pedicle blood-carry-
ing flap, 120, 122
Shing, fascial punshot wounds of face and jaw
repair, 339
Shnueh, bums, atomic radiation, 317
vxcision, 24 34-35, 161, 175
grom, from discections, repur, 163
Smith-Wecek <hm-graft kmfe 73
“Snubtung on™ spht-thickness <han grafts, 85 83
burue, frech thermal, lees and thighe, 175
uleeration chronie, Jeg, 182
Sodium carbonite and <odium chlonde <olution
oral admumistration 0 traatment of
hums, 14
Sores, prossure, trom plaster casts, 131
Speceh training after repers of free and v 340
Sphints and <phnting, aluminum m buros ot hand
vith <o and canteactures 144
mer oo after composire tree grafis of shin
eud carnhee 127
Moo Alen unnersdd hand 16
i prepiration of old bum wounds far ship
erafting, £S5

- . — R M e vy e A awmev—— ~

Splints and <phnting—( Contin oo

wire screen, 1 bume of hinde with scars and
contraclures 131 142 144, 148

Sphit grait See Spht-thichness sk grafl
Sphit-thuckness shan gratts, 68 63

application  See Application and <utunng of
shan grafts, <pht-thickness
breist excision defuets, 164-168
burns 25, 344
arm, 40, 157, 150
aalla 26 30, 151,
hody, 163
bones, 1rm and forearm, 157
breast, 156
cheeks, 305
chemical, 285-287
chronic open, 310
legs and thighs 176-179
clectrical, 288, 292
head, 293-294
<calp and shull, 292, 203
face 323
forcarm 157, 159
hand, 137-141, 146, 147
leg 37 43
deep circular, 31, 174-173
hip, 305
mangle, arm and forearm 157, 15§
nech 29, 30
noce, 305, 307 311-312
radiation, 171-172
athlete s foot therapy, 311
atomie ankle, 320
commercial epilation of superfluous hur by
x-rays, 303, 313
fingers, 299, 301
of foot 187, 188, 3tt, 312
leg, 184
nech 39, 306 309
thorax, 50
raw, arm and forearm, 159
scalp 50
shoulder, 40
carcinoma, after radition burn of font, 187
188
of shin, 271-274
chedh repairs, 200
contracture after burn, arm, 46
axitly, 46, 154, 352
elbow, 352
cornpicher myuries (o rms and hnds, 22, 28
cutting Srr Cutting <Jan geafts, spht-thick ness
decubttus nleers, Iarge, 160
donar site Tool reprurs, JUl, 195 337
forchevd 201
leg, 181, 183 ]
ear repaurs, with cartibge tomspha 223, 22°-
220
without cartsdage traneplant, 228220
cetrapion from hurnx, 30+ 201
clephanrae 170 171, 182, 183
expestire freatmer t, .34)
free reprirs, 204
freczing injuries 110

152
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Spiit thickaess skn grafte—{Contmued)
foot i3 186189 334
1 fnjuny 333
sole after freexing and thaxing 189
forebend defects, repur 205
after excislon of baaal-cell earcinoms 114
after pedicle trnnafer to nose 218 221
fractore compound, tibla and fibula with aeul
sion of tissue, 183
han&. military pb:téc awrgery 324
hemang 314-.
industrial in tzriu 2 8 180 281
m rachation dermatitis and uleerated
squamous-cell carainoms of face 199
ymphangioma, 274-276
mangle injuries, 279
mouth repairs 207
neek repafrs 234-238

pose burns resuxfucing after 212

grafting inside 221 224
orbit, of socket after removal of globe
111 213

penis repinn 168-170
penoscrotal skin losses 168 1.0
port wine staing, 271
scalp repains 241 246 281
tongue i lenks 54
wicers chroaic
vagina lning of v1ult after dissection in con-
genital absence 172 173
webblog of fingers congental, 148
wringer Injuries 277 2/9
Steel bany internal fixatson m bone repair 337

BEL]
Stent fixation after skan grafung burns raduation,
rectogenitsl seea 312
conjoucthval deficlendies 710
ectroplon from bums 208
face 203

fi = 150
' uﬂ.rh}ma, 278
ip 207
noee, 217
Stocking elastle, postoperztive use, i ulceration
of leg 182
Street burns restoration of deftcu 282
Strcptodnrmu thernpy burns 20
Streptokinase therapy bumns 20
S(rep(orn}c? therapy sepsss conirel m bums 17

Strvker frnme in treatment of decubitus nlcers
165
Suifanmdme therapy preoperative bums recta-

genital, 312
Simlght heavs exposure to skin mjurin from
difierential duagnmbs 3
trmuncm 298 299
Sutures §:phadun and fixation of
ak:ugrah; > Ap;?huﬁm and suture
mc wkin i}
buras of axilly m
chcmlml

fresh thttmal, of hand, 139

Sutures and sutnring—{ Continwed)

compotite free grafts of shin and cartilape from
ear to pose 125126

conjuntctival deficlencies repmr 209-210

ectropion froam burns skin grafis 208-210

face repain, 199-200

fingertips sliced-off 28!

full-thickness skan grafts 94-96

industrial Injuries 278

mouth 'a’.""%éf’ 2

pedicle fap application, i1

plantar warts, exculon 196

port wine stains excirion and skin grafung 2 1

punch-preas injurees of hand, 282

split thicknesy shin grafts See A cation xnd
suture fixation  spht thickness skin
grafty

street burm 282

tatiooa coromercisl 284

dint, 282
tumors sestoration of defects after temoval

.
webbing a‘iuiénm after born, remir 144

WTRET W)
Symblephason repair 210 212
Svodacty sm  148-150

“T" incision, mverted, repair of webbed fingery
150

T plasties burns 344
Tanning as treatment of hurny 19 26-3¢

donar srees beslmg 42
ver pecros from, 27
Tattoos and tattoolng commerciaf restoration of
defects 284
dirt restorstion of defects 782
akw graft face to match color 340
Teamwork in trentment of burms 6
Teeth preparation and support In bone grafting

37
Telngiectasss {r;xn radiation injuries 303 304
309-310

Tendon(s) Achilles repuirs over delaved perma
nent pedicle blood-carrying flap 190
nrm fufuries by cornpicker 187 183
burns chronic, repair 310
elecineal 288
healing 4% 52
tegy and thigh, repaic 180
old, with scars and contractures repair 143

of hand, contractures after old bums 143

mjunes, industnal, 251

time szquencew for flap coverage and deep work
1

Terramycm therapn burns 20
Test{s) Swh  entrance of blood into comparite
free gralts of akin and cartilape 12
sensitivity In control of sepsis in bumng, 1



410 Index

Teastes mmphintation  m repur- of peaoscroal
<kin locces (65170
Ietanus m burns preseation 1S
Fetracychine thermpn sepsts control m bumne 17
‘Thiersch graft Sec spht-thichness shin gratt
reprort onouse ot partial-thickness gratts, 1
Ilight<y burns commerdal ¢pilation of <uper-
fiuous hur by x-ray e treatment 29y
excaicton and stin graftmg 35 36
old unheabed 164
treatment homografls
grafts 4
2< donor area comparison of fine-mesh greqse
rauze and tanmc membrane as dress-
e 30
for full-thichness shan grafis 67 205
homografts pustmortem, 260
scalp repurs 244
spht-thickness shin graft 71, 76 334
repairs See Legs and thighs, repairs
ulcer, Marjohn's, treatment 183-184
Fhoray burn old unhealed repas 164
radiation excision and spht-shin grafts 39
repur 314
treatment, tanning, 27, 2§
thick spht-shin graft, 29
as donor «ite burns, electrical, 290-291
pudicle flap, 328 330
to chin and hip, 340
cornpucker injunies to arms and hands, 282,
283
face repairs, 202
restorition of defects from removal of tu-
mors nevt, 270
spht-thickness shin grafts, 70
Three-quarter thackness graft See Split-thickness
shin graft
Thrombophlchitis from use of indwelling cathe-
ters for long penods, 13
Thromhows, from use of indwelling venous cathe-
ters for long periods, 13
Thumb, contracture after burn, treatment <pht-
thickness <hin graft 46
gunshot wnjury, mternal pin fixation, 329
Tibin holes an, repar, permanent pedicle blood-
carrving flap 118-121
surtwe residoals from osteomschitis, repur
181, 183
Tume of an grafting, critena for deternminition
of, $H-37
Fongue, ix ron on neoch i complete Joss of clun
and yww, repur 330 338.330
feab ophikin aaasion and < grafting 353
Tourmguet debndement burnfer 2423
At nd toroam 187

followed by auto-

tand- 130
l.‘g.,‘ 17%
fradustony punshiol wounde of {10 and y
popar 39
Trave mpmnes recoron ot defrots generol

rrithed 2770270
atreet Btreree snd et tattons 22
Peap donr th andistee] ynjunes, 23>

e et ety s _— "~ b

- [

Trchlorethy fene as amalzesic agent, buros gop o
tngs, subsequint, 23
Trlene as analgevic agent burn: dresdng, oF
sequent, 23
Trypsin in trertment of <lough from bum. ot
‘Tuberculosts fymph nodo< radimuon thesup, o
Juries, tre stment i30S
Tubes Carrd irnettion, with deessing, hurge 24
fecdimg use m postburn phice, 16
irngaton i surgical drainage of wounds betnre
shin grafung 52
Tumors neek, exersion and pedicd ap 240
restoration of detects from removal of 269 73
cancer, 271-2%4
Ivmph inglomas 273-276
neviy, 26Y-270 -
port-wine stams, 270-271
scalp, exacton <shn grattung after, 232, 230
Tapes of tree shn grafis, 60 69
tull-thickness See Full-thichness vLin grates
pedicle aps See Pedicle flaps
pinch See Pinch grafts
split-thichness See Spht-thichness <k gratis

“L’ flap, changed to inverted * P ancision 143
imverted repar of webbed hingers 150
‘U plasties burns 344
Ulcers, chrome, legs, 176, 150-182
preparation for skin grafung, 36
decubitus See Decubntus uleurs
foot reparir 191 107 105
<ole, after freezing and thawing, «<pht thiel
ness shin graft 189
legs, 176, 160-182
repur 324, 325
Marjolin's treatment 163184, 213
perforating foot, repur, 197 10y
sole, repur, permanent pedide blood ¢ar-
ryving flap, 191
“radent " trom humns radtion 306
serpiginous, in full-thichness shan grafts, 96
trophic, foot, repar, 197, 105
unhealed i wound cdges of doep burn, 34
Ultraviolet,  ridimton,  contrndieated bums
acute 308
cterihization of ard i burn wards 3

\ reutome Barker V-850
\agina, absence congumtal yepusr, 172-173
\ ineties of shin grafts, 5960
full-thich ness dev Full-thaeh ness <an grafrs
pdicle flape Ser Ledeele thype
pmeh Ser Pincdy grafrs
sphit-thich nees 3o Spltethichne ~ b gefie
Veins sope e, care and pampeong s blood
trancfu-ions for bioek, 13
Vempunetotes i blood (rostussogs 1o aberk
frotn buens 11
\errunas, sealp exes won and b grafoay, 236
Virpfication  presesuation of poetmortem hamd
praptean sbin bhanp 205 2005
Veormtang oy certiple e of burps, 1
Vahoa baen gednteany <oferaty yodtn 2 1o
AV pdane 135
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W plastles, bums 34
Werds and hospital divixons for burns 8 31,
Warts plantar excessive radition theraps in
furiey repac 298 201
repair 187 196-198
Waste surgical in pressure dressing bumns {ace
43

for pmpar;&iou of wounds for skin graft
5

Water hot burny, thighs 36
intske, lmnftatfon of tn treatment of shock
from burny 10-11
intonication a4 complicatton of shock from
bums 10-11 14
W ebbing of fingers See Fingers, webbed
Wire(s) nternal fixation in bone repalr 33 33%
Kirschner stabflization m finger fractures from
ma 280
sereen splint in burns old. of hands with scars
and contractures 141 142 144 145
W olff hrope skin grafts See Foll thickness skin
grafts
Wounds dramsge surgleal. See Drainage surgacal
preparation for skm grafung See Preparation
of wounds for skin grafung
Wringer injuries 277 280
Wrinkling of skin graft 34,

Wrat scar contrscturss, repawr 46 3§31
wrmger injures, 277 280

Neroform  omtment, on game thick spht skin

grafts 86
n petrolatum, in surgical drajnage of wounds
53

27 plaste {les) 130 133134
burns 344
for contracture(s) of axilla 154-133
of dreatar scar around anus after sk graft
ing for radistion burns 1,2
neck repaes 238-239
aose repatry, barder defects or deformities 219
Zephiran squeom In surgical drainage of wounds
before skun grafung 52
therapn  burns chronie 310
preparation of chronic ulcers for skin graft
ng, 56
chloride on deessing burns, 25
Zine acetate with csein gel o treatment of
burns, 20
oxide owtment therapy bums dressing 312
in petrolatum gor drewsing fuil-thicknesy shin
grait, 9
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