
WAR SURGERY

In this case the serious init.ial injury was properly treated by excision
and immobilization in plaster, but the quality of the gaze used to pro­
mote drainage was ver poor and the granulations grew among the open
mesh. ·when the gauze was removed and the wound was found granu­
lating well, skin grafting was thought to be impracticable owing to the> ) to o "o

great number ol foreign bodies which remained. When a skin graft was
finally placed on the wound, this was too sclerotic and the remaining
strands of gauze were still causing some inflammatory reaetion.

This is the only case I have so far seen in Britain of disturbance
caused by the use of' the wrong tpe of' gaze.

Choice of Graft

Once a wonnd is foud to be ready for grafting, the next step is to
decide t he typc of graft neeclecl. The following _general sug·gestions are
hasecl on my own experience :
l. The whole-thiclrness, one-pieee skin graft cannot be usecl in con­

junetion with plaster casts, for it shoulcl be applied only uncler guaran­
teed conditions of asepsis. This is a plastic technique to be usecl in
scar contraction, not a methocl of covering wounds treated under plaster.

2. For a wound of medinm size, say 3 to 6 inches in diameter, the
choice is between t.he Ollier-Thiersch, the "pinch," and the Coraehán
grafts. The first may be used with advantage in wounds that are abso­
lutely clea, have very healthy granulations and are not unduly large.
When the wound has had to be cleansed and prepared before grafting,
both the '' pineh'' and the Corachán grafts are more suitable, and when
the sterility of' the wound is in question it is probably wiser to use the
Corachán rvather than the 'pineh'' graft. With the Corachán graft,
which is essentially a graft of reproductive cells, there is a good chance
that a certain number of epithelial cells will establish themselves in their
new position even if' the rest are destroyed by suppuration. On the other
hand, if suppuration destroys the '' pinch'' graft, new epithelium is ver
unlikely to form, the germinating cells being destroyed with the graft.

3. When the wound is very large I always prefcr the Corachán graft,
f'or the amount of skin required is so ver much less than in the '' pinch''
graft. The Ollier-Thiersch graft is of less value in large wounds than
in those of medium size; moreover, healing of the large wound caused
by removing the amount of skin needed for the graf't always takes some
time.
All things considered-the size of' the wound, the degree of contami­

nation, the quality of the granulations, ctc.-the types of skin graft that
are on thc whole most useful in war wounds treated by thc plaster
method are the Ollier-Thiersch for small and medium-sized clean areas
and the Corachán for large ones.
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Techniques of Grafting
The "'Pinch'' Graft.After few days of preparatory treatment

carried out through a window cut in the plaster, the cast is removed.
The skin of the whole lim b is cleanscd with soap ancl water solution,
dried, and swabbed over with alcohol. Antiseptics must not be appliecl
to the region of the wound just bef'ore the operation. The areas from
which the graft is to be taken shoulcl have been decicled upon pre­
viou'sly. If possible, the graft should be taken from the injurecl limb
itself, hecause the wound macle in taking the graft can then be treated
unclcr the same plaster as the original wound. Unfortunately, how­
ever, an extensive wound of the thigh requires such a large area of
skin fo the graft that it is generally necessary to take it from the
other limb (see Fig. 78). The skin of the region from whieh the graft
is to be cut is cleansed with soap ancl water solution, shaved, swabbed
with alcohol (70 per cent), and surrounded by sterile towels.

I:[ necessary (sec p. 293) a strip of skin about 3 mm. widc is cxcised
all round the wound with a fine, sharp knife, ad the superficial layer
of conective tissue and granulations is seraped away with the sharp
edge of the knifo laid obliquely to thc planc of the wound snrface; a
uniform laye should be removed and the damage must not extend to
the base of the granulations. A piece of gaze soaked in hot saline
is laid over the wound and pressed gently with the hand to control the
bleecling.
The ncxt stcp is to take the graft from the previously prepared area.

With a long, straight needle the skin is priecked and raised to fomm
cone. lt is then cut with a sharp knife or, preferably, a razor all round
the base of this cone, and the piece tlrns removed (approximately 0.5
cm. in diameter) forms the graft. The first graft taken serves to indi­
cate the thickness of the patient 's skin and to guide the surgeon in
cutting subsequent grafts. The lower surface of the graft shold be
free frorn subcntaneous fat and the section must be through a plane
that passes through the deeper layers of the skin only in the center of
the graft. 'l'his is not difficult to achieve, because if the blade of the
lrnife or razor is held horizontally the section through the cone of skin
euts the various epidermal layers obliquely, and it is only at the center
that the deeper cellular layers are ineluded in the cut.
Each graft, as soon as it has been taken, shoulcl be transferred im­

mecliately to the surface of the wound. 'l'he grafts shoulcl be placed
about ¼ inch from the edge of the wound and a similar distance from
each other. When they are all in position a piece of close-meshed vase­
line gaze is laid over the wound, and the whole area covered by a
square of felt slightly larger than the wound. The limb is then reacly
for a new plaster, if this is needed. Similar protective measures are
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Fi¡; . 73.-The strip of skin is laid out flat on a table and with a fine pair of scissors
is cut into as many parallel segments as possible.
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Fig. 74.T he thin slices of skin are placed on the edge of the wound.
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applied to the wound produced by cutting the graft, except that when
this is on the other limb no plaster is used. In sorne cases in which
there has previously been a ver copious dischage, it is wise to sprinkle
some sulfanilamide powder over the wound after the graft has been
applied, but this drg should be sparingly used even in such cases,
owing to its retarding eflect on the healing process.

Fi¡; . 72.-Corachá.n method of skin grafting. A long and narrow strip of skin, free
from subcutaneous fat, is cut out. (See also Figs. 73 to 75.)

The plaster should be retained on the lirnb for eight to twelve days.
In very clean cases the plaster may be retained for two or three weeks,
when the wound will in sorne cases be found healed. If the discharge
is abundant, a window is cut in the plaster, the felt and gauze are re­
moved, and after the wound has been dried and powdered afresh with
sulfanilamide, it is covered again as before and the window is either
reapplied or not, according to the amount of discharge. In cases of
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fracture the dressing must always be chang·ed through a window, so
as to avoid displacement of the bone fragments.
The Corachán Graft.-The Corachán graft has two great advantages:

first, the area of skin required fo grafting is only half that of the
'' pinch'' graft, and secondly, the wound producecl in taking the graf't
can be immecliately stitchecl up and so heals by first intention.

Fig. i5.-Extensive wound of the externa! aspect of the thigh and leg. Compound
fracture of the externa! condyle of the femur and patella. Much laceration of the
!mee joint. Treated after a few hours by the biological technique.

The technique is based on the fact that the epidermal cells which are
most capable of multiplication are those of the Malpighian layer, and
so the responsibility of new epithelial formation rests mainly with them.
The epidermal cells of the sebaceous and sweat glands may also con­
tribute to the new reproduetive epithelim. The aim of the methocl is
to implant cells from this reproductive layer only. It is common
knowledge that during the epithelization of many wounds a number
of islands of epithelium, completely separated from the edges of' the
skin and sometimes even an inch away, make their appearance on the
surface of the granulations. These islands are formecl either by the
reproduction of individual cells that have been detached frvom their
original seat by the frietion of the dressing ancl have survived and
multipliecl in their new position, or else by isolated sebaceous and sweat
glands. These faets led Corachán ( 1933) to develop a technique which
was afterwards adopted in a munber of surgical centers.

'l'he most suitable area from which to take the graf't is the anterior
surface of the thigh. This is shaved, washed and sterilized with alco­
hol, and sterile towels are laid around the ficld. "\Vith a knife, a long
and narrow ellipse of skin is removed, care being taken that no sub-

cutaneous fat is inclucled. (see l<'ig. 72). 'l'he size of the piece of skin
removed bears a constant relation to that of the wound to be grafted,
a piece measuring approximately one-sixth to one-eighth of' the area

O

of the wonnd being sufficient to graft the whole of the granulating
surface. As soon as the graft has been taken, the surgical wound is
suturecl. The piece of skin to be usecl as the graft is now taken up by
two pairs of fine forceps, one at each end, ancl laicl out flat on the in­
strument table. While an assistant holds one end, the surgeon takes
a pair of fine scissors or a razor and cuts the skin transvcrsely across
the line of its greatest length into a series of narrow strips, not exceed­
ing 2 mm. in width (see Fig. 73). In cases in which the piece of skin

Fig. T6.-Freedom from rain and shock after immobilization in plaster.

is more than half an inch wicle it must first be dividecl in two by a
longitudinal cut; for the transverse strips should not be more than
half an inch in Iength. Each strip is placed in a small bowl of ,varm
saline ancl when the wholc piece of skin has been sectioed, the strips
are placed one by one on the woud edgewise, that is to say, with one
of the surfaces cut by the scissors in contact with the granulations
(see Fig. T4). They are placed about one centimeter apart, this spae­
ing being sufficient to allow a good new formation of epithelium in a
short time. By applying the strips edgewise direet contaet is made
between the reproductive ]ayer of the graft and the granulations, with
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Fig. 77.-Good quality of the granulation after seven weeks of immobi!ization in
plaster.

I'ig. 79.1nd result of the case in Fig. 4 , four months after wounds.

the result that many cells are successfully implanted in the wound
surface and good healing is cffected in about the same time as with a
"pineh'.' graft (see Figs. 75 to 79).

'l'he great value of this method of grafting is thc case with which
enough skin can be obtained to graft really extensive areas without
producing large surgical wounds which sometimes heal very slowly.
The skin of the final result is of good quality and cloes not retraet; in

Note the sutured wound of the right thigh from which
the graft was taken.

Flg. 78.-Corachán skin graft.
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many cases it is of better quality than that which results from the
"pineh' graft (see Fig. 80).

,lig. 80.A. Extensive wound of the leg treated _by excision and _plaster. Corachán
skin raft, _flve weeks after the production of the wound. B. Wound completelyepithelized four weeks afterwards.

The Ollier-Thiersch Graft.-In the quality of the final skin and the
rapidity with which the wound heals after grafting, the 011ier-Thiersch
technique is undoubtedly the most satisfactory. On the other hand,
the graft is less resistant to infection than grafts of the 'pinch'' and
Corachán types, and in very large wounds it is sometimes difficult to
use owing to the wide arca which must be denuded of skin to provide it.
The best region frvom which to take the graft is the medial surface

of' the arm, but if a very large graft has to be taken it is better to use
the skin of the inner aspect of the thigh, or that of the outcr side though
this is of less good quality.

Techique.A piece of transparent paper is laid over the wound and
an outline of the opening is sketchecl upon it. By cutting rouncl this
line, a pattern of the shape and size of the wound is obtaincd, and this
is then markecl out in iodine on the skin from which the graft is to be
taken. It is advisable to mal off a area slightly larger than the
actual size of' the wound, to allow for the shrinkage of the graft.
Holding the skin level and taut by pressure with a flat piece of wood,

the surgeon takes a razor, or one of the rnany special types of knife
such as the Blair, and cuts a superficial and uniform layer of the skin
to the shape and size indicated by the iodine line. The section should
take only the most superficial epidermal layers; the roots of the hairs
should not be included. The graft is immediately transferred to the
wound and attached by a few stitches or maintained in position by
elastic JJressm·e. The rest of the procedure is similar to that described
for the other grafts.

The Dermatome.-The teclmique of eutting large grafts of interme­
diate thickness has been simplified, and the scope accordingly extended,
by the introduction of the apparatus called by its inventor the derma­
tome (Padgett, 1939). Its main components are a drum at a prede­
termined distance from which is fixed a movable knife. By attaching
the skin to be graf'ted firmly to the surface of the drum, using cement
or any other suitable adhesive, a sheet of uniform thiekness can be cut
to an a.rea as large as that of the drum, 4 in. x 8 in., or smaller.

'l'he wound itself is prepared in exactly the same way as for a '' pinch''
graft, but in this respect also the Corachán technique has a certain
advantage in that it is not so necessary to scratch the granulations to
make them bleed. I have often seen excellent epithelization result
from a graft placed on their unbroken surface. It is only when the
granulations are very sclerotic that they must be scraped.
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CHAPTER XXIII

ARTICULAR WOUNDS

The Vvar of 1914 to 1918, which produced such an outpouring of
papers on compouncl fractures, yielded surprisingly few on compouncl
injuries of the joints. An obvious explanation is that penetrating
wounds of the joints produced so much more clamage in the bone than
in the articular tissues that surgeons tended to concentrate 011 the
former, applying to the treatment of wounded joints the principles
that were guiding them in the treatment of fractures. Their failure,
during the earlier stages of the war, to appreciate the difference be­
tween the bony and the articular tissues in their reaction to injry,
led in fact to disastrous results. Duval (1918), for instance, cited a
mortality of 27.6 per cent and an amputation rate of 30 per cent in
lmee wounds sustained in France during 1914 and 1915.
In 1915 Delore and Kocher publis11ed the first paper recommending

primary suture for the treatment of wounds of the knee joint, and in
the same year Gaudier adopted this technique (see Gaudier and Ham­
ant, 1916). In consequence of the general acceptance of this practice,
results improved, and in 1917 to 1918 the death 1ate fell to 0.9 per cent
and the amputation rate to 2.8 per cent (Duval, loe. cit.). After the
war primary suture was still accepted. Disagreements arose, however,
about the best type of suture and, more especially, about the tissues
which should be suturecl. Sorne surgeons recommended the systematic
suture of all articular and periarticular tissues, others preferred to
suture the synovial membrane only, and somefortunately very few,
but including an authority as great as Bohler (1937)-stressed the
advantage of the simple suture of the skin.
In orcler to obtain a clear idea of the best procedures and the occa­

sions on which they should be employed, it may be of assistance briefly
to recall the specifie reactions to injury of the various articular and
other neighboring tissues, and the important part played by the syno­
vial fluid in the defensive mechanism of the joints.

DEFENSIVE POWER OF THE ARTICULAR TISSUES
AND FLUID

From the skin to the articular cartilage, all the tissue layers of the
joint, articular and periarticular, have their characteristic response to
infection. 'l'hree components of the most highly developed joints,
namely, the synovial membrane, the synovial fluid, and the articular
cartilage, call for special consideration.
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The Synovial Membrane
The synovial membrane, which closes the articular cavity in all diar­

throses, consists of a continuous stratnm of mesenchymatous tissue which
varíes somewhat in its cellular anatomy from one place to another. In
many regions there is only a synovial lining of flattened cells cover­
ing a layer of loose conective tissue. In places where the membrane
is free from mechanical stresses, the cells are rounded or polygonal
and may be disposed in two or three layers. Where the lining of the
joint cavity is exposed to much pressure and friction, it is composed
of dense fibrous tissue or fibrocartilage. The nature of the cells of the
synovial membranc is not yet completely established, but they are gen­
erally admitted to be very similar to fibroblasts (Le Gros Clark, 1928).
Some of them have a phagocytic capacity and play a defensive part
against infections.
Absorption in Joints.-Absorption through the mesenchymatous mem­

brane is relatively slow when there is no breach in the continuity of
the superficial layer of cells, but it is very high in the periarticular
conncctive tissne (Le Gros Clark, loc. cit.). Le Gros Clark injected
trypan blue into the knee joint, and after six hours the histiocytes of
the srrounding connective tissue contained no clye; on the other hancl,
when the dye was introcluced directly into the connective tissue, it was
taken up very soon by the histiocytes. Some substances, however, are
more easily absorbed through the synovial membrane. Por instance,
Demel (1927) injected 1 to 3 c.e. of 20 per cent sodium iodide into
normal joints of dogs, and afte varying intervals detected iodine in

the saliva by blue tinting of a flter paper impregnated with starch.
The time-lag was 35 minutes fo the knee, 40 for the lnp, 43 for the
elbow and 73 far the sholder. This permeability is probably related
to the molecular size of the substance concerned.

The whole of the synovial membrane is concerned in absorption from
the joint cavity, but the process is more rapicl where the membrane
overlies loose connectivc tissue or is re:flected over subsynovrnl pads of
fat. These provide for an inerease in the absorption area of the mem­
brane, particulaly sinee the rows ol flat cells over them are often thrown
into small complieated folds like villi. In the knee joint these pads
are especially conspicuos and allow a very rapid absorption, a faet
which readily accounts for the ocasional appearanee of general sep­
ticemia in acute traumatic infection of the lrnee. It shonld be empha­
sizecl that movement accelerates the rate of absorption.

The Articular Cartilag·e
In diarthrodial joints a simple hyaline cartilage covers the bony ends

over the area of friction. This may be regarded as a persistent unos­
sified layer of the cartilage from which the bone has been developed.
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or the tcndon sheaths to the lymphatics. I war injuries the tisstue
which bears most responsibility for the onsct of septic processes in the
joints is the bone. Ay intra-articular fissure of the bone in compound
injuries of the joints increases much the danger of infection, both be­
cause of the difficulty of stopping intra-articular bleeding and because
of the penetration of pathogenic germs into the defenseless spongy
tissue of the epiphysis. Unfortunately the great majority of war wounds
in joints include lesions of the bone.

'The treatment is basecl on the relatively long time for which the in­
jured joint remains free from infeetion. As in all the tissues, the
growth of infection is cletermincd by two factors, one highly variable
the umber and virulence of the invading organismsand the other
more constant, the individual resistance of each tissue to infection.
As the first must be considered an unknown quantity, surgical treat­
ment can be influencecl only by the sccond-the known ability of the
synovial mernbrane to resist infection. Duval and other French sur­
geons gave a very optimistic estimate of the defensiYe capacity of the
joint tissnes, stating that the synovial membrane remains free frvom
bacterial colonization for twenty-four, foty-eight, and sometimes even
sixty hours before septic arthritis develops. 'I'his may be true of some
clean "throug·h-and-tluongh" wouncls produced by bullets fired at long
range. but it is not a relia ble rule for most war wounds, especially

o '
those produced by shell splinters or bombs. The majority of these
missiles remain either in the joint or in the surrounding tissues, par­
ticularly insicle the bonc; and surgeons know well how much wose the
prognosis is when a foreign bocly remains impacted in a joint. A fur­
ther complicating factor is the speed with which infection develops
in the periarticular connective tissue: an average of SL'C hours has been
fully confirmed. A joint can be reliecl on to remain aseptic for 12 to
16 hours, with a maximum of 24 hours; and this ought to be the basic
consideration in determining the surgical teclrnique.

When a wound is treated within twelve hours of its infliction, a pri­
mary suture should be attempted; this is only contraindieated by the
presence of eonditions which make efective suture impossible, e.g.,
extensive destruction of synovial membrane. But before the suture
an exploratory arthrotomy must beperformed, as the only means of
cleansing the joint of all foreign bodies, a term which includes not
only the missile and small pieces of clothing, wood and the like, but
also retained blood. As for the other tissues, soap and water is the
best means of cleansing the synovial rnembrane and eliminating clots
from the depths of the joint. ·
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Hyal;ue artic~llar cartilage is completely avascular and has no nerv
sppIy. Cartilage has no absorptive power, and the underlyino· ly

111
~

phaties and vessels are absorptive only when the cartilage is uleertq
1n areas near the insertion of the synovial membrane.
dTtielar cartilage is highly resistant to infection, and many days or

Ders1stent and intense infeetion are needed to damage it serios]y ]
is norished only by the articular fluid, the contribution o the i1a
vessels bemg completely illusory.

The Synovial Fluid
T'he most important charaetervistic of joints is their ability to produce

flmd. _Except for 1ts mucm content, articular fluid is somewhat similar
to peritoneal and pleural fluids. The protein in normal human joints
varies between 0.4 per cent and 1.6 per cent (Kling, 1938). Irritation
and inflammation inerease the permeability considerably, and the protcin
concentration ay then reach or exceed that of the blood (8.55 per cent
m one case of l\..lmg s). Moreover, the concentration of the diftusible
constituents of synovial fluid elosely approaches that of blood plasma,
and diff'asible substances introdueed into the cirelation rapidly pass
mto the synovial fluid (Ca,jori et al., 1926).

'rhe_ outstanding characteristic of the synovial fluid is its bactericida!
capacity. Margolis and Dorsey (1930) often noted the absence of col­
onization in cultures of synovial fluid in which organisms were present.
Forkner, Shands and Poston (1928) found that in infective arthritis
cultures of lymph nodes were positive twice as often as cultures of
synovial effusions. The bacteria are ingested by macrophages and are
mostly disintegrated by l)l'oteolytic ferments. Every pathological effu­
s1on contains large numbers of phagocytes and nonphagocytic Ieuco­
cytes which come from the blood stream.
. Another ch? 1·acteristic of the articular fluid is its alkalinity, which
1s commonly mcreascd in most effusions, many investigators giving a
figure as high as pII 8.4. Only in purulent arthritis does acidity de­
velop. Synovial fluid is also very rich in agglutinins.
A joint therefore possesses a number of defensive mechanisms lack­

ing in other tissues: first, the hermetic sealing of the joint which ex­
eludes contamination from neighboring tissues; secondly, the passive
resistance of the cartilage to bacteria! invasion; thirdly, the active
bactericidal property of the synovial membrane and fluid; and finally,
the lower absorptive power of the synovial membrane as compared
with the underlying cellular tissue.
In contrast, the defensive properties of the surroundine tissues from

o 'the perisynovial celular tissue to the deep layer of the skin, are very
poor. Not only is their absorption very high, but the slightest move­
ment tends to spread septic contamination through the cellular spaces
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Fig. 82.Temperature chart of the patient in Fig. 81. (M. and B. 693, sulfapyritline. l

portant joints, such as the lmee, ankle and wrist, there is little or no
damage to muscles, and so provided that the excision has been thor­
ough, primary suture of the skin may be performed, without the same
danger as in other regions.
Suture.-The suture of the synovial memhrane must always be con­

tinuous and preferably made with catgut. When the skin is sutured
at about the time limit of eight hours, the perviarticular spaces should
be drainecl by passing sorne threads of silk between the stitches a.t one
comer of the wound. I prefer to close the wound with a few sepa­
ratecl stitches so as to allow the bloocl and lymph to escape.
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In brnised wonnds treatcd after eight hours the synovial membranc
only shoulcl be sntured and the skin left completely and freely open.
'l'he same must be clone in cases where the excision of soft tissnes makes
it impossible to reunite the eclges of the skin without causing unduc
tension. The case illustrated in Figs. 81 to 84 shows the excellent re­
sult that can be obtained by suture of the synovial membrane only.

'l'he patient, a ,vell-clevelopecl hoy of eight, was knocked clown by a
van on the morning of February 20, 1941. He was transferred to the
Wino·field-lVIorris O~·thopaedic Hospital 7 hors af'ter the injury. On
admission he was very anxious and had a pulse of 120/130 and blood
pressure of 104/64. He had a fracture of the right hmerus, a wound
ahove the right knee, and a bruised and extensive wound on the ante­
rvior aspeet of the ankle with compound d1slocat1011 of the talus. He4

1

l

Excision
The soft tissues should be excised to the same extent as in wounds

of other regions: the surgeon should he conservative with the skin and
radical with the conective tissues. With the bones, however, he must
be conservative in the most extreme sense of the term, and replace as
many fragments as possible in position; but to do that without undue
risk the operation must be performed within eight hours, preferably
within six hours of the production of the wound. Bone, unlike the
synovial membrane, cannot endure twelve hours' contaet with baeteri
without being colonized; nor can the periarticular tissues. If, thel'e­
fore, time is lost the operation has to be more drastic. If the delay
has been longer than eight hours, bone must be eliminated, with con­
sequent intra-articular bleeding and serious risk to the functional future
of the joint.

Fig. 81.-Extensive bruised wound of the anterior aspect of the ankle joint, with
dislocation of the talus and severance of tendons. Operated on eight hours after pro­
duction of the wound. Cleaned with soap and water; wound excised. Primary suture
of the synovial membrane ; sulfanilamide powder in the remaining wound. Drainage
wlth dry gauze and plaster from toes to above the !mee. (See also Figs. 82 to 84.)

Delay in operation causes similar troubles in the periarticular tis­
sues; so here too the principle of operating within six to eight hours
ought to be maintained. If more than eight hours Iiave elapsed, all
free fragments of bone must be removed, the synovial membrane closed
after excision of a narrow strip of its edges, and the periarticular tis­
sues left open. Fortunately, in many wounds involving the more im-



310 \\" AR SURGERY ARTICULAR WOUNDS 311

underwent immediate l'esuscitation and operation under gas and oxy­
gen anesthesia. The skin and wound were cleansed with soap and
water, and the edges of the skin were excised. 'The skin had been com­
pletely dended over a wide area, thc tendons were damaged and the
foot was inverted, with a tear through the capsule of the ankle joint
through which the articular surface of the talus protrudecl forwards
(see Fig. 81). All necrotic tissue and some of the long tendons were re­
moved. The ankle joint was closed with continuous plain catgnt. The
wound was smeared with sulfanilamide powder, a dry gauze was ap­
plied and the limb enclosed in plaster from the toes to the knee. The

Fig. 83.--Condition of the anide four months later, when the patient was wallcing and
regaining full range of rnovement.

postopera.tive course was unevent:f.ul. For some days the temperature
slightly exceeded 99º P. except for one day, but at the ninth day it
settled down to 99° P. (see Fig. 82). On March 27 the plaster was
changed under general anesthesia. The wound looked very clean; it
was powdered with su]fanilamide and a new plaster was applied. The
plaster of the right arm was removed and the arm placed in a collar­
and-cuff sling. On April 17 the plaster was renewed, the wound being
markedly reduced. 'The plaster was finally removed on May 17 and a
bandage of elastoplast was applied to cover the small remaining· wound.
He started walking, but as he found it very difficult he was given mas­
sage and progressive re-education. On June 29 he was discharged
having recovered full movement of the ankle (seé Jigs. 83 ad 84).
This case is one in which the surgical technique was carried out with

all the necessary care. 'l'he perfect result, in spite of the initial delay

in sending the patient to the hospital, was uncloubtedly duc to the cor­
rect technique employed.

Order of Excision.-There are two schools of thought on the best
orcler of excision. Some surgeons prcfer to do the arthrotomy first
a.ncl then to treat the pcriarticular wouncl; others holcl that it is better
to trcat the periarticular wound fit·st ancl graclually proceecl to the
joint. l think the second is thc correct methocl, providecl that the
surgeon takes the precaution of changing· the instnnnents when the
articular stage of the operation starts. I feel it is illogical and danger­
ous to deal wit.h the joint first (as, for instance, Pierre Duval recom­
mends) and to closc t.he synovial membrane ad treat the contaminated
part at the end of the operation. 'The logical technique, ancl that which
my expe1·ience has shown to be safe, is cxcision o:f. the damaged tissues
layer by layer, care:f.ul hemostasis, and cleansing of the joint through
an already clean wound.

Fig. 84.-Complete recovery of movement by the patient in Fig. 81.

Drainage.Cases which arive too late or are too badly damaged
fo primary suture of the joint should be treated by the principles
which have been repeated over and ove again in this book, special
care being given to drainage. Ogilvie (1941) has given frm support
to these views. Generally speaking, a joint should never be c1ramec1
through the wound. The wound hardly eve coincides with the most
dependent part of the joint, and drainage of a joint from other than
the most dependent part is worse than useless. In Chapter XXV, which
deals systematically with war wounds of difterent regios, I shall
come b~ck to this point. ancl fnlly specify the place selectecl for each
articulation.
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Immobilization
In the last stage of the treatment:, when the operation is finished, the

surgeon has two alternatives: mobilization or immobilization. Joint
surgery is one of the few branches of the art in which a technique of'
mobilization in the treatment of wounds has been described and at one
time, at ay rate, widely accepted. 'This method was advocated cluring
the last war by Willems of Ghent, and macle so great an impression
that even surgeons who believed in the good eflects of' immobilizing
infected limbs accepted the principles of early mobilization under cer­
tain restrietions. This procedure has now been completely forgotten
without, I think, any prejudice to the vietims of this war.

Plaster.-The best fixation for a joint treated by primary suture of
the synovial membrane and skin is a plaster-of-Paris cast immobilizing
both it and the neighboring joints; but in this special group of cases
a window must be eut at the level of' the affected joint. The purpose
of the window is to avoid any tension inside an articulation and
also in periarticular tissues closed by primary suture, to permit the
aspiration of any articular fluid retained under tension. This aspira­
tion should be performed through undamaged skin far from the wound,
and in some cases must be repeated twice or more. The Thomas splint
is also useful for knee wounds. The impossibility of securing drainage
by means of absorbent gauze in cases in which the wound is closed
makes it inadvisable to apply a closed plaster cast. In patients treated
by primary suture of the synovial membrane with the overlying tis­
sues left widely open, the plaster cast should cover the whole wound'and no window should be cut. In large articulations, especially the
lrnee, a small hole made in the plaster as far as possible from the
wound will allow aspiration of the synovial membrane as requied.
The drainage of an infected joint should follow the general principles
of' drainage described elsewhere (see p. 228). Drainage of the articular
cavity and rest offer the only hope of arresting the local disturbances
and averting danger to life. Once the lining cells of the synovial mem­
brane have been destroyed, and still more when its whole thickness has
been eroded, there is great absorption of bacteria and toxins and the
patient's general condition deteriorates very rapidly. The only way
to diminish such absorption is, of course, the most complete immobiliza­
tion, not only of the joint itself, but also of the surrounding tissues.
Hence a plaster should be applied to fix not only the neighboring joints
but also the segment of the body immediately beyond those joints.
The position of the limb is of the greatest importance, not only to allow
good drainage but also to secure a normal circulation and prevent
edema. In the great majority of cases the plaster should cover the
wound; but in an infection of the lrnee joint with very profuse dis­
charge it is sound at first to cut a small window through which the pus

can be drained off without much soaking of the plaster. After a few
days the window may be closed, and then the plaster may be kept in
position for more than three weeks without any great discomfort.

Factors Determining Successful Treatment
Clearly, then, for articular wounds as for all others early treatment

is the foundation of success; the only distinetion is that good results
can be obtained even if operation is delayed for a few hours. A cause
of failreunfortunately the most frequent in war woundsis the
technical impossibility of suture owing to damage to the articular tis­
sues, especially of bones and of the synovial membrane. I have only
in exceptional cases been able to close the synovial membranes of the
shoulder, elbow, wrist or ankle. The hip and knee joints can be
stitched up more often-fortunately, because these are the two joints
in which infection is most serious.
These general considerations apply to all diarthrodial joints; but

every joint has its own particular reaction to infection and its own
way of healing, depending on its anatomical disposition.
Lastly, I must stress the enormous difterence between peacetime

articular wounds and those of war. At all times conservative treat­
ment and primary suture shold be carried out to the full; but war
casualties make one more sceptical and less clogmatic about the quality
of the results. The impressive statistics of Ferguson and Dangerfield
(1940) compiled among South African miners bear no relation to the
results obtainecl in cases of articular wouncls causecl by small splinters
of aerial bombs. The difterence lies in the rarity of bony injury in the
South African workers.
The use of sulfonamide componds in general treatment has recently

improved the results in articular wouncls. Patients should be given a
prophylactic course of sulfona.micles, and local application after exci­
sion may also be of some help.
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CHAPTER XXIV

AMPUTATION
Amputation is probably the oldest operation in war smgery, and the

least affected by progress. The guillotine method was the earliest and
for many centuries the only method used. Bleeding was controlled
only by cautery until, in the l6th century, Ambroise Paré frst em­
ployed ligatures. From his time until the 19th centry, when Liston
introdueed flap-amputation, there were no important technical advances·
though it may be recalled that Chesolden in 1756 had recommended the
division of skin and fat at a lower level than that of the bone. Liston
was also one of the most outstanding of the surgeons who described
regional teclmiques (e.g., Larrey, 1808; Syme, 1831; Gritti, 1857; and
Pirogoft, 1854). ·

For many centries the safest operation for compound fracture was
considered to be amputation, and this radical procedure was so wide­
spread that in 1761 the German surgeon Johann Bilguer attacked it in
a book entitled De membrorum amputatione rarissime administrada t
qasi abrogada. This was a plea for conservative surgery directed to
a surgical ·world that amputated limbs as a preventive measure. In
1842 William Fergusson (1808-1877), Bilguer's most enthusiastic fol­
lower, published a strong recommendation of conservative surgery;
and Brodie and Syme, following Fergusson, proposed the revision of
surgical criteria along very conservative lines.
At first sight, amputation seems to be a plain confession of surgical

f'ailure to save a limb. This may have been true in the past, but is
certainly not so today. Amputation in war surgery has been progres­
sively relegated to cases in which, as a consequence of trauma, the
limb has already been lost through destruction of its blood supply,
or rendered useless by extensive injury to its anatomical structures.
Limbs are very rarely amputated nowadays for infective complications
in the extremities. The amputation rate in war surgery has therefore
decreased enormously in the last century and a half.
It is interesting to compare figures of the Napoleonie Wars with some

of those recorded during the Spanish War. Whereas Larrey mentions
365 amputations performed among· 8,000 wounded of all sorts, during
the last year of the '\Var, in Catalonia only 342 amputations were re­
quired among a total of over 42,000 wounded, most of whom were in­
jured by artillery fire ancl aerial attacks, which, it is well known, pro­
duce the greatest damage to limbs. The diminution in the number of
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amputations is undoubtedly a consequence of improvement in surgical
technique, ancl is one of the most eloquent proofs of' the aclvance of
surgery.

INDIOATIONS FOR AMPUTATION

The aim of the surgeon is to preserve the injured limb as far as pos­
sible, unless it endanges the patient's life or is unlikely to be of any
more use. In deciding whether or not to remove a limb, the main
point to notice is its circulation. 'L'he temperature of the han<J_ or
foot ancl the color of the skin give useful information, and the oscil­
lometer reaclings help in cases of doubt. Experience and practice en­
able the surgeon to distinguish aceurately a limb that needs immediate
amputation from one that can be treated conservatively.

Another factor is the condition and site of the wound. 'The extent
of excision has a limit that cannot be passed without endangering the
life of the patient and the utility of the limb. Imagine, for example,
a bruised compound fracture caused by a shell or bomb splinter in the
uppe part of the thigh. 'The excision of dead tissues might have to
include not only a large amount of muscle, tlrns leaving the femur
without protection, but also a large portio of that bone. The surgeon
knows from the start that at best many months will be necessary to.
heal the wound, and that in the end the femur will probably be left
with a pseudoarthrosis. The knee and possibly the ankle will be stiff,
and the pseudoarthrosis will need still frther operations. Thus, after
a long illess, the patient will have a stiff leg, with the unavoidable
shortening that follows great loss of tissue in a single long bone. Tak­
ing into account the initial danger to life, the long convalescence, the
number of the operations required and the final result, it seems better
to do an immediate amputation, provided that the remaining stump
will be long enough to take a suitable artificial limb.

Clearly only experience can give the surgeon sufficient knowledge to
support his deeisions, and it is therefore almost impossible to draw up
a system on which he shoulcl act. Some guidanee, however, is neces­
sary for young surgeons who have not yet acquired much experience
of war sgery, and it is for these that the following observations are
intended.

Criteria for Amputation
It is clifficult to distinguish between the limb that will be useful to

the patient, and that which will later require amputation for funetional
reasons. The criteria for the arm difter from those fo the leg. Broadly
speaking, the important need fo the arm is the preservation of move­
ment, whereas for the leg it is the maintenance of a strong support.
Conservative treatment is far more often desirable for the upper limb
than for the lower, because even deformed stumps of fingers, hands
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contraeted by scars, and fingers rendered stiff by adhesions are more
useful than the best artificial hand. Re-edueation clinics and sponta­
neous adaptation by patients produce quite unexpectedly useful uppe
limbs. Furthemore, conservative treatment is essential to prevent as
far as possible the development of feelings of' inferiority and disability,
with their social consequences, in patients invalided with war wounds
in the upper limb. The lesser danger to life caused by injury of the
upper limb allows amputation to be rejected in many cases that at
first sight seem to need it.
In the lower limb there need be less hesitation. In the first place it

is possible to provide a useful artificial limb, and in the second place
deformed feet often remain painful, and there may be harmful ankylosis
for which the foot may later have to be amputated. Thirdly, injuries
of the leg are generally more dangeros to life than those of the arm.
For these reasons conservative treatment canot be carried out to the
same extent as in the upper limb.

Three things must be taken into account when amputation is essen­
tial: the site of the wound, its charaeteristics, and the arterial, nervous
and bony damage. 'The general condition of the patient may contra­
indicate an immediate serious operation, and if so, initial conservative
treatment should be carried out until the patient is fit for amputation.

Amputation in sorne cases might leave so short a stump that an arti­
ficial limb could not be fitted. Whether this would be so naturally de­
pends on the place of the injury. In suitable cases conservative treat­
ment may facilitate a secondary amputation at a selected level, once
the granulation of the wound allows the conservation of all soft tis­
sues necessary to cover the stump.

The task of the surgeon, then, is to strike a balance between the fol­
lowing requirements:

1. The need for extreme conservatism with the upper limb.
2. The need for conservatism also in the great majority of extrem­

ities which can be saved in sorne shape, the possibility of a precarious
functional result being given, within reason, second place. A delayed
amputation may eventually solve the problem.

3. The importanee of leaving a stump long enough to take a pros­
thetic apparatus. In all cases in which the stump would be too short
conservatism should have first place.
4. The desirability of reserving amputation for limbs whose blood

supply has been seriously affected, or which have undergone so exten­
sive a destruction of tissue, including nerve and bone, that conservative
treatment would not only be long and difficult but would offer no hope
of future useful function.

5. The need for amputation when the wound is so large and brised
that excision is out of' the question.

THE TECHNIQUE OF AMPUTATION

Much has been saicl against the guillotine amputation-that is to
say, the transverse cutting through of all the tissues at the same level ,
which was the only technique in use befare Liston. The criticisms ha.ve
in general been well founded, but quite a number of war wounds re­
quire a guillotine ampntation. In the first place, flap-amputation
requires the bone to be shorter than the soft tissues by a distance as
great as the radius of the limb. Thus in the fcmur for instance an, ,
overlap of some thee inches would be neccssary. In wounds of the
thigh a shortening of the bone by three inches might destroy all hope
of fitting an artificial limb. In such cases the on1y possible technique
for amputation is the guillotine.

One other type of case needing guillotine amputation is that in
which the operation is carried out because of gas gangrene. The al­
was precarios nutrition of the flaps males them particularly liable
to gangrene, so here also the technique that gives the best results is the
guillotine. In all other cases the flap technique should be preferrved.

Level of the Amputation

The widespread use of artificial limbs has in recent years introduced
a new factor into the amputation problem. I planning an amputation
the surgeon must remember tha t the stump will be useful to the pa­
tient only in so far as it is fit to carry an artificial limb. Surgeons
have recently been relegated to a second place by engineers and limb­
makers, who know bette than they where the limb should be ampu­
tated to make it easiest to wear an artificial limb. Their work has
been of great advantage to the patient. Util recently the guiding
surgical idea was to keep as much of the limb as possible, often leaving
the epiphysis in the amputation stump. ow, thanks to the limb­
makers, we kow that the length of the stnmp is important only in
relation to the ease with which it will cany the prosthetic apparatus.

good stump should work as a leve: it should be long but not too
long, with a regular slightly conical shape.

By the collaboration of surgeons and limb-makers, the points of elee­
tion for the division of the bones have been determined and are now
universally accepted. The agreement reached seems to be contrary to
the principles of conservative surgery, because it establishes that any
portion of the stump beyond the length necessary to carry the artificial
limb is not only useless but harmful, especially in the leg.
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The Length of the Stump
'The following are the best lengths fothe various stumps:

Arm: As mueh of the shaft as can be saved; the meta­
physis, however, should never be conserved.

Forearm: As much as can be saved.
IandadFingers: As much as can be saved.

Thih: At least seven inches below the top of the great
trochanter. The femur should never be left shorter
than 6 inches: when this would be unavoidable it is
better to do a disarticulation at the hip joint. As
much of the femur as possible should be saved, pro­
vided that the metaphysis and epiphysis are removed
-that is to say, the distal 3 or 4 inches.

Leg: The tibia should be divided in the middle, and thc
fibula shortened by one to two inches more. An am­
putation should never be done that leaves only three
or four inches of tibia, beca.use the rigidity in fl.exion
of the lmee will limit the funetion of a prosthctic
apparatus. Instead the amputation should be rnade
above the !mee.

Foot: It is necessary to be conservative with the calcaneal
region, but not so conservative with the middle tarsal,
otherwise the foot will beeome rigid and in many
cases painful. Extreme conservatism is required with
the metatarsal bones, on which the wearing of a
normal shoe so largely depends.

Execept for the hip joint, no disarticulation should be made.

THE TECHNIQUE OF AMPUTATION IN WAR

In war amputation, whenever possible, the tourniquet should be used.
It not only prevents hemorrhage in patients suffering from shock and
acute anemia, but also to sorne extent counteracts the shock itself.
During the last war, surgeons reported many cases of fulminant shock
in patients with seriously bruised injuries when the tourniquet was
released; I have seen one such case. This disaster can be prevented,
it is said, by amputation before release of the tourniquet. Where the
tourniquet cannot be used and loss of blood might pove extremely dan­
gerous, it is best to perform an arterial and venous ligature at the classi­
cal points; but this must never be done in amputations for gas gangrene.
'l'he fl.aps should be cut oblique and unequal, to avoid placing the

scar in the weight-bearing area. The common technique is to cut the
anterior flap longer than the posterior. This proves convenient in
most cases, but in emergency surgery a posterior long :flap may be used

when necessary to cover the bone when an extensive wound has dam­
aged the anterior tissues. As the posterior skin has a better blood
supply, a posterior long flap is recommended for some wounds with
intense concussion of the soft tissues.
Drainage must be provided after all amputations for war injuries.

The best drainage material is corrugated rubber when the wound is
sutured, and vaseline gauze when it is left open.
All amputations carried out when infection is already developing

(in consequence of' delay), must be left open. The wound should be
packed with vaseline gauze and encased in plaster. Secondary suture
may be performed when changing the plaster, from ten to twelve days
after the amputation.

PLASTER IN AMPUTATIONS

Plaster is a great help in the postoperative treatment of amputations.
In wounds left without suture the plaster is used in the same way as
in the treatment of all other serious wounds. Plaster, moreover, makes
a further contribution to healing after any amputation. One of the
most annoying troubles in amputation is caused by the flexion con­
tracture of the stump, which when the stump is somewhat short is very
common indeed. 'This contracture, if not abolished in time, gives rise
to a permanent deformity and in many cases to a stiff joint which
males an artificial limb useless. The best method of preventing flexion
contracture is to encase the stump in a well-fitting plaster, in the same
way as for any other type of lesion. The stump must be placed in a
position of rest. The immobilization in plaster must be maintained for
at least three weeks, and in sorne cases, where the stump is short, for
fo. From the second week the patient must be tolcl to contraet his
muscles under the plaster, and these exercises must be intensified when
the plaster is removed.

Stumps left by guillotine amputation may be treated in the same way
as all other large, granulating wounds and encased in plaster. I prefer
this treatment to the use of continuous traction for the skin, which
leaves the wound unprotected and in sorne cases interferes, by the
circular pressre of the elastoplast, with the circulation at the base
of the limb. Nevertheless, continuous traction with elastoplast is use­
ful in sorne cases in which the skin is greatly retracted.
If the precaution is taken of dividing the skin an inch below the

incision through the other tissues, enough skin will be left in many
cases to make a good scar by granular retraction without the need for
re-amputation.



REGIONAL SURGERY 321

CHAPTER XXV

REGIONAL SURGERY

I this chapter war wounds of difterent regions are considered sys­
tematically.
War wounds are causecl by missiles of such diverse shapes, sizes, ancl

speeds that classifeation is very diffieult. A rifle bullet fred at point­
blank range and one fred frvom 500 yards, hitting the same spot, would
naturally cause entirely different local damage. Nevertheless, thc at­
tempt to elassify war wounds is worth máking, so long as it is borne in
mind that in practice the clifferent types may approximate to one an­
other and that each individual casualty must be judged and treated
on its merits ad not regarded simply as a particular type of war
wond requiring some standard form of treatment.

WAR WOUNDS AND FRACTURES OF THE SHOULDER JOINT

The following classification of wounds in the shoulder region is use­
ful in practice :

1. Through-and-'Through Bullet Wounds: Rifle bullets or splinters
may tunel right through the head or neck of the humerus or through
the shoulder joint.
2. Articular Fractures With Inclusion of Foreign Body: Rifle bullets

sometimes, and fragments of light bomb casing always, stay in the
sholder joint if they ente it.
3. Smashing· of the Joint: Shell or bomb fragments may cause gross

bruising of soft tissues and comminution of the upper end of the humer­
us, including its heacl.

Treatment
The treatment of each of these types is considerecl separately.
Type 1.If the head of the humerus is tunelled by a rifle bullet

which emerges from the body, the damage to skin, muscles, and bone
may be so slight and the skin wounds so clean that simple immobiliza­
tion of the limb in plaster may be a suffieient treatment. This, how­
ever, is the only type of case which can properly be so treated; it
occurs very seldom in air raids. If the sholder joint is similarly
transversed by a bullet, the articular surfaces may break up into frag­
ments, but no surgical treatment beyond fixation is required.
Type 2.If the wound of the soft tissues is irregular and a fragment

of the missile remains in the joint, the wonnd must be opened and the
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foreign body extraeted. Most bad results in injuries of the shoulder
follow this type of wound, because many surgeons believe that only a
small operation, if any, is nccessary. Loose fragments of bone shoulcl
be removed and the joint sutured if possible. When the damage to
soft tissues hinders suture of the synovial structures of the capsule,
the wound shold be packed with gauze and the arm immobilized in a
thoracobrachial cast.

Fortunately, in many wounds of the anterior side of the shoulder
jointwhich are the most frequentstitching-up of the divided in­
fraspinatus muscle permits the closure of the joint without great
chfficulty.
In cases which need a wide exposure of the anterior part of the

sholder joint, the best approach is either through the wound itself,
when this is large and bruised, or by one of the standard surgical
approaches, if the wound is small and a fragment of metal remains in

. the joint.
If the first approach is used, incision-excision is carried out as de­

scribed in Chapter XVI (see p. 214); the surgeon progresses into the
joint after excising successive laycrs of tissues. To explore the whole
joint a transverse incision is made following the upper insertion of the
deltoid from the outer third of the claviclc to the acromioclavicular
joint and continuing to the posterior part of the shonlcler-to the spine
of the scapula if the posterior side of the joint is to be explored. A
longitudinal incision is now made downwards, passing through the
wound of enty if this is in the anterior portion of the deltoid. When
the wound is smaller and situated in the posterior part of the deltoid,
it is better to make the longitudinal incision on the iner borde of the
deltoid, separating this muscle from thc pectoralis major in order to
avoid any damage to the circumflcx nerve or the anterior circumflex
humeral vessels. Care should also be taken not to damage the cephalic
vein, which lies between the deltoid and pectoralis museles. 'The whole
anterior and lateral part of the deltoid is now retracted downwards
and backwards. Access to the joint is obtainecl through an incision in
the capsule at the place judged most convenient for exploration­
anterior, posterior or transverse over the head of the humerus. I the
anterior incision-undoubtedly thc bcst-the snbscapularis is sectioned
together with the capsule. At the cnd of the operation the capsule is
closed by continuous suture; the fibers of the deltoid are replaced in
position and either completely sutured or not, according to the amount
of' muscular damage and the time of operation. When bruising of
tissues and the time factor are against primary total suture, the trans­
verse incision of the deltoid is the only one sutured apart from the
capsule, and drainage of the periarticular spaces is established through
the longitudinal incision. The skin is sutured as in the deltoid.
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In cases of suppurative arthritis, drainage is provided either antero­
laterally or posteriorly. In the former case the drain is inserted alono
a straight incision three inches long starting at the anterior border of
the acromion and continuing downwards over the head of the humerus.
The fascial layers are incised with the knife, the fibers of the deltoid
are separated with a spatula and the distended capsule is opened up.
Posterior dra.ina.ge is obtained through an incision which begins at the
spine of the scapula and follows the fbers of the deltoid downwards
and outwards. These fibers are separated, and by blunt dissec­
tion the capsule is approached between the fibers of the infraspinatus
and teres minor. For the anterior and posterior drains alike, corru­
gated rubber is the best material.
Type 3.-Grave and extensive wounds in the shoulder region pro­

duced by shells and bombs must be examined with great care to see
whether the gross mutilation produced by a hurried disarticulation
can possibly be avoided. If the auxiliary vessels are intact, even if the
patient has lost more than half the humerus, it is best to cleanse the
wound carefully, leaving the periosteum. This may not be capa.ble of
regenerating all the humerus that has been lost, but it will later pro­
vide the arm with some rigidity. 'The wound must on no account be
closed. The prognosis is incomparably better than when disarticula­
tion has been carried out, for even though the arm will be loose-swing­
ing, the patient will have a normally fnnctioning hand. In more
limited fractures early excision of the destroyed head of the humerus
gives the best immediate and also funetional prognosis.

Immobilization of the Shoulder Joint
There are two means of immobilizing the shoulder joint properly:

first by a large thoracobrachial plaster cast, and secondly by an abduc­
tion apparatus of the well-lrnown "acroplane" type advocated by
Bóhler.

An aeroplane splint made of Cramer splinting is sufficiently light to
be worn without great discomfort, but its use should be restricted to
special cases, as it has several disadvantages. In my experience it
is inefficient and even harmful when used to immobilize the scapulo­
humeral articulation and the upper third of the humerus; the immo­
bilization is incomplete, for even when it is properly applied and main­
tains the bone ends in adequate position, it fails to immobilize the soft
tissues. Displacements are common, especially those caused by the
dropping of the apparatus, producing a downward angulation due to
lack of support. Indeed, union with downward angulation ("boat­
shaped deformity") is common in patients who have been transferred
several times from one surgical center to another. When, as often

happens, the apparatus is not applied as carefully as it should be and
mamtams the arm in the lateral plane instead of at an angle of 40°
anteposition, its imperfections are very considerable. An even greater
defeet, however, is that it does not give the wound any protection, so
nccessary 111 such cases.

Fig. 85.-Compound comminuted fracture of upper third of humerus. Excised,
drained with dry auze, and encased in plaster. The photograph shows thc second
plaster just before its removal. (Sce also Fig. 86.)

The thoracobrachial plaster cast is superior in evey way. It pro­
vides the most perfect immobilization, covers the wound, fixes the arm
from the first, and does not cause the discomfort of the aeroplane splint.
This cast shonld be appliecl by using muslin patterns soaked in plaster
paste. It permits the most perfeet rest until the local discharge neces­
sitates a change of cast or union is complete. The following is an il­
lustrative case:

A soldier 21 years of age, wounded by a splinter at Dnnkirk on May
31, sustained a compound fracture of the surgical neck of the left hu­
merus. Next day the wound was excised and drained by gauze, ancl
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a plaster spica was applied. On June 10 he was admitted to the Wig­
field-l\forr1s Orthopaedic Hospital. X-ray showed a comminuted frac­
ture with the humerus in good position. The general and local con­
dition was good (see Fig. 85). On June 27 the plaster was removed·
the wound looked healthy, and the fractme was almost eonsolidatea'.
The wound was still 3 in. x 2 in. in size. A new plaster was applied
and the patient was sent to a convalescent hospital. When the plaster
was removed only a small area of granulations in. across remained

Fig. 86.-VVhen the second plaster was removed, the wound was found reduced to a
small area of granulation ½ inch across. The fracture was correctly consolidated.

(see Pig. 86). Movements were started. After two rnonths the patient
was re-examined and the movements were as follows:

Shoulder : Abduction, 10º short of full.
Flexion, full.
Extension, full.
Internal rotation, full.
Extemal rotation, full.

Elhow: Extension, full.
Flexion, full.

'There was solid ion of the fracture with a very slight external
angulation, imperceptible by external examiation.

This case was completely normal. Al] the proper procedures were
carricd out by the surgeon first in charge of the case.

The best position for the arm is 35° abduction and 35 to 40 ° ante­
position, with the forearm horizontal. In ankylosis of the sholder
this is also the most useful position.

FRACTURES OF THE SHAFT OF THE HUMERUS

Fractures of the shaft of the humerus are common in war surgery.
If there is no associatcd damage to bloocl vessels or nerves, treatment
is not difficult. The anatomical structure of the arm does not facilitate
the spread of infection like that of the leg. 'l'here are no large cellular
spaces to harbor and maintain germs. 'l'he blood supply and the col­
lateral circulation are free, and conservative measures succeed in a
high proportion of cases. Immediate primary amputation is justified
only if there has been so much clestruction of the blood supply as to
endanger the viability of the hand; it should never be undertaken
simply because of the gravity and extent of the damage to the humerus.
A flail arm with a normal forearm and hand is far more useful than
any artificial arm-indeecl, so much more usefnl that it is even justi­
fiable, when necessary, to excise the whole hnmerus rather than sacrifice
the lirnb itself.
It is useful to divide fractures of the hnmerns aecording to their

situation in the upper, middle or lower third.

Upper Third

Fractures of the upper third, in the absence of neurovascular damage,
have the best prognosis. Chronic osteomyelitis and pseudarthroses are
not frvequent. The case illustrnted in Figs. 87 and 88 is a goocl example
of this tpe of injry.

Middle Third

Cetain complications of gunshot fractures of the middle third of
the humerus make their prognosis worse tha that of fractures of the
upper third. 'The radial (musculospiral) net·ve is often damagecl­
usually at the time of the injury, though sometimes later by the pres­
sirve of fibrous or bony tissues on the fractured ends. 'The blood vessels
of the arm, the brachial artery ancl its collaterals, are easily clamaged
by shell or bomb fragments, and the damage may be so extensive that
the circulation to the forearm and hand becomes insuffieient. So long,
however, as there is evidence that the supply to the hand is adequate,
an attempt should be rnacle to save the arm. Moreover, it is only very
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A.

a.

Fig, 87.Compound fracture of the upper third of the humerus, caused by splin­
ters. A and B. Incorrect thoracobrachial p!aster; the shoulder is not properly im­
mobil!zed. O and D. Correct immoblllzation in plaster. (See also Fig. 88.)

JI.

D.

occasionally permissible immediately to suture a radial nerve that has
been divided by a splinter, for later a suture usually gives better re­
sults, and if the nerve has been irreparably damaged a tendon trans­
plantation is eventually required. In a wound without a fracture,
primary suture of divided nerves can be performed only if the skin
may be sutured; that is, in clean lacerated wounds operated on within
six hours.

Fig. 88.The same wound at removal of flrst plaster.

'l'he fracture is best controlled in a thoracobrachial cast. Recluction
is not difficult. The whole cast can be made of a prepared bandage,
but it is quicker and easier to cut a preliminary muslin pattern. As
soon as the cast has been applied and before it has set, traction should
be made, either manually over the plaster at the elbow or by a Kirsclmer
wire through the olecranon, and maintainecl until the plaster is hard.
Deformity oeers vey easily in a badly adjusted splintso easily,

indeed, that a splint should never be usecl for fractures of the npper
ancl midclle thirds of the lnunerus. Similar deformity will occr within
a thoracobrachial cast unless traction is maintained until the plaster
has set.
Another complication is failure of the fragments of bone to unite,

but this risk can be mitigated if great cae is taken to preserve every
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Fig. 89.-Gunshot fracture of lower third of right humerus. The whole of thc
inferior part of the hiceps and the greater part of the tendon of the triceps weredestroyed. (See also Figs. 90 and 91.)

Fig. 90.Radiographs of the same patient taken four months after the injury. In
spite of the persistence of many foreign bodies the fracture consolidated in good posi­
tion. No sign of osteitis.

REGIONAL SURGERY

Fig. 91.The same patient at the end of treatment.

329
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portion of the bone that may survive. Owing to its limited blood sup­
ply, the regenerative power of the bone in the middle third of the
humerus is poor.

Lower Third
Wounds of the lower third of the humerus are even more serious

than those of the middle third-in fact, the prospect of saving the limb
diminishes with the distance of the wound from the shoulder. The
blood vessels are anterior and easily damaged; the nerves are fre­
quently divided; there are several muscles and tendons close together )

with corresponding intermuscular cellular spaces which permit infec­
tion to spread easily through the numerous folds unless the first sur­
gical treatment of the wound has been well done; and the drainage
of the wound is. more difficult because the lower end of the humerus
is interposed like a flat plate between the anterior and posterior com­
partments of the arm.
In cases of chronic osteomyelitis which need an extensive explora­

tion of the humerus the best approach is either through the old scar,
if this is long, or through an anterolateral incision. This may be made
from the medial border of the deltoid downwards to its inferior inser­
tion, and following the lateral border of the biceps to a point two
inches from its lower insertion. The deltoid is divided in its upper
part and the bíceps and tríceps in their lower parts; the bachialis is
incised longitudinally. The cephalic vein should be preserved, and in
stripping the periosteum of the humerus care must be taken to avoid
any damage to the radial neve. That good results may be obtained
when a proper technique is used is shown by the case illustrated in
Figs. 89 to 91.
In sorne fractures of the lower third of the shaft and of the lower

articular region of the lrnmerus I have found an abduction apparatus
valuable. In all fractures of the upper and middle thirds and in many
of the lower third, the thoracobrachial plaster cast provides a better
type of irnmobilization. The position of the arm is similar to that
advised for fractures of the sholder, the degree of anteposition vary­
ing with the characteristics of the fracture. In fractures with multiple
fragments of the upper third of the humerus a large fragment of the
medial side is often displaced inwards by the contraction of the pectoralis
major. In these cases an anteposition of 90º is necessary to obtain a
sufficient reduction by relaxing the contraction.

FRACTURES OF THE ELBOW JOINT REGION

Many of the compound fractures of the lower end of the humerus
are extra-articular, in spite of the radiological appearance. The elbow
joint is so compact that any fracture actually within it must neces­

sarily involve one or more articular surfaces. Moreover, in elbow
wounds the joint surfaces are very often fragmented or even pulver­
ized; the head of the radius is the surface which seerns most o:ften to
escape intact even when the condyles of the lrnmerus, the olecranon
and the coronoid processes are converted into a shapeless rnass.

Classification and Treatment
For treatment, fractures within the elbow joint can be usefully classi­

fied into five groups:
l. Jhactures procluced by bullets fired at long range, making small

wounds of entrance and exit in the skin.
2. F'ractures in which there has been more scvere damage to the skin

and other periarticular soft tissues than to the bones of the joint, and
in which some part of the joint surface remains intaet.

3. Fractures in which there are gross comminution of the joint sur­
faces and severe wounding of the soft tissues.
4. Cornrninutecl fractures o:f the lower articular surface of the hu­

merus without gross soft tissue damage.
5. Posterior penetrating wounds with fracture of the oleeranon process.
Fractures Made by Through-and-Through Bullet Wounds.If the

two skin wounds are clean, the clamage to the internal soft tissues is
probably not severe, and immediate immobilization will allow the soft
tissues and bone to heal without troublesome cornplications.
Fractures With Severe Damage to the Soft Tissues.-In these :frac­

tures the essential problem is that of in:fection, :for provided that in:fec­
tion does not develop, some mobility of the joint can be regained later.
A posterior arthrotomy should be perforrned a1ong either the onter or
the inner border of the olecranon process, according to where the
largest surface wond is situatecl. Sometimes, if there is a wouncl on
oth sides, both wounds will have to be enlarged and explored and
devitalized bone fragments removed through them. Very occasionally
the synovial membrane or the capsule can be sutured, but more often
the wound has to be packed with sterile gauze and the skin left un­
suturecl.
Fractures With Gross Comminution of the Articular Surfaces.-In

such fractures the joint contains many devitalized bone fragments and
o:ften metal splinters, clothing, and other foreign bodies. All these
preclispose not only to local but also to generalized in:fection.. It is
necessary therefore to proceecl on a well-designed, clearly defined plan
from the frst moment. 'True, it is almost hopeless to try to save ·the
elbow joint; bt it is certainly possible to save the arm. The guiding
idea is to attempt a esection of the elbow joint. 'The whole joint must
be exposed, i.e., by detachment of the external epicondyle of the hu­
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B. AD­Fig. 92.-A. Small apparatus for treating displaced_fractures of olecranon.
paratus ready for use. (See also Figs. 93 to 98.)

B.

A.

merus, which can be removed with a chisel and turned downwards
with its attached muscles (Corachán, 1928). By this means the whole
elbow joint may be so exposed and dislocated that all loose fragments
of bone and foreign bodies may be easily extracted. In sorne cases the
surfaee woud is such that the cxternal epicondyle has already been
detached by the shell or bomb fragmenut. When possible, the external
epicondyle should be replaeed af'ter the operation, and the wound either
elosed, or drained and paeked with gaze, according to the extent of'
damage to soft tisses and the time sinee the wound was made. Gen­
erally speaking, the elbow joint is one of' the most difficult to close by
sutures, owing to the disproportion between the sizes of thc bone sur­
faces and that of the synovial membrane and capsule. I either case
the arm must be fixed in plaster. In a fairly high proportion of cases
some mobility will ultimately return to the joint.
In certain cases in which there has been gross destruction of the ex­

terna! epicondyle and capitellum, the procedure should be to remove
all loose fragments and then to excise the internal condyle and trochlea,
even when these have not been severely damaged. Removal of the
externa! part of the lower articular surface of the humerus after severe
injury is usually followed by a cubitus valgus deformity; if, however,
the whole lower articular surface is removed, a fl.ail elbow results,
which is fundamentally more useful to the patient. Moreover, the
additional drainage secured by the removal of the intemal condyle
and trochlea is valuable.

Oomminuted Fractures of the Lower Articular Surface Without Gross
Soft Tissue Damage.-These fractures do not require widespread re­
moval of bone, and, as in fractures of the lower end of the shaft of the
humerus just above the elbow joint, can be effectively treated by a
combination of abduction splint, plaster cast, and traction. The plaster
cast is applied to the arm extending clown to the wrist; the arm is
abducted and flexed at the sholder. The abducted arm is supported
additionally by an abduction frame made of Cramer splinting. In
order at the same time to secure traction, an extension is applied to
the arm, exerting traction on the plaster by means of a loop made with
a plaster bandage and attached to a continuation beyond the elbow of
the Cramer splint supporting the upper arm. The tension is produced
by attaching the plaster loop to rubber tubing, the tension of which
is increased by means of a windlass. This is one of the few occasions
on which I find any sort of abduction frame of any use.
Posterior Penetrating Wounds with Fracture of the Olecranon Proc­

ess.-These wounds constitute a difficult problem through the increased
separation of the olecranon due to the contraction of the triceps. Suture
of the olecranon process is in many cases technically impossible and



Fig. 94.-Device for fixing the olecranon in position.

frequently dangerous. For treating simple fractures of the olecranon
process where for some reason the operation is contraindicatecl I use
a simple apparatus consisting ol a light metal bar 4/ inches long,
having fixed at one end a scew for the upper fragment of the ole­
cranon, ancl, free to slide along it and locking at any desired point,
a somewhat larger screw for the ulna, to be insertecl an inch or two
from the line of the fracture. 'l'o reduce the fracture, the .two screws
are approximated by sliding the ulnar screw along the bar and locking

7
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it when the fragments are in satisfactory contaet. If the upper frag­
ment of the olecranon is too small for a screw or the process is com­
minuted, a pair of small re-entrant prongs like goats' horns can be
clamped to the end of the bar instead. These pass easily through the
skin and engage on the small upper face of the olecranon process just
where the tendon of triceps is inserted (see Jig. 92).
A plaster cast fixes the elbow for the required time, and if the frac­

ture is completely reduced, a window can be made over the fixation
apparatus. If, on the other hand, there is a gap between the fragments

1

¡

A.

B.
Jig. 93.A. Radiograph of a compound fracture of the olecranon. Eighteen hours

after the injury the wound was excised, and the olecranon reduced by the apparatus
shown in Jig. 92. B. Radiographlc appearance twenty days after operation.
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it is better to cover the wound with plaster below the apparatus. In
simple fractures the plaster may be kcpt on for three weeks, af'ter
which it should be removed and the elbow mobilized. After another
fortnight the apparatus rnay be removed. In compound fractures the
apparatus is kept in position up to 8 weeks but never longer, and move­
ments are permitted as soon as the condítion of the wound permits
(see Figs. 93 to 98).

by progressive mobilization of the elbow joint. For the drainage of
an infected elbow joint either a lateral or a medial posterior incision
is the best approach. I the internal incision is macle, the ulnar nervc
mnst be carefully avoided. 'The best way to prevent harm to this nerve
is to make an incision two or three inches long following the insertion
· o o
in the olecranon of the triceps museles close to the oleeranon process;
the superficial and deep fasciae are inciscd ancl the capsule is opened
up. 'The nerve is displaced internally.

FRACTURES OF THE FOREARM

When the Fracture Is More Important Than the Wound

Fractures of both bones of the forearm are usually produced by rifle
bullets or small splinters, and are therefore seldom accompanied by
great destruction of the soft tissues. 'l'hc prcvcntiou of sepsis is con­
sequently not difficult, but nerve lesions are common, especially of the
ulnar nerve. It is important not to overlook this possibility, in order
that the damaged nerve may be treated as soon as possible. If the

Fig. 97.Radiograph three months after the injury.

Fig. 9G.-Condition of the wound three months after its production.

Fig. 95.-Conclition of the wound three weeks after operation.

In some clean fractures of the tip of the olecranon operatcd on with­
in the optimum time, the best procedure is the excision of the frac­
tured olecranon and attachment of the tendon of' triceps to its base.
Suture of' the skin is neccssary to protect the underlying stitches. Im­
mobilization with plaster is maintained for three weeks and followed
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wound receives early treatment, and if the soft tissue injury is clean·a nerve suture may be performed at the time of reduction of the frac-
ture. But these circumstances are rare, either because more than six
hours have elapsed since the occurrence of the wound, or because there
is little prospeet that the wond will remain completely clean. The
treatment of the nerve damage must usually be postponed, therefore,
untü after the fracture of the ulna has consolidated and all possibility
of inflammation has disappeared. The nerve can then be repaired in
whatever way seems proper, preferably by an end-to-end suture, the
sclerotic ends being first excised and the nerve transposed to the ante­
rior compartment of the elbow.

Fig. 98.Range of movement three months after injury. Complete functional re­
covery.

When both bones are fractured, reduction must be effected as rap­
idly as possible; if the wound has been made by a bullet fired at long
range and the cutaneous perforation, especially the wound of exit, is
small and regular, the forearm may be immediately encased in plaster
with extension of the hand and counterextension of the flexure of the

elbow. If the fracture is high, the hand must be partially supinated;
il' the fracture is towards the lower end ol' the radius and ula, it is
advisable to place the wrist in pronation. The plaster should run from
the heads of the metacarpals to a point about four inches above the
flexed elbow. It is better not to changc this cast until six to eight
weeks have elapsed, in order to avoicl late movements of the fragments;
the slightness of the discharge from the wound in these cases allows
the cast to be kept on until the fracture is firm. Few fractures of the
forearm need external fixation with wire, owing to the ease with which
reduction is maintained in very comminuted compound fractures.

Fig. 99.Infected compound fracture of both bones of the forearm. Photographs
taken three weeks after injury, at the frst chane of plaster. (See also Figs. 100 to
103.)
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When the Wound Is More Important Than the Fracture

If the fracture of both bones is ·produced by shell or bomb fragments,
the destruction of soft tissues by the splinters of metal and their re­
mova.l after rcsection of the edges of the skin makes skin or nerve

Fig. 100.-Lateral radiograph showing the same infected comminuted fracture of
radius and ulna, after six weeks' treatment.

Fig. 101.-'The same wound at the second change of plaster, si weeks after injury.
Note the gauze still draining the wound.

suture impossible. In these cases, after the site of the fracture has
bee~ carefully cleansed, the muscle and skin wounds must be Ieft open;
sterrle gauze should be the only padding between the wouncl ancl the

Fig. 102.Wound healed three months after injury.

Fig. 103.-Complete consolidation of both bones without osteítis. Radiograph eight
weeks afer Fig. 101.

plaster. When the operation has been performed too late, these wounds
discharge copiously, and it will be found diffieult to maintain the first
plaster long enough far union. A t any time between the third and



342 WAR SURGERY REGIONAL SURGERY 343

fourth weeks, therefore, this plaster may be changed for a fresh one,
which should be the last. Unfortunately, however, many wounded in
the front line do not receive surgieal treatment until a serious infection
is established. Osteomyelitis may be very extensive and discharge so
copious that it is necessary to change the plaster cast more often, sorne­
times every two weeks. In such cases, owing to the proximity of the
arm to the face, the patient may find the stench barely tolerable. Very
often at a change of plaster it is possible to remove sequestra, thus
facilitating the normal granulation and scarring of the wound. The fol­
lowing is one of these cases treated whcn infection was rnaking alarming
progress:

On Oct. 17, 1939, a man 49 years old had his left arm deeply cut just
above the elbow by a circular saw. The main vessels and nerves es­
caped, and he managed to walk more than a mile through the woods
to a road where he was picked up and taken to a hospital. There his
wound was cleaned under anesthesia, many small fragments of bone
were removed, the muscles and fascia were sutured as far as possible,
and the skin was sutured with drainage. The arm became increasingly
swollen, painful and inflamed. His temperature rose, he became seri­
ously ill and on Oet. 20 he was transferred to the Wingfield-Morris
Orthopaedic Hospital. ·

On admission he looked ill and anxious. IIis left arm was painful
and swollen, with edema of the forearm and hand. His heart sounds
were faint, bis temperature 101.2º F. and his pulse rate 96. Radio­
graphs showed a comminuted fracture of' the radius and ula just be­
low the elbow. He was operated on the same evening. When the
dressings were removed the whole elbow region looked angry. The
wound was tightly sutured and the skin edges were in a state of moist
gangrene; the wound when opened was full of offensive pus. 'The
necrotic edges of the skin and subcutaneous tissue and the exposed
muscular surfaces were excised, wherever they were dirty or avascular,
to the leve! of good bleeding, and a pocketed and inflamed area above
the wound was laid open by a vertical incision. The wound was now
deep but widely open; a fine laye of vaseline gauze was applied, then
a few layers of ordinary dy gaze, and finally a plaster. The arm
was put up with the elbow fixed to a right angle and the arm making
an angle of about 45° with the side. Therve was a visible depression in
the surfaee of the plaster where it followed the contour of the wound.
Next morning the patient was better, his arm was comfortable and

the edema of his hand had disappeared. Proseptasine 1 gram was
given every four hours for twenty-four hours. His temperature fell to
normal by Oct. 24 and remained below normal, except for one evening rise
to 99.8º F. On November 9 he was given omnopon, grain , the plaster
was bivalved and the dressings were removed (see Figs. 99 and 100).
The wound was redressed and replastered as before. He was dis­
charged on Nov. 13. 'The plaster was changed again on Nov. 30 and
an x-ray film taken (see Fig. 101); another was taken on December 21,
when the wound was alost healed. This time the plaster extended
from the axilla to the metacarpal heads. On January 18, 1940, the
plaster was left off, the arm was put up in a collar and cuff, and move­

'-

B.
Pig. 104.4. Compound fracture of ulna correctly treated_ in a small country hos­

pital. Photograph taken a few days after the injury. Complete absence of pain and
edema. Movements of shoulder and fngers are encouraged.

B. The same patient two months after the injury. The wound had been grafted
three weeks before. The wounded man was back with his unit less than nine weeks
after being wounded.
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ments and light acth e use were ordered. Figs. 102 and 103 show the
modera.te scar and the racliographic appearances on February 21. On
April 12 thc range o.f movement was 80°-135°. There was no radio­
ular movement. Radiograph showed good consolidation. The shoulder
movement was almost fll and the man was using his hand naturally.
He is known to havc improvcd still further sinee discharge and is work­
ing as before.

The lesson of' this case is clear. All the trouble was due to primary
suture and probably also to insufficient excision. Although the local
condition was serious, simple arrangement and immobilization saved
the arm ad gave a relatively good fonctional resulL

Fractures of Only One Bone
When only one bone is fracturecl the general technique is the same,

with this difference in detail: that the undamaged bone can serve as a
splint for the other and so make reduction unnecessary. The frag­
ments can be maintainccl in position by a slight deviation of the hand
in the direction of the undamaged bone, with a varyying degree of
supination or pronation corresponding to the distance of the fracture
above or below the middle of the forearm, respectively. This type of
wouncl should be encased in plaster in the same way as any other frac­
ture of the forearm (see Fig. 104).
Retention of Fragments of Bone.-In all these fractures it is essential

to conserve every possible bone fragment which is attachecl either to
muscle or to periosteum, removing at later changes of plaster those
fragments which have diecl as a resnlt of sepsis or of secondary dep­
rivation of bloocl snpply. In other words, only completely free frag­
ments shonlcl be removed, for a lack of continuity of bone easily pre­
vents union. The power of the periosteum in the bones of the forearm
to proliferate is limited, especially at the junction of the upper ancl
middle thirds. On the other hand, if all the small fragments which
keep their periosteal and muscular attachments undamaged are pre­
served, they stimulate the regeneration of bone; this stimlus is in­
valuable even if they are very small.
Drainage of Deep Infection.-In many cases the best approach to

deep infection is through the wound itself. In other cases either lateral
or posterior drainage should be provided; only rarely should the ante­
rior spaces be incised. A collection of pus from a suppurating ula
must be treated differently from one coming from a radius.
Suppuration of the Ulna.-Drainag·e should be provided through an

incision of the skin following the posterior border of the bone. When
it is necessary to open up the interosseous space, the best way is to
separate the anconeus from the posteroexternal side of the ulna in the
upper part of the bone, and the extensor carpi ulnaris in the middle

1

l

and lower thirds. A forceps is introduced into the clissected space
and the opening enlargecl with it.

Suppuration of the Radius.-Drainage shoulcl be provided through a
posterior incision for the upper third and an external incision for the
middle and lower thirds. The most difficult part to drain is the junc­
tion of the upper and the middle third, owing to the relatively deep
situation · of the bone ancl the thickness of the muscle between it ancl
the skin. In fractures at that site it is better 1:o clrain the bone either
through a posterior incision, if the osteomyelitis is mostly in the upper
thircl, or through a lateral in~ision, clisplacing the extensor and dis­
secting the supinator, if the lcsion extencls clown to the midclle third.
The latter incision shoulcl be slightly posterior in its upper part.

FRACTURES OF THE WRIST AND HAND

The anatomieal disposition of the wrist and its articular spaces make
it clinically one large joint. Lesions of the wrist may be divided into
three groups:

1. Wounds cased by bullets fired at long range, with small regular
wounds of entry and exit that heal rapidly ; the bone lesion is usually
a simple clean tunnel if no foreign bodies, especially bits of clothing,
remain in the wouncl. 'l'his type of lesion may be treatecl by immecliate
immobilization in plaster without any recourse to surgery ; its progress
demonstrates that there is no sepsis, for healing commonly follows
within two months, usually lea ving as the after-eflect a permanent
rigiclity of the carpus, ancl in other cases loss of fnnction in the fingers
as a consequence of lesions in tendos or nerves.
2. The seconcl type of lesion is producecl by small shell or bomb

frvaements that remain embedded in the depths of the narrow wound.
The edges are bruised and the base is of'ten filled with particles of
foreign body. Under sueh conditions it is not surprising that painful
and persistent arthitis of the wrist is common, though a spreading
infection with septicemia is rare. With the disastrous possibilities of
an infection of the wrist in mind, the surgeon should apply pompt
treatment, enlarging ad excising the edges of the wound, separating
the tisses, and removing every kind of foreign body fvom the bottom
of the wound: bone fragments should be removed if possible. If the
loss of skin or the appearance of the lesion does not permit suture, a

l l 11 b insertecl after the wound has been powderedgaze pack shouud e e. • bv +]
'th lf ·ih 'de A plaste should then be applied from above thewit. su am anu< e. . · i h d

elbow to the head of the metacarpals, with the wrist i slight dors­

fl · Pvimary suture however, is preferable whenever possible,ex1on. 1 .
owing to the tendinous nature of this articular region.

o
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Fig. 105.Continuous elastic traction to combat stiffness of the fingers in exten­
sion. Note the transflxion of the nails. A. Maximum flexion obtained_one year after
an infection of wrist and lower third of forearm. B. Range of flexion after three
weelcs of continuous elastic traction by rubber tubes fixed in the nails.

For cases of the first type, in which traetion is reqnirecl, it is best to
employ a combination of plaster ancl wire, making curvecl splints of the
wire for palmar support ancl keeping thesc in position by turns of plaster
bandages round the wrist and lowe forearm. 'To make an extension for
the :fingers, one of many methods may be used, e.g., traction either by a
wire or by a moclified safety pin through the plp of the :finger, or better
still through the free end of the fingernail (see Fig. 105).

depends on the fingers and hand being placed in a more or less correct
position within the immobilizing apparatus or plaster. 'These two types
are:
1. Wounds of the metacarpals and phalanges associated with oblique

or comminuted :fractures which require continuous traction at the same
time as immobilization; and
2. Wounds associated with transverse fractures which need only

fixation.

B.A.

3. The third type of lesion, in which great crushing of the entire
articulation is caused by a soft bullet or by a shell or bomb fragment,
IS seen very often. To save the hand it is necessary to adopt very ex­
treme measures, even the resection of the whole wrist.
Drainage.-A lateral incision two inches long is made on the ana­

tomic snuff-box. The tendons of the abductor pollicis longus and ex­
tensor pollicis brevis are separated from the extensor pollicis longus,
the radial artery is retracted and the lateral ligament and synovial
membrane are incised. A medial incision two inches long is made over
the head of the ulna slightly posterior to the medial side of the wrist.
'The extensor carpí u1naris is separated posteriorly and the medial liga­
ment and synovial membrane are incised.
In sorne cases of infection of the carporadial and ulnar joints, better

drainage is obtained through a double posterior incision two inches
long which approaches the joint through the dorsal carpal ligament
between the tendons of the extensor pollicis longus and the extensor
indicis proprius on the outer sicle, and between the extensor carpi
ularis and the extensor digiti quinti proprius on the inner side.
Infection of the Tendon Sheaths.Involvement of the tendon sheaths

in infections of this region is a very grave complication which seriously
jeopardizes the future funetions of the wrist and hand. In war in­
juries produced by firearms and explosives the tendons must never be
sutured, for suppuration almost invariably occurs, with breakdown of
the suture line. Only lacerated wounds in tendons caused by glass
may sometimes be sutured. An attempt should always be made to
place the hand and-if .owing to the destruction of the tendon no ulti­
mate mobility is expectedthe fingers in a plaster cast as soon as pos­
sible. 'This technique, combined with proper surgical treatment of the
wound, may avert infective complieations of the hand and wrist.

Fractures of Metacarpals and Phalanges

In fractures of metacarpals and phalanges, as in all surgery of the
hands, the most conservative treatment should be used. Excision of
bruised tissues must be carried out with extreme prudence, avoiding
further damage. Infective complications in the hand are not frequent
when correct treatment is employed in due time. Thorough hemostasis,
cleansing of the wound from foreign bodies and especially from hema­
tomas, and excision of' lacerated subcutaneous celllar tissue, followed
by primary suture of the skin whenever possible, form the basis of
success.
From the point of view of immobilization it is very important to

distinguish two types of cases, for the patient 's functional future mainly
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In rifle bullets or splintcr wounds of the fingers, the damage to the
bone is less important than thc dcstruct ion to the tendons; even if the
fingers are saved, they are in most cases useless. It follows that fingers
in which tendon as well as bone lesions have bcen produeed by bullets
or splinters need immediate amputation, for the slight possibility that
funetion may be restored is not worth the risk of conservative treatment.
Injuries of the metacarpals, on the other hand, demand conservative

srgery if this is at all possible. A plaster cast fixing the hand in a
position of nseful function, with the tlrnmb opposed to the fingers, gives
good resnlts if combined with traction of the fingers in flexion.

Fig. 106.-Laceration of the dorsum of the hand with loss of almost the whole
thircl metacarpal ancl the extensors of second and thircl cligits. Photographs talcen at
the frst change of plaster, fourteen das after injury. (See also Figs. 107 to 109.)

On July 14, 1941, a man of' 58 was seriously wounded in the right hand
by a machine. The wound extended from the carpal region to the
metacarpophalangeal joints and involved the whole width of the hand.
'l'he whole of the third rnetacarpal bone was missing except its base, ancl
the contents of the second and thircl interosseous spaces were scooped out
and hanging to the distal part of' the wound. Thc second metacarpal
bone was bare, and a slice was missing from the dorsomedial aspect of
the head. The metacarpophalangeal and carpometacarpal joints were
open. The extensor tendons of the second and third digits were beyond
repair; that of the fourth was only partially interrupted. Operation was
performed three hours after the injury, 3,000 units of antitetanie serum
being given. Under general anesthesia with gas and oxgen the skin
and wound were cleansed with soap and water and an antiseptie was ap­
plied to the skin. 'The wound was excised as completely as was con-

venient and the flexor tendons were found bare in its depth. All the
structures attached to the base of the frst phalanx were excised. The
rest of the skin of the dorsum was in narrow strips, which were Iargely
removed. The distal lateral angle of the wound was closed with three
interrupted silkworm-gut sutures along a line continuing the fourth
interdigital cleft. 'The lateral angle of the distal flaps washeld in place
with one stitch; sulfanilamide powder was blown on the wound. A dry
dressing and a plaster-of-Paris cast were applied with the hand in relaxa­
tion.

Fig. 107.-Good local and general condition throughout the whole treatment. Note
absence of edema of forearm.

The postoperative course was uneventful, the temperature never .
rising as high as 99º F. (see Fig. 106). Fourteen days later the plaster
was removed and the wound was found dry and clean (see Figs. 107
and 108). The second metacarpal was covered with granulations, the
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Fig. 108.-At the removal of the flrst p!aster the plain gauze used for drainage is
dried. Note the two different qualities of gauze.

Fig. 109.Ten das after the skin grafting; only a small area is still uncovered by
: epithelium.

remaining extensor tendons being clean and without any sign of in­
f'ection. The place of the lost bon of the second and third métacarpals
was filled with granulations. Dry gaze and new plaster were applicd.

On August frst the plaster was removed and a Ollior-Thiersch graft
was applied to the dorsum of the hand, after cleaning with soap and
water and salme. Vaselme gauze and a new plaster were applied.
On August 10 the plaster was removed and the graft was found satis­
factory; only a small area over the second ad frth metacarpals was
still uncovered by epithelim (see Fig. 109). On August 13 the patient
was dischargecl from the hospital. On Scptcrnber 9 he showed sorne in­
crease in the range of movement of the fingers, except that of the third
ancl fourih cligits, which hacl lost their extensor tenclons ancl also had
had their flexor sheaths clamagecl.

\Vouncls of the seconcl typc, i.e., transverse fractures, are rare in war.
· All that is necdecl is plaste for immobilization, care being take'n to flex
the fingers.

Drainage.-'l'he utmost care shoulcl be ta ken in clraining thc palmar
spaces. The surgery of industrial acciclents cluring the last twenty years
has shown the great responsibility of errors of surgery for deformity
and crippling of the hands. The teaching of Bunell, Kanavel and Iselin
has rnade it clear that certain clefinite lines of incision shoulcl be followed
to avoid permanent disability cluc to scar retraction and lesions of the
nervc supply.
I war injuries of the hand, tlucc incisions are particnlarly useful.

The first, for drainage of the middle palmar space, is thc long, curved
incision that follows the first flexion crease from outside to inside, then
upwarcls to the base of the thenar region and on to the inner part of
the anular ligament. It avoids the thenar nerve branch, provided gen­
erally by the median nerve.
The second incision, for the chainage of thc thenar space, passes im­

mediately above the thenar rrease and should end jnst where tl.iis reachcs
the thenar musclcs so as to avoid damage to the thenar ncrve.
The third incision, in the thenar space in the dorsmn of the hand, must

be external to the first interossens musclc and must stop short of cutting
the radial artery as it passes through the first cleft.

WOUNDS AND FRACTURES OF THE HIP

Injuries of the hip region constitute one of the greatest problems of
war surgery, not only because of their gravity but also because of the
technical complexity, and in many cases the unsatisfactory outcome,
of their treatment.
If the general statistics of casualties treated in different hospitals are

examined, war injmies of the buttock and especially fractures of the hip
are found .to be relatively rare in comparison with fractnres of other
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bones and joints. This fact at first sight seems surprising, for from its
size and position the hip might be expected to be injured more often
than other joints. But the comparative rarity of lesions of the hip in
war hospitals is misleading, for the number of wounds in this region is
actually rather large; the majority of the patients, however, never get to
a hospital but die somewhere on the way. Fatal complications are
favored by the proximity of vital organs, such as the bladder, the in­
testines and the iliac and femoral vessels.
In hip wounds without fracture two anatomical factors contribute to

the serious prognosis: the large muscular mass of the gluteus, and the
subperitoneal connective tissue spaces. Behind many little skin wounds
in the gluteus maximus caused by splinters from an aerial bomb, there
is an enormous destruction of the deep muscular structures mixed with
contaminated blood and often with portions of clothing and other foreign
bodies. A further danger in hip wounds arises from proximity of the
anus and, in soldiers on campaign, from the dirty condition of the skin
of the gluteal region.

Classification of Wounds of the Hips and Buttock
1. Fractures in Which the Joint Lesions are the Only Important

Ones.-The cause of these fractures is usually a bullet fired at long
range, and the wounds of entry and exit are mere punctures. Unless
an important organ or vessel is hit, the danger is slight and healing
usua.lly proceeds without infection. When the bone damage is serious,
all the complications and difficulties are related to the formation of ex­
cessive callus, which commonly causes total ankylosis of the hip joint.
2. Wounds in the Buttock Without Bony Lesion, but With lnclusion

of a Foreign Body.-These are always serious, even when the wound of
entry is relatively small and clean. It is common to find an area of
mortifying subeutaneous fat soaked with blood, and sorne debris of dead
muscle; and obviously, unless a radical operation is performed at once,
the prognosis is very serious. In other cases the worst damage is in the
musculature, the aponeurosis of the gluteus maximus being perforated
and having immediately behind it a great mass of bruised muscle and
blood. The commonest cause of these wounds is a fragment of an aerial
bomb, a shell or a hand grenade.
3. Wounds of the Buttock With Fracture of the Ilium, Head of

the Femur or Both.-In sorne serious cases there is not only a destructive
wound of the soft tissues, but the bones of the hip are also damaged.
Vessels and nerves, especially the sciatic nerve and superior gluteal
artery, and less frequently the inferior gluteal artery, are often dam­
aged. Gas gangrene and subperitoneal infections are the most common
and dangerous complication of these wounds.

4. Fractures With Inclusion of the Metal Fragnient.-Many different
types of these lesions may be seen, from comminution of the hip joint to
less serious injuries such as fracture of the trochanter or acetabulum.
These fractures respond much better than the others to surgical treat­
ment.

Treatment of Serious Wounds of the Buttock
In serious buttock wounds the factors of time and excision largely

decide the patient 's future. The region is usually dirty, much fat and
muscle are damaged, the layers of the tissue are closely superimposed,
and important organs and other anatomical structures lie near the
wound. Operation should therefore be carried out as early as possible,
certainly befare six hours and better still before four. The excision
should be adequate, the depth of the wound exposed, and the drainage
carefully performed. Far this a very thorough enlargement of the
wound is necessary. No wod in this regio should ever be closed by
primary suture.
Technique of Drainage of the Hip Joint.In all serious infections

of the hip joint, operation on the following liues is essential:
If the patient is seriously ill, transfusion with both plasma and blood

is required befare operation. Because of the depth of the hip joint
socket and the very lose approximation of the opposing articular sur­
faces, drainage of infected fractures is difficult to establish by any ap­
proach. Excision of damagcd tissues, however radical and deliberate,
never really exposes the joint, as the head of the femur prevents the
exit of fluid by acting as a plug. An operation which does not include
resection of the head of the femur is essentially extra-articular, and
though such an operation may defeat the septic process when the lesion
of the bone is not serious, it usually fails to drain the joint itself in a
seriously infected fracture. Indeed, the only really radical method of
draining the hip joint is excision of the head of the femur, the best ap­

. proach being the anterolateral along the upper border of the neck and
head, by an incision that runs from the anterior superior iliac spine
downwards and slightly laterally. The fasciae are divided, the sartorius
is separated inwards ancl the space between it and the vastus lateralis
opened up by blunt dissection. This approach is not as easy as Smith­
Petersen 's, but gives good drainage af'ter the operation; it has the added
advantage that it can if necessary be enlarged upwards into a Smith­
Petersen approach.
In sorne cases the extent and gravity of the wound, especially when it

extends to the upper third of the femur, make any attempt at conserva­
tive treatment not only useless but dangerous, as even the best of drain­
age and the widest resection will then not arrest the septie process. The
only chance of saving life in sueh cases is to perform a disarticulation



354 WAR SURGERY
REGIONAL SURGERY 355

at the hip joint, giving blood transfusion bef'ore and during the opera­
tion to control shock. The mortality is very high, but always lower
among those who have been operated on early than among those on whom
conservative treatment has been frst attempted. Chemotherapy may
possibly help to savc some ol' the seriously infected cases.
When hip casualties oceur in the front line, the real difficulty lies

in performing· a rapid and efficient operation in an advanced surgical
station, for on acconnt of thc gravity of their wonnds the patients cannot
be transported f'ar from the front. The outlook is better for air raid
casualties, as valuable time is saved by effieient transport and the prox­
imi1y of g·ood surgical facilities.

Treatment in Less Serious Cases
\Vhen the fracture of the hip joint is produced by a long-range bullet,

the wounds of enty and exit are usnally small and there are no serious
lesions of the soft tissues. Such cases may be treated by immobilization
without any other srgical treatment, and progress will be similar to that
of a closed fracture.
In cases of multiple fracture and more severe damage to soft tissues

caused by high-velocity bllets, fragments of bone must be removed
and/o the head of the femr reseeted for drainage. In many cases
the capsule may be sutured.
Immobilization mnst fallow immediately. The plaster cast, far which

I always use the pattern technique, should extend from the axilla clown
to and including the foot (see Fig. 69).
In cases operated on too late, in whieh the head of the femr has been

resected or much splinterecl bonc has been removed, the plaster cast
quickly becomes saturated and cannot therefare be left on far long.
Twent das is about the maximum pcriod far the first cast. The patient
should lie on the injured side. When drainage is effected by means of
corrugated rubber, the drain may be led through a hale bored in the
cast as soon as it is applied, and the cast can be kept on a few days longer
than it would without this farm of drainage. In other cases vaseline
gauze inserted in the plane of intermuscular cleavage and changed with
every new cast will serve to drain the discharge.

Operation should be performed at the earliest possible moment, owing
to the rapid intoxication of these patients when excision is delayed. The
following is an example of the course of a wound in the hip region when
operation is not carried out within the first few hours.

A doctor's wife was wounded by an aerial bomb splinter which caused
a perforating wound of the buttock with the outlet in the external part
of the groin. Great bruising of the soft tissues was produced and she
suflered immediately from shock of some severity, the blood pressure

being 90/60. Blood transfusion, morphine, glucose saline and heat were
employed to combat the shock. A hopeful reaction appeared after the
first blood transfusion, but this was maintained for less than one hour.
Twelve hours later the shock was still pronouneed, and there was a slight
rise in temperatre, toxie excitement and a blood pressre or jo5.
Within forty-eight hours of receiving the wond the patient had a
pyrexia of 104° F. and died in advaneed toxemia.

The only oppotunity in this case was lost when the patient responded
to treatment during the first hour of resuscitation. Exeision and drain­
age should have been performed there and then.

FRACTURES OF THE SHAFT OF THE FEMUR

The great destruction of the thigh musclcs caused by bomb and shell
fragments, and the extensive splintcring of the femur produced by rifle
bullets or by the casing of modern light bombs, contribute to the gravity
of wounds in a region in which gas gangrene is common and osteo­
myelitis is serious. Owing to the anatomical strueture of the thigh,
drainage in case of infection is difficult; the stratification of the muscular
masses with the dividing fascial layers mayy make even the boldest longi­
tudinal dminage ineision inadequate. Fortunately, sepsis can be averted
by proper treatment within a few hors of the injury.

Transport of the Patient
Except for the star-shaped fractures caused by rifle bullets, in which

the muscular clamage is slight and the skin lesion negligible, ali
wounds of the femur must be treatecl as rapidly as possiblc.

The firvst urgent problem is the transport of the patient to the nearvest
surgical sta.tion uncler provisional but effective immobilization, for
movement of the fracture increases the muscular damage ancl sometimes
the nervous and vascular damage as well; the prevention of' further
shock depends likewise on the conditions of transport. These, how­
ever, with the methocls of splinting normally available, are sclclom all
that they should be. Splints that can be easily appliecl to the thigh have
the serios disadvantage of being badly adapted to the trunk, espccially
to the pelvis, and nnless the tip of the splint extends beyond the thigh,
immobilization is wholly usatisfactor. In the War of 1914 to 1918
widespread use was made of the Thomas splint, which enables the leg
to be kept in extension by traction from the foot ancl countcrtraction
from the pelvis. This apparatus, though inefficient if employecl with
the idea of treating the fractme, has the great advantage that it can
be applied as a frst-aid splint to the patient where he lies wounded.
The 'Thomas splint is also ineffective as a meas of immobilizing frae­
tures of the upper third of the femur. These high fractures can be
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immobilized by two Cramer splints, well protected with cotton wool:
one is placed at the baek of the leg and thigh, reaching just to the lower
border of the buttoek; the other, a long one, covers the leg, thigh and
abdomen. Here again, however, no splint is comparable with a well­
fitted plaster-of-Paris cast, provided that sufficient elevation of the foot
is secured during transport.

Treatment
Reduction.-In the relatively few cases in which shock is not too

severe, fractures of the sha.ft of the femur may be reduced under gen­
eral anesthesia with ether (see p. 165) ; but for most patients local an­
esthesia is necessary. The next step is to reduce the deformity by trae­
tion, the details of the procedure varying according to the site of the
fracture. In fractures of the upper third, the pull should be in the di­
rection of flexion and abduction of the hip; in those of the middle third
a straight pull in slight abduction is needed. If the fracture is at the
lower end of the femur, both hip and knee must be flexed to prevent
backward rotation of' the lower fragment.

To ensure proper reduction some form of orthopedic table should be
used. If traction in a straight line is required, the foot should be band­
aged to the extension screw on the table; if a flexed position of the
knee is required, a Kirschner wire may be passed either through the
crest of the tibia or through the lower epiphysis of the femur (see Fig.
27). Any other form of skeletal traction apparatus, such as a Stein­
mann pin or an ice-tong caliper, can be used. The purpose of the trac­
tion is to reduce the fracture and maintain it in reduction, so that, after
the surgical treatment of the wound has been completed, a plaster cast
may be applied directly to the leg and the Kirsclmer wire or Stein­
mann pin either removed or maintained. Sometimes the number of cases
requiring treatment exceeds the available supply of orthopedie tables
and traction apparatus; and in such circumstances trained assistants
can effect and maintain reduction by gripping the leg behind the knee.

Treatment of the Wound, Fixation of the Fracture, and Application
of the Plaster.When the deformity has been partially corrected by
traetion, the skin of the entire thigh and thc raw surface of the wound
should be scrubbed quite clean with a nail brush, soap and water. The
wound is enlarged longitudinally both above and below and the skin
edges are excised. This is followed by careful removal of such muscu­
lar bundles as do not bleed freely or respond to stimulation with for­
ceps, in order to eliminate what would otherwise become a culture
medium for anaerobic bacteria.
The next step is completely to remove all organic and inorganie for­

eign bodies, and all damaged and unattached fragments of bone en­
countered during the exploration of the wound. After hemostasis,

the fractured ends should be aligned as accrately as possible, sulfa­
nilamide powder spread in the wound, and st·il· · • a ser1.e gauze pae. ap­
plied with another layer on top of it, and the whole leg plastered
from the lower ribs to the toes. When the plaster is dry, the traction
may m sorne cases be released, the fracture being held in correct align­
ment by the cast.
It must be remembered in planning drainage that the thigh is di­

vided by fascial planes into an anterior and a posterior part, and that
an infected wound of the anterior part does not drain well from be­
hind, and vice versa. In most cases it is necessary to make separate
openings in front and behind, so as to drain both compartments.
Fixation of the Fracture Under Plaster.In extensive injuries of

the soft tissues which have been treatecl by thorough excision of mus­
cular tissue and fascia, the plaster alone may be sufficient to maintain
th_e recluction. In these cases the decreased tone of the muscles per­
mits the bone to be kept in correct position. The plaster must be well
moulcled and extend high up the body. When the wound is not very
large it is necessary to counteract the contraction of muscles inside
the plaster, which in all simple fractures may produce secondary de­
formities.

There are three successful techniques for combating loss of redue­
tion inside the plaster:
l. A loop made of a plaster bandage is attached at the level of the

flexed knee, and from it is suspended a weight of 15 to 25 pounds. This
method is especially convenient for shocked or infected patients, who
need the benefit of immobilization in plaster but whose plasters, owing
to the profuse discharge, must be changed three or four times during the
treatment. When a plaster is removed the patient is placed on the
orthopedic table and anesthetized, traction is exercised by the handle
fixed on the table leg, and the plaster is cut circularly just above the
knee to allow the traction to be maintained. The whole plaster covering
the body, leg and thigh is removed. After the dressings have been
changed, a new plaster is applied to the body and thigh and :fixed to the
old plaster of the leg·, through which the traction is exerted. By this
technique traction is not lost and the fracture does not suffer any dis­
placement.
2. For cases without soft tissue damage, a better method of keeping

the fractured femur in position is to transfix the lower metaphysis with
a Steinmann pin or, better, with two. The longer and lower pin trans­
fixes the bones, passing right through the soft tissues to emerge at the
inner side of the thigh. The shorter pin, placed parallel with the longer
one and about 2 in. proximal to it, also transfixes the cortex but <loes
not emerge at the inner side (Anderson, 1939). To fx the upper frag­o
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ment, two more short pins are inserted into the trochanter, making a
right angle between them, and fixed together with a plate. The four
pins and the plate are included in the plaste and solidly held together.
The only serious objection to this teclmique is its lavish use of Stein­
mann pins. Inflammatory reactions sometimes occur, especially round
the upper pins: in a small number of cases so treated I have seen three
of these reactions, one of them serious.
3. 'The best of these three procedures is without doubt the use of

Kirsclmer wires, which have the advantage that they do not produce
bony rarefaction or inflammatory processes, and are easily placed in
position ad fixedas least as easily as Steinmann pins. The only draw­
back to their use is the elumsy stirrup whieh is needed to keep the wire
taut and withot which it is wholly ineffieient. Either the patient must
be kept in bed to allow the traetion to work, or the stirrup must be fixed
to the plaster. 'To avoid this difficulty I use a simple device with which
the wire can be fixed to the plaster without using the stirrup to main­
tain lateral tension (see Fig. 43). The technique is as follows:
The Kischne wire is placed in position by the ordinary method, o,

better still, by an electric drill if one is available. The stirrup is fixed
wit:h t:he appropriate lateral tension and the plaste applied, care being
taken to make it strong enough to take the tension of the wire later.
When the plaster is completely dry a simple plate is affixed frmly to
each end of the wire inside t:he stirrup by means of a device similar to
that which ordinarily holds the wire in the stirrup (see Fig. 44). The
stirrup is still in position, keeping the wire taut. The plates lie flat on
the surface of the plaster and are solidly attached to it by a plaster
bandage (see Fig. 45). When the bandage is completely set, the stirrup
is removed and the ends of the wire cut short; the patient is then ready
for removal if necessary (see p. 238).
The upper fragment of the femur may be fixed through the great

trochanter by a wire passing right through from front to rear. A large
stirrup is necessary here, because in many patients there is not enough
room between the soft tissues and the ends of an ordinary stirrup to al­
low the plates to be kept in position. The upper plates are fixed to
the plaster like the lower ones.

With this technique the Kirscher wire may be kept in place for
many weeks without complication. In some cases I have left it on for
twelve. The bones are maintained in perfect position, and the pa­
tient may walk as soon as the wound is sufficiently healed.
Treatment by Continuous Traction.-Until recently a common treat­

ment of a fractured femur was continuous traction after primary sur­
gical treatment of the wound. Extension was maintained by some form
of' skeletal traction through Steinmann pins, with the limb supported

on a Braun or Thomas splint suspended from a Balkan frame. This
method has admittedly been successful: the fracture can be reduced and
the ends maintained in position until the bone unites · the exact position
of the fragments can be checked and controlled by adjusting the ap­
paratus, and mspection of the wound is easy. Immobilization, however
is not complete, and slight movements mst take place whenever the
patient alters his position. Probably in simple fractures very little
movement of the fragments occurs even when the patient lifts and lowers
himself, because the muscles around the fracture act as an additional
splint. On the other hand, in an open fracture caused by a fragment
of shell or bomb there is frequently very considerable muscular destrue­
tion and the splinting action of the mnscles is deereased. Continuous
traetion is therefore never completely effective in immobilizing a com­
pond fracture of a femr, and, unlike the plaster cast, it does not im­
mobilize the wounded soft tissues.

Good results from traction treatment depend on constant watchful­
ness and adjustment of the apparatus. Such conditions are attainable
easily enough under peacetime conditions, but not so easily when a
limited staff has to cleal, as it often must after aerial bombarclments,
with a large number of cases. Moreover, traction treatment calls for a
large stock of various kinds of apparatus; the plaste method requires
nothing more than plaster of Paris, muslin, and bandages.
The last but not the least inconvenience of the systematic use of con­

tinuous traction for compouncl fracture of the femur in war is the dif­
ficulty of transporting wounded in troublesome and complicated ap­
paratus. The srgeon should remember that treatment with the Thomas
splint is not efficient unless it is correctly fixed in becl with a Balkan
beam.
To sum up: treatment of open fractures of the femur by plaster of

Paris secures good control of the fragments; when correctly placed and
fixed the cast immobilizes the wound and so helps to prevent the spread
of' infection; many patients can be treated at the same time by a rela­
tively small surgical staff; and only the simplest of apparatus is needed.
Under war conditions these are considerable advantages, but yet another
must be emphasizecl: its value when the wouded have to be moved.

Advanta.ge of Plaster in Transporting· Casualties
In civil practice there is no evacuation problem; in wartime the trans­

port of patients is necessary, and the conditions of transport may make
all the difference between life and death. To illustratc this faet it is
only necessary to deservibe the procedure followed in Catalonia, which
reached its maximum efficiency dring the fieree battle of the river Ebro.
lVIilitary casualties underwent wound treatment-complete or other-
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wise--reduction of the fracture, and fixation in a plaster cast at the
first casualty surgical station-often the No. 1 hospital or mobile unit.
The risk of the wound being irritated by movement of the fracture
being thus averted, the patients were transported to the base in com­
fort, and many of them, by the time they were on their way from the
casualty station, had already started their final treatment instead of
being temporarily patched up until treatment proper could be insti­
tuted at the base hospital. If excision had not been performed and the
cast was used merely to facilitate transport, a mark was made on the
plaster to indicate the urgency of evacuation to a surgical unit.
In the treatment of air raid casualties the benefits of the system are

even more apparent, but in these excision may almost always be per­
formed before evacuation. I have already explained why bomb wounds
are easily infected, and why, unless treatment is energetically started
within six hours af'ter the wound is inflicted, the incidence of gas gan­
grene is high. Thus the best results are obtained when full surgical
treatment of the wound, reduction of the fracture, and the application
of plaster are all carried out as soon as possible, even while the raid is
still continuing. After the raid, or in the lull between the raids, many
casualties can be evacuated with a copy of their notes to a base hospital
in the country. On arrival the condition of the fracture can be observed
radiologically and if necessary, the plaster can be removed and replaced
after correction of the deformity at the most convenient time.

Cases Not to Be Treated by Plaster in the Initial Stages.-In two
groups of cases it is better to delay the application of the plaster. In
some very severe wounds of the thigh and leg it is uncertain whether
the distal part of the leg will survive. It is therefore best to set the
leg up in sorne traction apparatus for a few days so that the circulation
can be watched. Amputation may then be performed if necessary, but
if, on the other hand, it becomes apparent that the leg will survive, a
plaster should be applied and the patient evacuated to a base hospital.
The other type of casualty which should be kept under direct observation
is the one who arrives too late at the operating table, after more than
eight hours, and has suffered great damage to the muscular tissue. 'The
wound should be opened up and excised as radically as possible, sulfa­
nilarnide powder placed in it, drainage established and the thigh im­
mobilized by traction in a Thomas or Braun splint. If in forty-eight
hours no anaerobio complication has arisen in the wound, the injured
Iimb should be placed in the plaster spica and the patient prepared for
evacuation if necessary.
Surgeons who have no cxpericnce with the plaster technique are ad­

vised to start practicing it on upper limbs, to progress to the foot and
leg, and only when they know enough of the details to apply the full
method to the thigh.
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Injuries to the Femoral Artery and Sciatic Nerve
Few patients with the femoral artery severed survive the initial

dramatie hemorrhage. I have, however, seen three patients with the
femoral artery damaged for whom there was time for resuscitation and
who survived the first danger. I all three cases a tourniquet was ap­
plied. Conservative treatment of the limb was planned, after ligature
of the artery in two cases and lateral suture of the artery, which was
two-thirds severed, in the third. In all three cases a secondary gangrene
appeared and amputation was made necessary. Bastos (1937) had the
same disappointing experience in Madrid. In one of his cases the fem­
oral vein was ligated, but without any better result.
Injuries to the sciatic nerve are commonly caused by bullets or small

splinters. Secondary suture of the nerve as soon as the condition of the
wound allows, is always preferable, because of the extensive and labori­
ous operation needed in these cases; the speed and pressure of emergency
work do not provide proper conditions for a correct operation at the
advanced station.

FRACTURES INVOLVING THE KNEE JOINT

Of all fractures of joints, no class has given rise to so much discussion
among surgeons as those involving the knee joint. During the last war
a point was reached at which some surgeons advocated immediate ampu­
tation as a prophylactie measure in cases of any severity-a pessimistie
view that was justified only by the number of disasters which had oc­
curred with some of the conservative techniques that were then being
employed.

Classification
As with all gunshot wounds, it is necessary to consider separately

( 1) the type produced by a rifle bullet fred at long range which trans­
verses the joint and comes out on the opposite side; (2) the type pro­
duced by a shell or bomb fragment which penetrates into the joint and
lodges in it; and (3) the type in which actual crushing of the whole
joint occurs, with great damage to the skin and muscles and often to the
blood vessels and nerves.

Type 1.-In this type, even when the bullet causes a comminuted
fracture of the articular surface of the femur, the case follows an en­
tirely favorable course when it is treated immediately by complete im­
mobilization in a plaster cast from pelvis to toes. General treatment
with one of the sulfonamide compounds should be given. Healing is com­
plete within three months, some mobility of the joint is usually pre­
served, and gross permanent stiffness of the knee rarely persists.
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Type 2.-In this type, however, g-rave coinpiicatíons foiiow unless

the case is properly trea tcd from the start. On inspection a small or
medium-sized wond of entry is seen in the region of the joint, but no
wound of exit; the skin wound made by a fragment of modern light
bomb may be very small. If more than two hors have elapsed since
the wound was made, the joint will be found distended with blood.
This apparently harmless wound, with a slight contnsion round its
edges, is the gateway throgh which numerous foreign bodies besides
the projeetile have passed; and if it is not poperly treated at once,
acute and f'atal suppurative arthritis may result.
It is a great mistake in such cases to adopt immediate immobiliza­

tion on the assumption that the same treatment is applicable as in the
first type of case with its punetiform entrance and exit wounds. When
cases of the second type are so treated, it is found necessary to remove
the plaster cast on the second or third day because of the great pres­
sure on the lmee or because of the manifest development of signs of a
general infection.
Varying with the direction from which the missile has come, the sur­

geon finds extensive lesions of the articular surface of the femur (usu­
ally in only one condyle), or of the upper surface of the tibia, which
may be almost pulverized. The ultimate movements of the joint depend
on the degree of bone destruction.

Type 3.-In the third type there is usually, in addition to the dam­
age to the bone and soft tissnes, much loss of blood, and patients are
admitted in a state of intense shock. 'I'he majority of these grave
cases-and, needless to say, of all cases in which there has been serious
vascular damage-seem at first sight to call for mutilating surgery, but
boldly conceived conservative treatment may often save not only the
patient 's life but his leg as well.

Treatment
Type 1.-\Vounds produced by high velocity bullets which have trans­

versed and emerged from the joint may be treated simply by cleaning
the edges of the wound and immobilization in plaster. A sulfonamide
compound should also be administered.

Types 2 and 3.-'l'hese should be treated as soon as possible, but not
with haste. If sepsis of the joint sets in, chemotherapy is only of lim­
ited value. All open fractures of the knee must therefore receive ef­
ficient surgical treatment, which must consist of a broad exploratory
arthrotomy, directed towards the elimination of all foreign bodies and
of' devitalized soft tissues, whieh may in themselves be potential sources
of infection.

The best approach for examining the knee joint is by way of a large
eurved exterior incision, with displacement of the patella. But this
large incision, though good for exploratory purposesfor it gives a good
exposure of the ~rticular snrface of the lmee in flexion-is very bad for
purposes of drainage, and in many cases causes stiffness. In those
casnalties in which operation is performed within twelve to sixteen hours
of the injury, extraction of foreign bodies from the joint may be followed
by suture of the synovial membrane; the skin wound should generally be
left open. On the other hand, in cases seen when infection is already
established, and in those in which destruction of the soft tisses is so
great that suture except under tension is impossible, a fair-sized drain
of vaseline gauze should be inserted clown to the joint. In cases of
empyema the joint must be opened (sec p. 333).
In recently wounded patients excision of large displaced fragments

is not recommended, for it does not confer any immediate benefit and en­
dangers not only the movement but also the futre stability of the joint.
Nor is a formal resection of the lmee advisable in these cases, the prob­
lem being how to treat the synovial membrane rather than the larger
fragments of bone.
When the patella is broken into a number of fragments, the best pro­

cedure is to resect the entire bone. It is sometimes difficult to suture
the capsule in front of the joint, but in many cases the suture of the cap­
sule perfectly closes the joint. The late functional results of exeision
of the patella are satisfactory. The following is an illnstrative case:

An army offieer 29 years old, while riding a motorcycle on March 27,
1941, received injuries to the face and head ancl a compound fracture
of the patella. He was transferred to the Wingfielcl-lVIorris Orthopaedic
Hospital and examined more than twenty-five hours after being injured.
Just above the patella was a transverse wonnd less than an inch long;
he had a fracture of thc right maxilla. Owing to the delay and the rela­
tively good local condition (the situation of the woud and its clean
edges suggesting that the patella had proteeted the joint from contam­
' 'o' '> .. ]ination), the wound was superficially cleansed with soa~ and water a_nc

powdered with sulfanilamide and the leg was put in a proteetive
plaster with a window over the wound, to avoid pressure on the joint
and to facilitate aspiration if any infective complieation appeared. Ex­
cision of the patella was indicated by commmut10n ancl lack ?f rcduct1011
of the fra.gments, bnt it would have been dangerous to excise too soon,
on account of the small external wound. .
The course was uneventful. A seconday suture was made on April

18 and healing went on normally. Massage and mobilization ol the knee
joint were carried out for over six weeks to prevent stiffness due to
excessive immobility. After that time the patella was excised and
quadriceps exereises were started next day.. The postoperat1ve course
was normal and the patient was discharged in September, 1941, when
his lmee showed a flexion of 90°. In _l\farch, 1942, he wrote that he was
only 5° short of full flexion and that he was on fll duty again.
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This case would have had a shorter history if there had been less de­
lay in sending the patient to the hospital. When he carne in it was too
late to risk a large intra-articular operation, owing to probable sepsis in
the small wound of the patella region.
The only cases in whieh a formal resection of the knee appears to be

indicated are those in which an old suppurating sinus is kept up by a
local osteomyelitis; for relapses may result from a flare-p of the septie
focus, and a planned resection offers the only means of ending the at­
tacks and achieving a stable and useful leg.
Drainage of the Knee Joint.-The great area of the synovial mem­

brane of the knee joint, with its many blind pockets extending in various
directions, impedes systematic treatment of thc large collections of in­
fected fluid. It is therefore impossible to drain the joint in every case
through the same approach, and the surgical technique should be adaptecl
to the varying conditions of the infeetion. The superficial arrangement
of the knee joint makes the aspiration of fluid very easy; and, by com­
bining aspiration with immobility and general sulfonamide treatrnent,
sorne infections may be controlled without opening up the joint. This
conservative treatment is useful in cases treated by primary suture of
the synovial membrane which show the initial signs of infection-in­
creasing pain, distention of the synovial cavity by fluid, inereasing heat
in the skin of the joint region, and sorne fever. Aspiration of the
synovial fluid through a small window in the plaster, repeated every
time the joint refills, and a course of chemotherapy, may in sorne cases
resolve the infection in a few days.
When a wound left open from the begining becomes infected, the

drainage of the cavity depends on the site of the principal collection of
pus, and the initial wound may be a way of approach. Wounds treatecl
by primary suture which need much drainage may be treated by an an­
terior incision on each side of the patella, extending the whole length of
the suprapatellar pouech, as high up as convenient. But the position of
these incisions in a patient lying in bed is completely opposed to drain­
age by gravity, and so in many cases posterior counterdrainage must be
performed.
Three different approaches may be followed for the drainage of the

posterior compartment of the joint.
l. The Lateral Approach.-The knee is placed in flexion to relax

the bíceps tendon. An incision three inches long is made in the lateral
aspect of the knee at the anterior part of the head of the fbla, follow­
ing the anterior border ol' the tendon of biceps. This tendon protects
the common peroneal nerve. The incision is continued by blunt dis­
section to the posterior compartment.

2. The Medial Approach.This is a similar incision made in the
median aspect of the joint; the only difference is that the tendons of
which the incision passes the anterior border are those of the semi­
rnembranosus, semitenclinosus ancl gracilis rnuscles.

3. The Posterior Medial Approach.-A longitudinal incision of four
inches is made in the central part of the popliteal space, slightly interna!
to the midline. The popliteal vessels and tibial nerve are carefully pre­
·served and retracted outwards. The ligaments and capsule are incised
transversely.
Immobilization of the Knee Joint.-The best irnmobilization for the

knee joint is the enclosure of the whole lirnb from foot to pelvis inclusive
in a plaster cast. It is comrnonly admitted that the foot should be fixed
by the plaster, but it is not so cornrnon to see wounds of the knee joint im­
mobilized by plaster extending to the lower ribs. It is impossible to fix
the knee with a plaster supported in its upper part solely by the muscles
of the thigh. The knee must be placed in semiflcxion (15°-25°) in the
first plaster, and should be fixed in the second (if a second is needed)
in only 10° of flexion.
When a window is cut to ascertain the amount of fluid, the best place

is the external aspeet of the suprapatellar region. Though this window
the fluid can also be aspirated.
In other cases which have been sutured under doubtfully favorable

conditions a Thomas splint or a long and well-moulded plaster splint can
be useful. In either of these splints the joint may be explored without
delay, and this advantage partly compensates for the inferior immobiliza­
tion.

Cases with extensive bone damage, minute fragmentation of the joint,
and wide destruetion of the soft tissues usually require amputation, es­
pecially if operated on after twenty-four hors, for the sepsis is then
probably too widespread to justify any attempt at conservative treat­
ment. They combine the worst danges of both types of injury, namely,
serious fracture and extensive articular wounds.
The following cases of infected articular fracture show the importance

both of complete excision and of perfect immobilization:

A patient 24 yes old had a compound comminuted fracture of both
condyles of the femur and the patella treated by excision and plaster,
but from the beginning the wound was insufficiently excised and drained.
Ten days after«he operation the drainage was improved and a collee­
tion of pus evacated, but the patient already had an osteomyelitis
which made necessay the removal of several sequestra on different oe­
casions. Three weeks af'ter the injury, af'ter an ineision had been made
to improve drainage, he had a fresh rise of temperature. The whole
lower limb was tthat time covered by plaste. A course of sulfa­
pyridine by mouth was given, and the day af'ter the fi.rst dose the tem­
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Perature tell from 103° F. to almost normal. The sulfapyridine was di
con inued af'ter four da a th d; '" 1s­to nearl 103° q as, an he next lay the temperature rose again
d . . A new <>omse of sulfapyndme and improvement inramage rought the t t d ·d. o- ~ _. to empera ure un er control next da.y, and the,{i "Vas contined for five more das; but 24 hos af'ter it was stopped
,$$]Peatre rose_again., ad this time the fever could not be con-1,$""S. y sl!apridine. After three das of administration without
cÍ· ect, It ,,as d1scontmned and the temperature persisted for four more
las. Under general anesthesia the plaster was removed and a careful
meision of all the pockets of the wound gave good drainage of the pus
Podueed by the osteomyelitis. _A new plaster was applied. Next day
the temperature was normal without any drug.

l
~fte_r tw~ mon1:hs of trouble ca~1sed by diffused osteomyelitis, con­

solidation of the fracture was obtained. An examination made eleven
P"Oh?1hs after injury showed consolidation with a shortening of the femr
y 1 ½ m., ankylos1s of the lmee .1omt ancl free movement in hip and

ankle. e

'l'he difficulties arose from the deficient exposure of the fracture
whieh led to insufficient excision and drainage, as was provecl by the fac{
that the temperature started nearly three days after the injury, when
a large colleetion of retained fluid had been formed. Recovery followed
the establishment of complete drainage when all deacl tissues had been
eliminated.

A soldier 23 years old was wounded in France on May 28, 1940. He
hacl :1 shrapnel WO\md _over the upper borcler of the left patella, and was
aclnutted to a hospital m England the next clay. The wound was excised
and found to penetrate the knee joint, ancl the patella was comminutecl.
The wouncl was tightly packecl with gauze and the joint immobilized with
a plaster from the toes to the upper third of the thigh. He was admittecl
to the ingfield-Morris Orthopaedic Hospital on June 10 and was then
comfortable with a normal temperaturc. X-ray showed comminution of
the patella. In spite of his good general condition the insufficient im­
mobilization of the knee joint, by a plaster of whiehthe upper pat was
supported by the thigh muscles, indicatecl the need for a new plaster.
The plaster was changed on June 13. A clean excised wound 3 in. x 1 in.,
paeked with flavine gaze, was found at the external pat of the patella
region. Granulations looked healthy, and, to avoid damage, the packing
was left in place and a new plaster was applied immobilizing· the thigh.
Next day the temperature rose progressively, in three days reaching

102.5° F. A course of sulfapyridine by mouth hacl no effect. Ten days
la.ter the wound was re-examined and fluid was found in the joint, which
was drained through two lateral incisions, and a large old hematoma with
white fbrous tissue and some purulent spots was eliminated. Plaster
was re-applied and the temperature progressively improved. A new
plaster was put on four weeks later, when the wounds were found healthy
and granulating well, and the fracture of the patella was consoliclated.
Soon active movements and massage of the quadriceps were instituted
and the patient was discharged. On October 16 he was re-admitted to
the ,:Vingfield-1\forris Orthopaedic Hospital: the wounds were completely
healed, and the knee movement limited to 25° of flexion but improving.
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'This is a typical example f tl a· ..lsto 01 he listurbance caused by a change of

p as ·er even when well toleratecl II . ·t f ·I . º
tions the slin·l1t rno t d . 1 sp1 e o! the most careful precau­

' o vemen aman·ed th 1 .
l , t el . . _ º e granu ations ancl procluced thernrna oma an 1·esultrng rnfection.

INJURIES OF THE LEG .
War injuries of the l f

, ,, U Ieg torm a group in whieh the surgeon 's capacity
may be of the greatest profit to the patient. The leg indeed is perhaps
the region in which surgery h ad it .

• • ' y nas mate 1ts most outstanding progress
during the last few years. 'The comonest spectacle of postwar nisery
used to be the old soldier with one or both leo·s rnutilated TIt 1 · . º . 1e con-
s ·ant Y mc~·easmg possibilities of conservative surgery have allowed thc
s:1rgeons of our generation to save rnany legs which would have been con­
sidered already lost by the surgeons who preceded us. We are still
obhgecl to amputate a. numbcr of legs, but it is no exaggeration to say
that the only type of lesion in which arnputation is life-saving and thus
necessary_ is smashing of the extremity o severance of the main artery
-a certam cause of necrnsis in a war injury.
The chief indications for amputation o[ the leg in past wars were

two: (1) prevention or treatmcnt of infcctions in musclcs, joints, bones
or connective tissues, or (2) permanent disabilitics which made a clean
amputation preferable from the begining of the treatment. Now,
provided that the blood supply is not interfered with, many legs may
be saved and much permanent deformity may be prevented by perform­
ing the operntion and the subsequent treatment in accordance with the
fundamental principies set out in this book. Even whcre the blood sup­
ply is impaired, the surg·ical treatment of accidental wounds cloes not

· differ in general principle from the treatment of any tissue damaged by
an external agent. In this connection thc following case note is highly
instruetive. The italics are mine.

'' A snrgeon operated on a compouncl fracture of tibia and fibula and
found that thc anterior tibial vessels were lacerated at the site of thc
fracture. 'The vessels were sutured. A small protrncling fragrnent of
the tibia was removed, and the wouncl was inigatecl with hydrogcn
peroxide and left widely open. 'l'he fracture was reduced by manipula­
tion, and a plaster cast was applied over wool packing extending above
the knee. A window was cut over the wound and the plaster was b1-
valved. A prophylactic dose of 12,000 nn.its of anti-gas gangrene serum
and 1,000 units of antitetanic sernm were given. 'l'he wonnd was ex­
amined every two hours.
'' Twenty hours la.ter a minute bubble of gas was expressed frvom the

lower aspect of the wound anda faint smell of gas gangrene was present.
A specimen of the discharge from the wound was taken, and the patholo­
gist reported that Cl. welchii were present. The wound was explored im­
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mediately by a cruciate incision, each limb of the cross being about six
mches long. The corners of the skin flap were sutured back to the skin.
Several mscles were secn to be discolored, and bubbles of gas were present.
The mscles particularly affected were the tibalis anticus and the ea:tensor
digitorum longs. These and all suspicious muscles were completely ex­
cised throughout the length of the wound. Twelve hours later the pa­
tient 's general condition had improved, and four days later there was no
evidence of gas gangrene.'' ·

This case is a clear demonstration of the possibility of saving not only
life but also the leg when the devitalized tissues are excised without
hesitation. In this case the proper excision was performed only after
gas gangrene had become established. Nevertheless, removal of the dead
muscles was sufficient to stop the progress of the infection. If the
muscles left without blood supply by the severing of the anterior tibial
arteryparticularly the tibialis anticus and the extensor digitorum
longushad been excised at the frst operation, it seems very probable
that no complication would have arisen. This case also shows the in­
effectiveness of such preventive measures as the administration of anti­
gas-gangrene serum, cutting windows to allow air to ''oxygenate'' the
wound, or irrigation with hydrogen peroxide, as substitutes for excision
of tissues deprived of their vital blood supply.

FRACTURES OF THE TIBIA AND FIBULA

Wounds of the lower leg produce a far higher proportion of lesions
of' bone than do wounds of the thigh. In the lower leg the proportion
of bone to soft tissue is over 1 to 5; in the thigh it is about 1 to 20. The
problems in the two regions are therefore quite distinct, and, as is well
known, the thigh and the leg react differently both to anaerobic and to
pyogenic infections. The great mass of muscle and fascia in the thigh
f'acilitates the development of anaerobie infections, and pyogenic infec­
tions of the cellular tissues is also frequent there. On the other hand,
the relative smallness of the shaft of the femur limits the incidence of
infective complications in the bone; though when a pyogenic coloniza­
tion is established in the femur, its special strueture, with its strong and
compact cortex, facilitates persistent suppuration which diffuses
through the connective tissue spaces and causes great toxic and bacterial
absorption.
The lower leg contains fewer muscle planes, and most of these are

situated in the calf. On the other hand, the greater amount of bony tissue
and the less compact structure of most of. it give a special character to
injuries and complications in the lower leg. The development of gas
gangrene infection in the thigh is determined by local interference w1th
the individual blood supply of every muscle of thé upper part (see

p. 98). In the leg the same cause may produce a similar effect, but the
high incidence of gas gangrene in the leg is due to a different type of
interference with the blood supply. It is the severance of the popliteal
artery which causes initial ischemia and so leads to infective gangrene.
As gas gangrene mostly depends on an interruption of the main blood

supply, the infection can be prevented in the great majority of wounds
of the leg if the integrity of the main arteries is preserved. The best
method of investigating arterial integrity is to place an oscillometer on
the ankle and compare the systolic and diastolic pressures and the
amplitude of the oscillation in the two legs. The surgical decision de­
pends on the readings. An attempt to save a leg which has lost its main
blood supply exposes the patient to a very serious danger without any
substantial hope of satisfaetoy recovery. At best a secondary delimita­
tion of the ischemie part of the leg necessitates a delayed amputation
after endangering the pa.tient 's life for some days.
When a bruised wound in the muscles of the calf is not associated

with damage to the main arteries, local muscular excision should be per­
formed with care and enterprise. Wounds of the calf should never be
sutured. Septic processes arising in the leg as a result of fracture prin­
cipally affect the tibia, owing to the laek of muscular protection along
its antero-internal face and its proximity to the surface. 'The poor
blood supply of the superficial part of the tibia, due to its close connec­
tion with the skin, tends to make these infections chronic with the forma­
tion of sequestra. On the other hand, cellulitis or septicemia resulting
from absorption from badly drained foei in the bones may occur as a
result of unsitable treatment.
It is particularly necessary to prevent infection of the tibia, for

though in the majority of cases this does not endanger life, the stability
of the limb may be jeopardized by the loss of an excessive amount of
bone not onlv from too drastic a removal of fragments at the first op-' ,/
eration, but more frequently from later removal of sequestra due to in-
fection. The following is an illustrative case:

A soldier 42 years old, riding a motoreyele on March 1, 1941, was
hit by an army lorry and sustained general coneussion and a compound
comminuted fracture of the upper third of the tibia and fibula. Four
hours after being injred he was operated on in a hospital neaby. The
limb was encased in plaster from toes to groin. Owing to a rise of tem­
perature he had sulfanilamide for five days and 1000 units of anti­
tetanie serum. The pyrexia subsided on March 12, and two days after­
wards the plaster was removed. A large area of skin was found sloughed
on the outer side of the leg just below the knee. On April 1 the plaster
was changed, some sequestra were removed, and thc wound was dressed
with bismuth iodoform paraffin paste. On April 22, May 3 and ay 30
the plaster was changed again. The wound was healmg but several se-
questra were not yet loose.
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Fig. 111.-,Vound clean, granulating and appreciably reduced.

A back splint was applied from the groin to the toes ancl the leg was
placed on a Brvan splint, the wound being lcft uncovered except for a
single layer of gauze. Zinc oxide was used for the dermatitis. On
June 23 sequestrectomy was performed, three large blackened sequestrva
being removed. The upper medial sequestrum was mobilized with a
chisel and broken off through healthy bonc. Thc marrow cavity was
found to be continuous with the infectecl arca. The incision was en­
larged progressivcly downwards to three inches frvom the ankle, the
medullary cavity being laid open with forceps. The bone lining the

On June 12 the patient was transfr . 1 . . . . . .
paedie Hospital. On removal or ¡j,""?"d to theingfeld-Morris Ortho­
shaped wound 5 in x 311 · lefp aStei: a large irregular triano·ular-

. . · . 12 m. was · ound m th , J l . . , . º ,
leg. It was suppurating and filled witi €PPer half' of the left
at its periphery there vas extensie a,,,,,}}"althy granulation tisse;
by two long sequestra of black b I is. The eenter was occupied
Radiograply showed tvo lrge s, ]g, anlle as yery svoila.
Fig. 110). º s la an severa} smaller ones (see

B.
Fig. 110.-A. Radiograph of an infected dadmitid io hospifii ir eatueni, possii; ¿{}}},, Fracture or tupla ana nula
B. Characteristics of the wound at the time when the d' . ¡the blaek sequestrum. (Scc a-lso Fig. lll.) ra rngiap 1 was made. Note



cavity was necrotic and was all excised. Finally, healthy fatty marrow
was reached. 'The wound was packed with vaseline gauze and a plaster
applied to mid-thigh. The leg was replaced on a Braun splint.

The patient had a considerable reaction after the operation and
pyrexia persisted for ten days. The plaster was soaked with discharge
and on July 16 it was removed. The fracture was found clinically con­
solidated. Fig. 111 shows the condition twelve weeks later.

Gunshot fractures of the leg differ widely in importance and progress.
It is therefore essential to divide them into two groups according to their
situation. The frst group includes fractures of the condyles of the
tibia and of' the upper third of its shaft without joint involvement;
the second includes fractures of the lower and middle thirds of the leg.

Treatment of Fractures of the Upper Third of the Tibia
The laek of soft tissues over the upper third of the tibia makes it

very diffieult to maintain anatomical position of comminuted fragments
after operation. It is necessary, therefore, to proceed on the following
lines in operating on ali fractures in this region exeept those produced
by a bullet fired at long range with punctured entrance and exit wounds.
The loss of substance caused by excision of the contused edges of the
skin and subcutaneous tissue, as well as the displacement of the bony
fragments, however slight, prevents suture except under great tension.
The area of excision should therefore be left open, though the initial
enlargement incision may be reduced in size by some stitches at each
end. The tibia remains exposed, but by operating at once and immedi­
ately afterwards applying a well-fitting cast from the upper third of
the thigh down to and including the entire foot, sequestration may be
prevented (see Figs. 112 to 114). The cases I have treated in this way
first in Catalonia and afterwards in England have all followed the same
uneventful course. Even cellulitis is rare in this region, and when it
does occur it is only superficial.

Results
Union in these fractures is extraordinarily slow: in many cases casts

must be kept on for three or four months, and as soon as the soaking of
plaster ceases, the patient must be made to walk in the cast in order to
stimulate the formation of callus. It is necessary to add to the plaster a
heel or metal stirrup so that the patient 's weight will fall on the axis
of the tibia. In the great majority of cases a well-fitted plaster main­
tains the reduction without the internal fixation with pins or wires.

Treatment of Fractures of the Lower 'Iwo-Thirds of the Tibia
There is more rigidity between the tibia and the :fibula in their lower

two-thirds, and there are a number of intermuscular cellular spaces

Fig. 112.Compound fracture of tibia and fbula treated by the principles lald
down in this book. Note the small wmdow for bacteriological examinations. (See
also igs. 113 and 114.)

f th l st plaster. The fracture has con­
Jig. 113.-ame case at the removal % _taéaíéi trasments. Pótosraph

solidated slowly, owing to the remova o1 s
taken nearly fve months after injur.
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which are liable to become infiamed. The lower the fracture (so long
as it <loes not involve the ankle joint), the more covered with soft tissues
are the fragments and the better the alignment of bone ends that can
be obtained; overlap nrnst be redueed by skeletal traction. The museles
and tendons assist in reducing fractures of the lower end of the tibia
but fractures of the middle third need to be fixed by permanent bony

l! 'ig. 114.-Radiographs showing callus formation flling the gaps caused by the
removal of detached fragments.

transfixion, except when excision of soft tissues and fragments of bone
has been exceptionally extensive. The general lines of the operation
are as follows:

The operation is performed on an orthopedic table. When the patient
is anesthetized, the whole leg is cleaned with soap and water and a nail
brush, and the skin is further sterilized with an antiseptic. When pos­
sible a Kirschner wire should be inserted in the lowe part of the tibia
ear the ankle joint, or in wounds ncar this joint through the calcaneus.

The stirrup is fixed to the traction device of the orthopedie table and the
fracture is provisionally reduced by turning the traction screw. A sce­
ond Kirschner wire is passed through the upper part of the tibia near
the tubercle, care being taken to:'place it well into the bony tissue and
not ~oo nea1 the anter10r border of'·the tib1a. This can be fixed to the
pelvie support of the orthopedie table.

The feld is isolated by sterile towels and the operation begins along
the lines described in Chapter XVI (see p. 214). The fracture is corn­
pletely r_educed un<ler direct vision, drainage is applied and the leg is
encased m a plaster cast. As soon as the plaster is dry the patient is
ready for removal from the table, but when there is no hury it is prefer­
ahle to wait a few mmutes_. vVhen the plaster is completely set, the
plates for fixation of the wires are placed in position, the stirrups are
removed, and the ends of the wires are cut short. Not only is the actual
wound now placed in the best conditions, but orthopedie success is also
secured. After six to e1ght weeks at the time of the chano·e of the first
dressing, the Iirscher wires are removed, an x-ray examination
IS 1:1-ade, and_ the wound 1s encased in a new plaster if this is necessary.
Stemmann prns can also be used when Kirschner wires are not available.

The following case was treated 011 these lines:
About 2 A.. on May 3, 1941, a pilot, aged 40 years, had a compound

fracture of the right tibia and fbula with great contusion in the backof the leg. At 3 A.M. his wound was dressed and grain ½ of morphine
injeeted. At 4 :15 A.M. he was admitted to the Wingfielcl-lVIorris Ortho­
paedic Hospital. His general condition was fairly goocl He had abra­
sions on his face and a compound fracture of the lower third of the right
leg, with the upper fragment of the tibia protruding through a wound
6 in. x 2in. on the anterior aspeet of the lower and midclle thirds of
the leg. There were large ecchymoses ancl abrasions in the calf. The
circulation of the foot was good. At 6 A.M. the patient was operated
on under gas, oxygen, and ether. The wound ancl leg were thoroughly
cleansed with soap and water solution. Two pins were placed, one in
the region of the tibial tubercle and the othcr through the calcanens :
the wound was too low for a pin to be inserted through the inferior
epiphysis of the tibia. The leg was placed on a Bohler frame, the skin
sterilizecl with antiscptic and the field isolated with towels. The wound
was then explored by extending it by longitudinal incisions above and
below the original opening. A narrow edge of the skin and a large por­
tion of fascia were excised. Very extensive damage was founcl in the
muscles, especially in the tibialis anticus, the tendon of which was com­
pletely severed, and in the medial part of the gastroenemis. The
bruised parts of these museles were excised, the bony ends were eleaned;
and sorne small portions of detached bone were removed. The fracture
was now reduced by tractionand some manipulation. The wound was
powdered with sulfanilamide and plain gaze drainage was applied;
the two ends were closed with stitches, the central portion being left com­
pletely open. A closed plaster was applied (see Fig. 115). 'Three
thousand units of antitetanie serum were given during the anesthesia.
Postoperative radiography showed satisfaetoy reduction (see Pig.

116). The leg was placed on a Braun splint. On the followmg da:y- thc
condition of the patient was completely sattsfactory. He had a smgle

.. 1
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Fig. 115.-Compound comminuted fracture of tibia and flbula with extensive
wound. No toxemla. Photograph taken four days after lnjury. (See also Fig. 116
to 120.)

Fig. 116.-Radiographs taken through the plaster.
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On Auo·ust 16 x-ra examination showed full eonsolidation in good
position; the plaster was removed and the wound was found covered
with epithelium. A compression bandage was applied and the patient
discharged to a convalescent hospital for exercises and re-education of
articular function. On September 27 he was again examined and found
to have a good consolidation of the fracture without any shortening of
the leg orv ther deformity (see Fig. 119). Movement of the knee joint
was from 0° to 120° and still improving. Foot movements were full
and thc condition of thc scar was satisfactory: it was narrow and not
adhercnt (see Fig. 120). The patient was retrned to his unit.

The bacteria.1 flora of this case were as follows:
On the 5th day after operation: enterococcus.

Fig. 118.-Wound reduced to less than half its original size, six weeks after the
application of the flrst plaster.

injeetion of morphine on the evening of the first day after operation
and since then had no pain. On the second day the plaster was stained
with blood, and a glass window was applied to investigate the bacteria!
flora. Recovery was completely apyrexial (see Fig. 117), and two sedi­
mentation rate tests, one on the ffth day and the other on the ninth, gave,
respectively, 80 and 64 mm. in one hour. On June 25 a window was
cut in the plaster and the gaze removed; healthy granulations then com­
pletely filled the wound (see Fig·. 118). An x-ray film showed that the
callus was not strong enough, and the window was therefore closed again
with plaster. On July 11 the plaster was cut off, the pins were removed,
and the wound was found to be srnaller. A new plaster was appliecl
and the patient walkcd on a Bühler iron. He was then dischargecl.
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Jig. 121.A. Compound fracture of the shaft of the tibia and fbula and fracture
of the lower epiphysis of both bones. 'There was a lacerated wound in the foot and
the big toe was amputated. 'The injuries were caused in a plane crash. Amputation
of the leg was considered.

B. Consolidation of the fractures shown in radiograph taken four months after in­
jury. (See also Figs. 122 and 123.)

B.A.

transferred to a new hospital two days afterwards, where the plaster was
removed and a new plaster cast applied. He was then evacuated to an­
other hospital, where he arrived on June 10 in fair general condition,
with a normal pulse and temperature, and a new x-ray film showed good
position of the fragments. On June 14, a fortnight after he was wound­
ed, the leg was jarred and started to ache severely. On June 16 his tem­
perature rose to 102º F. and he had considerable pain and enlargement
of the inguinal glands, which were tender. On June 19 the plaster

The following case shows the efficacy of the method in combating
serious invasive infections (see also Figs. 121 to 123, illustrating a simi­
lar case) :

On May 29, 1940, a guner 4 years old was wounded by a shell frag­
ment, sustaining a compound fracture of the lower third of the left tibia
and fibula. The following day the wound was operated on and packed
with flavine ancl paraffin, ancl the leg put in plaster. A radiograph
after the operation showed good position of the fragments. He was

Fig. 120.Range of movement of the ankle joint less than fve months after injury.

On the 45th day: Staphylococcus aureus, diphtheroids and entero.
coccuS.

This is a case in which the value of the procedure could be tested, and
serves as a demonstration of its merits. In spite of the seriousness of
the lesion and the large damage to muscles, the patient was cured with
a minimum of:

l. Pain and discomfort. Only a light injection of morphine was
necessary.

2. Trouble to surgeons and nursing staff. Only two plasters and a
protective bandage at the convalescent period were necessary.
3. Expense. The whole cost of the materials used ran to a few

shillings.
4. Disablement. At the end of fve months the patient had the full

use of his leg, and the treatment gave him the functional integrity which
is so essential to members of the fighting forces.



Fig. 122.Good healing of the wounds. No shortening of the le:;. Five degrees of
inversion of the foot. The patlent is back with his unit and flying again.
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'The course was now uneventful until November 11, when the patient
felt cold and shivery and developed a temperature of 103° F.; a nodc
in the groin was enlarged, but there was no pain in the wounds. Sulf'a­
pyridine was again administered, the leg elevated in a Braun splint and
the condition was normal again in two days. On November 25 the pa­
tient started walking on a Bohler iron. On January 21, 1941, the plaster
was removed, the discharge being dark brow and having a slight odor.
No sinuses were evident, but there were a few small granulating areas.
'There was no edema. X-ray pietures showed good consolidation of
the fracture and no sequestra. The next day an Unna plaster bandage
was applied to the leg and anltle and he was transferred to a convalescent
hospital. He was seen again on May 29, 1941, having in the interval
been treated by massage and act_ive movements. He was able to walk
with one stick and had 5° of flexion and 5° of extens10n of the foot; he

J'ig. 123.-Range of movement of the anide joint eight months after injury.

were inserted, and a fresh plaster was applied. Th ti ·t' lditi :. :. ' te patueni 's genera
con 1 ion agam improved, but he still had sorne fever. On Julv 19 the
part of the plaster that covered the dorsum of the foot was removed and
a~ abscess m th1s reg10n was incised. There were edema, redness of the
skin, tenderness and discharge from the subcutaneous tissue. Owing to
the cellulitis the wound was covered only with vaseli , "gd ' " sene gaze dressmgs
an was not replastered until this had subsided a fortnight afterwards.An examination of the pus showed a mixed growth of diphtheroids and
Proteus vlgaris. Sulfapyridine was given by mouth for 4 days.
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was bivalved and removed; some necrotic bone was excised and the
wound was dressed with vaseline gauze and the leg replaced in plaster.
Some improvement in the general condition followed, but the ankle
was still very painful on movement of the leg. X-ay pictures showed
fair position of the fragments but involvement of the ankle joint. On
June 26 the plaster was removed under general anesthesia: there was a
very considerable discharge of pus from the wound, and many metallic
fragments carne away with the packing. A collection of pus on the
lateral aspeet of the joint in front of the malleolus was incised and about
20 e.e. of blood-stained pus were evacuated. The wound was packed with
vaseline gauze and a plaster applied.

On June 28 the patient was transferred to the Wingfeld-Morris
Orthopaedie Hospital. Until July 5 he was comfortable with normal
temperature, but on that day he started complaining of some pain in
the ankle, and the nodes in the groin were enlarged and tender. On
July 6, under general anesthesia, the plaster was removed the wounds
were reincised on both sides to establish better drainage, vaseline packs
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had no pain and no edema; and the position of the leg was funetionally
satisfactory. There was perfect movement of the lmee and shortening
of the leg was less than an inch.
The complications which arose in this case were in all probability due

to the following mistakes:
l. Insufficient incision and excision, especially removal of devitalized

bone and foreign bodies.
2. Insufficient drainagc.
3. Premature removal of plaster when the patient was in good con­

dition 48 hours after the operation.
In spite of all that the patient kept his leg; the late result is sufficient

to justify the avoidanee of amputation, which was for a time considercd
the easiest way to save his life.

FRACTURES OF THE ANKLE AND FOOT

Bullets fired at long range produce in the ankle or foot punetured
wounds with tunneling of bone. · Such simple traversing wounds often
heal cleanly, but the talus and calcaneus react characteristically even to
slight damage. Their structure is spongy and they do not, when thc
wound becomes infected, throw off large sequestra after the manner of
long bones; instead a chronie inflammation persists with ocasional at­
tacks of flaring acute osteítis, and minute sequestra are discharged
through a persistent troublesome sinus. Successive radiographs show
only a progressive decalcification of the bone, and a final cure is fre­
quently only effeeted when the diseased bone is entirely removed.
The lesions produced by bomb or shell explosions may vary widely,

from irregular perforations to gross crnshing of the articulations and
bones of the ankle and tarsus. Septic processes in these regions have
little tendency to spread, and signs of serious toxic absorption are seen
only in infeetion of the ankle joint with fracture of the talus and large
externa! wounds. It is more common to find moderate infection of' the
bones and joints, with the patient always on the verge of general illness
and a temperature usually not above 100° F.

Treatment
Fractures caused by rifle bullets may be treated by immobilization

in plaster applied directly to the wound with no preliminary surgery.
Those produced by fragments of shell or bomb which remain embedded
in the base of the wonnd usnally require surgical operation: the foreign
body must be extracted and sorne bone must be removed in oder to
leave the base of the wound wide open; a sharp spoon manipulated with
care is a useful instrument in these cases.

When the destruction of the talus is more severe, and especially when
most of the damage is centered in the head of this bone, the resection of
a part of the affeeted bone gives a very satisfactory immediate result.
In cases in which the degree of eommintion of the bone is still more ex­
tensive, it is necessary to excise the whole talus, especially il the associ­
ated wounds of the soft tissues ad tendons are serious.
In certain cases in which the bone damage is gross but the skin damage

comparatively smal, it is justifable to begin conservative treatmentit
encasement in plaster after a preliminary surgical cleansing. The re­
sults are usually good, bt when in doubt it is always better to remove
the talus.
Since the calcaneus, likc thc talus, is a spongy bone, it reacts to infee­

tion in the same way, and suppurating sinuses are common in the cal­
eaneal region many months after a perforating wound, even though no
foreign body is embedded in it.
When a transverse tunnel in thc calcaneus suppurates persistently and

its track runs thogh the posterior part oi the large tuberosity, it
should be opened up ancl converted into a gutter.
The talus is most easily exposed through an incision on the outer sicle

of the foot, but if the whole of this bone has to· be removed it will be
found useful to make an adclitional incision on the inner side, in order
to divide the ligaments here attachecl to the bone. The calcaneus is like­
wise most easily approached through an extemal incision; it is important
to preserve unclamaged the insertion of the tendo achillis when operat­
ing on this bone.
The results of total removal of the talns are satisfactory both immedia­

ately and from the point of vicw of the ultimate :function of the foot.
On the other hand, total excision of the calcaneus or cven a large part
of it leaves a foot of very poor fnnctional value.
If there. is a great destruction of all tissues in the ankle joint region,

the foot cannot be saved and an amputation becomes inevitable. The
site of the amputation is still largely a matter of personal preference
(see Chapter XXIV).
Applica.tion of Plaster.-Whatever the operative treatment adopted,

the encasing of the foot in plaster is a good supplementary measure;
indeed, immobilization by a closcd plaster cast, preceded by surgical
treatment directed towards laying open thc superficial tissnes and drain­
ing the joints and tendon sheaths whenever doubt exists about the clean­
liness of the wound, has rnade it possible to save extremities which have
appeared at first sight to be doomed (see Fig. 124). The cast should
run from the lmee-and in sorne cases better still above the !mee-to
the foot and should be kept on as long as possible; an operation in
proper time permits the maintenance of the plaster for more than six
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Fig. 126.-Same case as in Fig. 125. Wound at the flrst change of p!aster twenty-flve
days after injury.
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Fig. 125.Compound comminuted fracture of the ankle (scaphoid and talus)
treated_on the lines laid down in this book. Operation one and a half hours after in­
Jury. This is the child in the center of Fig. 124. (See also Figs. 126 to 128.)

'l'he following· cases illustrate some of the problems in the treatment
of wounds and fractures of the ankle and foot:

A boy 9 years old was knocked down by a motor bus about 4 P.M.
on June 27, 1941, and admitted to the Wing:field-lVIorris Orthopaedic
Hospital within 10 minutes of the accident. He looked very anxious.
His pulse rate was 120 and his blood pressure 105/70. There was gross
laceration of the anteromedial part of the left foot but no visible frac­
ture (see Fig. 125).
He was treated by morphie, warmth and rest. 'There was comminu­

tion of the medial part of the head of the talus and scaphoid. At 5 :30
P.M., under general ether anesthesia the wound was excised after cleaning
with soap and water, sulfanilamide powder was sprayed on, and medial

Flg. 124.-Three children treated at the same time at the Wingfleld-Morris Ortho­
paedic Hospital. Ali had comparable severe injuries of the left leg and anide joint.
The photograph shows their lack of discomfort.

weeks, but in other cases it cannot be maintained for more than a month.
W ounds in this region may be closed by primary suture where condi­
tions are appropriate (see p. 285).
Suppuration of the tendon sheaths must be assumed if af'ter the usual

initial pyrexia there appears another phase of fever, accompanied by
swelling of the toes, inguinal adenitis and pain. The cast must be re­
moved at once and the infected region drained by means of a long in­
cision. Adequate drainage followed by another immobilization in plaster
will be sufficient to cure this complication, which is not really as serious
as it at first seems.
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Fig. 127.'The wound completely healed and the fractures consolidated ten weeks
after injury. Note the quality of the scar in spite of absence of skin graft.

Fig. 128.-Range of movement of the anide joint three months after the wouncl.

drainage was instituted with corrugated rubber and drained with plain
gauze and plaster to above the knee joint. There was cxcessive skin
laceration with apparent loss of skin from the medial malleolus to thc
anteromedial part of the dorsum of' the uppethird of the foot. The skin
was avulsed from the deep fascia on thc medial side of the foot as far
clown as the medial border of the plantar surface. The skin edges were
excised and all bruised structures were removed. Excision of th~ medial
plantar border of the foot was difficult owing to the bruising of muscles.
Only the extreme ends of the skin wouncl were approximatecl. The wouncl
was sprayed with sulfanilamicle powder, two rubber clrains were placed·
through stab wounds on the medial side of the foot and dry gauze in
the rest of the wouncl, and plaster was applied from the tos abovc
the lmee.

On June 28 the temperature rose to 101° F., ancl on July 3 sorne in­
guinal glands were enlarged. On July 21 the plaste was changed. The
wound was granulating well ancl the tendons were all covered; the rubber
clrain was removed (see Fig. 126). The plast.er was changecl on
Aug. 18, when the wouncl was ncarly all covcrecl with epithelium. Vas­
eline gauze and new plaster were applied. No more plaster was used
after Septcmber 1, when treatment of a small nonepithelized area was
continued by dressings of vaseline gauze and streptocide powder. By
September 19 the .epithelial covering was completc .. (see. Fig. 127). Fll
movements of the ankle were regained by the bcginning of October
(see Fig. 128).

A boy 7 years old knockecl clown by a car on July 29, 1941, was ad­
mitted with a severe injury to his left foot. The skin and the wouncl
were cleansccl with soap and water and the wo1111d was incisecl ancl ex­
cised. Gravel was found embedded in the cancellous bone of the lateral
malleolus, the body of the talus and the anterior part of the calcaneus.
The peroneal tendons were found dividecl. The extensor digitorum
brevis muscle was found clestroyed. The wound was powdered with
sulfanilamide and a dry dressing ancl plaster were applicd to the foot
and the ]eo· includin o· the ]mee (see Fig. 129). On August 10 the plasterº' º ~ l . 1 l . (was removed and the wound was found eoverec w1t 1 granu at1011s sec
Fig. 130). 'There was no sepsis. A new plaster was put o_n, ancl. a
third on September 8, when the wouncl was also powdered with sulfa­
nilamide. On October 5 the plaster was removed and the size of' the
wound was found appreciably reducecl (see Fig. 131). After ~he gra.n­
ulations had been cleansed with soap and water and dusted with sulfa­
nilamide powder fo some das, grafts were placed in the wound. Af'ter
five weeks more the wound was covered with epithelium. By December
12 the scar was strong ancl the boy walked with a marked reduct1011 of
the extension of the foot (see Fig. 132).

A sergeant gune in the R.A.F., aged 19, was wounded in the left
foot abit 1 ár. o June 13, 1941, while flying over Germany. He had
considerable pain. Between 4 A.M. and 6 A.M. he landed at his aerodrome;
and there the wonnd was dressed ancl he was given 3000 units of anti­
t t · . He was admitted to the Wingfeld-Morris Orthopaedieetane serum. ¡a5 bit ·ith reat pain inH ita] t 6:15 •• in good general condition but with grea4T!'iid raid ro si.e fe oráis ivi,,5$%," ti euboid and ah cxit wound about the middle ot the dr­
metatarsal to 1e •• A fhi sh red shattervingsum just distal to the midtarsal joints. n x-ray m s ow '· · º
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Fig. 129.-Extensive wound of the anlcle joint. The plaster is stained with blood
and discharge. (See also Figs. 130 to 132.)

___j

Fig. 130.The wound at the flrst change of plaster: when the drainage gauze as
removed a new plain gauze and plaster were applled.

Fig. 131.The wound covered by the appropriate type of plain gauze. At the removal
of the second plaster the discharge has completely vanished.

Fig. 132.The wound is healed three months after the injury. Range of movement
o! the anlcle Joint was poor.
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Fig. 133.-Compound comminuted gunshot fractures of the left foot. Treated on
completely orlhodox lines. Absence of toxemia and pain since the operation ( See
also Figs. 134 to 139.) ·
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Fig. 134.-Same case as in Fig. 133. Temperature chart shows the reactlon caused
by the antitetanic injection. Otherwise complete absence of fever throughout the
whole treatment.

of the outer two cuneiforms, the distal part of the cuboicl a.ncl the rn·ox­
ima.l parts of the bases of the lateral four metata.rsals. At 7 :50 he was op­
erated on under gas, oxygen, and ether. The skin ancl wound were
cleansed with soap and water solution, the field was isolatecl and radical
incision-exdsion of the wound was performed. The exit wound of the
dorsum of the foot was treated first. The skin edges were excised. All
necrotic tissues were removed, and the wound, being in a tendinous

1

i __ ·--·· ----·
Fig. 135.-The wound at the flrst chan¡;e of plaster more than flve weeks after

injury. The wound is recluced to less than a fourth of its initial size.

region and placed in the upper part of the long tunnel through the bones,
was closed completely by intel'l'npted stitches at the encl of the opcration.
The entry wouncl was explored, being wiclely enlarged after removal of
all bruised tissues from the dorsal wound. A considerable amount of
damaged tissue was removed from the abductor minimi digiti and then
many pieces of loose bone, so that finally a tunnel was left connecting
the two wounds, and this was quite free from any pieces of unatt:ached
bone. The wound was washed out with hot soap ancl water and sprayed
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with sulfanilamide powder. The upper wound was closed with sorne
stitches. The upward and medial extension of the inferior wound was
also closed loosely and then the remaining cavity was packed with gauze.
The limb was placed in plaster and elevated 011 a Braun splint.

The next day the patient had slight pain in the foot but was com­
fortable. Within forty-eight hours of the production of the wound he
was sitting up in bed and reading·. Pain had now completely disap­
peared. The plaster was slightly soaked with blood (see Fig. 133). On

Fig. 136.-The upper wound is completely healed. Photograph taken when the flrst
plaster was removed.

June 16 he had a risc of tcmpcrature to 100.6° F., slight enlargement of
the right inguinal glands, and pain in the right buttoek. Slight local re­
action from the antitetanic serum was diseovered. 'This inflammation
disappeared in two days (see Fig. 134). On July 21 the plaster was
changed. The wound on the medial side of the dorsum of the foot was
completely healed, but on the lateral side there was modcrate discharge.
The skin was growing into the tunnel-shaped wound (see Fig. 135). On
July 26, he was ablc to go 011 leave for three weeks. On August 28 the
plaster was removed. 'l'he wound of the dorsal part of the foot showed

Fig. 137.-Photog-raph taken three months after injury.

FIg. 138.-End result in the same case. Range of movement of the ankle joint three
months after injury.



Fig. 139.-Radiograph flve months after injury shows complete regeneration of the
destroyed bones, in particular the cuboid. No signs of osteítis.

a very good sea!', and the wound of the plantar side was healino· well
(see Fig. 136). Only a small a rea, less than hal:I' an inch, was not cov­
ered with epithelium. New plaster was applied for three weeks and
when this was removed the entry was found completely healed (see
Fig. 137). An elastoplast bandage was applied for three weeks. On
Novcmber 13 the wounds werc found to be healed with good scars. The
position of the foot was good, with no tendency to flatfoot, and anide
movements were Jull (see Fig. 138). X-ray pictures showed a callus
organized in the place of the cuboid, ancl the ends of the metatarsals were
normal (see Fig. 139). Only a narrow strip remained at the place of
the first cuneiform. There was no sign of osteitis.

This is another case in which, except for the slight rise of temperature
caused by thc antitetanic serum, no trouble of any sort oceurred. The
functional result, in spite of the great alteration of the architecture of
the foot caused by the anti-aircraft shrapnel, was as good as could be
desired. There was no pain and discomfort for the patient, no trouble
for the medical and nursing staff, no expense in the treatment, and a
good funetional result.
Refractory Oases.-Some cases, after the disappearance of the in­

flammation, improve ver slowly, the suppuration sometimes ncver
ceasing entirely. 'l'he underlying lesion in these cases is spongy osteítis,
which, unlike osteitis of the long bones, does not produce larg·e sequestra
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whose extrusion or removal leav bh':. 'es ehind a granulati: ·f Ichromc osteítis of th 1 ° a 1011 sur ace. ne ca caneus or talus there . .b ..
suppuration stopping after extrusion of s no possibility of the
which extrude visible sequestra ar d Sequestrum. Indeed, cases
into a su, urating o e very rare; the bone IS converted

pp g Sponge and open sinuses persist for a long time
The only hope in sueh cases, apart from performing extensive resee.

tions, is regulally to alternate the application of plaster ·it] . I
t · t t J • w1 1 suro-1carea men ' ceepmg the cast on for se , , 1 el • d >b .:. veral lays an then curetting the
one with a spoon. The wound sometimes has to be seraped four times

bef'ore it can be made to heal. In many cases, however, the only treatment
is exision of the bone, with the inevitable functional consequences. The
Widespread us_e 0_f Stemmann pins for traction throug·h the calcaneus is
one of the prmc1pal causes of osteitis, which may be very serious (see
Fig. 42).

Fractures of the Fore Part of the Foot
With the exception of self-inflieted wounds, which show an exit wound

on the sole of the foot, bullet wounds of the foot are very rare. On the
other hand, wounds produced by bombs or shells are common and as
in all such lesions, the degree of injur varies widely, from the simple
embeddmg of a foreign body to the avulsion of the entire foot.

Attempts to classify the various anatomical fol'lns of wounds of the
foot are ol little if any value, and any predetermined scheme of work
is rendered impossible because of their great diversity. It is important,
however, in this region to apply the general principles of treatment with
especial care, for in view of the great number of tissue planes, joints
and tendon sheaths, any infection might have sueh grave results as to
endanger the foot.
Surgical Treatment.-Smgical treatment consists in the removal of

free pieces of bone, total excision of several tarsal and metatarsal bones,
or amputation of the foot itself. hen the extent of the wound ancl that
of the fracture are compatible with saving the foot, ancl when neither
extensive arterial lesions nor grave infections are pt·csent, a resection of
the anterior tarsus or total tarsectomy may be performed.

WAR SURGERY396
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CHAPTER XXVI

BURNS

With the large-scale bombing attacks on the civil population, and
with the widespread use of petrol for the operation of aircraft, tanks and
other military machines, burns are a very frequent injury of war today.
Generally speaking, the tpe of injury produeed in the bombing of
towns and villages is largely determined by the nature of the buildings
in the locality, since the kind of bomb used for any given area is chosen
according to the general type and constructional materials of its build­
ings. This faet was very noticeable in the Spanish War. In their raids
on the towns and villages of the Basque country, where the houses con­
tained a high proportion of woodwork, the bombs used by the Germans
and Italians were mostly incendiary, combined with a certain number of
high explosive bombs of small and medium size (50 to 300 pounds).
Guernika, Drago, Ochadiano and Eibar were all attacked in this
way and the damage was largely caused by fre. On the other hand,
in Catalonia, ancl particularly in Barcelona, where the buildings were
constructed mainly of stone, steel, ancl concrete, incencliary bombs pro­
duced little effect and were entirely replaced after the frst few raids by
high explosive bombs, mostly of large size.

ETIOLOGY

The lesion of the tissues which is caused by excessive heat may be
produced either by flames or by a heated fluid (a scald). In wartime
today, however, the vast majority of brns are produced by ílames, scalds
being largely confined to accidents in ships. The greater seriousness of
the flame burn makes treatment more diffieult. Moreover, the large num­
ber of persons who may be burned at the same time, when a closely popu­
lated area, a faetoy o1 a ship is bombed, further increases the problem.

CLASSIFICATION OF BURNS

From the point of view of pathology, burns were classified by
Dupuytren into six types, or degrees, according to the depth of the
tissues involved. In the first three degrees the burn is confined to the
skin while burns of the fourth, ffth and sixth degrees involve the cellu­
lar subcutaneous tissue, the museles, and the whole strueture of the limb,
respectively. More recently, however, British sugeons have adopted an­
other system ( already in use in Germany and America), according to
whieh burns are divided into three types, or degrees. This classification
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is undoubtedly more logical and more satisfactory from the clinical
and therapeutic aspects. The diffieulty of determining the exact degree
of a recent burn is well known. Moreover, as will be seen presently, the
treatment employed must be chosen in relation to other factors besides
the depth of the burn. The problem of recognizing at an early stage the
particular degree of a burn still remains.

1st Degree.-In this type of burn only the most superficial layer of
the skin is damaged. The skin is reddened, slightly swollen, and painful.
Dilatation of the capillaries produces an exudate. There is some in­
flammation, which leads to an inerease of cells in the Malpighian layer,
and in many cases the epidermis eventually becomes detached.

2nd Degree.-A burn of the second degree is characterized by
blisters, which contain serum and may appear either at once or a few
hours after the burn. 'l'he horny layer of the skin, the epidermis, is de­
tached from the lVIalpighian or mucous layer, and the fluid which escapes
from the capillaries is collected in the space between. The Malpighian
layer itself usually remains intact, and, provided that no further damage
is caused and no infection develops, a new epidermis will be formed in
8 to 10 days. When the blister has been boken or removed, the area
is extremely painful, beeause the nerve endings in the Malpighian layer
líe exposed.
3rd Degree.-'l'hese are the burns which form scars. This group

inclucles all cases in which the inner layers of the skin are destroyed, as
well as those cases in which the deeper tissues are also damaged. Thc
destruction of the skin mayy vay from a charring of the epidermis,
papillae, and sweat and sebaceous glands to the loss of the entire thick­
ness of the skin. Where the Malpighian layyer has been destroyed, con­
siderable suppuration will be caused by the dead tissues, and this will
lead to granulation and healing by the normal second intention process.
If, on the other hand, the burn has only charred the epidermis and part
of the papillae of the l\falpighian layer, the elimination of clead tissue
will be slight and a new epidermis will quickly be formed by what still
remains of the Malpighian layer and of the cutaneous glands.
In an extensive burn the three degrees are often found combinecl,

and it is almost impossible to determine the particular degree at an
given point, especially in the first few hours.
Fo treatment I prefer to classify burns by yet another system, whieh

is similar to that used for fractmes. It divides burns into two goups,
closed and open.

Closed Burns
This group includes all first degree brns and those of the seconcl

degree in which the blisters have not been broken. The horny layer of
the skin, being still intact, prevents bacteria! contamination and protects
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the eells of the Malpighian layer from possible further damage. The
nerve endings are not cxposcd, and consequently the pain is not ver
severo or persistent.

Open Burns
An open burn is one in which the inner layers of' the skin have been

exposed and which, as Zeno (1938) pointed out, must therefore be con­
sidered as a wound. When the whole thickness of the skin has been
charred and the nerve endings have been destroyed, the pain is less
severe than when the superficial layer only has been burned and the
nerve endings have been exposed. Once the dead tissues have been
eliminated, a. layer of granulation tissue forms, and if this is very pro­
fuse, the regeneration of the epidermis is a slow and diffieult process.
This is the tpe of burn which, if not properly treated, may lead to
serious scar contraction.

FACTORS AFFECTING THE GRAVITY OF BURNS

It is commonly believed that the danger of a burn líes in the extent of
its surface area rather than in its depth. A first degree burn involving
more thau half the total surface of' the body is supposed to be neces­
sarily fatal. This is not strictly true, for the gravity of the burn depends
mainly on a combination of four different factors: its extent, its clepth,
the region of' the body affeeted, and the treatment employed. These fae­
tors, combinecl with one or two others of lesser importance, such as the
age of the patient, provide the basis for prognosis.

Shock
All seriously burned persons are faced with the risk of two different

complications at two different stages. The first of these complications
is that of primary shock, which in sorne cases is immedia.tely followed by
secondary shock. The shock which results from a burn is not of quite the
same type as that found in wounded patients, for the burned patient
tends to have a normal or even high rather than a low blood pressure
much more persistently than in trauma.tic shock, together with a higher
concentration of red corpuscles. As in trauma.tic shock, however, there
is an extravasation of plasma, producing edema, and a diminution of
blood volume. Extensive dehydration takes place throughout any area
which has lost the protection of the horny layer of the skin. Glycogen
is often given off by the liver, producing hypeglyeemia and acidosis, or
there may be an increase of chlorides in the burned arca, leading to hypo­
chloremia. Proteolysis occurs in the burned tissues and the blood will
show an excess of nitrogen. A marked rise in the blood sedimentation
rate is frequently observed.

After a few days the picture of shock may change, giving way to signs
of the second possible complieation. This is due to toxemia and is char­
acterized by fever, dyspnea and collapse, followecl in sorne cases by
delirium and finally death. The new clinical pieture is probably de to
the absorption of proteolytic proclucts and perhaps of baeterial toxins
which in their turn produce still f'urther proteolysis. Neeropsy of pa­
tients who have died as a result of brns has revealecl the frequent
presence of clegenerative lesions in the liver and of acute nephitis, and
to a lesser degree of intestinal ulcers, pneumonia, and cerebral throm­
bosis.

The order of frequency of the causes of death in burned patients is as
follows: shock, toxemia (hepatitis, nephritis, intestinal ulcers), pneu­
monia, cerebral thrombosis.

COSMETIO AND FUNCTIONAL REOOVERY

As in the compound fracture, the surgeon 's primary object is to save
life. Immediately following· this comes the urgent need to secure for thc
patient the best functional use of' the afleeted egion and a good esthetic
recovery. The natural reparative process of the tissues is, in burns,
seriously hampered by several factors, chief of whieh are the adhesions
formecl by the scar tissue with the deeper structures, the lack of elasticity
in this tissue, and its tendency to a progressive contraction which gives
rise to functional clisturbances in such arcas as the face, neck, axilla, and
hands. 'The wide area involved in many serious burns, moreover. in­

J ' 'creases the risk of the development of secondary deformities. All these
diffieulties must be constantl_v borne in mind in the treatment of burns.

TREATMENT

I do not intend to give a detailed description of ali the countless tech­
niques that have been evolved for the treatment of brns. The ver'v
existenee of so man different forms of treatment is a proof that the
ideal method which can be adapted to anyy type oi burn has not yet been
discovered. The various recently sed methods can, however, be grouped
in four categories, each of which conesponcls more or less to a certain
period of time in which it was predominantly if not exclusively em­
ployed: (1) antiseptics; (2) emollients; (3) coagulants; and (4) the
most recent development of all, saline baths.
Antiseptics.Shortly after antisepties had been adopted for the teat­

ment of wounds, the technique was extended to treatment of' burns, for
which it is still employed toda, although to a markedly lesser extent. The
substance most commonly and persistently used was picric acid, which ap­
pears to have achieved only a limited success. In severe or extensive
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burns, moreover, the toxicity of the substanee tended to produce lesions
in the liver and kidneys. Some of the antiseptics in use today are also
coagulant, for whieh reason I prefer to include them in that group. The
treatment of burns by antiseptics is wholly illog-ical, sinee it does nothing
to prevent shock or the developmcnt of deformities, and introduces a
definitely harmful factor by its toxic effects.
Emollients.-Emollients were widely employed in the treatment of

burns during the War of 1914 to 1918 and to a lesser degree they are>
still in use. This method was introduccd as a reaction against the anti-
septic technique and with the objeet of protecting the burned areas from
irritation and friction caused by dressings and from further bacteria!
infeetion. The substances most frequently used were a liniment of
calcium and olive oil, and ambrine, both of whieh produced improved re­
sultspartielarly the ambrine for burns of the faee; sinece, when the
wax of which this snbstance is partly composed sets, there is no need
to use bandages. With this method the contraction of the scar was less
marked and the toxic · effects of antiseptics were avoided; but like the
antiseptics, it did nothing to prevent shock and infection.

Coagulants.-'l'he idea of coag·ulating the dead tissues and so form­
ing a thin film on the srface of' the burn is an old one. Billroth (1871)
used silver nitrate and recommended it in the following words: "An­
other plan of treatment is with a solution of nitrate of silver ten grains
to the ounce of water; this is to be painted over the burned part, and
compresses wet with the same to be kept constantly applied. At fist
the pain from the cauterization of the parts denuded of epidermis is
ocasionally ver great, but a thin blackish-brown erust soon forms and

' ' othe pain then cases entirely. I recommend to you this plan of treatment
when all three degrees of burn are combined.''
This accurate description of the coagulant treatment was entirely for­

gotten until 1925, when Davidson published the principles and details
of the tannic acid techique. Davidson as dealing with burns in the
Ford factories in Detroit, and his aim was to find some form of treat­
ment which would both impede the onset of shock and, as far as pos­
sible, prevent infection and deformities. 'The industrial process of
tanning leather with tannie acid suggested to him the possibility that a
similar procedure could be applied to burns. He started by using the
same solution of tannic acid (at first 2.5 per cent, later 5 per cent), but
to ensure complete coagulation of the burned area he found it necessary
to apply the solution continuously over a period of several hours. This
was a serious disadvantage, but not one which could be avoided by
using a more highly concentrated solution, for the thicker the layer of
coagulation the greater the destruetion produced m the tissues. To
overcome this difficulty Bettmann recommended 10 per cent silver

nitrate combined with 5 per cent tannic acid, and with this combination
it was possible to obtain an adequate !ayer of coagulation in half an hour
of continuous application.
A more recent development is the use of the triple dye ( crystal violet

1 in 400, brilliant green 1 in 400, and acriflavine 1 in 1,000) first intro­
duced by Aldrich in 1933. For this it has been claimed that it is more
analgesic than tannic acid, more effective in promoting the resistance
of the burned area to infection, and more likely to result in a soft scar
without extensive contraction and deformity. Undoubtedly the mixture
of dyes, as such or in combination with tannic acid and silver nitrate, is
valuable in emergeney treatment, particularly of patients who, for the
full surgical treatment dcscribed helow, ,vould have to be transported
far frvom the place of the accident; but for patients who can receive such
treatment within the six-hour time lag I do not rccommend it. It should
be recalled that the danger of sepsis from the contaminated and de­
vitalized tissues increases as time gocs on, and accordingly that the
application of triple dye (or any other coagulant) in the late stages is
not only ineffectivc but, by limiting drainage, may even be dangerous.
To sum up: The coagulation technique has the advantage of prevent­

ing· the loss of fluids from the burned area, a factor which may assist in
the treatment of shock; the pain is also less severe, and in many cases
infection is prcvented. On the other hand, the ]ayer of tanned tissues
has no elasticity and often breaks away at the junction of the normal
skin, so that an infeetion may be introduced. This is serious, owing to
the difficulty referred to above of establishing adequate drainage beneath
the coagulum.
I have treated more than 200 cases of burns in faetory workers by this

method, with results on the whole much better than those obtained by
the earlier forms o.f treatment. Shock and toxemia were noticeably less,
and serious infcction, though it still oecrred, was cetainly less frequent.
In a good many cases, however, the qnality of the scar tissue was poor,
and from the ultimate esthetic and fnnctional points of view I thought
that the method had no advantage over the use of ambrine.
Saline Baths.-'l'he use of saline packs and baths is now regarded as

an effective alternative to coagulation therapy. I cannot do better
than quote the following account of its application by one ol' its chief
exponents (MeIndoe, 1940) :
"Expert nursing is required and the most rigicl attention to detail,

but the results fully repay the time and labor expended.
'The hands are immersed into small baths containing normal saline

at 98º F. 'The patient is encouraged to move the fingers and wrist joints
in the saline solution; two or three baths of one hour each are given dur­
ing the day. Following the baths the affected parts are gently and eare­
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fully covered with tulle gras and then sterile gauze soaked in normal
saline is la.id upon it, with no pressure, the latter being replaced every
two hors without distrbing the underlying tulle gras. It is essential
that dressings should not stick to the raw surface and on no account
should wet dressings be left to dry and become adherent, as exquisite
pain is ca.used on removal. The hands are then covered with a sterile
towel, and supported on light wire splints. The position of the hands
and wrists when at rest is impotant; the wrist should be slightly dorsi­
flexed and the finges kept slightly flexed, especially at the meta­
carpophalangeal joints. The outer dressing, but not the tulle gras, is
removed prior to the subsequent baths, the tulle gras floating off in the
saline solution. In this way painful dressings are avoided. Although
no antiseptic solution is added, sepsis, if it occurs, clears up rapidly
within one or two weeks and healthy granulation tissue develops. In
some cases epithelial debis separate and form thin white layers over
underlying granlations or newly formed epithelium; the debris should
be removed by gentle ' swabbing and ocasional addition of soap (pure
soa.p flakes) to the saline, or the hands may be given a thorough but
gentle cleansing under a light gas and oxygen anesthetic. This debris
appears to be a potent nidus for the development of organisms, and hence
is better removed.''
In cases of extensive mixed second and third degree burns general

baths are provided. The bath is flled with thirty-two gallons of warm
water to which is added sufficient salt to form a normal saline solution.
The water runs into the bath at the rate of one gallon per minute by
means of an automatic device emptying into the head end. A similar
amount of water is allowed to run out from the bottom of the bath by
means of a specially arranged plug. The temperature of the bath is con­
trolled by a thermostat. The patient is kept in the bath for a half to one
hour or longer and then returned to bed and placed on sterile towels
under a heated tent.
As can be seen this is a very elabora.te procedure which can be adopted

only in specialized hospitals working under peacetime conditions.
Sorne obvious limitations are the diffieulty of sterilizing the baths and
of attending with sufficient care to the large numbers of cases that may
require simultaneous treatment in war. Failing the most careful
handling of' the patients the treatment is painful and secondary con­
tamination of' the burned area probable. Elimination of the sloughing
debris is rapid, but in most cases from ten to twenty days must elapse
before the raw sufaces are ready for skin grafting. The great ad­
vantage of the technique is the readiness with which the granulations are
cleaned from the small remains of the debris once the great sloughs have

been eliminated. It is thus one of the best available after the second or
third week of the production of the burn.
Bach method, therefore, has its merits, but each too has certain in­

herent disadvantages. I believe that a really effeetive method of treat­
ment cannot be established unless we can elimina.te all the dead tissue
at the beginning. We should regard a bum as a wound and treat it as
such. The technique which I now describe is based on this conception.
It is not off'ered as a panacea and it still has sorne limitations, but it seems
to me to make the best provision for the various requirements of burns
and to obviate more effcctively than other methods the risks which tend
to accompany them.

PLASTER TREATMENT OF BURNS

Unfortunately, in the treatment of burns there is as yet no equivalent
to the excision of damaged tissues from a wound, and it is therefore still
necessary to rely on the natural elimination of dead tissue, with its
inevitable risks. Hence plaster is less effective than in the treatment of
wounds. Nevertheless, it has been used by Zeno (1938, 1939) in the
Argentine and by Lóhr (1939) in Germany in many hundreds of cases
with satisfactory results. As in the treatment of wounds, the tech­
nique comprises several processes.
l. In early cases the first object is to remove the dirt from the skin

round the burned area. The skin is cleansecl with a 5 per cent solution
of soap (preferably one with a sodium coconut or sodium ricinoleate
base) or with 1 per cent C.T.A.B. cletergent, in hot water. The burned
area itself need not always be cleansed, especially if the burn is not more
than four hors old. It must, however, be isolatecl, and handlecl very
gently so that the blisters whieh remain intact should not be broken.
2. Intact blisters should be slightly ineised in the most dependent part

to allow serous fluid to drain off; broken blisters must be excised with
scissors.

3. 'The whole area is then very thoroughly dried (a piece of sterile
cotton material is best for this purpose) and a layer of gauze soaked in
a 10 per cent solution of tannic acicl is laid over the burn for füteen
minutes. At the end of this time a thin coagulum will have been formed
over the whole area, being more a clot of the fluids than of the tissues.
This ''partial'' tanning of the burned region suffices to prevent undue
loss of fluids from those layers of the skin whieh have lost their epidermal
protection, while at the same time it does not give rise to the constrietion,
or to the other diffieulties assoeiated with the formation of scar tissue,
that commonly oeer if the coagulum is thick ad hard. The thin layer
provides a useful protection against secondary infeetion; although, of
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course, without the plaster-of-Paris cast, which is applied immediately
after the taning, it would not in itself be a sufficient covering for the
burn.
In those parts of the body where plaster of Paris canot be used, such

as the face, abdomen, and genital and perineal regions, Bettman's prae­
tice of using a combination of' 5 per cent tannic acid and 10 per cent
silver nitrate provides a stronger coagulum and obviates the need for
dressings and bandages, which are always a source of pain and misery
for the brned patient. In severe brns of the face, and particularly
round the eyes and mouth, it is preferable to use ambrine or a liniment
of equal parts of calcinm and sorne vegetable oil (to which sulfanilamide
or pencillin may be added) ; for in these areas the coagulation of the
tissues tends to inerease the depth of the damage and leads to secondary
contractions whieh have subsequently to be corrected by plastic opera­
tion. In deep burns or in cases treated after four hours, it is better to
avoid superficial tanning: instead the burned a.rea is covered with
bandage gauze soaked in vegetable oil with 10 per cent of calcium.
4. After the main tanning process a piece of gauze soaked in a 5 per

cent solution of tannic acid is placed over the burned area and a plaster­
of-Paris cast is applied. This cast must immobilize not only the nearest
joint on either side of the burn, but also the whole of' the next segment
beyond the joint. This is a point of great importance, for any move­
ment in this more distant region will tend to displace the skin at the site
of the brn and lead to friction against the plaster and consequent
ulceration. The limb must be immobilized in complete relaxation, i.e.,
the arm in 30° of abduction and the leg in 45° of flexion.

Position of the Fing·ers
The position of the fingers of a burned hand is of special importance.

The elassieal deformity that follows a scvere burn of the hand which has
not received preventive treatment is only too well known-the first
phalanges in complete extension, or even hyperextension, and the second
and third phalanges in marked flexion. This deformity is due in the
first place to a muscular spasm, which is followed later by a retraction
of the muscles and, in sorne instances, of' the sear tissues also. The im­
portanee of the museles in this whole problem is not generally recognized.
Many surgeons, for instance, advocate immediate exercise of the fingers
as the best method of preventing deformity. I believe this to be a great
mistake and even the actual cause of many deformed hands, for it is
based on a false conception of the anatomical and functional causes of
the deformity, which is attributed almost exclusively to retraction of the
scar and to articular alterations (see Fig. 140). Apart from cases in
which there is an initial lesion of the capsule, which inevitably involves

an injury to the extensor tendons also, articular stiffness and ankylosis
are nearly always due to lack of muscular relaxation and edematous in­
filtration.

Jig. 140.-Crippled hand fxed in a position of spasm. Septic tenosynovitis of the
flfth fnger subsequently extending to the thumb. The hand was never immobilized in
position of muscular relaxation. In spite of lack of participation of the flexors of the
second, third, and fourth fingers in the septic process, and of any of the extensors
the permanent disability is similar to one produced by deep burns of the dorsum of
the hand in patients who have not been properly immobilized.

To understand how muscular spasm and contraction produce this well­
known deformity, we must look closely at the anatomieal arrangement
of the flexor and extensor muscles of the fingers and consider their rela­
tive strength. The strongest :fl.exors of the finges, the flexor sublimis
and fl.exor profundus, bend the second and third phalanges respectively,
while the flexion of the first phalanx is produced ·mainly by combined
action of the interossei and lumbrical muscles, which are short and com­
paratively weak. The strongest extensor muscle, on the other hand, the
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long· extensor communis, operates chiefly on the first phalanx, the second
and third phalanges being extended mainly by another action of the
interossei a.nd lumbricals. Thus the powerful flexor and extensor muscles
do not counterbalance each other, since they work on difterent segments
of the fingers. On the contrary, the strong extensor and flexor muscles
are each opposed by comparatively weak flexors and extensors. Con­
sequently, a hand in which the muscles are activated continuously, as in
spasm, inevitably shows a systematic deformity in the position of the
fingers, with marked extension of the first phalanx and extreme flexion
of the second and third phalanges.

ankylosis, but the position of' the fingers is quite different, and the com­
plete rest afforded by immobilization encourages quick healing of the
burn, prevents articular inflammation, and thus leads to a better ultimate
functional result.
Last, but not least, immobilization of the hancls and fingers in the

correct position makes it possible, even in the worst cases, to secure a
result in which, even if the joints are ankylosed, the position of the
fingers is nevertheless of some functional use ancl never that of the '' claw
hand" clue to muscular contraction. vVhen the dorsal surface of the

A. B. A. B.

F'ig. 141.Hyperextension of frst phalanx in a hand burned at the dorsum. This
hand was never immobilized in fexion. (Photographs by courtesy of Dr. J. Marquis
Converse.)

If further proof were needed that the tragic "claw hand" is generally
due to muscular spasm, it could be found in the absence of this deformity
in cases where spasm has been prevented by immobilization of the muscles
in relaxation, i.e., with the fingers in semiflexion and the wrist in slight
dorsiflexion. After being completely immobilized in plaster in this posi­
tion for three weeks, the fingers will regain full mobility a few minutes
af'ter removal of the plaster. When treated in this way the only hands
likely to show deformity are those in which the burn has damaged the
articulations, for in these the overlying extensor tendons have also in­
evitahly been damaged. In these cases the joints have a tendency to

Fig. 142.-Burned hand immobilizecl with plaster of París. The elevated position
of the hand is absolutely necessary to prevent swelling and thus compression by theplaster.

A. Patient lying in bcd; note level of elbow.
B. Patient sitting up in bed : elbow is not below the shoulclers.

hand has been severely burned, the damage caused to the tenclons ancl
the scar adhesions and retraction often results in recluced function ancl
some deformity. If, however, such cases are poperly treated and the
hancl is immobilized in a goocl position, hopeless deformity will very
rarely be seen, and the disability will fo the most part be confinecl to a
limited power of flexion in the fingers, which can be substantially in­
creasecl by massage and exercises. (See Fig. 141.)
Burns on the neck may also be treated by immobilization of the head,

neck and upper part of the thorax, the plaster being carefully moulded
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over the jaw and neck, but sorne friction will still be present due to in­
sufficient immobilization. In cases in which the brn involves the axilla
or thorax, a thoracobrachial plaster should be applied. Plaster is less
efficient in these areas than in the hands and legs.
5. Once the plaster has been applied, the next step is to provide a

satisfactory position for the injured part in the patient 's bed. The best
position is one which will prevent edema of the extremity and thus facili­
tate the circulation, with all the advantages which this entails, e.g., im­
proved bactericidal action and better healing. In general the affected
limb should be kept raised and suspended by a handle (made of a plaster
bandage) fixed at the most distal part of the plaster cast (see Fig. 142).
If this precaution is not taken, any edema which may already be present
will be increased by the compression of the plaster and will cause intense
discomfort, making it necessary to remove the cast. When, however, the
limb is kept raised, the transudation, already reduced by the compres­
sion, is further decreased by the fall in the hydrostatie pressure of the
blood and less plasma passes through the capillary walls. Such fluid as
does escape from the capillaries in spite of the elevated position of the
limb is readily drained from the tissues by the lymphatie system, with
the result that edema quickly disappears. Finally, by keeping the limb
raised the amount of discharge is reduced, and, just as in the case of
wounded limbs, the plaster can be retained for a longer period without
smelling.

Duration of Treatment
In cases in which the first plaster has been applied before edema and

infection have made their appearance, and in which the extremity has
been kept raised from the begining, the plaster can generally be re­
tained for ten days. At the end of this period it is advisable to change
the plaster, as in most cases it will now be too big for the limb and will
no longer provide effective immobilization, with the result that the skin
may be chafed and develop ulcers. This is particularly important in the
hands, and, as soon as a patient finds he is able to move his fingers freely
inside the plaster, a change of plaster is due. At this stage the patient
is ready for a skin gaft if this is needed. Otherwise the granulating
area is covered with vaseline or with oil gaze of close mesh o with
elastoplast. The second plaster, if needed, can be kept in position for
ten to fifteen days, or if necessary for longer. The hands should not
preferably be immobilized for longer than four weeks, but, apart from
the rnost severe burns of the hand, therc are few cases in which the
burned area has not healed in a month (see Figs. 143 and 144). If at
this time, in spite of the treatment, a raw area still remains, this should
be dressed with elastoplast or, better still, grafted, and the hand and
fingers placed on a palmar splint made of plaster. After five days the

splint and dressings should be removed each day for a short while and
the fingers actively exercised to prevent stiffening of the joints. In many
cases only a part of the hand or one finger will require immobilization
at this stage, and this makes the re-acquisition of movement in the re­
maining part much easier.

Fig. 143.Burn of the left hand immobilized by plaster. Free fexion when the plaster
was removed after twenty-one days of continuous immobilization in relaxation.

Fig. 144.Range of flexion of a hand hich suffered second and third degree burns,
three days after removing the plaster which had immobilized the hand thirty-one
days.

In severe burns, particularly those of the third degree affecting the
dorsal part of the hand, the surgeon has to decide when the :first plaster
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is changed whether or not a skin graft should be made, since by about
this stage, i.e., 10 to 15 days aft:er the bnrn, the slough will probably havc
been eliminated. In very extensive brns treated only by plaster, cxcept­
ing those of the hands, the cast may with advantage be left in position
for a further five or six days after epithelization is complete, thus allow­
ing time for the newly formed surface to grow stronger. In sorne cases
where there has been a copious discharge, a thorough eleansing with soap
and water will be required. If a skin graf't is applied it should be of the
Thiersch-Ollier type.

Complications
Thc only complication is infection. When all proper precautions have

been taken, this is rare and is due to one of two causes: inadequate pro­
tection of the affeeted area, or incomplete immobilization. I have al­
ready stressed the importance of immobilizing not only the adjacent
joints on both sides of the burn but also the segments beyond these joints,
in order to prevent frietion. If', in spite of good immobilization, a pa­
tient shows a rise of temperature, one of the sulfonamide compounds,
preferably sulfathiazole, should be administered either orally or by in­
jection. If after this the temperatme s1'-ill persists, the plaster should be
removed and applications of sulfanilamide made directly on the burn.
Meanwhile a plaster splint placed on the opposite side of the limb will
provide sorne immobilization.

General Treatment
The urine should be examined from the first da, the total output be­

ing recorded and special features, suech as the density and the content of
urea, sugar, albumin and chlorides, being observed. 'The general treat­
ment of a burned patient must be based largely on these findings. For
the first 24 hours the diet should be restrictecl to water, which is then
replaced for the next three to six days by a milk diet. Acidosis may
be treated by' oral administration of sodium bicarbonate or intravenous
injection of 20 to 40 c.c. of a 20 per cent solution.
Red-cell and hemoglobin estimations are also important (see p. 160).

These factors, combined with temperature and pulse and the local char­
acteristics of the burn (i.e., the region, extent and depth), provide the
basis for prognosis, and the treatment must conform with the relative
importance of these signs. Transfusion of plasma during the first few
hours and intravenous injection of sodium chloride in the next day or
two are of great value to patients suffering from shock. V-le must, how­
ever, be more careful in giving plasma to the burned than to the wounded
patient, because from the first day the kidneys and liver are subjected
to the heavy strain of elimina ting the products from the burned area,

and the introduction of large amounts of proteins inereases the risk of
failure of these organs. The funetion of the liver may be stimlated by
a daily injeetion of insulin, in a dose of 5 units if the patient's urine is
sugar-free, and in a larger dose varying with the amount of sugar, if
this is present. Transfusion of blood may be vey useful in later stages
f'or combating the anemia which develops in seriously burned patients
who have been treated with large amounts of plasma. The amount of
blood given depends on the hemoglobin content.
All persons suffering from burns are very sensitive to external tem­

perature and need to be treated in a wam room, i.e., 70° t 75° • The
patient should be made to sit up in bed to help the p 1n · 1. u nonary creu.a­
tion, but burned hands must still be kept raised. Care should be taken
to place the elbows above the level of the sholders (see Fig. 142).
In sorne cases, and particularly where the face has been burned

secondary plastic treatment may be required to correct deformities. '
Even the most careful technique will not always dispense with the

need for plastie surgery, particularly round the corners of the eyes and
mouth, which cannot be immobilized. Here secondary infections tend to
develop, the granulation tissue is apt to be very prolife, and the scars are
often contractile. Hence, in all serious burns of these areas, the help
of the plast1c surgeon is required.
If complications should develop, not in the burn itself, but as a con­

sequence of it, such as pneumonia, acidosis or nephritis, the treatment
must be regulated by the condition. Fortunately, with the plaster
method these complications are seldom seen. Nephritis, in particular,
rarely occurs, a fact which I believe to be due to the diminution in the
absorption of toxie produets through the lymphatics which results from
immobilization in plaster.
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INDEX
A

Abdominal shock, treatment, 139
wounds, shock caused by, 135

Abscesses, sulfonarnides in, 204
biological treatment, 206

Absorption in joints, 305
lyrnplmtic, in infection, 61
mechanism of, in infection, 60
of bacteria from wound, 74
of toxic substances, 75
proeess, in infeetion, regulation of, 62
ra te of, in infection, G1

Acidosis and hyperglycemia, complica­
tion of burns, 400

as complication of sulfonarnide treat-
ment, 212

Acridine dyes, antiseptics, 189
Acrifiavine, antiseptic, 189
Adrenaline ancl procaine as local anes­

thesia, 167
in treatrnent of anaphylactic shock in

tetanus, 128
Aerial bomb, gas gangrene, 102

shock, 132
splinter, buttock wouncl, 354
wounds, 220
healing·, 37

Aerobic streptococci in war wounds, 83
Aeroplane splint for shoulcler joint, 322
Air raid casualties, plaster immobiliza-

tion in treatment, 360
crush injuries caused by collapse of

buildings, 175
injuries by blast, 175
minor, 176
types of, 173

wounds by heavy H. E. bombs, 174
by incendiary bombs, 174
by light H. E. bornbs, 174

Air-borne infection, 87
Alabaster for compound fractures, 229
Ambulance service, historical, 32

organization, 176, 179
Amputation, 314-319

criteria for, 315
drainage, 319
flap, 317
gas gangrene, 113
guillotine, 317
stumps, 319

historical, 314
indications for, 315
infection, 319
length of stump, 318
level of, 317
of leg, chief indications for, 367
plaster in, 319
scar placement, 318

423

mputationCont'd
site of wound, 315
stump, length of, 318
teclmique of, :n 7
in war, 318

Anaerobic infections (see Gas gangrene)
streptococci in wounds, 85
toxemia, gas gangrene, 104

Anaphylactic shock in tetanus, 128
Anderson 's pins and plates for traction

of fracture, 241
Anesthcsia, choice of, 164

ether, administration of, 165
contraindicated, 167
efleet of, on shocked patients, 166

general, for seconclary sutui-e, 288
for tetanus, 125, 126

in wartime, 164-169
local, aclrenaline and procaine, 167
in shock prcvention, 168
treatment, 139

procaine, 167
Oxford vaporizer for ether administra­

tion, 166
regional, 168
spinal, 168

clangcrous in abdominal shock, 140
Anesthetic, choice of, in shock, 140
service in raidecl cities, organization

of, 169
Anesthetics, inflnmmable, storage in

bomb-proof shelters, 169
Anide, compound comminutecl fracture,

387
fractures of, 384
treatment, 384

joint, extensive wound of, 390
range of movcment months after in­

jury, 380, 383, 388, 395
Antibacterial capacity of sulfonamides,

197
initial, treatment of wounds, 18G

Anti-personnel bomb wounds, 174
Antiseptie aetion of skin, 67
propcrties of lymph, G4
technique, 35

Antisepties, 184-194
acridine dyes, 18!)
acriflavine, 189
action of, on living tissues, 187
Crrel-Dkin teclnique, 186
chemot:herapy, HJ5
eleansing of burns, 194
eoal-tr derivatives, 188
euflavine, 189
hypochlorite, 185 .
in common use, action of, 188
in treatment of burns, 401
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Antiseptics-Cont 'd
infected wounds and, 189
initial antibaeterial treatment, 18
phenol, 184
proflavine, 189
requirements of, 186
rivanol, 189
soap, 190, 191
wound, cleansing of, 184

Antitetanic injection, temperature chart
showing reaetion, 392

Antitoxic capacity of soap, 193
Antitoxin, tetanus, 123
Aortic transfusion, 156
Aponeuroses, superficial, enlargement,

217
Application, principies of, in plaster-of­

Paris teclmique, 251
eomplications, 251

Arm, amputation stump length, 318
blood supply of muscles, in gas gan­

grene, 98
pattern technique, thoracobrachial

plaster, 263
application, 266
skin, protection of, 266

Army blood transfusion service, 162
Arterial compression, experimental, 143
spasm, 145

Arteries, excision, 222
Artery, femoral, injuries to, 361
Articular cartilage, defensive power of,

305
fracture, infected, 365
surfaces, comminuted fractures of, cl­

bow joint, 332
comminution of, elbow joint frac­

tures with, 331
tissues and fluid, defensive power of,

304
wounds, 304-313
peacetime and wartime, 313
primary suture in, 285
surgical trcatment, 307

Aspiration of synovial fluid of lmee
joint, 364

Atropine following ether, 166
in shock treatment, 137
in trentment of tetanus, 127

Avertin in treatment of tetanus, 127

B
Bacteria absorption from wound, 74

anaerobie or progenie, resistanee of
skin to, 67

bacteriemia, 77
bony tissue resistance to, 69
colonization of, in wound, <Hi
contamination of wounds, 49
destruction of, by skin surface, Si
effect of soaps on, 192
elimination of, 80
local immunity, 73
muscular tissÜe resistance to, 69

Bacteria-Cont 'd
nerve tissue resistance to, 72
passage of, 66
pathogenie, entry of, in wounds, 21
septicemia, 79
tendon sheaths resistance to, 68
tendons resistance to, 68
toxemia, 79
vascular tissue resistance to, 73
virulenee of, 63

nacterial diffusion, 63
flora of wounds treated under plaster,

88
theory, historical, 32
toxins, neutralized by soaps, 192
virulenee, 63

Dactericidal action of soap, 191
of sulfonamides, 196

capacity of soap, 193
of synovial fluid, 306

Bacteriemia, 77
foreign proteins, 78
relation of fever to, 78

Bncteriology of gas gangrene, 94
Bags for covering smelling plasters, 282
Balkan frame for femur fracture, 359
Bandage, plaster, advantages, 254

application, 257
care and storage of, 256
disadvantages, 254
'' draw'' method, 257
foot, 268
forearm, 261
hand, 260
hip, 272
instruments for, 255
knee, 272
leg, 271
''loop'' method, 257
materials for, 255
outer layers, 258
patching, 259
plaques for reinforcing, 258
preparation of, 256
soaking, 256
thigh, 272
wrist, 261

Barbiturates in treatment of tetanus,
127

Barcelona Blood Transfusion Servicc,
147

bottle, 154
container for blood transfusion, 152

Baths, saline, in treatment of burns, 403
Bernard 's theory, improper functioning

and infection, 57
Biological treatment, 21, 22

difficulties, 278
of wounds, 170
and sulfonamides, 205

(see also Immobilization; Plaster
technique; Plaster-of-Paris
technique; Rest)

Bipp in control of offensive odor in
plaster immobilization, 282

Blast, injuries caused by 175
Bleeding from wound 2Í
Blisters, incised in plaster treatment of

burns, 405
2nd degree burn, 399

Blood groups, study of, 148
pressure as guide for blood trans­

fusion, 158
shock, 130, 133, 134

stream, organisms in, fate of, 81
supply, mercase in, necessary to

wound healing, 45
of muscles of arm in gas gangrene

98 '
of thigh in gas gangrene 99

transfusion, 147-163 '
air pressure method of bottles 155
amount, 158 '
aortic, 156
apparatus used for 152
army service, 162 '

air transport, 162
mobile units, 163
stored blood, 162
transport of blood, 162

Barcelona container, use of 152
blood derivatives, 160 '
blood pressure as guide for, 158
burns, 157, 412
collection for, 149
cross-rnatching test, 149
donor 's skin, preparation against

skin and air-borne infeetions,
149

Durán Jordá chamber, 152
for detoxication, 159
grouping, technique of, 148
heating of blood, 151
hemolytic shock, 159
hemorrhage, 157
homogenous blood, 159
in hip operation, 353
in resuscitation, 157
in shock treatment, 138
incompatible blood, 159
indications for, 157
infection in stored blood, 152
methods of, 150·
minor reactions, 160
on battlefield, 154

sealed bottle, 154
penile, 156
plasma, 161
posthemorrhagic shock, 158
post-transfusional accidents, 159
preparation of stored blood for, 150
rate, 158
records, 163
red cells, 160
Rh agglutinogen, 148
serum, 161
sternal-marrow route, 157
storage of blood, 149
systolic blood pressure, 158
temperature at administration, 151
time, 158

Blood transfusion-Cont'd
transport of blood, 149
tube for storage and administration

of blood, 151
venous puncture, 155
wounds, 157

Blood 'fransfusion Scrvice, Barcelona,
147

Boat-shaped deformity of shoulder joint,
322

B6hler iron in immobilization. 249
type extension apparatus for opera­

tion in traction of fractures
241

Bomb, aerial, gas gangrene, 102
and shell wounds of sloulder joint, 322
anti-personnel, wounds, 174 '
forearm wounds, 340
leavy H. E., wounds, 174
incendiary, injuries, 174
light H. E., wounds, 174
wrist fractures, 345

Bombing attacks as cause of burns, 398
Bomb-proof shelters, storage of inflam­

mable anesthetics, 169
Bone, effeet of projectiles on, 47

excision, 224
infection, response to, 308
lesions in wounds of lower leg, 368
nonumon as complication of fracture

of lmmerus, 327
organic elements of, 70
osteomyelitis of, 71

Bony tissue, age in relation to blood
supply, 70

nutrition of, 70
resistance to bacteria, 69

Botallo, 28
Braun splint for femur fractures, 359
Bronchial spasm, 175
Bronze erysipelas, 93
Bruised wounds, 309
Bruising, extensive, in war wounds, 220
Bullet, forearm fracture, 337
hip fracture, 354
wound of ankle, 384

of elbow joint, 331
of fmgers, 348
of foot, 384
of shoulder joint, 320

wrist fractures, 345
Bunyan technique of periodie bath, 188
Burns, 398-413

1st degree, 399
2nd degree, 399
3rd degree, 399
acidosis, treatment, 412
antiseptics in cleansing of, 194
in treatment, 401

blisters, 399
blood transfusion for, 157
classification of, 398

closed, 399
from pathology of, 398
open, 400
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elaw hand, prevented by immobiliza­
tion of museles in relaxation,
408

D
Dagenan, 198
Débridement, 172
historical, 30

Defense mechanism in infeetion, 62
Defensive power of articular tissues and

fluid, 304
Deformity in fracture of shaft of hum­

erus, 327
Dehydration in burns, 400
Delayed tetanus, 122
Depenclcnt clrainage, 228
Dermatitis as complieation of sulfon­

amide treatment, 212
Dermatome for skin grafting, 303
Desault, débridement, 30
Detergents, soaps, 193
Diagnosis of vascular spasm, 141
Diffusive capacity of bacteria and viru•

lence, 63
Disarticulation at hip joint, 354
Discharge, excessive, obstacle in skin rc­

pair, 291
profuse, as sign of complication in

plaster immobiliza.tion, 280
Disintegrated muscle in wouuds, 97
Displacements of shoulcler joint, 322
Dizziness as complication of sulfonamide

trentment, 212
Dorsum of hancl, laceration of, :148
Drainage, 228-235
by gravity, 229
by suction, 229
counterdrainage, 230, 233
indicated, 232

Connective tissue, infections of, by hemo­
lytic streptococci, 67

resistance to infection, feeble, 67
vascularity of, poor, 67

Contamination of woun<ls, 49
sources of, 87

Continuous traction, treatment by, femur
fractures, 358

Contrnctions of tetanus, treatment, 127
Corachán skin graft, 294, 296, 297, 298
Coramine in shock treatment, 139
Corynebacterium diphtheriae in gas

gangrene, 94
Counterdrainage, 230, 233
indicated, 232
rnbber wick, 233

Crepitus in gas gangrene, 107
Crimean War, 33
Cripple<l hancl from hurns, 407
Cross-matching test in blood transfusion,

149
Crush injuries caused by collapse of

buildings, 175
shock procluced by, 132
vascular spasm caused by, 142

Crysta.llization of plaster of París, 251
Cuts, minor injuries, 176
Cyanosis as complication of sulfonami<le

treatment, 212

Classification of burns, 398
closed, 399
from pathology 0f, 398
open, 400

Claw hand, prevented by immobiliza.tion
of muscles in relaxation, 408

Clinical irnportancc of osteomyelitis, 71
picture of gas gangrene, 102

Closed burns, 399
plaster cases in gas gangrene, 106

cast immobilization of foot, 385
teclique of skin graft in, wounds

treated by, 292
Clostri<lium fallax in gas gangrene, 95
histolytieum in gas gangrene, 95
oedematiens in gas gangrene, 94
septique in gas gangrene, 94
sporogenes in gas gangrene, 95
tetani, 119
in gas gangrene, 94

welchii in gas gangrene, 94
Coagulants in treatment of burns, 402
Coal-tar derivatives, antiseptics, 188
Coconut soaps, 192
Cod liver oil treatment in wound healing,

56
Collection of blood for transfusion, 149
Colonizatiou of bacteria. in wound, 66
Comminutec1 fractures of articular sur-

face, elbow joint, 332
Comminution of articular surfaces, el­

bow joint fractures with, 331
Complications of gunshot fractures of

humerus, 325
of sulfonamic1e trea.tment, minor, 211

acidosis, 212
cyanosis, 211
dermatitis or other skin erup­
tions, 212

drug fever, 212
headache and dizziness, 212
hematuria, 212
nausea and vomiting, 211

serious, 212
agranulocytosis, 212

. hemolytic anemia, 212
unc1er plaster, 278
signs of:
discharge, profuse, 279
edema, 279
fever, 279
pain, 279
pulse, 279

Compound fracture causec1 by higl ex­
plosives, 241

comminute<l, of ankle, 387
of tibia and fibula, 376
of upper third of humerus, 323

of elbow joint, 330
of humerus, 326
of shaft of tibia and fibula, 381
of tibia and fíbula, infected, 370
reduction of, 237

Concussion ca.use of arterial spasm, 141
wounds, 46

Cnrtilage, articular, defensive power of,
305

Cast, plaster-of-Paris (see Plaster;
Plaster-of-Paris technique)

skin-tight plaster, 252
in compound fracture, 253

Casualties, classifieation of, organiza­
tion, 178

Casualty classification post, 181
Cauterization in early surgery, 23
Cellulitis, sulfonamides in, 205

biologieal treatment, 205
Central nérvous system, tissues of, 72
Cephalic vein, ca.re to prevent damage in

shoulder joint operation, 321
de Chauliac, 26
Chemical substances, activity of tissue

cells stimulated,. 188
Chemotherapy, 195-213
antipyogenie, 42 .­
antiseptie method of treatment, 195
dagenan, 198
gas gangrene, 115
M. and B. 693, 198
M. and 1. 760, 199
penicillin, 212
prontosil album, 198
prontylin, 1!)8
proseptine, 198
streptocide, 198
sulfanilamide, 197, 198
local administra tion, technique, 201

application, 200
sulfapyridine, 197, 198
sulfarsphenamine, 195
sulfathiazole, 197, 198, 199
sulfonami<les, 195

abscesses, 204
action of, 196
administration, 198

oral, 198
antibacterial capaeity, 197
cellulitis, 205
compa.rative effects, 197
complications, minor, 211
serious, 212

for general infections, 210
in biological treatment, abscess, 206

cellulitis, 205
erysipelas, 205
lymphangitis, 205
septic absorptwn through gran·
ulations, 209 .

in fractures, insuficiently immobil­
ized, 205

in treatment of war wounds, 201
in war surgery, indications for, 210
intravenous administration, 199
Jymphangitis, 202

sulpharsenol, 195
Chloral hydrate in treatment of tetanus,

127
Chronic tetanus, 122

'',ound cleansing, . d heling, 53Cicatrization in woun lvw » O

• C

coagulants in treatment, 402
cosmetic recovery, 401
erippled hand, 407
deformity, muscular spasm and con­

traetion produce, 407
dehydration, 400
emollients in treatmeut, 402
etiology, 398
tingers, position of, 406
frequent injury of war today, 398
f'unetionl recovery, 401
gravity of, faetors afleeting, 400
lyperextension of first phalamx, 408
immobilized in complete relaxation,

406
in relation to external temperature,

413
infection as complieation, 412
injuries by incendiary bombs, 175 .
of neck, immobilization of head for,

409
Ollier-Thiersch skin grnft, 412
plasma or serum in treatment, 161
plaster treatment, 405

blisters incised in, 405
complications, -.J.12
duration of, 410
general, 412

plastie surgery for, 413
position of fingers, 406
recovery, eosmetie and funetional,_40l
red-cell and hemoglobin estimations,

412
sears, 399
shock in, 400
soap in cleansing, 405
sulfonamides for complications, 412
toxemia in, 401
transfusion, 412
treatment, 401
urinalysis, 412

Butt.ock, wouud of, aerial bomb splinter,
354

classified, 352
treatment, 353 . .
with fraet:ure of ilium, head of

femur or both, 352
without bony lesion but with foreign

body, 352
t. Enip. ·11-e, medicine and, 25Byzan ine

reaction to infection, 385Caleaneus, f
I · l · t1·eatment o· ana·Calcium ch orH e m
phylaetie shock in tetanus,
128

Capillary spasm, 145
Carrel, 171 .
'arre]-Dakin teehnique,

186

BurnsCont 'd
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Drainage--Cont'd
rubber wick, 233

dependent, 228
gauze, changing of, 234

coated with vaseline or parafin, 230
hand fractures, 351
in aruputation, 319
in infection, 207
material for, 230
of deep infectiou, forearm fractures,

344
of hip joint, 353
of joint wounds, 311
of knee joint, 364
Orr 's technique, 234
plaster, 229
rubber, 230
suppurative arthritis in shoulder joint,

322
technique, 230
vaselined gauze, 234
wrist fmcture, 346

Drug fever, 212
Dry gauze, 40
Durán Jordá chamber, blood transfusion,

152

E
Edema and immobilization, 245, 249
in development of shock, 131
in toes or fingers, sign of gas gan­

grene, 107
sign of complication in plaster im­

mobilization, 280
inflammation, 60

Eight-hour aseptie period, 171
Elastic traction to combat stiffness of

fingers, 347
Elbow joint, bullet wounds, 331

comminuted fractures of articular
surface, 332

fractures, 330
classification and treatment, 331
comminution of articular surfaces,

331
severe damage to soft tissues, 331
treatment, classifieation and, 331

olecranon, fracture, 332
pattern technique, thoracobrachial

plaster, 263
application, 266
skin, protection of, 266

penetrating wounds with fracture of
olecranon process, 332

plaster cast for, 335
Elimination of bacteria, 80
Emollients in treatment of burns, 402
Emprosthotonos in tetanus, 121
Encephalitis, acute septie, 72
Epicutan treatment in wound healing, 5ü
Epithelization, 290
in wound healing, 52
process of, 298

Erysipelas, 67
experimental, 73
sulfonamides in biological treatruent,

205
Erythrogenic toxin, 85
Ether, administration of, 165

contraindicated, 167
effect of, on shocked patients, 166

E'tiology of burns, 398
of tetanus, 119

Euflavine, antiseptie, 189
Evacuation, plaster casts for, 182
Excision, arteries, 222
bone, 224
cellular tissue, 222
delayed, 226
devitalized tissues, 220
fascia, 222
in gas gangrene, 221
in joint wounds, 308
muscles, 222
signs to guide surgeon, 223

nerves, 222
order of, in joint wounds, 311
radical, in gas gangrene, 111
skin, 221
technique of, 221
tendons, 222
wound, 172, 214-227

and time, 226
sulfanilamide blown in, 224

Experiments on wound healing in plaster,
54

Explosive shell wounds, 220
Explosives, compound fractures causea

by, 241
eflect of, on muscular tissue, 47
tetanus caused by, 124

Exudation, 49

F
Facial tetanus, 122
Fascia, excision, 222
Femoral artery, injuries, 361
Femur, fractures, continuous traction,

· treatment by, 358
fixation of, 356
under plaster, 357

of head of, 352
of shaft of, 355
plaster application, 356
treatment, 359

reduction, 356
transport of patient, 355
treatment, 356

Fever in plaster immobilization, 279
Fibrolysin, 85
Fíbula, compound fracture of shaft of,

381
fracture, compountl comminuted, 37(i
fractures of, 368
infected compound fracture 0f, 370

F'ingers, _amputation stump length, 318
burned, immobilization of, 409
edema in, sign of gas gangrene, 107
elastic traction to combat stifTness, 347
position of, in burns, 406

First-aid post, 176 '
«P ; "t t»lve-pomnt technique'' of biological

treatment of wounds, sum­
. . mary, 173 '

Fixation, localizing infeetion, 61
of femur fracture under plaster, 357
reduction and, of fractures, 236-242

Flap-amputation 317 '
Florence Nightinígale, 33
Fluid and tissues, articular, defensive

power of, 304
Foot, amputation stump Iength 318
foro part, fractures of, 397'

surgical treatment, 397
fractures of, 384
refractory cases, 396
treatment, 384

gas gangrene of, 112
gunshot fractures of 392
immobilization by closed plaster cast,

385
plaster-bandage teclmique 268
plaster-pattern technique, 270

Forearm, amputation stíump length, 318
fractures, 337
drainage of deep infection, 344
infection, drainage of, 344
of only one bone, 344
radius, suppuration of 345
retention of fragments of bone, 344
ulna, suppuration of, 344 '
wound less important, 337

plaster-bandage technique, 261
plaster-pattern technique 262
wound less importanf than fracture

337 '
more important than fracture, 340

Foreign bodies, removal of, femur frac­
ture. 356

Fractures, Anderson 's pins and pintes,
241

ankle, 384
articular, infected, · 365
compound, alabaster for, 229

comminuted, of ankle, 387
of fibula, trented by plaster, 247
of humerus, 326
of tibia, treated by plaster, 247
plaster-of-Paris immobilization, 253
skin-tight plaster, 253

elbow joint, 330
femur 352

shaft o1, 355
fibuln, 368
foot, 384, 392
fore part, 397

forearm, only one bone, 344
wound less important, 337
more important, 340

gunshot, of foot, 392
of leg, 372

429
Fractures-Cont 'd
hand, 345
hip, 351
''ice tongs'' for skeletal traction 236
ilium, 352 "v

insuficiently immobilized, sulfonamides
. . m, 205
joit lesions important, 352
Iirschner wire for traction, 239
!mee joint, 361 '
metacarpnls and phalanges, 346
metal fragment, inclusion of, 353
olecranon process, penetrating wounds

of elbo with, 332
operation in traction, 239
pin and wire traction. 236
plaster and traction in reduetion, 237
reduction and fxation of, 236-242
shaft of femur, 355 '

of humerus, 325
shock produced by 131
shoulder joint, 32ó
Steinmann pin for reduction 0f, 237
tibia, 368
lower two-thirds, treatment, 372
upper third, treatment and results

372 '
transtrochanteric, groin spica. for im­

mobilization, 278
wrist, 345

Franco-Prussian ar, 33
French school, 26
Friedrich, 35
Frontline, hip casualties, 354
time factor in, 180 '

G
Galen, 24
Ganglionectomy, efl'ect on vascular

spasm, 144
Gangrene (see also Gas gangrene)
traumatie, 93
with gas, 103

Gas gangrene, 93-118
acidosis, treatment of, 117
aerial bombs cause of, 102
amputation for, 113, 317
annerobic infections, signs and symp­

toms of, 106
toxemia, 104

anti-gas-gangrene sera, 113
rm, blood supply of rnuscles of, 98
as cause of fever, 279
bacteriology of, 94
blood supply, interruption of, 369
bronze erysipelas, 93
chemothernpy, 115
clinical pieture of, 102
closed plaster cases, 106
cold toes and fingers as sign of, 107
conservntive treatment, 111
creptius, 107
development of, 95
differential diagnosis, 105
edema in toes or fingers, 107

INDEX
INDEX
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Gas gangrene-Contd
experimental, 95
faot, 112
gaseous phlegmou, 104
general appearance, l0G
heat at site of wound 107
historicl, 32, 36, 93 '
in injuries of leg, 367
infection, location of, 101
muscles, changes in appearance, 109
pathology of, 97

oxygen in relation to, 95, 96
pain, lOG
prognosis, 110
projectile,_ relation of type to, 101
prophylaxis of, 110, 117
pulse rate, 106
radical excision of infected tissues,

111
regional distribution, 101
gangrene, 103

rifle bullets cause 101. . 'signs in wound, 107
skin, changes in appearance 107
tympanism of, 107 '

surgical opera.tion far, 111
temperature, 106
thigh, blood supply of muscles of,

99
thrombósis, 100
tongue, 106
toxic edema, 104
traumatice gangrene, 93
treatment of, 111
applied in relation to, 105

trench-mortar grenades 102
vomiting, 106 '
War of 1914 to 1918, 93
x-ray therapy, llG
x-ras in diagnosis, 110

Gaseous phlegmon, gas gangrene, 104
Gas-forming infection in muscles in gas

gangrene, 98
Gauze coated with vaseline or paraffin,

drainage, 230
dry, far drainage, 172
far drainage, changing of, 234

Germ theory 57
Graft (ee sin grart)
Grafting (see Skin graft)
Granular retraction in' wound healino- 50
G 1

. ~ranu ahon, healthy, in relation to elimi-
natiug bacteria, 51

septiec absorption through, sulfon­
amides far, 209

tissue, hypertrophie, obstacle in skin
repair, 290

Groin spica for adults, 275 .
to immobilize transtrochanterie frae­

ture, 278
Guillotine amputation, 317

in gas gangrene, 113
stumps, 319

Gunshot fracture of foot, 392
of humerus, 328

complications, 325
of leg, 372

wounds, of ]mee joint, 3Gl

H
1-Iand, amputation stump length, 318
burned, immobilized with plaster of

Paris, 409
crippled, from burns, 407
dorsum, laceration of, 348
elastic traction to combat stiffness of

fingers, 347
fractures, 345
drainage, 351

functional future, 346
metacarpals, fractures of, 346
injuries of, 348

phalanges, fractures of, 346
plaster-bandage technique, 260
plaster-pattern teclmique, 260
tendon sheaths, infection of, 346

Harvey, 29
Head, immobilization of, for burns of

neck, 409
wounds, shock and, 136, 140

1-Ieadache, as complication of sulfon­
amide treatment, 212

1-Iealing capacity, natural, lack of, in
skin repair, 290

wound (see ound healing)
Heat in wound in immobilization 249
site of wound, gas gangrene, 1Ó7

1-Ieavy H. E. bombs, wounds caused by
174 '

Hematuria following sulfapyridine, 212
1-Iemoglobin in blood transfusion, 161
Hemolysin, 85
Hemolytic streptocoeci, development of,

in tendon sheaths, 68
infections of connective tissue, 67

shock, blood transfusion 159
toxin, 85 '

Hemorrhage, 48
blood transfusion for, 157
diagnostic signs, 136
fall in blood pressure, 48
from wouncls by H. E. bombs, 174

. trauma, 136
Hemostasis in wouncl healing, 48
Hewson, 29
Hexamine far tetanus, 126
1-Iip, fractures of, 351
joint, drainage of, 353
plaster-bandage teclmique, 272
plaster-pattern teclmique, 273
spica, 272
wounds of, 351

classified, 352
Hippocrates, 23
Homogenous blood, transfusion, 159

Hospital -infections 89. . 'organization in, 177
transportation to, organization, 176

Humerus, fractures of shaft or, 395
gunshot fractures, 328 "

comphcations, 325
lower third, fractures, 330
middle third, fractures, 325
upper third, compound comminuted

. fracture of, 323
fractures, 325

Hunter, 29
IIyperglyeemia and acidosis, complica­

tion of burns, 400
Hypertrophie granulation tissue. ob­

stacle to skin repair, 2$0
Hypochlonte, wountl cleansing, 185

I
'' Ice tongs'' far skeletal trnction 236
Ilium, fracture of,. 352 · '
Immobilization, 243-249
bandage technique, foot, 2G8

forearm, 261
hancl, 2G0
hip, 272
knee, 272
leg, 271
thigh, 272
wrist, 261

Béihler iron, use of 249
clinieal praetice, 245
edema and, 245, 249
effects of, 244

on inílammation, 245
fibula, compound fracture of, 247
foot, 2G8

1.22%"//» te masones
hand, 260
hip, 272
historical, 243
in limiting infection, 21
in plaster cast, 173
in plaster, freedom from pain and

shock af'ter, 299
in tetanus, 127
in treatment of burns, 405
knee, 272
leg, 271
limb, wound healing and, 33
lymph flow, experimental work, 24-1 ·

stopped by rest, 245
of burned hands and fingers, 409
of head for burns of neck, 409
of joint wounds, 312
padtling and its drawbacks, 249
pattern technique, thoracobrachial plas-

ter, 2G3 ·
arm, 263
elbow, 263
shoulder, 263

foot, 270

431
Im. bili. 'mo I tzation, pattern technique-Cont 'd

forearm, 2(62
hasna, é&
hip, 273
knee, 273
leg, 272
thigh, 273
wrist, 262

plaster, bullet fractures of ankle ancl
foot, 384

burned hand, 409
cast preferable, 246
elbow joint, 3á6
forearm fracture, 338
m treatment of air raid casualties,

360
knee joint, 365
off'ensive smell, problem of, 281
wrist fracture, 345 •

plaster-of-Paris teclnique, 250
rest, importance of, 243
shock and, 139
shoulder, 263
joint, 322

splint, objection, 246
technique of 248
thigh, 272 '
tibia, compound fracture of 247
transtrochanterie fracture, 278
walking after first change of plaster

249 '
wrist, 261

Immunity, local, to bacteria, 73
to streptococcal infections 86

Immunization, active, from tetanus, 125
Incendiary bombs, injuries ecaused by,

174
Incision, exploratory of skin, 216
technique of, 214 '
wound, 214

Incompatible blootl in transfusion 159
Incubation period of tetanus, 120'
Infeeted wounds and antisepties, 189
Infcction, 57-65
amputations, 319
anaerobic, in gas gangrene, 106
articular cartilage response to, 305
tissue response to, 304

bone response to, 308
complication of burns, 412
dcep, draiuage of, forearm fracture,

344
defense mechanism, 62
cliffuse capacity of baeteria, 63
fibrin, 61
fixation, 61
gas-forming, in muscles, gas gangrene,

98
general, sulfonamide treatment, 210
hospital, 89
improper functioning, 57
infective process, 63
intlamrnation in, 58
different forms of, 59
purpose of, 60
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InfeetionCont'd
Lister's antiseptie teclnique, 57
location of, in gas gangrene 101
obstacle in skin repair, 291
of tendon sheaths 346
of tibia, necessary to prevent, 369
organisms, time of introduction, 89
post-traumatic, and wound healing 170
prehospital, 91 '
protective barrier 62
pyogenic, of war wounds. 83-92
resistance of muscular 'tissue 69

of tendons, 68 '
of skin, 66

secondary, in wounds 87
streptococcal, immunity to, 86
synovial fluid response to, 306
. membrane response to, 305

virulence of bacteria. 63
Inflammation, caused by nervous stimu­

lus, 59
efleet of immobilization on 245
in infection, 58 '
different forms of 59

purpose of, 60'
Inflammatory process development of

21 ' '
Initial antibacterial treatment of

wounds, 185
Injured tissues, nature and susceptibility

of, 66
Injuries caused by blast, 175

crush, caused by collapse of buildings
175 '

shock produced by, 132
vascular spasm caused by, 142

femoral artery, 361
leg, 367
metacarpals, 348
minor, air raid 17G
seciatic nerve, 361

Intermuscular cellular spaces 372
Interstitial tissue and passage of bae­

teria, 67
Intravenous administration of sulfon­

amides, 199
Ischemia, due to capillary spasm 141
Isolating process of body's defense

mechanism, Gl
Italian school, 2G

J
Joint, absorption in, 305

wounds, 304-313
drainage, 311
early treatment, 313
excision, 308
order of, 311

factors determining successful treat-
ment, 313

immobilization, plaster, 312
surgical treatment, 307
suture, 309

K
Kirschner wire or pin in plaster-pattern

teclmique, 270
tractiou in femur fracture 356 358

. f ' 'in 'raetures, 239
Knee joint, approach for examining, 363

bone damage, extensive, 365
broken patella, 363
drainage, 3G4
fractures, 361

classifieation, 361
treatment, 362

infected wound, 364
lateral approach for drainage, 36-4
medial approach for drainage, 365
plaster immobilization, 365'
posterior medial approach for drain-

age, 365
plaster-bandage technique, 272
plaster-pattern technique, 273

L
Laceration of dorsum of hand, 348
Larrey, 31
Leg, amputation of, chief indications for,

367
stump length, 318

gunshot fractures of, 372
injuries, 367
plaster-bandage technique, 271
plaster-pattern technique, 272

Leucocidin, 85
Leucoeytosis, local, in gas gangrene, 99
Leukotaxme, 59
Light H. E. bombs, wounds caused by

174 .,
Limbs, shock caused by injuries to, 131
Liquor saponis olei cocois for cleansing

of wound, 171
Lister, 35
antiseptic technique, 57

Living tissues, action of antiseptics on,
187

Lobeline in shock treatment, 139
Local anesthesia (see Anesthesia, local)
tetanus, 121

Localizing process of body 's defense
mechanism, 61

Lymph, 64
antibacterial capacity, G4
antiseptic properties of, 64
circulation in absorption of substances,

and immobilization, 244
flow in immobilization, 244
stopped by complete rest, 245

nodes, 64
functions of, 64

Lymphangitis, sulfonamides in, 202
in biological treatment, 20-5

Lymphatic absorption in infection, 61 ·
system, elimination of products, 49

Lymphatics, absorption of toxic sub·
stances by, 75

M
M. and 1. 693, 198
M. and B. 760, 199
Magati, 29
Maggots, in treatment of wounds, 32
Magnesium sulfate in treatment of

. tetanus, 127
Material for drainage, 230
for primary suture, 287
for secondary suture 288

Medical services, field, organization, 181
organization of, in raided city, 17

tet:anus, 120 · '
Membrane, synovial, defensive power of,

305
Mental condition, shock, 133
lVIetacarpals, fractures of 34G
injuries of, 348 '

Metal fragment, fractures with inclu-
sion 0f, 353

Mobile units for blood transfusion, 1Ci3
Montpellier school, 26
Moss classification in bloocl grouping, 148
Mucous membranes, color of, in shock

133 '
Muscles, arm, blood supply of, in gas

gangrene, 98
changes in appearance in gas gan­

grene, 109
deacl, removal of, 3G8
excision, 222 223
bleeding capacity, 223
color, 223
contraetility to mechanical stimu-

lation, 223
gas-forming infection in, effect of, 98
pathology of, in gas gangrene, 97
stiflness of, in tetanus, 121
thigh, blood supply of, in gas gan­

grene, 99
Muscular contractions in tetanus 12Ci

excision, 369
regions, wounds in, primary suture in,

286
relaxation in immobilization in burns

of hands, 407
rest in treatment of tetanus, 128
rigidity in tetanus, 121
tissue, blood supply of, 69
effect of explosives on. 47

of projectiles on, 47
resistance to pogenic infection, 69

Mutation of strept:ococcus, 85

N
Nails, color of, in shock, 133
Nausea and vomiting following sulfapy­

ricline, 211
Neck, burns of, immobilization of head

for, 409
Necrosis and wound healing, 45

Nerve, excision, 222
sciatic, injuries to. 361
suture in fracture' of forearm 338
tissue, central nervous system, 72
infection and, 72 '

Nervous centers, disturbance of in shock
130 ' '

exhaustion, shock 132
Nightingale, Floren@e, 33
Nutrient elements in relation to healing,

45

o
Occlusive technique 33
Odor, ofrensive, problem of, in plaster

immobilization, 281
Olecranon, device for fixing in position

335 ' '
fracture of, small apparatus for treat­

. ing, 333
with penetrating wounds of elbow,

332
Ollier, 33
Ollier-Thiersch skin graft, 294, 303, 412

techmque, 303
Open burns, 400
Operating room, organization 178
Operation, provisional, organization, 182
shock, 138
under traction, 239

Opisthotonos in tetanus, 121
Organisms, fate of, in blood stream 81
time of introduction of, 89 '

Organization, and treatment, essentials
of, 170-183

army blood transfusion service, 162
blood transfusion services, 147
casualties, classification of 178
field medical services, 181
in hospital, 177 '
of ambulanee services, 176, 179
of anesthetic service in raided cities,

169
of :fire-fighting services, 17G
of medica! services in raided city, 176
of passive defense, 179
of rescue parties, 17Ci
of resuscitation teams, 178
operating room, 178
problems of, 176
provisional operation, 182
sorting room, 178
three-point forward system, 181
time factor in frontline, 180
transportation to hospital, 17d

Orr plaster technique, 37
mocli:fications, 39
spread of, 40

osteomyelitis, 38
postfracture, 38

technique of drainage, 234
Orthopeclic table, femr fracture. 356

for operation in truction of frac·
tures, 241
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Osteomyelitis as complication of fracture
of humerus, 330 .

elinieal importanee of, 71
fever as sign of, in plaster immobiliza­

tion, 280
in fracture of forearm, 342
of ealeaneus after application of Stein­

man pin, 238
Orr teclnique, 38

Oxford vaporizer for ether administra­
tion, 166

Oxygen, lack of, in wound, gas gangrene,
95

p
Paeks, sline, in treatment of burns, 403
Padding for shoulder spica, 264
in immobilization, 249
of back, 265

Pain as sign of complication in plaster
immobilization, 280

in gas gangrene, 106
in relation to shock, 133

Paracelsus, 27
Paré, 28
Passive defense, organization, 179
Pasteur, process of fermentation, 57
Patella, broken, 363
Pathology of shock, 129

of tetanus, 119
Pattern, plaster, teehnique, 259

advantages of, 254
application, 260
arm, 263
disadvantages of, 255
elbow, 263
foot, 270
forearm, 262
hand, 260
hip, 273
historical, 259
knee, 273
leg, 272
plaster cream, 259
preparation, 259
shoulder, 263
thigh, 273
thoracobrachial, arm, elbow, and

shoulder, 263
application, 266
skin, protection of, 266

time, saving 0f, 255
wrist, 262

Pelvis, plaster-pattern technique, 275
Penicillin, 212
Penile transfusion, 156
Perey, 33 . .
Periosteum, resistanee to infection, 69
Phalanges, fractures of, 346
Phenol, cleansing of wound, 184
Pin and wire traetion of fractures, 23(1
·Pinel' ' skin graft, 292, 294, 295
Pirogofr, 33
Plaques, preparation and application,

258

Plasma transfusion in shock treatment,
138

indications for, 161
treatment of burns, 161

Plaster (see also Plaster-of-Paris tech­
nique)

and traction in reduction of fractures,
237

as drainage material, 172
east, advantages of, 54

contact with skin, drainage, 232
for elbow joint, 335
for evacuation, 182, 359
for femur fractures, 359
for transportation, femur fracture,

355
immobilization, 173
in fixation of fractures, 239
pressure by, 54

change of, after rise of temperature,
78

drainage, 229
immobilization in, freedom from pain

and shock after, 299
in transporting casualties, advantage

of, 359
preferable in immobilization, 246
treatment of burns, 405
walking after first change 0f, 249
window in, 42
wound healing in, experiments on, 54
wounds not treated by, in initial

stages, 360
treated under, bacteria] flora of, 88

Plaster-bandage technique (see Bandage;
Plaster-of-Paris technique,
bandage)

Plaster-of-Paris technique, 250-283 (see
also Plaster)

amputations, 319
application, principles of, 251

complications, 251
arm, 263
bandage, advantages, 254
application, 257
care and storage of, 256
'' draw'' method, 257
foot, 268
forearm, 261
hand, 260
hip, 272
instruments for, 255
knee, 272
leg, 271
''loop'' method, 257
materials for, 255
outer layers, 258
patching, 259
plaques for reinforcing, 25S
preparation of, 256
soaking, 256
thigh, 272
wrist, 261

burns, treatment of, 405

Plaster-of-Paris technique-Cont 'd
complications, 278
signs of:
discharge, profuse, 279
edema, 279
fever, 279
pain, 279
pulse, 279

crystallization, 251
disadvantages, 254
elbow, 263
fibula, compound fracture, 247
foot, 268
forearm, 261
hand, 260
historical, 250
immobilization, 250

compound fractures, 253
for forearm fracture, 338
for joint wounds, 312
of anide ancl foot, bullet frac­

tures, 384
of burned hand, 409
of lmee joint, 365

increase in volume on setting, 252
leg, 271
methods, 253
Orr, 37
modifications, 39

spread of, 40
pattern, 259

advantages, 254
application, 2GOarm, 263
disadvantages, 255
elbow, 263
foot, 270
forearm, 262
hand, 260
hip, 273
historical, 259
!mee, 273
leg, 272
plaster cream, 259
preparation of, 259
shoulder, 263
thigh, 273
time, saving 0f, 255
wrist, 262

postoperative treatment of amputa-
tions, 319

setting of, 251
shoulder, 263
skin-tight cast, 252
smell, offensive, problem of, 281

bags for covering smelling·
plasters, 282 ·

Bipp in control of, 282
Zipp in control 0f, 282

sores, pressure, 253
tibia, compound fracture of, 247
value of, to surgeon, 250
wound healing, 56
wrist, 261

Plastic surgery in burns, 413
Pleurothotonos in tetanus, 121

Postfracture osteomyelitis, Orr technique,
38

Post-transfusional accidents, 159
Prehospital infection, 91
Preparation in wound healing, 48
Pressure, effect of, on wounds, 53
stored blood for transfusion, 154

Primary infection of war wounds, 83
shock, 130
treatment of, 137

sutures (see Sutures, primary), 284
Procaine as local anesthesia, 167
Proflavine, antiseptic, 189
Prognosis of gas gangrene, 110
Projeetiles, effect of, on tissues, 47
gas gangrene relation to, 101

Prontosil album, 198
Prontylin, 198
Prophylaxis in gas gangrene, 110, 117
in tetanus, 123

Prompt surgical treatment of wounds,
170

Proseptasine to control temperature in
lymphangitis, 204

Proseptine, 198
Proteolysis in burns, 400
Provisional operation, organization, 182
Pulse as sign of complication in plaster

immobilization, 280
in gas gangrene, 106
rate in shock, 133
volume in shock, 134

Pyogenic infections of war wounds, 83-
92

R
Radius, suppuration of, 345
Raided cities, organization of anesthetie

service, 169
of medical services, 176

Red cells in blood transfusion, 160
Reduction and fixatiou of fractures, 236·

242
femur fracture, 356

Regeneration of epithelium, 52
Regional anesthesia, 168
gangrene, 103
surgery, 320-397

Reinforcing plaster casts, 258
Repair, normal process of, 45
Rescue parties, organization of, 176
Rest, absolute, wound healing and, 34, 37
importance of, in immobilization, 243
lymph flow stopped by, 245

Resuscitation teams, organization, 178
Rifle bullet, anide and foot fractures,

imrnobilization in plaster, 384
fractures of forearm, 337
gas infection, 101
wound of fingers, 348

of shoulder joint, 320
Risus sardonicus, 122
Rivanol, antiseptic, 189 · · ·
Rubber drain, 230 .
wick for counterdrainage, 233
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s
Salerno school, 2G
Saline baths and packs in treatment of

burns, 403
Sear evolution in wound healing, 53
burns, 399

Seiatie nerve, injuries to, 361
Secondary infection, Dunkirk evacues, 88

in wounds, 87
shock, 131
sutures (see Sutures, secondary), 287

Septicemia, 79
Sequestra, 70
Serum, anti-gas-gangrene, 113
transfusion, indications for, 161
treatment of burns, lGl

Servetus, 27 •
Shaft of femur, fractures, 355
Shell and bomb wounds of shoulder joint,

322
forearm wounds, 340
wrist fractures, 345

Shock, 129-140
abdominal, treatment, 139
wounds cause of, 135

anaphylactic, in tetanus, 128
anesthesia, local, 139

in preventing, 168
anesthetic, choice of, 140
anoxemia, 130
arterial tension, 130
blood pressure, 130, 133, 134
bruised wounds cause of, 131
crush injuries cause 0f, 132
diagnosis, 136
edema in development of, 131
fractures cause of, 131
from wounds by H. E. bombs, 174
head wounds and, 136, 140
in burns, 400
injuries to limbs caused by, 131
mental condition, 133
mucous membranes, color of, 133
nails, color 0f, 133
nervous exhaustion, 132
operation, 138
pain, 133
pathology of, 129
patients in, effect of ether on, 166
peppered wounds cause 0f, 132
perforating wounds, multiple, 139
preventive measures, 137
primary, 130
treatment of, 137

pulse rate, 133
volume, 134

secondary, 131
skin, color 0f, 133 o
splinter wounds, multiple, cause of, 1­
sweating, 133
sympathetic control, 130
symptoms, 132
temperature, 133
t.heories of, 129
thoracic wounds and, 135, 140

Shock-Cont'd
toxemia and, less in coagulant treat­

ment of burns, 403
transfusion in treatment, 138
trauma, 136
treatment, 137
vascular spasm and, 145

Shoulder joint, articular fractures with
inclusion of foreign body, 330

bullet wounds, 320
fractures, aeroplane splint, 322
thoracobrachial plaster cast, 322

immobilization of, 322
shell and bomb wounds, 322
smashing, 320
suppurative arthritis, drainage, 322
wounds and fractures, 320
treatment, 320

pattern technique, thoracobrachial
plaster, 263

applieation, 266
skin, protection 0f, 266

Signs and symptoms of anaerobic infec­
tions, 106

of shock, 132
specific to closed plaster cases, 106

Skin, antiseptic action of, 67
changes in appearanee, in gas gan­

grene, 107
color of, in shock, 133
conserving of, 67
eflect of projeetiles on, 47
eruptions, as complication of sulfon-

amide treatment, 212
excision, 221
exploratory incision of, 216
friction of, obstacle m skm repair,

290
graft, 290-303

choice of, 294
Corachán, 294, 296, 297, 298
dermatome, 303
historical, 292
obstacles, 290
discharge, excessive, 291
friction of skin, 290
healing capacity, natural, lack of,

290
hypertrophic granulation tissuc,

presence of, 290
infection, 291
wound, extensive arca, 290

O1lier-Thiersch, 294, 303
for burns, 412
teclmique, 303

'' pinch,'' 294, 295
techniques of, 295
in wounds treated by closed

plaster, 292
time for, 291
washing wound, 292
whole-thickness, one-piece, 294

grafting in preparation of wound, 292
eerosis of, 22i

Skin-Cont 'd
protection of, in plaster-pattern tech­

nique, 266
repair, obstacles, 290
resistance to anaerobic or pyogenic

bacteria, 67
to infection, 6G

tympanism of, in gas gangrene, 107
Skin-tight plaster cast, 252

in compound fracture, 253
Soap and water, cleansing of wound, 171
antisepties, 190, 191
bacteria! toxins neutralized by, 192
detergents, 193
efrect of, on bacteria, 192
on tissues, 192

in cleansing burns, 405
in treatment of wounds, 193

Sodium hypochlorite, wound cleansing,
185

ricinoleate, 192
for cleansing of wound, 171

Soft tissues, destruction by shell or
bomb, 340

Sores, pressure, plaster-of-Paris tech­
nique, 253

Sorting room, organization, 178
Spasm, arterial, 145

concussion cause of, 141
capillary, 145
in tetanus, 121
treatment, 127

vascular (see Vascular spasm)
Spasmodic ischemia in war wounds, 220
Spinal anesthesia, 168
Spine, arched, in tetanus, 121
Splanchnic tetanus, 120
Splint for femur fracture, 355
immobilization, objection to, 246

Sponges, sea, treatment of chronic ulcers
of leg, 53

Spreading factor, 85
Steinmann pin in reduction of fracture,

237
osteomyelitis of calcaneus after ap­

plication, 238
traction in femur fracture, 356, 358

Sternal-marrow transfusion, 157
Stirrup in ñxation of fractures, 239
Storage of blood for transfusion, 149
Stored blood, preparation of, for trans-

fusion, 150
Streptocide, 198
Streptococcal infections, immunity to, 86
Streptococci, aerobic, in war wounds, 83
anaerobic, in wounds, 85

Streptococcus hemolyticus, 84
mutation of, 85
Pyogenes, 84, 87
viridans, 84, 85

Streptolysin, 85
Stretcher cases, 176
Stump, guillotine amputation, 319
length of, in amputation, 318

Subcutaneous tissues, effect of projec­
tiles on, 47

passage of bacteria and, 67
Sulfanilamide, 42, 197, 198, 201
blown in wound, 224, 225
following secondary suture, 288
in preparing for skin graft, 296
local administration, technique, 201

application of, 200
Sulfapyridine, 197, 198
Sulfarsphenamine, 195
Sulfathiazole, 197, 198, 199
Sulfonamides, 195
action 0f, 196
administration, 198

oral, 198
antibacterial capacity, 197
comparative effects, 197
dagenan, 198
for complications of burns, 412
for infections, general, 210
in abscesses, 204
in biological treatment, abscess, 206

cellulitis, 205
erysipelas, 205
granulations, septic absorption.

through, 209
lymphangitis, 205
wounds, 205

in cellulitis, 205
in control of fever in plaster immobili­

zation, 279
in fractures, insufficiently immobilized,

205
in lymphangitis, 202
in prophylaxis, 210
in toxemia, 210
in treatment, 211

of articular wounds, 313
of war wounds, 201

in war surgery, indications for, 210
intravenous administration, 199M. and B. 693, 198M. and B. 760, 199
prontosil a1bum, 198
prontylin, 198
proseptine, 198
streptocide, 198
sulfanilamide, 197, 198, 200
sulfapyridine, 197, 198
sulfarsphenamine, 195
sulfathiazole, 197, 198, 199
sulpharsenol, 195
treatment of, complications, minor, 211

serious, 212
Sulpharsenol, 195
Suppuration of ulna, 344

of radius, 345
of tendon sheaths, 386

Suppurative arthritis in shoulder joint.
drainage, 322

Surgery, regional, 320-397
Surgieal aid in frontline, 180

opera.tion for gas gangrene, 111
treatment, prompt, of wounds, 170



438 INDEX INDEX 439
Sutures in joint wounds 309
primary, 284-287'

contraindieated, 286
drawbaeks, 285
historieal, 284
in articular wounds, 285
in wound healing, 36
in wounds in tendinous regions, 285
material for, 287
technique of, 287

secondary, 287-289
advantage, 287
general anesthesia for, 288
in wound enelosed in plaster, 289
material for, 288
technique of, 288

Sweating in shock, 133
Sympathetie nerves, influenee on vascular

system, 141
Synovial fluid, bactericida! capacity of,

306
defensive power of, 305

membrane, defensive power of, 305

T
Talus, destruction of, 385
Tannic acid gauze in plaster treatment

of burns, 405
in treatment of burns, 402

Temperature chart, reaction after anti­
tetanic injection, 392

results of suture of synovial mem­
brane, 309

control by proseptasine in lymphangi­
tis, 204

with sulfonamides, 199, 202
in gas gangrene, 106
in shock, 133
of blood for transfusion, 151
rise of, and change of plaster, 78
as sign of complication in plaster

immobilization, 279
in tetanus, 121

Tendinous regions, wounds in, primary
suture in, 285

'l'endon sheaths, hemolytic streptococci,
68

infection of, 346
suppuration of, 386
tissues of, resistance to infection, 68

'Tendons, exeision, 222
pyogenic infections, little resistance to,

68
tissues of, resist:ance to infection, 68

Tetanus, 119-128
anaphylactic shock, treatment of, 128
anesthesia, 125, 126
antitoxin, 123, 125
chronie, 122
circulation, 124
Clostridium tetani, 119
delayed, 122
di flerential diagnosis, 122
emprosthotonos in, 121

'l'etanus-Cont'd
etiology, 119
facial, 122
high explosives, 124
immobilization, 127
immunization, active, 125
incubation period, 120
local, 121
medica!, 120
muscles, stiffness of, 121
muscular rest in treatment, 128
opisthotonos in, 121
pathology, 119
pleurothotonos in, 121
prophylaxis, 123
spasms and contraetions, treatment of,

127
special types of, 121
splanclmic, 120
symptoms, 121
temperature rise in, 121
therapeutic mensures, 123
toxin, ll !J
treatment, 125
general, 126

trismus, 123
wound, treatment of, 126

Therapeutic mensures, tetanus, 123
Thiersch-Ollier skin graft, 294, 303, 412
Thigh, amputation stump length, 318
blood supply of muscles, in gas gan­

grene, 99
plaster-bandage teclmique, 272
plaster-pattern technique, 273

Thirst, sign of hemorrhage, 136
Thomas splint for femur fractures, 359
Thoracic wounds, shock and, 135, 140
Thoracobrachial cast for fracture of

shaft of humerus, 327
plaster cast for shoulder joint, 322

completed, 269
'Three-point forward system,'' organ­

ization, 180, 181
Thrombosis, gas gangrene, 100
Tibia, compound fracture of shaft of,

381
fractures of, 368

compound comminuted, 376
infected compound fracture, 370
infection of, necessary to prevent, 369
lower two-thirds, treatment of frac·

tures, 372
upper third, treatment of fractures

of, 372
results, 372

Time and excision of wound, 226
saving of, by pattern plaster-of-Paris

teclrnique, 255
Tissues, and fluid, articular, defensive

power of, 304
bony, resistance to infeetion, 69
cellular, excision, 222
connective (see Connective tissue)

'l'issues-Cont 'd
damage in relation to wound healing,

45
relation of discharge to, 49

dead, elimination of, 48
excision of, 35

clevitalized, excision of, 220
efleet of projeetiles on, 47
of soaps on, 192

injured, nature and susceptibility of,
66

living, action of antisepties on, 187
muscular resistanee to infection, 69
nerve, 72
vascular, 73

Toes, edema in, sign of gas gangrene,
107

Tongue, appearance of, in gas gangrene,
106

Toxemia, 79
in burns, ·401
sulfonamide treatment, 210

Toxic edema, gas gangrene, 104
substances, absorption of, 75

Toxin, tetanus, 119
Toxins, baeterial, 66
Traction, continuous, treatment by,

fernur fractures, 358
elastie, fingers, combat stiffness of,

347
operation under, on fractures 239
pin and wire, of fractures, 236
plaster and, in recluction of fractures

237 '
skeletal, ''ice tongs'' for 236

Transfusión (sce lóod transfusion)
'l'ransport of blood for transfusion. 149

162 '
of casualties, advantage of plaster in

359 '
of paticnt with fernur fracture, 355
to hospital, organization, 176

Trauma, hemorrhage resultof, 136
shock result of, 136
wound_healing and, 45

Traumatie epidemie, 33
gangrene, 32, 93
vascular spasm, 141-146

'l'reatment and organization, essentials
of, 170-183

biological, 21
of wounds, principles of, classified, 43

'I remors rn tetanus 121
Trench-mortar grenades, gas gangrene,

102
shock, 132

Trismus, sign of tetanus, 123
Tympanism of skin in gas gangrene, 107

u
Ulna, suppuration of, 344
Urea treatment in wound healing, 56
Urinalysis in burn cases, 412
Urotropine in tetanus, 126

V
Vascular spasm, 46

course, 146
crush injuries cause of, 142
diagnosis, 145
experimental, 142
ganglioneetomy effect on, 144
shock and, 130, 145
traumatie, 141-146
treatment, 146

tissue resistance to bacteria, 73
Vasclined gauze for drainage, 234
Venous puncture, blood transfusion, 155

in shock, 155
Vesalius, 27
Virulence of bacteria and infection, 6.3
Vomiting following sulfapyridine, 211

sign of gas gangrene, 106

w
War surgery, amputation in, 314

teclnique of, 318
anesthesia, 164
antiseptics, 184
baeteria and their toxins, passage of,

through body, 66
biological principies of treatment,

21
blood transfusion, 147
burns, 398
chemotherapy, 195
dcvelopment of, 23
drainage, 228
essentials of, 170
fractures, reduction and fixation of,

236
gas gangrene, 93
infection, 57
pyogcnic infeetions, 83
regional, 320
shock, 129
tetany, 119
traumatic vascular spasm, 141
treatment and organization, es­

sentials of, 170
wound excision, 214
healing, 45

today, burns as frequent injury, 398
wounds (see also Wound healing;

Wounds)
articular, 304
biological principies of treatment,

21
blood transfusion, 147
difler from experimental, 200
dramage, 228
healing, 45
of shoulder joint, 320
pyogenic infections of, 83-92
skin graft, 290 (see also Skin graft)
sulfonamide treatment, 201

Wartime, anesthesia in, 164-169
anesthetist in, 165

Whole-thickness, one-piece skin graft, 294
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Window in plaster, 42

in complieations, 280
Wound henling, 45-5ü

aerial bomb, 3
antiseptic tcchniquc, ::5
bacteria, 49
bacterial theory, 32
blood supply, increase in, 45

local, 3ü
Botallo, 28
cauterization, 23
de Chauliac, 26
chemotherapy, antipyogenic, 42
chronic infections and, 53
cicatrization, 53
cleansing, 171
liquor saponis olei cocois, 171
soap and water, 171
sodium ricinoleate, 171

cod liver oil treatment, 56
complications, infective, 37
conservative treatment, 30
contracti011 during, 51
dead tissues, elimination of, 48

excision of, 35
débridement, first, 30
Desault, 30
drainage by suction, 40
provision of, 172

dry gauze, 40
early treatment, 32

ambulance service, 32
effects of treatment, 55
epicutan treatment, 56
epithelization, 52
excision, 172
exudation, 49
Friedrich, 35
Galen, 24
gas gangrene, 32, 36
general condition, 53
granular retraction, 50
Greek medicine, 25
Harvey, 29
healing power of Nature, 24
healthy granulations, 51
hemorrhage, 48
fall of blood pressure, 48

hemostasis, 48
Hewson, 29
Hippocrates and cauterization, 23
Hunter, 29
immobilization of limb, 33
in amputation, 319
in plaster, experiments on, 54
Larrey, 31
late cases, 42
Lister, 35
lymphatic system, 49
Magati, 29
maggots, 32
modern treatment, beginings of, 30
occlusive technique, 33
Ollier, 33

ound healingCont'd
Orr plaster technique, 37
modi:fications, 39
spread of, 40

Paracelsus, 27
Paré, 28
patient, general condition of, 4ü
Percy, 33
Pirogoff, 33
plaster-of-Paris cast, advantages of,

54
pressure by, 54

treatment, 56
post-traumatic infection, 170
preparation, 48
primary suture in, 36
principles of treatment, classified, 43
process of, 46
projectiles, effect of, on tissues, 47
repair, normal process of, 45
rest, 34, 37
scar, evolution of, 53
sea sponges, 53
Servetus, 27
skin graft, 290
sodium hypochlorite, 37
sulfanilamide, 42
syphilis and, 53
tissue damage, 45
trauma and necrosis, 45
traumatic gangrene, 32
treatment, early, 32

effects of, 55
tuberculosis and, 53
twentieth century, 35
urea treatment, 56
vaseline pack, 39
Vesalius, 27
window in plaster, 42

Wounded, care of, 21
\Vounds, abdominal, shock caused by,

135
absorption of bacteria from, 74
aerobic streptococci in, 83
antiseptics for cleansing of, 184
appearance in gas gangrene, 107
area of vascular spasm, 46
articular, 304-313
primary suture in, 285

bacteria, pathogenic, entry of, 21
bacterial flora of, treated under

plaster, 88
biological treatment, 170

principles of, 21
sulfonamides and, 205

bleeding from, 21
blood transfusion in treatment of, 157
bruised, 309
shock produced by, 131

buttock, treatment of, 353
with fracture of ilium, head of

femur or both, 352
without bony lesions, but with

foreign body, 352

Wounds-Cont'd
by heavy H. E. bombs, 174
by incendiary bombs, 174
by light H. i. bombé, 174
cleansing of, 171 '
with plaster change, 194

colonization of bacteria, 6G
concussion, 46
contamination o_f, 87
damage, defensive mechanisms, 21

zones, 46
disintegrated muscles in, 97
dramage, 228
provision of, 172

enclosed in plaster, secondary sutures
m, 289

enlargement, 214
excision, 172, 214-227

and time, 226
aponeuroses, superficial, 217
delayed, 226
cxploration, 215
sulfanilamide blown in 224

exploration, 215 '
extensive area of, obstacle in skin re­

pair, 290
of ankle joint, 390

femur, treatment, 356
forearm, fracture less important, 340

more important, 337
head, shock and, 136, 140
heat in, in immobilization, 249
hemorrhage, and thrombosis 100
hip, 351 '

elassified, 352
incision, 214
infected, and antiseptics, 189
infection in treatment of, 57
initial antibaeterial treatment, 186
interior of, cleaning with soaps, 192
joint, surgical trcatment, 307 (see

also under each joint)
lower leg, bone lesions in, 368
muscular regions, primary suture in,

286
not treated by plaster in initial stages,

360

Wounds-Cont'd
pathology of 21
penetrating, of elbow with fracture of

olecranon procesa, 332
Peppered, shock caused by, 132
perforating, multiple, shock, 139
preparation of, for skin grafting, 292
pressure on, effect of, 53
prmmary infection, 83
pyogenie infectionís of, 83-92
regenerative process in, 4s
secondary infection in, 87
shell and bomb in shoulder joint 322
shoulder joint,320 "
site of, and amputation, 315
in relation to bacterial invasion. 66

soap for cleansing, 190'
in treatment of 193

splinter, shock caused by, 132
standard, different treatm'ents 55
tendinous regions primary suture 285
thoracic, shoék aíd, 135, 140'
t. f ' '1me or sldn grafting, 291
treatment of, by closed plaster, tech­

nique of skin graft in, 292
in tetanus, 126 '

war (see also War wounds: Wound
healing) '

di ffer from experimental, 200
sulfonamide treatment, 201
time for skin grafting, 291

washing, for skin grafiíng, 292
Wrist, fractures, 345 '

drainage, 346 .
plaster immobilization, 345

plaster-bandage technique, 261
plaster-pattern technique, 262

X

X-ray therapy in gas gangrene, 116
X-rays in diagnosis of gas gangrene, 110

z
Zipp in control of offensive odor in

plaster immobilizution, 282
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