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PREFACE TO THE FIRST EDITION vii

this country the only book which has appeared since anti-
septics have been used in warfare is the second edition of
the late Sir Thomas Longmore’s classical work on “Gun-
shot Injuries,” of the excellence of which military surgeons
of all countries are fully aware. It is a book of reference
all over the world, and its authority is quoted in almost
every treatise that has been written on the subject since
its first publication in 1877. But it deals with the treat-
ment of gunshots in general terms, taking only a compre-
hensive view of the subject as a whole, and not entering
into the particular lines of procedure which might be
most advantageously carried out in special cases.

It has been my purpose in the present work to en-
deavour to suggest the appropriate methods of treatment
.to be pursued in wounds of almost every situation in the
body, these necessarily depending upon and varying with
the different degrees of damage found in each particular
case ; and to indicate when conservative measures may be
adopted with a sufficient hope of success to warrant the
possible extra risk to the patient; as well as to lay down
rules, as far as rules on such matters are applicable, for the
necessity of operative interference.

In pointing out the different means to be applied in
the treatment of particular injuries, I have quoted the
opinions of the highest authorities on military surgery,
Sir Thomas Longmore, Sir William MacCormac, Delorme,
Chauvel and Nimier, Esmarch, Langenbeck, and many
others, and I have freely availed myself of that inexhaust-
ible source of information on this subject, “The Surgical
History of the War of the Rebellion” in the United States,
by G. A. Otis, a work which must continue to be a record
of labour and research which may never be surpassed.
But, while giving the reader the benefit of the opinions
of others, I have also stated the line of treatment which I
should myself adopt.
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both in Cuba and in South Africa ; but other forecasts have
not proved equally correct. It was by some authorities
considered as certain that the percentage of casualties
in future campaigns would be enormously increased, in
consequence of the much greater rapidity of rifle fire to be
obtained from the new weapons, and of their increased
accuracy and range. But persons who held this view
forgot, or could not anticipate, that the use of the modern
rifle would necessitate changes in the methods of fighting ;
that battles would, for the most part, be fought at long
ranges by men in “open formation” and taking advantage
of every particle of “cover” available, and that these con-
ditions might so reduce the number of hits that the total
casualties might be even less than they were in the wars of
the last two hundred years. The total casualties of the
English army which landed in the Crimea was 15.T per
cent.; that of the whole German army in the war of
'mo—71 was 13.2 per cent.; while the whole English
army in the Boer War lost only 7.1 per cent. in killed
and wounded.

Then, again, it was anticipated that the numbers killed
outright on the field of battle by the new rifle would be
larger than in previous campaigns, that, in fact, the ratio
of killed to wounded would be higher. But, on the con-
trary, the ratio is slightly lower, although the decrease is
almost inappreciable. The latest statistics of the Spanish-
American War show the killed to wounded to have been as
I to 4.6, and in the Boer War the ratio was 1 to 3.9, or an
average for the two wars of 1 to 4.2, instead of 1 to 4, the
average of the wars of the last two hundred years.

The favourable reception which the first edition of
this book met with in this country and in America has en-
couraged me to attempt to bring to the notice of those who
interest themselves in gunshot wounds the changes which
practical experience has shown to be indicated in the treat-
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than that, I have been told that there is no such thing
as military surgery ; that it 1s not even a specialism of
general surgery, but only surgery in war. Very good,
“surgery in war’ is as useful a term as the other to
include everything I conceive to be meant by « military
surgery.” In one sense, perhaps, military surgery does not
exist apart from the general surgery of civil life ; the patho-
logy, the symptoms of the injuries common to both, and
the indications for treatment are the same in both cases, but
-t is certain that the treatment which would be indicated and
accurately followed in civil practice often cannot be carried
out on active service. ‘The surroundings of the soldier
wounded in war are such that the almost ideal procedures
usual in a civil hospital cannot be carried out on the field.
Apart from the equipment, and adding to it and improv-
ing it as we may, the condition of a field hospital can never
be made such as will enable army surgeons to treat wounded
soldiers as patients in a civil hospital can be treated. There
are, then, differences in the means to be adopted in the
treatment of the patients in military and in civil hospitals,
and there is a good deal to be learned about them: Ehe
injuries met with in hospitals on a campaign differ widely
from those usually seen in a civil hospital, and these
differences require study and experience in order that
they may be recognised and given proper treatment. Are
not the compound fractures, the injuries of the head, and
of the abdomen, as seen in war, vastly different from the
same classes of injuries met with in civil life ? If so, their
peculiarities require to be studied.

What 1 would claim for military surgery is, that the
injuries met with, and the means with which, and the
circumstances under which they have to be treated, are
different on a campaign to those of a civil hospital. If this
be granted, it must also be admitted that the peculiarities
of gunshot wounds, and the circumstances which govern
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INTRODUCTORY REMARKS—GUNSHOT WOUNDS IN GENERAL
—PORTABLE FIRE-ARMS—THE MECHANICS OF PROJEC-
TILES

EvVEN in the very early days of fire-arms, when only smooth-
bore muskets and artillery guns were in use, the large
majority of wounds in war were those produced by pro-
jectiles of one kind or another. Compared with injuries
of this class, wounds from side-arms—the bayonet, sword,
lance, &c.—were of rare occurrence, But since rifles have
come into common use, and more especially in consequence
of the vast improvements that have, in modern times, been
made in these weapons, giving to them great increase of
accuracy and enormous increase of range, the dispro-
portion between the numbers injured in battle by fire-arms
and by side-arms has become so great that the study of
wounds in war may be said to resolve itself, almost ex-
clusively, into one of gunshot wounds.

Bayonet and sword wounds, as well as those of all other
kinds of side-arms, do of course occur : but their frequency
1s so insignificant, as compared with that of rifle projectiles,
that they may almost be set aside. Field-guns and portable
fire-arms have in recent years reached such a pitch of
perfection, and are so destructive to fighting men, and at
such long distances, that but little opportunity arises for
injuries from other kinds of weapons to occur in warfare.
The men of almost every branch of the service in all
armies are nowadays supplied with a fire-arm of one kind

or another—rifle, carbine, or revolver. Thus the injuries
A
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French in the same war had 3.0 per cent. of similar injuries
in a total of over 26,000 wounded ;! and the Germans in
1870-71, out of 54,268 cases, show a percentage of 1.4 for
sword and bayonet wounds.?

To consider now events of a more recent date. During
the Russo-Japanese War of 19o4-05, wounds by side-arms
on the Russian side were 1.7 per cent. of all wounds treated
in the field hospitals.* On the Japanese side, at three
battles, where the wounded numbered nearly 30,000, the
proportion of wounds by side-arms to all wounds was 2.5
per cent.; and it is remarked that this comparatively high
percentage is explained by the fact that in one of these
battles “there were many night attacks and much fighting
in villages.”* This, it should be remembered, is the result
obtained from the consideration of certain battles, where
the number of wounds by side-arms 1s given, not that for
the whole war, which, probably, was much lower.

However, wounds by side-arms do not bear that
special interest for military surgeons that gunshot injuries
always carry with them. They are similar to those met
with in civil practice; whereas gunshot wounds are com-
paratively rare in civil hospitals, and even then they are
usually produced by fire-arms having very different char-
acteristics from those of the military weapon, and causing
very different wounds. Spear and sword wounds are,
probably, seen more often in our own army than in that
of any other country. Excepting the Boer War, the cam-
paigns in which the English army has been engaged since
that of the Crimea have all been against savage or half-
civilised enemies, and wounds of this class are more
common in these cases. In Africa, in the Soudan, and
on the Indian frontier, spear and sword wounds have
been comparatively common. The Asiatic fanatic attacks
his white enemy, caring nothing for the result to himself,
and thus oftener gets within striking distance, and wounds

L Chenu, Ragport anw Conseil de Sante des Armées, &c., pendant la
Cantpagne d' Orient en 1854-55—56.

* Fischer, “ Statistics of the War of 187c-71."

¥ Russki-Invalid of 8th and gth December 1go6.

i Reports by Colonel W. G. Macpherson C.M.G.,, on Russo-
Japanese War.
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Hitherto they have been prone to prolonged suppuration,
and it remains to be seen how effectually or otherwise the

modern treatment by dry and antiseptic dressings will
prevent this complication. With early and thorough irriga-
tion to the bottom of the track, they should, in future, run
a more satisfactory course. The more detailed treatment
of wounds by side-arms will be referred to later on.

Gunshot Wounds.—The class of wounds in war which
principally occupies the military surgeon on active service,
and which therefore has for him a special interest, is that
of gunshot wounds: these comprise over g5 per cent. of
the cases of injury he treats on a campaign, and they
constitute, in these days, a special branch in surgery.
Dupuytren and John Hunter both referred to gunshot
wounds as a “specialism” in surgery. These two great
surgeons considered that there was much to be learned
regarding gunshot wounds ; that these injuries possessed
peculiarities with which the civil surgeon was not likely to
be familiar ; and since the times of Dupuytren and John
Hunter these peculiarities have become much more marked.
The great energy developed in the modern bullet, the
hardness of its outer covering, the high rate of rotatory
motion imparted to it, and especially its shape and weight,
are accountable for the peculiarities of the wounds it
produces.

Again, the very surroundings of the soldier wounded
in battle entail peculiarities in his treatment, even as a
surgical case, for they are very different from those of a
man wounded in civil life, even were the injuries similar.
Conservative surgery has a wider field and a more hopeful’
outlook in the latter than in the former case. The surgeon
with all the resources and appliances and the restful cir-
cumstances of a civil hospital at his command, may often
successfully endeavour to save a limb or a joint where his
military colleague, under certain conditions often met with
in warfare, knows that he will be well satisfied if he saves
his patient’s life. The absolute necessity, owing to the mili-
tary exigencies of a campaign, of removing wounded men
from the front towards the base of operations, with which
no merely humanitarian considerations can be allowed to
interfere, is frequently the cause of the differences in treat-
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depend, and by a knowledge of the experience which has
been gained by successive practical observers, that the
nature and character of gunshot injuries can be properly
understood, or their appropriate treatment determined,”

Every surgeon must be understood to be ready, at a
moment’s notice, to act in the best interest of his patient ;
to be ready to afford the proper assistance in a moment of
emergency. But for the surgeon following his profession
on the field of battle, how much more than for his civil
colleague must he be prepared to act on his own unaided
judgment, and at short notice. Almost immediately an
action begins, in the field hospitals, which until then were
empty, all is changed in a moment to a condition of over-
crowding with crushed and mangled men, and far more
work than the surgeons available can readily perform. “ The
injuries occur so numerously on fields of battle, and in such
rapid sequence—to a vast extent, indeed, it may be said,
simultaneously—that, to afford efficient aid, the surgeon’s
decision and action must be ready on the moment.”
“ Lives depend on assistance being given without hesitation
and on the instant.” “To be of real service, not only
must the urgent demands for surgical aid be met at once ;
they must also be responded to suitably, according to the
special exigencies of each particular case. Self-reliance
gained from knowledge, the wit to turn everything at hand
to account, and previously acquired manual dexterity will
alone enable the army surgeon to fulfil his duties on such
occasions with benefit to others and with satisfaction to
himself.” 1

In modern days the efficient army medical officer must,
in time of peace, be a good general surgeon and physician,
and he 1s responsible for the duties in connection with the
command and discipline of men and the internal economy
of corps; he must therefore be acquainted with military law
and the regulations affecting his own and other branches
of the service. In time of war he must be a specialist in
the diagnosis and treatment of gunshot wounds. To pre-
pare himself for the latter he must study the experience of
others in a like feld, detailed in the records which they
have left behind them, for he.will probably have had but

! Longmore, *“ Gunshot Injuries.”
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and the laws and conditions which modify their effects.
It will therefore be necessary to describe, somewhat in
detail, the fire-arms which have been in use in armies, and,
more especially, the small-bore rifles with which the soldiers
of all European armies are now armed.

Fire-arms first came into use in warfare in the beginning
of the fifteenth century, the “hand-gun ” coming into prac-
tical use in 1446. This weapon was of very rude construc-
tion, being simply a metal tube with a touch-hole ; this
tube was attached to a wooden staff which passed under
the soldier’s armpit. The “hand-gun’ underwent many
modifications for its improvement, and in the sixteenth
century a musket was invented by the Spaniards, with a
view to a fire-arm which would throw a larger and heavier
ball, one of about ten to the pound. This was at first the
matchlock or firelock, and, later on, the snaphaunce. This
latter weapon, which was fired by means of a flint, sug-
gested, no doubt, the more modern flintlock.

The English flintlock musket in use at the beginning of
last century, and its ammunition, were as follows '—

Weight of musket with bayonet . .11 lbs. 4 oz
i bayonet : ) a . rlbiz oz,
Length of barrel . g : : . gftg ins.
Diameter of bore : . . : 753 in.
Bullets, spherical, pure lead : : 14% to Ib.
Charge of powder . : : : 6 drs.

With 3 flints to every 6o rounds.

The action of the flintlock was always uncertain ; frequently
the priming powder became damp and failed to 1ignite. To
overcome this difficulty, the Rev. Mr. Forsyth, in 1807,
invented and patented a fulminating powder, consisting of
chlorate of potash, sulphur, and charcoal, but which was
afterwards improved. An exhaustive trial of the percussion
musket, made in 1834 at Woolwich, conclusively proved
the superiority of the percussion principle, and in 1839 the
army flintlock, then in use, was altered to suit the new
method. The percussion musket of 1842 was in all essen-
tials similar to the older flintlock, except that the lock was
changed and the powder charge reduced to 43 drs. ~ This
continued to be the service weapon of our army until it
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a combination of the block-action breech mechanism sub-
mitted by Mr. Martini, made and modified at Enfield, with
Mr. Henry's barrel, having a calibre of .45 inch, and 7
grooves with a uniform right-handed twist of 1 turn in
22 inches, the arm to be called the “ Martini-Henry.” This
rifle was adopted in April 1871, and was in the hands of
English soldiers until July 1888, when 350 Mark 1. Lee-
Metford magazine rifles were issued for trial to the troops,
and were satisfactorily reported on as regards the efficiency
of the weapons. Some minor improvements were sub-
sequently made in the Mark I. pattern, and the rifle was
finally adopted in December 1888. The magazine of Mark
I. held 8 cartridges, but the Small-Arm Committee recom-
mended one holding 10 cartridges, and as a result the
Lee-Metford magazine rifle, Mark II., was formally ap-
proved, and a pattern sealed in December 1891. Later,
some minor changes were made at Enfield in the Lee-
Metford, and the weapon used in the British army until
1903 was called the “Lee-Enfield” rifle. In 1903 “the
short Lee-Enfield” rifle was issued to the troops: it is
5 ins. shorter than its predecessor, and is loaded by means
of a “charger,” as this method is found to be conducive to
a more continuously rapid fire. This is the weapon now
(1909) in use.

With a view of still further increasing the rapidity
of rifle fire, a Committee was ordered to consider the
advisability of adopting an “automatic rifle,” and in
November 1909 reported in its favour. Gun-makers have,
accordingly, been invited to submit designs and patterns
for an automatic magazine weapon suitable for the army.
“The bullet is to be pointed, and must weigh not less than
150 grs. nor more than 180 grs., with a calibre of from
270 in. to .280 in. : the height of the trajectory at 8oco yds.
must not exceed 5 ft. 3 ins. The new rifle must not exceed
9} Ibs. in weight without bayonet; it must be capable of
being used as an automatic loader or as a magazine rifle
loading with a clip or charger of 5 cartridges. There
appears to be no stipulation as to the length of the new
weapon.” ! Exhaustive trials of new rifles of the above kind
are to be made as soon as patterns have been delivered.

Y Army and Nawy Gasette, November 20, 1900,
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The Mechanics of Projectiles,—To understand correctly
the movements of bullets, it is necessary to refer to some
elementary laws of mechanics, a knowledge of which is
absolutely essential for the army surgeon, if he wishes to
understand the injuries he will have to deal with, both
with regard to prognosis and treatment. Longmore’s
opinion on this matter I have already quoted. Delorme,
on the same subject, writes: “The calibres of the arms,
the weights of their projectiles, their diameters, their
‘initial velocities,” and their ‘remaining velocities’ at the
different distances, ought to be equally well known by
the military surgeon as by the combatants. Without this
knowledge the army surgeon is deficient of the elements
necessary for appreciating, from the commencement of the
war, the characters and the gravity of the wounds he will
have to treat, and for determining, with full knowledge of
the causes, the probable rules for his interference.” In
order, therefore, to clearly understand the ballistics of pro-
jectiles, it is necessary to inquire into the mechanics of
the subject, as regards the motion, energy, velocity, &c.
&c., of moving bodies.

Motion.—A body is said to possess ‘“motion’”’ when it
changes its position in space with regard to other bodies ;
in a word, the motion of a body is its change of position.

Velocity.—The velocity of a body is its rate of motion,
or its rate of change of position. In order to measure or
estimate the amount of anything, we require standards or
units. The units used in this country for measuring the
velocity of projectiles are feet and seconds, thus we talk
of the velocity of a bullet being 1850 foot-seconds, mean-
ing thereby that a bullet moving at that rate would pass
over 1850 feet in one second; and this method of esti-
mating velocity 1s called the “foot-second” system. It
gives the number of units of length passed over in a unit
of time,

“Initial” and “Remaining Velocity."—Two phases,
as it were, of velocity are referred to with regard to pro-
jectiles, “initial velocity ” and “ remaining velocity.” The
“initial velocity "—frequently referred to as the “muzzle
velocity "—of a bullet is its velocity at the instant it leaves
the muzzle of the gun; and “remaining velocity” is the
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that the amount of injury actually produced by one depend
on its velocity, are statements which have been questioned
by Sir Frederick Treves and by Mr. Clinton Dent, and
perhaps by others. In this connection range and velocity
are convertible terms, and both of the gentlemen named
above hold the opinion that the range from which it is
fired has little or nothing to do with the amount of damage
done by a bullet. Sir Frederick Treves! is of opinion that
“the formula” MV* “is wrong,” and that “ the experiences
of the Boer War will cause it to be modified,” and Mr. Dent?2
remarks that “range affects a bullet’s action on bones less
than experiments would lead one to suppose.” Now, the
formula MV? as representing the energy of a moving
body, and therefore its capability of doing work—causing
damage to animal tissues in this case—is a fundamental
law of mechanics which no time or experience can modify.
It applies to a fist coming into contact with a man’s face,
or to two railway trains meeting in collision, as well as to
projectiles ; in either case the capability of causing destruc-
tion depends on the weight of the moving body multiplied
by the square of its velocity—MV?  Sir Frederick Treves
cannot, of course, mean that the formula is wrong in
this sense. But he believes it wrong to consider that the
degree of injury produced by a bullet depends, as a rule,
on the distance from which it has been discharged ; that is
to say, on its velocity. In this belief he differs from the
great majority of military surgeons who have put their
experiences on record. Longmore, Delorme, Nimier,
Laval, Von Coler, and others, are all of opinion that
great energy in the projectile, that is, high velocity, is
the main condition necessary for the infliction of great
damage by a bullet. The so-called “explosive effect” is
only seen to occur at comparatively short ranges ; and,
indeed, it would appear to be a natural inference, from
common sense as well as from the laws of mechanics,
that the fracture, comminution, and displacement of the
fragments of a long bone or of a joint, as well as the

1 “The Wounded in the Transvaal War,” from vol. Ixxxii. of the

Medico-Chirurgical Transactions.
¥ Jbid.
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a bullet striking any object, animal tissue or otherwise ; the
bullet of high velocity—the one in which the formula MV2
represents great energy—will produce greater disturbance
and more damage than one of lower velocity, so long as
the obstruction it meets with has sufficient power of resist-
ance to permit of its expending a large amount of that
energy on overcoming it, In judging from experience we
are correct in forming our opinions from what occurs in
the vast majority of cases, and in setting aside exceptional
ones for further consideration as to what they may be
due.

Since the formula MV? represents the energy of a
projectile, it follows that increase of velocity has much
greater effect in increasing its power of causing injury
than would increase of its weight., Doubling the mass
of a bullet doubles its energy, but doubling its velocity
increases its energy fourfold.

The kinetic energy of a bullet weighing 215 grains, and
travelling at a velocity of 2000 f.-s. is 1go7 ft. Ibs. ; that is,
it has the same amount of energy as would be expended
in lifting 19o7 lbs. through a space of one foot.

Motions of a Bullet.—A projectile from a gun or rifle,
in its flight through the air, has two motions, one of
translation and one of rotation, and is acted on by three
forces—(1) the pressure of the powder gas urging it forward,
(2) the resistance of the air retarding and gradually slowing
its onward movement, and (3) the force of gravity bringing
it to the ground. In vacuo, everything in nature would
fall towards the earth, at the same rate, irrespective of its
weight or bulk. Gravity is an accelerating force ; the
longer a body is acted on by gravity the faster it travels,
the space through which it falls increasing directly as the
square of the time during which the force acts. It varies
slightly with the latitude of the place. In the latitude of
London, a body falling in vacuo would travel through 16
feet (omitting fractions) in the hrst second of time, and,
starting from a state of rest, have, at the end of the first
second, a velocity of 32 feet per second. At the end of the
second second it will have fallen 64 feet (16 feet x 4, the time
squared), and 144 feet at the end of the third second, Ze.
16 feet multiplied by g, the square of the time, 3 seconds.
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of the rifling are shorter and the velocity of translation
greater, In the Minié rifle the length of the twist was said
to be 78 inches, meaning that the grooves made one com-
plete turn in 78 inches of the barrel ; in the Martini-Henry
it is 1 in 22 inches, and in the Lee-Enfield 1 in 10 inches.
The twist of rifling may also be expressed “in calibres”—
one complete turn in so many lengths of the barrel
measured in calibres; and this is really the more accurate
method. The proper rate of twist for any given rifle can
be determined theoretically, but practically this is always
arrived at by experiment. The greater the length of
a bullet the greater must be its velocity of rotation, and
therefore the shorter must be the spiral of the rifling in
the barrel to obtain the greatest accuracy of shooting.
The velocity of rotation depends on the muzzle velocity
of the bullet and on the rate of twist of the rifling;
as the velocity of bullets has been increased, so it has
been found necessary to make the twist of the rifling
more rapid.

The velocity of the motion of translation of a bullet
varies with the distance from the firing-point, chiefly owing
to the resistance of the air. The velocity of rotation of the
Lee-Enfield bullet “dies away less rapidly than does that
of the motion of translation. At a distance of 100 inches
from the muzzlé the bullet rotates less than one complete
turn in 1o inches; that is, it travels forward 1o inches in
less time than it takes to make one complete turn, in conse-
quence of its extra velocity due to the ‘muzzle blast " of
the powder gas ; at 70 yardsit is doing about one complete
turn in 10 inches, and at 6oo yards it is doing about one
and a half turns in 10 inches, in consequence of its having
kept up its rate of spin better than it has kept up its velocity
forwards. At 1ooo yards the rotation has decreased sufh-
ciently to allow the bullet to become slightly unsteady. At
this range the nose and base of the bullet are gyrating about
the trajectory in a left-handed direction,”! and as the
range increases this gyratory motion, or wobble, becomes
more marked, and then possesses a special surgical signifi-
cance (see page 57).

1 #Text Book of Small Arms,” 1904, p. 237.
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are, however, likely to reduce even the lower of these
rates.

Another form of bullet was experimented on in 1893
with regard to air resistance, and is referred to in the
Journal of the United Service Institution for August of that year.,
The Journal quotes from the Rewvwe du Cercle Militaire,
No. 30, the account of the Krnka-Hebler bullet. This bullet
is tubular, and conical at both ends. The width of the
central tube is £ of the diameter. Fired from the German
7.06 mm. rifle, the air resistance was found to be represented
by .12 as compared to the numbers given above, and the
trajectory was much flatter than that of the ordinary bullet,
the “dangerous zone ” of the latter being at rooo m. range,
42 m., while that of the tubular bullet was 400 m. ; but this
form of bullet has not as yet been adopted with any mili-
tary arm.

From what has been said regarding the shapes of
bullets and air-resistance it will be seen that the hemis-
pheroidal head and the ogival head of two diameters
encounter about the same resistance, but at the higher rates
of velocity the ogival head of two diameters has greatly the
advantage. Previous to the publication of the German
experiments referred to at page 25, it was not supposed that
more or less sharpness at the extreme point of the projectile
affected the facility with which it displaces the particles
of air, but that its shape at the junction of the head with
the cylindrical portion, or body, of the projectile, had a
marked effect in this connection ; the slope at this part
being as gentle as possible. It will be observed that the
bullet for the proposed English automatic rifle has a
pointed fore-end (see page 13). It is, perhaps, a curious
fact that the shape of the hinder end of a bullet also
affects the facility with which it overcomes air resistance,

To afford some idea of the power of air resistance, I
may mention that wind blowing a gale has only a velocity
of about 60 miles an hour, whereas a bullet travelling at as
low a rate as 1300 feet per second has a velocity of over 886
miles an hour : or to put it in another way—in the gale of
14th October 1881 the greatest wind pressure observed at
the Greenwich Observatory was 53 Ibs. on the square foot,
due to a velocity of wind of about 61 miles an hour, or
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the highest point to which a Lee-Enfeld bullet reaches
on a 2000 yards’ range is 194 feet. The advantages of a
flat trajectory, then, are as follows—(1) greater accuracy
in shooting ; (2) harder hitting because of the higher
velocity ; and (3) greater efficiency in covering the ground,
in consequence of the more extended dangerous zone.

Recoil,—When the powder is ignited in the rifle the
pressure of the powder gas is exerted in all directions, and
the effect becomes apparent in the movement of the bullet
forwards and of the rifle itself backwards. This backward
motion of the rifle is called its “recoil ” or kick. Recoil
varies inversely as the weight of the rifle ; the heavier the
rifle the less the recoil, and wice versd. Recoil is a thing
to be avoided in a rifle, as it tends to lessen the accuracy
of aim, and contuses the shoulder against which the rifle
rests ; it therefore necessitates rifles being made of sufficient
weight, within limits, to obviate its effects.

From all these considerations it would therefore appear
that, as regards small-arms, the object of the present day
is to obtain a rifle from which bullets can be projected with
the greatest possible initial velocity, combined with the
greatest power of overcoming the resistance of the air, and
thus obtaining the flattest trajectory and the greatest de-
structive effects at all distances ; while the same conditions
which tend towards these advantages tend also towards
reducing recoil to a minimum, and to ensuring a maximum
of accuracy in shooting. Simplicity of the mechanism of
the breech-action, and the selection of one which will stand
exposure on service and the carelessness of the soldier, are
also, no doubt, points taken into consideration in the manu-
facture of rifles. All these conditions have to a great extent
been arrived at in the modern small-bore rifles ; but experi-
ments are still being carried out, and further improvements
are still being made, the tendency being, perhaps, towards
an automatic rifle as the small-arm of the future.

The Lee-Enfield Rifle.—Three successive “ Marks " or
patterns of the Lee-Metford magazine rifle have been
approved of, each differing in some minor details from its
predecessor. Mark I. of this rifle was approved in December
1888. Some changes were made in the method of sighting
of Mark I, and Mark 1.* was approved in January 18¢2
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The Lee-Enfield Bullet.—Length = 1.25 inch.
Maximum diameter =o0.311 inch.
Weight = 215 grains, + 3 grains.
Material of core =g8% of lead and 27/ of antimony.
Envelope = cupro-nickel, formed of 809 of copper and 207
of nickel, with o.57/ of iron added.
Charge = cordite, 31 grains, + 1 grain.
Muzzle velocity of bullet = zo60 f.-s.

The “drift” of the bullet to the left, due to the rifling, is
about 1 foot at 1000 yards, and 1.5 foot at 1200 yards. No
allowance is made for this in the sighting, as the amount 1s
so very small as to be practically inappreciable, consider-
ing the much greater effects produced on the bullet by a
side wind.

From a musketry point of view, the short Lee-Enfield
rifle is one of the most powerful weapons supplied to any
army. Its trajectory is very flat, and therefore its danger-
ous zone is extensive ; although sighted only to 2800 yards,
its projectiles range to a much greater distance, and are
effective at 3500 yards.

To compare the curves of the trajectories of the
Martini-Henry and of the Lee-Enfield rifles : the culmi-
nating point of the projectile from the former weapon at a
1500 yards’ range, reaches 178 feet above the line of sight,
while that of the latter is only slightly over 81 feet. Ata
soo yards’ range, that for which the lowest or fixed sight
can be used, with the Lee-Enfield the bullet never reaches
a distance from the ground greater than the height of an
ordinary man when standing ; while at a similar range the
bullet of the Martini-Henry culminates at a height of 13.2
feet. The bullet of a Lee-Enfield would therefore, using
the lowest sight, and aiming at his feet, be likely to hita
man at any point inside oo yards; whilst the Henry-
Martini bullet would travel above a man’s head, under
similar circumstances, between the end of the first 100
yards and the beginning of the fifth. The point-blank
range of the Lee-Enfield rifle is therefore any range under
500 yards; that of the Martini-Henry is only 400 yards.
The advantage in the extent of the dangerous zone at the

more extreme ranges, as well as at all other ranges, of the
C



AUSTRIA
Country . . . .|BuLGAria, | BErcium. | DENMaRK, GrREAT BriTamw. France. | GERMANY.
|and (GREECE.
Pattern of the year 18gs. 18Bq, 188g, 18gq. 1603, 1886, 18g8.
; : : Krag- Lee-Enfield | Short Lee-
Designation . . . | Mannlicher.] Mauser. Torgensen, | Markx®, Enfield, Lebel, Mauser,
Magazine system | Fixed verti- Detachable | Fixed hori- | Detachable | Detachable | Tubein |Fixed verti-
cal box. |vertical box.| zontal box. |vertical box.|vertical box.| fore end. cal box.
Number of car-
tridges in maga- 5 5 5 10 10 g 5
zine . s
Charger or clip. . Clip. Charger. | Charger. No, Charger. Na. Charger,
Cutoff . . . No. No. Yes, Yes. No. Yes, i
Safery bolt Es Yes. Nao. Yes. Yes. No. Yes,
Weight—
Without bayonet | 8 Ibs. 5; oz.| Blb. toz. |glbs.11foz.| glb. yor. | 81b. 2k oz | glb. 34 oz b o oz
I;'u’uﬂ s - |8lb. 15§ 0z | 9lb. gk oz, | 10lb. 44 0z [1olb. 34 0r | glb. 302 [1o0lb. Thoz lg?ll:v+ 14 O
ngth—
Without bayonet | 4ft.zin. | 4ft 2.2500. | 41t 4:.7510. | 4 ft. 1.5in. | 3ft. B.5in. |4 ft. .12 in.| 4 . 1.4 in.
HWnlip o 4ft.zrsin [4ft.rn7sing sfi 3in | 5f. n5in. | 50t nsin |5 ft. 11.840n. 5 ft. g.75 in.
Arrel—
Length in. 0,12 30.67 32.9 30.10 25.19 31.496 2g.0
[mm. B 7-65 8 7.7 8 ?,95
Calibre ‘ g
in. SIIE L2301 315 303 { bt } i 31T
e, 305 at
Rﬂ?mg}—- : muzzle.
umber ofgrooves 4 4 6 5 5 4 d
Depth T 008 .oobs 0075 o0bs .oo58 <0050 o0ks
L
Concentric
Figure ,, with bevelled Eﬁ;:;:cn Metford. Concentric. Concentric. | “oncen-
E'.-IEE. - l-n’l:'i
Twist—
1 turn in inches g.B42 g.Bq2 11.811 10.0 9:45 .39
y . calibre| 3z 32:5 37:5 o 39.2
S_E}Lz'tl:m:;ﬁ of twist | To right, To right. To right. Taalizn. Taalel' L. To right.
ighta—
Lowest for—
Metres or paces | 5oo paces. | goo melres. | qoo metres. 183 metres. 250 metres. | 200 metres,
Yards 2 e 410 547 328 200 273 219
Highest for—
Metres or paces | 2600 paces | 2000 metres.| 1goo metres. 2z60 melres. zooo melres. | 2000 metres
Yards . : 2132 2187 z2a78 2800 2187 218y
Cartridge—
Length - . in. 3.0 3-055 f.0 3,08 2.052 3.22
Weight . . grs. 455 441 460 415 4945; 43r
Him or Himless . Eim. Eimless. Eim. Rim. Him. Bimless,
Bullet—
Material of en- J [ Steel lubri- | Cupro- Cupro- : Giipro: {7 lipoated
‘-’EIDDE 3 5 { cated. nickel. nickel. Cup-m-nn:l:el. n:éﬁﬁ w':_!'il‘:?;?m-
Lepgth . . in. L.24 1.205 1.187 1.25 1,221 1.235
Diameter {max.),, 3228 «31 +323 +3IT .3228 +3180
Weight . f£rs. 244 219 237 215 231 227
Charge—
Weaight . ETS. 4244, 37 33-95 31.5 42.43 40.75
1 G"L"i"'“" Ly Smokeless ) " . | Spandan
Propellant . . ]i{.v;: S e eai fake. Coardite, Vielle B. F. Aoke.
Value of—
Wt . oo +334 +332 +375 . 3205 320 «3322
M uzzle velocity —
[ P 2074 2034 1968 2060 2073 2003
Chamber pressure—
Tons on sq. in. 19.7 19.7 15:1 15.25 | 1575 17.75 21
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fravy. Jaran. | PortuGar. | Rousmanta.| Russia. SPAIN, SwiTzERLAND., | TURKEvY. g::ﬁ:
TGoO. 1BE6. 1Bg3. 1804, 1dgb, 1G00, 1893, 18g8,
- Kropat : a3 line" Schmitd-Rubin Krag-
Year '30. S Mannlicher. Nagant, Mauser. SRt Mauser. Jorgensen,
Fixed werti-| Tube in  |Fixed wverti- | Fixed verti- | Fixed verti- Detachable Detachable | Fixed hori-
cal box. fore end. cal box. cal box. cal box. vertical box. | verticle box.| zontal box,
5 9 5 5 5 6 5 5
Charger. Clip. Charger. Charger. Charger. Charger. Charger.
No. Yes. No. Mo, Nao. [ Yes. Yes.
Yes, Nao. Yes, Ye-. Yes. Yes. Yes. Yes.
L 6oz | 81b.gloz | tolb. 30z [81b. 12} 0z. | B1b. 15} 0z | g lb. 61 oz, 8 1b, & oz. glb. 10z, |9lh 1.0 0z
302 | glb. B oz glb.ghoz. | glb. 110z | 1olb. shox | 8lb, 10} o 10 lb. £ oz. | 10 |b. 1.0 0z
qa,.j'ﬁ in.g ¢4 ft. z.5 I:n 4 ft. 4 in. 4 Tt o5in. | 4 ft. 3.315 in. | 4 ft. o.bz25 i . 3 ft. 7.12 in. 4 ft. o.6in. | 4 Mt .25 i.ll.
u.g;rgm g ft. 5.59m - 4ft. 1o.251n. | 5 ft. g in. 4 ft. to5in. | gt 10.95in. | 5 ft. 6.61in. | 5ft. a.7510n.
.75 31y 31.633 28.56 32.25 29.031 23.33 20.134 30
.5 b.5 8 6.5 7.02 7 7.5 7:05 7.62
Fs-ﬁ 256 <315 254 3 276 <205 +301 .30
4 6 4 4 4 4 3 4 4
1006 006 0075 -00l5 .00y 055 0030 -0055 -005
. C:mranrlc Cunmntrlc Concentric : Concentric
. Concentric Concentric !
o edges ; edzes Concen-
Eentric | Metford. | edges slop- al: %1"? uhgtli}' slightly edges Sé_igdh”r slightly tric.
Ll rounded. | rounded. rounded. bl ol rounded.
m::g} } 74 2 7:874 9.5 8.68 10.63 10 10
3o.7 35 30.8 3.6 3n.4 a6 332 3a
r:ﬁhl. Toright. | Toright. | To right. lu right. To right. To right. Ta right. | To right.
gl.ﬂlﬂ!- 400 melres. | jo0 melres. | soo metres, | 400 paces. 400 metres, 300 metres, 250 metres, | 188 metres,
56 437 328 547 3o 437 328 273 200
imtru 2000 metres, (2200 metres, |2000 metres. | 2700 paces | 2000 metres, 1200 metres, | 2000 metres.| 1645 metres.
I‘tﬁj‘ 2187 2406 2187 z0g6 arfly 1312 2187 1800
E.'ﬁ_n ;ggﬂ 1.18g 3:05 3.1;:5 3.08 3-043 3.€7 3.08
. 455 546 k] 303 735 42 416 444,
mless. "?-EIIIII rim- Rim. Rﬂﬁ ; Rim. H?mltss. Rimiiss. Rimless, Rims.
ess,
: . o : Nickel-plated, | Steel coated
tm' Copper. Steel. mLE"’ E‘,: ol E:i 'el. | steel envelope, | with cupro- EIL' i
OVEr point. nickel,
hlﬁ r.28 1.279 T.244 T 1G4 1.21 1,18 L.212 1.26
-20 .3228 2637 .308 2843 .319 JII .308
Pﬁ}ﬂ 162.9 248 162 214 172.8 are.§ 2113 210.5
12,00 .o 70 36 33 3B.35 0.7 4o.2 38.56
isti Nitro- Black P T Nitro- Smokeles: Rottweil Peyton-
MRS, | liulose. powder, | Lroisdorf. Pyroxiline. | . ojjulose. Mile. G. B P, Du;mlt.
837 +337 <34 334 324 313 337 .325 337
395 2390 1750 2400 1985 2266 1920 2066 1923
ez # 15.75 ai 17:.47 233 17-1 1.7
35 From ' Text Book of Small Arms," 1go4.
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spherical bullet, owing to its low rate of velocity and its
large diameter, is prone to lodge.

The Cylindro-Conoidal Bullet.—Bullets projected by
rifled fire-arms have a very much increased penetrative
power as compared to that of the older spherical bullet.
Two circumstances in connection with the more modern
missile explain this fact: (1)1t has at the moment of impact
a much higher remaining velocity ; and (2) it is cylindro-
conoidal in shape—it has, in fact, a more or less sharp-
pointed head, which facilitates its penetrative action. The
area of impact of a smooth-bore musket bullet was o0.75 inch,
whereas the greatest diameter of the Martini-Henry is only
0.45 inch. This fact alone goes a long way towards ex-
plaining the greater power of penetration possessed by the
latter ; moreover, the head of the Martini-Henry is conical
or wedge-shaped.

Then, again, as the capability of a moving body to do
work or to overcome resistance (penetration of the tissues
in this case) increases as the square of the velocity, and
as the velocity of the cylindro-conoidal projectile is, at all
distances, far greater than that of the spherical bullet, so
it is evident that its penetrative and destructive power will
be greater in a corresponding degree. This statement
applies in an equal degree whether bone or merely soft
parts be referred to. The work a projectile is intended to
accomplish 1s destruction of animal tissues ; the greater its
energy, that is (in the case of bullets), the greater its velo-
city, the more completely will it accomplish this end.

Some authorities have been inclined to attribute the in-
creased penetration of rifle-bullets to the spin they obtain
from their following the twist of the grooves of the barrel,
considering that they, as it were, bore or screw their way
through the tissues. But it is impossible to allow that even
any small fraction of the power of penetration of these
bullets can depend on their rotatory motion. The Minié
bullet, at the instant of leaving the muzzle, has a rate of
spin which causes it to make one complete turn on its
long axis in 78 inches of its onward course. Supposing,
therefore, that the part of the body penetrated be 1o inches
thick (a high average), the bullet would only have time to
make I of a turn while traversing it, if at its very highest
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soft parts caused by such bullets as that of the Martini-
Henry, and is the rule in those resulting from the modern
small-bore projectiles.

Bone Injuries by the Cylindro-Conoidal Bullet.—The
amount of injury produced in a bone when fracture results
from a bullet, depends largely on the velocity of the missile ;
the splintering of the bone, the fissures made in it, and
the loss of substance at the site of fracture, all are, as a
general rule, great as the rate of velocity i1s high. A cylin-
dro-conoidal bullet travelling at nearly its /Zzghest rate of
velocity comminutes the diaphyses of long bones into
smaller and far more numerous fragments than does the
round ball ; the actual site of fracture is completely cleared
of splinters, the ends of the broken bone being separated by
a more or less wide space due to complete loss of substance.
The fragments of bone are driven apart in lines radiating
from the long axis of the bullet track, and up and down the
limb; and some of them may be forced out through the
skin on the exit side, through secondary exit wounds as
well as through the exit wound itself. In this case the exit
wound may be of almost any dimensions, from large masses
of bone fragments and muscular and tendinous tissue
bursting it outwards, and to the surface of these soft parts
so driven outwards splinters of bone and bone dust may
be seen adhering. The condition just attempted to be
described is the result of the so-called “explosive effects
of a rifle-bullet travelling at almost its highest rate of
velocity ; but this explosive effect will be more fully referred
to later on.

At lower rates of velocity, that is at longer ranges,
the fragmentation of the diaphyses of bones is less, and
it lessens as the range increases; the fragments are also
larger, less numerous, and less displaced ; but when bone
is fractured the exit wound is nearly always larger than
when this does not occur. So certainly is this the case,
that MM. Delorme and Chavasse, of the Val de Grace, state
that an exit wound the diameter of which is equal to that
of the thumb or index-finger, is indicative of comminuted
fracture with free splinters.!

In the cancellous structure of the epiphyses of long

\ Archives de Médecine et de Pharmacie Militaire, vol. xvil,, 1891,
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for such a length of time as will prevent his taking any
further part in the campaign, the modern projectile wounds
a man in so slight a degree that after a few days or a few
weeks he returns to his place in the ranks as capable of
fighting as ever. Other writers, however, described the
injuries resulting from the modern projectile of small
calibre as so terrible in extent and so fatal in their effects
that, in their opinion, the weapons from which they are
discharged, contravened, in the spirit, if not in the letter, the
undertaking entered into by nearly all the civilised Powers,
at St. Petersburg in 1868, not to use small-arm explosive
shells in warfare. The data on which these conflicting
ideas on this subject were formed had, for the most part,
been derived from experimental research, and unfortunately
experiments, as they must from the necessities of the case
be made, do not give similar results to those observed
under the actual conditions existing in war.

When the modern small-arm of small calibre was first
placed in the hands of the infantry soldier, it immediately
became a matter of much surgical interest to ascertain
what kinds of injuries their projectiles would produce in the
human tissues. Practically no other means of arriving
at this knowledge were available except experiments on
animals and dead men. Some few cases of accidental
or suicidal injuries by the new weapon were on record,
but no reliable conclusions could be formed on such
incomplete evidence. The experimental method was there-
fore adopted by military surgeons in this country, as well
as on the Continent and in America, in order to ascertain
the effects of bullets of small diameter on animal tissues.

Experimental Work with Small-Bore Rifles.. When
the first edition of this book was written, there was no
other evidence available except experiments with the new
rifles on animals and dead men, on which military surgeons
could form opinions as to what kind of injuries they would
in future be likely to meet with in warfare. Accordingly, I
described, with as much detail as appeared necessary, the
experimental research which had been carried out for this
purpose. But since then three campaigns have occurred
in which the armies on both sides were armed with modern
rifles—the Spanish-American War and the Boer War, and
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the velocity it would have at rooo or 2000 yards, or at any
range at which it is wished to observe the effect of the
bullet. At first sight it is natural to expect that, as the
bullet would strike the object with the same velocity and
energy it would have had if it had been discharged with a
full charge and had traversed the full range, the destruc-
tive effect would be the same ; but this has now been proved
not to be the case. Delorme and Chavasse, in France,
Kocher, at Berne, Paul Bruns, and others employed this
method, using both dead animals and dead men as targets,
and reported the results obtained.

The third phase in this inquiry consisted in using full
service charges at actual ranges against human cadavers.
This method was employed by Demosthen, of Bucharest,
Von Coler, Schjerning, and others. Different results as to
the gravity of the injuries resulting from small-bore bullets
were arrived at by experiments carried out under these
varied conditions, and very opposite opinions were formed
by the different experimenters. No doubt the methods of
Demosthen and Von Coler most nearly approached the
conditions which obtain in actual warfare ; but it is evident
that even these may convey erroneous impressions, for it
is now apparent that conclusions drawn from experiments
made on dead animals or men are not borne out by what
1s observed when living men are wounded by small-calibre
projectiles. Whether this is because dead animal tissue is
harder and more resistant, the fats having solidified and the
muscles being more rigid and contracted, or from some other
cause, 1s not just now quite certain ; but the actual experi-
ence obtained in the late wars has proved that the appal-
ling destruction produced in dead animals and cadavers
by small projectiles tried in any of the ways above referred
to, is not experienced when men are hit by them under the
ordinary conditions.

The rifles used in the experiments were practically
similar weapons, all modern small-bores, varying in calibre
from .315 inch of the French Lebel to .256 inch of the
Mannlicher. All the projectiles were practically of the
same pattern, being composed of a core of lead hardened
by an alloy of antimony and an envelope of nickel, cupro-
nickel or steel. Some of the smaller calibre bullets attained
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speaking, produced not the same, but less injury than was
caused by rounds fired with full charges at the distances
with which the reduced charges were intended to corre-
spond.” Their experiments showed a gradually decreasing
effect from range to range as the distance was increased ;
the greatest destruction occurred at 37 yards, and the least
at 2200 yards.

While admitting that experiments on animals and dead
men with the new rifle and bullet were necessary, and to
a certain extent, useful, it has now been proved that the
results obtained, and the inferences drawn from them were
incorrect ; and when we come to consider the matter in
the new light of practical experience, we must admit that
the circumstances of the case render it necessary that it
should be so. An experiment, to afford correct data for
forming an opinion, must be carried out under similar
conditions to those of the subject we wish to investi-
gate ; in this case that was impossible. Experiments could
not be carried out on living men, and it was the effects on
living men which it was necessary to ascertain. The con-
ditions of the two cases were totally different, and naturally
the results were not the same. Setting aside those experi-
ments carried out with “reduced charges,” which were
useless even for the purpose of demonstrating the effects
of bullets on dead men, all experimental work on this
subject has tended to give surgeons an exaggerated idea
of what kind of injuries might be expected to occur from
the use of the modern rifle in actual warfare.

Next to the range, which is synonymous with saying
next to the velocity of the bullet, the conditions which are
of most importance in determining the damage done are
the firmness, the consistence, and the amount of moisture
in the structures traversed by the missile; as these are
more or less marked, so is the destructive effect more or
less pronounced ; that is to say, the destructive effect of a
bullet is increased by greater resistance in the tissue tra-
versed by it. The first experiments were made on the
carcasses of recently killed horses, and in them the resistance
offered to the bullets was far greater than that presented
by the tissues of a living man. The destruction to the bones,
and even to the soft parts, of dead horses was enormous ;
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“explosive effect” and enormous damage at fairly long
ranges.

Perhaps no other experience demonstrates so conclu-
sively the uselessness of experiments on dead animals and
men for the purpose of determining the effects of small
projectiles on living men as the injuries produced in the
solid organs in both cases. The encapsuled organs suffered
enormous damage in the former cases, while in the Boer
War injuries of the liver, spleen, kidneys, and lungs were,
for the most part, small perforations, showing no extensive
destruction or so-called explosive effect. 1 saw one case
of extensive wound of the liver by a Mauser bullet—range
not known—but I heard of many in which the bullet track
was only the size of a cedar pencil. Wounds of the head,
too, produced in dead men, were quite different to those seen
- in the Boer War. In the former the sutures of the skull
were torn apart, lines of fracture radiated in all direc-
tions and for long distances from both the entrance and
exit apertures, and the brain substance was pulped almost
throughout its entirety ; in the latter it was quite the excep-
tion to see the lines of fracture extending for more than two
inches from the perforation made by the bullet, and the
brain showed no injury except in the immediate site of
the bullet track. When exceptionally severe injuries to the
skull and brain were seen they had always been produced
at quite short ranges.

The Rifles used by the Boers.—The service weapon
of the Boer army was the Spanish Mauser of 0.2756 inch
calibre, and having a muzzle velocity of 2288 f.-s., but a
considerable number of the men were armed with other
patterns of small-bore rifles, viz.,, Mausers of a slightly
larger calibre, and the Krag-Jorgensen rifle of o.300 inch
calibre and an initial velocity of 2000 f.-s. Besides these
rifles of small calibre, Henry-Martinis and various patterns
of sporting weapons were also used. But in considering
the surgery of the Boer War we may take it that the vast
majority of the wounded were injured by Spanish Mauser
bullets, or by bullets so similar to them in construction,
velocity, and diameter, that no differences could with
clirhmt}r be detected in the surgical effects produced by
them

D
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shape of the entrance wound depend almost entirely on
the velocity and angle of incidence of the bullet at the
moment of impact on the skin, the variations in the con-
dition of the exit wound, although influenced by the same
characteristics, depend, in addition, on the qualities, espe-
cially as regards power of resistance, of the tissues through
which it had passed, and on the amount of damage it has
caused within them.
When 1t has passed
through sof? parts only,
the exit wound is usually
a circular punched-out
hole, but its edges are
slightly shreddy and
torn. In about 10 per
cent. it is triangular or
star-shaped, this being
due to the bullet making
a slight turn and coming
out somewhat sideways,
and with somewhat less
velocity. Often, even
when the exit wound
in the skin is a clean-
punctured hole, the aper-
ture itself may be quite
hilled with particles of fat

FiG. 12.—Entrance and exit apertures in

I}Fmrudmg to a ""Ilghtl}’ skin,made by Lee-Metford bullet which
higher level than the skin passed through shaft of tibia at fifty
surface, and obscuring yards’ range. E=entrance.

its edge. On the whole,

variations in the exit aperture are more common than
those observed at the entrance side. When the skin 1s
loose, and its elasticity can take effect, lacerated tears and
three- or four-sided wounds are caused, and these are more
common at long ranges. Mere slits in the skin form a
small percentage of the exit wounds, and are usually
produced by bullets at low rates of velocity. When the
bullet has passed through bone, circular exit holes are
uncommon, but do occur occasionally. They are in a
large majority of instances irregular and lacerated (fig. 12).
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even when bone is touched. “ No bullets were observed
to run in rings or to follow the contours of the body”
(Coler).

The Bullet Track through the Soft Parts.—The shot
channel through muscles is in the form of a cylindrical
tube, cut out as with a punch, the diameter of which at
short ranges is somewhat larger than that of the bullet,
and which gradually decreases as the distance increases, but
it is always larger than the entrance wound in the skin. Its
sides are smooth, and their immediate vicinity is engorged
more or less with blood as the hamorrhage is great or
small. When the track is long, through thick muscles, for
instance, there is a gradual, though slight, increase in size
towards the exit side, but sudden enlargements may be seen
at situations where a bullet passes through any resisting
tendinous structure. Perforations of fasciae are circular
punched-out openings, of about the same diameter as the
bullet, or slits in the direction of the length of the fibres
which offer most resistance. Tendons are more often split
in the length of their fibres than cut across, while if a
bullet strikes sideways, or 1s much deformed, they may be
torn and lacerated so as to completely break their con-
tinuity. Their mobility, smooth surface, and toughness no
doubt often preserve tendons from complete section.

Shreds of Clothing, &c., in Wounds.—The possibility
of pieces of clothing being carried into bullet wounds is of
much surgical importance on account of the septic influ-
ences they would probably produce. Experiments have
been made by La Garde in America, which tend to show
that rifle-bullets are themselves usually sterile, and that their
passage through living tissues does not cause septic infection
within the bullet track. But the case is different with regard
to shreds of the clothing a wounded man may be wearing
when hit : these are very likely to be infected with micro-
organisms of various degrees of virulence, and the import-
ance of the question whether or not pieces of clothing are
carried into bullet wounds can, from this point of view,
hardly be overestimated. Delorme and Chavasse frequently
found portions of the clothing in the bullet track. Bogdanik
also found them where the injuries had been caused by
ricochets, and when the bullets were deformed and jagged.
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of an artery by the merest graze that, although no actual
opening is made into it at the time, sloughing of the part
of the vessel so injured takes place later, and heemorrhage
or a traumatic aneurism is the result. At an operation on
a case of this kind, fourteen days after the receipt of the
wound, an oval patch half an inch long showed distinct
evidence of a graze by the bullet with a small perforation
in the centre, partly occluded by clot, but permitting a
slow escape of blood. - May not the occurrence of this
kind of injury to the walls of vessels explain at least some
of the numerous cases of traumatic communication be-
tween arteries and veins met with during the Boer War ?

Vessels do not so often slip aside and escape injury by
small-bore bullets as they did with round leaden balls, and
the fact that the injuries of arteries are clean-cut openings
when their edges are hit, and smooth perforations when
the missile strikes the vessel fairly (not crushed lacerations
as they formerly were) will tend to increase the liability to
prolonged bleeding when the vessels implicated are large.
When the wounded vessels are of the smaller varieties, and
not quite superficial, the hemorrhage may cease spon-
taneously, in consequence of the narrowness of the bullet
track and the want of coincidence of the openings in the
various layers of tissue, after movement of the part, pre-
venting the outward escape of the blood, and so setting up
a tension within the limb sufficient to have this effect. I
have seen and heard of many cases in which but slight
external bleeding had occurred, but where the limbs were
hard and tense from extravasated blood. When vessels
within the various cavities of the body are wounded, and
where the condition of tension cannot be so readily pro-
duced, the heemorrhage usually goes on to a fatal issue.
[ feel certain that the vast majority of the killed in battle
die from this cause—hamorrhage from internal arteries or
from the large arteries of the limbs when situated super-
ficially—and that the persistence of the bleeding is due to
the character of the perforations which the modern bullets
produce in blood-vessels, This subject is again alluded
to at page ri4.

Direct hits of vessels are the more dangerous, be-
cause some shreds of tissue always remain and prevent






INJURIES TO BONE 57

complete solution of continuity, produced at short ranges,
and cases of severe comminution at long ranges. The
clean-cut hole was most easily recognised in the tibia, the
anterior surface of which is so thinly covered by soft parts
that this condition can be recognised with certainty ; but
I have seen a comparatively large number of these excep-
tional cases in men who have been sent to Netley with
sinuses still open where the bones implicated were the femur
and humerus, and in which “fracture,” in the ordinary
surgical meaning of the term, had not occurred. No doubt,
as Mr. Dent suggests, fissures may have extended up and
down the bone from the site of perforation in these cases ;
but if so, they were thread-like fissures, and there was no
solution of continuity, nor much difhculty in walking on
the limbs when this kind of injury had occurred in the
lower extremity. In some few of the cases the evidence
was satisfactory that the range was under 100 yards.
Injuries of this kind are quite common in the softer struc-
ture of the cancellous ends of long bones, and in bones
mainly composed of cancellous tissue, as those of the
carpus and tarsus ; but it was not expected that they would
be produced in the more dense bony tissue at short ranges.

While nothing in our experiences in the Boer War, as
I believe, afforded any evidence tending to invalidate the
general statement that the amount of damage caused in the
diaphyses of long bones by bullets depends largely on the
range at which the injuries are produced, and that this
decreases as the range increases, yet many cases were
observed in which, at such ranges as 2000 yards, the
comminution of the shafts of long bones was more ex-
tensive than the average degree of that condition seen
in bones hit at much shorter distances would, under this
theory, have led one to expect. The same thing was
observed during the experiments on the effects of modern
bullets, and, further, it was seen that at extreme ranges
the entrance hole was larger than the diameter of the bullet,
and that it was no longer circular in outline, but oval, even
when the hits were ap parently not ricochets. Oval apertures,
too, are seen to be made in canvas targets at very long
ranges. This s distinct evidence that even elongated projec-
tiles, starting with a high rate of motion of rotation, do not
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1inch, at the same range. The greater the resistance offered
by a bone to a bullet, the more severe is the injury sustained
by it. The hard, compact tissue of the diaphyses of the
long bones suffers extreme comminution from the passage
of bullets at high velocities ; so much so, that gunshot
fractures are far more severe injuries than fractures pro-
duced by other means.
The femur, the tibia, and
the humerus are probably
the most resistant long
bones in the human body,
and in them we find the
greatest amount of com-
minution and general
destruction. Another con-
dition on which the
amount of damage done
to a long bone by a bullet
depends is the angle at
which impact occurs : the
more perpendicular this
is, and the nearer to the
centre line of the shalft,
the more severe will be
the fracture. Variations
in the degree of resistance
in the bones, together with
variations in the angle of
incidence and in the velo-
city of the bullet, are suth-
cient to account for the FiG. 13.—Effect of Lee-Enfield bullet on
differences seen in gun- }-inch plate-glass at filty yards’ range.
shot fractures.

A bullet striking at the centre of a transverse diameter
of the shaft of a long bone may produce a fracture of the
X-shaped variety, with a punched-out hole where the lines
of the X cross. If gunshot fractures of the shafts of long
bones can be said to follow any particular type, it would be
that just referred to, varieties being represented by absence
of one or more of the limbs of the X. But so many cir-
cumstances come into play in determining the lines of
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fracture in a bone, that it can hardly be said that these
injuries conform to any definite pattern. The velocity the
bullet is travelling at ; the angle at which it Impinges against
the bone; the varying degrees of resistance the different
bones—and the same bones in different men—offer to it

FiG. 14.—Effect of Lee-Enfield bullet on }-inch
plate-glass at fifty yards' range.

are all conditions which tend to modify, and limit or increase
the amount of damage done in particular cases; for on
them depend how much of the energy of the bullet is
expended on them, how great the comminution is, whether
the fragments are large or small, and whether they are
much or little displaced ; whether or not fissures extend up
and down the shaft from the site of fracture, and to what
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distances and in what directions; in fact, on them depend
all those circumstances the presence or absence of which
makes for or against severity of injury in fractures of long

FiG. 1§.~—Showing obliquity of fracture in slightly comminuted case.

(Skiagraph by Mr. LIONEL SELLS.)

bones. The fragments representing the comminution of a
thin and brittle bone, like the fibula, are usually small, and
therefore not much displaced, but sufficiently so when the
bullet is travelling at a high rate, to show loss of substance
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consequence of its lesser degree of opacity to the X-rays.
The amount of callus formed during the repair of gunshot

T T T — T T T ———————re

Fic. 16.—Showing expanding effect of bullet, and position through which
the bullet passed.

(Shkiagraph by Mr. J. PAXTON.)

T o R S T
"

fractures of long bones is always largely in excess of that
produced in fractures from other causes ; this is owing to the
much greater degree of comminution usually existing in these
cases, and perhaps to the undue movement they unfor-






COMMINUTION IN FRACTURES 65

some of them are merely bent away at one end from the
shaft of the bone, while others are quite free and loose in
the soft parts. The principal displacement seen to occur
in the larger fragments, those on the entrance side of the

FiG. 18,—Showing displacement of smaller fragments.
(Skiagraph by Mr. J. PAxToR,)

shaft, is mainly a lateral one due to the expanding effect
- ofthebullet. In many cases, and due to bullets discharged
at short ranges and still travelling at high velocities, the site
- of fracture is seen to be quite free of fragments of either the
[' entrance or exit wall of the bone, and distinct loss of sub-
1]

F

stance exists between the broken ends of the shaft (fig. 1g).
E
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These cases seldom show fragments displaced amongst the
soft tissues, or only very few and minute ones, the force of

I'1G. 19.—Showing site of fracture cleared of fragments.

impact apparently being so great that all the bone débris
is driven out through the exit wound. It is in the cases
in which comminution and displacement of fragments are
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marked that the so-called “explosive effects” of a solid
bullet are seen in their severest form ; this will be referred
to in greater detail at page 75.

Displacement of Fragments.—The extent to which
the fragments of a long bone are displaced in a case of
gunshot fracture depends almost entirely on the velocity
of the bullet. A bullet travelling at a high rate of speed
naturally imparts considerable velocity to the pieces of
the bone it breaks, and enables them to force themselves
through the soft tissues for distances varying as their
energy 1s more or less great. Some of them are repre-
sented by mere bone dust on the tissues at the exit
wound ; some of them are forced out directly through
the exit wound, which is thereby greatly increased in size.
Others make exit wounds through the skin for themselves,
quite separate and distinct from that through which the
bullet passed, while others, again, are driven forwards at
various angles to the direction of the bullet track, frequently
turning over as they move and causing great damage to
the soft parts. These latter are usually fragments of some
size, and are, for the most part, found to be quite loose
and separated from their original attachments. This dis-
placement of fragments of bone in gunshot cases is of
great importance for two reasons: firstly, because they
act as secondary missiles, and important vessels and nerves
are liable tosbe lacerated by them ; and, secondly, because
many of them are quite detached from their normal posi-
tions, and therefore from their blood supply, and must,
if not removed, act as foreign bodies, and cause delay in the
healing of the part. Both of these subjects will be noticed
later on, under the headings of “Primary Hamorrhage "
and “The Treatment of Gunshot Fractures.”

Injuries of Epiphyses and of Cancellous Bones.—In per-
haps no instance were the conclusions drawn from experi-
ments as to the effects of small-bore bullets so misleading
as they were with reference to the injuries produced in the
epiphyses of long bones, and in cancellous bones generally.
While it was admitted that clean perforations were occa-
sionally produced in these structures, experiments did not
afford any evidence that the modern bullet would, in actual
warfare, produce, as a rule, clean punched-out tunnels or
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strength of the part, and seeing the frequency with which
ankylosis takes place, I am certain that the severer kinds
of fracture are common in the head of the femur. But I

FiG. 20.—Considerable comminution of lower end of humerus.

(Skiagraph &y Mr. J. Paxton.)

have seen numerous cases, many months after the receipt
of the injuries, in which the situations of the entrance and
exit wounds left practically no doubt as to the implication
of the bones forming the hip- and knee-joints: some of
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the entrance side, and thus striking the exit side obliquely,
and therefore with a more extended surface. The skull
from which the brain had not been removed suffered
injuries of quite a different character—injuries of enor-
mously greater severity ; cracks extended in all directions
from the two apertures, and the sutures were torn apart. The
whole base of the skull was broken up into separate pieces
of bone, the lines of fracture in which only partially cor-
responded to the natural sutures ; the roof of the skull was
shattered, so that, on handling it, fractures could be felt
in all directions, the splinters being felt to crepitate against
each other. Occasionally large areas of the skull and scalp
were completely blown away. It is hardly possible to
convey correct ideas of the terribly destructive injuries
produced in the skull by the German “Pattern 88" rifle
of .311 inch calibre, but the report of Von Coler and
Schjerning on this subject submitted to the Berlin War
Office contains reproductions of photographs which show
how extensive they were. Coler’s experiments were carried
out on the skulls of dead men, but he had also seen twenty-
two cases, accidental and otherwise, in living men, and
considered himself justified in concluding that “no dif-
ference existed between the injuries produced in living and
in dead skulls.,” I am far from intending to suggest that
gunshot wounds of the head, due to modern rifle bullets,
are not a most fatal class of injury; but I believe that the
experience obtained in the Spanish-American War, and
lately in South Africa and Manchuria, will not bear out the
opinion expressed in the German report, and that it will
be found, as in other cases, that the injuries of the skull
resulting from small-bore bullets in dead and in living men
are quite different, and that they are much less severe in
the latter than in the former case. If it were not so the
mortality of gunshot fractures of the skull during the late
Spanish-American War could not have been as low as even
53.0 per cent.!; nor would the surgeons who saw the cases
during the Boer War have seen so many of their patients
recover, at all events from the immediate effects of their
wounds, sufficiently to go home as invalids. If it were so

! Report of the Surgeon-General, U.S. Army, for year ending June 30,
1900.
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fissuring of the whole vault and base were not the char-
acters of the cases which came under treatment. Exclud-
ing exceptionally severe cases, it was usually found that,
when perforation occurred, the entrance hole showed two
or three fissures of from } inch to 2 inches in length with
the pericranium untorn over them, and the exit a more or
less oval aperture in the inner table, with one or two frag-
ments of the outer table driven into the scalp, with some-
what more extensive fissuring than on the entrance side.
Fractures of the skull will be referred to in greater detail
later on.

The scapula usually undergoes clean pertoration with-
out fissuring when the more resistant processes of the bone
are not implicated, and the same statement applies to the
iltum, in which cancellous structure so largely predominates.

The “Stopping Effect” of Small-bore Bullets.—Fears
have been freely expressed as to the capability of small-
bore rifle bullets stopping the rush of a fanatical savage
enemy. Medical offhicers who served in the Waziristan and
Chitral expeditions of 1895, where Lee-Metford rifles were
first used in warfare, and Mr. H. C. Thomson,! who wrote
the history of the latter campaign, state that the English
small-bore cannot be depended on to stop a man in his
charge. These opinions were held, not from actual ex-
perience—for no rushes of the kind here referred to oc-
curred in the Waziristan and Chitral campaigns—but from
judging by the trivial wounds produced by Lee-Metford
bullets when soft parts only were implicated. Many of
the enemy in these two campaigns continued to advance
and hght after the receipt of from one to six wounds by
Lee-Metford bullets; and it was therefore apparent that
the “stopping effect” of this projectile, when it injured
unimportant soft parts only, was very slight.

No small-arm bullet can be depended on to stop the
rush, at close quarters, of a fanatical savage ; the Martini-
Henry bullet did not do it when the zareba was broken
in the Soudan ; and in the Zulu wars many of the enemy
continued to come on after being wounded by the same
weapon. Shock of impact has little or nothing to do with

' “The Chitral Campaign : a Narrative of Events in Chitral, Swit,
and Bajour,” by H. C., Thomson, 189s.
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modern small-arm projectile in horses are much greater
than those seen in men. The Boers were severely criti-
cised—and rightly so—for using various patterns of “soft-
nosed” bullets in the late war, and it is hardly doubtful
but that these missiles will not be employed in future wars
between civilised nations. But in dealing with an Asiatic
fanatic, who does not know he is hit unless he is knocked
down, deformable bullets must, in self-defence, be resorted
to, and the authorities in this country are quite well aware
of the kind of missile required under these circumstances.

‘“Explosive Effects.”—Since rifled small-arms have
come into use in warfare, a large number of wounds have
been observed in which the destruction to the tissues has
been so enormous that the suspicion that they must have
been the results of explosive shells has been, at first sight,
warranted. Injuries of this class are usually accompanied .
by comminuted fractures of bone, especially of the shafts
of long bones. In these cases the destruction of tissue,
especially at the exit side of the limb or body, was so
extreme that it seemed impossible to consider it as due
to a solid projectile, but that, on the contrary, it must have
been the result of explosion of the projectile after its
entrance,

In the large majority of cases in which these “explosive
effects ”” have been seen, the bullet had encountered com-
pact bone in its passage ; but Delorme and Chavasse have
reported them as occasionally occurring when soft parts
only have been traversed by the bullet. Other authors
have not noticed explosive action under the latter condition,
nor were any cases seen, so far as I can ascertain, in the
Spanish-American or Boer Wars.

When explosive effect is produced, the exit side of the
bullet track is found to be much larger than the entrance
side ; it may be of almost any dimensions, extending some-
times to a quarter or more of the length of a limb; from
the point of the bone on which the bullet first impinges,
the track is funnel-shaped towards the exit side; the bone
1s pulverised to a large extent, and much comminuted,
the fragments being driven into the soft parts for long
cdistances, pulping the muscular tissues and lacerating the
vessels and nerves ; there is considerable loss of substance
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- have been frequently observed ; wounds which, to all ap-
pearances, could only have resulted from small-arm shells,
the employment of which has always been considered con-
trary to the usages of civilised warfare. During the Franco-
Prussian War of 1870-71, the combatants on either side
mutually accused each other of using explosive bullets,
As a matter of fact neither side used them. The Boers
in the late war were also {reely accused of using explosive
bullets, properly so called, but unjustly so, in my opinion.
I picked up specimens of all their various patterns of
““deformable” bullets, but no explosive ones. One really
explosive bullet was given me by Colonel Woodhouse,
R.A.M.C,, but it was the only one I saw in South Africa.
[t was of much greater diameter than the Mauser, and had
a copper tube filled with detonating material at the point ;
it was evidently intended for a sporting weapon, and 1 feel
sure that very few of a similar kind were used by the
Boers.

Much misapprehension existed in the minds both of
the wounded and of the surgeons in our late war with regard
to this matter of “explosive bullets.” The majority of men
who received a severe injury always considered that they
had been hit by an explosive bullet—one properly so called,
containing a bursting charge—and time after time I have
read statements of cases by surgeons in which the same
expression was used. Now, in the first place, it is by no
means correct to take it for granted, because a wound is
severe or the exit aperture large, that an explosive bullet
must have been the cause; a soft-nosed bullet which de-
forms is capable of doing quite as much damage ; and, in
the second place, it is well known, from experiments as
well as from experience-in actual warfare, that a solid rifle-
bullet which does not deform, but which breaks bone,
especially the shafts of long bones or other highly resistant
bony structure, is almost certain to produce these extensive
injuries at short ranges.

So much has been written, since small-bore rifles have
been invented, on the so-called explosive effect of rifle-
bullets, that one might almost be led to believe that this
class of wound is an outcome of the use of the modern
bullet of small calibre, and that these extensive injuries were
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on the contrary, is only apparently full ; it is not full in
the sense of incapacity to hold more, and unless it were
so the “hydraulic” action could not come into play. In
the case of gunshots of the skull, on the other hand, the
conditions are similar to those of the leaden vessels filled
with water and sealed. The skull is quite full (of brain and
fluid matter), and it may well be that when a bullet enters
it with great velocity, hydraulic effect is accountable for
the enormous injury sometimes produced at short ranges.

Since reading Von Coler’s report, I have made some

—Leaden vessel filled with water and sealed.
— XA M. College Museum.

‘““ control experiments,” in order to verify or disprove his
statement that open vessels filled with water undergo the
same damage from the passage of a bullet at high speed as
sealed ones do, and [ have obtained results similar in every
detail.

My experiments were made by firing Lee-Metford bullets
(cordite cartridges) through leaden vessels, 7 inches high
and 4 inches in diameter, filled with water, some being
open and some sealed, at a range of 17 yards. Judging
only from the amount of damage and distortion caused to
the vessels, it is impossible to tell which were open and
which sealed. Rents in the leaden walls appear on both
sides of both equally, and the metal is twisted and torn in
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every direction, while the exit apertures can be readily
recognised on the far side, if the damaged walls of the

Leaden vessel filled with water and sealed. — &, 4. M. Coliege Museum.

vessel be replaced as far as possible in their original
relation to each other. Whereas, if hydraulic pressure
had been the cause of the general rupture in the closed

Fic. 28.—Leaden vessel hlled with water and sealed.

vessel, an exit hole could not be produced by the bullet,
because the destruction of the walls of the vessels at the exit
side would have occurred when that force was set up, viz.,
immediately the bullet entered, and must have been ante-



THE HYDRAULIC THEORY 87

cedent to the passage of the projectile. In the illustrations
given above, which are taken from photographs made im-
mediately after the experiments, fig. 25 shows one of the

Leaden veszel filled with water and left open.

vessels fired through in its empty condition ; no injuries
were produced, except entrance and exit holes, the former
of which 1s shown. Figs. 26, 27, and 28 are from vessels

FiG. 30.—Leaden vessel flled with water and left open.

hlled with water and sealed, while figs. 29 and 30 are from
open vessels.
These results are precisely similar to those obtained by

Von Coler.
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up and scattered amongst the muscular and bony débris.
The great destruction of the parts was explained by the
breaking up and forcible distribution of the particles of
lead and envelope. But this is not correct, for experiments
have proved that solid copper bullets cause similar effects
if driven with equal velocity. We must therefore fall back
upon the older explanation that “explosive effects” are
due to the energy of the bullet being communicated to the
fragments of bone and to the particles of liquid and soft
tissues broken up @a-the bullet track, and that these act as
secondary missiles on the parts in their vicinity.

In order to put the question of the use of explosive
bullets, properly so called, in warfare on a correct basis
(it being universally acknowledged that the real object of
the use of weapons of offence in battle is neither to kill
men outright, nor to blow their limbs to pieces, but merely
to put out of the firing line or render fors de combat the
largest number of men possible), a conference was held
at St. Petersburg in 1868, which resulted in an agreement
by all the principal military Powers of Europe “to abstain
from the use of all explosive projectiles of less than 4oo
grammes, or 14 ounces, in weight.” This limitation of
weight, of course, excluded all small-arm explosive bullets,
but did not interfere with the use of shells in artillery fire.

Wounds by Large Projectiles or their Fragments.—
The projectiles fired in modern times from large ordnance
and artillery field-guns consist almost exclusively of “shells '
of one kind or another. An artillery shell may be dehned
to be a hollow case of steel or cast-iron containing a
“bursting charge,” the destructive effect of which is pro-
duced by the fragments into which the shell is broken, or
by the bullets which it contains being set free, by an ex-
plosion within it. Shells of many different patterns are
used by artillery, but it will be suthcient, from a surgical
point of view, to describe two of them, the common shell
and the “shrapnel,” all others being modifications of these.
Both kinds of shell were used with the old smooth-bore
artillery guns ; they were then spherical in shape, and both
are now used with the newer rifled ordnance, and are
cylindro-conoidal projectiles of about the same shape as
a Martini-Henry bullet.
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broke up irregularly into fewer fragments but of a larger
size than those of the more modern shrapnel. From 2o to
zo pieces would probably represent the fragmentation of the
common shell, while the shrapnel shell may disperse from
100 to 200 pieces, including fragments of the case when
this ruptures, as it occasionally does.

The efforts of artillerymen of the present day are directed

Fics. 32 and 33.—Shrapnel.

towards the construction of shells which will break up into
the greatest number of pieces, because the more a shell
breaks up, the greater will be the number of men hit and
the more widespread will be the results, but, as a necessary
consequence, the intensity and gravity of the individual
wounds will be lessened.

Common shell are not used primarily by artillery for the
purpose of killing and wounding the enemy—though they
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frequently do this also—but in order to ascertain the range
of the position to be shelled, and to destroy earth-works
and forts. The smoke of the explosion of a common shell
is visible at any distance suitable for artillery, and the
gunner judges the accuracy of his estimation of the range
by observing whether his shell explodes at or beyond or
within the required distance ; he then substitutes shrapnel,
unless his object be to pound
down earth-works or other de-
fensive cover. The perfection of
the use of shrapnel is that the
projectiles should explode from
50 to 100 yards in front of the
enemy ; whereas common shell
should penetrate and bury them-
selves in the works against which
they are used before explosion
takes place, the object of their
use being not so much to cause
injury to men as damage to the
cover which protects them from
other kinds of projectiles, and to
indicate the range.

One form of common shell to
which the above remarks as to
range-finding and breaking down
the enemy’s cover do not apply
1s the projectile discharged by
the Vickers-Maxim, or so-called

Length = 3§ inches. “Pom-Pom” gun; it 1s a per-

Diameter= 18 inches. S : R

cussion shell, intended for killing

or wounding an enemy, and the
gun discharges seven or eight of them with an interval of
a few seconds between each. A Pom-Pom shell (hg. 34)
weighs 16 ounces, and produces most extensive and fatal
injuries. In one case I saw, a man was hit about midway
between the spine of the pubis and the great trochanter by
an unexploded shell of this kind. The laceration of the soft
parts was of great severity, but the vessel was not torn, The
head of the femur was not fractured, but was dislocated on
to the dorsum of the ilium. The dislocation had not been

FiG. 34.—A Pom-Pom shell,
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reduced when I saw the case, and could not be reduced.
The laceration required a long time to heal, and a sinus
led towards the acetabulum for a still longer period,
but eventually it closed, and the man could walk fairly
well.

The Boer War was the first in which the Vickers-Maxim
gun was used, and, although the killing and wounding effect
of its shell was not very great, its moral effect was very con-
siderable. In consequence either of some defect in the
percussion mechanism, or because no bursting charges
had been inserted, large numbers of
these shells failed to explode; but our
men naturally found the arrival of a
Pom-Pom shell in their vicinity rather
disconcerting, when a little experience
had taught them that at least half-a-
dozen others would pitch within an area
of 20 yards during the next thirty
seconds or so. The injuries produced
by fragments of an exploded Pom-Pom
shell are similar to those resulting from
other common shell.

Case-shot (fig. 35) is a projectile
similar in principle to shrapnel : 1t is a
thin metal case containing from oo to
300 round leaden balls hardened by
antimony. “Case” contains no burst-
ing charge within it, but is ruptured pic 35 Case-shot.
close to the muzzle by the explosion of
the powder charge within the gun ; the bullets thus set free
spread out like a charge of shot from a fowling-piece, and
are very destructive to masses of men at short ranges,
z.e. up to 300 or goo yards with field-guns, and to greater
distances with guns of larger calibre,

Solid shots are now used only for piercing armour-
plated ships and against strongly fortified positions. They
are sharp-pointed steel projectiles of intense hardness.

The power of penetration of fragments of shell, or of
the bullets contained in them, on living tissues, is not
usually very great, or, at all events, is not long retained.
Power of penetration of a small-arm bullet, as already
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intermuscular septa ; the face of the stump, if a limb be
concerned, i1s more jagged and uneven ; the bone splinters
seen on the exit side are larger; “the remainder of the
shaft is not so smoothly cut across, and fissuring and splin-
tering occur 1in it to some extent.” !

Large fragments of common shell also produce exten-
sively lacerated wounds, the edges of which are jagged and
irregularly torn, but do not, as a rule, carry away a part of
a limb ; their velocity is usually low, their form is not the
one best calculated to allow of deep penetration, and the
injury is therefore great in area rather than in depth.
Perhaps the most typical kind of wound produced by shell
is that seen when a fragment has cut its way into the soft
parts, and remains there, more or less buried, and it is
remarkable what huge masses of metal are occasionally
hidden away in this manner. The entrance wound in
the skin is nearly always smaller than the cavity in which
the missile lies, and it is often difficult to account for the
passage of so large a piece of metal through so small an aper-
ture. The sides of such a cavity in a badly lacerated wound
do not show much tendency to come together when the
foreign body has been removed ; the parts are so devitalised
and torn by the force to which they have been subjected
that they are incapable of resuming their original relations
to each other, even when that which kept them apart
has been removed. General or constitutional shock is a
symptom which is usually well marked in cases of shell
wound, .

The wounds due to fragments of shell are, then, more
often superhicial than deep ; they are always irregular, con-
tused, fand lacerated ; and they are usually attended by
considerable shock and the lodgment of the foreign body.
This description of shell injuries applies more particularly
to those produced by common shell ; but similar wounds
result from fragments of shrapnel when, although theoreti-
cally it 1s not intended to have this effect, the bursting
charge ruptures the shell case. In general the wounds
resulting from shrapnel bullets are of a less grave character
than those from fragments of common shell or from rifle-
bullets. Shrapnel bullets are spherical in shape instead of

LLongmore.
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per cent. of all the gunshots which occurred, and it is
probable that about the same figure will be found to be
correct for the Boer War.

In the Russo-Japanese War, at the battles of Liao-Yang,
Sha Ho, and Mukden, taken together, there were 10 per
cent. of wounded by shell out of over 29,000 wounded by
all arms.!

Hand Grenades.—Small explosive shells thrown by
hand were used during the Russo-Japanese War, and
caused wounds which “were difhcult to treat satisfactorily.

. . They were usually multiple, and in some they were not
only caused by strips of the metal case but by the explosive
effects of the pyroxilin gas, which appears to have been the
explosive agent. . . . The explosive effects were, as a rule,
those of complete shattering of a limb, the part being com-
pletely carried away,or so damaged as to require amputation.
The wounds caused by strips of the casing were deep lace-
rated wounds, leaving a ragged, irregular, and often stellate
cicatrix after healing. These wounds were also, at first, of a
brilliant yellow colour, and the patients suffered an unusual
amount of pain in the wound, a symptom that persisted
long after the wound had begun to heal.”

The yellow staining effect above referred to was also
seen in South Africa in Boers who had been injured by
Lyddite shells which had exploded close to them. In one
case which I saw, the man had not been wounded by any
fragment of the shell, but he suffered greatly from shock
and weakness of the limbs, and his face and hands
were bright yellow and the skin studded with minute
specks of dark colour, as though fine sand had been driven
into it.

Multiple Bullet Wounds from Single Bullets.—When
speaking of the wounds of entrance and exit caused by
bullets, I referred to them in such terms as might lead to
the supposition that a small-arm projectile always makes
either one or two apertures; a wound of entrance only if
it lodged, and one of exit as well if it passed out. But this
is by no means necessarily the case ; for single bullets may
make more than two openings and more than one track,

! Medical and Sanitary Reports, 1908, by Colonel W. G.

Macpherson, C.M.G., R.A.M.C.
G
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gravity of the cases are evident at a glance, yet on careful
examination no wound or contusion of the skin is to be
seen. Formerly patients of this class were said to have
been “struck by the wind of the shot,” but this explanation
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Fi6. 36. —Multiple apertures by a single bullet.

A =First entrance.
B= ,, exil

C =Second entrance.
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is now known to be insufficient. In this kind of injury
internal organs of the body have been ruptured, the muscles
of a limb reduced to pulp, or the bones extensively com-
minuted, and yet the skin surface exhibited no sign of
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not produced, are now on record, that it is evident that
the “wind theory” does not explain the condition of
things referred to, These injuries are always the result
of solid shot, unexploded shells or grape, or of large
fragments of shell ; and Sir Thomas Longmore observed :
“ The true explanation of the phenomena seen in cases of
wind contusion is to be found in the peculiar direction,
and especially in the degree of obliquity, with which the
missile has happened to impinge against the elastic skin,
together with the relative situations of the internal organs
or bones injured in regard to this missile and to other
hard substances on the opposite side to the part struck.”
Thus it is conceivable that the skin of the abdomen may
be just grazed by a solid shot, or by the smooth surface
of a large fragment of shell, in so oblique a direction
that the skin itself may not be torn, while the internal
organs may be extensively ruptured; or the bones of a
limb may be shattered during a similar occurrence by
being compressed between the shot and some hard sub-
stance against which they were resting. The elasticity
of the skin enables it to yield to the pressure, while the
more resisting matter within is smashed. “ Baron Larrey,
who examined many fatal cases of this kind, which others
were inclined to attribute to the ¢ wind of the shot,” has
related that he always found so much internal disorganisa-
tion as to leave no doubt on his own mind as to its being
the result of pressure by the projectile.” ' The indirectness
of the blow, and the distensibility and thughneas of the
skin, are the marked and constant conditions of these
cases, and are sufficient explanation for the severe injuries
to the deeper parts while the skin itself remains entire
and untorn.

It might have been supposed that the “ wind contusion”
theory of injuries in battle was, in these days, as dead as it
ought to be, That it is not so was shown by a letter in the
Times of October 6, 1902, signed “F.R.C.S.,” asking for infor-
mation on the subject, and stating that it is certain that
wind contusions do occur in warfare.” He points out that
“ Linesman,” in his book on the Boer War, entitled “ Words
by an Eye-witness,” tells of a “shell bursting close to a man

' Longmore.
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long afterwards, to remove the “ poison " and its effects, were
to apply boiling oil to the wounds, to apply suction by
means of cupping-glasses, and to enlarge the track by
incisions so as to give free exit to discharges. The belief
was slow in dying, but it did die, although as late as 1870
the Germans complained that the bullets of the French
mitrailleuses contained poisonous substances in the lead.

Even in the Boer War it was, for a short time, supposed
that the enemy might be using poisoned bullets. A large
number of cartridges were found in entrenchments out of
which the Boers had been driven, the bullets of which were
covered with a green wax. No little sensation was produced
by this find, but the matter was very simple—the green wax
was parafhn used for lubricating purposes which had be-
come stained with verdigris from the copper in the plating
on the bullet and in the cartridge-case. There was no
reason to suppose that this produced any action in the
wounds, and it was used merely for the purpose of dimin-
ishing the wear and tear of the rifle barrel.

Burning Effects of Bullets.—The theory that the tissues
are burned by the bullet is also a very old one. It was
supposed that a projectile acquired so much heat from the
ignition of the powder, and from friction against the barrel
and against the air in its flight, that it charred the surface
of the wound it inflicted. Ascribing the production of the
heat to another cause, modern surgeons have revived this
notion, arguing from Tyndall’s law that “arrested or im-
peded motion is converted into heat.” Hagenbach and
Socin, in Switzerland, and Malhauser, in Germany, have
reintroduced this subject. Dr, Hagenbach asserts that his
experiments prove that when a conical leaden bullet is
fired from a distance of 100 metres with a velocity of 320
metres at an iron target, it is melted to a considerable extent
onstriking. “Professor Busch, of Bonn, has expressed his
belief that rifle-bullets, on striking bone actually become
melted and divided into numerous slug-like particles, and
that this adds greatly to their destructive effect in wounds.” !
That a rise of temperature takes place in a bullet in conse-
quence of its discharge from the barrel and its flight through
the air is, of course, natural and to be expected ; but that it

! Longmore.
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passage of a red-hot wire through the tissues. Sometimes,
however, it is intense, owing probably to interference with
nerve filaments. Lacerated wounds, the result of frag-
ments of shell, usually cause severe pain for some time;
later the surfaces of such wounds become numbed in con-
sequence of the extent and severity of the contusion they
have suffered, and the pain lessens or disappears, to return
again when reaction and recovery begin to set in.

The pain of a gunshot wound when bone has been
traversed by the projectile, and fracture and comminution
have been produced, is often very intense ; but its duration
is often short, either from loss of consciousness or numbing
of the parts coming to the relief of the sufferer, Pain is
sometimes so severe as to threaten life, but this is quite
exceptional ; and, be it great or little, it i1s not a symptom
from which any accurate estimate of the gravity or other-
wise of the injury can be formed. When large nerves are
implicated it usually happens that the most severe pain is
referred to some part remote from the site of the injury.
Longmore, in this country, and Weir Mitchell, in America,
have recorded cases in which the patients referred the
sensation of pain to the uninjured limb! Pain at the exit
is nearly always of greater severity than that felt at the
entrance side, and, when bone is not struck, it is referred
rather to the situations of the skin wounds than to the track
of the missile through the soft tissues. As a rule, pain of
great intensity and of any considerable duration is not
common in gunshot wounds, and, when present, it is
usually the result of interference with large nerve-trunks.

Local Shock and Anasthesia. —On the other hand, there
1s often a local deadening of sensation in the part struck
and its immediate vicinity in gunshot wounds. The sur-
face and track of the wound, and the parts around, are
isensible to touch or movement; pain is not felt in the
lacerated part; a sensation of numbness is the only one
remaining in it. This condition of local anzesthesia is most
marked from bullets at short ranges at high rates of velocity,
and Fischer, a German surgeon, has pointed out that it is
most evident on the entrance side. Its onset is rapid, and
its duration variable, from a few hours to a day. Wounds
affected by this traumatic anaesthesia are apt to give rise to
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injured under the opposite conditions. Mr. Makins,! who
saw the wounded after Belmont and Magersfontein, found
constitutional shock a more grave complication in the latter
than in the former case. When it is known that all has
gone well on their sidein an engagement, there is a joyous
spirit even amongst the wounded which, except of course
in some cases, seems to overcome the tendency to the
onset of symptoms of shock. The velocity of the projectile
also influences the degree of shock following a gunshot
wound, Bullets at high rates of velocity are followed by
more severe symptoms than when their velocity is low ; but
this is probably due to the fact that their destructive effect
on the tissues is correspondingly great—that, in fact, the
wounds are more extensive. Intense pain accompanying
a wound is a cause of increased shock, but mental as well
as physical conditions have influence in determining its
intensity. The impression in a man’s mind that his wound
will prove fatal acts in this way. But generally the symp-
toms of shock are more marked as the injury is greater, and
when any of the various cavities of the body are implicated.

In some instances shock may be so extreme that it be-
comes the direct cause of death, and this is especially likely
to be the case in shell injuries and in penetrating wounds
of the abdomen, irrespective of the quantity of blood lost.
Longmore recorded that out of 100 consecutive fatal cases
in the Crimea, shock was the direct cause of death in 22;
“out of the 22 deaths only 8 were caused by bullets, and
in all of these the cavity of the abdomen had been pene-
trated by the projectile. In the remainder the injuries
were caused by gunshot, shell or grape.” There 1s much
evidence to show that shock is not observed in so marked
a degree after simple wounds of the soft parts produced by
the modern small-bore bullet as was formerly the case in
similar injuries from the larger projectiles.

As a rule the severity of shock following wounds of the
lower extremity is greater than that seen in cases of wounds
of the upper extremity, and the nearer the site of the injury
is to the trunk the more pronounced the signs of this con-
dition are likely to be.

! “Surgical Experiences in South Africa.” By G. H. Makins, C.B.
London, 1901,
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tures in about four hours, or in whom reaction is not in
proportion to the depression, should be considered as
seriously injured and unfit to undergo operation. The
thermometer is an unfailing indication as to when operative
interference may be permissible.”

The presence of shock to any considerable extent is a
contra-indication to operative measures, except those of
imperative necessity, such as the ligature of exposed vessels,
the immobilisation of fractured limbs in order to prevent
further damage, &c. &c. Delorme remarks that “men
subjected to operation while in this condition do not re-
cover from it: they remain in it and die.”

The Treatment of Shock consists in the application of
warmth to the surface, and the administration of stimulants
internally. The man should be placed in the recumbent
position ; hot bottles or hot bricks should be applied to
the limbs and body; he should be covered with warm
blankets, and friction used to the surface. Stimulants, such
as hot wine or spirits and water, should be given, and
stimulant enemata used. The injection of ether, to which,
if the collapse be not very profound, a few drops of tincture
of opium have been added, has a most beneficial effect ; but
in this connection it is well to point out that opium in any
form or quantity must be employed with the greatest
caution, if at all, in the treatment of cases of extreme shock
or collapse.! The transfusion of saline solutions in cases
of deep and prolonged shock has been recommended and
successfully used ; but Sir Watson Cheyne ? suggests that
“ probably as much good will be done by injecting two or
three pints of saline solution into the rectum as by their
direct transfusion.” Strychnia is a most valuable drug in
the treatment of this condition, and Professor Crile, of
Cleveland College, Philadelphia, recommends, in addition
to it, the use of small transfusions of saline solution fre-
quently repeated.

The Japanese surgeons in their treatment of surgical
shock during the late war used the subcutaneous injection
of Liquor Camphora (camphor 1 part, ether 4% parts,

' I have a vivid recollection of two cases of this kind where the use of

morphine subcutaneously very nearly ended in the deaths of the patients.
* Treves’ “ System of Surgery,” vol. i,
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the great size of the bullet rendered it more likely to cut
the vessel completely across, and this condition, as we
know, always tends to lessen hazmorrhage from an artery.
Besides, when a blunt projectile at a low rate of velocity
divides an artery, the cut ends of the vessel are contused
and lacerated, not clean-cut, and this condition tends to
lessen bleeding. Dr. Haga,! of Tokio, writing of his ex-
perience in the late war between Japan and China, states
that wounds of arteries by small-bore bullets give rise to
profuse hamorrhages, and that most of the deaths on the
field are due to this cause; while, at the same time, severe
external hzemorrhage is less often seen, and diffuse aneur-
isms from interstitial bleeding are common.

The modern small-bore is certain to cause more profuse
primary hamorrhage, and to lead to more deaths on the
battle-field from this cause before assistance can reach the
wounded, than the older bullet did. The extreme velocity
at which these projectiles move, their small diameters, and
their pointed form, are conditions which greatly influence
the characters of the apertures they produce in blood-
vessels, and the kind of sections they make of them.
Arteries which lie in their track are certain to be ijured ;
the great velocity of modern projectiles enables them to
cut holes in the sides of the vessels when they strike them
tangentially ; moreover, their small diameter renders it
possible for them to make clean-pierced wounds through
vessels of even less diameter than their own, leaving shreds
of the outer coats remaining in the continuity of the tube to
prevent retraction of the cut extremities. Wounds of these
kinds are those which are most calculated to give rise to
serious and fatal primary haemorrhages.

Besides direct injuries of vessels by bullets, lacerations
are likely to be produced in them by fragments of bone
when fractures occur ; indeed, it is probable that the latter
cause of hamorrhage is more frequent than the former.
Bone fragments are often so violently displaced that they
travel many inches in various directions, and the probability
of their injuring blood-vessels is very great ; especially is
this the case when the exit wound is on the inner side of
the limb, for, as a rule, the large vessels are situated on that

U Caducée, July 19, 1902.
H
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the third part of the axillary artery had been grazed by the
bullet, the wall of the wvessel, for a length of half an inch,
having a shredded appearance with a small aperture at one
spot. Two ligatures were applied and the vessel divided
between them. The man made a good recovery and was
invalided home. The occurrence of injuries of this class
to blood-vessels of both kinds, and the minuteness of the
openings frequently made in them, go a long way in explan-
ation of the development of varicose aneurisms and aneur-
ismal varices, which have been a remarkable feature of the
surgery of the Boer and Russo-Japanese Wars.

No really accurate and reliable estimate of the propor-
tion of deaths which take place on the field after a battle
from primary hsemorrhage has ever been made. The
business of those who attend on a battle-field when the
ficht is done, whose knowledge would enable them to
judge of the different primary causes of death, 1s with the
living, not with the dead, and their time is so fully occupied
with their duties to the wounded that they have none to
spare for making observations on the dead.

In cases of death upon the field due to hamorrhage,
it does not frequently happen that evidence of this cause
of death is visible—the men do not often lie “in pools
of blood” ; but sometimes they do. When large vessels
in superficial situations are wounded, death is due to the
escape of blood externally, and then the outward signs
of severe heemorrhage are to be seen. But when even
larger vessels which are deeply placed are implicated, the
blood, as a rule, does not escape outwardly, but is effused
into the soft tissues of the part, forming a diffuse traumatic
aneurism. The cause of this is to be found in the narrow-
ness of the bullet track, and the want of coincidence in the
apertures in the various layers of structure through which
it runs, due to movement of the part after the bullet has
passed through. After movement has taken place, there
s, in fact, no bullet track left along which the blood can
travel ; but it travels along the lines of least resistance,
separating the layers of muscles and distending the soft
parts, and making for itself more or less of an aneurismal
sac. But these are not the cases in which death upon
the field is due to heemorrhage; here the bleeding ceases
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Although the antiseptic treatment of wounds in civil
practice was written about and tried soon after 1860, the
earlier methods employed in Listerism were considered to
be so complicated, and the technique required so large an
expenditure of time, that no effort was made to apply it in
war until the occurrence of the Russo-Turkish Campaign of
1877-78. Even in that war, where the first serious attempts
at modern treatment of the wounded were made, in the
French Expedition to Tongking, in the English Campaign in
Egypt, during times when antiseptic methods were still but
little known by army surgeons, and while they were still
complicated and difficult of application in war time, the
results achieved in the matter of the avoidance of surgical
infective disease, and of demonstrating the superiority of
Listerism over all other means of treatment, were unpre-
cedented, almost unexpected.

General Treatment of Wounds,—The changes which
had taken place in the treatment of gunshot wounds from
the early days of Paré up to the time of the Franco-German
War, and all the efforts which had ever been made to dis-
cover the most suitable local application for these injuries,
had been made with the object of preventing the occur-
rence of septiceemia, hospital gangrene, and such-like fatal
forms of disease which had always followed in the wake of
an army in the feld. But no glimmer of the real causes
of these complications had been perceived by surgeons, and
little or no good result had rewarded their efforts at com-
bating them until the methods of Lord Lister, based on the
experiments and teaching of Pasteur, began to be taken up
by army surgeons, even in a limited and modified way, in
the Russo-Turkish War of 1877, and by the Germans in the
war of 1870.

If Lord Lister had done nothing more for surgery than
teaching the surgeon the necessity and importance of
avoiding contamination of the wound he treats, and point-
ing out that the means of doing this was to asepticise
his hands and instruments before applying them to open
wounds, he had done well for the science of surgery;
he had, indeed, done more for the general treatment of
wounds than any of the great men who had been his
predecessors had achieved. But he has done much more
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the infection of the wound from without by pyogenic
bacteria, and that natural though this may be under poul-
tices and water-dressings, inasmuch as the causes of this
infection abound in nature, and as poultices and water-
dressings are perfect hot-beds for the multiplication of
bacteria, yet, if we can guard the wound from the advent
of this foreign matter, not only will it heal without any
suppuration, but our patient will have neither surgical
fever, nor pain, nor inconvenience of any kind beyond
that inseparable from the mere existence of the wound
itself.

The fact that this infective matter does reach the wound
from without is of vast importance to the surgeon; the
whole theory and practice of Listerism and aseptic treat-
ment has for its basis the truth of this proposition. Re-
garding the access of microbes from without, Rosenbach
writes ! “ From experimental work I have been led to
propound this view, that every suppurative phlegmon
occurring in connection with wounds, and, indeed, every
inflammation in wounds passing beyond the degree neces-
sary for repair, is caused by micro-organisms which have
penetrated from without.”” And Mr. Stanley Boyd, writing
on septiceemia and pyzmia, says : “ We may conclude, there-
fore, that organisms found in a putrid wound have entered
it from without ; and this is of fundamental importance in
surgery. For if organisms could enter a wound from the
sides of the tissues, aseptic treatment would be impossible.
As it is, we are sure that if we allow no loop-hole for the
entry of germs from without, our wounds will remain free
from ferment processes, and our patients thus be saved
from the dangers of septic intoxication, from septic infec-
tion, pyaemia, and all surgical infective diseases.”

Any very detailed or minute examination into the sub-
ject of surgical bacteriology would be out of place in a
work of this kind. It is fully entered into by Dr. Sims
Woodhead in Sir F. Treves' “System of Surgery” (189s),
in the “ Publications of the New Sydenham Society,” 18go,
and in numerous other works, [t may, however, be well
to sum up in a few words our present knowledge of the
subject.

The origin of the infective matter above referred to we
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able that oozing of blood or serum may occur, a drain
should be placed. The great object, too, besides preventing
the access of bacteria, of dressing wounds with dry and
absorbent wools and similar materials, is that, through their
affinity for fluids, they may abstract effused discharges of
all kinds from them, and so deprive the infective germs of
the food on which they thrive and multiply.

This is but a meagre summary of the bacteriology of
wounds ; but it is of great importance that army surgeons
should have as full a knowledge of, and be as thorough
believers in, the theories which Pasteur propounded, and
the methods of treatment which Lord Lister taught, as are
our colleagues in civil life. Antiseptic treatment may be
more difficult in warfare than in civil practice, but not on
that account should it be neglected. The scourge of all
war hospitals has always been surgical infective disease.
Much has already been done towards diminishing its
ravages, as has been proved by the surgical results ob-
tained in the late wars—the Spanish-American, the Boer and
the Russo-Japanese Wars—the only ones in which antiseptic
and aseptic methods have been carried out as nearly as
possible to the extent which modern ideas on surgery indi-
cate. The death-rate amongst the wounded who reached
the feld hospitals for treatment during the Civil War in
America, when antiseptics were not employed, was 14.3
per cent.! ; during the Spanish-American War it was 6.0
per cent.!; in the Boer War it was 8 per cent.?; and in the
Russo-Japanese War it was 5.8 per cent. on the Japanese
side,® and 3.04 per cent. on the Russian side.r Moreover, it
is probable that the praiseworthy, but in some ways inju-
dicious, efforts to transport the wounded to the base hospitals
with the least possible delay during the early days of the
Boer War, only succeeded in bringing there many men
hopelessly beyond the reach of surgery, and thus merely
adding to the percentage of fatal cases. Some writers,
because suppuration was not entirely prevented, seem 1n-

I Report of Surgeon-General, U.S. Army, for year ending June
30, 1900.

* War Office Report of Casualties.

* Macpherson, Zoc. cil.

¢ Russki-Invalid, 8th and gth December 1906.
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cluding mere capsular wounds), of which 14 recovered (2
after amputation) and only 1 died (also after amputation).” *
Whereas “ Hennen, Larrey, and Guthrie, who, of course,
used only the methods known in their times, all agreed
that gunshot wounds of the knee-joint demand amputation,
as the result otherwise is fatal; and Longmore tells us that
in the Crimea not a single man wounded in the knee-joint
recovered without amputation.”” MacCormac himself, from
whose later writings the above statements are quotations,
held similar views in 1871, after the Franco-German War.?

Sword and Bayonet Wounds.—The comparative in-
frequency of this class of injury in war has been already
referred to.

The left side of the body being more exposed, sword
wounds are, in the majority of cases, found to be inflicted
on the left side of the head and neck, and on the left upper
extremity. As a rule they are not of great severity, nor
do they cause much immediate danger to life, especially
when produced by the European weapon, unless they are
accompanied by fracture of the skull or implication of
large vessels. Contusion always, and laceration sometimes,
of the edges of these wounds are observed in European
warfare, in consequence of the bluntness of the swords
and sabres employed in Western countries; while sword
wounds resulting from the use of the common Asiatic
sword, or knife, are as clean-cut as incisions made with
the surgeon’s catlin, than which it is hardly less keen.
Occasionally, however, even the European sword, when
wielded with great force, especially by a cavalry soldier,
and when the momentum of the horse is added to the
strength of the man’s arm, will slice away large portions
of the soft parts and fracture bones.

The Prognosis and the gravity of sword wounds de-
pend more upon their depth and upon whether or not
they are complicated by injury to large vessels and nerves
and fracture of bone than upon their linear extent. Simple
incised wounds, not so complicated, should follow a favour-
able course and heal rapidly and well. When long bones

' * Antiseptic Surgery,” by Sir Watson Cheyne.
. * “Notes and Recollections of an Ambulance Surgeon,” by the late
Sir Wm. MacCormac.
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should be lightly dusted on, and the wound covered with
double cyanide gauze wrung out of sublimate lotion, with
an ample supply of aseptic wool over all. The difficulty of
preventing suppuration 1s greater in the treatment of this
class of wounds than in any other ; hardly any amount of
care directed towards this desirable end will be completely
successful, but the treatment above indicated will tend to
reduce suppuration to a minimum. Practically all wounds
of this kind seen in the Boer War suppurated more or
less.

Irrigation Solutions, and Dressings for Wounds.—
Lord Lister has told us, in his post-graduate lecture on
antiseptics reported in the British Medical Journal, 1893,
that he had returned to the use of carbolic acid as, in his
opinion, the best antiseptic for irrigation purposes. He
tried, and at one time strongly recommended, perchloride
of mercury in this connection; but further experience
showed that, while corrosive sublimate is a perfect inhibiter
of bacterial growth, carbolic acid is a much more powerful
germicide. The great drawback of the latter is that, even
in weak solutions, it is irritating to living tissues, while sub-
limate solution is not so. On the other hand, corrosive
sublimate, when applied to open wounds before they
become shut off by granulation tissue, may be directly
absorbed in such amount as to produce symptoms of
irritant poisoning. Personally I have never seen this or
any other evil effects follow irrigation with corrosive
sublimate, but the records of such cases would appear to
leave no room for doubt as to the fact.

Wounds which there is good reason to believe have not
been contaminated, need no irrigation; but sword and
bayonet wounds or lacerated injuries, all of which are so
liable to have shreds of clothing, which are almost certain
to contain micro-organisms, forced into them, and which
can hardly escape the suppurative process unless so treated,
should always be freely irrigated with one or other of the
more commonly used solutions, 1-2000 or 1-4000 of cor-
rosive sublimate, or 1—40 of carbolic acid, and hot (about
100.0° F.) in either case, The nozzle of the irrigating
tube should be of glass, about nine inches long, and of
the thickness of a cedar pencil, care being taken that its
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them at first to discharge freely, and drainage tubes should
be inserted in such cases; indeed, in all cases where
oozing of blood or discharge of serum may be expected,
provision for the easy escape of fluids must be made.
But the sooner drainage tubes are removed the better :
when the wound continues aseptic, twenty-four, or, at the
most, forty-eight hours will be ample time to allow them
to remain.

Incisions, and wounds which, by suturing, have been
reduced to mere incisions, should be lightly dusted with
iodoform, or diluted double cyanide powder, and very
freely covered with boracic powder. By the use of
these powerful inhibiters of bacterial growth, “assurance
is made doubly sure”; and if micro-organisms have
managed to escape destruction and removal by the means
employed for this purpose, they will fail to multiply and
increase on such dry ground, and those fatal forms of
surgical infective disease of which they are the cause will
not arise.

The Use of Splints.—Absolute rest to the wounded
part is almost as important an item in the treatment of
wounds as the dressing itself. For this reason splints of
one kind or another should always be employed when the
situation of the injury will permit, and this quite irrespective
of any necessity of keeping broken bones in position. It is
hardly putting the advantages of the use of splints in the
treatment of extensive injury to the soft parts too strongly
to say that its importance is only second to that of their
application in fractures; in the latter case the treatment
cannot, and in the former it should not, be carried out
without them. Even when splints cannot be used, as in
wounds of the chest and abdomen, firm bandaging with
wide rollers tends to supply their want and promote the
same indication, by lessening movement, and should be
had recourse to when possible,

“First Field Dressings,"—To obtain at the feld
hospitals and the dressing stations anything like the full
advantages of antiseptic methods of treatment, wounds
should not be interfered with at “the front” on the field
of battle. The surgeons and stretcher-bearers who first
attend to the wounded on the battle-field have no means
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None of these dressings, except the last, had any pre-
tensions to antiseptic properties, the only qualities which
tend to make a first field dressing of any surgical utility
whatever.

Much ingenuity has been expended on dressings of this
kind ; all sorts of patterns have been suggested ; whereas,
in fact, the matter is perfectly simple. All that is required
is a sufficiency of absorbent, and, above all things, sterile
material to cover and protect the wound from dust and
dirt, together with a bandage and one or two pins with
which to fasten it to the injured part. A first field dressing
packet must be of small dimensions; all the materials of
which it is made up must be impregnated with some
reliable chemical germicide, the less volatile the better ;
and it must be packed in such a way as to prevent its con-
tamination from without. These requirements are, for the
most part, fulfilled by the dressing now in use in our army.
It is an adaptation of the French field dressing, and is
composed of a piece of gauze, a pad of flax charpie
between layers of gauze, a gauze bandage 4} yards long, a
piece of mackintosh waterproof, and two safety pins; the
antiseptic agent used is corrosive sublimate, 1—1000 ; it has
an outer cover of cloth, sewn, and an inner cover of thin
waterproof, cemented so as to make it air-tight. The direc-
tions for use are printed upon both the inside and outside
covers. The experiences gained during the Boer War with
regard to the first field dressing showed two directions in
which it might well be improved. The piece of mackintosh
waterproof should be removed: when this was used over
the gauze covering the wound the dressing was always
found to be moist from sweat, and sweating under it was
encouraged and provoked by its employment ; the blood
which passed into the dressing was prevented from drying,
the general result being that the material in immediate con-
tact with the wound was a piece of gauze dirty from much
dust and sodden from sweat and blood—the last thing one
could imagine to be aseptic. Soon after the beginning of
the war the principal medical officer issued an order against
the use of the waterproof in the first field dressing. Every-
thing which tends to dryness of the wound and closing of
the aperture by a crust of blood is to be encouraged, and
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and they observed this sequence of events so frequently
that they considered that the relation of cause and effect
was evident. Naturally, under these circumstances, they
gave up the exploration of gunshot wounds as far as pos-
sible, and laid it down as a law that these injuries should
not be examined in this way for merely diagnostic purposes,
but only when the surgeon had to determine how much
of a limb he must amputate or what portions of a joint
he must excise. But now, when surgeons have come to
recognise that, with soap and water, a nail-brush, and an
antiseptic solution at their disposal, they are provided with
efficient means of rendering their instruments and their
hands incapable of doing harm from infection when intro-
duced into wounds, the teaching of the older military
surgeons falls to the ground, and more modern methods
of procedure may be had recourse to.

In cases of simple perforation of the soft parts by small-
bore bullets, where no foreign body has lodged (no fragment
of the projectile and no pieces of the man’s clothing or
accoutrements), exploration of the wound is unnecessary,
as these injuries usually heal almost by first intention. But
even in these cases, if for any reason examination be deemed
advisable, there is no reason whatever why it should not be
made, with the proper precautions.

The case is, however, quite different when wounds com-
plicated by bone injury, great or small, and more especially
when comminuted fractures of joints are under considera-
tion. Gunshots of this nature demand a thorough examina-
tion and exploration for the purpose of ascertaining the
amount of bone damage, as well as for determining what
splinters require removal, and what operative measures, if
any, should be undertaken. Nothing is more certain than
that the outward appearances in cases of bone injury
produced by small-bore projectiles convey no certain
indications of the extent of the damage which may exist
within ; and nothing will supply information on this point
except exploration with the finger. Exploration properly
carried out can do no harm from its mechanical effect ; and
harm from contamination by micro-organisms should not
occur, as it can be guarded against with practical certainty.

Exploration gives the surgeon most valuable informa-
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dissection it was found that so much destruction had been
produced within the joint that this mode of treatment must
have ended in disappointment. Almost the whole astragalus
was reduced to powder, and the bursting apart of this bone
had produced fissures in the tibia extending upwards for
many inches, although the bullet itself had not touched the
last-named bone. Only by thorough exploration with the
finger, after enlargement of one of the apertures, could the
. true indications for sound treatment have been ascertained
in this case, had it occurred on service. There was nothing
in the appearance of the limb to lead one to suspect the
extensive damage which had taken place within it.

The drawing of this specimen is reproduced in the article
on gunshot wounds by Surgeon-Major Andrew Duncan,
[.M.S,, in Sir Frederic Treves’ “ System of Surgery,” 1895,
and the specimen itself isin the Museum at the Royal Army
Medical College, London. Fig. 38 shows the entrance (a)
and exit (B) wounds in the skin in this case, and hg. 39
the condition of the bones.

The necessity for exploration of gunshot fractures
for diagnostic purposes has, even lately, been denied by
surgeons of high authority, both in this country and abroad,
on the score of the probability of contamination of the
wounds. I have always held that where explorations can
be carried out with proper precautions as regards asepsis they
should be made ; and now that I have had two years’
further experience at home of the treatment of the wounded
from South Africa [ am more certain than ever that this view
is the correct one. Thoroughly aseptic surgical procedures
were practically impossible during the Boer War, except at
stationary hospitals, in consequence of the universally foul
condition of the water to be obtained at other places, and
the impossibility of purifying it either by boiling or filtration;
fuel, for the most part, was not available, and a Berkefeld
filter will not act on muddy water. For this reason, there-
fore, and perhaps for others, explorations of this kind and
for the purpose here referred to were not commonly per-
formed in this campaign, with the result that fragments of
bone which were quite detached from their blood supply,
and which could only act as foreign bodies, were allowed to
remain in the situations to which the bullet had driven them.
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Many of these cases healed soundly and well, but in the
vast majority the men wereinvalided home with open sinuses
leading down to fragments of dead bone either at the site of
fracture or at some considerable distance from it, Practically
every case admitted into the Royal Victoria Hospital with
a sinus still open required operation, and many of them
required two or three or even more operations before all
the fragments could be removed, thus greatly prolonging

Fic. 38.—Bullet apertures in Fi1G. 39.—Effect of a Lee-Metford bullet
Skin. on the ankle joint at fifty yards' range;
A =Entrance. B= Exit. the astragalus pulverised, and the tibia

exlensively fissured,

the duration of the treatment. Even many of the cases,
when the wounds had healed and no sinus remained, re-
quired operation : for, just as a lodged bullet which causes
no trouble while the limb is kept fixed and at rest during
the repair of a fracture often necessitates removal later on
when the muscles in which it is fixed are again taken into
use, so the detached fragments of bone, although the wounds
over them had healed before the men left for home, set up
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so much pain and irritation—often causing abscess—when
the patients began to get about and use the injured limbs,
that they also necessitated operative interference for their
removal. Had it been possible to explore these cases with
proper precautions during their primary examination and
treatment, and had the fragments been removed much time
and suffering might have been saved to the patients.
Explorations, then, of all cases of bone injury by gun-
shot are correct and necessary procedures ; but they must
only be undertaken as the immediate preliminaries of the
systematic treatment of the conditions discovered by their
means, with the greatest possible precautions against infec-
tion of the wounds by micro-organisms, and with such care
and gentleness as will ensure that no further injury be
caused to the torn tissues. Under no circumstances are
they to be made at the immediate front on the battle-
field itself, if good results are to be obtained and modern
surgery practised at the field hospitals. The duty of the
surgeons working close in rear of the fghting line, as
regards the treatment of wounds, is to cover them as
quickly as may be with a first field dressing; to avoid
contamination of wounds by dirty hands; and to prevent
contamination during the time which must elapse before
treatment can be commenced, by covering them with
aseptic occlusion dressings. There are no means, and
there i1s no time, for surgeons and dressers at the front to
asepticise their instruments and hands with the necessary
care before examining aswound. Recommending explor-
ations of gunshot fracture of long bones predicates the
existence of such conditions as render them possible with-
out risk of producing infection ; these cannot be obtained
at the front; and the first places where they will be avail-
able will be at the field hospitals, and sometimes even
here they cannot be obtained. But even at the field
hospitals they must be omitted in the absence of assured
means of aseptic work, as frequently happened during the
late war when water for lotions could not be procured.
The Method of Exploration.—The clothing over the
wound should be examined, in order to ascertain whether
or not it shows loss of substance, so that an opinion can
be formed as to the probabilities of shreds of cloth having
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ascertaining all the data on which the diagnosis and treat-
ment of all fracture cases, whether of joints or the diaphyses
of long bones, must be based. After explorations have
been made, irrigation with a warm antiseptic solution
should always be carried out. Should
the finger not reach the bullet, and
evidently not pass to the bottom of
the track, recourse must be had to
other means.

Bullet Detectors.—The instru-
ments which have been devised for
the detection of bullets lodged with-
in the body are constructed on two
principles : those which bring away
on their points portions of the
metal composing the bullets, and
those which indicate the presence
of the projectiles by the agency of
electricity. The two of the former
kind, which have hitherto been of
great service in this connection, are
Lecomte’s stplet-pince and Nélaton's
probe. The probe-nippers invented
by M. Lecomte, a French army
surgeon, is so constructed as to be
capable of biting off a small piece
of any soft metal and bringing it
away grasped within its jaws. Its
mode of action will be best under-
stood from a glance at the accom-
panying figure (fig. 40). The canula
glides backwards and forwards, open-
ing and closing the steel jaws of the

instrument. F1G. 40.—Lecomte's Stylet-
Nélaton’s probe (hg. 41) is a Pince.

long probe having a round white

knob of unglazed china at one end, which, when rubbed

against lead, takes a mark similar to that made on paper

with a lead pencil, and thus indicates the presence of a

leaden bullet if it be lodged in a situation out of sight.

The principle of this bullet detector was suggested to Dr,
K
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prevent the contact of the wires and act as a non-
conductor, preventing the completion of the circuit and
the effective working of the instruments; and, lastly,
instruments of this kind are difficult, if not impossible,
to render “surgically clean.”

Pratt’s electro-probe is an instrument which is not sub-
ject to the great objection that pertains to all other bullet
detectors depending on electricity—the liability of the
batteries to getting out of order and failing to work at the
moment theyare most required. Surgeon-General Pratt,C.B.,
A.M.S,, has designed an electro-probe, the battery of which,
although a weak generator of electricity, is quite powerful
enough for its purpose when combined with a microphone
for multiplying the sound produced on making and break-
ing the circuit. The use of the microphone for this purpose
is not new. A “microphonic bullet probe” had already
been made and patented by Albert Klein, of Ghent ; but the
special excellency of Surgeon-General Pratt’s instrument
rests in the battery which he has had made for it, as it is
practically indestructible, and can hardly get out of order.
The battery consists of a cylinder of ebonite, on which
small plates of copper and zinc are fastened alternately,
the connecting wires coming off at either end of the
cylinder. A weak current is generated in the apparatus
by wrapping two pieces of lint wet with salt solution
around the metal plates. The bullet forceps forms one
electrode, while the other may be any piece of metal which
can be held in the patient’s hand or put into his mouth.
The microphone is in the circuit, and is suspended over
the operator’s ear, but the circuit is not complete until the
forceps touches any metallic substance which may be
lodged in the patient’s body. On making and breaking
the circuit a slight crackling noise is produced in the
microphone and heard by the surgeon. The sound is not
loud, but it never fails to be audible, and it is ample to
-answer the purpose it is required for. Touching any
-other substance than metal with the forceps gives no
sound in the microphone; the instrument cannot, there-
fore, mislead the surgeon when searching for a lodged
missile.  The Pratt electro-probe is probably the most
trustworthy electric bullet detector yet invented.
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well-made instrument, and suitable for its purpose, its
fault being in the position of the hinge, which is placed
nearer to the points than it is to the handles, necessitating
too wide a separation of the latter in order to grasp the
bullet.

Messrs. Arnold & Son, London, have made, at my

PATENT H2AERE.

Fic. 44.—Author's Forceps. FiGg., 45.—German Forceps.

suggestion, the bullet forceps higured above (hg. 44). When
closed, this instrument passes readily into a bullet track;
its blades fit over, and take a firm hold of bullets of the
modern small-bore patterns, and, on failure to grasp the
missile, they cannot injure any soft parts which may fall
between them, The late Sir Thomas Longmore considered
that it answers all the requirements of a forceps for the ex-
traction of modern small-arm projectiles. In the plate the
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during introduction and until the bullet is felt against its
point, as in this way the soft parts in the vicinity are avoided,
and prevented entering the V-shaped space formed be-
tween the points of the open blades and the hinge. No
traction should be made until a firm and certain grasp of
the bullet has been obtained. If the bullet moves a little
and is then held, the forceps should be released, and re-
apphed at another situation for another attempt at removal,
Bullets are very liable to slip away from the closing blades
of a forceps, and this difficulty may be met if the parts on
the far side can be grasped with the surgeon’s left hand and
pushed towards him. In this way the bullet is steadied
and the track shortened.

In exploring for bullets, either for the purpose of
diagnosing their situations or with a view to their extrac-
tion, efforts should not be persevered in for too long a
time, and care must be exercised not to use undue force
in extracting them either when impacted in bone, or when,
having become altered in shape, they are evidently en-
tangled in the softer structures. After a time, either the
situation will become capable of diagnosis, or, if this was
not doubtful, the bullet will become loosened, and can be
removed without difficulty.

No doubt it 1s desirable to remove bullets immediately
if it can be done without difficulty. Macleod, in his “ Notes
of Surgery in the Crimea,” says : “Those who have studied
gunshot wounds in the field know full well how great is the
irritability caused by the presence in a wound of a bullet or
other foreign body; how restless a patient is until it is
removed, and how prolonged is the period of treatment in
cases in which it is left ; hence the desirability of removing
it.”  But the operation should not be one of mere ¢ groping
in the dark,” and should not be undertaken until the exact
position of the bullet has been ascertained by means of
X-rays. There need be no hurry about the removal of a
lodged bullet. If it be close to the surface and can be
readily grasped, of course it should be removed at once ;
but if not, it should be left for a future occasion. If the
wound should heal over it, it may never require to be re-
moved at all, and in either event, in nine cases out of ten it
can be more easily removed, and with less damage and dis-
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subjected to many special ones dependent on the peculiari-
ties of the circumstances of the case. He may, from the
unavoidable conditions of warfare, be left lying on the field
for an unusually long time, or a long interval may elapse
before he arrives at a field hospital, his wound becoming
infected with septic material before he reaches it: he is
subjected to frequent moves from one hospital to another,
thus coming under the treatment of many surgeons, who
may not always be agreed upon the necessary line of treat-
ment ; hence men with aseptic wounds may pass into the
hands of surgeons who are not followers of Lister and
believers in the germ causes of surgical disease, the result
being that clean wounds become septic. When, from these
or other unavoidable circumstances, wounds take on a
septic action and the patients come again under the care of
men who have clearer views of modern surgery and its capa-
bilities, it will become the duty of the latter to make every
effort to recover lost ground and render the septic aseptic,
and we have good evidence to prove that we may to a great
extent be successful in doing so.

Dr. Cammerer, surgeon-general of the German army,
has published his experience in this respect in the last
Russo-Turkish War. He writes:* “ The cases came from
Plevna, and had been subjected to three, four, and five
days’ previous transport, and arrived with wounds already
swollen and inflamed. Yet, although an interval of seven
days had occurred in some of the cases since the receipt
of the injury, these septic wounds were converted into
aseptic ones by repeated washings with g per cent. carbolic
lotion and the application of moist carbolic and jute dress-
ings. The surface of the part injured was first washed with
soap and carbolic lotion, shaved and washed again; all
foreign bodies were removed, ill-conditioned granulation
tissue scraped away, 8 per cent. solution of chloride of zinc
applied, careful drainage arranged for, and jute dressings
externally, which were changed every twenty-four hours.”
“All the surgeons unite in stating that after an interval of
even so long as fourteen days gunshot wounds may be made
aseptic.”

Referring to the good results obtained by the German

! “ Antiseptic Surgery,” by the late Sir William MacCormac.
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of taking immediate action to suppress suppuration when
it occurs.

A certain amount of suppuration occurred in gunshot
wounds in South Africa, but it was of a singularly mild
and localised character, and was followed in comparatively
few cases by general infection: cases of septiceemia, no
doubt, were seen, but the percentage of these was low. One
medical officer, who saw over 2000 cases of gunshot in a
general hospital, expressed his belief that 8o per cent. of
them healed by first intention, and that only a few of the
other 20 per cent. showed signs of septic infection. Messrs.
Bowlby and Wallace! remark in this connection that
“although a good many bad cases of suppuration occurred,
pyemia only rarely appeared, and then only in isolated
cases, and never assumed the epidemic form. Only two
cases of acute septic poisoning came under our notice :
both were gunshot wounds of the femur, and both died
within three days of the receipt of their wounds.” The
worst cases of septicemia which I myself saw in South
Africa were also gunshot fractures of the femur, which had,
unavoidably, been subjected to prolonged transport towards
the base at an early date after receipt of the injuries.

[n the treatment of suppurating wounds, irrigation,
drainage, and dry absorbent dressings frequently renewed
are the means to be relied on. The best procedure is to
wash the wound to its deepest recesses with an 8 per cent.
solution of chloride of zinc, having previously scraped
away the granulations with a Volkmann’s spoon, and
then thoroughly irrigate it with a 1-20 carbolic solution,

“these irritating germicide solutions being subsequently
removed by irrigating with boiled water ; provision for
complete drainage should then be made, and the dressings
applied.

During the first few days these wounds should be
dressed twice a day after the same plan, only omitting the
zinc solution and the scraping. By these means they will
be brought into a healthy condition, and the suppuration
will gradually decrease. MacCormac pointed out that the
difficulty in this treatment consists in the complete disinfec-
‘tion of the wound in its more inaccessible parts and in its

' %A Civilian War Hospital” (1901), p. 177.
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results it affords in civil practice, owing to the circum-
stances of the case ; but the conditions prevailing in South
Africa were peculiarly and exceptionally adverse to showing
how good they might be. At general and other fixed hos-
pitals means for the sterilisation of waters of even the qualities
of those referred to above were prepared and acted per-
fectly; but at the front, where the most important part
of the treatment had to be undertaken, such things were
unattainable.

Sir Watson Cheyne ! considers that the success in treat-
ment achieved in our late war was due, not to the modern
methods employed, but to the merciful nature of the modern
bullet wound and to the climate. No doubt the dryness of
the climate during some seasons in South Africa is favourable
to the healing of wounds; but I must confess that I am
not one of those who entertain a low opinion of the lethal
effects or of the wounding power of the newer rifle-bullet.
A higher percentage of men wounded through the chest
recover than did when the larger projectiles were used,
and wounds of the soft parts heal without any difficulty ;
but, when large bones are traversed by it, the fractures
produced are frequently of terrible severity, as may be
seen in the hundreds of skiagraphs taken during the war,
and wounds of the head and abdomen are hardly, if at
all, less fatal than they used to be. Consider the propor-
tion of wounded to killed in battles during the last two
hundred years as compared with what occurred in the two
late wars : the ratio of wounded to killed ? in various battles
from that of Blenheim in 1704 to the Franco German War
in 1870-71 was 4 wounded to 1 killed ; and during the Civil
War in America it was as 4.5 to 1.3 The average ratio for
the late Spanish-American War was 5.6 wounded to 1
killed, and during one of the years of that war (19oo) it was
as high as 3.1 to 1;* while in the late Boer War the
wounded to killed were as 3.9 to 1,5 and 3.6 to 1 amongst

' Address delivered before Midland Medical Society, November 17,
1901,
* Longmore, * Gunshot Injuries,” second edition, p. 703.
* Reports of Surgeon-General, U.S. Army, for 1900, p. 321.
t Ihid., 1901, p. 253.
* War Office Reports up to May 31, 1go2.
L
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tissues. But absence of external haemorrhage does not
necessarily mean cessation of the bleeding ; the blood may
continue to be forcibly extravasated amongst the soft struc-
tures, giving rise to a diffuse traumatic aneurism. If the
vessel producing this condition is small, and the tissues not
readily dissected up by the blood pressure, the aneurism
may not reach any great size, and sufhcient tension to pre-
vent further extravasation may rapidly be set up. Primary
hzemorrhage of this kind requires no other treatment than
rest on a splint, and the pressure of a bandage over the
usual gauze and wool dressings. If it does not recur—
but it sometimes does, after even a considerable lapse of
time—no operative interference is required ; most of the
blood-clot is absorbed, and little or no permanent disability
remains.

But if the wounded vessel is of medium or large size,
and the haemorrhage does not cease spontaneously, or 1s not
controlled by pressure, or if a recurrence of bleeding into
a diffuse aneurism becomes evident, then immediate inter-
ference is necessary, and the classical operation should be
performed. The circulation in the limb should be con-
trolled high up by means of an Esmarch bandage, the clots
turned out of the tissues, and both ends of the wvessel
ligatured at the site of injury. This is an operation of
difficulty, requiring sometimes deep dissection and pro-
longed search for the bleeding points, and occasionally
impossible to carry out. But the dictum of surgical
authority in this connection is clear—that proximal liga-
ture at a distance is only to be resorted to as a last
resource, on failure or the evident impossibility to liga-
ture in the wound. This applies more particularly to
hamorrhage from the vessels of the lower extremity, in
consequence of the greater probability of gangrene occur-
ring from the second interruption to the circulation; but
proximal ligature for haemorrhage is not ideal surgery in
either extremity,

As an instance of recurrence of hamorrhage into a
fraumatic aneurism some considerable time after its for-
mation, I may mention the case of a patient at Netley. A
Mauser bullet had passed through the calf muscles,
wounding, probably, the posterior tibial, and producing a
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stood a better chance of life if amputation were performed
than if conservative treatment were practised if the patient
had to be moved towards the base; that, in fact, amputa-
tion cases bore transport better than the others did.
This was not the experience of the Boer War: flaps
sloughed, conical stumps formed with bones protruding,
and sepsis occurred; so that the probability of life was
not enhanced for patients who had undergone these severe
operations. Enforced transport is the worst condition
under which these cases have to be treated in war, but
it i1s equally bad for both classes. Mr. Makins! refers to
this in his book, and I saw many cases at the base hospitals
during the early periods of the war which were evidence of
the correctness of what is here put forward.

Nevertheless the military surgeon will, for other reasons,
often be compelled to perform amputations, even in the
upper extremity and at stationary hospitals, for secondary
hzmorrhage under conditions where his civil colleague
would still deem ligature of the main artery of the limb
the proper method. When a first outburst of secondary
hazemorrhage has been treated by pressure, or by ligature
of the vessel in the wound, the patient requires careful and
skilled watching by a person competent to take immediate
steps for the temporary stanching of the bleeding, should
it recur, and surgical assistance must be available at a
moment’s notice to carry out the necessary operative pro-
cedures. These requirements it will frequently be difficult
or impossible to supply in a military hospital in the field,
crowded as it may be with wounded men, the attendance
on whom and the dressing of whose injuries might well
fully occupy the time of twice the available personnel. The
personnel of hospitals in the field is fixed at the number
which will be required to work them in times of average
requirements rather than at that which might be necessary
on exceptional occasions. Dependence, therefore, cannot
always be placed on having an ample supply of surgeons
and skilled attendants, and the energies of both these
classes of persons will be required in the active work of
the hospital, not in merely watching critical cases. For
these reasons I think it will be apparent that amputation is

v Loe, cit,
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The General and Constitutional Treatment of Hamor-
rhage.—When a patient has suffered a considerable loss of
blood whether it be as a primary or as a secondary com-
plication of injury or operation, his general treatment, to
enable him to tide over the consequent weakness and
anamia, becomes of greatimportance. The indications are
to keep him in a state of absolute rest and quiet, to get
his temperature again up to the normal and to maintain 1,
and to supply him with food material of the most nourish-
ing and most easily digestible kinds, while at the same
time it is unstimulating. The horizontal position in bed,
if it be possible, with the head low, is the best. The danger
to be apprehended from movement of the injured part
should be explained to the patient; the limb should be
fixed by means of a suitable splint, and slung, as by the
latter means the unrest so frequently seen in men suffering
from the effects of great loss of blood will have less dis-
turbing consequences on the injured part itself. Hot
bottles should be placed around him in bed, and he should
be covered with well-warmed blankets, care being taken to
leave the respiratory movements quite uninterfered with,
and hot drinks should be given to him. The food should
be composed principally of milk, eggs, beel-tea, and such
like nourishing liquid foods, and, until the temperature has
recovered itself, food should be given hot. If the patient
be in a very low and collapsed condition, stimulation with
hot spirits and water, or by the subcutaneous injection of
30 minims of ether, must be risked ; and under these con-
ditions firm bandaging from below upwards of the unin-
jured limbs may have good results, by tending to ensure
a fuller blood supply to the brain and other vital organs.

Transfusion.—Since it was discovered that as good
effects are produced by the intravenous injection of saline
fluid as of blood, the operation of transfusion, in cases
where death is threatening from loss of blood, has been
practically abandoned. The former plan is much the
simpler of the two, and it is not open to the objections
of the latter. The original theory of the good effects
of transfusion was that they depended on the replenishing
of the blood lost by the patient by the blood of the
donor ; but Dr. William Hunter showed, in 188¢, that
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sary to consider in this connection the condition of things
present in cases of fractures of joints and also of the shafts
of long bones when produced by small-bore bullets at short
ranges. In these it is extremely probable that the so-called
“explosive effects” may have been caused—very great
comminution of bone, with the site of fracture completely
cleared of fragments, leaving a loss of substance of from
1 in. to 3 ins, between the broken ends of the shaft, and a
wound of great superficial area through the soft parts on
the exit side of the limb, with lacerated muscular and other
tissue protruding from it, the result of bone .fragments
having been driven through with great velocity.

No doubt many cases of this class may be, and have
been, brought to a successful issue by careful antiseptic
methods, so far as the preservation of the limbs (such as they
are) is concerned, but only at great and prolonged risk to
the patients’ lives. The extensive wounds on the exit side
in these cases are pretty certain, in the conditions usually
obtaining on active service, to become septic; union of
the bone—if it occurs at all—is only obtained after months
of treatment ; secondary haemorrhage or septic bone disease
may supervene, necessitating secondary operations for their
treatment or for the removal of the limb ; and, finally, the
utility of the limb saved after much suffering and great
danger to life is often but a doubtful recompense to have
purchased at such a cost, shortened to a considerable ex-
tent, and with its joints more or less ankylosed from long-
continued confinement in splints. Careful consideration
of cases of this kind, and weighing the dangers of conserva-
tive treatment and its indifferent results, even if successful,
on the one hand, against the practically certain short
convalescence, almost devoid of risk, on the other, may
rightly induce the surgeon to perform primary amputation
rather than subject his patients to the certain risks of the
conservative method. Many cases passed through Netley
during the war which forcibly brought to one’s mind the
proposition suggested above, and lately Major E. M.
Pilcher, D.S.0., R.A.M.C,, has published in the corps
journal for September 1go3 three cases treated by him
in South Africa, two by primary amputation, and one
conservatively on the refusal of the patient to submit to
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pended on applying passive motion and massage to wounded
joints can be considered as too much : without attention to
these matters the period of recovery and convalescence is
indefinitely prolonged—indeed, if too long delayed the lost
time is unlikely ever to be made up ; the best possible may
never be reached. In an ordinary aseptic case, with two
typical apertures which usually heal soundly under a week,
passive motion should be commenced on about the fourth
day ; or, at the very least, if the patient will not bear passive
motion properly so called at so early a date, the joint should

F1G. 46.—Part of head of humerus sepa- Fic. 47.—Part of head of humerus
rated by a bullet striking above level separated by a bullet striking
of anatomical neck. ahout level of anatomical neck.

have its position changed from day to day, and the employ-
ment of free movements postponed until the tenderness
and effusion lessen. In cases which suppurate passive
motion should also be applied when the septic condition
has been reduced by the treatment suggested above, if any
expectation is held of retaining some mobility in the joint;
if, on the other hand, the suppuration has been so severe
and so extensive, or has lasted for so long a time, with
abscess formation around the joint that ankylosis is the
best that can be hoped for, the more fixed it i1s kept the
better ; but in this case care must be taken that the anky-
losis occurs in the most useful position.
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Gunshot Wounds in the Shoulder.—Of all wounds
seen during the first period of the Spanish-American War,
for which statistics! are available, 29.6 per cent. were
found to be of the upper extremity ; and of all wounds of

F1G. 48.—Fracture ol the acromion process.

the larger joints? seen during the whole war 12.0 per cent.
were of the shoulder. These ratios correspond quite closely
with those afforded by previous wars, The death-rate for
the twenty-two cases recorded in that war was g.o per cent.

I Report of Surgeon-General, United States Army, 1900, p. 2906.
* Shoulder, elbow, hip, knee, and ankle.
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All degrees of severity may be seen in these injuries,
from merely capsular wounds, usually produced by small-
arm bullets, to complete pulping of the bones of the joint
and removal of the deltoid, or the greater part of it, by
fragments of shell. Injuries of the latter kind may be
complicated by fractures of the acromion (fig. 48) and
coracoid processes, of the scapula at the situation of the

F1G. 49.—Result of bullet striking ana- Fi1G. 50.—Result of bullet
tomical neck of humerus.—A&. 4., striking anatomical neck of
Collece Musewm. humerus. — &, 4. M. College

Museune,

glenoid cavity, of the outer end of the clavicle, and by
penetration of the chest by the bullet.

Wounds of the capsule of the shoulder joint unaccoms-
panied by injury to the bones, may be caused, as Delorme
points out, by a bullet passing from before backwards, or
vice versd, between the acromion process and the head
of the humerus, and by opening the sheath of the long
head of the biceps below the point at which it perforates
the capsule to leave the joint. There were seventy-two of
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these simple injuries fecorded by Otis in the history of the
American War, all of which were treated conservatively,
with a death-rate of only 8 per cent., a ratio which clearly
indicates the propriety of this method in such cases.

The amount of comminution which accompanies fracture
of the bones entering into the formation of this joint varies
considerably, and it depends on the velocity of the pro-
jectile, and on the part of the bone struck by it. The
greater the velocity of the bullet the greater will, of course,
be the degree of comminution produced by it, but this
depends to a large extent
on where the head of the
bone is struck.

A bullet, whatever its
velocity, merely grazing
the head of the humerus,
above the anatomical
neck, will probably only
cut a groove through the
cartilage and cancellous
structure of the head of
the bone, causing little or
no fragmentation or fis-
suring, and the fissures E16. §1.—Result of bullet striking
which may occur will anatomical neck of humerus.
probably stop at the ana-
tomical neck., If the bullet be travelling fast, and the
point of impact be at the anatomical neck, the head of the
humerus above this line is frequently quite separated from
the shaft, and it may be broken into two or three pieces,
while fissures may extend into the surgical neck, but
without much tearing of the periosteum over them (figs.
46, 47, 49, 50, and 51). The fragments of the head of the
bone will in this case be found loose within the cavity
of the joint and completely cut off from its blood supply.
Cases of this kind frequently require operative treatment,
which amounts to excision of the head, and if not done
during the primary examination and dressing of the case,
will probably have to be undertaken as a secondary
operation,

When the bullet strikes on the surgical neck, the com-
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minution of the bone, and the fissuring into the head and
down the shaft, may be very extensive ; but, although the
displacement of some of the fragments may be consider-
able in the vicinity of the track of the bullet, the upper
fragment, as a whole, does not so lose its adherence to the
soft parts and to its periosteum as to be deprived of its
blood supply, and under proper treatment the fragments
usually consolidate, and recovery takes place (figs. 52, 53,

Fic. 52.—Result of bullet striking F1G. 53.—Result of bullet striking
surgical neck of humerus, close below anatomical neck of
humerus.

and 54). In a word, a graze of the head of the humerus
causes fssures which usually cease at the anatomical neck ;
whereas when the latter situation itself is hit, a fissure
usually extends all round, separating the head of the bone
completely : while a bullet striking the surgical neck causes
much greater comminution, but not separating the heqcl
from the shaft ; the damage may really be greater than in
the former case, but consolidation of the fracture is fairly
certain to occur. Partial or complete dislocation of the head
of the humerus has also been recorded by some surgeons, by
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Chenu amongst others, as a complication of gunshot wound
of the shoulder.

Treatment.—In cases where the bones of the joint are
not implicated, but simple capsular wound is certain from
the escape of synovia, or suspected on account of the
situation of the entrance and exit wounds, no examination
with instruments or the finger need be made. No further
indication for treatment can be arrived at by extreme
accuracy of diagnosis, because the method to be employed
in both cases is the same : the case should be looked upon
as one of wound of the joint. In these doubtful cases,
movements of the arm to elicit crepitus, or to ascertain how

FiG. 54.—Result of bullet on surgical neck of humerus,— &, 4. 7.
Collese Museum.

much of the normal motion of the joint remains, should
be made, if at all, with the greatest caution, lest further
damage be produced by them. The wounds and the skin
surface around them should be thoroughly washed and
asepticised, and a dry double cyanide gauze and wool
dressing applied. An ample supply of antiseptic wool
should also be placed in the axilla, and between the arm
and the side of the chest. No splints are required; the
hand should be placed across the front of the chest, in the
position employed in the treatment of a fractured clavicle,
and the injured arm and forearm bandaged to the body by
means of a wide roller. The only danger in these cases is
that of suppuration in the joint ; when this is avoided they
heal rapidly, and no interference with the movements of
the limb remains,
N
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graphs ofjthis and of another case with a precisely similar
lliﬂtf{r}' are ;Llapu11clf:£l (hgs. 56 and 57).
I'he operative interference above referred to is really

F1G. 56.—Shoulder-joint after many secondary operations for the removal
of displaced fragments of bone,

conservative treatment combined with the removal of de-
tached fragments, and the necessary procedures are detailed
at page 143. Care should be taken that the weight of the
limb is not permitted to act so as to pull the upper end ol

il

i
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the humerus away from the glenoid cavity, and attention
paid to early change of position and the employment of
passive motion.

F1G. 57.—Gunshot wound of the shoulder: most of the head of the
humerus removed.

Secondary Excision is indicated in cases in which con-
servative treatment has failed from infection of the wound,
and when prolonged suppuration, accompanied by osteitis
and necrosis, is wearing the patient out, and death is almost
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by the usual means of forcible flexion and extension
under an anesthetic. Many cases were so treated at
Netley, some of them {wo or three times; some few of
them were a good deal improved, but the majority re-

F1G. 61.—Severe comminution of elbow-jeint : radius not fractured ;
ankylosed in bad position; useful limb after excision at *late
period,™

lapsed into their original condition after two or three
weeks, the cause of this probably being the same as that to
which the original stiffness of the joint was due, viz., that
the patients would not submit to the necessary passive
movements required to keep the joint supple. Here all
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septicemia. Many more cases, of course, occurred, but I
am now referring only to the cases I at present have know-
ledge of. In both of the fatal cases the head and neck
were found, at the post-mortem, to have been greatly com-
minuted, many pieces lying quite free in the joint cavity,
and they died only after weeks of suppuration. Of the five

FiG. 65.—Injury by unexploded Pom-Pom: head of femur dislocated on to
dorsum ilii ; fracture of great trochanter.

recoveries in one there was found a deep groove in the
neck of the bone close to the edge of the acetabulum, and
in another a tunnel at the same situation. In the latter
case the bullet entered in front and lodged ; it was removed
from the posterior aspect of the joint, and the tunnel was
recognised at the operation: free movement was retained
in this case. In one of the remaining cases mention is
made of the removal of bone and of limitation of movement,
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ject to considerable comminution and fssuring into the
joint when traversed by projectiles at fair rates of velocity.
Grooving of the articular ends of the femur and tibia

without comminution is a frequent class of bone lesion

of this joint,
While it is necessary to recognise the occurrence of

comminution of the bones of this articulation under certain

FiG. 67.—Exceptionally extensive damage to cancellous head of
tibia by a Mauser at short range.

conditions, it will be found that the most common bone
injuries are clean perforations and grooves of the cancellous
tissue. Of g5 cases of which I have 1mlu~a, '*H had clean
perforations or grooves made in the end s of the tibia or
femur, or of Imlh, and 5 are described as “ mmmmului

or “greatly comminuted” ; but even in the severe cases,
displacement of fragments, except a slight general exp: 1NS10N
of the epiphyses, was quite uncommon. Fig. 67 1s a photo-
graph of an extreme case ot very severe ;_[uu_«a]n_ml fracture
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of the upper epiphysis of the tibia, produced by a Mauser
in South Africa. Fig. 68 shows considerable comminution
of the outer condyle of the tibia, with a Mauser bullet lodged
as well as a fragment broken off it ; and hg. 69 shows this
to a lesser degree.

The diagnosis of wound of the knee presents no diffi-

F16. 68.—Gunshot fracture of the knee: bullet and fragment lodged.

culty. Careful consideration of the situations of the aper-
tures of entrance and exit is almost sure to afford sufficiently
trustworthy indications as to injury to the joint, and when
the limb can be placed in the position it occupied when hit,
the mferences to be drawn are almost certain to be correct.
The distention of the joint with blood, the pain, the inability
to move the knee, and the increased dimensions of the exit
wound when the bullet has touched bone, are all valuable
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signs ; displacement of the bony prominences about the
joint, crepitation within it on pressure or movement, and

e
0 _,.l_,l'

F1G. 69.—Gunshot fracture of knee: two fragments of bullet lodged.

general deformity are certain signs, but are not always
present,

Ability to walk must not be considered to exclude wound
of the joint; at the same time, it is hardly comp:s wtible with
bone injury except of the more simple types. Legouest
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moved by aspiration, The bandages securing the dress-
ings should exert a firm and equable pressure over the
joint, and, in order to obtain this effect most thoroughly,
the deeper dressings should be covered with rather large

FIG. 70.—Detormed Mauser in head of tibia and projecting
into knee-joint.

quantities of sterile cotton-wool, the elastic pressure of
which is most useful in these cases.

Immobilisation in cases of gunshots of the knee is less
difficult to secure than it is in wounds of the hip joint,
The movements of the body are so likely to react on the
hip that the attachment of the limb to whatever apparatus
is employed for immobilisation requires to be very firm
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The joint is so thinly covered that the degree of frac-
ture can usually be ascertained without exploration of
the wound. If the condition be such as indicates the
probability of a necessity for removal of fragments the
joint can be examined through the wound of exit, which
will usually be large enough for this purpose; if not, it
may be slightly extended, care being taken not to cause
further injury to the tendons passing over the joint ; but
comminution to this extent 1s
hardly ever produced by small-
bore bullets. Loose fragments
should be removed, irrigation
thoroughly performed, and a
drain placed in the joint for the
first twenty-four or forty-eight
hours. The astragalus is pecu-
liarly liable to undergo extreme
comminution from the passage
through it of a small-bore bullet
at a high rate of velocity. 1
published in the British Medical
Journal/ of 2nd June 1894, an
account of the injury produced
in the ankle joint of a recently
amputated leg by a Lee-Metford
bullet at fifty yards’ range. “The
bullet passed through the astra-
galus about half an inch below
the articulating surface for the
tibia. The astragalus was com-
pletely pulverised, with the ex-  FiG. 75.—Box-splmt, open.
ception of its head, and all
its articulating surfaces were split except that for the
scaphoid” (fig. 39, page 142). Many similar cases were seen
in the Boer War. No useful reparative process could take
place in a case of this kind under simple expectant treat-
ment, and Delorme recommends that, when this bone is
much comminuted, it should be removed through a fresh
incision on the outer side of the joint. In the less severe
cases, also, of fracture of the astragalus, the loose pieces of
the bone should be removed, for the process of destruc-
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tion it undergoes from the action of a bullet is pulverisation
rather than mere comminution, and the bone-grit or dust
into which it is reduced cannot be expected to consolidate,
but must act as a foreign body until thrown off by the
tedious operations of nature. Small loose fragments of
the lower ends of the tibia and fibula may be extracted
through small incisions over them : but when comminution
in these bones is extensive, amputation will probably be
required.

The numerous tendons passing over this joint are very
liable to be severed by bullets, and when this occurs, every
care should be expended in reuniting their cut ends by
aseptic catgut or thin silk sutures. The wounds and the

FiG. 76,—Box-splint, with sides and foot-piece in position.

skin of the leg and foot should be rendered aseptic by
washing and irrigation with 1-4o carbolic lotion, and dry
dressings of gauze and wool applied.

The Immobilisation of the joint is not difficult to pro-
vide for: any fixed apparatus which includes the leg from
the knee, and gives lateral support to the foot, while it also
keeps 1t strictly at right angles to the leg, will be suitable.
The old “box-splint ” (figs. 75 and 76), having a movable
foot-piece, and the sides hinged to the posterior part so as
to let down for the dressing of the wound, is very efficient ;
or Esmarch’s plaster suspension splint (fig. 77) may be
used. In any case, the limb should be suspended. If
suppuration supervenes, incisions must be made illlf._{} the
joint wherever they appear to be most required ; disinfec-
tion of the joint should be attempted by means of the more
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zinc fixation apparatus are also very suitable for immobilisa-
tion after gunshots of the ankle and foot.

It would appear, from the number of skiagraphs showing
the condition, that Mauser bullets are peculiarly liable to
break up against the bones of the tarsus (Figs. 78 and 7g).
Why this should happen in the case of such very cancellous

W A I

FiG. 79.—I'ragments of metal in and about os calcis.

bones is not apparent, but I think the same may be said
regarding gunshots of the carpus, vide fig. 62. When this
happens pieces of the core or of the mantle are certain to
remain lodged ; sometimes they produce no effect, but, if
suppuration sets in, the wounds will not close until they
are removed. Jagged pieces of the mantle, even though
causing no difficulty at first, over which the wounds have
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healed soundly, if lodged 1n muscular structures nearly
always require removal after the patients have been getting
about for some time.

Hzaemorrhage from the large vessels traversing the sole
of the foot i1s a serious and a fairly common complication
in these cases. Delorme strongly insists on the absolute
inutility of any other treatment than ligature of both cut
ends of the vessel when the plantar arteries are wounded.
Ligature of the anterior and posterior tibials exposes the
patient to the almost certain occurrence of secondary

F1G. 8o.—Fracture of the Tarsus: bullet lodged.

haemorrhage, in consequence of the free anastomoses of
these vessels, or the possible supervention of gangrene
of the foot. When only the smaller vessels are injured,
pressure by means of an antiseptic tampon, or a thick pad
of antiseptic gauze, may be sufficient. When performing
the ligature of the vessels of the plantar arch, the bloodless
method should be employed, the leg being elevated for
some minutes, and an Esmarch’s elastic bandage applied
before laying it down.

The two following tables give the numbers and results
of all gunshot wounds of joints noted during the Doer
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been comparatively exceptional in other campaigns, and
the conclusion to be drawn from the experience gained
in America is one which will. tend to render its employ-

e
r_l--:'_u_, i "

F1G. 82.,—Fracture of lower end of humerus.

ment still more rare in future. The operation is con-
demned on all sides, even its most zealous upholders in
America now pointing out its disadvantages. Ashhurst
writes of excision in the continuity of the humerus, that
“i1t 1s more fatal than amputation at the same situation.”
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Hamilton says: “There is no well-grounded hope that
union will occur; it should only be unplu}ra,cl as a last
resource ' ; and S. W. Gross states, that it is unnecessary
and dangerous.” Otis sums the subject up by saying: 1

FiG, 83.—Firm union and useful arm after gunshot fracture of humerus.

cannot discern that the experience of the war lends any
support to the doctrine of the ]ualjfmbtllt} of the operation,
except in very exceptional cases.” The mortality following
it was 28.5 per cent., double that of conservative treatment,
and 12 |n| cent. more than that of primary amputation in
the upper third. Schwartz, after the Schleswig-Holstein
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cially of the large vessels and nerves of the arm. Even in

FiG. 84.— Fracture of radius by Mauser : considerable loss of substance
between ends of the bones; short range. No union; movements
of fingers very restricted.

pre-antiseptic days, faillure of union of the most severely
comminuted gunﬁhf.ll fractures of the humerus was uncom-
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be employed in his case. But when we have to lay down
a general rule of treatment, I believe the one given above
is the correct one ; that even an extreme degree of severity

FiG. 85A.—Fracture of humerus, wide fracments of bullet (2ide fig. 858.)

of comminution is not, as a general rule, an indication for
primary amputation in gunshot fractures of the shaft of

the humerus.
Secondary Amputation is indicated for secondary



SECONDARY AMPUTATION 287

haemorrhage which may not be amenable to other treat-
ment, and for the consequences of infection and sup-
puration of the wound, osteitis, necrosis, and failure of

F1G. 85B.—5ame case as fig. 85A six months later.

consolidation of the fracture, as well as for the removal
of a useless and painful limb dependent on implication of
the large nerves. When septic osteomyelitis supervenes,
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disarticulation at the shoulder should be immediately per-
formed as the only means of saving life ; and if symptoms

Fic, 86.—Fracture of humerus : firm union.

of pyamia have not previously set in, the prospect is nol
hopeless, though it is certainly not good.

The Method to be employed may be by lateral or
antero-posterior flaps, or, in muscular arms, by the circular
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or modified circular operation.! As regards the situation
at which the operation should be performed, the statistics
of the American War clearly showed a smaller death-rate
for amputations done in the middle third than that follow-
ing the operation in the upper or lower thirds. Primary
amputations in the upper third gave a death-rate of
3.6 per cent.; middle third, 12.3 per cent.; and lower

J-.a,g??

k16, 87.—Fracture of the humerus.

third, 27.7 per cent. Otis suggests no sufficient reason
for this fact ; but the same relation was observed whether
the operations were primary, intermediary, or secondary,
This may, in part, have depended on the fact that many
of the operations in the lower third were performed for
wound of the elbow joint, the same thing being observed
in amputations done for wounds of the ankle and knee.

I Erichsen.












Fic. 88.

Fracture of both bones of forearm by Mauser,
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hard and brittle tissue, and in consequence of the thinness
of their shafts are liable to be fractured cleanly without

R
d-F-

Fic. 89.—Considerable comminution of radius.

prolonged fissuring or fragmentation, the immediate site of
injury being quite cleared of bone and showing a distinct
loss of substance between the broken ends (vide fig. 84,
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and also fig. 19, at page 66). Even the older rifle-bullets
occasionally passed between the bones without fracturing
either, but with the modern projectile this may readily

.
m—

FiG. go.—Fracture of the ulna.
(Skiagraph by Mr. LIONEL SELLS.)

happen. Both bones may be fractured by a bullet striking
the forearm obliquely or from either. side, and the nearer
the direction of the bullet is to ”IL antero-posterior line the

greater will be the probability of only one bone being
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broken. When both bones are implicated, the comminu-
tion of the bone on the exit side will be of a more
severe character than that of the bone first traversed

Fi1G. g1.—Fracture of ulna.

(Skiagraph by MAJOR STAMMERS, R.AM.C.)

by the projectile, in consequence of the fragments of the
latter being propelled outwards, and so causing increased
damage to the former. Fig. 88 shows rather severe com-
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minution of the radius, and fig. 92 an ununited fracture
of both bones.

Haemorrhage from wounds of the larger vessels, as well
as of the two interosseous arteries, is a common complica-
tion in gunshots of the forearm, and must be treated by
ligature of both ends of the vessel in the wound. There
1s not much difficulty in this procedure for the radial and
ulnar vessels in any part of their course, but ligature of the
inlerosseous arteries may be a difficult operation. Never-

F16. 92,—Gunshot fracture of bones of forearm, in which a false
joint was formed.

theless, this is the procedure to be adopted, in consequence
of the very free anastomoses of the vessels of the forearm.,
The use of the Esmarch bandage will be an invaluable help
in the ligature of these deeply placed arteries. | may point
out, in passing, that the use of Esmarch’s tube is never
necessary for “bloodless operation” on the leg or arm,
when the bandage can be applied sufficiently high up to
leave room below it for the surgeon’s work : nor is it neces-
sary to roll the bandage from the lower end of the limb to
the point where it is to be fixed. Elevation of the limb for
a few minutes while the patient is taking the anesthetic,
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fragmentation. A bullet travelling at the higher rates of

F16. 95.—Large comminution of femur by Mauser.
(Skiagraph by Mr. ]. PAXTON.)

velocity produces, besides the extensive comminution and



GUNSHOTS OF THE FEMUR 307

fissuring already alluded to, complete loss of substance for
considerable distances between the ends of the fractured
bone, the immediate site of the injury being quite cleared

F1G, 96.—Severe comminution of femur by Mauser,

(Skiagraph by Mr, |. PAXTON.)

of splinters and bone débris. Any of the large vessels and
nerves of the thigh may be wounded by the direct contact
of the projectile; but injury to these important structures
is more likely to be produced, in a secondary manner, by
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the passage of a bullet from the outer to the inner side of

F16. 97.—Severely comminuted fracture of the femur by Mauser :
many fragments of metal lodged.

(Skiagraph by Mr. J. PAXTON.)

the thigh, than when it travels in the opposite direction, n
consequence of the much greater extent of the destruction


















314 WOUNDS IN WAR

circumstances must be exceptional. It is easy to overdo
extension 1n these cases, and failure of union would,
perhaps, more often occur if nature were not strong enough
to succeed 1n overcoming the too great zeal of the surgeon.

The apparatus which was found most suitable for the
treatment of femur cases in South Africa was Hodgen's
splint. It permits of the appli-
cation of extension and counter-
extension when beds are not
available ; it produces flexion at
the hip and knee, which tends to
obviate the deformities likely to
occur in cases of fractures of the
upper and lower thirds already
referred to; it 1s most comfort-
able for the patient, because the
limb is suspended in it off the
bed; it is easy of manufacture,
nothing but thick wire and flannel
bandage being required, and it
1s effective for its purposes from
a surgical point of view.

The final results in these
cases treated conservatively are
distinctly good. The loosened
splinters become included in the
callus thrown out, and eventually
firm consolidation takes place;
but from two to six months may
T e elapse before recovery is far

formity in badly united gun- €nough advanced to enable the
shots of femur. patient to get about with crutches,
and perhaps twice as long before
recovery is complete. The usual deformity which is found,
when any occurs in these cases, is a convexity of the femur
outwards (fig. 1o1). Shortening of the femur almost always
occurs: it is usually well marked, and sometimes may extend
to many inches. Ankylosis, either partial or complete, of the
knee or hip is also a common result, depending on implica-
tion of the articular surfaces in the fracture, or on the long-
continued confinement of the limb in fixation apparatus,
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mended amputation in all gunshot fractures of both bones :
but after his experience in the Franco-German War he
admits that “there is a large and fruitful field open to the

F1G. 103.—A very typical gunshot fracture of the tibia, but not of
great severity.
(Skiagraph by Mr. LIONEL SELLS,)

expectant conservative treatment of gunshot fractures of

this limb,” in consequence of the ease with which injuries

in the superficially placed bones can be recognised and

treated, and because there is no difficulty in the removal

of loose splinters and pieces of dead bone. Sédillot con-
X
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sidered that “primary amputation is indicated when both
bones are fractured close to the knee, with or without the
complication of heemorrhage, which adds to the necessity
of the operation.” Legouest says that amputations are

o8 B
)

!

i
B

ST T s e

FiG. 104.— Fracture of fibula, showing some displacement of fragments
towards exit side.

indispensable when both bones of the leg are extensively
fractured, and when the tibia alone 1s fractured with much
splintering and loss of bone substance. Hamilton?® says
that “ gunshot fractures of the shafts of both tibia and
fibula demand amputation where the comminution 1s ex-

L «Treatise on Fractures and Dislocations,” Philadelphia, 1875.
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tensive, or the pulsation of the posterior tibial artery is lost,
or the foot is cold and insensible.”

With regard to laceration of the vessels and nerves of
the leg, it is hardly possible that the tibial arteries should

[

F16. 105.—Fracture of both bones of leg by Mauser.

be wounded by a bullet, or by a fragment of bone, without
wound of their respective nerves also taking place, so close
are the relations of the two nerves to the two arteries in
their course down the leg. If, therefore, conservative treat-
ment be attempted under these Eil‘UlItliHiElllLTL‘H,]gFlI]gI'UIILf
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is very likely to occur and render amputation necessary at
a later date; or, if it be successful so far as to preserve the
leg, the latter will only be a useless and often an extremely
painful encumbrance to the patient, from loss of nerve
function, or from implication of the nerve trunk in the callus
thrown out. Wound of the posterior tibial vessel 1s a more
serious accident than that of the anterior, because it is al-

FiG. 106.—Fracture of tibia by explosion of Pom-Pom shell at
twenty-five yards’ distance.

(Skiagraph by Mr, LIONEL SELLS,)

most certain to be accompanied by destruction of the main
nerve supply of the foot. Finally, fissuring into the knee
or ankle from a fracture in the vicinity of the joints is no
contra-indication to conservative treatment.

Conservative Treatment.—The cases treated conserva-
tively during the Spanish-American War gave a mortality
of 4.1 per cent., which is far lower than that which followed
amputations in the same war.
























332 WOUNDS IN WAR

pletely through it. At short ranges the brain is pulped,
not only in the immediate neighbourhood of the bullet
track, but throughout the greater part of its substance ; but
injury to the brain so rapidly decreases with increase of
range that clean-cut channels through the brain tissue are
found at ranges under 150 yards.

Wounds of the Head by Side-arms.—Sword wounds
of the scalp hardly differ at all from the scalp wounds
seen in civil hos-
g pitals, either in their
| characters or treat-
ment.  Occasionally
they are very exten-
sive, large portions
of the scalp being
raised {rom the peri-
cranium and turned
downwards. In the
treatment of these
injuries, as, indeed,
in all cases of gun-
shot of the head, the
whole head should
be shaved, and very
accurate disinfection
of the skin and of

: : : . >d
FiG. 107B.—Gunshot of skull, inner surface, eight the wound secure
yards' range,.— /. A.M. College Musenum. h}’ the use of one

of the weaker anti-
septic solutions, all dust and dirt being carefully removed ;
bleeding vessels should be tied with thin silk or catgut if
necessary, the scalp brought accurately together by horse-
hair or silk-worm gut sutures, and dry gauze and wool
dressings applied by means of a double-headed roller which
exerts a sufficient pressure to keep the scalp evenly in
contact with the pericranium. With an aseptic condition
of the wound, healing should take place by first intention ;
no drain is required.
Sword and Bayonet Fractures of the Skull.—The
statistics of the American War bear out the observation
of Hennen that sword cuts on the top of the head are
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brain, persistent pain at the point struck, vertigo, imbecility,
epilepsy, and impairment of the special senses, will still be
experienced. The indications, therefore, for the treatment
of these cases of contusion of the cranial bones without
fracture of either table are obvious, and need no descrip-
tion ; a thoroughly aseptic condition of the wounds is the
important end to be attained.

In some cases of apparently mere contusion of the skull
without fracture, at all events of the outer table, symptoms
may present themselves, either immediately or after the

F1G. 110A.—Slight depression of outer table.—R.A4. M. College Museum.

lapse of a short time, of interference with the functions of
certain motor areas. If the symptoms in a case of this kind
persist or increase, the indication is strongly in favour of
the application of the trephine, for they are probably due to
hzemorrhage or to a fracture of the inner table, and oper-
ative treatment is necessary in either condition.

If gunshot fractures of the cranial bones be classified,
as is usually done in works on surgery, according to
whether one or both tables are implicated, and as being
with or without depression of fragments, the most common
fractures of the skull met with in war hospitals—omitting
cases of penetration—are those in which both tables are
fractured with depression (figs. t10A and B). Other varieties
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many times, of its great liability to extensive damage with-
out apparent injury to the outer table. Bergmann has
proved, Chauvel remarks, that the more the site of the

FiG. 111A.—Grooving of outer table of skull without injury to inner
table, by gunshot. See fig. 111B.

FiG, 1118.—A. Inner table opposite groove in outer table.

violence is localised, and the fracture of the outer table
circumscribed, the more certain we may be that the inner
table is fractured more extensively.

In some few exceptional cases the depression of the
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inner table may be so decided as to cause paralysis of

muscles on the opposite
side of the body. In these
cases trephining should be
performed for the pur-
poses of elevation or
removal of fragments, or
for washing out blood
clots and the ligature of
bleeding vessels.

Fissured fractures of
both tables, with or with-
out obvious depression,
are extremely common ;
and although depression
of the outer table may
not be apparent or may
be very slight, depression
of the inner table, and
much greater damage to
it than to the outer, may
be 1nferred as certain
(hgs. 112A and B). On
account of the depression
and excessive splintering
of the inner table, and
because more or less ex-
travasation of blood must
occur, causing more or
less compression of the
brain, immediate trephin-
ing i1s indicated in these
[ractures.

In some cases, especi-
ally when the bullet im-
pinges on the skull ob-
liquely, the missile may
become split against the
edge of the fissure, one
part entering the cavity
of the cranium, and the

Frc. 112a.—Fissured fracture of outer table
at @, without depression.

FiG. 1128.—Fracture with depression of
inner table at 4.
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circular ; while the inner table (fig. 116) is splintered, more
largely fractured, and spiculae are driven into the dura

F1G. 115.—Gunshot fracture of skull, inner surface. The fragments of
the inner table (A) are much depressed. B is a trephine hole.

Fic. 116.—Inner table at entrance side,

mater and brain. At the exit side in the skull the reverse of
this condition takes place: here, the inner table is cleanly
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punched out, and the outer table is irregularly fractured
and to a much greater extent, with fragments driven out-
wards into the scalp (fig. 117). In fact, as already men-
tioned, in perforation of the cranial bones by bullets, it is
always found that the table through which the projectile
passed last is the more severely fractured—the inner table
on the entrance side, and the outer table on the exit
side.

In perforating cases it often happens that the fracture on
the exit side of the skull is not at all a clean perforation of
the bone. “The exit aperture is frequently represented

F1G. 117.—OQuter table at exit side,

by a larger and more irregular fracture, a piece or pieces
of the whole thickness of the bone being driven out-
wards ; the general character of the fracture and the fissur-
ing which occurs at this side is usually more marked than
1s seen at the entrance side. This is probably due to the
builet having been somewhat turned over when passing
through the entrance side, and so striking at the exit side
with a more extended surface.”?

All these various kinds of fractures of the skull are met
with in war, but the more usual cases one sees to be
produced by modern rifle-bullets are gutter fractures and

' Report on the Surgical Cases noted in the South African War,
1899~-1G902.
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the case, and performed the operation. A Boer prisoner,
R. B., was admitted into No. g General Hospital with a
gunshot wound of the head. The entrance wound was in
the posterior part of the right parietal bone, and the bullet
lodged. The entrance wound was trephined, and some
loose and depressed fragments of bone removed, but the

B

D /’/"’
F1c. 118.—A =Dhullet. B = strips of envelope. D =trephine disc.

(Colonel Sylvester’s case.)

bullet was not seen. The X-ray apparatus was out of
order, and failed to give a picture of the bullet. A month
later Major Cameron again had charge of the case, and a
localising skiagraph was taken showing the situation ot the
bullet to be at a spot on the opposite side of the skull at a
depth of one inch from the surface of the scalp. He tre-
phined at this spot, incised the dura, discovered the bullet
immediately, and removed it. The man made a perfect
T'L"LJHTL'I'}'.
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lung, pleural cavity, or spinal bones. When it is to be
seen or felt, it should be removed immediately ; but if any
exploration or operative interference is required, it should

FiG, 120.—Track of bullet through ribs and vertebrze,

(Colonel Lougheed’s case.)

be left alone until the patient 1s in better condition to
withstand these procedures. It may be that it will never
require removal ; but, if it does, leaving it for a time will
be productive of less harm than would what may prove
to be a dithcult operation in the early course of the case,
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Most of the cases of so-called bullet wound of the heart
are probably open to explanations of this kind. Some
undoubted cases of wound of the pericardium, in which
recovery took place, were seen in the Boer War, Itisalso
beyond dispute that the heart may be wounded, and even
its cavities perforated, and recovery take place after opera-
tion. The late Captain M‘Ardle, R.A.M.C,, reported a case
in the R.A.M.C. Journal for August 1903, of spear wound of

Fic. 121.—Bullet (A) encysted between origins of aorta and pulmonary
artery for eleven years.— . A. M, College Musewnt.

the heart in a Sudanese who was admitted into Kassala
Military Hospital in July 19go1. The spear went in near
the lower angle of the left scapula, and came out midway
between the left nipple and the centre line of the sternum.
The spear was barbed, and could not be removed without
operation. A long horizontal incision was made and
2 inches of the sixth rib removed. It was then seen that
the spear had outside of it a band of the muscular tissue of
the left ventricle, and this was caught in one of the barbs.
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but usually of an intermitting type, 1s almost always one of
the results of abdominal contusion. Nausea or vomiting
1S a very common symptom, and the temperature may be

above or below the normal ;: more often it 1s the latter.

FiG. 122, A =skin with il.'l|-§']'| ol culicle removed. Two :ul'-!'.:;r{-_-c in ileum

Contusions with Rupture of viscera are accompanied
by the symptoms just mentioned, and in quite as variable
degrees of severity, together with some others which have
special reference to Il”ji“'it_."—% of particular organs. The
differential diagnosis between simple contusion of the
abdomen and contusion accompanted by internal rupture,
1s extremely dithcult during the early periods of the case;
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them, but further investigation of the circumstances has
put a different complexion on it. Careful examination of
three bodies in the post-mortem rooms of St. Thomas's
and St. Mary's Hospitals proved to me and to the surgeons

FiG. 124.—Perforations in sigmoid flexure by Mauser.
(Mr, Cheatle's case,)

working there that, with the entrance and exit wounds
in the situations fixed by Mr. Cheatle, the track of the
bullet between the cacum and the sigmoid flexure had
been almost entirely extra-peritoneal; that it had been
through probably the body of the fifth lumbar or hrst
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the lower lobe of the left lung and the liver. Haemothorax
occurred ; the latter was aspirated: a retro-peritoneal
hamorrhage burrowed to outer side of ascending colon
and was evacuated. Good recovery.

Case 4.—Wound of the hiver and right lung, A bullet
traversed the liver and base of the right lung ; an abscess

Fig. 126.—Result of gunshot 1]]r|:11;ib liver at shorl range.

of the liver followed which discharged itself through the
exit track. Recovered.

Case 5.—Reported by Major H, W. K. Read, R.A.M.C.
Abscess of liver from gunshot wound. Private S., wounded
on March 24, 1go2. Entrance wound 1} inch below L"l'!j,ihth
right costal cartilage ; exit wound mentioned, but situa-
tion not stated. A portion of the clothing and a brass
button were missing where bullet entered. A month later
admitted to stationary hospital at Matjesfontein; tem-
perature, 104.5° F.; pain and enlargement of her; super-
ficial veins dilated over right side of abdomen ; deep-seated
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the presence of displaced fragments which, perhaps, it
might be advisable to remove. The lodgment of a bullet,
and at least some idea of the condition of the fractured
bone may, no doubt, be obtained from single skiagraphs
of cases; but the maximum of information in those con-
nections can only be got from stereoscopic photographs
taken on separate plates, the tube being displaced 3 centi-
metres each side of a point vertically over the part to be

Fi1a. 128. —Wheatstone’s reflecting stereoscope.

examined while each exposure is being made. A single
skiagraph only gives perceptions of two dimensions, length
and breadth : it is, in fact, the picture of a shadow ; buttwo
pictures taken as above mentioned, and combined in a
Wheatstone’s stereoscope (Fig. 128), and in other ways, bring
into view the third dimension, depth, and the component
parts are then viewed in their actual relations to each other.
The advantages of stereoscopic pictures over single skia-
graphs are very remarkable. The single picture may show
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[t consists of a glass plate fixed horizontally with two
lines scratched upon its surface at right angles to each
other, and intersecting at the middle point ; these represent
the wires on the couch. A vertical square rod supports

Fic. 130, Mackenzie Davidson’s cross-thread loecaliser,

A =Square with scale,

) ¥ 1
B = Surface gauge.

a T-piece of metal with three small holes : the centre hole
1s vertically above the point of intersection of the lines,
and the T-piece can be raised or lowered. It is c; wrefully
adjusted, so that its height from the glass stage is precise ly
the same as the radiant point on the anode of the Crooke’s
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as may be considered necessary, pick up the wounded and
carry them to the collecting station, for transport to the
rear. At this part of the field no operative procedures
should be attempted, except the ligature of bleeding vessels ;
but even for this, necessity will seldom arise, for hamor-
rhage from vessels requiring ligature for its control will
usually prove fatal before assistance can arrive. Fractures
of long bones should be provisionally put up by means of
extemporary splints, such as swords, bayonets, scabbards,
rifles, sticks, or straw gathered from the field, &c. &c., so as
to prevent increase of the injury during transport. External
wounds should be covered with first field dressings, without
being wiped or “cleaned ” in any way, or touched by hands
or instruments. If more than this be done at the front,
infection is sure to occur, and aseptic or antiseptic surgery
will be rendered impossible or more difficult at the posts
farther to the rear; the men of the stretcher squads should
be carefully instructed to this effect. More clothing than
1s absolutely necessary should not be removed from the
patients, and when it is found unavoidable to open up
clothing, this should be done at the seams; in this way
articles of clothing will be less often lost, and repairs can
be more readily effected. Each stretcher squad is supplied
with a surgical haversack, which, with the surgeon’s pocket-
case, contains instruments and materials sufficient for all
the necessary surgical work at the immediate front.

The Dressing Station.—The positions for the dressing
and collecting stations having been selected, at the former,
which is in the charge of a major, assisted by a captain or
lieutenant, the operating tent is pitched if no suitable build-
ing be available. The dressing station should be placed
near a good water supply if possible, and a road, passable
by the stretcher division transport, wheeled or pack-mule
as the case may be, should connect it with the collecting
station in front and the tent division in the rear. The
surgical equipment should be unpacked and got ready for
use. Water should be boiled, and an ample supply of
this kept up during the performance of the surgical work.
Nourishment and stimulants should be prepared for im-
mediate use with the wounded as they arrive, and for this
purpose a cook forms part of the personnel at the dress-

















































































































































































