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FOREWORD.

In gathering the data for this report my one effort has been to
present only facts from which a lesson could be learned. The
sources of information have been numerous, and while the names
of various individuals appear throughout the text as being re-
sponsible for certain statements, I wish to acknowledge the kindly
assistance of many who made it possible for me to acquire, through
personal observation, the necessary details which form the basis of
this report.

His Excellency M. Jusserand, the French ambassador at Wash-
ington, gave me letters of introduction which were of great value
in earrying on my work in France. I am particularly indebted to
Dy, Jozeph Blake, who appointed me a member of his operating
staff at the American ambulance in Paris, where I served on lis
surgical service for two menths. To Lieut. Commander W. R.
Sayles, United States Navy, the naval attaché at the American
Embassy in Paris, I am also grateful for his many acts of kindness
and consideration. Mr. Lawrence V. Dennet, an American engineer
resident in Paris, gave me the facts in conneetion with ballistics.
Maj. James A. Logan, jr., Subsistence Department, United States
Army, who was one of the military observers attached to the Amer-
ican Embassy in Paris, is responsible for the information in regard
to the IFrench Army ration and many helpful hints on a variety of
subjects.

M. Bijot, of the French War Office, was most cordial in his sue-
cessful efforts to obtain permission for me to visit the front on a
number of occasions. Gen. Sorin, commanding the military district
of Arras-Bethune, was particularly kind in furnishing me with
every facility for condueting my observations along that part of
the front. M. Robin and M. Margoles, French engineers in charge
of military roads, not only greatly aided me in every way during
my stay in the neighborhcod of the Labyrinth, Notre Dame de
Lorrette, Vermelles, and La Basse, but took me into their mess and
quarters for 12 days. Dr. Alexis Carrel gave me every opportunity
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IV FOREWORD,

to visit all the field hospitals in the region between Compiégne and
Soissons,

One of the hardest features in connection with making this report
was the effort to sift the wheat from the chaff in order to arrive at
the real truths and lessons to be gleaned from contact and conver-
sation with a large number of surgeons of many nationalities, whose
observations and ideas were ofttimes at var iance; and it was there-
fore necessary to correlate the experiences of thes.-.e many different
observers before an estimation could be made as to the real facts.
Particularly was caution exercised in recording the views of en-
thusiasts, or those who had many and obvious reasons for wanting
to exploit their own pet ideas.

I wish to extend my grateful appreciation to Passed Asst. Surg.
E. H. H. 0ld, United States Navy, and to Passed Asst. Surg. R. C.
Ransdell, United States Navy, for correcting the proof and indexing
the contents of the text.

A M. F.

WasHningron, D. C., November 15, 1915.
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Navy DEPARTMENT,
Washington, March 27, 1915,
To: Surg. Archibald M. Fauntleroy, U. S. N., Naval Hospital, Wash-
ington, D. C. (commandant, navy yard).
Subject : Detached, Naval Hospital, Washington, D. C., to assistant to
naval attaché, Paris, France.

1. On April 20, 1915, you will regard yourself detached from duty
at the Naval Hospital, Washington, D. C., and from such other duty
as may have been assigned you; will proceed to New York, N. Y.;
thence to Paris, France, via the French Line steamer La Touraine,
sailing on or about April 24, 1915,

2. Upon arrival at Paris you will report for duty as assistant to
the naval attaché.

3. This employment on shore duty beyond the seas is required by
the publie interests.

4. The State Department has been requested to designate you as
assistant to the naval attaché, Paris, France.

5. The Navy pay oflice, New York, N. Y., has been requested to fur-
nish you transportation from New York to Paris via above-mentioned
steamer to Dordeaux.

Joserpius Daniers.
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THE MEDICO-MILITARY ASPECTS OF THE EUROPEAN WAR
FROM OBSERVATIONS TAKEN BEHIND THE LINES
OF THE ALLIED ARMIES IN FRANCE.

PART I

——

MILITARY ORGANIZATION AND EQUIPMENT.

When the medico-surgical history of the military operations of
the Allies in France is written it will contain large reference to the
different phases of the war as exemplified in the (German advance,
retreat, and entrenchment as having a direct bearing on the problems
that had to be solved as they arose by the medical officers of the
allied armies.

Germany’s declaration of war on Belgium, France, and England
in August, 1914, was followed by the swift and sure movements of
her well-oiled and constantly cared for fighting machine, a machine
which had been perfecting itself for over 40 vears to meet just the
conditions confronting it at the outbreak of hostilities. Before
France and England realized that war was inevitable Germany had
made certain overtures to Belgium and Luxemburg with reference
to the passage of her troops over their neutral territory, as being
apparently a part of a long-standing and well-matured plan of
attack. Luxemburg being a negligible quantity, how far (Germany
realized or cared for the resistance that Belginm might offer only
the archives of Wilhelmstrasse can answer. As to the political
aspect of such a situation, involving the rights of neutrals, it is not
within the province of the military surgeon to comnment upon, beyond
recording the devastation and almost total destruction of the country
following Belgium’s refusal to sanction any idea of a violation of
her neutral rights by a belligerent. This condition of affairs at the
very outset of the war taxed the available civil and military medieal
men far beyond their capacity to meet. The many thousands of
refugees, numbers of whom ultimately snceumbed to starvation and
exposure, together with the rapidly increasing number of daily
wounded, completely overpowered the relatively few medical men
and nurses.

12331°—15—1 1



2 MEDICO-MILITARY ASPECTS OF EUROPEAN WAR,

That Belgium’s sturdy defense and stubborn resistance upset a
number of Germany’s calculations is now well understood. It is
practically conceded by many military men that Belgium’s stand at
least saved France and had further far-reaching effects on Ger-
many’s future campaign. It is a matter of record that it was some-
thing over three days before France could mobilize a small army on
the Franco-Belgian frontier, a fact that carries its own significance
as regards any idea of French invasion of Germany through that
quarter. When one realizes that, despite Belgian resistance, it took
Germany only 29 days to get within big-gun distance of Paris, it is
a matter of fairly easy speculation as to the outcome of their plans
had they not been delayed in passing through Belgium. Long before
the final fall of Liege, Louvain, Brussels, Namur, and Mons five
well-equipped German armies were straining at the leash, but could
not afford to make the dash on Paris with an unconquered Belgium
on their flank, which in a short time would also invite a serious
menace to their lines of communication by allowing England the
opportunity for an unobstructed landing in Belgium.

Having once adopted this method of invading France, instead of
by way of the Franco-German frontier, the German forces vigorously
engaged the French frontier garrisons, and the defense all along
the line, in order to prevent reinforcements being sent to the prac-
tically undefended IFranco-Belgian frontier and also to feel out the
strength of the French resistance. How well this plan succeeded
and prevented French concentration on the scarcely defended west-
ern end of the frontier, is now a matter of history. Although French
military preparation is organized along the lines of national service
and enforced military training of three years with the colors, it is
a much slower moving and less automatic machine than the German
organization, besides being greatly outnumbered by the latter both
on a peace or war focting. The economic conditions in the French
Republic have always tenaciously pulled away from an energetic
military poliey in contrast to the Prussian military_spirit which has
dominated Germany for over 40 years, and upon which the entire
economic structure of the Kmpire is built. Hence it is that Germany
could-much more rapidly mobilize her armies, with practically no
disruption of her internal affairs, in contrast to France, or for that
matter any other power, whose instincts for internal development
constantly thwarted any ascendancy of a predominating military
idea.

After Belgium had been practically subjugated, the concerted
action of the German right and center, with their communications
fully protected, gave the right wing under von Kluck the oppor-
tunity to continue the sweeping movement over northwestern France.
to which the French and English could offer but sporadie resistance.
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The country over which this movement took place is open and gently
undulating, the fields are large and for the most part unfenced, the
splendid reoads often run in a straight line for many miles, and
altogether it is eminently fitted for the operations of large armies.
So swift was the onrush, a French offensive could not be developed
until August 25, a little less than two weeks after the Germans had
begun to menace the northwestern territory. French and English
mobilization and concentration could not keep pace with the on-
coming Germans.

During this time the allied surgical field work was an extremely
arduous, not to say impossible, undertaking. The lines were con-
stantly falling back, which allowed for practically no organization
for field hospital work, or even the assembling of the wounded, much
less caring for the dead. Scarcely would a regimental stand be
made and allow the surgeons to form a hasty plan to group and
succor the wounded, when the order would come to fall back. There
was nothing to do but apply as many first-aid dressings as prac-
ticable to the wounded in the immediate neighborhood of a surgical
unit, and then leave them on the field to care for themselves, where
those who survived necessarily became prisoners.

On August 25, Gen. Joffre issued an order of the day explaining
that as it had been impossible to carry out the projected French
offensive, a regrouping of forces would be necessary in order that,
by the junction of the Fourth and Fifth French Armies and the
British Army, and of forces drawn from the east, a mass of troops
might be assembled in the region of Amiens which would be able to
assume the offensive in a general direction toward Saint-Pol-Arras
or Arras-Bethune. The same order arranged that this extensive
movement of troops should be covered by rear guards, whose mission
it was to utilize every advantage of ground to stop, or at least to
retard. by means of short and violent counter attacks (principally
with artillery), the march of the enemy.

From August 25 to September 4, this great movement was carried
out, but the rapidity of the advance of the German right wing,
coupled with transport and other difliculties and the congestion of
the railways caused by the evacuation of Paris, compelled the troops
assembling from the east to take positions more to the south than had
originally been intended, and the French offensive was consequently
delayed. On September 4, reconnoissances by the allied cavalry and
aviators discovered that the German right had deflected its march on
Paris toward Meaux and Coulommiers. By this time, however, what
had been formerly the French left (Fifth Army) was ready to attack
the front of the enemy’s columns, and it was supported toward the

-northwest by the British Army and by the army sent out from Paris
in taxicabs under Gen. Maunoury, both lying northeast from Paris.
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Thus the massing of the forces ordered by Gen. Joffre on August 25
was accomplished. Instead of being enveloped, the French armies
were now in a developing pesition, and the two wings being in con-
tact with the fortified points of Paris and Verdun, the maneuvering
of the whole body was greatly facilitated.

It was at this time that Gen. Jofire decided to pass to the attack,
snd on the evening of September 4 he issued another order of the day,
as follows:

It is advisable to take advantage of the hazardous situation of the First
German Army in order to concentrate upon it the efforts of the allied armies of

the extreme left. All arrangements will therefore be taken on the 5th in view
of an attack on the Gth.

The order of the day then gives detailed instructions as to the
forces available and the directions in which they were to attack. The
Sixth Army, then northeast of Meaux, was to cross the Oureq toward
(Chateau Thierry and the available elements of the First Cavalry
Corps were to be placed under the orders of Gen. Maunoury for this
operation.

The British Army, established on the Coulommiers front, was to
attack in a general direction toward Montmirail, while the Fifth
Army, drawing slightly to the left, was to attack from the Esternay-
Sezanne front, in a general direction from south to north. The
Second Cavalry Corps was to insure communications between these
two armies. The Ninth Army was to cover the right wing of the
Fifth Army by holding the exits from the Saint Gond marsh and by
bringing part of its forces to bear on the plateau north of Sezanne.
All these different armies were to assume the offensive with the dawn
on September 6. Supplementary orders were issued on September 5
to the French Third and Fourth Armies. They were informed that
the French left would attack the First and Second German Armies
on the morning of the 6th. They were to act in cooperation, the
Fourth Army, stopping its southward movement, to oppose a stub-
born resistance to the enemy, while the Third Army was to attack
the enemy’s left flank, which was marching west of the Argonne.

Finally, on the morning of September 6, Gen. Joffre issued a
proclamation, which was not a tactical order, but rather an appeal to
the devotion of the troops, as follows:

At the moment when a battle upon which depends the salvation of the
country is about to begin, it is right to remind everybody that now is no
longer the time to look back. very effort must be employved to attack and to
drive back the enemy. Troops which can no longer advance must, cost what it

may, hold the conguered ground and die where they stand rather than retreat.
In the present circumstances no faltering can be tolerated.

This was the beginning of the battle of the Marne, the outcome of -
which has passed into history as the undoubted salvation of France
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and has acclaimed Gen. Joffre a master in the art of

WARK.
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war who was

equal at the supreme moment to the gigantic task imposed upon him

by his country.

In view of the events leading up to it and of its

decisive character, and in view of the totally different work of the
medical department in the subsequent fighting, it is thought to be
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Fra. 1.—DBattle front from North Sea to Verdun.

worthy of more than passing notice in the eyes of military surgeons,
and that the accompaying map and illustrations will not be without

interest.

The Germans lost heavily in their rapid retreat both in personnel
and matériel, and finally fell back to the strongly fortified positions
which, with few exceptions, they occupy at the present time (Aug.
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1915). The character of the fighting again changed when the Ger-
mans fell back on their entrenchments, and again the medical depart-
ment was called upon to meet a totally different problem. The
present trench warfare is, with minor differences, practically a siege
warfare, and the medico-military problems will be discussed under
general fieldwork.

ORGANIZATION OF FIGHTING UNITS.

In order to get an insight into the strength, organization. and
utility of the opposing forces in the field it is deemed advisable to
offer the following brief outline. If one is to appreciate the medico-
military aspect of fichting units there must be some understanding of
the composition and division of an average standardized unit,
whether large or small.

Infantry is organized into regiments, battalions, companies, and
platoons, the strength of which vary considerably in different armies,
and at different times in the same army. The standard infantry force
may be said to be the battalion, which is now almest always composed
of four companies and has the strength of about a thousand men.
Some of the German battalions, however, on the outbreak of the war
took the field with 1,200 or even 1,500 men. The battalion is com-
manded by a lieutenant colonel. Each of its four companies (num-
bering 250 men apiece) i1s commanded by a captain and subdivided
into four platoons (each of about 60 men) commanded by a lieuten-
ant or a second lieutenant.

In the French, German, and other Continental armies a regiment is
composed of several battalions, usually three, though sometimes
there are as many as six. The battalions of the same regiment in
the Continental armies are commonly grouped together, and the
whole regiment is commanded by a colonel. In the British Army
the battalions of a regiment, which are usunally two, rarely serve
together, owing to the fact that one battalion in peace time is nor-
mally at home and the other on foreign service.

Cavalry 1s organized into regiments and squadrons. The strength
of a squadron is 160 to 200 men, and a regiment is composed of from
three to four squadrons. Consequently, a regiment of cavalry may
muster anywhere from 400 to 800 men, but 480 men is a fair average
strength. To these in the British Army must be added some 60
officers and men, among whom is the machine-gun section with two
machine guns.

Artillery is organized into batteries, which are usually armed with
six guns and have a strength of about 200 officers and men. The
heavy artillery batteries. however. in some armies have only four
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guns, but these are of great weight and size. In the Continental
armies the artillery is generally grouped into regiments, which in-
clude a large number of batteries, usually 10 or 12. In the British
Army batteries are grouped into threes in the case of field artillery,
and into twos in the ease of horse artillery, which are called brigades.
The strength of a brigade of field artillery is 18 guns with 795 officers
and men. Of these about 200 officers and men form headquarters or
are attached to the ammunition column which brings up supplies and
ammunition.

The higher organization of troops is into armies, army corps,
divisions, and brigades. An army is usually composed of several
army corps. Thus Prince Ruprecht of Bavaria, commanding the
Sixth German Army, has under his orders four army corps, totaling
about 200,000 men. The English troops cooperating with the French
in southern Belgium are known as the First British Expeditionary
Force, under the command of Field Marshal Sir John French. This
force took the field with something over 150,000 men, and there have
been numerous acquisitions since, until at the present time (Aug.
1915) there are close to one million British troops in France. This
army, which has spasmodieally grown since landing in France, has
the same general organization as the other continental forces and is
now composed of three armies, with the field marshal as commander-
in-chief. To these must be added the small Belgian Army, now
numbering about 100,000 men, under King Albert, which operates
with the British and French forces in southern Belgium. These two
groups of troops now hold a fraction over thirty-five miles of the
front, while the remaining four hundred and odd miles of the line
are held by the French armies, of which there are five in number,
having each very close to 300,000 men, with scattered reserves
grouped at strategical points in the rear all along the line, numbering
about 100,000 men. with reserve munitions and supplies. Gen. Joffre,
the French commander-in-chief, is in supreme command of the
allied line and of the so-called “zone of the armies,” which latter
extends back on an average of about thirty-five miles from the first
line of trenches.

A brigade of infantry in the Dritish Army is composed of four
battalions and has a strength of 4,000 officers and men. In the
German. and almost all other continental armies, it consists of two
regiments and not fewer than six battalions, so that its strength is
6,000 men or more. A brigade of cavalry consists of two regiments
in the Continental armies and in the British Army of three; its
strength in either case is about 1,600 men. A division of infantry
consists of two brigades in the Continental armies and in the British
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Army (fig. 2) of three brigades, with 54 field guns, 18 field howitzers,
and 4 heavy guns (long 60-pounders). It has also attached to it
engineers, signal-corps men, and transport. In the British service its
strength is about 18,500; in the Continental armies it is between
19,000 and 20,000 when the ranks are full,

Two divisions in the British Army make an army corps, which is
a force complete with infantry, eavalry, and artillery. Attached to
the army corps are usunally extra heavy artillery and cavalry, and
sometimes additional battalions of infantry and engineers, depending
on the character of the operations expected of the particular army
corps. The Continental army corps vary greatly in number and
strength. A comparison is given in diagram between a British army
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corps of standard organization and the Twenty-first German Army
Corps (fig. 3), as the latter was organized in time of peace. The
Twenty-first Corps was stationed in Alsace-Lorraine, but was later
transferred to the Russian frontier. It will be observed that it is
distinctly stronger than a British army corps. In the Austrian
Army at the outbreak of the war the army corps were even stronger
than the Twenty-first German Army Corps, as they each mustered
three divisions, bringing them up to nearly 60,000 officers and men, and
one or two of them even had four divisions, thus totaling nearly
80,000 men, or the strength of a large army in Napoleon’s day. The
general opinion is that these overgrown corps have now been split
up into more manageable orgamzations.
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At the beginning of the war there was a marked difference in the
number of machine guns of the opposing forces, the Germans out-
numbering the Allies eight to one. At the present time, one year from
the beginning of the war, the machine guns are about equal on both
sides in the different units. While shrapnel shells were largely used
on both sides during the first months of the war, the Germans quickly
substituted the high-explosive shell when the entrenched phase of
the battle line began. At the present time the Allies have almost
entirely given up shrapnel in favor of the high-explosive type of
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.
shell, sometimes including shrapnel, of which a more detailed dis-
cussion, and of the wounds they cause, will be presented later on under
the appropriate heading.

FIREARMS, PROJECTILES, AND OTHER MEANS OF INFLICTING
WOUNDS OBSERVED IN THE PRESENT WAR.

A comparison of the small arms of the belligerents in the western
European arena will serve not only to indicate the effectiveness of
the weapon under certain conditions, but will throw considerable
licht on the character of the wounds inflicted; particularly when
consideration is given to the character of the fighting as regards
range, entrenching operations, open fieldwork and “sniping.” Cer-
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tain conditions and factors during the present war have led to rele-
gating the rifle to a comparatively insignificant place in the art of
maiming or crippling the activity of large groups of men.

The close contact of well constructed and protected opposing
trenches, the development of the hand grenade, bomb, high-explosive
shell, shrapnel, machine gun, and asphyxiating gas have all combined
to greatly limit the usefulness of the rifle in the eyes of the modern
military man. There is no doubt of its usefulness, however, in the
hands of an alert sharpshooter when a target presents itself either
in trench work or in “sniping;” and its moral effect is not to be over-
looked as a means of thereby subduing the enterprise of opposing
troops in close contact.

As a most valuable and inseparable adjunct to the rifle, after the
artillery has prepared the way by breaking up the barbed wire and
other obstruections, the use of the bayonet in carrying a position has
been a weighty factor during the operations of the present war. The
French bayonet, which is triangular on cross-section, needle pointed,
fluted and with one or more cutting edges, is considerably longer
(4 to 6 cm.) than any of the other bayonets. The English and con-
tinental armies employ a knife bayonet which takes the form of
their respective hunting knives. According to trustworthy reports
from all along the front, the French and English are using their
bavenets much oftener and with more deadly effect than the Ger-
mans.

Riflea. Projectile,

| | Propel-| Tnitial
Name. | Coating, | Core. |Lnngﬂl. Weight. ling | veloe-

.

|
Alghied
D—

Cﬂ-lih&r.l"ﬂr'ﬂigllt.
charge.| ity.

Mm., Meters, Mm, { Fms, (Fms

2,400 | Lebel...| Solid....| Copper..|

oand |

France........| & 2 30. 3 13, 2.9 700

Germany. .... 7-0 1| 2,000 Mauser..| Steal....| Lead....] 28 10 3.2 =)

England. ... 1.7 81 2,540 Lnﬁ)-li‘-‘iﬂ-i Nickel. .f....do...] 3§2.1 | 14 2.6 605
eld. |

- ) | | | !

These projectiles are fired by a smokeless powder which inereases
their velocity, and at the present time are eylindro-ogival, having
previously been cylindro-conical. The length of the bullet has in-
creased from former times, whereas the weight has diminished. As
regards the latter it has fallen from about 25 grams to 13 grams
(ball D, French) and 10 grams (ball S, German). The caliber of
the rifle has fallen from 11 mm. fo about 8 mm, and even to 6.5 mm.
(Italy).

The French bullet (ball D) (fig. 8), on account of its high sectional
density, maintains a relatively high remaining velocity at extreme
ranges. While it is subject to considerable deformation on impact
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against a hard substance, and while it produces the characteristic
* explosive effect ” at certain ranges, it very rarvely, if ever, is subject
to fragmentation.

The German bullet (ball S) (fig. 9), on account of its lower sec-
tional density, and in spite of its higher initial velocity, is ineffec-
tive at ranges at which the French bullet is still dangerous. Dall S,
as is the case with all jacketed bullets, not only produces characteristic
“explosive effects” at certain ranges, but is subject to deformation
and fragmentation when striking hard objects. Fragments of the
jacket or contorted forms will often be found in the tissue adjacent
to bones shattered by the impact of the bullet. If the point of a
jacketed bullet be cut oft, or if the bullet be reversed in the cartridge
hefore firing, “ mushrooming effects” will be produced, which are
very disastrous to tissue (figs. 7 and 10), The lead core of the Eng-
lish and German bullet is uncovered at the large end.

On the other hand, at long ranges, if the bullet has not heen de-
formed by ricocheting or otherwise, comparatively small destruction
of tissue is usually noted, as the velocity is very much reduced, eaus-
ing wounds of entrance and exit of about the same size, or the bullet
lodges in the tissues (figs. 11 and 12). Sometimes, although rarely,
even at close range, the same phenomenon of small wounds of exit
and minor destruction of tissue will be produced, although bone
may be fractured. On account of certain conditions and factors,
which have never been satisfactorily explained, the bullet at an ex-
treme long range will not infrequently cause wounds showing an
*explosive effect ’; and hence there seems to be a certain indefinite
zone, between short and extreme long ranges, in which the bullet does
not produce the marked * explosive effect ” usually noted for these
two ranges.

The English bullet (fig. 6) is characterized by its very high see-
tional density and relatively high remaining velocity at extreme
ranges. The effects of this bullet are similar to the German bullet,
although it is to be noted that it is not as distinetly sharp pointed as
the ball #S.”

Unless the bullet is deformed by ricochet, strikes sideways, or
butt-end-to, it is rare to find particles of clothing carried into the
wound, in contrast to shrapnel, shell, and hand-grenade wounds,
which are practically always infected from the pieces of clothing
and dirt driven deep into the tissues. The effects of rifle-ball wounds
of long bones will be seen elsewhere in this report, in connection with
the notes under the photographs and X-ray pictures. Penetrating
and perforating wounds of the abdomen, brain, and other vital or-
gans will be noted in connection with the report on fieldwork.

There are a number of factors which have a bearing on the char-
aeter of the wound inflicted by the evlindro-ogival rifle ball, of which
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the German ball S is a type. At extreme ranges it is not unusual
to find the bullet lodged in the tissues, giving rise to practically no
trouble unless situated in a particularly sensitive region. If the soft
parts only are involved, the wound of entrance and the channel are
of the same size as the undeformed bullet. In general terms, it may
be said that the closer the range the less liability there is of the
bullet lodging in the tissues and the greater the tendency to exhibit
*explosive effects™ in the wound. Thus, when there is a wound of
entrance and exit the latter is usually larger at close ranges and the
track of the bullet through the tissues is funnel shaped, with the
small end of the funnel at the wound of entrance. This is due to two
factors: First, the inability of the tissues to separate quickly enough
to allow the high-velocity bullet to make a channel without pushing
some of the tissue it traverses ahead of it and thus enlarging the
channel toward the wound of exit; secondly, when compact bone is
in the path of the high-velocity bullet it almost invariably causes a
certain degree of comminution and the smaller bony fragments act
as secondary missiles to enlarge the channel toward the wound of
exit. When comminution of bone takes place it is also usunal to find
many of the smaller pieces driven deep into the tissues adjacent to
the bone.

As not infrequently happens, a bullet may be deflected from its
original course by contact with the denser tissues, such as faseia,
cartilage, or bone, and when a bullet “tumbles” in its flight, causing
a lateral or butt-end impact, the character of the wound of entrance is
different than when the tissues are penetrated by the sharp end of the
bullet. The larger the surface of the bullet exposed to impaet the
greater will be the immediate destruction of tissue, though the pene-
trating effects will be greatly reduced, and thus a bullet may even
lodge in the tissues at comparatively close ranges.

When a rifle bullet, such as the German or English, becomes de-
formed by striking a hard object before actually penetrating the tis-
sues, the outer coating of nickel steel may become distorted, and even
entirely separated from its core of lead, upon impact with the body,
and there may be fragmentation of both jacket and lead cove, causing
a lacerating and destructive wound of the deeper tissues (figs. 15-17).

The contact of a high-velocity bullet with dense bone not infre-
quently causes deformation and fragmentation of the bullet and usu-
ally comminution of bone. The cancellous ends of long bones are
usually perforated without fragmentation or splintering. While the
splintering or comminuting effects of the high-velocity bullet on the
shaft of long bones may sometimes take the form of specially deserip-
tive fractures, such as “ butterfly,” “ stellate,” ete., it very frequently
happens that there are no special lines of cleavage to be noted but
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simply an irregular comminution. The French bullet (ball D) being
solid copper, as already indicated, does not undergo fragmentation.

A bayonet wound is a penetrating or cutting stab wound usually of
the abdomen, chest, or groin, and in not a few instances is multiple.
The character and result of this wound will be mentioned later in con-
nection with fieldwork. Sabers are used for thrusting or slashing,
and the wounds they inflict are usually multiple. The saber wound
ig usnally in the region of the head, right elbow, and left upper arm.
The cavalry lance is a long thrusting implement propelled with con-
siderable force and aimed at the trunk. The FFrench lance has a head
of quadrangular section, 15 cm. long and 2 em. in diameter. The
(German lance has a triangular head 30 em. long and 15 mm. in diam-
eter. Lance wounds are almost invariably in the trunk. As the bayo-
net, saber, and lance are only used in hand-to-hand conflict, which is
a particularly ferocious kind of fighting, the fatality accompanying
these wounds can readily be understood, since it is usually a fight to
the finish between the troops engaged. Wounds from these thrusting
implements have tended to increase as the war has progressed. In
1870 there were only 600 cases of thrust wounds out of 98,000
wounded (Delorme), while at the present time (en. Delorme,
of the French medical service, estimates that they comprise 5 per
cent of all the wounds.

Pistol wounds in this war are extremely rare. The French and
German officers are provided with an automatic pistol of the same
general type as 1s provided in the American Army. In instances
where these wounds have been treated they have shown a marked
*explosive effect,” especially when bones were involved.

Thin steel helmets are now universally used by the Germans in the
trenches. The French cavalry have also worn this form of headgear
for many years, together with a thin steel cuirass protecting the
chest and abdomen. The French have adopted a steel helmet 7 mm.
thick, which is now being worn by their troops in the trenches. It
is believed that it will considerably limit the number of head wounds
in the present character of fighting.

GRENADES,

The offensive by sapping has brought the Allies’ and German lines,
in the present trench warfare, into very close contact. In some
instances the opposing trenches are only 5 to 10 meters apart. The
depth of the trenches and the protection theyv afford are such as to
render rifle fire of very little value in storming the occupants. Since
the trenches are so close together in the first line that neither side can
use artillery freely without greatly endangering their own troops,
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erenades have assumed a very important role m this character of
fighting, and so much so that at the present time under certain cir-
cumstances, they are the principal means of putting a section of
trenches out of action. On this account, and on account of the severe
wounds they inflict, their use and study is of special interest to the
military surgeon.

When the opposing trenches are farther apart an infantry attack
can be delivered with minimum loss if the barbed-wire and other
obstructions have been destroyed by intense artillery fire and by the
explosion of mines in connection with sapping operations. In this
manner breaches are made in the accessory defenses and allow the
charging troops to reach the enemy trench. To put out of action
quickly the last defenders of the trenches attacked part of the assault-
g troops are provided with hand grenades or bombs. These mis-
siles are thrown at the enemy over the barriers that may have been
erected and into the firing and connecting trenches, all parts of which
it has not been possible to capture at once.

There are several types of grenades in use by the opposing forees
which are furnished the troops in the field. In addition to these the
troops themselves extemporize various kinds from the material to
be found at the front. The hand grenade furnished to the French
troops is the bracelet type (figs. 18 and 19), with automatic firing
mechanisin, consisting of a ball of cast iron filled with a high ex-
plosive and of a leather bracelet fastened to the wrist. To the bracelet
is attached a rope about a foot long, having an iron hook at the end.
Just before throwing the grenade the hook is engaged in the ring
of wire attached to the friction primer forming a part of the fuse
plug which closes the iron ball. Thus when the grenade is thrown
the ring of wire and friction primer are wrenched off and the fuse
is fired. This grenade can be thrown about 25 meters, and explodes
four or five seconds after the primer has been released.

The German grenade can be thrown by hand or rifle (figs. 20, 21,
and 25). By hand it is used for short distances, 15 to 20 meters. Itis
composed of a copper rod to the extremity of which is fixed a cast-iron
eylinder filled with a high explosive and grooved in order to facilitate
its breaking into small pieces at the moment of explosion. A copper
tube, also containing some explosive, is placed in the interior. It is
surmounted by a complicated system for closing the grenade and
for automatic firing by percussion, which is said by the French to
result in a large percentage of misfires. TIn quite a number of in-
stances the British troops have hurled back these grenades into-the
(German trenches. TUsed with the rifle, this grenade has a maximum
range of 400 meters. When so used a blank eartridge is placed in
the chamber of the rifle and the quantity of powder left in the car-
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tridge is regulated according to the distance to be thrown. The Ger-
mans, like their opponents, make use of a large number of extem-
porized grenades. The assaulting troops carry them in haversacks
or strung in a circle of wire around the shoulder or waist (figs.
22-26).

The grenade wounds, besides the usual great destructive effects
(fig. 23), are always infected wounds, the fragmented casing carryving
into the tissues particles of elothing and dirt, and resembling in this
and other respects the shrapnel and shell wounds. It would be difli-
cult to estimate the range of effectiveness of a fragmented grenade
since their use only contemplates an explosion at close quarters in a
restricted area, such as the modern zigzag and communicating
trench. Hence it is that only the occupants of a small section of
trench are injured by the fragmented projectiles. These weapons
exert a considerable moral effect owing to the violence of the explo-
sion and the great mutilation of face and body which they occasion.
A premature explosion of the manufactured grenade is prevented by
rendering it innocuous except in the act of throwing, which latter
releases the safety pin or ring and either starts the fuse burning or
converts the grenade into a contact explosive, causing the charge to
burst on impact with earth, water, or snow.

The minenwerfer, or trench mortar, first introduced by the Ger-
mans in the early fighting around Ypres, is another means of
hurling a large amount of high explosive into an opposing trench.
As used by the Germans, it is said to have a range of 350 yards and
throws a thin-walled shell weighing 187 pounds, the latter having
an explosive effect only. In construection it is built along the lines
of a catapult and light enough to be drawn by two men. In addition
to this weapon, crude arrangements have been employed on both
sides to throw a large charge of high explosive for the purpose of
destroying barbed-wire entanglements and other obstructions. The
underground (sapping) trench has also been used extensively for the
same operations on a larger scale. Aerial bombs, either incendiary
or high explosive, are likewise used. principally for the bombard-
ment of supply depots, railroad stations, and towns. The French
aviators also drop steel darts on troops in the open. These darts
are about the size of a peneil, 5 inches long, sharp pointed, and
grooved so as to keep the missile vertieal in flight. A thousand darts
are dropped at a time from a great height and are said to secatter
over an area of 200 yards.

MACHINE OR RAPID-FIRE GUN,

While the rifle is still the infantryman’s principal weapon, the
machine gun is playing an increasingly important role in the conduct
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of the present war. At the beginning of the war the Allies were
markedly deficient in this arm, but at the present time there seems
to be no advantage on either side in this respect. Organized rifle
fire is directed in various ways, according to the conditions to be met.
Thus we have “ distributed frontal fire” along the entire line of an
advancing body of men: * concentrated fire ™ on a particular spot for
a definite reason; * oblique fire ™ from one portion of a trench while
the other portion is occupied in the assault; “enfilade fire” when a
trench or body of men is fired upon from their flank; and “ covering
fire” when reserve troops situated on high ground fire on the enemy
trench over the heads of their comrades in front.

The rapid-fire gun, while not a new idea, has been greatly improved
upon since Dr. Gatling’s American Civil War invention. It is far
superior to the rifle for repelling a charge, either by direct or enfilad-
ing fire, in defending trenches. While normally mounted on a tripod
and manipulated by two men, it is also being largely used mounted
on a motoreycle or autocar for a reconnoissance in foree.

MECHARISM ACTUATED
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Fra. 4—8howing longitudinal section of a Maxim machine gun.

The Maxim machine gun (fig. 4) is the type used by all at the
present time, each country having a slight modification of its own. It
has a single barrel which is kept cool by either a water jacket or by
air radiation, and is entirely automatic in its action. This latter
means that after the first shot 1t will continue to fire at a very rapid
rate (400 to 550 shots a minute), all the necessary operations of load-
ing and firing being worked by either the recoil or by the pressure of
the exploding gases within the barrel. They are built to take only
the regular service rifle cartridge used by the troops, and these are
fed to the gun by means of a belt carrying usually 250 cartridges.
Although the entire gun, which can be easily folded for transporta-
tion, weighs only about 70 pounds, yet one great drawback to its more
general use is that it consumes an enormous quantity of ammunition.
[t also requires two specially trained men to operate. The wounds
caused by this gun are, of course, the same as those from the service
rifle.
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FIG. 5.—DIAGRAMMATIC BIRD'S-EYE VIEW OF THE ADVAMCE OF THE GERMAN
ARMIES ACROSS THE PLAINS OF FRAMCE TO THE TURNING POINT ON THE
MARME.

The Allies retired in the first wesk of September, 1914, before the advance of the Germans,
glong the main roads indicated by the black arrows. From Cambrai the Germans puzhed
through Amiens to Beauvais about September 2. From Peronne they marched on to Roye,
Montdidier, Crail, and the Forest of Chantilly. From the region of Le Cafeau and St
Quentin the advance was by Moyon to Compidgne, at which point they had to fight for
every inch of ground. They then passed through Senlis down to Meaux. Laon, though
heavily fortified, was relinguished by the Allies during their retirement; and the enemy
advanced thence to Soissons ang Chateau Thierry. Farther to the east the invasion from
Mdzigras passed by Rheims to Epernay, Mourmelon, and Chélons. Another force coming
fram the direction of Lonewy appeared to be operating through Suippes and on the wosded
Argonne Plateau, with its five passes famous in the action In 1792 which preceded the dramatic
L*.;ttl-r! of Yalmy. The vertical arrow |inas signalize the points of importance in the German
advance.



Fig. 6.—Actual size of English Fig. 7.—=Wounded (200 metars) while running, show-
cartridge. (See page 11.) ing smallerwound of entrance and larger (explosive)
wound of exit, causing multiple fracture of tarsus

and gpening up the ankla joint. (See paga 11.)

Fig. 8.—Actual size of French Fig. 9.—aActual size of German
cartridge “D."" (See page 10.) cartridge " 5." (Seepagel1.)
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Fig. 14.—Shows X-ray picture of unde-
formed ball lodged in left malar bone

of zame case as figure 12,
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Flg. 16.—Showing varying degreas
of deformity and fragmentation
of the Garman bullet **S ™" which
were removed from different
parts of the body. (Seepage 12.)



Fig. 17.—Showing X-ray of rifle-ball wound of middle of arm, and the deformation and fragmen-
tation of lead core and steel jacket of a Garman ball #5." with great comminutionef bone and
marked sacondary missile effect. The drainage tube shown in the picture was introduced at
afield hospital after removing the first-aid dressing. This wound occurred at close range.
(See page 12.)



Flg. 18.—=Showing the regulation Fig: 19.—Showing a Frénch soldiar in tha
~rench bracelet type of hand actof throwinga grénade. (Seepage 14.)
El‘e"li_:'.'tll‘. ,":]'.'d A RUMODEF Of GX-
temporized types, such as the
“racguet™ and **jam-tin
(See page 14.)

Fig. 20.—Showing German combination Fig. 21 =Showing granade wound of right
grenade. (See page 14.) toot, from which the fragments in figure
20 were removed at base hospital after
praliminary oparation in fisld hospital.
(Sea page 14.)
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Fig. 24 —English com-
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(Sa8 paga 15.)

(Sea paga 15.)

grenade

Fig. 23.—Showing great mutilating effect
of grenade wound of face with loss of
right eye. (See page 15.)

Fig. 26.—Longitudinal sectionof a
racent grenade invention used
by the Enghsh. (Sea page 15.)

Fiz. 25 —Showing actual
size of fragments of a
Gérman grénadé ra-
moved from fool, (See
page 15.)
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Fig. 30.—Actual sizeof shrapnel bullets, pieces of shell, and a German
bullet (upper right-hand corner) removed from nds, and (lower

laft-hand 1@r) an English and French bBullet for COMPArisan.
(See page 23.)

Fig. 31.—=Peneatrating shrapnel wound of thigh with fracture of femur. (See page 23.)



Fig. 32.—This illustrates a shrapnel Fig. 33.—Shrapnel wound of face, with

wound of right arm with considerable multiple fracture of lowear jaw and
destructien of tissue and loss of sub- considerable loss of substance, (Seo
stance. (See page 23.) page 23.)

Figs. 34-35.—Showing front and side views of high-explosive shell wound involving entire
loss of lower jaw and great destruction of tissue. {(See page 24.)



Fig. 36.—Actual size of pléece of shell (above) and two pieces of cloth
(below) removed from a shell wound of the back, showing some fibers
of clothing still clinging to pieceof shell. (See page 24.)

L
=
[
=1
=
el
—
=
B
=
-
[+
=
-
i
=
=
]
3
=
—~
(=]
-8
-
=
o
o
=
[+]
[
=
[

shell removed from lower jaw, (See page 24.)
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Fig. 38.—A hlgh-explosive Fig. 39.—A type of ithe
shell in cross section. high-explosive shrapnel.
{Sae paga 24.) (See page 24.)

Fig. 40.—Smaller fragments of high-explosive shell (actual size). [(See page 24.)

Fig. 41.—5Small pieces of shell (above) and fragmented bone (below) removed
from arm. (S5ee page 24.)
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Fig. 46.—A French "75" cannon which passed through seven months” campaigning.
(See page 26.)

ol [ 47.=0One form of maszsk fitted on cap to the right and pattern of mask to the left.
(See pages 28.)
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ARTILLERY.

The artillery used by the opposing forces, with the exception of the
light fieldpieces, has been undergoing various changes since the war
began, to suit the varying conditions along the entire front. In the
early part of the war, with the exception of the large siege guns and
mortars used to reduce the Belgian fortifications, the light mobile
field guns were almost exclusively used on both sides. These were
the 75-mm. of the French, the 77-mm. of the Germans, and the 3.29-
inch of the English. Shrapnel was largely used in these projectiles
at that time, as the present obstructive and trench warfare did not
develop until the German retreat and entrenchment after the battle
of the Marne. DBesides the field artillery mentioned, the French are
now using a 90-mm., 105-mm., 120-mm., 155-mm., and a 220-mm. long
and short. The heavier guns of the Germans are the 105-mm., 130-
mm. (light howitzer), 150-mm. (heavy howitzer), 210-mm. (light
mortar), and the heavy siege guns, 380-mm. and 420-mm. The
English (in addition te the 3.29-inch) are using a 5-inch (120-mm.)
howitzer and several higher caliber naval guns mounted for land
operations.

While the larger cannon are used on both sides for long-range
work and for special reasons, the “75" (French), “77" (German),
and “3.29" (English) have been by far the most generally used
throunghout the war. The reason for this is on account of the supe-
rior mobility and quick-firing feature of these pieces. There has
been a good deal of rivalry during the last decade, in the different
countries, in developing superiority in the light fieldpieces, and while
the general mechanism of each is about the same, there are certain
minor differences which each country thought the best, which changes
were closely guarded. The recoil after firing in each of these
fieldpieces is taken up almost entirely by a combination hydraulic
and hydropneumatic system, which prevents the recoil being trans-
mitted to the carriage, and the latter therefore does not have to be
put into position after each shot. This arrangement admits of quick
firing with accuracy.

BALLISTICS.

As there is no doubt that the field artillery is playing the dominant
role in the present war, it is thought that a few words and sketches
on ballistics would not be out of place. This is to be followed by a
description of the projectiles which cause the great majority of the
mutilating wounds, and therefore should be of interest to the surgeon.
Ballistics is that portion of the science of gunnery which relates to
the motion of projectiles. Interior ballistics relates to the motion of
the projectile in the bore of the gun, and until the maximum or
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mitial velocity is atiained. IExterior ballistics relates to the motion
of the projectile frem the muzzle of the gun to the point of fall or
impact.

InTerior Bavristics (fig. 48).—A 3-inch 50-caliber quick-firing
gun is shown in vertical longitudinal section, with the projectile in
its position at the moment of discharge. Upon the ignition of the
powder charge, the combustion of the powder proceeds with regu-
larly increasing velocity, evolving gas under high pressure, which
exhausts its energy in imparting motion to the projectile. As the
projectile moves along the bore of the gun, the space containing the
gas increases until a point is reached at which this space exactly
compensates for the evolution of the gas and this is the point of
maximum pressure (curve A). Irom this point on the pressure of
the gas upon the base of the projectile decreases until the projectile

-

e, 48, —TFor description see text,

leaves the muzzle. The projectile starting from rest (eurve B) ae-
quires velocity first with increasing and then with decreasing acceler-
ation until a short distance beyond the muzzle, where it attains its
maximum or initial veloeity. During this motion along the bore of
the gun, the projectile is in engagement with the rifling which latter
forces it to revolve about its longitudinal axis, this rotation being
necessary to insure stability of the projectile during flight. Action
and reaction being equal and opposite, as the projectile moves for-
ward under the impulsion of the powder gas, the gun, due to similar
pressure upon its breech bleek, recoils and if left free would attain
a maximum velocity proportionately less than that of the projectile
on account of its greater weight (curve C). The recoil is checked
by hydraulic and hydropneumatic brakes which offer uniform re-
sistance (curve E), and the gun is brought to rest on its carriage
after a fixed length of recoil (curve D),
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The curves of pressure and velocity (A and B) may be de-
termined by a variety of methods and by the employment of a
variety of instruments. If either be determined experimentally, the
other may be derived from it by computation. These curves are only
of interest, however, in connection with problems of gun construction.
crusher gage (fig. 49). This consists of a steel evlinder A, in which
is placed a copper eylinder B of known dimensions, held between a
gas-tight piston O and the base of the cylinder. The gage is in-
serted in the powder charge and is subjected to the pressure of the
powder gas. The result of the gas pressure is to crush the copper
eylinder to a length C proportional to the pressure. As the redue-

Fic. 490.—For dezeription =ee text.

tion of length of the copper eylinder for any given pressure may be
determined experimentally, a simple measurement of its final length
will disclose the maximum pressure in the chamber of the gun.

The initial velocity is determined by means of the ballistie chrono-
graph (fig. 49). In this instrument a rod D is suspended from an
electromagnet, the induction coil of which is in cirenit with a wire
screen H, placed a few yards in front of the muzzle of the gun. A
second rod IS is suspended from an electromagnet in circuit with a
second screen I at a given distance, say 50 yards beyond H. When
the gun is fired the projectile traverses the first screen H, breaking
the cirenit and releasing the rod D). When the second screen is
traversed the rod E is released, and when it strikes the trigeer F a
knife is released, which makes a mark on rod D, thus indicating the
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distance fallen during the flight of the projectile between the two
screens. A device, known as the * disjunctor” (i, permits both ecir-
cuits to be broken simultaneously, with a corresponding mark on rod
D, which gives the distance fallen during the time taken by the rod
I to strike the trigger I and for the knife to strike the rod D. The
distance between the two marks being measured, the laws of falling
hodies enables the time of fall to be determined, and hence the time
required by the projectile to traverse the distance from H to I; this
distance divided by the time gives the velocity of the projectile mid-
way between the screens H and T.

Exterior Barvistics (figs. 49 and 50).—Were a projectile fired
in vacuo, and were the force of gravity absent, the projectile would

Fig, 0. —I'or degeription see text,

move indefinitely in a straight line K (fig. 49), according to its initial
velocity. The resistance of the air, however, constantly reduces the
velocity of the projectile and the force of gravity, in accordance with
the law of falling bodies, constantly draws it away from its initial
direction, with the result that the projectile describes a parabolic
trajectory, striking the earth at the point T. As the projectile leaves
the gun with a high velocity of rotation about its longitudinal axis, it
is in fact a gyroscope, and its axis ADB (fig. 50) tends to remain paral-
lel to its initial direction and makes an angle with the trajectory CD.
At the same time the phenomenon of precession causes the axis to
rotate slowly, describing a cone about its initial direction. Nearly
all guns are rifled with a right-hand twist, and the projectile there-
fore rotates. viewed from the rear, in the direction of the hands of
a watch, and the precession is in the same direction. In flight, there-
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fore, the axis of the projectile is inclined upward and to the right
of the trajectory, with a result that the resistance of the air acts on
its under and left surface. This unbalanced pressure produces the
phenomenon of drift, with the result that the projeetile, instead of
following the straight line M (fig. 49), curves to the right, striking
the target T to the right of the point U. This drift is compensated
for by the deflection slide of the sight.

The sketch at the bottom of figure 50 is intended to show one of the
simple methods of striking an object M at an unknown distance
from the gun. Suppose the range is estimated to be about 3,500
vards. The sight is set at 3,200 yards and a shot is fired. An ob-
server (in aeroplane or in some position permitting him to see the
burst of the shell) reports that it has fallen short. A second shot
is fired at 3,600 yards and is reported over. The target is there-
fore between 3,200 and 3,600 vards from the gun. A third shot is
fired with the sight at 3,400 yards and falls short; the range is now
known to be within 3,400 and 3.600 yards, and so on until the observer
reports the range is correct. With time fuses the distance may be
determined by assuming the time of flight to the target, increasing
or diminishing this as the burst of the shrapnel is short or over,
dividing the difference between the assumed time for the third shot,
and so on until the range is obtained. When the target is visible
from the ground a range-finding instrument is used when practicable
to control the fire.

ComeiNep Time axp Percussion Fose (fig. 50).-—This type of
fuse head is used almost exclusively with shrapnel, a simple per-
enssion fuse being employed with the explosive shell. The fuse
shown is similar to the service French shrapnel fuse, but differs in
certain details. This fuse is screwed-into the point of the shrapnel,
and upon discharge of the gun, the plunger A drives down upon the
pin B. The fulminating compound in the plunger detonates, ignit-
ing the ring of powder C. The gas evolved blows through the hole
D, igniting the train of compressed powder E, which is wound in a
spiral about the body of the fuse. The time train burns slowly until
the flame reaches the magazine I, when the latter explodes, driving
the flame through the channels LL into the body of the shrapnel and
igniting its bursting charge. DBy means of a special tool the hole D
may be pierced at any point of the length of the time train, thus
causing the shrapnel to explode within one-tenth of a second of any
given interval of time. The percussion arrangement is lodged in
the stem of the fuse, and upon discharge the lead plunger H rides
down on the firing pin K exposing the point of the latter. Should
the projectile strike a resisting object before the time train has caused
its explosion the plunger will drive forward. strile, and detonate the
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primer (. This will ignite the magazine F, which will cause the
explosion of the shrapnel.

The stability of the French field gun, “75,” is shown in figure 51.
The shaded square back of the breech is the point to which the barrel
of the gun recoils after firing. The pointed spade at the end of the
trail is forced into the ground after the first shot and, with the hydro-
pneumatic brake system (shown under the barrel), takes up the
entire recoil. In addition to this, there is a metal brake for the gun-
carriage wheels with a spike on the under side. This brake is made
to slide on the rim of the wheel, and when the gun is stationary the
wheels rest on the brake and thus force the spike into the ground.

The use of the quick-firing fieldpiece has become of such para-
mount importance in the present war as to warrant a close scrutiny
of the projectiles in use by the opposing forces, and in this study the
surgeon is especially interested. in that by far the greater number of

Fig. 51.—TFor dezcription see text,

serious wounds are inflicted by the different types of shell used in
these guns (fig. 27).

It will be seen that there is very little difference in construction
of the shrapnel shell and case in those employed by the various coun-
tries. The form of the propelling charge held in the brass case
differs 1n almost every instance, but without exception smokeless
powder in some form is used. In the American shell nitrocellulose
smokeless powder is used in perforated cylindrical grains; in the
Russian and British shell a erystalline form of smokeless powder is
used ; in the German case the smokeless powder is compressed into
long sticks and arranged in bundles, while the French also use a
smokeless powder compressed into thin strips (fig. 28).

A description of the French fuse head for ecommon shrapnel has
already been given, and it only remains to diseuss briefly the work-
ing of a typical fuse in use by the other four powers, as shown in
figure 29. As the projectile is driven down the bore of the gun the
inertia of the concussion plunger causes it to slip through the re-
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sistance ring and strike the pin E, which explodes the percussion
primer. The flame of the primer passes through A and ignites the
fixed time train. To increase the length of the time train it is usually
made in two parts, as shown, one of which is contained in a movable
ring, and by turning this the time of burning is regulated. In the
tyvpical fuse the annular train burns from the point of ignition hole
A until hele B in the movable train is reached. The movable train
is then ignited through B and burns back to fixed hole C, communi-
cating with magazine I, The greater the annular distance between
hole B and hole A, the longer the fuse will burn before explosion.
By setting the movable ring so that B is opposite A, flame is at once
permitted to pass through B and C and the projectile is exploded
within a few feet of the muzzle. A simple percussion or impact fuse
is ordinarily combined with the time fuse. In the typical fuse sleeve
I slips over J at the time of firing, exposing pin K. Upon striking,
I and J move forward and pin K strikes primer L, which ignites
magazine F by way of D and C and explodes the shrapnel. For
percussion the fuse is left set as for transportation.

The range of the 3-inch type of shrapnel shell is about 6,500 vards,
and the muzzle velocity of the quick-firing field gun ranges from
1,700 to 1,930 feet per second. The rapidity of fire ranges from 13
to 25 times a minute, and the average weight of the projectile
is 18 pounds. The duration of flight ranges from 21 to 25 seconds,
and when the bullets (about 350 per shell) are blown out of the
shell by the bursting charge they are given an inereased velocity of
from 250 to 300 feet per second. The velocity of the shrapnel at 6,500
vards is about 724 feet per second. In all cases the lead bullets are
about one-half inch in diameter, weigh approximately 167 grains,
and are kept from moving in the shell by a resin or other smoke-
producing matrix. The matrix and bursting charge of black powder
are also used as a tracer. It is important that the explosion of the
shrapnel be plainly seen, so that observers can direct the accuracy
of the gunfire. With shrapnel for field guns at long range, certain
conditions of the atmosphere malke it difficult to see when the shrap-
nel actually bursts, and various mixtures are used to overcome this
difficulty. In some instances fine-grain black powder is forced in
with the bullets. In German shrapnel a mixture of red amorphous
phosphorus and fine-grain powder is used and produces a dense cloud
of white smoke.

Shrapnel wounds are characterized usually by considerable con-
tusion and destruction of deep tissue, as a result of the * mushroom-
ing effect” of the soft unjacketed lead bullet, especially when com-
pact bone is struck. They are always infected wounds, and it is not
unusual to find pieces of clothing and distorted bullets in these
wounds (figs. 30-33).
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On =zecount of the barbed-wire entanglements and other obstrue-
tions used in the present trench warfare, it has been found necessary
by both sides to employ an increasingly large number of high-
explosive shells, which are usually used in siege operations to clear
the way in advance of assaulting troops. While they are used ex-
clusively in the larger but stationary guns, they are also manufac-
tured on a very large scale for the mobile light field pieces (*75,”
“77.7 and 3-inch). These shells are, as a rule, fused to burst on im-
pact only. The firing pin of the detonating fuse is armed practically
as described for the percussion firing pin of the combination fuse.
Upon impact the firing pin strikes a primer which detonates a small
quantity of fulminate of mercury or other detonant contained in the
forward end of the fuse. This in turn detonates the high-explosive
Lursting charge and causes fragmentation of the thick shell. In
figure 38, A is the metal part of the shell, B is the high explosive. C
the detonating fuse, D the copper rotating band, and E a copper base
cover. While used in light guns primarily to attack small field
works and such objects as can be appreciably injured by a small
charge of explosive, they give rise to an exceedingly destructive
wound when the large fragments incidentally strike the soldier.

As already indicated, shell and shrapnel wounds are practically
always infected, on account, not only of the large gaping wound, but
also on account of the pieces of clothing and dirt driven into the
tissues by the missile (figs. 34-41).

The high-explosive shell, particularly that of the lighter field
pieces, gives rise to small as well as large fragments, and there are
usually multiple wounds from the same shell.

The necessity of carrying both high-explosive shell and shrapnel,
and the impossibility of predicting the proper proportion, has led
to attempts, on both sides, to develop a compromise projectile which
would perform the function of both. This has resutted in the high-
explosive shrapnel (fig. 39), a shell which as vet is in its infaney of
development, but which bids fair to replace both the former tvpes of
projectiles. If it is desired to use the shell as shrapnel, the time
fuse is set and, upon explosion in the air, the head and balls are
driven out to the front. The head is larger than the common
shrapnel, but the combination fuse is on the same prineiple. The con-
struction of the rear portion of the projectile is the same as that of
the common shrapnel except that the matrix surrounding the balls
1= a substance, such as trinitrotoluol, which will merely burn when
ignited by black powder, but which will act as a high explosive if a
detonating fuse is exploded in contact with it. When it 1s desired to
secure the effect of a high-explosive shell the fuse is not set, and upon
impact the head detonates as explained above.
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Figure 39, in addition to illustrating the principles of the high-
explosive shrapnel, shows the modifications made in one type to
render it more effective against air craft. At B is a partial annular
ring of inflammable material, resembling the time ring of a combi-
nation fuse. It is ignited by flame from passage A at the time the
base charge is exploded. As the head, C, continues its flight, a trail
of smoke is left by B, and after a certain time B burns around to D
and ignites the detonator I, which latter detonates the head. A
quantity of smoke-producing material at F is intended to increase
the visibility of the burst. As the two explosions are separated by a
considerable distance, the chance of fragments hitting an object in
the air is increased, and the flame from B would explode a balloon
under certain circumstances (fig. 43).

When the war began ammunition was being issued to the “75” in
the proportion of one-half shrapnel and one-half high-explosive ghell.
Recently, at the unanimous request of French artillery oflicers, the
manufacture of shrapnel was discontinued. There is plenty of evi-
dence to show that the French shrapnel was highly effective, but
the artillery officers considered the high-explosive shell much better,
both on account of effectively sweeping a larger area and on account
of the fact that in the vicinity of the explosion air vibration alone is
sufficient to cause instant death. This fact has been proven by the
examination of a great number of bodies, found on the scene of the
explosion of these shells, dead without the slightest indication of a
wound. French officers have stated that they have seen German
soldiers hurled 10 meters into the air by the explosions of these shells.
The “75” high-explosive shell explodes almost immediately upon
leaving the ground, there being just enough delayed action in the
fuse to cause it to explode between 5 and 7 feet above the ground.

The death from these shells, without any apparent wounds, has
remained a mystery. An officer at the front sent to M. Arnoux, a
French engineer, a pocket aneroid barometer which had been dam-
aged by the explosion of a big shell three yards away from it. M.
Arnoux found that one of the levers by which the oscillations of the
mercury were transmitted to the pointer had been forced under
the other instead of remaining on the same plane. He rveplaced
the levers in position and pnt the barometer in an air-tight vessel
from which latter he pumped out the air. When the pressure had
thus been reduced from 760 to 410 millimeters (the ficure recorded on
the top of Mont Blane at an altitude of 15,782 feet) the levers as-
sumed the position in which he found them. It was thus shown that
the explosion had caused a sudden atmospheric depression to the
extent of about 350 millimeters of the mercury tube. corresponding to
a dynamic pressure of about 10 tons to the square yard. The men
exposed to this viclent change met with conditions similar to work-
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men who leave compressed air chambers without taking the proper
precautions, the effect being to liberate nitrogen suspended in the
blood and to transform it into bubbles of gas. These bubbles are
driven by the action of the heart into the capillary vessels, stopping
the cireulation of the blood in the vital centers and causing instant
death. DBut it would appear that this explanation does not take into
consideration the primary air compression by which men, as stated
above, are sometimes hurled into the air as a result of the explosion
per se. Therefore, it may not seem unreasonable to assume that
these deaths without apparent wounds may be due to the blow the
body receives from the primary violent air-impact, delivered as a
blow over one side of the body and especially over heart and readily
compressed abdomen, thus causing reflex actions that register them-
selves with fatal effect.
The “ 75" high-explosive shell is as follows:

Welght of pirojectilee. .. _ oot Lhe Sootealr i snnmn gl pounds_.  11. 7
Welzht of borsting charge. == . - ouoao o b ot cns ounces__ 29,0
Welght of propelling charge: oo - o0 o o mnn s e oo 22.5
[nitial weloclty (Teat per Becon o oo o ——— 1. 920

Comparing the bursting charge contained in the French shell (29
ounces) with the bursting charge of the German shell (*777), which
is only 5.5 ounces, the comparison seems ridiculous, but this difference
is explained by the fact that the Germans are developing a high-
explosive shrapnel, to replace both their present shell and shrapnel,
which contains a considerable amount of high explosive incorporated
in the matrix of the shell.

The subject of light field artillery can not be dismissed without
referring to the marked enthusiasm and confidence that both French
officers and men exhibit in the * 757 (fig. 46). The unbounded faith
they seem to have in this weapon is truly remarkable. Whether this
is born of a goodly share of inherent patriotism or whether it repre-
sents an expression of the real merits of the gun, only time and
history will show. The fact remains, however, that with such im-
plicit confidence in the superiority of their “ 75" over all others, it
would seem to be a considerable factor in promoting and sustaining
an excellent morale among all classes of French soldiers. This
factor alone is of great value, regardless of any proved superiority
of the gun. Not until statistics on both sides have been compiled
and edited can a trustworthy opinion be formed.

ASPHYXIATING GAS.

Chlorin or bromin gas, compressed to liquid form and liberated
from large metal tanks when the wind is blowing toward an opposing
trench, has caused very distressing deaths when inhaled in concen-
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trated form. Being heavy gases, they hug the ground, moving to
leeward, and sink into the trenches. The first effect is to caunse the
eyves to water, and this is quickly followed by a violent irritation of
the bronchial tract. If troops are unprotected, and remain in the
trenches, they rapidly develop a capillary bronchitis, with a hyper-
secretion of thin watery mucus, which fills up the air spaces of the
lungs and practically causes death from drowning. Those receiving
concentrated doses have died in from one to three hours, sometimes
from edema of the glottis, but principally from exhaustion of the
heart in trying to pump the blood through the engorged capillaries
surrounding the bronechioles and ultimate air spaces of the lungs.
This suffocating process sometimes lasts from one to three days, the
vounger men with stronger hearts holding out longer than the older.

The mortality from this form of suffocation depends on the
degree of concentration of the gas inhaled and the age of the
patient. Many cases have been mild on account of the capricious
action of the wind in distributing the gas along the trenches, some
parts of the line receiving it in more concentrated form than
others, This results in all stages of an asphyxiating bronchitis,
from the grave cases which are eyanosed and gasping for breath
to those suffering from a mild form of irritation of the bronchioles.
On this account some recover quickly and others, lingering for a
longer period, slowly regain the normal, not infrequently exhibit-
ing more or less marked evidence of bronchiectasis. The post-
mortem examinations of the lungs show them to be about four
times their normal weight, with an enormous dilatation of the
air spaces, which latter are filled with a thin, watery, and some-
times blood-streaked mucus.

As regards treatment, those in the open air seem to suffer less.
Oxygen gas, administered slowly, unquestionably gives relief.
Atropin, hypodermatically, i1s used for the overdistended right
heart, while the lateral-prone position of the patient favors drainage
of the lung fluid.

By far the most important treatment is, of course, the prophy-
lactic use of some form of combined helmet and respirator, which
is intended not only to render the gas innocuous, but also to protect
the eyes. When the gas was first used it came as a surprise, and
there were many more victims than at present. There are a number
of different types of protecting masks in use, all having for their
object the neutralization of the gas when inhaled through the mask
or helmet. Experience has taught that to be effective the protecting
apparatus must either be in the form of a helmet entirely covering
the head and tucked in at the neck, or in the form of a mask fitted
snugly around the face under the chin and over the front part of the
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cap above the visor, by means of strong elastic and tape (fig. 47).
The mask or helmet should be made of some impermeable material,
such as mackintosh, with a piece of transparent celluloid, about 8
inches long by 3 inches wide, sewn into a corresponding elongated
oval opening cut in the mask opposite the eves. That part of the
mask in front of the nose and mouth is punctured by about 25 small
round openings arranged in the form of a square. Behind these
openings, inside the mask, a slightly larger square piece of cloth,
also punctured with holes, is sewn so as to form a pocket for a little
pad, impregnated with chemicals, which is slipped into the pocket
just before the mask is to be used.

The pad in this form of protector is about 4 inches long by 3
inches wide and contains an equal quantity of hyposulphite and
bicarbonate of sodium distributed equally throughout the pad by a
few loose stitches holding the sides of the pad together. When the
protector is to be used, about 1 ounce of water is poured on the pad
from a small bottle, the latter kept in the soldier’s coat pocket for
that purpose, and the pad is then slipped into the pocket of the mask
just before the latter 1s adjusted.

The first forms of masks consisted simply of gauze or cakum satu-
rated with the chemicals and secured around the mouth and nose,
This did not protect the eyés, which quickly became irritated, so that
it was impossible to keep them open for long when the gas was con-
centrated. This, of course, prevented the soldier from fighting in
the presence of gas. It was also thought that it complicated matters
by having the chemiecals in solution beforehand, whereas in the form
of mask deseribed above it was only necessary to pour water on the
pad before using. Several of these pads are furnished with each
mask, to be kept in a tin box in the pocket along with the small vial
of water. The mask form of protector is thonght to be much more
practicable, in that it is not as disagreeably hot as the helmet form
and can easily be secured above the visor when not in use, thereby
making it more easily accessible at all times. Masks containing a
pad saturated with limewater or turpentine have also been used.

Not infrequently the gas may be seen for some distance as a thin
oreenish-yellow cloud, and it is ofttimes possible to detect the odor
for an appreciable time before it becomes concentrated, thereby giv-
ing sufficient warning to allow the masks to be adjusted in time to
meet the oncoming gas.

Flame projectors (flamenwerfer) are used by the Germans for
throwing burning liquid. They are very much like the ordinary
portable fire extinguisher in construction, throwing a liquid which
at once catches fire spontaneously and has an effective range of 30
meters. The burns caused by this method are of the deep, sloughing
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variety, exposing tendons and bones, and are treated with wet dress-
ings until healthy granulations appear. These flame projectors are
mainly employed in street and house-to-house fighting, although
their use in the trenches has been reported a number of times.

Hand grenades (bombs) and shells have recently been employed
at short range to produce an irritating and asphyxiating gas on
bursting. Although intended to render portions of the trenches un-
tenable, reports from the front indieate that their action is very
variable and much influenced by the presence of wind. The neces-
sarily small quantity of gas that is evolved at the time of bursting has
a very restricted local effect.



PART II.

THE ORGANIZATION FOR THE TRANSPORTATION AND CARE OF
THE SICK AND WOUNDED.

The evacuation and care of the sick and wounded has always con-
stituted a problem of the gravest import in every campaign of his-
tory. Progress in this direction has not by any means kept pace
with the advances made in perfecting the means for destroying
human life and property. The history of every war has shown that
the implacable working formula, so often quoted, “Ammunition first,
food second, and wounded third,” has not changed, nor has it re-
celved the consideration, in regard to alleviating the condition of the
last factor of this formula, that its importance warrants.

The task of evacuating the wounded is, even at 1ts best, a compli-
cated one, and there is no other class of military work which under-
goes such unexpected and startling variations. For this reason the
military surgeon must not only be skillful professionally, but he must
be a man of above the average courage and resourcefulness. The
medical department, at the front or rear, in military operations of
any magnitude is always taxed to the utmost to meet the demands
made upon it. This is largely due not only to lack of numbers in
the corps adequately to cope with the enormous number of wounded
which may suddenly need attention, but the rapid expansion of the
medical corps in war time, both personnel and matériel, is not con-
ducive to smooth running and well-regulated machinery. Hence it
is at the outbreak of war the medical department is never at its best,
but as time goes on its various units become better organized and can
render much more valuable and eflicient service.

As is well known, the three different phases in the movements of
a division or an army are that it may advance, it may retreat, or it
may remain stationary. Any one of these operations is capable of
all sorts of variations along the front, and may suddenly create situa-
tions of the greatest difficulty for any one or many of the sanitary
or medical department units. If the army advances, the wounded
become each moment farther removed from the enemy, and there is
no serious difliculty in following up and evacuating the wounded to
the rear, provided the transportation facilities are adequate. This
phase of the allied operations oceurred after the decisive Battle of
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the Marne, which resulted in the German retreat. When an army
retreats, however, the difficulties multiply. The enemy advances with
more or less rapidity, and the first-aid stations, temporary hospitals,
field and clearing hospitals must be evacuated without delay. Fre-
quently the patients can be removed to the rear, but too often the
evacuation can not be effected rapidly enough, and the wounded must
be left where they are in charge of one of the surgeons who remains
behind. The equipment thus becomes scattered or lost and has to be
renewed, this latter taking time and a further expenditure of nerve-
racking energy. This was the condition of affairs following the
allied retreat from the north after the Battle of Charleroi. When
an army remains practically stationary, as in the case of the present
trench warfare, the situation is faverable for efficient work on the
part of the medical department, in that the latter has time to perfect
and maintain its organization.

Figure 52 represents the actual lines of communication of one of
the French armies at the front, showing in detail the dispositions
with reference to maintenance of supplies of all kinds, and of the
hospital facilities in the immediate rear. The roads and railway
systems in the “zone of the armies” are under the absolute control
of the commander-in-chief. The engines, cars, and other means of
conveyance are entirely separate from those of the “zone of the
interior” and are manned by soldiers. While the State has control
of all the railroads in time of war, there is a sharp distinction drawn
between the authority of the two zones. ;

In the *“zone of the interior”™ the railways are operated by the
regular employees of the particular railroad, all being under the
minister of war who controls this means of communication through
the director of the railroad. This zone has to do with the concentra-
tion and transportation not only of men to and from the *zone of
the armies,” but also supplies of all kinds needed at the front. The
field training and concentration camps are located at variable and
strategic points in the * zone of the interior,” while the regular garri-
sons and posts are constantly receiving recruits for training and then
forwarding them at intervals to the field camps where the training is
completed.

Le service sanitaire, or as it is also called. the Service de santé,
is the French organization, under the minister of war, which
has charge and direct control of everything pertaining to the sick
and wounded from the time they leave the trench or firing line, on
through the various intermediary stages, and until they are dis-
charged from treatment at a base or auxiliary hospital. There are
two distinet branches of this service, one being called the * service of
the advance,” which works exclusively in the *zone of the armies,”
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and the other being called the *“service of the rear,” which latter
takes up the entire medical and surgical work of the * zone of the
interior.”

The medical department. or sanitary service as it is known in the
French Army, is responsible for carrying out the following in the
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field: (1) The anticipation, preparation, and execution of all neces-
sary hygienic and prophylactic measures; (2) medical attendance
upon troops on the march or at field stations: (3) first-aid during
combat, collecting, transportation, and evacuation of the wounded,
whatever their nationality: (4) the organization of immediate hos-



Fig. 53 —=Gite d'etapes along a railroad behind the British lines in the zone of the intérior.
(Sea page 23.)

Fig. S4&.—Infirmerie da gare along a railroad behind the British lines in the zone of the interior.
(See page 33.)



Fig. 55.—Depat d'éclopés operated by the Red Cross in the zone of the interior. (See page 33.)
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Flg. 65.—Other experimental types of motor ambulance used in base hospital work.
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pital or ambulance accommodation for the sick and wounded; (5)
replacing the personnel and resupplying the matériel for the regi-
mental and other sanitary formations at the front. To each army
headquarters is attached a medical personnel, with reserve matériel,
in keeping with the importance of the command.

The term * ambulance ” is used by the French and other continental
nations as a general term for a hospital, although the latter term is
used usually in the sense of a sanitarium. Other terms are em-
ployed to indicate a specialization of some particular form of sanitary
work. Thus gite d’étapes (fig. 53), of which there are a conspicuous
number along all the roads and railways leading to the rear, means
an eating and resting place for the sick and wounded; infirmerie
de gare (fig. 54) is a railroad station equipped to supply the gen-
eral needs of the wounded en route; depot d’éclopés (fig. 55) in-
dicates a place for treating the lame and slightly sick or wounded
who are to return to the front in a short time; and ambulance de
campagne means usually a field hospital of the mobile type, al-
though it may indicate a fixed hospital in the field. The French also
have a term * auwiliaire” doctor, which signifies one who has not
completed his medieal studies or training but who performs certain
duties under the eye of a commissioned surgeon. ;

The regimental personnel and matériel of the sanitary units with
troops in the field are as follows: Infantry—I1 surgeon and 1 assistant
surgeon or auwiligire; 4 trained hospital corpsmen; I two-wheeled
cart, 8 stretchers, and knapsacks containing dressings and equipment
for treating 650 wounded. Engineers—the same as infantry per
regiment, although they usually work in the field as a company, hav-
ing 1 assistant surgeon and 1 hospital corpsman, with dressings and
equipment for treating 70 wounded. Cavalry—1 surgeon, 1 assistant
surgeon, 1 auwiliaire, and 4 hospital corpsmen; 2 light two-wheeled
horse carts, 4 stretchers, and knapsacks containing material for treat-
ing 200 wounded. Artillery—in groups of three batteries, each
group having 1 surgeon, 1 assistant surgeon, and 4 hospital corps-
men; 1 light two-wheeled horse cart with dressings and equipment for
200 wounded. In addition to this each soldier carries with him a
first-aid package with instruction how to apply it to the treatment of
limited wounds.

In addition to the above personnel and matériel, there are assigned
the following units to formations in the field: Regimental ambulance
(of about a hundred beds), which is usually of a mobile character,
having 4 surgeons, 1 pharmacist, 2 administrative officers (commis-
sary and statistical), and 30 hospital corpsmen; a variable number
of mules with double saddles for transporting 2 wounded, and 6 four-
wheeled ambulance wagons, Divisional ambulance (of from two to

12851°—15—3
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three hundred beds) which is of a stationary character, having 6
surgeons, 1 pharmacist, 2 administrative officers, and 140 hospital
corpsmen ; 17 mules with double saddles, and 21 light four-wheeled
horse carts. Army corps ambulance (500 or more beds), having 9
surgeons, 1 pharmacist, 2 administrative officers, 4 chaplains, and
210 hospital corpsmen; 22 mules with double saddles and 27 light
four-wheeled horse carts. Both the divisional and army corps
ambulances are hospitals of the evacuating variety, conveniently
situated near railroads or canals for this purpose; although they
also accumulate those cases which are too serious for further trans-
portation. The so-called clearing hospital is a variety of an evacua-
tion hospital, situated directly on the railroad and intended for
the collection of the sick and wounded who are to be periodically
evacuated to the interior by hospital or sanitary trains. There are
also located at certain points, usually in a convenient town or vil-
lage, groups of reserve surgeons and hospital corpsmen, and reserve
supplies, wagons, horses, mules, and automobiles intended to replace
quickly any deficiencies at the front.

The railway systems operating in the direction of the front and
having in view the commercial interests of the various towns and
cities, have modified and reconstructed their various lines and
branches to meet the demands of the war situation. The nearer the
approach to the fighting zone the more the railroad accommodates
itself to the particular demands of that part of the line, until the
special network of strategic tracks in the * zone of the armies” forms
a special system of its own. Figure 67 represents the organization
of the French railroads with reference to handling the wounded
from the * zone of the armies” to various points in the * zone of the
interior,” where they are further distributed to the base hospitals.
Although the armies form a continuous battle front, each has its
organization for the transportation of its own wounded. While there
is necessarily a certain intercommunication between two armies
operating next to each other, their equipment for handling their
wounded is separate, as is the case in handling their supplies of all
kinds. In case one army is engaged more continuously, or has more
wounded to transport than another army, the latter would furnish
the necessary extra equipment and rolling stock for this increase m
the local demand on the “service of the advance.” The medical de-
partment operating in the “zone of the ‘nterior” (called the * serv-
ice of the rear ™) would make any necessary temporary changes to
conform to the work of the “ service of the advance.”

The “refuge for the wounded,” of which there are a large number
all along the line, is a protected spot, located in recesses of the ground
immediately behind the first line of trenches. The wounded either
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walk or crawl to these spots, or are carried by their comrades; and
it is here that the © auziliaire” doctor is stationed, with several hos-
pital corpsmen and supplies, to render urgent assistance and ar-
range the wounded for transfer at opportune moments to the first-
aid stations. It is also at this spot, and in the trenches, that the
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wounded usually use the first-aid package with or without assistance.
The stretcher bearers who carry the wounded at times from the
trenches, but principally from the “ refuge spots” to the first-aid
stations, are 17 men detailed from each battalion and, in addition to
these, there are 38 bandsmen from each active regiment who also
act as stretcher bearers.
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The first-aid station, or poste de secours, is located in a sheltered
spot or in the cellar of a house at a variable distance behind the regi-
mental reserves, usually from five hundred to a thousand yards,
and is provided with water, large and small dressings, and surgical
equipment for the rapid treatment of wounds. It is here that the
antitetanic serum is injected and the wounded tagged and grouped
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for transfer to one or the other of the various ambulances in the
field.

Figure 68 shows the disposition of the sanitary units and forma-
tions for one army corps. While it represents the actual organization
of the medical department at the front, each unit or formation takes
advantage of any form of local protection, such as behind a hill or
inside of a building. For this reason each sanitary group or stition
may not be the same distance behind the lines as a corresponding
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group and there may be no regular disposition of the first-aid sta-
tions, the latter being placed at convenient points on intersecting
roads or in a small village, where reserves of personnel and matériel
are also located. The two-wheeled carts are used prinecipally to pick
up the wounded in a rapid evacuation from the “ refuge spots,” and
the light four-wheeled horse carts carry the wounded from the first-
aid stations to the nearest field hospitals or ambulances.

While the sanitary organization of each regiment has its mules
and two-wheeled and four-wheeled horse carts for ecarrying their
wounded, there are a large number of specially constructed auto-
mobiles operating at the front for the same purpose. These auto-
mobiles usually operate in groups of 10, under the control of a
director of autocars, and these latter transport the wounded rapidly
from either first-aid stations to ambulances or from one ambulance
to another. The personnel of these auto units are volunteer civilians
from America, France, and England, who undertake this character
of work for the period of the war. The number of these autocars
accredited to a division or army corps is variable, and their presence
in the field is usnally due to the generosity of philanthropic indi-
viduals or societies. Each group of about 10 cars has a pilot car
and a repair car, which latter carries two mechanics, extra tires, gaso-
line, and spare parts of all kinds. One or more groups of these auto-
units are assigned by headquarters to the different ambulances in the
field, which latter direct their movements.

It ofttimes happens that the automobile can not approach closely
the first-aid stations without attracting the fire of the enemy, and it
is then that the two-wheeled carts, pushed by one or two men, are
very useful in carrying the wounded to the antomobiles. All of the
sanitary units above mentioned in the field advance with the columns
of which they form a part. In case of a minor or loeal advance any-
where along the line, the corresponding sanitary units in the im-
mediate front push forward with the advance guard.

All hospitals in the field are established, under the direction of
the surgeon in command, in the rear of the divisional reserves. They
accupy a sheltered position, provided with water, and may consist
of a group of tents or a combination of tents and houses locally
requisitioned. Ofttimes schoolhouses, churches, hotels, and other
large buildings are used in establishing a field ambulance. In gen-
eral, except under circumstances to be noted later on, no operations
of a complicated character are performed in any of the field ambu-
lances. Urgent surgery, such as for hemorrhage, perforating ab-
dominal or head wounds, absolutely necessary amputations, the re-
dressing of wounds and the application of suitable splints, is the
character of work in these field hospitals or ambulances. In addi-
tion to this the sick and wounded are classified for further disposi-
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tion, the necessary supporting treatment is instituted, and any other
special means are used to render the patients more comfortable and
in a suitable condition for transportation.

Figure 69 shows in detail the actual organization of the medical
department or sanitary service, immediately behind the trenches of a
certain part of the French line where the conformation of the ground,
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the particular character of the fighting, and the strategic necessities
have called for these special dispositions.

In classifying the wounded, after their reception at a first-aid
station or a field ambulance, those whose wounds are so slight as to
permit of their returning to the front within a short period are
segregated ; those whose wounds permit of their walking are formed



MEDICO-MILITARY ASPECTS OF EUROPEAN WAR. 39

into detachments and directed to the rear; and those incapable of
walking are transported by wagons or automobiles to the appropriate
sanitary formations in the rear (surgical field ambulances, divisional
evacuation or clearing ambulances, or’any one of the several special
sanitary units already deseribed).

The French estimate that 3 per cent losses per day can be counted
on for an organization on the march or quartered. Ofttimes the
sickness is only temporary and the men rejoin the ranks. With
troops under heavy fire, 50 per cent of losses are estimated for a
small military formation (company or battalion) ; 20 per cent for a
large unit (division) ; and 15 per cent for an army corps.

That portion of the Service de santé which operates in the * zone
of the interior” is called, as already indicated, the * service of
the rear,” which has for its object the continuous evacuation of the
sick and wounded, their distribution to appropriate hospitals in the
. interior, and also supplying every need of the “service of the ad-
vance.” While a few of the base hospitals of a special character
are so favorably situated as to have the wounded transferred to them
in automobiles from the “zone of the armies,” yet the vast majority
of the wounded which reach the large base hospitals are conveyed
by sanitary or hospital trains.

Figure 70 shows in detail the organization of the medical depart-
ment in the * zone of the interior ” (service of the rear) behind one
of the French armies, with special reference to the disposition of
hospital units and the operation of the railway system in the imme-
diate front of the “zone of the interior.” As regards the railway
facilities for handling the wounded, there are three kinds of sani-
tary or hospital trains—the permanent, the improvised, and the ordi-
nary passenger train fitted up specially for the purpose (figs. 56 and
57). The permanent hospital cars are comparatively very few in
number and are not often used, for the probable reason that they
contemplate carrying but few wounded. They are in the nature of
private cars with a few well-equipped compartments. Oceasionally
one or more of these cars will be attached to an ordinary passenger
train, in which case they are in use for a special reason, such as the
transfer of seriously wounded officers. The improvised train is com-
posed of baggage or cattle cars, with the stretchers arranged in three
tiers and suspended from stanchions by means of heavy spiral
springs, the latter known as Brechot or Améline suspension appara-
tus. These cars carry 18 wounded, with a hospital corpsman to
each car, and are heated in winter by small stoves in the middle of
the car. Trains composed of these cars are only used at the present
time for short trips in the “ zone of the armies” and when the regu-
lar passenger cars are not available. One surgeon accompanies each
train.
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At the beginning of the war the patients could only be fed at
certain stations along the line. This necessitated long stops and
greatly delayed the progress of the train. Noncommunicating cars
were also used at first which ‘only permitted the surgeon to inspect
the cases at stations, the latter usually being at intervals of from four
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to six hours apart. This service has been greatly improved by the
intercommunicating cars and by the addition of a restaurant car
This arrangement allows the surgeon to supervise the treatment of
serious cases throughout the duration of the trip and to determine the
gravity of the wounds before reaching the gare d’évacuation or
distributing station.
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The head station of the hospital train is called the gare dorigine
d’étapes, which operates in connection with a large clearing or
evacuation hospital. Small infirmaries are located in each railway
station along the line, to which patients unable to stand further
trarsportation may be removed. The station of final arrival is called
the gare d'évacuation, from which the patients are distributed to
the local or regional base hospitals by means of motor ambulances.
There are two such dépots of distribution in Pans, the “gare d’Au-
bervillers ™ and the “ gare de la Chapelle St. Denis.” These latter
dépits are very large structures, having from 15 to 20 small and
completely inclosed sheds located on the floor of the building, and
separated from each other by about 30 feet. These smaller sheds,
each of which is heated in winter by a stove, accommodate 20
stretchers supported on small wooden horses.

As soon as the train arrives it is met by the surgeons and attend-
ants attached to the dépdt, and the sick and wounded, which have
already been classified by the train surgeon, are rapidly transferred
to the small inclosed sheds. The contagious and other medical cases
have special sheds, which are separate and distinet from the snrgical
sheds. There is also a well-equipped operating shed and dressing
room, which is used when necessary for urgent cases. There is also
a large kitchen, which prepares in advance appropriate food for dis-
tribution to each of the patients before they are sent to the various
base hospitals.

The surgeon in charge of the dépot has a corps of professional and
clerical assistants: each case is carefully examined and recorded be-
fore being transferred. and a receipt is taken for each patient turned
over to the ambulances. A daily report is made to the office of the
dépdt surgeon which indicates the number of vacant beds in all the
hospitals of the city, and when a hospital train is expected a call is
sent out from the dépat to various hospitals for the necessary motor
ambulances. In this manner the sick and wounded reach the hos-
pitals best suited to treat them. The motor ambulances which
respond to the call may not be sent back with patients to the hospitals
from whence they came, but are subject to the direction of the dépit
surgeon. In addition to dépot orderlies there are a large and vari-
able number of volunteer Red Cross nurses, who add greatly to the
comfort and efliciency of the dépot service.

As already indieated, there are quite a large number of motor
ambulances operating in groups in the “zone of the armies.” .Vari-
ous experiments with different types of motor cars for transporting
the wounded were undertaken, after the Dattle of the Marne and
the German retreat, with the idea of perfecting a standard motor
ambulance for field and base work (figs. 58-61). These experiments
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erystallized the earlier conviction that the best type of motor
ambulance for field work, and to a large extent for base work, was a
light American-made car, which on account of its exceptional clear-
ance from the ground, together with its reliable engine and other
mechanical parts, made it an ideal car for work immediately behind
the firing line. It has proved to be the only car which could get off
the road into the mud, to allow a convoy to pass, and yet get back
to the road without the aid of a towline. On account of its light
body and springs it was demonstrated that, for efficient work in the
field over rough roads, the car should not be loaded with more than
three stretcher cases.

Ordinarily only two stretcher cases are transported in these cars,
but an emergency stretcher is supplied so that 1t can be placed on a
wooden frame and secured in the center of the car above the other
two stretchers. When the third stretcher is not in use it can be
strapped to the roof of the car along with its supporting frame. In
some of the cars the emergency stretcher is suspended from the roof
by means of canvas straps supporting the framework, and also
secured by lateral extensions from each side to prevent swaying.

The necessity of keeping the wounded warm was early recognized.
For this reason, in addition to the blankets around the patient, the
car is completely covered by canvas stretched over the body frame-
work and snugly fitted over every opening. A large hurricane lamp,
suspended from the roof, has been found to give suflicient warmth
for the French winter climate. Other and larger types of cars, made
to carry four stretcher cases and six to eight sitting cases, are in use
for base hospital work, but they are entirely too cumbersome for
fieldwork. The light American car, with its low outline, can creep
up very close to the firing line without attracting the fire of the
enemy.

It was found out that the greatest comfort to the patient was
secured by placing the stretchers on the floor of the car, or on rigid
framework, and not suspended by spiral springs, which latter would
allow for transverse and longitudinal movement unless elaborately
secured. Several types of base-hospital motor ambulances are made
to load from the side, carrying six stretcher cases and eight sitting
cases. These cars are also very large and cumbersome, travel slowly,
and can not be used except over smooth roads. The English motor
ambulance 1s of the four-stretcher type, and both heavier and larger
than the ones in general use by the French. The photographs of the
English type of motor ambulance were taken at the time of the visit
of Queen Alexandra and the Princess Royal to a base hospital (figs.
60 and 61).

The allied forces were unfortunate at the beginning of the war in
having to deal with the complicated situation of retreat, and at a time
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when the Service de santé was least able to meet it. As already
indicated, the wounded had to be left in the field, so rapid was the
advance of the enemy, and many hundreds of wounded were disposed
of in abandoned churches and schoolhouses without assistance of any
kind for days. The sanitary organizations had to undergo rapid
expansions to meet the enormous demands made upon them, and in
consequence there was at first confusion in every department of the
work (fig. 66).

After the retreat had been checked and the decisive battle of the
Marne had been fought, there were a hundred and twelve thousand
wounded, many of whom were Germans, which had to be cared for
and transported to hospitals. So great was the demand for ammuni-
tion and other supplies that the improvised hospital trains were
shunted on to sidings in order to make way for troop and supply
trains, and this condition of affairs delayed the progress of the
wounded toward hospitals for days. Under these circumstances
nothing could be done for these wounded other than to subsist them
on supplies locally requisitioned from near-by towns and cities. The
hospital trains were usually eattle cars which had been hastily pre-
pared and ofttimes in a very insanitary condition, so that it was
during this period that a large number of cases of tetanus developed.
Wide-spreading infection was also the rule at this time, as the wounds
had to be left for days unattended ; so that when the wounded finally
reached a hospital it was after a very long and harrowing journey,
which gave every opportunity for the infection to spread, in addition
to depleting the vitality of the patient.

At the beginning of the war there were practically no contagious
or other medical cases, but they soon began to appear and continued
in increasing numbers during the winter operations. This at first
was a serious handicap in connection with the sanitary train service,
as the contagious cases were ofttimes not segregated properly, but as
the organization developed special cars were used for medical cases
as distinet from strictly surgical cases, and at the same time disinfec-
tion of the cars with sulphur and formaldehyd gas was instituted.

A number of ingenious arrangements for transporting the wounded
by motorcycle have been devised, but on account of their very re-
stricted field of usefulness are very seldom employed, and it is doubt-
ful if they have any real practical value. The photographs of these
vehicles are included, however, to show them in contrast to the
regular motor ambulances (figs. 63 and 64).

The necessarily complicated system of transporting the wounded
by trains results in certain delays which are of vital importance to
the seriously wounded. One of the lessons of this war, as far as the
handling of the wounded is concerned, is that as much use as possible
should be made of motor ambulances to transport the seriously
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wounded from the firing line to the clearing or evacuating hospitals,
and even back to the base hospitals. The hospital trains should be
reserved for the medical cases and the less seriously wounded. Ex-
perience has amply shown that certain types of seriously wounded,
notably the gas gangrene cases, could have been saved both in life
and limb if their journey had been shortened by better transporta-
tion facilities.

Another method of transportation toward the more remote hos-
pitals of the interior is by way of canal boats (fig. 62). These boats
are fitted for the purpose of conveving the slightly wounded, con-
tagious, and other medical eases, and consist of large barges which
are towed by tughoats. It is one of the methods taken advantage of
to relieve the railroad congestion whenever a suitable river is near
enough to the evacuating hospitals to admit of making use of this
form of transportation.

The so-called “ Red Cross™ dog is made use of at portions of the
front in connection with locating the wounded (fig. 97). They are
used successfully for this purpose in the Vosges, in the Argonne
forest, and other wooded regions. These dogs become very proficient
in locating the wounded, and as an indication that they have found
one they are taught to bring back to the station some article of cloth-
ing belonging to the wounded man, such as a eap or handkerchief.
Lately they have been trained to carry ropes to the wounded in front
of the trenches which enables a wounded man to be pulled back into
the trench by his comrades. These dogs are of the same breed as the
so-called “ police ™ dogs and are trained for both rescue and police
work at a station just outside of Paris.

The French Red Cross, or ('roiz Rouge, is a society of consider-
able proportions even in times of peace, with ramifications through-
out the Republie, and is organized along the lines of the same socie-
ties in other countries. It is supported by voluntary aid and sub-
seriptions and since the outbreak of the war has enormously in-
creased in size and usefulness. Indeed, 1t 1s not too much to say
that the continuous efforts put forth by different branches of this
society are largely responsible for the comfort of the soldiers in the
field and also of the wounded in the many hospitals scattered through-
out the country.

Besides a large number of subsidiary branches with special names,
the principal divisions of the French Red Cross are as follows: (1)
“Société de secours aur blessés militaives,” (2) “Union des femmes de
France,” and (3) “Union des dames frangaises.” All of these divi-
sions and branches are represented on the central Red Cross com-
mittee, which controls the activities of the entire society and is in
close touch with the ministry of war through the head oflices of the
Service de santé.
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These divisions of the Red Cross, through their many branches,
undertake to accomplish whatever is suggested as necessary, accord-
ing as circumstances arise, for the welfare of the soldiers in general
and the wounded in particular; together with helping the wives and
children of the soldiers at the front and in hospitals, and also the care
of destitute refugees. The first division is particularly interested in
supplying the nurses and orderlies, both male and female, for base
and auxiliary hospitals, dépdts, and infirmaries. The nurses are of
two kinds, the graduate or trained nurse and the auwiliaire nurse;
the latter being a volunteer untrained nurse who works under the su-
pervision of the graduate nurse. All of these nurses give their serv-
ices for the period of the war and are supported, when circumstances
indicate it, by Red Cross subscriptions, and to some extent by the
State.

The second and third divisions are composed of women from all
walks of life, and they are not only untiring in their efforts to secure
the necessary money to carry on the general work of the Red Cross
and the buying of supplies, but they are organized into a large num-
ber of groups for special work. Thus some are engaged in the vast
ramber of Red Cross ouwvroirs, or workrooms, scattered through-
out the many cities of France. It is in these places that material is
gathered and worked up into hospital and sanitary supplies of all
kinds. Other groups are busy collecting special foodstuffs, tobacco,
cigarettes, magazines, and many other necessary articles for the sol-
diers in the trenches and hospitals. It can be truly said that there is
not a woman in France capable of helping who is not doing her
utmost to earry on some feature of this splendid work. Their dig-
nified resignation, their eager acceptance of every opportunity to aid,
and their splendid capacity for intelligent work, challenges the ad-
miration and respect of all who come in contact with them. These
organizations, in addition to their many activities, have furnished and
equipped a large number of motor ambulances since the war began.
They have taken up the work at home where their fathers, husbands,
and brothers have left off, and it is safe to say that the women of
France to-day are as equally responsible for the salvation of the eoun-
try as the men.

There are also a large number of auwiliagire hospitals conducted
entirely by the Red Cross (figs. 71-73). These hospitals are adjuncts
to the large base hospitals, and as a rule are intended for convales-
cing patients. Hotels, public buildings, and private residences have
been converted into these auxiliary hospitals, and convalescing pa-
tients are cared for here until they have recovered or until some final
disposition is made of each case.

On account of the large number of wounded who have lost the sight
of both eyes, some 2,000 in all, and on account of the large number
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who have lost one or both arms and legs, the French Government is
establishing, through their admirable Red Cross, a system of voca-
tional training in different parts of the country so that these eripples
can learn some trade or occupation best suitable to their condition,
which will enable them to support themselves in after life and not be
a burden to themselves or the State.

The Japanese, Russian, and Italian Red Cross societies have also
established hospitals in Paris. These are base hospitals, located close
together on the Champs-Elysées in former hotels. The Japanese hos-
pital is the largest and most active of these, having 150 beds and
capable of accomplishing any class of work. The staff consists of 3
Japanese Army surgeons, 1 French surgeon, and 1 French dentist,
together with 20 Japanese graduate nurses and 22 French auxiliaire
nurses. It 1s a strictly surgical hospital, splendidly equipped
throughout, and the work done here is a eredit to Japan (fig. 73).

There are also quite a large number of small converted hospitals,
scattered throughout Paris and the interior, which are maintained
by private citizens of both France and the United States. In the
latter instance the doctors are brought from America at the expense
of the individual who is financing the hospital, and the staff usually
consists of a well-known American surgeon and two or three young
doctors who have had hospital training. This staff remains for
three months and is then relieved by another group. All hospitals,
of whatever character, that are authorized to receive the sick and
wounded of the French Army or Navy are under the supervision of
the Service de santé and have to comply with the rules of this
service with reference to filling out various blank forms and keeping
track of all patients. In this way the ministry of war keeps in close
touch with all military patients, and requires of each hospital a
48-hour notice before a patient is discharged or transferred, so that
they can direct whatever disposition of the patient has been decided
upon.

The English have practically the same general system of caring
for their wounded as the French. Bethune, a small city north of
Arras, is an active hospital center for fieldwork, as it is only from
2 to 3 miles distant from the trenches. From this sector and other
points along the thirty-odd miles of front held by the English, the
sick and wounded that are able to travel are evacuated to Boulogne,
Rouen, and Versailles, at which places the English have established
large base hospitals. The hospital at Versailles is one of the largest
and best situated, having a capacity of 1,200 beds, with a daily aver-

“age of about 850 patients. It is a general hospital, occupying a large
new hotel building, with every modern appointment, just outside
the wonderful park built by Louis XIV. Besides the hotel building,



MEDICO-MILITARY ASPECTS OF EUROPEAN WAR. 47

there are a large number of hospital tents scattered throughout the
beautiful grounds for contagious and other medical cases. The
general run of cases and the treatment, with minor differences, are
the same as noted in the French hospitals,

The hospital center at Rouen has about the same general character-
istics as Versailles. Boulogne is one of the large English bases in
France. It is here that vast war supplies are received for the British
troops. Besides the large Fnglish Red Cross hospital under the
general charge of Sir George Makins, with Sir Almroth Wright as
a consultant, there are two large ambulance ships, fitted up since the
war, which sail periodically from this center and convey all the
convalescent British wounded in France back to the convalescent
base hospitals in England.

Val-de-Griice is not only the largest hospital in France, but is of
considerable historic interest. It was founded by Anne of Austria,
wife of Louis XIII, in accordance with a vow, after the birth (1638)
of her son, afterwards Louis XIV. Originally a Benedictine nun-
nery, it has been a military hospital since 1790, with a military
medical school as an adjunct. The beautiful chapel erected by Anne
of Austria, modeled after St. Peter’s in Rome, and planned by the
famous architect Mansard, is still one of the sights of Paris. With
the exception of the chapel the buildings were all remodeled and
enlarged by Napoleon. A large bronze statue of Baron Larrey,
Napoleon’s famous army surgeon, occupies a prominent position in
the chapel court. Although an active military hospital since the
time of the first Napoleon, with excellent service during the Franco-
Prussian war, it can hardly be said to have received much govern-
mental help, as regards upkeep and repairs, until the outbreak of
the present war.

The hospital buildings are divided into a number of different serv-
ices, each apparently distinet from the others, with a general capacity
of 2,200 beds. There are medical, surgical, eye and ear, nose and
throat, contagious, genito-urinary, and military prisoners services.
The surgical service has a large and growing surgical-dental depart-
ment, which 1s especially active on account of the large number of
jaw cases resulting from the present trench warfare. Not a few of
these cases are eventually transferred from this and other hospitals
to the excellent surgical-dental department of the American ambu-
lance hospital at Neuilly for further treatment. A large number of
military insane patients pass through Val-de-Grice, apparently for
record only, and are then transferred to various asylums in the
interior. It was said that by far the greater number were young
soldiers with an aleoholic history.
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The French Government is very reticent as regards statistics of
all kinds, and no reliable percentages can be obtained in regard to
any feature of military medico-surgical work. In fact it is be-
lieved that no serious effort has been yet made to tabulate the
diseases and wounds, or the treatment and results, which are the
outcome of the present war. This information and other valuable
data are doubtless in the archives of the Service de santé, but
will not be made use of, or allowed to become general knowledge,
until the war is over.

Val-de-Grice has received on an average 17 patients a day since
the war began, or rather since the battle of the Marne and the
German retreat. There were at first, as in other base hospitals, a
conspicuous number of tetanus cases, but there have been no cases
of this disease here for over six months, or since the time that the
antitetanic serum has been in use as a prophylactic. Typhoid fever
casés were present in considerable number at the beginning of the
vear, but only six convalescent cases are now in the hospital. The
French have adopted the plan of having certain centers near the
front for the treatment of typhoids, and this phase of the organiza-
tion will receive consideration, as well as comments on the prophy-
lactic vaccine, in the deseription of this special type of hospital.

As in other base hospitals, in passing through the surgical wards,
it is apparent that by far the greater number of serious cases were
shell, bullet, and hand-grenade wounds of the head (face and neck
usually) and compound fractures of the long bones, with a fair
percentage of joint invelvement, due to shell and grenade fragments.
It was said that there had been quite a number of head cases in
which metal fragments were removed from the brain, or incision and
drainage done for brain abscess, with apparent recovery until three
or four weeks had elapsed, and then suddenly meningitis would
develop and carry off most of the cases. Gas gangrene was ap-
parently as prevalent as in other base hospitals having an active
surgical service. This condition was treated here by wide incisions
and free drainage, with after irrigations of half-strength peroxid
of hydrogen, and weak aqueous solutions of either iodin or sodium
hypochlorite. Although there were quite a number of stump cases
visible, the statement was made that amputation was seldom re-
sorted to in the uncomplicated gas-infection cases, and that the
present treatment was eminently satisfactory.

The service at Val-de-Griice is more or less typical of all the gen-
eral base hospitals conducted exclusively by French surgeons. Large
(Government base hospitals are located in every city and town which
is near enough to be reached promptly by raillway service or auto-
mobile ambulances. In view of the law governing the national
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Flg. 73.—Japanesé Red Cross surgeon and a group of n
farmarly a large fashionable hotel. (=T

Fig. 74.—Madame Carrel and Dr. Alexis Carral In the grounds of the Carrel Hospital at
Compitgne. (See page 50.)




Fig. 76.—Hoptel de Ville at Compidgne used as a base hospital for medical cases only. (See
page 55.)

Fig, 77 .—lllustrating the combination method of continuous irrigation and suction, (A) Gage
showing the amount of suction on the system of pipes. (B) Irrigator containing antiseptic
golution. (C) Aspirating bottle connected on one side with the wound and on the other with
the suction plpe. QD} Wound sealed up with the excoption of the Irripating and suction
tubes. (E) A modification of applilng the apparatus to the wound In which the irrigation
and suction Is accomplished through one wound opening. (See page 54.)

Fig. 78.—Showing operating pavilion connected on one side wWith a house used as wards for

the patients and on the other side with truck MNo. 1. (S=e page 60.)



Fig. 79.—A closer view of truck No. 1. (See page 60.)

Fig. 80.—Showing the arrangementof valves.on truck Mo. 1 for the control of all steam con-
nections a3 Indicated on the control board. (See page 60.)

Fig. 81.—Showingthe large sterilizer and the opaning into truck Mo, 2, (See page GO)



Fig. 82.—=5howing the interior of the large operating room. (Sea page 60.)
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Fig, 83.—Showing a case which has Just Deen operated upon and a permanent dressing applied
(See page 60.)

Fig. 84¢.—Truck MNo. 2 which contains the radiographic outfit. {See page 62.)



g the connection betweenthe operating pavilion and truck No. 2 by a tarpaulin
h alzo covers the passage to building used forwards., (Seepage 62.)
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Fig. 86.—Showing truck No. 3 which coniains the eleciric-light motor at the forward end and
storage space at the rear for operating=-room linen, (Ses page 62.)

Fig. 87.—0n & vizit with Dr. Carrel to the autemobile ambulance unit Ma. 4. Showingtha staff
of the surgical unit and alzo truck No. 4.
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Fig. 88.—Showing one of the cars for the tranzportation of officer personnel. (See page 62.)

g, ~—Showing one ¢ 1@ large motor ambulances of the surgical unit. ae page -
Flg, 89.—5 | f the larg bul Fk gical Sea 62

Fig. 90.—0ne of the many Frénch chateaux used as field hospitals; situated about five miles
Lok ar I-J the hines, (See :|:u aga {}.lj
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Fig. 4.—Field hospital located two miles from the front. (See
page 64.)
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Fig. 96.—First-ald station [n the Argonne forest; patients awalting transfer to the ambulance
of a field hospital. [(See page

Fig. 97.—Britlsh Red Cross dogs. (See page 44.)
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service character of the French military system, there 1s no necessity
for a medical reserve corps, as all doctors and advanced medical
students, in war time, are subject to whatever detail the minister of
war directs. The expansion of the medical corps is thus provided
for, and each doctor 1s given a detail in keeping with his age, expe-
rience, reputation, and specialization.

Until recently the hospital was in charge of Dr. Delorme, the well-
known French military surgeon, whose book on war surgery appeared
shortly after the outbreak of hostilities. The French Army has for
years employed a certain limited number of female trained nurses,
but when the war began the Red Cross nurses had to be called on in
large numbers, and these latter nurses greatly outnumber the regular
military nurses. The Red Cross nurses are derived from the large
number of private trained nurses, either active or retired, who vol-
unteer their services for the period of the war.

As already indicated, accurate statistics, with reference to the sick
and wounded, are very hard to obtain, and such data as is worthy of
consideration gives but small evidence upon which to base conclu-
sions. Now and then certain facts will come to light which are
valueless without the correlation of other facts. It 1s safe to say
that until the war is over and all the statistical evidence has been
thoroughly digested, it would be fallacious to attempt to draw trust-
worthy inferences from what has so far been officially announced.

When President Poincaré appointed, in December, 1914, the army
commisssion to investigate and report on everything pertaining to
army matters, M. Troussaint, the director of the medical depart-
ment at the ministry of war, reported that up to November 30, 1914,
the Service de santé had dealt with 489,733 wounded, or approxi-
mately 500,000, and these figures were exclusive of deaths on the
battle field. Of this number of wounded actually treated in French
hospitals, 54.5 per cent were returned to duty within a variable short
period after being received; 24.5 per cent were given furloughs
during convalescence and have since returned to duty; 17 per cent
were still in hospitals, with a prognosis of complete recovery; 1.48
per cent were unfit for further service, and 2.48 per cent had died
from the effects of their wounds. There were at this time 3,968
hospitals in commission, containing 360,000 beds, which was regarded
as being ample provision for what was to be expected of the Service
de santé. A French Army surgeon of considerable experience in
different phases of this war has estimated that up to July 30, 1915,
there had been, including deaths, sickness, and wounds, a fraction
over 900,000 casualties on the French side alone. As regards the
British service, it has been announced on good authority that 60 per
cent of their wounded return to duty. On June 9, 1915, Premier

12331°—15——4
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Asquith announced in the House of Commons that up to May 31,
1915, there had been 258,069 men killed, wounded, or missing in the
British Army, viz:

Killed. | Wounded.| Missing.

Offfgame = - eso st e S 3,327 6,408 1,130

L T b D R R s U, i s R L D S e e e e | 47,015 147, 482 52,617
INGRRIE S oo i i ik e o Sanar A S S R e | a0, 342 | 153,91!{1! 53, 747

As regards the casualities in the British Navy, the Premier an-
nounced that for the same period the total casualties were 13,547, viz:

|, Killed. | Wounded. Missing.

L T o e S S i i o et | a0 181 | T4

R e R 2,862 | 2,785

105 et WAL R AR A o e 0 Bl B £ SR F AT S B 0 1IN L 8,205 2,443 2,850

The Telegraaf, a very reliable daily paper published in Amsterdam,
Holland, has carefully analyzed the German official casualty lists so
far published, and on June 4, 1915, stated that the Prussian losses
alone have reached a total of 1.388,000. This did not include a certain
number of Bavarian and other lists which were not considered as yet
complete.

In view of what may be the final verdict on the general results of
this war, with reference to the sick and wounded, it is instructive
at the present time to record that during the Franco-Prussian War
of 1870 there were 138,871 deaths in hospitals due directly to wounds,
and 328,000 unwounded sick who also died in hospitals. At this time
there were 73,000 cases of typhoid in the German Army alone, and
of these 7,000 died. In the Boer War the English had 57,000 cases
of typhoid with 8,000 deaths. In the Spanish-American War every
fifth man who went to war contracted typhoid fever.

Dr. Alexis Carrel’s hospital at Compiégne (figs. 74 and 75) is a
special surgical base hospital of 60 beds, located only 8 miles behind
the lines. Its situation is unique in that no other base hospital of this
type is located so far to the front or has the opportunity of develop-
ing the special work for which the hospital was organized. The fact
of this hospital being so near the front gives it a great advantage
in the treatment of wounds, as only 6 to 10 hours elapse from the time
a man is wounded in the trenches until he is brought by automobile
ambulance to this hospital. A speeial bid is made for the seriously
wounded, and as practically all surgieal cases reaching a base hos-
pital are infeected, it will be seen at a glance that the position that
this hospital occupies offers great opportunities for promptly and
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successfully accomplishing whatever surgical procedures are neces-
sary. When it is realized that it usually takes from three to four
days, and sometimes longer, for the wounded to reach the large base
hospitals, it is then easy to understand the advantage Dr. Carrel’s
hospital has over the usual base hospital in the treatment of infected
wounds,

The new mobile surgical field ambulance unit of the French Army
is a development of the same idea as regards instituting prompt and
efficient surgical treatment in the field for all character of wounds.
The difference between these mobile surgical ambulance units and
Dr. Carrel’s hospital is that the latter has a full complement of doc-
tors and female trained nurses, with every facility to care for the
wounded after operation ;: while the surgieal field units are hampered,
so far, by not having the requisite number of trained hospital corps-
men to give the proper attention to the patients after operation.

The Carrel hospital occupies what was formerly the Rond-Royal
Hotel and is specially well adapted for the work of a hospital of its
character. It is financed partly by the Rockefeller Institute of New
York and partly by the Government. DBesides Dr. Carrel, who has
the rank of a lieutenant in the French Army, there are five other
French surgeons who conduct the necessary surgieal and laboratory
work. In addition to these there is a highly skilled chemist, Dr.
H. D. Dakin, of the Herter Laboratory, New York City: an artist,
Mr. Tonetti; and two administrative officers, each having the rank of
a lientenant in the French Army. A full complement of Swiss
nurses, graduated under Dr. Kocher, of Bern, insures admirable care
for the patients, and over all Madame Carrel exercises a constant
supervision.

While the hospital organization is primarily for treating the
wounded promptly, it has undertaken a special character of research
work with reference to developing the most efficient antiseptic for the
treatment of infected wounds. All the well-known antiseptics have
been tried out in different ways, and Dr. Dakin has compounded,
for trial and comparison, 130 different chemical antiseptic combi-
nations. The result of this painstaking experimentation has devel-
oped an antiseptic for the treatment of infected wounds which not
only unquestionably meets all the present surgieal demands, but for
clearing up infected and sloughing wounds is practically a specific.
Since practically every wound that reaches a base hospital is in-
fected in greater or less degree, it has been more and more apparent
to experienced surgeons in this war that a vigorous eampaign of
antisepsis is to be adopted in the handling of all wounds. The
exception to this rule is the comparatively small number of perforat-
ing or penetrating rifle-ball or small-missile wounds of the extremi-
ties which are usually not infected and heal spontaneously without
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requiring more than an expectant line of treatment. In contrast to
the surgery of peace, where surgical asepsis is the goal to be sought
for, the general surgical treatment in this war has harked back to
the days of Lister, with the idea of combating an already present
infection in the wounds which demand surgical treatment. When-
ever it becomes necessary to operate for conditions under circum-
stances which insure asepsis, the principles of modern surgical
asepsis, instead of antisepsis, are carried out.

The antiseptic developed by Dr. Dakin, and tried out in a thor-
oughly convincing manner at the Carrel Hospital, is an aqueous solu-
tion of 0.5 per cent concentration of sodium hypochlorite and is
made as follows: Dissolve in a large bottle 140 grams of dry car-
bonate of soda with 10 liters of sterile water. Add to this 200 grams
of chlorid of lime (bleaching powder) and shake well. After half
an hour siphon off the clear fluid into another bottle through a cot-
ton plug or filter paper and then add 40 grams of boric acid to the
clear filtrate. This solution is neutral to litmus, is nonirritating
and is the proper strength for wet dressings and irrigations. A
stronger stock solution of 4 per cent may be made, but the quantity
of boric acid to be added must be determined exactly, so that the solu-
tion is just acid to phenolphthalein suspended in water: otherwise
the solution decomposes very quickly. The solution should be made
fresh every three or four days, and the dry stock ingredients should
be kept in covered receptacles. Besides its proven efficiency, another
point worthy of consideration is that this solution can be made up,
even in small amounts, at a cost of only about 5 cents for 10 liters. -
Dr. Dakin’s paper, read at a recent meeting of the French Academy
of Sciences and giving the experimental data in detail, is appended to
this report. (Appendix No. L.)

As already indicated, this antiseptic is used for wet dressings and
as an irrigation. Large infected wounds, particularly those showing
a necrotic or gas-forming tendency, are treated as follows: After the
surgical condition, such as a compound fracture or a lacerated con-
tused wound, has been treated by incising and clearing the parts of
any loose material (foreign), drainage is accomplished in the usual
way by the use of the fenestrated drainage tube introduced into the
depth of the wound when thought necessary. In addition to this, a
small soft-rubber fenestrated tube is introduced into the depth of
the wound and allowed to protrude beyond the surface for 4 or 5
inches. The wound is then lightly packed with gauze pads saturated
with the antiseptic solution and completely covering the small rubber
tube in the wound, except that part that protrudes. Several larger
gauze pads are now placed over the wound and secured lightly by a
bandage, while the small rubber tube protrudes outside the dressings.
This small rubber tube is now connected with a Murphy drip appa-



MEDICO-MILITARY ASPECTS OF EUROPEAN WAR. b3

ratus containing the antiseptic, which latter is allowed to enter by
slow drops, usually about 30 to 50 drops a minute, the rapidity de-
pending on the character and gravity of the infection. These dress-
ings are renewed once or twice a day, acecording to indications, and
the drops kept up as long as the infection lasts, the condition of the
wound and the constitutional manifestations being the general guide
in carrying out the treatment. As the infection subsides the tube is
removed and moist pads merely left in the wound at the time of the
daily dressing.

Another method of applying this antiseptic to the wound, which
has also given very satisfactory results, is to inject into the wound
from 5 e. e. to 10 c. c. of the antiseptic every one or two hours through
the small protruding rubber tube. The amount to be injected de-
pends on the size of the wound, while the interval between injections
i1s made longer or shorter, depending on the character of the infection.
It is considered advisable to keep the dressings more or less satu-
rated for the first 48 hours, and after that the general condition of
the wound and the patient will indicate the proper course to pursue
with reference to further treatment. By this method wounds are
usually dressed every morning, and as the infective process subsides
a less energetic treatment is instituted. This method is specially
applicable to wounds about the face and neck and also in large
lacerated or contused wounds of other parts. A combination of con-
tinuous nightly irrigation with daily injections is sometimes used,
particularly if it is found that by the use of injections at night the

etient’s rest and sleep is seriously interrupted.

When properly carried out this treatment will usunally practically
sterilize a wound in from three to four days, depending on the char-
acter of the wound and the extent of the infective process. When
the wounds are treated early and the foreign infective material re-
moved they rapidly clear up and have sometimes been actually closed
by suture after several days, with subsequent uncomplicated healing
of the wound. Amputation for badly infected compound fractures
has been very rarely resorted to when this method is used, and has
been only performed when complicated by serious blood-vessel in-
jury which prevented proper nutrition of the part.

A very valuable feature of this antiseptic is its remarkable power
of quickly separating and dissolving necrotic material in a wound.
It very frequently happens in the wounds of modern warfare that
a certain amount of devitalized tissue in the wound becomes necrotic
and usually remains for a longer or shorter period as a medium for
saprophytic bacteria and consequent prolongation of the infective
process. With an antiseptic which rapidly cleans the wound of this
necrotic and slounghing material, the surgeon has a most important
adjunct in satisfactorily treating this class of wounds. In view of
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the fact that the gas-forming anaerobic bacilli (perfringens) un-
doubtedly thrive best in the presence of devitalized, necrotic, or
sloughing tissue, the valie of this antiseptic in dealing with this
character of infection will at once be appreciated. The use of this
antiseptic and its mode of application in the treatment of serious
and complicated wounds has been successfully demonstrated many
times, not only in Dr. Carrel’s hospital but also in a number of other
base hospitals and field-ambulance units. i

A combination continuous irrigation and suction apparatus (fig.
T7) has been used quite often at the Carrel Hospital in the steriliza-
tion of certain perforating wounds of the extremities, particularly
those due to the rifle ball, when the X-ray shows no foreign hﬂ{ly
in the wound. The general prineiple of this suction apparatus is
along the lines of through-and-through drainage, with the anti-
septic entering by one drain and being withdrawn, along with the
septic wound secretions, by continuous suction applied to the other
drain, which latter is usually dependently placed. This method of
treatment, when applicable, has certain manifest advantages. After
the apparatus has been correctly applied the wound does not have to
be dressed again until the infection has cleared up. This, of course,
is highly important in connection with compound fractures and keep-
ing the parts at rest.

As carried out at the Carrel Hospital, the wound of entrance and
exit are only enlarged sufficiently enough to remove any foreign
(metal) or loose material (bone) and to admit of the introduction of
the two fenestrated drainage tubes into the depth of the wound.
The wound around each tube is then completely sealed up by means
of a small piece of rubber tissue secured tightly around the tube and
glued to the surrounding skin with collodion. A thin layer of
gauze is also glued with cnlludmn over the rubber tissue to the skin
so as to reenforce the rubber tissue in sealing the wound. One of
the drainage tubes is now connected to a Murphy drip apnaratus, as
indicated above, while the other tube is connected by a long piece of
rubber tubing to a large aspirating bottle underneath the bed. This
bottle is continuously exhausted of its air, on the same principle as
the vacuum bottle in aspirating the chest, by means of a special
water-suction apparatus which operates in a distant room. This
suction apparatus, which works on the principle of continuously
flowing tap water, is connected with a system of small lead pipes
located in the ward. These small lead pipes run throughout the
ward and are secured to the baseboard near the floor, giving off small
branches, controlled by set screws opposite the head of each bed, and
these branches are connected to the aspirating bottle by rubber tubing.

As regards the use of the solution of hypochlorite of sodium in
the treatment of wounds, it is to be noted that the French surgeons
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have for years been partial to a solution of this drug called * E'au de
Jawvelle,” but the latter is by no means the same antiseptic as the
Dakin fluid described above. * Eau de Javelle,” while possessing
excellent antiseptic properties, always contains a quantity of prac-
tically free chlorin and is decidedly alkaline in its reaction. DBeing
a patented preparation, it contains other unknown ingredients which
are doubtless harmless in themselves, yet the combination as a whole
has proved to be far less eflicient than the Dakin flud. Unless the
latter fluid is carefully made and applied as described above, it will
not give the thoroughly satisfactory results which have obtained in
the Carrel Hoespital and other places where it has been carefully
prepared and painstakingly used.

The equipment of the Carrel Hospital is complete in every depart-
ment of the work. DBesides the usual hospital paraphernalia, there
are special rooms for research work, ineluding a special operating
room for animals. Special reports are made from time to time to
the Rockefeller Institute with reference to the progress of the re-
search and other work, and the minister of war is also keenly inter-
ested in the work being done at this hospital. While possessing only
a comparatively small number of beds, the service is kept quite active
by evacuations to convalescent hospitals when the patients no longer
need special attention, and the capacity of the institution has been
found to be ample for the special character of the work performed.

There is another type of special base hospital at Compidgne,
located in the large and beautifully situated Hotel de Ville, once
occupied by the first Napoleon as a summer home (fig. 76). It has
a capacity of 450 beds, and only strictly medical cases are treated.
Since the German retreat, after the battle of the Marne, it has been
a special center for treating typhoid fever cases coming from this
sector of the front and drawing its patients from about two army
corps. In addition to this, articular rheumatism, which was preva-
lent during the winter months: the common contagions diseases,
mumps, measles, scarlet fever, whooping cough, and diphtheria;
malaria, in different phases of the disease; pnenmonia of both types,
in small number: tuberculosis of the lungs, which is of rather infre-
quent occurrence; latent syphilitic manifestations; obscure intestinal
disorders, rarely a case of tropical disease among colonial troops;
and very rarely a case of undefined benign cerebrospinal disorder,
represent the general run of patients treated at this hospital.

From November, 1914, to March, 1915, there was quite a noticeable
epidemic of typhoid and the allied fevers, paratyphoid A and B.
Only such cases were included in this group in which the organism
was demonstrable by blood culture. No statistics were available to
indicate the number treated up to the present time, but the general
character of the infection was mild in the great majority of cases.
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in January, 1915, the French Army adopted compulsory typhoid
vaccination. The vaccine used, known as the “ Dopter” serum, is
not a mixed vaccine, but is intended for protection against the Eberth
bacillus only. According to all reports, it has no prophylactic value
against the paratyphoids.

After April, 1915, there was quite a noticeable dropping off in all
cases of this group, both typhoids and paratyphoids; so that by
August, 1915, only convalescent cases, and rarely a new case, were
present in the wards. At times it was noticed that the character of
the undifferentiated disease was the same, both in those who had
received the required four doses of vaccine and in those who had
received none. Throughout the epidemic the typhoids and paraty-
phoids were about equal in number, and ofttimes the only diagnostic
difference between these fevers would be the recorded demonstration of
the particular organism in the blood. Sometimes it was noticed that
cases of typhoid developed after the patient had received from one to
two, and even three, doses of the vaccine. Rarely was typhoid de-
monstrable in those who had received four injections; although para-
typhoid, as shown by blood culture, was as common among this class
of patients as in those who had received no vaccination whatever.
No reliance was placed on the diagnostic value of the Widal reaction
in any patient who had received the vacecine, as agglutination was
invariably present in those who had received even one injection.

From a careful review of many of these and other cases, it would
appear that while the incidence of typhoid fever in the French Army
is markedly less in proportion to the number of men than was present
in former campaigns, yet it is far from being wiped out as is the case
in the American Army and Navy. There can be no question that the
disease is milder, and apparently less liable to complications, than
was formerly noted. Tt would thus appear that the prophylactic vae-
cine not only has had a certain, though as yet undetermined, influence
in checking somewhat the prevalence of the disease, but also is
doubtless responsible, in a measure, for the general run of mild and
uncomplicated cases. Just what influence the improved hygienic con-
ditions in the field have exerted on the prevalence and character of
the disease would be hard to determine, and it would be rash to form
an opinion until all the data and statistics are available. As regards
the incidence of paratyphoid fever, it would seem scarcely to be
influenced as yet by any measures so far taken by the French Army,
although it is not unlikely that the improved field hygiene has con-
tributed its share toward preventing this, as well as other diseases.
It would be difficult to draw accurate conclusions at this time as re-
gards the incidence of typhoid fever in the British Army. Although
the general statistical material is more accessible than in the French
Army, there is no compulsory typhoid vaccination in the British
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Army; and it has been stated on good authority that only about 70
per cent of the entire army have received the injections. Up to
March, 1915, there had been 650 cases of typhoid in the British land
forces, and the indications are that it was a more severe type of
fever than in the French Army.

As regards the organization of this hospital and the general treat-
ment of all medical cases, there is nothing to record which indicates
anything different than would be found in a well-conducted Ameri-
can institution. There are quite a number of these special hospitals
for medical cases, and i1t would seem that there is no doubt as to
the value of having specialized institutions for medical and surgical
cases whenever it is practicable. Not all practitioners are surgeons,
and the French were quick to realize that much better general re-
sults would be obtained by utilizing the skillful internists in these
special hospitals. It is not to be understood that either the medical
hospital is without its surgical consultant or the surgical hospital
without its infermist. While specialization has been fostered, the
organization of each hospital is well balanced and the patients re-
ceive every care and attention.

A few special hospitals for the treatment of the common epidemic
contagious diseases are located at points convenient for canal-boat
transportation. While the FFrench and British Armies have had their
share of this class of cases, there has been no manifestation in the
way of a cerebrospinal epidemiec, nor has there been any indication
of cholera, typhus fever, or plague. IFor the large number of men
actively engaged, estimated at something over three million, the in-
cidence of disease in the French Army has been remarkably low,
and this, together with the general good health and robust appear-
ance of the troops, has been the subject of much favorable comment.

The development, by the French Army surgeons, of a mobile field
surgical ambulance unit, intended for the prompt and energetic
treatment of all classes of wounds, is a recognition of the great im-
portance attached to accomplishing eflicient surgical intervention in
the field before any primary infection has had a chance to spread;
and also to obviate, by more or less permanent dressings, any second-
ary or spreading infection which has too often occurred where cer-
tain classes of wounded have had to be transported for considerable
distances to the base hospitals. The usual rule heretofore in field
surgical work has been to avoid as far as possible the performance
of any complicated operations, and only such major operations have
been performed as were imperatively indicated to save life, such as
for hemorrhage, absolutely necessary amputations, and perforating
or penetrating wounds of the abdomen or eranium.

The reason for this has been twofold—first, in campaigns of any
magnitude the field hospital surgeons have found that to do equal
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justice to the large number of wounded coming under their care it has
been impossible, with the exceptions noted above;, to do more than
render prompt inspection of every wound and the application of
some form of reliable dressing to meet the immediate demands of the
particular case before the latter is transported to a base hospital for
major operative treatment; secondly, the necessarily restricted ca-
pacity of a field hospital, the comparatively small number of sur-
geons and attendants, together with the limited surgical and other
supplies, have made it impossible to attempt surgical procedures
which would necessitate keeping patients for any length of time. A
field hospital has always had to evacuate its wounded promptly in
order to fulfill its mission as a mobile unit of military formations in
the field. Under these circumstances it may not only at any time be
called upon to advance or retreat, but must be in readiness to receive
at all times such numbers of wounded as may be sent in from the fir-
ing line or trenches. As a consequence of endeavoring to perform
this function for troops at the front it has been learned in the hard
school of experience that only the minimum number of such serious
cases, where the attempt to move would obviously cause death, are to
be retained. These latter cases are usually the results of life-saving
operations, rapidly performed, or when profound shock, due to large
mutilating wounds, prohibits further transportation until the patient
has suiﬁmenﬂv recovered to stand the journey.

The history of all field surgery so far has been that radical opera-
tions performed under the second condition have greatly increased
the mortality of war surgery. The cases thus treated have to be re-
tained and are subjected to the necessarily meager after-treatment
and attention or are transported to a base hospital a few hours after
operation, in either case the resisting power of the patient being
considerably lowered as a result. In addition to this, the usually
hurried character of the work is not conducive to efliciency in con-
nection with prolonged or complicated operations nor are the con-
ditions in field hospital work ideal with reference to carrying out
aseptic operations or the preventing of infection during the after-
treatment.

The general idea so far carried out in military surgery has been
along the lines of a graded attention to the wounded. Commencing
with the application of the first-aid dressing on the firing line or in
the “refuge spots”; passing through the first-aid station, where
the wounded are grouped, antitetanized, tagged, re-dressed, and ar-
ranged for transportation; on back to a field hospital, where the
wounds are inspected and more elaborate measures taken, such as the
introduction of drainage tubes when necessary, or the application of
a more pretentious, if not permanent, dressing; until, finally, a base
hospital is reached, where such radical operations are performed as
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are indicated. This general working plan has been found by expe-
rience to result in less confusion as regards the details to be carried out
and in less detriment to the general welfare of the average patient.
The whole system is the result of a compromise, on the one hand, be-
tween the ideal treatment of wounds in a well-equipped civil hos-
pital under normal conditions, and on the other hand the ofttimes
overwhelming amount of work to be performed under the very trying
conditions of urgent war surgery in the field.

With the idea of effecting a further compromise toward bettering
the average conditions under which fieldwork has to be performed,
the new French mobile surgieal field ambulance unit is a well-planned
2ffort in the right direction to obviate certain of the diflficulties usu-
ally in the way of more pretentious field surgery, and with a view to
bringing about better general end-results than have heretofore
obtained.

As already indicated, this surgical ambuiance unit proposes to
render efficient field surgery of a more advanced nature than the or-
dinary field hospital, and in doing so it partakes somewhat of the
character of a base hospital with a limited number of beds. The
general idea is that this unit is usunally to be situated in a small vil-
lage or protected spot as close to the trenches as 1s permissible with
safety to the patients, and in this location carry out its function to
the limit of its capacity. Here not only are grave life-saving opera-
tions to be performed, but all classes of wounds are to be thoroughly
cleansed and then dressed with whatever permanent dressing is nec-
essary for the individual case. When its capacity is reached it would
no longer continue to receive patients, but merely continue the after-
treatment in those cases already operated upon. By establishing
quick lines of communication toward the rear it hopes to keep the
patients well provided for in every way, and incidentally gradually
to evacuate to sanitary formations farther back such convalescent
cases as are able to travel. DBy this means it is expected to be able to
treat efficiently a certain large number of wounds early enough to
prevent the ravages of infection, and thereby obtain better statistical
results as regards the saving of life and limbs.

The automobile has figured to a large extent in every feature of
the present war, and in no department of the army has its influence
been more decidedly shown than in the sanitary service. The in-
creasingly large number of motor ambulances for quickly transport-
ing the wounded, the numerous automobile transports for medical
and other supplies to advanced sanitary formations, the general
utility of the motor car in establishing quick lines of communiecation,
and lastly, the development of the automobile surgical field am-
bulance unit, all indicate the far-reaching and progressive usefulness
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of the motor ear in the general organization for the care of the sick
and wounded.

This surgical ambulance unit (figs. 78-89) comprises eight large
and two small vehicles, as follows: Four trucks of 3 tons each (Nos.
1,2, 3, and 4 in fig. 98), two cars for the transportation of the officer
personnel and their trunks, and four large automobile ambulances
for the transportation of the hospital attendants of the unit when
changing position, and also for the evacuation of the wounded or
carrying supplies when the unit is functioning.

On truck No. 1 is installed the following: A steam generator or
boiler in the back part of the car that feeds nine distinet steam valves,
which are enumerated on the control board. These valves correspond
to the heating appliances, the boilers, the large steam sterilizer, the
spiral-tube water heater, the steam jets for general disinfection, the
washing boiler, and an emergency valve. The forward end of this
car communicates by a side opening with the operating pavilion, and
contains the hot and cold tanks of sterile water, a very large steam
sterilizer or autoclave, which latter is equipped with metal racks for
the sterilization of 12 complete sets of instruments for 12 successive
operations. This sterilizer is the same type as used in civil hospitals
and can be used uninterruptedly day and night.

Adjoining this large sterilizer is a small one for emergency pur-
poses. Above this are kettles for keeping sterile water warm, a metal
box for sterilizing gloves, and a linen heater. On one side of the
small sterilizer is a metallic eupboard divided into compartments,
which latter contain baskets of surgical instruments and dressings
for immediate use. There are also two large reservoirs for water,
each containing 300 liters, mounted on the roof of truck No. 1. These
reservoirs are filled by means of a special aspirator and long rubber
hose. A speaking tube in the operating room permits of communiecat-
ing verbally with the chauffeur in charge of the boiler.

At the time of installation, truck No. 1 is brought up close to the
opening in the operating pavilion so that it fits snugly against the
corresponding opening in the forward end of the truck. The operat-
ing pavilion is 45 feet long by 18 feet wide and is constructed of
strong cross panels supporting wide pieces of light boards, all of
which are interchangeable. It contains three intercommunicating
rooms; one room for cleaning the wounded on arrival, one room for
septic cases and general dressings, and one large room with three
operating tables. By this arrangement four groups of surgeons can
operate simultaneously and under excellent aseptic conditions. The
partitions between the rooms consist of the same interchangeable
material as the rest of the building and can be rapidly taken down
or interchanged, so that the number or the size of the rooms can be



61

MEDICO-MILITARY ASPECTS OF EUROPEAN WAR,.

‘mopivaado oy (wipdgeq pleg (e2rdinsg 0 avpd punodin—sg o1

AL R R
m%.., %mm..

4 i1 e
& o
| AT 1 14
FIVIRERT AL Las F..
_.m_ wenig bas ) J..:.:..-._...._.”....M 1_.T d-ﬂst.n.ﬂ
u_m.-_n__I _.mu.uu_ﬁ hl___r
ﬁ {
#
i e e = 11-1.“ qﬁ
: 1 T.__ﬂ_._ i
i LNIL DNILYHIJO i sJumssagy i il xwu_uEH“rﬂ
@ popossy, | @ %w.u ] :
uaya iy .1. T:W.-Ju_ i beibssdo
e e WEBH BELVHTAH
oy o mirg g ..“._._.“..
ey franprs
4_.., i punyeaado e I
\ e _ i e
| s h .__!ﬂ 1&;{.““.“: hi_r X ..n% b
\ o e o F “ Wy’ oy, enmleidy
ﬂ ] _ E.lu-uu!tti.__h .J.-.. ﬂ .._K-
. ermy poney K T TN By fosy 3
e r _xx____ i kN % yoedeumay :__m peyeed 5
s214j0 PRI S EE S AL “ % [ yooy buyesde “womym w23l )

i
l-;ﬂ. ..lﬂ‘ﬂn ..i._.ui .d.l.'.—- SRR TH

.nv__ﬂa._r H _w.___u._n._.uau._ r._n_t ._..x.... L L |



62 MEDICO-MILITARY ASPECTS OF EUROPEAN WAR,

changed as desired. The outside of the building 15 painted green and
the inside white. The roof is composed of strong canvas stretched
over a central support and securely lashed to the sides of the building.
A number of small transparent celluloid windows around the side of
the building give an abundant light.

A tarpaulin passage, with communicating floor, connects the operat-
ing pavilion with truck No. 2, which contains the very complete radiog-
raphy apparatus and dark room. Everything for conduecting this
line of work has been minutely provided for, and the internal ar-
rangements of the truck admit of a very ingenious and close method
of storing all the X-ray paraphernalia when the unit is changing
position. In the back end of this truck is also stored the entire
operating pavilion when the latter is to be moved.

Truck No. 3 contains at the forward end a large electric motor,
coupled up with the automobile engine, which furnishes the power
for the X-ray apparatus and for the necessary lighting at night. The
back end of this truck is divided into a large number of compart-
ments, on each side of a central aisle, which are used for storing all
the operating-room linen, the bandage material, and splints. Truck
No. 4 is also divided into a large number of compartments contain-
ing baskets of instruments, medicines, ligatures, dressing materials,
and operating-room supplies of all kinds, Every available space in
each truck is utilized for storing purposes and all the compartments
are numbered and inventoried.

The installation of this unit contemplates the use of a local house,
or several buildings, capable of providing space for a hundred beds,
and in addition a series of rooms for the general personnel of the
unit. Supplies of all kinds are locally requisitioned when possible,
and the food is prepared by regular cooks enlisted for the purpose.
The collapsible metal frame beds, each with mattress, blanket, and
sheets, are packed in the ambulances when the unit changes position.

The personnel of this unit consists of 4 surgeons, an internist, a
adiographer and pharmacist, and a general executive or administra-
tive officer. The hospital attendants are supposed to number from 50
to 60, but so far it has been very hard to recruit even a much smaller
number of sufficiently trained men for each unit to earry on the work
successfully. The first of these units was sent into the field on May
10, 1915, and at this time (Aug. 1915) there are 22 units in all,
scattered along the front. It can not be said as yet that they have
fully come up to expectations, as the organization of the hospital
corps personnel is far from complete. However, it has been only a
comparatively short time since they have been in use, and as time
goes on these units will doubtless considerably improve on the
results so far obtained. As far as the special character of the work
is concerned, it may be considered that they are still in the experi-
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mental stage, and for this reason it is too early to form an opinion
of their real value.

Another type of field hospital is the one which oceupies a large
building in some special situation near the front, usually within 5
miles of the line. The commodious and well-appointed French cha-
teau, of which there are a large number scattered throughout the
country, is the favorite site for this type of hospital. Being well sup-
plied with water and the general equipment which is to be found
in a large establishment of this kind, it offers every facility for treat-
ing and housing a large number of patients, depending on the size of
the building (fig. 90).

The work performed at these hospital units is of the kind already
alluded to in connection with a standard field hospital. Here the
wounded are regrouped and the serious cases attended to at once.
Such operations as for perforating and penetrating wounds of the
abdomen or eranium, and also for hemorrhage, are performed imme-
diately. It is here that one sees the bayonet and other thrust wounds
that do not cause immediate death on the field. The mortality in this
class of work is very high, for the reason that the patients are already
shocked as the result of their wounds and the necessary journey from
the trenches to the field hospital. With the added shock of an opera-
tion performed as a life-saving measure it is easy to understand the
high death rate.

Once the serious cases are out of the way attention is given to
the other group of cases. This consists of removing all dressings
and inspecting the wounds, facilitating drainage by enlarging the
wound and the introduction of drainage tubes when considered neces-
sary, giving antitetanic serum to every case which has not already
received it at a first-aid station, the application of well-fitting tem-
porary splints, and carefully redressing every case under antiseptic
and aseptic precautions.

As in all other military sanitary formations, iodin, preceded by
benzin or aleohol, is universally used in the preparation of the skin
and wound for operation. The wounds are thoroughly eleaned out
with aleohol, rageed tissue removed, but no effort is made to search
for foreign bodies, only such pieces of clothing and metal being
removed as can be easily seen and reached. A number of these units
are beginning to use the Dakin fluid for moist temporary dress-
ings, and reports indicate that it is giving very satisfactory results.
As soon as the condition of the patients will stand transportation they
are evacuated to clearing hospitals for further transportation to the
base hospitals in the rear. Before evacuation each ecase is carefully
tageed, and the character of the dressing or operation indicated on
the card (figs. 92 and 93).
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Another type of IFrench field hospital attempts to push a little
farther toward the front than the chateau, or fixed building, type of
hospital. This tvpe corresponds in general to the one in use by the
United States Army except that the tentage is of the large variety,
with only a few smaller extemporized tents for cooking and housing
the personnel. These hospitals are located in a protected spot with a
water supply, sometimes within 2 miles of the front, and the average
capacity is about 40 beds (fig. 94). HHere the same character of work
is performed as in the chatean type of field hospital, but with the
added advantage of being able to move at short notice to positions
where its usefulness would be increased. The large main tents,
usually two or three in number, consist of canvas stretched over a
central ridgepole and having lateral wooden uprights at the corners
and along the sides. It is really a double tent, as the entire inside of
the structure is lined with canvas and there is an intervening air space
of about 4 inches. The windows along the sides consist of a trans-
lucent light material, which is oiled, and in cold weather secured
over the openings in the canvas.

The numerous first-aid stations are situated, as already indicated,
as close to the firing line or trenches as is compatible with a certain
degree of safety to the patients. Often they are exposed to shell
fire, but, wherever located, the attempt is made to take advantage of
every form of local protection. They are usually situated from a
half to 1 mile behind the lines in houses which have usually been
partly destroyed by shell fire (fig. 95). Water is usually to be found
in or near these structures, and when dangerous shell fire threatens
the wounded are removed to the cellar. The work here is of a very
hazardous nature, as not infrequently the personnel of a first-aid
station has been wiped out almost completely by the bursting of
chells in the immediate vieinity. The wounded received here are
given the subcutaneous injection of antitetanic serum, the first-aid
dressing is reenforced and the necessary extemporized splints ap-
plied. Those that are able to walk are assembled and directed
toward a field hospital in the rear. The stretcher cases await the
arrival of the motor or horse ambulance units, to which latter they
are carried and the stretchers then returned to the first-aid stations.

The ambulances can not usually approach very near to the first-aid
stations without drawing the fire of the enemy, and as a consequence
they not infrequently work at night or assemble at a designated point
where they can not be seen. Here they receive the wounded, as indi-
cated above, and transport them to the field hospitals toward the rear.

As already pointed out, when a soldier is wounded he crawls, or
his comrades carry him, along a communicating trench, or * boyau "
as it is called, to a “refuge spot™ located behind the first reserve
trenches. This “refuge spot™ may be a covered space dug out of
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-ig. TO=Yiew in front of the hospital at the time of the visitof the
Republic, (Sae page 66,)
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Fig. 108.—An improved model of Dr. Blake's splint for the right femur. (See page 69.)

Fig. 109.—=5howing a very extensive shell wound, resulting in a compound comminuted frac-
ture of the midale third of femur treated by interlocking V-shaped ends of fragments.

The limb is put up in an e:n_r!y model of the Biake splint with one of the bars bent outward
to facilitate dressing the wound, (See page 6Y9,)



i

Fig. 110.—X-ray picture of the preceding case, taken aftér cparation, showing the fragments
securad by the interlocking ** V="' at the end of each bone. Drainage tubes are shown in
position.




Fig. 111.—=5Sliding cradla used, with extension from the ankle, in the treatment of compound
fractures of the bones of the leg. (See page 71.)
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Fig. 115, =5howing the usa of Steinma ping in the treatment of r
of the middle third of femur. (Sea page 70.)
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Fig. 117.—=Compound fracture of middle third of humerus treated by overhead extansion.
This patient had so far recovered when this photograph was taken as to be able to get
considerable voluntary motion out of the elbow joint. (See page 71.)

Fig. 118.—Compaund fracture of the lower third of the humerus and of the elbow jaint, the

result of g high-explosive shell wound, On admission, four days affer receipt of wound, the
entirearm was swollen and edematous, temperature 104° F., and patient hada septic appear-
ance., Atoperation the wound of the elbow was enlarged and a numbér of zmall pleces of
broken olecranon were removed along with small bits of shell. Twoopenings ware made
for drainage above the albow (catheter seen in openings). Arm put up in overhead exten-
sion with daily irrigations and wet drassings until infection had completely: sul‘rslg]efr.
Patient was entirely comfortable; the wound could be dressed with ease and arm remained
extended for twelve days. (See page /1.}
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Fig. 121.—Showing the result of treatment, by the ovarhead sxtension method, of an infected
compound and extensively comminuted fracture of the middle and upperthird of the humerus,
cauvsed by a rifla ball at close range. The alinement of the bone Is perfect and the patient
regained entire use of the arm. (See page 71.)
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the side of the boyau or it may be a natural protected depression
in the ground. Here the auwiliaire doctor and the attendants apply
first-nid dressings, and at opportune moments the wounded are con-
veyed on stretchers aleng the winding boyau to the point where
it ends along a hillside or a screened depression in the ground. This
sereened or protected area is the collecting place for the wounded
from the trenches. Unless the end of the boyau is favorably situ-
ated, great care has to be exercised by the stretcher bearers, or
“ brancardiers ™ as they are called, in conveying the wounded to the
first-aid stations. The work of the brancardiers is justly regarded
as the most hazardous of all military routine work. They are con-
stantly exposed to concentrated projectile fire and the mortality
among them is very high. They not infrequently volunteer to secure
at night the wounded in front of the trenches who have fallen in an
assault during the day, and they make every effort to convey the
wounded promptly to the first-aid stations.

The first-aid package, carried by every soldier, is practically the
same as that of the United States Army, with the exception that it
contains a small ampoule of iodin protected in a metal box. Full
directions are written on both the outside and inside cover of the
package. Not infrequently the soldiers will purchase from a canteen
extra packages and ampoules of iodin. As regards the British serv-
ice, the same general prineiples obtain throughout as in the French
service with reference to the care of the sick and wounded (fig. 97).

12331°—15——5



PART IIL

BASE HOSPITAL WORK.

The general and special types of base hospitals have already been
described, and it only remains to discuss in detail the character of
the work usually performed in a large surgical base hospital located
an average distance from the fighting zone. The strictly medical
work of a base hospital presents nothing to call for special con-
sideration outside of what has already been mentioned in a previous
chapter of this report. It is practically only in war time, however,
that the military surgeon encounters the wounds due to projectiles,
and it is, of course, only during these times that he is able to develop
advaneed surgical ideas, with reference to the best technic to adopt
in order to secure the best results in the treatment of the wounded.
Hence it is that after each war of any length new lessons are learned
in the hard school of experience, and lessons which could be learned
in no other way, so that the military surgeon emerges from the
conflict with an added store of practical knowledge as regards the
surgery of war. It is for this reason that a detail description of
the work of an average base hospital is chosen, as it is practically
only here that the higher surgical war problems are solved.

The American ambulance hospital at Neuilly, an offshoot of the
long-established American hospital of Paris, is an active surgical
base hospital of 570 beds, nearly all of which are continuously ocen-
pied. The service is an espeecially active one, in that the convalescent
cases are evacuated to an euwiliore hospital as soon as their con-
dition will warrant it. It is the largest strictly surgical base hos-
,pital in France, and while it dees not do quite as much surgical
work as some of the larger general base hospitals already mentioned,
it is safe to say that the amount of work done here would represent
a fair average of the work encountered elsewhere, as regards the
general run of war surgery. In other words, the surgical experience
derived from serving in this hospital would certainly give as good
an opportunity for treating all character of wounded as could be
found in any other base hospital (figs. 99-102).

The hospital is located in the new buildings erected for the Pasteur
College and was turned over to the American ambulance at the
time of its organization, the latter part of August, 1914. The

G6



MEDICO-MILITARY ASPECTS OF EUROPEAN WAR. 67

buildings are arranged in the form of a square with a large
central eourt, and although the general construction is not along
the lines that would be selected for a hospital, it-lends itself very
well for the purpose for which it is used, namely, a temporary
surgical base hospital. There are three large four-story buildings
in the front, connected by large archways, the latter being used for
housing automobiles and for the carpenter and general repair shop.
The oflices, committee rooms, and laboratory are located in the central
building, the upper part of which is used for female-nurse quarters.
The upper and front part of the right wing is oecupied by the medi-
cal stafl, while the wards and operating rooms, X-ray and other
special rooms are located in the large four-story connecting buildings
in the rear.

The institution is supported by voluntary subscriptions in America
and is under the fostering care of the American Red Cross Society,
which arranges for a certain number of doctors, representing various
medical schools in America, coming over as a surgical unit, with a
term of service of three months. The larger number of female
trained nurses also come from America, although there are quite a
number of French nurses employed here along with a large and
variable number of awwrilizire nurses from America, France, and
England. The hospital is controlled by a committee of Americans,
resident in Paris, who follow the recommendations of the medical
board, the latter being composed of all the heads of departments and
visiting surgeons.

The work of this hospital is divided up between four surgical
services and a surgical dental service. Dr. Winchester DuBuchet,
an American surgeon resident in Paris, is the surgeon-in-chief, and is
the head of one service. Dr. Joseph Blake, formerly of New York,
is the head of another service, and another service is under the rank-
ing surgeon of the university unit. The fourth surgical service has
been a variable one in that it has been in charge of French Army
surgeons, wha have been changed at different times on account of cer-
tain conditions arising which have resulted in a change of detail.
The very important and rapidly growing surgical dental service is
under the joint control of two American resident dentists, Drs. Hayes
and Davenport, who are assisted by six other dentists from America
and England. IEach of the surgical services works in conjunction
with the dental surgical service and each has a separate ward for
“Jjaw 7 cases. Each service also has a contagious ward, located on
the top floor, for the isolation of any contagious case which may
develop after arrival. There is also a nose and throat specialist and
an eye and ear specialist, who have joint charge of any patients in
the different wards who may happen to need their services. The
house officers and internes are all men of hospital training from
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America, who volunteer their services for a definite time, and who
are replaced by the heads of the different services as vacancies occur.

Upon arrival at the hospital each patient is examined by the house
officer of whichever service happens to be receiving. As the patients
are invariably in a very dirty condition from prolonged work in the
trenches, they are thoroughly bathed before being assigned to a
ward (fig. 103). The dressings are then adjusted and the patients
prepared for whatever surgical procedure is necessary. At this time
the wound tag is carefully examined to ascertain the character of the
injury and also to determine whether the patient has received an
injection of antitetanic serum. If there is any doubt as to whether
the patient has received the serum he is immediately given an in-
jection. There is no doubt as to the efficacy of this serum, as no
cases of tetanus have occurred throughout the entire army since the
institution of the prophylactic injections the early part of the present
year. Patients arriving in the forenoon are usually operated upon
in the afternoon of the same day, and those arriving in the after-
noon or night are operated upon the next morning, unless the indica-
tions are for immediate intervention.

By far the largest percentage of cases treated in this and other
surgical base hospitals are compound fractures involving long bones,
and mutilating wounds of the face. The reason for these wounds
predominating in a base hespital 1s because they not only represent
a class of cases which require complicated surgical interference, but
also the cases which, after the first dressing, will usually bear trans-
portation to the distant rear. Certain other serious wounds, such as
penetrating or perforating wounds of the abdomen or skull, or in-
jury to blood vessels or a vital organ, are chosen for such immediate
interference at one of the fixed field hospitals as the case demands.
The vast majority of these cases would die if not treated at once, and
for this reason they do not usually reach a base hospital until they
are convalescent. and hence able to be moved to the rear,

It is true that a certain small percentage of head cases, such as
foreign body or depressed fracture, eventually come under the care
of a base hospital, but they represent a class of cases which, in the
judgment of the field surgeon, had best be treated by a specialist
at a base hospital, particularly if the patient’s general condition will
stand transportation. Penetrating and perforating wounds of the
chest reach a base hospital at comparatively rare intervals and are
usually empyemas, or abscesses resulting from the presence of a for-
eign body. Tt is in these latter cases that the magnet, to be deseribed
later (p. 106), can ofttimes be used with great satisfaction in removing
a piece of shell from the chest.

The treatment of compound fractures of the extremities differed
somewhat on each surgical service as regards the general arrange-
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ment for securing fixation of the fragments. TFor the fractured
femurs on Dr. Blake's service the Blake splint was used, which not
only held the bones in place satisfactorily and was comfortable to
the patient, but admitted usually of dressing the patient without
difficulty. In applying this split (fig. 108) after the necessary
operation has been performed and the wound dressed, the limb is
elevated and held in extension while the splint is placed under the
limb, with the curved upper part of the splint (5) against the gluteal
muscles. The limb is then lowered and specially made extension
straps (to be deseribed later) are glued to the leg and then the ends
of the extension straps secured tightly to the buckles (4) attached
to the metal foot piece. With the limb securely extend~d in the
splint, wide supporting straps (not shown in photograph) are ar-
ranged under the limb (two for the thigh, above and below the
wound, and two for the leg) so as to support the entire limb in the
splint. The twoe permanent straps (1 and 2) are then buckled snugly
over the limb and hold the latter securely in the splint.

The splint is made entirely of metal and practically in two pieces.
The wrought-iron bar is one piece, and ig bent as indicated (5) in
the photograph. The upper part of the splint (5), which rests
against the gluteal muscles, is well padded and covered with smooth
rubber sheeting. The metal foot piece is 3 inches wide, with slits
for the permanent buckles (4), and on each side is a round hole to
allow the two ends of the bar to pass through easily. The metal foot
piece is turned up on its lateral aspects and a set screw (3) on each
side secures it at any desired point along the bar. The upper part
of the splint (5) can be easily widened to suit a large thigh, or padded
when the thigh is small. The splint is about 11 inches wide at the
top and 4 inches between the bars at the bottom. After the patient
has been removed to his bed the splint is suspended, as indicated in
figure 106, and the entire splint is continuously pulled toward the
foot of the bed by a cord and weight (about 10 pounds) attached to
the metal foot piece after the manner of a Buck’s extension. After
a limb has been put up in this manner for some time the foot has a
tendency to drop, so that it is necessary to secure it to an upright
foot picce of simple design, as indicated in above figure.

As regards the operation for the general run of compound frac-
tures of the femur, as well as all other compound fractures, depend-
ence was placed on thorough drainage above, below, and to the side
if necessary. Omnly unattached pieces of bone and foreign bodies
were removed. As neither wiring nor plating could be done in the
presence of infection, the bones were placed in as good position as
could be obtained by extension and then secured in the Blake splint.
In case of faulty or fibrous union, a plating or wiring operation, after
healing has taken place, is indicated. In some instances fixation of
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the fragments was secured by grooving out a V-shape portion of the
end of each fragment and then crossing the V’s, thus locking the
bones together (figs. 109 and 110).

The after-treatment of these cases consisted of daily irrigations
with a mild antiseptic and then the wounds put up in moist dress-
ings until the infection subsided. A number of antiseptics were tried
on a large number of cases, such as a weak aqueous iodin solution,
an aqueous solution of sodium hypochlorite, 1 to 2,000 permanganate
of potash solution, 2 per cent silver nitrate solution, and a 10 per
cent solution of a patented creosote compound. The silver nitrate
acted well in the presence of large infected sloughs. The sodium
hypochlorite solution and the creosote compound were, generally
speaking, satisfactory, especially with the cases which showed a ten-
dency to gas formation. The drainage in every case, however, is by
far the most important factor and should be kept free and unclogged.
The Dakin antiseptic fluid has not been tried out at this hospital
up to the present time, as the correct formula has only been recently
published. Several of the surgical services have expressed the in-
tention of giving it a thorough trial, and it is believed that the gen-
eral results will be an improvement over the other antiseptics as used
at present.

Cases of infected compound fractures are very difficult to treat
under any circumstances, as there are always from two to three
openings for drainage. The Blake splint usually meets the require-
ments in a very satisfactory manner and the general results are ex-
cellent. Of course there are some cases of shattered femur for which
no line of treatment so far has proved satisfactory, and they repre-
sent a class of cases for which the best that can be hoped is to control
the infection and let the merits of the case determine afterwards
the special line of treatment to be pursued. Such cases as infected
compound or comminuted fractures involving the upper femur and
the pelvie bones are in this category (fig. 114).

Another method of treating infected compound fractures of the
femur (Dr. DuBuchet’s service) was to use a modified Blake splint,
so bent and supported as to secure an inclined-plane effect, the leg
being supported in a movable eradle, as indicated in figure 112,

The method which seemed to be preferred by the Harvard Uni-
versity unit in the treatment of fractures of the lower extremity was
putting up the cases in an interrupted plaster cast, the wound open-
ing being bridged over with heavy pieces of wire netting reinforced
by plaster (fig. 113). The University of Pennsylvania unit, which
succeeded to the service of the Harvard unit, used extension splints
with lateral fixation. On Dr. Blake’s service the Steinmann pins
were used several times for multiple simple fractures of the femur
with very fair results (fig. 115).
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Compound fractures of the leg, sometimes involving either the
knee, ankle-joint, or foot, are of rather frequent occurrence in a
base hospital. They represent a class of cases which, as a rule, are
not as difficult to treat as compound fractures of the femur. IFor
knee-joint involvement free drainage, daily irrigations, and the Blake
splint gave excellent results, although involvement of the knee-joint
always means various degrees of restricted motion as an end result.

As a general rule some form of lateral fixation, with support of the
leg in suspension, was used for infected compound fractures of the
bones of the leg. As in the case of femurs, these fractures require
daily dressing and the fixation apparatus has to be suited to the
special needs of the case. A form of sliding eradle, as shown in figure
111, was used with great satisfaction in connection with extension
on the leg by a weight secured to a cloth anklet (a pattern of the
anklet is shown later). This cradle admits of loosening up any part
of its under support in order to permit the dressing of the wound
without movement of the fragments.

Compound fractures of the lower third of the leg, which usually
involve the ankle-joint and foot, are specially difficult cases to treat,
as the anklet, to which the extension i1s secured, has to be removed at
each dressing. These cases, though long drawn out, did well in
either the cradle or modified Blake splint (fig. 116).

The application of overhead extension to the treatment of in-
fected compound fractures of the humerus, particularly those in-
volving the shoulder or elbow-joint, was thoroughly tried out on
Dr. Blake’s service with great satisfaction to both patient and
surgeon. Like other infected compound fractures of long bones,
the through and through drainage wounds have to be dressed fre-
quently, and this method was devised to obviate the removal of the
limb from a splint at each dressing. This latter procedure always
results in disturbing the fragments and consequently giving rise to
faulty results, besides retarding the healing process.

The apparatus for applying this inethod of treatment is shown in
figures 117-121. As will be seen a simple wooden frame is secured
to the patient’s bed to which the pulleys are attached. Wide cloth
(canton-flannel) straps, with webbing extensions, are glued directly
to the skin from the elbow to the wrist. These straps are the same,
only smaller, as those used in connection with the extension on the
Blake splint. A more detailed deseription of the application of these
and other straps, together with the formula for the glue, will be
given later (p. 98).

The straps are used to take the place of adhesive plaster on the
principle of the Buck’s extension. It is remarkable how soon all
pain and swelling leave the arm with the use of this method. The
fever and infection also quickly subside. As for the weights, when
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the arm is to be fully extended, just enough weight is used to ensure
the arm in this position.

When double extension is used (figs. 117-121) about 5 pounds is
generally necessary for the upper weight, and between 7 and 10
pounds for the lower. As already indicated, the arm is kept in com-
plete extension for 12 to 14 days. This not only gives time for the
infection to clear up, but allows for a certain amount of fixation of
the fragments by fibrous union. The elbow is then slowly bent to a
right angle, usually taking from two to three days, and the direct
extension is then applied. This latter is kept up for about three
weels, and then the arm is put up in molded plaster or light lateral
splints.

During the entire management of the case by the overhead exten-
sion method the patient is perfectly comfortable and the wounds can
be satisfactorily dressed without disturbing the position of the frag-
ments. As already pointed out, this latter consideration is highly
important, as it not only prevents faulty union and shortens the heal-
ing process, but it seems to have a decided influence in lessening the
amount of callus that is thrown out around the fragments, thereby
diminishing the chances of nerve involvement.

Another advantage of the overhead-extension method is that it
gradually allows a certain amount of movement to take place in the
elbow and shoulder-joint, which greatly aids in obtaining functional
use of these joints after union of the fragments has occurred. It
is believed that by this method there is less muscular atrophy, and
that the soft parts will be more quickly restored to normal by the
usual massage which has to be instituted in every case of fracture
after the limb has been removed from the splint.

The surgical procedures outlined for compound fractures of the
femur and leg are the same in principle, in regard to operative technie,
as for compound fractures of the humerus (figs. 122, 123, and 126).
In both of these cases, which are usually due to shell or shrapnel, it
is of the utmost importance to remove the foreign bodies, especially
small bits of clothing, which are carried into the wound by the frag-
mented projectile. If this is not accomplished at the time of oper-
ation, prolonged suppuration, faulty union, and a tardy conva-
lescence will surely ocecur. Not only are all shell and shrapnel
wounds infected but the great majority of bullet wounds affecting
bones, and consequently explosive in character, arve also infected. In
shell wounds there is nearly always considerable loss and masceration
of tissue which invariably causes a certain amount of slonghing to
take place during the period of after-treatment. A shrapnel ball
causes usually a large round wound of entrance with an area of
ecchymosis and contusion surrounding it (fig. 124). Although shrap-
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nel balls are prone to lodge in the tissues, they are frequently de-
formed and not infrequently fragmented.

The rifle-ball wound usually shows a small round wound of en-
trance with an apparent scorching or charring of the skin and
superficial tissues surrounding the opening and channel (fig., 125).
For this reason it is good practice to excise the devitalized skin
around the small opening at the time of operation, as it will be sure
to slough later.

In rifle-ball, shrapnel, and shell wounds which demand operation,
the incisions should be complete enough not only to allow for liberal
drainage but to admit of the removal of all foreign material. In
shell wounds the ragged tissue, especially fascia, must always be
removed along with unattached bone and foreign bodies. Shrapnel
wounds resulting in the destruction of deep tissues are to be similarly
treated. If possible, an X-ray plate of the affected part should be
obtained before operation. This, however, is not always practicable,
as sometimes a large number of wounded will arrive together and
some of these may demand immediate attention, so that delay for an
X-ray plate is not always justifiable. Fenestrated rubber tubing
is in more or less general use for insuring drainage, although rubber
tissue is a valuable substitute, specially during the course of the
after-treatment. Irrigations must be employed, as already indicated,
to remove the secretions at the time of the daily dressings, while wet
antiseptic dressings are necessary in case of virulent and sloughing
infections.

Compound fractures of the forearm caused by projectiles usually
result in great destruction of bone (figs. 127 and 128). The latter
is to be replaced by autogenous bone graft whenever practicable, and
the principles of surgical treatment are the same as outlined above
for other fractures. Hand and foot wounds are by no means rare,
although they are usually secondary to wounds of the forearm or
elsewhere and are not infrequently due to grenade fragments.

Hand-grenade wounds are nearly always multiple and usually
show considerable mutilation of the soft parts (fig. 129). They not
infrequently give rise to compound fractures very much like the
explosive shell, only smaller. The treatment is the same as for shell
fractures, with additional procedures along general surgical lines for
the multiple wounds.

The general surgical treatment of all wounds in the American
ambulance was characterized by conservatism (fig. 130). No parts
were removed at operation unless so mutilated that no possible use
could be made of them. Amputation was a rare occurrrence, al-
though it had to be resorted to at times in order to save life. Every
effort was made to give the patient at least a useful part of an
injured member. This required a great deal of care and labor in the
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general after-treatment, but the results obtained certainly warranted
it, and it is safe to say that the work of this hospital along the lines
of conserving limbs has been well above the average even for peace
times.

As regards the efforts at conservative surgery as practiced in this
and other hospitals, the question has recently arisen as to whether or
not, in certain thigh and leg cases, it is for the best interest of the
patient always to strive to save the limb regardless of what may be
the end result. Quite a number of cases are received at base hospitals
which, on account of osteomyelitis or deep fascial infection, undergo
prolonged suppuration; and this latter has been shown to give rise
to grave anemias, amyloid and other degenerations, which, although
the limb may be eventually saved, cause a very grave depression of
the patient’s vitality. In addition to this, a number of these cases
which have survived prolonged infective processes will ultimately
have to undergo several orthopedic and other surgical procedures in
order to bring about a questionably useful limb.

The point for consideration is whether the best interest of the
patient is always conserved by a prolonged effort to save a limb in
the presence of an extensive and continuous infection rather than
resort to amputation in these particular cases when it is apparent that
the extensive infection does not clear up after a conscientious effort
has been made to control the infective process. It is a matter of nice
surgical judgment as to whether the patient will not be better off
with an amputated limb and good general health in contrast to a
procedure which may give a questionably useful limb and net in-
frequently a progressively depressed vitality, ultimately causing
death from exhaustion or some intercurrent affection.

It is not contended that in all seriously infected compound frac-
tures of the limbs amputation should be at once considered. The
surgeon’s problem is twofold, in that he has to weigh the benefits to
be derived from a line of procedure which might result in at least a
partially useful limb, and at the same time he has to consider the
very important after-treatment feature of the case. The problem as
a whole ean not be dismissed lightly by either conservative or radical
expressions of opinion. It is apparent that not only should every
case be carefully considered on its own particular merits, but the
advisability of departing from a preconceived idea, as regards cer-
tain conservative or radical principles of treatment, is also to be
carefully weighed.

Undoubtedly a prolonged infective process gradually brings about
a general local and constitutional condition which is detrimental in
every way to the patient’s welfare. On the other hand, if a patient
can be tided over an infection which does not canse a marked general
deterioration, it is certainly the part of wisdom to conserve the limb
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with the idea of subsequent surgical procedures directed toward the
correction of any existing deformity. In view of the fact that these
patients are generally young men with a great deal of reserve
strength, the surgeon can usually afford to adopt a middle course.
At the time of operation the surgical proecedures should be such as to
anticipate a favorable clearing up of the infection. If, however, the
infection continues, amputation should be kept in mind as a possi-
bility, and its serions consideration should not be delayed until
marked degenerative changes have already taken place in the patient.

As already indicated, the cases that reach this and other large base
hospitals are usually from three to five days after being wounded.
If an active and eflicient sterilization of the wound could be univer-
sally instituted at an early period, say from 10 to 24 hours after
being wounded, one important factor of the surgeon’s problem would
be usually solved, namely, doing away with prolonged infections.
This point is being seriously considered by the French not only in the
direction of perfecting their mobile field surgical ambulance units,
but by establishing small base hospitals at convenient points which
are near enough to the front to be reached by motor ambulance in a
few hours at most. This would mean that these hospitals could be
safely located from 10 to 12 miles behind the trenches and prepared to
undertake any character of surgical work, including the thorough
sterilization of all wounds.

In following out this idea it may be said to result practically in
instituting an abortive treatment for infected wounds, which latter
would mean practically all wounds in the present war. Dr. Alexis
C'arrel, who has made a special study of this phase of war surgery,
outlines the following treatment in a personal communication to the
writer with reference to handling all wounded:

1. Harly treatment—At the first-nid station, disinfection of the wound with
tincture of iodin. If the wound 1s narrow, injection in the tract of a solution
(Dakin) of hypochlorite of sodium. If the wound is large, dressing with gaunze
freely saturated with the hypochlorite. Do not use waterproofing on the dress-
ing. This hasty disinfection ig not necessary ; nevertheless, it may considerably
improve the prognosis of the wound.

The wounded should be transported as rapidly as possible, by motor ambu-
lances, from the fleld dressing station to the hospital, where they ¢an receive
complete surgical attention. Only the wounded affected with serious hemor-
rhiage or shock should be treated on the spot. Do away with transfers and use-
less delays in the ambulanees and clearing hospitals. It is important to organize
evervithing so that the wounded arrive at the ambulance within six hours fol-
lowing the wound. The future of the wounded depends upon the rapidity of
transportation and the possibility of treating his wound as soon as possible, It
is the same with wounds received in war as with appendicitis. When the opera-
tion is performed in the first 12 hours its results are nearly alwayvs exeellent.

No wounded should be sent to the hospitals in the interior before thelr wounds
have been sterilized.
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2. Mechanical cleansing of the wound.—TForeign bodies, projectiles, fragments
of clothing, should be immediately removed. The finger, gloved with rubber
and softly introduced into the wound, permits in many cases the extraction of
foreign bodies. However, radiography and radioscopy are necessary. Open-
ings sufliciently large to permit the exploration and cleansing of wounds should
be made. As it is important not fo traumatize the tissues, it is necessary to
denounce the brutal maneuvers known under the name of sponging out, brush-
ing, or cleaning out of wounds, The fragments of clothing, projectiles, and free
bone splinters should he delicately removed with foreeps or with the fingers.
The hemostasis is accomplizshed as completely as possible, In infectious lesions,
and particularly in fractures, it is necessary to determine the extent of the dam-
age and to localize the diverticula of the wound.

3. Chemical sterilization of the wound.—An antiseptic acts only on the spot
on which it is applied and if it is applied for a sufficlent length of time. It is
therefore useless to wash a wound with an antiseptic substance, On account
of its short duration, a washing acts only in a mechanical manner. Conse-
quently salt water suflices. Similarly, a very unstable antiseptic is of little
value, That is why oxygenized water, which decomposes almost immediately
upon contact with the tissues, has no practical value, although its germicide
power may be high., An antiseptic substance should be employed which, acting
in the presence of the proteid products of the serum and tissues, does not
decompose too rapldly, and it should be spread over the whole surface of the
wound, being renewed in such manner that its action continues during a long
period. None of the antiseptie substances employed till now can be utilized,
because these substaces are too weakly antiseptic or too irritating for the tis-
sues. Amongst the new antiseptics the hypochlorite of soda prepared by M.
Dakin is not irritating and its germicide power iz high. The Eaun de Javelle
should not be employed, of which the amount of hypochlorite is very inconstant
and which contains free chlorin and free alkall. Any ambulance pharmacist
can prepare hypochlorites according to the Dakin method. A solution of 0.5
per cent is used. This solution is strongly antiseptic, and yet it can be employed
on the skin and on the tissues for several days, and even for several weeks,
without irritating them. It should not be employed at the same time with
aleohol. One liter per day per wounded = sufficient. The solution is injected
in the tubes with an ordinary syringe or with a syringe having a Gentile pear-
shaped rubber tip. In hospitals there is used with advantage a count-drop
apparatus analogous to that employed for the rectal instillation.

The liguid is employed in such a manner that it penetrates into all the
diverticula of the wound and there renews itself constantly. Since the hypo-
chlorite dissolves the necrotic organic matters and destroys them on contact,
it should be instilled in an almost continnous manner, This can be efected in
the following manner: Have prepared rubber tubes of 6 mm. in dimmneter,
pierced with one or two holes at one of their extremities, and tubes of different
lengths pierced with small holes and covered with sponge material. When
the wound is narrow, or when a large wound presents narrow diverticula, the
tubes covered with the sponge material are Introduced into the tracts. In cases
af fracture, the extremity of the tube should be in the middle of the fraginents.
If a liguid is injected into the tube, it saturates the sponge material instead of
immediately being ejected, and thus remains in contact with the surface of the
wound. In the case of surface wounds and large infectious wounds, the bare
tubes are applied to the bottom of the wound or introduced into diverticula.
Then the wound is filled with gauze. Before terminating the dressing, the
liguid should be injected into the tubes and it should be ascertained that it
penetrates to the whole surface of the wound. The dressing is completed by a
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layer of nonabsorbent cotton through which pass the rubber tubes in which the
antiseptic liguid is instilled.

The antiseptic substance should be constantly renewed. Every hour or two
hours a suflicient gquantity of liguid should be either injected into the tubes by
means of a Gentile syringe or continueusly instilled by a Murphy apparatus.
The quantity of liquid to be injected is governed hy the dimensions of the
wonnd, It iz necessary that the surface of the wound be well wetted and vet
that the bed of the patient be not inundated.

4, Members affected with fracture or articular wound should be carefully
immobilized. Recourse should be had as far as possible to plaster apparatus
fitted with metal handles. The dressing should be daily examined and changed
each time that it is necessary. Ii should be ascertained that the liguid pene-
trates into all parts of the wound.

GAS-BACILLUS INFECTION.

1

Tt has been rightly suggested that the term “ gas gangrene” is a
misnomer, in that it does not convey a scientifically correct etiological
or pathological idea as regards the nature of this condition. As a
substitute the term “ gas infection” has been used by many as being
more appropriate, since it expresses more accurately the general
character of a process in which a number of factors have to be con-
sidered in order to arrive at a correct understanding of the condition.

The infection of wounds by gas-producing organisms is by no
means a new condition. Attention has been repeatedly called to in-
fections in previous wars which have resulted in an emphysematous
condition of the tissues, while the anaerobie character of the or-
ganisms involved has been recognized for a number of years. In
the present war the nature of the battle ground, the concentration of
large numbers of individuals, and the underground methods of war-
fare have all combined to accentuate the presence of this infection
and caused it to assume a prominent role in present-day military
surgery.

The Welch bacillus has been long known as an anaerobic gas-
producing organism, eapable of infecting wounds, and causing more
or less serious complications. Until the outbreak of the present war
surgeons and bacteriologists have not had suflicient experience to
justify a positive opinion as regards the etiological relationship of
this and other gas-forming organisms in the production of what has
been called *gas gangrene.” The reason for this reservation has
heen the fact that numerous other organisms have been almost in-
variably recorded as accompanying an infection of this kind and
also the fact that certain heretofore unidentified organisms, re-
sembling the Welch bacillus, were seemingly also eausative factors.
In addition to this, chains of cocei organisms have been thought at
times to have been able to assume a gas-producing réle. The other
organisms which have been found in gangrenous tissues and dis-
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charges, where gas has been present, are the colon, proteus, and other
putrefactive baeilli.

For several months after the war began the unidentified gas-pro-
ducing bacillus, resembling the Weleh bacillus, was known as the
Bacillus perfringens on account of certain cultural peculiarities
which seemingly could not be reconciled with the eultural charaecter-
istics of the Welch baecillus. However, as time went on and the bac-
teriological technic of war-hospital laboratories was more perfected
it became more and more apparent to careful observers that the per-
fringens was really a strain of the Welch organism: and at the pres-
ent time laboratory men of large experience are practically unani-
mous in pronouncing them identical. The first definite case in which
the bacillus was isolated from the blood sufliciently early after death
to completely establish its etiological rile oceurred at the American
ambulance during the early part of the present year. At this time
a culture of the heart’s blood, three hours after death, gave a pure
eulture of B. perfringens. Since that time instances have multiplied
in which the same organism has been isolated from the blood during
life in seriously infected cases. Not infrequently a pure culture has
been obtained from the wounds of undeniable clinical cases and the
condition reproduced clinically in guinea-pigs after the tissues of the
latter had been injured. Omly after previous injury to the tissues
of the guinea-pig could the progressive gangrenous condition be
reproduced. At the Pasteur Institute it was said that an injury to
the guinea-pig’s muscle was suflicient trauma to cause reproduction
of the process.

Erroroey.—As regards the conditions which are favorable for gas-
bacillug infection of wounds, it is to be noted that the B. perfringens
has been found in the culture from many cases which present no
clinical evidence of this form of specific infection. In fact, it is most
unusual in base hospital work to examine the discharges from a
wound and not be able to find the perfringens associated with either
the staphylococcus, streptococcus, or other organism. Its practically
universal presence in the discharges and tissues of all wounds of the
present war which show any signs of infection would seem to indi-
cate that the conditions for bringing about an infection with this
organism are easily accomplished. That this organism flourishes in
the soil and is to be found in every locality where the present trench
warfare is conducted, leads to the belief that the primary source of
infection is in the dirt from the trenches in which the combatants
are forced to live for days. The organism has been many times
demonstrated in the outer clothing of soldiers, so that it is easy to
understand its presence in wounds where bits of clothing are to be
found. The soldier invariably comes from the trenches or dugouts
in a muddy or dusty condition, which latter is due to prolonged and
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intimate contact with the soft and ofttimes rain-soaked earth. Under
these cirenmstances, even when clothing is not present in the wound,
it is an easy matter for the omnipresent B. perfringens to ultimately
find its way into a skin opening.

The very fact that the organism finds such easy access to all
wounds, and also apparently finds in the latter a suitable culture
medinm without always manifesting itself, suggests the necessary
presence of other conditions, notably in the wound, before it begins
to exhibit its virulency as regards specific gas infection. The pathol-
ogy of the lesions which show clinical signs of this condition 1s gen-
erally of a uniform character. Invariably there is more or less pulpi-
fication of the tissues, associated usually with fracture of the bone,
and there is evidence in every case of more or less circulatory dis-
turbance. This latter may manifest itself by a frank blood-vessel
injury, which of necessity would interfere with the nutrition of the
part, or there may be evidence after some days of thrombosis, inflam-
matory swelling, and slight edema or skin mottling, any of which
would indicate a certain degree of embarrassment to the nutrition of
the part. There is some dispute as to whether the injury of a large
blood vessel is one of the necessary factors for the development of a
clinical case. Whether this be true or not, it would seem to be essen-
tial for the growth and progressive virulency of the organism that a
certain amount of devitalized tissue be present in the wound. The
organism unguestionably thrives best in the presence of neecrotic ma-
terial, whether this necrosis be due to a limited pulpification, with or
without injury to a large blood vessel, or whether the subsequent
sloughing be due to a secondary interference with the circulation.

A fatal case of gas-bacillus infection is one that has passed through
the progressive steps of (1) injury, (2) infection, (3) localized ne-
crosis, (1) progressive gas production, (5) eirewlatory disturbance,
(6) inereased virulence, and lastly septicemia. By timely and proper
surgical measures the progress of the process may be arrested and
eventually cured, or the open character of the wound may be origi-
nally such as to render the essential anaerobic growth of the organism
a difficult matter. Thus it is that one may see varions degrees of gas-
bacillus infection, depending upon the character of the wound, the
time and nature of the surgical interference, and the efficiency of the
after-treatment.

Parnorocy.—Besides the extensive destruction and necrosis of the
tissues immediately adjacent to the wound, there is marked par-
enchymatous degeneration of the museles above and below the wound.,
and more or less marked edematous infiltration interspersed with gas
bubbles of varying sizes. The toxins formed by the B. perfringens
would seem to exert a speecial selective action on the planes of con-
nective tissue, since it has been often noted at operation and at
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autopsy that the necrosis has traveled with apparently greater rapid-
ity along the fascial planes, which latter are often found to be much
more extensively necrotic than the adjoining muscular tissue. The
resistance of the tissues surrounding the wound is thus progressively
lowered, and the subsequent necrosis inecreases the activity of the
organisms, so that a vicious ecircle is rapidly established in which
necrosis follows bacterial activity while the latter increases and
becomes more virulent as a result of the necrosis. The outer walls
of the blood vessels in the immediate neighborhood of the infective
process are also apparently specifically aeted upon by the toxins, and
this very probably accounts for the extravasated blood so often seen
beneath the skin or in the adjacent tissues, which in turn gives rise
to the superficial mottling or discoloration.

Externally the appearance of a gas-bacillus infected limb depends
on the stage and degree of infection. In the earlier stages nothing
is usually apparent beyond the nature of the wound to indicate the
gravity of the process. In from two to five days, however, in those
cases in which the process is following the stages already indicated,
there is apparently a certain though small degree of swelling; pal-
pation will usually elicit the presence of gas in the tissues, as indi-
cated by the crepitation, and there is also usually to be noted the loss
of a certain degree of tissue elasticity almost resembling induration;
a slowly progressive brownish or copper-colored mottling of the
skin adjacent to the wound; a more or less characteristic and marked
fetid odor, resembling somewhat the pungent, sweetish stench of
dead fish; the discharge from the wound, unless there is a mixed in-
fection, is usually of a thin sero-sanguineous character, which is not
infrequently mud-colored ; and lastly the more or less sudden appear-
ance of erops of vesicles which vary in size from that of a pea to
several inches in diameter (figs. 133 and 134). Although a pulse may
be noted in one of the arteries distal to the wound during the earlier
stages of the infection, it becomes progressively weaker as the process
extends and in the last stage is always absent.

The fluid in the vesicles or blebs is of a sero-sanguineous character
and not infrequently straw-colored. Rather rarely the fluid will
show the presence of B. perfringens, but in most instances no baecil-
lary infection will be found, although the staphylocoeci are not infre-
quently present. An examination of the deeper infiltrating serous
fluid invariably shows the presence, rarely in pure culture, of the
characteristic bacillus. In some of the fatal cases the infection rap-
idly travels up the limb and makes its emphysematous appearance in
the tissues of the abdominal or chest wall. TIn certain cases involving
the lower extremity the local tissue changes seemed to have been
arrested at Poupart’s ligament, although the blood was later found
to be full of bacteria. In all fatal cases the heart and larger blood






ture of the &

cassfully tre

Gundand corm minuted §

grus,

12

eetéd comg
i olvement of the shoulder joint, sut
method. (See page 72.)

(1

. 127 . —Showing a large *“explosive™ wound of exit resulting from a rifle ball, causing the
entire loss of the middle third of the ulna., (See page 73.)




- .._:hE.l
LT
"

=L
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vessels of the body and brain were found to contain large numbers of
gas bubbles. Aside from the septicemic process, the presence of so
much gas in the blood stream more than likely is the dominant factor
in the sudden deaths to be noted in certain of the rapidly progressive
fatal cases.

Under certain circumstances the infective process becomes circum-
seribed to a varying extent. When this occurs it is thought to be
largely due to the invariable presence of a mixed infection, notably
staphylococeus or pyocyaneus contamination. Aside from the surgi-
cal procedures which may have been instituted, it would seem that
the occurrence at an early stage of these mixed infections may ac-
count for the protecting wall of leukocytes which forms and generally
prevents an extension of the infective process. While tissue resist-
ance undoubtedly plays a part in limiting or retarding the spread of
this condition, the age and general vitality seem to have little, if any,
influence 1n determining the outcome. The robust young patient,
unless promptly and efliciently treated, falls as easy a vietim as a less
vigorous or older man.

Symrroms—The signs of gas-bacillus infection depend upon the
pathological stage of the invasion. The symptoms which charac-
terize the successive sfages have a direct relation, first, to the char-
acter of the wound, as regards size, situation, and degree of trauma;
secondly, to the time elapsing between the reception of the injury
and the institution of eflicient surgical intervention ; and thirdly, the
care with which the after-treatment is conducted. Any one of these
circumstances may not only have a decided influence on the progres-
sive nature of the process, but are responsible in large measure for
the intensity of the manifestations in the different stages and the
virulence or activity of the infective organisms.

(Gas-bacillus infection with the subsequent evolution of the respec-
tive stages is almost necessarily confined to wounds of the extremities,
for the reason that the same degree of trauma and deep destruction
of tissue, which always precedes a spreading infection of this nature,
would almost invariably prove quickly fatal if applied to any other
part of the body, such as the head, neck, chest, or abdomen. While
mutilating wounds of the face and large or small superficial wounds
elsewhere may show the presence of B. perfringens at one time or
another, nevertheless the anaerobic and other general conditions for
its favorable propagation or activity are usually lacking, and conse-
quently there is very rarely any indication of an active invasion. For
practically the same reasons wounds of the hands rarely give evi-
dence of the specific gas-bacillus infection. Here the tissues are com-
pact, but not thick, so that there is relatively very little depth to the
wound, and as a consequence aerobie rather than anaerobic conditions
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prevail. Deep wounds of the buttocks are specially prone to gas-
bacillus infection, with next in order of preference the thigh, leg,
arm, forearm, and foot (figs. 135 and 136).

Clinically, the first three sfages of gas-bacillus infection, namely,
injury, infection, and localized necrosis, are grouped together for
the reason that.they are so interrelated, as regards the invasion, as
to form practically a distinet entity with reference to the onset of
symptoms, and these three stages represent the first clinical grade of
eas-bacillus infection. The reception of an injury sufficiently severe
to predispose to gas-bacillus infection is always accompanied at first
by more or less shock, the degree of which depends upon the damage
to the tissues and the attendant loss of blood. Either the infective
organisms are driven into the wound with pieces of clothing or dirt,
or else they invariably enter the wound after a very short time, and
thus find in a deep wound, the character of which has already been
indicated, the suitable media and anaerobic conditions upon which
they thrive. The invasion of the organisms does not immediately be-
come manifest, so that the first indications of a constitutional in-
volvement, after reaction from the shock, would be the sapremia due
to the absorption of tissues but slightly removed from the normal,
such as blood clot or serum. Within a few hours after injury the
localized necrosis of the sides of the wound. though not apparent to
the naked eye, would be present as the result of the severe traumatism
inflicted upon the tissues in the path of the projectile. Althoagh up
to this point the specific activity of the gas bacillus ean not be demon-
strated, it may be stated with certainty that by the time the localized
necrosis has become even microscopically mamirest, the organism has
begun its invasion.

The group of symptoms included under the general headings of
shock, reaction from shock, and sapremia are what might be called
the prodromal symptoms of the invasion. The slight febrile mani-
festations of the sapremia continue on into the slight fever which
is due to the absorption of the newly formed toxins of the infective
organisms. Thusg, in from 10 to 30 hours after the injury the mani-
festations of the specific invasion are apparent. These manifesta-
tions are a fever of 1 or 2 degrees, accompanied by a rising pulse
rate, slight headache, malaise, anorexia, and moderate thirst. If the
part is splinted and protected, the patient deoes not complain of pain
at this time. At this early sfage there is no apparent enlargement of
the wounded part, although a scant sero-sangunineous discharge is
present, and if earvefully examined will show the B. perfringens.
The odor of the discharge at this time has begun to assume the
characteristic fetid trait. Gas formation has also begun, although
the characteristic * crackling” beneath the skin on palpation is
rarely elicited at this time. Its presence in the tissues can be demon-
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strated by opening up the pockets in the depth of the wound, which
will cause perceptible escape of a certain amount of gas. Ofttimes
in shaving the part at this time a slightly resonant note will be ap-
parent, as if shaving over a tight membrane. A faint brownish dis-
coloration will usually be seen in the skin immediately adjacent to
the wound. The tension in the tissues of the limb would seem to
be increased, in that there is a slight resistance imparted to the fin-
gers during palpation. Some of these symptoms appear later than
others; but as a rule within 48 hours, usually much less, all the mani-
festations indicated are present.

It is during this early part of the invasion that the abortive treat-
ment already alluded to gives excellent results. Usually up to 24
hours the invasion and the tissue changes are not so far advanced but
that vigorous methods of wound sterilization can be successfully
carried out. After this time the changes are more pronounced, al-
though up to 48 hours the condition has usually not progressed to
such an extent as to give evidence of the more serious stages. IFrom
about 48 hours on, the more or less rapid progress of the infection
is in direct proportion to the lapse of time.

The second grade of gas-bacillus infection is represented by the
snceeeding three sfages already mentioned, namely, progressive gas
production, cireulatory disturbance, and increased wvirulence. These
three stages are likewise grouped together on account of their clinical
interrelation. This grade of the infection begins to appear usually
after about 48 hours in the average run of untreated or inadequately
treated cases. This grade extends usually from about 48 hours up to
4, 5, or 6 days, dependent upon the size and condition of the wound,
the severity of the infection, the general resistance of the patient,
and the character of any previous surgical treatment. If the condi-
tion has not been thoroughly treated during the first grade, the mani-
festations of the second grade make their appearance, as regards
promptness and severity, in indirect proportion to the efficiency of
the early surgical treatment. As the large base hospitals do not re-
ceive their patients until usually 4 or 5 days have elapsed since the
wound was inflicted, it is nearly always the second or third grade of
eras-bacillus infection which is treated in these institutions. Again, 1t
is not unusual for a case to reach a base hospital after 4 or 5 days
have elapsed, showing evidence of advanced second grade manifesta-
tions because of the fact that the onset of this grade has oceurred dur-
ing the more or less prolonged journey to the hospital.

Not a little confusion has arisen as regards the general description
of what has been known as “ gas gangrene.” Some observers have
described a condition which has been almost entirely unlike the ex-
perience of others. The reason that this occurs is due to the fact that
different grades of the same condition have been deseribed by differ-
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ent writers and the general process was not considered as a whole.
The experience of a surgeon whose work has been comparatively near
the front and where he has only had to deal with the first grade is at
variance with the experience of another surgeon whose observations
in a base hospital farther to the rear deal entirely with the second or
third grade of the infection. Hence it is that varying accounts of
the same condition have appeared and given rise to doubt in the minds
of many as to the exact nature of the process.

The onset of the second grade is usnally characterized by a more
or less pronounced increase in the pulse rate, which appears to
be out of all proportion to the temperature. The latter is at first
only slightly raised, but as the toxic products of the wound become
more rapidly absorbed the temperature begins to mount, and may
reach 104° or 105° F. in from 10 to 20 hours. The discharge from
the wound is now frankly and characteristically fetid. If a mixed
infection has oceurred, which is usually the case, the thin sero-
sanguineous discharge i1s augmented by the presence of pus. The
progressive elaboration of gas, which has already begun, can now
usually be detected by the erepitation or *crackling” in the tissues
when the latter are palpated. The brownish mottling or discolora-
tion of the skin near the wound is much more distinet than in the
first grade, and shows a decided tendency to spread. The swelling
of the part is now distinetly apparent, and the tissues in the neigh-
borhood of the wound are slightly indurated., showing decided
evidence of ecirenlatory disturbance. Acute pain in the wound is
now complained of, and it is not unusual for a severe pain to mani-
fest itself in the lumbar region. The headache, anorexia, malaise,
and restlessness are marked, and the facial expression assumes a
dull stupid character. These symptoms are all of a progressive
nature, lasting over a variable period of from one to three days, and
this progressive feature of the symptoms indicates the increased
virulence of the infective process. During this time, or possibly a
few hours later, small successive crops of vesicles begin to appear on
the skin adjacent to the wound, and may increase in size and num-
ber. When the symptoms of the second grade are well advanced,
unless prompt measures are instituted, the patient begins to sink
into a fitful coma-like condition which heralds the approach of the
third and final grade, which is septicemia.

The insidious onset of the third or septicemic grade is character-
ized by a deepening of the stupor which has begun to make its ap-
pearance during the latter part of the second grade. There 1s now
usually a rapid display of grave manifestations, which characterize
an overwhelming infection and the invasion of the blood stream by
the infective organism. The ominous sign of a falling temperature
with a rising pulse rate makes its appearance. The apathetic stupor,
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the shallow and jerky respirations, the loss of body temperature, the
rapid and thready pulse, all bespeak the approaching end. Oe-
casionally, in those cases that linger for a longer period, there is a
typhoid-like manifestation which is characterized by a whispering
delirium, the so-called * coma vigil,” carphologia, a transient half-
awakening or feeble restlessness, and a steady decline of both heart
and respiration. In some cases death occurs within a very short
period after the onset of the third grade. Sometimes within an hour
the patient will rapidly sink and suddenly expire. This latter sug-
gests the lethal presence of another overwhelming factor besides the
septicemia. As already indiecated, this may be attributed to the rapid
liberation of a large amount of gas in the blood stream.

Diacxosis.—The diagnosis of gas-bacillus infection resolves itself
into a recognition of the progressive nature of the process. In view
of the fact that it is almost certain that every wound in the present
trench warfare which shows the slightest sign of infection is con-
taminated by the presence of the gas bacillus, practically every open
wound under the present conditions must be regarded from the very
beginning as potentially a gas-bacillus infection. The one exception
to this rule are those perforating bullet wounds which do so little
tissue damage that they usually heal spontaneously. Even these
wounds are not to be regarded too lightly, but must be treated ex-
pectantly for at least three days, as there is no immunity in any
wound inflicted under the present war conditions. As already indi-
cated, infection in some form is universal in every open wound of
the present trench warfare, as statisties will show; and while the B.
perfringens does not proclaim its presence in a certain percentage of
these cases, nevertheless a careful bacteriological examination of the
discharge is invariably positive. Under these circumstances a clinical
diagnosis of the first grade of gas-bacillus infection can not be said
to be demonstrable in every case of early infection that shows the
latent presence of the gas bacillus. While the surgical treatment
takes into consideration its more than probable future activity, yet
a diagnosis of the first grede is tentatively withheld until there is
evidence of the progressive manifestations already indicated.

It is true that other infections, which are improperly treated,
show certain signs of progression, nevertheless the progressive nature
of these infections presents a different picture from the indications
of gas-bacillus infection. The latter infection is not only progressive
nt a much earlier period than any other known forms of wound
infection, but its steady progress is characterized by an aceentunation
of certain features which are peculiar to gas-bacillus infection,
namely, the localized necrosis, the almost characteristic odor and the
slight skin discoloration. In addition to this, the thin sero-san-
guineous discharge manifests itself within a few hours after active



86 MEDICO-MILITARY ASPECTS OF EUROPEAN WAR.

gas-bacillus infection, in response to the activity of the organism
and its toxin in the depth of the wound; while in the usual forms of
other wound infections the characteristic discharge or pus is not evi-
dent for a much longer period. The rising pulse rate which is
usually out of proportion to the degree of fever, while by no means
pathognomonie of the first grade of gas-bacillus infeetion, never-
theless is highly suggestive in view of the usual febrile response to
other wound infections in which the rapidity of the pulse is usually
in direet proportion to the degree of fever.

The diagnosis of the second grade of gas-bacillus infection pre-
sents no real difficulties in view of the progressive nature of the
process. Here the cardinal signs of beginning gas-bacillus infec-
tion, namely, the wnecrosis, odor, and shin discoloration are all ac-
centuated. In addition there is the usual crepitation in the tissues
asta result of the progressive gas formation; the swelling and slight
local induration indicating circulatory disturbance; and the usual
sharp rise of temperature, in connection with the increased pain and
other minor symptoms, indicating an éncreased wvirulence of the
infection. Since a mixed infection is usually present by the time the
second grade 1s reached, a consideration of this complication, when
present, shows a thick yellow or greenish pus, which later has a
bluish tinge in case the contaminating organism is B. pyocyaneus.
There is usually the further evidence of a more decided reaction in
the tissues, as indicated by more or less edema. The behavior of
the temperature would be somewhat different in that the rise would
generally be gradual from the date of the mixed infection, instead
of spasmodically high as is the usual result of an inecreased viru-
lence on the part of the gas bacillus. In view of a sudden rise in
the temperature, pneumonia or pleurisy must not be overlooked, and
once thought of, ean easily be confirmed or excluded.

As regards the diagnosis of the third grade of gas-bacillus infec-
tion, there is no essential difference between this grade and the
septicemia caused by the presence of pvogenic cocci in the blood
stream. It may be said that gas-bacillus septicemia appears to be
somewhat more progressively asthenic in character than other forms
and that it is apparently complicated at times by the presence of an
excess of gas in the blood stream.

Proexosis.—The prognosis of gas-bacillus infection, like other
factors considered in describing this condition, has to be regarded
from the viewpoint of the progressive nature of the process. The
three progressive grades of this condition present a progressively
grave outlook as regards the conservation of tissues and the restora-
tion of health. While the grouping of the progressive sfages into
three successive grades is a somewhat arbitrary. althongh decidedly
convenient, division of the process, nevertheless it is also justified
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and thoroughly warranted by the elinical behavior as a whole. Like
other infections processes, there is of necessity a continuity between
the subdivisions which represent the individual clinical aspects of
the condition, and by the same token it must be remembered that
there is no sharp line of demarcation between the three grades.
For this reason, in order to arrive at a correct understanding of the
clinical outlook of the three grades, it will be necessary to consider
the separate, though hyphenated, sfages which constitute the process
as a whole. In order to emphasize the clinical aspects of this con-
dition and the grouping of the sfages into grades attention is invited
to the following tabulated arrangement, which shows the grades
subdivided into the successive stages.

I T
First grade. I Socond grado. | Third grade.

1. Injury. | 1. Prograsgive gas prodoetion. |
2, Infection. 2. Circulatory disturbance. t
3. Localized necrosis. I 3. Increaszed virulence, h

1. Septicemia

The first stage, that of injury, has a direct bearing on the future
progress of the infection. If the wound is large, rageed, and deep
it affords the ideal conditions for quick infection and rapid dissemi-
nation. The situation of the wound also influences the nature of
the process. If the wound, by reason of its anatomical location, has
injured one or more large blood vessels and nerves, the nutrition of
the part is proportionately quickly embarrassed and the rapid death
of the entire member may ensue. Under these cirenmstances the
massive death of the tissues as a whole, known as gangrene and
usually of the moist variety, is substituted for the classical progres-
sive localized necrosis, which characterizes a purely gas-bacillus in-
fection. On the other hand, if the wound, though deep and ragged,
has not injured the important nutritive and trophic tissue elements,
its subsequent relation to the infective process depends upon certain
selective localities. As already indicated, the buttock seems to be
riore quickly and universally suseeptible to gas-bacillus infection
than other parts of the body. Next in importance would be the deep,
narrow, and destructive wounds of the thigh. The same character of
wounds in the leg would seem to follow as a selective sequence, while
a destructive wound of the arm or forearm comes next in the order
mentioned. Although certain other localities, already mentioned,
have been known to exhibit signs of gas-bacillus invasion, vet on
account of the thinness of the structures involved, it rarely manifests
itself. The degree of traumatism as a prognostic factor is partially
considered above, but on account of the known preference of the gas
bacillus for pulpified and subsequently necrotic tissue, this factor,
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as regards the rapid progress of the infection, is in direct proportion
to the local devitalizing extent of the traumatic process.

The next feature of prognosis as regards the injury is the time
elapsing between the reception of the injury and the institution of
efficient surgical procedures. The longer the wounded remain with-
out thorough surgical attention, the more certain will the infective
process become firmly and progressively established. As Carrel has
said, the general fate of the wounded is dependent upon the quick-
ness with which they can be transported to hospitals where adequate
attention is provided. The thoroughness of the surgical interven-
tion is also a weighty factor in the progress of the infection. Hap-
hazard and inadequate measures are responsible not only for a false
sense of security in regard to controlling the progress of the infec-
tion, but also culpably involved in the serious and ofttimes fatal delay
in the proper treatment of the wound, resulting from a lack of
thorough surgical technic at a time when the process could be more
certainly controlled. Once the thorough- surgical measures have
been instituted, the next factor, as regards the future welfare of the
injury, is the care with which the after-treatment is conducted.
Unless painstaking thoroughness characterize the after-treatment,
not only is the process prolonged, thus subjecting the patient to the
dangers which not infrequently arise from various complicating and
devitalizing influences, but the ultimate result, as regards bone and
other tissue healing, will be proportionately unsatisfactory.

The influence of the second sfage, or stage of incipient infection,
on the general prognosis of the process is likewise largely dependent
on the promptness with which the wound can be thoroughly treated.
The longer the delay the greater the opportunity for the infection
to spread and become more virulent. Prompt and efficient measures
at this time will largely limit and ofttimes abort the specific process
and at the same time not infrequently prevent a mixed infection. As
regards the latter, while it frequently oceurs sooner or later under the
usual conditions of war surgery, it always prolongs the general
process and invariably vitiates the ultimate result. The longer it can
be prevented the healthier the wound will become, and the con-
sequent increased tissue resistance causes a more favorable outlook
as regards throwing off any contaminating process and thus estab-
lishing a more satisfactory convalescence. While a mixed infection
does appear indirectly to limit to some extent the spread of gas-
bacillus infection by causing the usunal protective wall of leukocytes
to appear, nevertheless it is a condition to be avoided, not only for
the reasons already given but because there arve other and much better
means of controlling the spread of the specific process.

The third stage, or localized necrosis, completes the first grade of
the general process, for the reason that all the conditions are now ripe
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for the specific organism to inangurate its vicious circle and augment
its virulency. The earlier the necrotic walls of the wound can be re-
moved the speedier the cessation of the infective process. The
amount of neerotic material in the wound necessarily exerts a potent
influence, and the larger the amount of necrosis present the more
radical must the procedures be in order to overcome the tenacity of
the infection. The first grade of the general process presents on the
whole a decidedly hopeful prognosis in the light of our present
knowledge. The bacteriological and pathological eonditions being
known it is only necessary to put into practice the principles of
treatment which are known to be effective in establishing as near as
practicable a return to the normal. It is during this grade, before
the organism has gained a firm foothold and increased its virulence,
that the abortive treatment offers considerable hope of bringing
about a rapid and uncomplicated convalescence.

The outlook for the second grade of the process is decidedly less
hopeful in its general character than the first grade. The establish-
ment of the second grade means that the gas bacillus, not unusually
accompanied by a contaminating organism, is now more or less
firmly implanted in the tissues of the wound and has begun in earnest
the operation of its vicious circle. While somewhat dependent upon
the degree of thoroughness in treating the infection during the first
grade, the prognosis of the second grade depends largely upon the
degree of progression in the three individual sfages which make up
the second grade. The first of these sfages, which is progressive gas
production, indicates that the prinecipal clinical by-produet of the
infection, and the one which gives to the process its name, is being
manufactured under cireumstances progressively favorable to the
progress of the process. The rapid evolution of the gas in the tis-
sues predisposes the latter to a more rapid dissemination of the infec-
tion, in that it stretches the tissues and opens up new avenues for an
extension of the process. It sometimes happens that the gas is so
confined in the tissues, by reason of being pocketed, and the tension
15 so increased, as to cause a distinet explosive sound when the pocket
is ineiged or the dressings removed, if the latter have acted as a plug
in the wound. Hence it is, the more rapid the evolution of the gas
the more rapid are the changes which follow closely upon this stage,
and therefore the more unfavorable the outloolk.

The second stage of this grade, namely cireulatory disturbance, is
an important factor in the prognosis in that its manifestations are
usually apparent to the unaided eye, and thus afford a quick and
reliable index as to the general condition of the underlying tissues.
A circulatory disturbance means that the nutrition of the part is
being hampered and that another link is being progressively forged
which will increase the activity of the process. The indications of
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this disturbance have already been mentioned. The parts in the
neighborhood of the wound become distinctly swollen, and there is a
slight indurated edematous condition apparent in the tissues adjacent
to the wound. These manifestations indicate that the circulatory sys-
tem is struggling to overcome the unsatisfactory nutrition of the part
caused partly by the devitalizing influence of the inereased amount
of toxin in the tissues, and partly by the increased tissue tension due
to the spread of the process. While the copper-colored mottling of
the skin in the neighborhood of the wound is more or less apparent
from the very first grade of the process, nevertheless this discoloration,
being now influenced by the progressive circulatory disturbance, as-
sumes a more decided brownish tint, which might be deseribed as a
brawny induration, and there is distinet evidence of its decided
tendency to spread. This tendency of the discoloration to spread is
in direct proportion to the extent of the cireulatory disturbance,
therefore the greater the disturbance the more extensive the dis-
coloration. This brawny discoloration can usually be easily detected,
and when its progressive character is manifest the gravity of the
general prognosis is increased in proportion.

The third, or increased virulence, stage represents the climax of
the second grade of the process. Its manifestations are closely asso-
ciated with and dependent upon the preceding stage of circulatory
disturbance. The progressive devitalization of the part, beginning
with the localized necrosis in the walls of the wound, has now reached
its culmination in the more extensive loeal death of the surrounding
tissues. Onece the resistance of these surrounding tissues is com-
pletely overcome, the rapid extension of the devitalization is assured
and a fulminating character is imparted to the process. Besides the
clinical evidence already mentioned, the increased virulence of the
infective process is evident from the suddenly more extensive activ-
ity of the process and its rapid dissemination throughout the dying
tissues. Hence it is that the massive death, which is now progres-
sively occurring in the tissues surrounding the wound, has received
the name of * gas gangrene.” The most potent and continuous in-
fluence in causing this gangrenous process is undoubtedly the toxin
elaborated by the infective organism. This toxin is the pivot in the
vicious circle by means of which necrosis follows the elaboration of
the toxin and baeterial activity is increased by the necrosis. The
production of gas is only an ineidental by-product in the process, and
hence the term “ gas infection ” should also be discarded, in that it
does not express the true nature of the process. In view of the pro-
gressive character of the infeetion and its ability to create the con-
ditions favorable for continuance of the process, the term “ progres-
sive emphysematous necrosis” would more accurately express the
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character of the condition and at the same time indicate its most
prominent clinical manifestations.

The prognosis of the third, or septicemic, grade of the process is
exceedingly grave. It represents such an overwhelming degree of
infection that all protective barriers have been swept away and the
systemic invasion by the organism has oceurred. As in other septi-
cemias, this lethal process is progressively asthenic in charaeter, but
it would seem to be specially so in this particular form, which would
also seem to indicate a total breaking down of all resisting power.
Under these cirecumstances it is not surprising that sudden deaths
occur which may be hastened by the embarrassing presence of an
unusually large amount of gas in the blood stream.

TrearMENT—The line of treatment to be adopted for this condi-
tion is to be considered under three distinct headings, according to
the indications, which are usually apparent, as regards the invasion
by any infective process. Thus there would be the prophylactie, the
abortive, and the curative procedures.

The prophylactic procedures would seem to resolve themselves
into the precautions which are more or less familiar to all, and which
are the usnal precautions against wound infection. Under the pres-
ent circumstances of the trench warfare in Europe it would seem to
be well-nigh impossible to obviate an exceedingly high percentage
of wound infection, and especially infection with the organism re-
sponsible for the progressive emphysematous necrosis. The reasons
for this are not far to find. In the first place the entire western
European war area has undergone for many years an intensive pro-
cess of eultivation which has resulted in the soil being saturated with
fertilizers and caused it to be the medium par excellence for harbor-
ing the infective organism. Once the trenches are dug deep in this
soil, there is no escape from the ever-present conditions which are
favorable for infecting every wound. Soldiers are obliged to occupy
these trenches for days and nights consecutively under all weather
conditions, so that their clothing and body surface become more or
less permeated with the trench dust and dirt, which of course con-
tains the infective organism in great numbers (fig. 138).

A consideration of these facts leads to the theoretical coneclusion
that something might be accomplished in a prophylactic way by not
only covering the floor of the trench with small fagots of woad,
which is now the universal eustom, but by making an effort at the
disinfection of the sides of the trench. Caleium hydrate, or slaked
lime, white-washed thickly and repeatedly along the sides of the
trench could at least do no harm and doubtless would be productive
of not a little indirect good. Besides being very cheap and easy to
acquire in large guantities, it is a deodorant and possesses distinet
antiseptic properties.
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The sides of the trenches are frequently lined by upright stakes
interlaced with cross-pieces of thin wood in order to prevent the
crumbling dirt from falling into the trenches. This arrangement
would be more favorable for the application of the white-wash than
when the sides of the trench are unprotected, although under the
latter circumstances, once the dirt is hard and dry, it would be no
great difliculty to keep a thick coating of lime on the trench walls.
There could be no military objection to this, as it would not be visible
to the enemy under ordinary circumstances. Small sections of the
trenches are covered over to some extent all along the line, and the
positions of the opposing trenches are perfectly familiar to all com-
batants in the field, so that any added feature of trench hygiene,
even though conspicuous, would not unduly expose the occupants to
the enemy’s fire or cause the enemy’s attention to be attracted any
more than at present prevails. Cementing the wall of the trench
has been done in selective places, but as anything like a general ap-
plication is out of the question for many reasons.

There is something to be said about the clothing from a prophy-
lactic standpoint. The French soldier’s uniform and overcoat, which
latter he wears continuously for some reason both winter and summer,
is made out of a thick, coarse, felty material which certainly becomes
very easily more or less permanently contaminated with dirt. Body-
sweat and rain keep the clothing inundated for considerable periods,
and this moisture in the fabric helps to maintain the vitality of any
organisms which may be present in the dirt. The British soldier’s
uniform is composed of somewhat the same character of material,
resembling a rather thick flannel. It would certainly be the part of
wisdom, from the viewpoint of infection, to adopt a less porous and
more easily cleansible type of uniform, such as a khaki eloth which
has a hard finish. In addition to the foregoing, cleanly habits and a
rigorous policing of all trenches would, of course, be productive of
general good.

The soldier should receive as a necessary part of military training
repeated instructions in the rudiments of asepsis, antisepsis, and the
conditions favorable to wound infection. This would unquestionably
rot only lead to a more careful and intelligent application of the
first-aid package, but would be conducive to far-reaching good as
regards improving and avoiding the conditions favorable to infec-
tion. At the first-aid stations iodin should be freely used, pouring
it into the wound and applying it to the surrounding surface. Car-
rel recommends the injection of Dakin’s fluid into narrow wounds
at this time, and also dressing the large wounds with gauze saturated
with the same solution.

The abortive treatment of this progressive infection contemplates
being able to thoroughly treat the wound within 12 hours after the
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receipt of the injury. The earlier this treatment is begun the better
the outlook for accomplishing its purpose. The principles of this
abortive treatment are twofold—mechanical and chemical. The
mechanical process calls for the prompt and delicate removal of all
foreign bodies, such as projectiles, fragments of elothing, and unat-
tached splinters of bone. It is necessary, in the vast majority of
cases, to enlarge the wound in order to thoroughly accomplish this
important feature of the work. The X-ray is a valuable adjunct
and should always be used when practicable. There should be as
little traumatizing of the wound as is consistent with thorough surgi-
cal technic. All overhanging and ragged edges should be carefully
trimmed and the wound should be thoroughly inspected to ascertain
the presence of loose, ragged, or apparently devitalized tissue. Iieces
of fascia should be carefully removed and the sides of the wound left
as smooth as possible. All bleeding should be thoroughly controlled
at this time and the general extent of the damage ascertained.

The chemical part of the abortive treatment calls for the con-
tinuous application of an antiseptic which will not only promptly
destroy the organisms with which it comes in contact, but which will
dissolve or detach any pieces or areas of devitalized or necrotic tissue
which happen to be left behind or develop afterward in the wound.
The Dakin fluid is such an antiseptie, and is not only highly germi-
cidal but is practically nonirritative. As regards large wounds, the
thorough application of this fluid is accomplished first by the intro-
duction into the depth of the wound of long fenestrated narrow
rubber tubes, the number depending on the size of the wound and the
diverticula present. The object is to so place the tube or tubes that
when fluid is injected through them and into the wound 1t will reach
all parts. With the tubes in place, and projecting for 4 or 5 inches
outside the wound, the latter is now lightly packed with gauze
saturated with the Dakin fluid. Aleohol should not be used in con-
junction with the Dakin fluid, as it causes the latter antiseptic to
become very irritable to the tissues by the rapid liberation of free
chlorin. A layer of nonabsorbent cotton, through which pass the
rubber tubes, completes the dressing. The fluid is. injected every
one or two hours into the tubes, or the latter may be coupled to a
Murphy drip apparatus. The object is to keep the gauze in the
wound thoroughly saturated with the fluid, but not cause it to leak
from the wound. This is kept up for sometimes as long as 48 hours,
depending upon the size and character of the wound. At the end of
this time, if the treatment has been thoroughly carried out, the
-wound will be sterilized in the great majority of cases. The wound
iz inspected and the dressings carefully renewed every morning.

In addition to the sterilization of the wound the abortive treat-
ment also contemplates the use of some form of permanent dressing



94 MEDICO-MILITARY ASPECTS OF EUROPEAN WAR,

or an apparatus best suited to the special needs of the individual case.
In case of a fractured bone the use of a carefully applied plaster
dressing, either in the form of a fenestrated permanent cast or as a
molded splint, is recommended. Plaster is advocated for the reason
that, as soon as the sterilization of the wound is assured, the patient
can be evacuated to the rear much more easily and safely in this
form of splint than in others. When the large base hospital of the
interior 1s reached the cast may be removed if thought necessary,
and any form of special apparatus applied that will best suit the
individual needs of the case. As regards the patient’s transfer to
another hospital, no case should be transported, except in an emer-
zeney, until the sterilization of the wound is complete. Tt has often
occurred that the delay incident to prolonged travel has resulted
disastrously for the patient when there is an active infection in the
wound.

It has been the practice with a large number of surgeons as re-
gards the early general treatment of wounds fo open up the latter
thoroughly, remove foreign bodies, irrigate with salt solution or
an antiseptie, introduce drainage tubes, and either use a dry or wet
dressing, according to the individual preference of the surgeon.
Whether or not the surgical indications have always been con-
scientiously ecarried out, it is a fact that a very large number of
wounds reach the base hospitals of the interior in a septic condition.
This indicates that the early and subsequent treatments have not
been thorough enough to prevent a continuance of the infection. The
abortive treatment outlined above has been successfully used a large
number of times, and there is every reason to believe that, when con-
scientiously applied, it will greatly improve the statistics of wound
infection. It must not be lost sight of that in the abortive or any
other line of treatment one of the cardinal surgieal indications is
to produce aerobic conditions in the wound instead of anaerobie,
which latter is the condition most suitable for a continuance of the
infective process.

The curative treatment has specially to do with the second grade
of the infective process, and it is this grade of the condition that
has usually been treated in the large base hospitals of the interior
for the reasons already given. This form of treatment either calls
for a continuation of the treatment already instituted elsewhere or
the adoption of special procedures to meet any speecial demands.
In the beginning this treatment may be an intensified continuation of
the abortive treatment outlined above or it may take the form of any
special surgical procedure individually preferred by the surgeon. -
The X-ray should always be made use of as a matter of routine to
ascertain if any metal has escaped being removed in the previous
treatment. It is usually a foreign body, either metal, cloth, or bone,
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which is responsible for keeping up the infection in the earlier sfages
of the second grade. In any case the wound should be thoroughly
inspected and all pockets or diverticula opened up. Any necrotic
material should be carefully trimmed away at this time, and specially
should necrotic or loose fascia be sought for. As this elass of cases
usually presents a mixed infection, it is more than likely that drain-
age tubes will have to be used to facilitate the drainage of pus.
These tubes need not interfere with the use of the Dakin fluid as
outlined above. Some operators may prefer to adopt a different line
of treatment than the Carrel method, in which case it may take the
form of any well-recognized surgical procedure. Dr. Wineberg,
of the Pastenr Institute, has introduced a serum which has been
tried in a large number of cases, but so far no decided results have
followed its use.

After the case has been operated upon, the general and local con-
dition must be carefully watched. If the infection is being controlled
and improvement sets in, the temperature and pulse subside, the dis-
charge becomes progressively less, the wound gradually assumes a
healthy appearance, and a satisfactory convalescence is established.
If, on the other hand, the condition not only does not improve but
shows indications of becoming progressively worse, certain radical
measures must be contemplated, with the idea of at least saving the
patient’s life. In case the process involves the upper or lower ex-
tremity, amputation may be performed as a life-saving measure.
This must not be undertaken too lightly, nor must it be so long
delayed as not to reasonably insure saving the patient.

Sir Almroth Wright has recommended the placing of strips of
gauze into the depth of the wound and into special incisions which
are made with a view of reaching the deep fascial planes. These
strips of gauze are kept more or less continuously saturated with
salt solution, and the presence of the latter in the wound causes a
certain amount of responsive outpouring of serum from the tissues,
This treatment has been used with apparent success by a number of
British surgeons and at the Japanese Red Cross Hospital. While
this method of treatment may be satisfactorily used in selective cases,
it is the opinion of quite a large number of surgeons, who have had
considerable experience during the present war, that the great ma-
jority of progressive cases require a more radical treatment, such as
not only a thorough opening up of the wound, but also the more or
less continuous use of an active antiseptic.

Another method of treatment, which was enthusiastically indorsed
by a few, consisted in the subcutaneous introduction of oxygen under
pressure into the tissues above the wound. This method was reported
as being in successful operation at a certain few hospitals, but it has
been thoroughly tried out a number of times in other hospitals, and
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the reports have been almost invariably to the effect that the pro-
cedure exerted very little influence, if any, upon the infective process.

The indications for amputation are largely a matter of surgieal
Jjudgment and experience. A number of factors would have to be
considered before arriving at a definite conclusion as regards the
entire removal of a limb. It is during the latter part of the second
grade of the progressive process, namely during the stages of cir-
culatory disturbance and increased virulence, that amputation comes
up for serious consideration. It is because of the rapid local and
constitutional changes at this period that the surgeon must be on
his guard and prepared to act promptly in case a decision 1s reached.
Familiarity with the pathology of the last two sfages of the second
grade of the process will alone enable the surgeon to form an intelli-
gent opinion as regards the radical removal of the offending member.
Consideration must be given not only to the local tissue changes as
manifested in the stage of circulatory disturbance, but the constitu-
tional resistance must be carefully estimated at the stage of inereased
virulence. As already indicated, these two last stages of the second
grade are so closely interrelated and the process as a whole is so de-
pendent upon the mutual and responsive reactions occurring between
these two stages at this time that the climax or erisis represents the
culmination of the more or less rapid general changes which have
taken place as the result of this intimate relationship between the
two stages. The index of the eritical point in the patient’s condi-
‘tion is therefore the point where the local and constitutional mani-
festations have converged to form a picture of combined and acute
distress.

Under "these ecircumstances the local manifestations which would
call for removing the part would be the more or less rapid display
of progressive tissue death, as indicated by the spreading discolora-
tion, the increased edematous induration, and the manifest inability
of the embarrassed circulation to reestablish itself in the swollen and
tense member. At this time there would be a perceptible loss of tem-
perature in the tissues below the wound and no appreciable evidence
of a distal pulse or circulation.

The serious constitutional manifestations, which follow closely the
above local changes and which indicate an dncreased virulence, are
those which show unmistakable evidence that the infective process
is gaining a more or less rapid ascendency over the body resistance.
The temperature at first would begin its spasmodic or steady rise,
the already disproportionately rapid pulse would further increase in
rate, and the patient would exhibit the dull and listless attitude
toward his environment which shows the influence of a powerful
depression.






Fig. 138.—Showing the mathod of trench construction and the conditions under which wounds
pecome infected. (2&e page Yl.)




Fib", 1-1U,--'S!1-::|'.‘.'ir'-gf the -.:1F’|;||E'EE'-'.| dressing and apparatus for skin traction in pOE Ition in the
same casa as the preceding photograph.




g sKin tr
gparation comg

atter two weaks i

e amputation
Wi amao

i | s to allow a certs
UIUres wearge used :l,"-_'l the wou

Twimlg L]

Showing anathoer s
¢, |m thiz caszse|
operation, althougl

Tl'.!"l’_}.lg-'_"lf It [':'_-: 2 M

nd




(/5 afed sag) "uoisualxs s Hang ¥
L R Y “h_
1 03

Yica
| @

5

| Byl ©1 pan
EaYITRIIE &[]

1 O

e dde ayy uwy Ba) a2yl oy par
I pue asEUNS JRuR|d By) J1opuUn SUIn]
| i} A0 UMOP MO| ST Ba) Byl Ul P

| M0l s280d wopael) wa
Uys ‘udisuaixa dung

YAaao sy

A—






Fig. 148.=0riginal shell wound. Fig. 14%.—Rezult of partial healing and show-
(See page 101.) ing dental bridge




Figs. 152-153.—Showing original shell aund and the result of healing with the dental
bridge in place. (Seéé page 101.)

Figs. 154-155.—5hell wound of face, causing loss of front testh with alveclar process, showing
coandition of patient (Arab) on admission and dizscharge. (See page 101,
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Flge. 156-159.—5howing o series of photographs of a case admitted from another hospital
which had no d 1l =& Sriginal wound was due to a rifle ball which itered from
below and res 2| In pound fracture of thelowerand upper jaws, Showingeondition
on admission and discharge., (Sea page 101.)
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In view of the combined evidence of a beginning progressive local
and constitutional decline, the surgeon is thoroughly warranted in
deciding upon an amputation. The latter must be performed before
the general resistance of the patient is so low that the shock of
operation will cause death.- The operation itself must be performed
with the utmost dispatch consistent with the recognized principles
of good surgery. The stump should be left wide open and no effort
made to limit the size of the wound by the introduction of sutures.
This latter admonition is highly important in view of the paramount
necessity of making absolutely sure that henceforth aerobic condi-
tions will prevail in the wound.

In order to save as much of the limb as possible it will ofttimes
be necessary to disregard the formation of skin flaps on account of
the position of the wound or the area involved in the necrotic process.
At other times a certain amount of skin may be available as a flap
covering without sacrificing the length of the limb. In either case
the wound is to remain completely open during the course of the after-
treatment, and the skin, if left to itself, will gradually retract and
eventually necessitate a second operation in order to secure a pain-
less and useful stump covering.

In order to prevent, or limit as far as possible, the skin retraction
in these wounds, a method was devised which constantly pulled upon
the skin during the period of after-treatment. This method proved to
be highly successful in quite a number of these cases and is recom-
mended on account of its simplicity and effectiveness (figs. 139-144).
It consists of gluing a wide piece of thin canton-flannel material to
the skin about 2 inches above the edge of the wound and with the
“hairy ” side of the material next to the skin. Sewn to this wide
piece of eanton flannel are four narrower pieces of the same mate-
rial 2 inches apart and having a short piece of narrow webbing at-
tached to each of the four pieces, as shown in figure 144.

This apparatus is not used until three or four days have elapsed
after the operation, so that nothing may interfere with keeping the
wound wide open. Although a certain amount of sloughing takes
place in these cases, it quickly clears up under wet antiseptic dress-
ings, and after three or four days it is safe to apply the apparatus.

It not infrequently happened that previously amputated cases, in
which the wound had been left open, were admitted at the American
ambulance. These cases, some of them several weeks old were also
successfully treated with the skin traction apparatus.

When the wound is to be dressed (fig. 139) the extension straps
are laid back and do not interfere with this procedure. Narrow strips
of rubber tissue, placed crosswise, cover the raw surface, and over
these are placed the wide gauze pads, which are then secured in place

12831°—15—7T
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by a narrow strip of gauze surrounding the dressings at the end of
the stump. The extension straps are now brought over the end of the
erosspiece of wood. The latter has attached to it a cord, which passes
over a pulley attached to an upright at the foot of the bed and secured
to a bag containing the 5 to 7 pounds of weight (fig. 140). In order
to make sure that the dressings will not slip off the wound, two long
narrow strips of gauze are secured crosswise over the dressing and
pinned to the wide piece of canton flannel which is glued to the skin,
the strips of narrow gauze passing through the intervals between the
extension straps. In order to make a better pinning surface for the
strips of gauze, it was necessary to apply five or six turns of a wide
gauze bandage snugly over the broad piece of canton flannel. The
arrangement was kept up usually for about a month, the dressings
being renewed daily, and by that time the skin had usually come
down over the stump to such an extent as to be able to dispense with
the apparatus entirely.

The preparation used to glue the canton flannel to the skin for the
traction apparatus, also to glue the extension straps to the leg in the
application of the Blake splint and to glue the extension straps to the
forearm in the overhead extension treatment of compound fractures
of the humerus, is as follows:

Parts.
N e e e L i M bl s s by cadate 50
o (] (A APPSR T8 SupUN s NP e o o eyl S EMS N £ op. 1 )T
T e 26
Yenice tNEpeilne cccccsscscsssssmsstcsssarsasasssssssansmmas e 5 B i 1

NotE—Powder resin ; add half of the aleohol ; add all of the Venice turpentine
with the benzin, and then wash the measure with the remainder of the alcohol.

As regards the treatment of the third or septicemic grade of pro-
gressive emphysematous necrosis, there is practically nothing that
can be done to ward off a fatal result. Rectal salt solution with
adrenalin chlorid, slowly introduced, will aid other stimulants in
prolonging life, while blankets and hot-water bottles will prevent
the rapid lowering of body temperature. The serum treatment and
all other measures that have been tried have signally failed when
once the septicemic grade has begun. The only hope offered is to
prevent the onset of the third grade by prompt amputation in the
latter part of the second graede and before the patient is too weak
to stand the shock of operation,

In a certain, though rather small, percentage of second grade
cases the mixed infection will continue for a considerable period.
Although the gas bacillus may be present in the wound, it shows no
signs of activity, and the mixed infection continues, with remissions
and exacerbations in spite of all that is done to control it, until the
patient’s condition has gradually sunk to a very low ebb. This
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class of prolonged infected wounds has already been alluded to, and
certain considerations were advanced with a view to bringing about
a better general condition of the patient and a more favorable end
result.

Dr. Edmund B. Piper, a member of the Philadelphia unit at the
American ambulance, has devised a system of irrigation for deep,
perforating, and badly infected wounds, on a principle of hydrau-
lies (figs. 137 and 160). This method has been used with a great
deal of satisfaction on several long-standing cases of badly infected
deep sinus wounds surrounded by large granulating areas. The
application of this method calls for incising the part in such a
manner as to obtain thorough drainage from all parts of the wound.

The following is a quotation from Dr. Piper’s personal com-
munication to the writer:

The primary principle of the treatment of all infections is drainage. When
we have established drainage by proper openings the question of rapid recovery
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Fia. 160.—Diagram illustrating the hydraunlic system of irrigation. (See fig, 137.)

unquestionably depends upon the ability to keep the infected area as free from
pus as possible. In order to accomplish this we have applied the old principle
of hydraulics, namely, that the only way fluld ¢an be foreed out through an
opening in a tube, which opening is covered up, or rather over, by soft pliable
material, is by back pressure. Therefore we cat off the flow from the end of
the tube and use a through-and-through rubber drainage tube, with a gutter
cut in its side. This tube iz placed in the wound and the position of the
opening changed from time to time to avoid granulations growing over the
opening. The tube s connected above and below, and the direction of the
flow regulated by stopeocks, which are explained in the accompanying rough
sketch, the object of this being to alternate the flow of the fluid from above
downwiard to below upward and vice versa. We use the continuons drop, but
usnally open the valve widely a half dozen times a day, and so give the wound
a free flushing, Thug the fluid must pass out of the gutter opening in the
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tube into the wound itself and flush out around the edze of the tube at
either end, depending on where the gutter opening lies at the time and the
direction of the flow of the =olution, but more especially upon the former,

DENTAL SURGERY.

Omne of the surgical advances of the ].'IlLﬁLnt war has been the rec-
ognition of the dentist as a necessary unit in the crganization of a
military hospital. This has been largely brought about by the pres-
ent-day trench warfare. The latter leads to the production of a large
number of face or jaw wounds, involving usually a great loss of sub-
stance, in the form of bone, teeth, and soft parts. So valuable has
this work become that every large military hospital now has its
surgical dental department which works in conjunction with the
other surgical services and supplﬂments certain procedures which are
m(hqpenqahle as regards bringing about a favorable result.

The surgical dental department of the American ambulance, under
the charge of two American dentists, Dr. Hayes and Dr. Davenport,
has greatly extended its usefulness during the present year. Starting
with a small equipment and one assistant, three chairs in all, it has
grown to six assistants and a proportionate number of chairs and
equipment. This department not only takes care of the dental cases
at the American ambulance, but has treated large numbers of pa-
tients from other hospitals. A prominent part of the work has been
the systematic inspection of the mouths of all patients admitted to
the ambulance. This has involved a great deal of painstaking work,
resulting in putting the mouths of many hundreds of patients in a
healthful and comfortable condition. Many hundreds of treatments,
fillings, and repair work of all kinds have been ecarried out, and as a
result a large percentage of the patients show a general improvement
of such a character as to be attributable to the dental work alone. In
order to give some idea of the amount of work performed by the
dental department of the American ambulance, and also to indicate
the importance of a dental department in the organization of a mili-
tary hospital, the following summary is made from the report of the
chief dental surgeon, Dr. G. B. Hayes, covering the period from Sep-
tember 6, 1914, to September 1, 1915, which is practically one year of
surgical dental work:
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There can be no question of the value of placing the teeth in order,
as shown by the improved digestion and general good health follow-
ing this work; but the great usefulness of a dental department to
every hospital has only been recently generally recognized. In many
instances the complications following operations are directly trace-
able to an unhealthy condition of the mouth. So true is this that
the careful surgeon is beginning to insist upon a thorough inspection
and treatment of the teeth, whenever it is practicable, before under-
taking any major operative procedure.

One of the most striking features of the value of a dentist in the
organization of a military hospital is shown in the results obtained
by surgical cooperation with the dentists at the American ambulance
in connection with the mutilating wounds of the face (figs. 145-159).
These wounded always show compound fractures of the upper or
lower jaw, with a variable amount of loss of substance. They rep-
resent a class of cases which extends over a period of months before
a final operation is performed which completes the result. A wound
of this character is considerably hampered at first with reference to
the healing process on account of the secretions from the mouth and
the necessary feeding of the patient. At the first operation these
ragged and mutilating wounds are treated by the careful trimming
away with scissors of the sloughing areas. In this procedure the
vermillion border of the lip is preserved as much as possible, and
then the tissues are loosely brought together with sutures and pro-
tected by a loose dressing, which has to be changed several times
a day.

The preliminary steps of the operation consist of shaving the face
and neck, scrubbing with green soap and water, followed by 70 per



102 MEDICO-MILITARY ASPECTS OF EUROPEAN WAR.

cent alecohol.  As the mouth secretions are profuse and the bleeding
rather free, it will be necessary to provide means for the prompt
removal of this mixed fluid from the pharynx during the operation
in order not only to prevent strangulation but also the inhalation of
septic material which may cause pneumonia. This is best accom-
plished by a simple water-suction apparatus secured to a faucet in
the operating room and having a long tube attached which ends in a
good sized catheter. This latter is held in the pharynx by an
assistant during the operation, and the fluid is thus removed as it
accumulates.

The most that is hoped for from the first operation is that the soft
parts will unite in such a way as to admit of correcting any serious
deformity later on by means of a final plastic operation. There are
usually three stages in the general operative procedure. The first
stage consists of bringing the soft parts loosely together, as indi-
cated above., Usually there is so much loss of bony substance that
no effort can be made at this time to unite the fractured ends of
the bone,

After the soft parts have united, the second or dental stage is
begun. A metal bridge is anchored, by the dentist, on whatever teeth
remain at the ends of the fragments. This bridge may be tempo-
rary at first for the purpose of simply holding the loose fragments
in a steady position in the mouth. Gradually a scar will form over
the ends of these fragments and the continuity of the mucous mem-
brane of the mouth is slowly restored over the scar thus formed.
The condition of the parts at this time is fairly satisfactory, although
there may be considerable puckering as a result of the partial or
complete healing of the original wound. Once the mucous membrane
has grown over the sear between the bone fragments the third stage
of the operation may be attempted. This consists, first, of a plastic
procedure, which is directed toward as complete a restoration of the
face as i1s compatible with the destructive effects of the original
wound and the available skin in the immediate neighborhood of the
scars. The second step consists in the removal of a portion of a rib,
or of the tibia, which is then transplanted to complete the bony con-
tinuity of the jaw beneath the bridge.

In proceeding with the plastic operation on the skin, it may be
necessary to partially remove the scar so as to bring about a better
rendjustment of the tissues. Injury to the newly formed mucous
membrane must be carefully avoided, but if it 1s necessary to incise
it, or if accidentally wounded, it must be carefully sutured. Having
outlined the plastic work by the formation of suitable skin flaps, the
ends of the bony fragments are carefully dissected free from the scar
tissue so that no injury results to the underlying mucous membrane.
The ends of these fragments are now freshened by either beveling
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or grooving. An accurate estimate is then made of the bone required
to bridge the gap and a suitable piece of rib with periosteum may be
resected, or a portion of the tibia with its periosteum may be re-
moved, according to the preference of the operator.

There are several ways of securing the transplanted bone in place.
It may be beveled and fitted into corresponding grooves at the ends
of the fragments; it may be drilled and sutured in position with
chromic gut; or, if the conditions are favorable, some form of bony
inset may be attempted along the lines of a mortise and tenon joint.
Having fixed the bone in place, the skin flaps are sutured and boric
acid dusted over the suture lines. The after-treatment consists of
eareful liquid feeding and frequent mouth washing.

INJURIES TO THE NERVOUS SYSTEM.

In a personal communication, Dr. C. B. Craig, of New York City,
who has had charge of the neurological cases (figs. 161-167) at the
American ambulance for eight months, gives the following outline
of his observations:

In classifying the cases in a large base hospital such as this, one must keep
constantly in mind that the proportion of injuries to vital parts, as compared
to less =serious injuries, is almost opposite to that seen in the front hospitals—
that is to say, the majority of men wounded in brain, spinal cord, abdomen, or
heart die on the battle field or at the first-aid stations.

The cases in a large base hospital present o percentage of probably 80 in
which the wound iz in an extremity. During eight months I have not en-
countered a bayvonet wound, which is accounted for by the fact that most
bayvonet wounds are in the abdomen and the men consequently die on the battle
field. Injuries to the head form a rather large percentage at the American
ambulance owing to our specialization in the after-treatment of jaw wounds,
Injuries to the brain form a small proportion, amd of these over 90 per cent
of the penetrating wounds of the brain have resulted in death from meningitis,
Those cases which have recovered have, in many instaneces, formed secondary
nhscesses in the course of a few months, Cases of concussion, where the brain
has not been affected, have recovered with remarkable rapidity. I have seen
examples of complete hemiplegia clear up to a large extent in six weeks, and
as far as function is concerned entirely in three months.

Injuries to the spinal cord may be divided into direct trauma with lacera-
tion of the cord or a severe degree of contusion, and concussion with hemato-
myelia produced by o sharp blow upon the vertebrs. The former class is
rendered paraplegic, and of the 12 cases 1 have observed very little progress
has been made—in fact, one may say none of importance, as the patients remain
paralytic in both legs and incontinent. The second elass—result of hemorrhage
into the spinal cord—oeceurs chiefly in the cervieal region from wounds of the
neck: the picture of complete paralysis of both arms with preservation of
motor power in the legs is the commonest one. The six cases of this variety
which T have observed recovered the use of arms almost completely. Injuries
to the nerve trunks make up by far the largest proportion of tranmata of the
nervous system.

It is difficult to classify cases as distinetly neuarological, as practically all in-
stances of fracture in an extremity show varying degrees of disability of the
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peripheral nerves below the point of injury. The suspension of funetion in the
peripheral nerves may be due either to direct violence of the missile, flying
fragments of bone, or to the resulting hemorrhage and edema into the part,
or to cicatrization; and the subsequent disability may be motor or sensory, or
both. Mild cases resultant upon edema and hemorrhage have recovered regu-
larly, providing that the hand or foot has not been kept motionless, One of
the chief discoveries of importance which the treatment of numerons cases of
fracture at this hospital has brought out iz that the hand or foot beyond the
fracture should not be allowed to remain motionless or strapped to a splint,
but should be exercised and given massage at the earliest possible date. In
this way many stiff joints and trophic changes in the fingers (including skin
and tendons) have been avoided. An excellent device has also been found to
suspend fractured arms, thereby preventing stasis and aiding the subsldence of
the nsual edema.

Injuries to nerve trunks naturally follow the same general rules as one
observes in civil practice, 1. e, injuries to the sciatic are much the more painful,
wherens injuries to the nerves in the arm are much more apt to result in motor
paralysis. The commonest motor paralysis is that of the musculospiral, due
doubtless to its location close to the humerus., Considering the enormous num-
ber of wounds in the extremities, both of the bones and soft parts, the infre-
quency of completely severed nerves is guite remarkable. This must be ae-
counted for by the resiliency and elasticity of the nerve trunks, which per-
mit o eertain degree of displacement without ropture,

In the treatment of peripheral nerve injuries the following has bheen found
of service: The coal-tar produects, in proper dosage, usually afford relief ; com-
binations of aspirin, phenacetin and sodium bromid have been very useful ; and
at night a combination of aspirin and veronal has proved efficient. When neces-
sary, of course, morphin is resorted to. When the nerve lies in an open wound,
or even after the wound is closed, a direct application of electric-light rays
from an ordinary incandescent lanmp has been found to give relief. Elevation
of the extremity, to increase the mass movement of the blood and decongest the
irritated nerve, has been very heneficial in many cases., After the wound is fairly
on the road to recovery an electrieal current has been used with good effect,
both galvanic and faradic, to maintain the nutrition of the parts supplied while
the nerve is recovering.

In view of the long convalescence which patients suffering from injuries to
the nervous system are bound to undergo, one of the most important features
of their care is the establishment of suitable convalescent homes where proper
treatment ecan be continued after their discharge from surgical hospitals, other-
wise the inclination to disuse of the wounded member will render the individual
in all probability a cripple for life.

Dr. Stone, a former neurologist at the American ambulance, in
a paper read before the medical society of that institution, has this
to say with reference to the surgical treatment of certain severed or
functionless nerves:

In certain cases, operative measures have been undertaken for two pur-
poses ; one to improve the motor function in certain nerves, such as the musealo-
spiral, where the nerve has been caught in the callus or cut in two by the
fragments of the humerus; and the second, to diminish the amount of pain
which the individual suffers, as for example, in cases of the long saphenous
caught in a sear and as a result of which the patient suffers much pain in the
distribution of this nerve.
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These operative measures occurred in several instances, but undoubtedly
operations will be still more necessary in this group of ecases before the
patients are returned to the best condition in which they ¢an be placed. One
must realize, too, that convalescence is tremendously long in these operative
procedures, Someone has computed—though this computation may perhaps
not be quite correct, vet it is valuable as a means of comparison—that a nerve
in a young individual, with evervthing in his favor, will regenerate at about
the rate of 1 cubic mm. a week, If, therefore, a man has a fractured humerns,
and the musculo-spiral nerve, caught in the ecallus, has been released, and if he
has evervthing else favorable to his recovery, it will take a matter of 25 to 30
weeks at the shortest space of time before he returns to a condition at all
approaching his normal.

As a matter of fact, very few recover entirely, for the reason that most of the
injuries are associated with infection, and infection very decidedly diminishes
the chance of the individual having the nerves functionate again in the nor-
mal way. When one considers the number of instances of nerve lesion, the
severity of the symptoms which may be produced, and the long convaleseence
which must ensue before these individuals are returned to a normal con-
dition, it is not very difficult to arrvive at the conclusion that the neurological
aspects of projectile wounds are of a very definite importance.

As regards the influence of cold in the production of ineapacitating
defects, there have been various degrees of this condition during the
winter months of the present war, chiefly manifested in the region of
the feet. There is a certain group of these cases which presents prac-
tically no external evidence of trouble. They complain of more or
less continuous pain, chiefly at night, over the anterior aspect of the
foot. The increased warmth to the part, as a result of the bed cloth-
ing, would seem to account for this manifestation. In addition to
this, various forms and degrees of paresthesias are complained of,
and the crippling effect, when the patient tries to walk, is pronounced.
These cases linger on for a longer or shorter period, the average being
about a month, before they are able to return to duty. During this
time there is no swelling, discoloration, or venous dilatation visible,
nor are there any other save subjective sensations to indicate an inea-
pacity. No form of treatment seems to have any influence on the
condition, although elevation and exposing the feet to the air at night
seem to afford some relief.

A number of observers in the hospitals near the front believe that
this condition arises from a combination of circumstances. They.
agree that the factors which cause the condition are a more or less
tightly applied puttee, the standing for long periods in an upright
position without moving the legs, and the damp cold of the trenches.
The influence of long standing, in tight puttees, without exercise,
causes a certain degree of venous stagnation in the leg and foot.
This iz evidenced by the feeling of increased constriction under the
puttee and a heavy sensation in the limb. When the effect of cold,
often in the form of icy water, is added to the above, it is easy to
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understand that the peripheral nerves become decidedly affected by
this combined influence and eventually a peripheral neuritis develops.
This would seem to be borne out by the fact that the Belgian soldiers,
who rarely ever wear puttees, are almost never aflected in this man-
ner, whereas the French and English soldiers, all of whom use the
puttee, often become easy vietims, It would seem that the condition
could be prevented by wearing loosely applied puttees or leggings
and exercising the legs while in the trenches in order to promote the
flow of venous blood.

As regards the condition known as “ frostbite ” (figs. 168 and 169),
there have been only five cases at the American ambulance. Formal
amputations were performed on several cases, while in others the toes
gradually dropped away as a result of the dry gangrenous process.
Dr. Stone (quoted above) believes that the shrinking of the boot in
the continuously wet and cold trench is the principal cause of this
condition. He states that “shrinking of the boots diminishes the
circulation of the foot and the result is a combination of diminished
local circulation plus the presence of the constricting action of the
cold on the blood vessels, which is followed by a definite vasodilata-
tion from paralysis or from the vasomotors.”

Ungquestionably a well-fitting and well-made shoe is a most im-
portant factor in a soldier’s life, and it is very probable that one of
the principal reasons why the vast majority of troops escape is
because of their usually excellent shoe. This latter is a light brogan
type, and, while it might be improved as a marching shoe, it is water-
proof and is specially made to withstand the rigor of trench warfare,

The electric vibrator and magnet perfected by Prof. Bergonie, of
Bordeaux, has proved itself useful on a number of occasions. The
vibrator, which is shown attached to the swinging wall bracket in
figure 170, is used to locate pieces of steel in the tissues during the
course of an operation. One end of the vibrator is protected by a
sterile towel and brought to within a half inch of the skin surface
and the current turned on. The operator’s finger is held between the
end of the vibrator and the skin. If steel is present in the tissues, it
causes a well-marked vibration in the metal and this vibration is
imparted to the surgeon’s finger, which is palpating the skin. The
nearer the surface, the greater the vibration in the metal, and as the
end of the vibrator is moved to or from the metal the vibrations in-
erease or diminish, as the case may be. It produces no effect on
shrapnel balls, as the latter are lead, but it is useful in determining
the presence of, or locating, a piece of shell or jacketed bullet, par-
ticularly if the X-ray plate is not clear. It is necessary to place the
patient on a wooden operating table when the vibrator is used, as a
metal table would interfere with the vibratory effects.
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The magnet, which is provided with suitable steel tips, is specially
applicable for extracting small pieces of metal (lead excepted) from
certain inaccessible parts of the body, such as the brain, neck, or
chest. In these localities it would often require a formidable opera-
tion to remove the metal by incising and dissecting the tissues. In
case a piece of metal is located in one of these situations by the X-ray
plate, the patient is anesthetized in the X-ray room, and there, with
the aid of the fluoroscope, the operator can introduce one of the
various steel tips, which has been previously sterilized, into the
original wound until it can be seen to touch the piece of metal.
When the operator is satisfied that the steel tip is tonching the metal,
the patient is wheeled into the operating room, with the steel tip
carefully held into position, and the electromagnet is swung over the
steel tip until it touches the latter. The current is then turned on,
and this of course converts the steel tip into a strong magnet. The
tip can then be gently withdrawn, the magnet being moved at the
same time, pulling the piece of metal projectile with it. As shrapnel
is very seldom used at the present time, the vibrator or magnet can
be used practically for all pieces of projectile in wounds except a lead
bullet which has lost its steel jacket.

One of the special and unusual features of the organization of the
American ambulance is the department presided over by Miss (Gas-
sette, an American lady of Chicago. In this department all the
handage and dressing material used in the hospital is made up nto
appropriate sizes (fig. 171). In addition to this, a large amount of
dressing material is sent out from here to various units over which
the ambulance exercises a maternal care. A well-equipped carpenter
shop 1s one of the adjuncts of this department, and with its aid Miss
(Gassette plans and makes practically all the splints and special appa-
ratus used in the hospital. A great deal of thought and labor is
expended on designing and constructing special apparatus in this
department to suit the individual needs of every case. The depart-
ment has grown enormously since the organization of the hospital,
and it is safe to say that Miss Gassette and the numerous ladies
working under her are responsible in large measure for the good
reputation which the hospital enjoys.

The minister of war requires every hospital to send in weekly
reports to the Service de santé on all the cases under treatment. In
addition to this there is a special blank form in the shape of a postal
card, officially franked, which is sent every week to the nearest
relative of every patient. This post card gives aceurate information
from week to week to the father, mother, or wife of the patient as
regards his condition. Every patient in the hospital is under the
diseiplinary control of the surgeon-in-chief, who, with the consent
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of the medical board and committee, establishes such rules and regu-
lations as may be deemed necessary.

PATHOLOGICAL CONSIDERATIONS IN BASE HOSPITAL WORK.

With the idea of throwing an interesting side light on certain
morbifiec factors which have to be considered in connection with the
general work of a surgical base hospital, Dr. Kenneth Taylor, who
has been the pathologist at the American ambulance since almost the
beginning of the war, prepared at the request of the writer the fol-
lowing instructive paper, which analyses the post-mortem findings
m 51 autopsy reports:

In view of fthe frequent occurrence of pathological lung conditions revealed
at routine autopsies in this ambulance, it was deeided to review the total
number of autopsies on record, with the idea of ascertaining the frequency of
pathological conditions of the lungs and pleura among the fatal cases,

Fifty-one autopsy reports have been examined, comprising all in which an

examination of the chest was made. The following is a list of the number of
times in which a pathological condition was recorded ;
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Many of the cases presented several eonditions ; for instance, 5 out of 6 of the
lobar poneunmonias showed adherent pleura, while 9 out of 15 bronchopneu-
monias showed a similar condition. The total number of lesions is therefore in
excess of the number of cases auntopsied. An attempt has been made to classify
the injuries, taking those which seemed most responsible for the death of the
patient, The following is a list of the occurrence of such injuries:

e - — e 5

Number | Lumngs,
of cases, | negative,

————— e ————— e —————————— ey

Paniobrating Wouds of tha ahesh. - v iiiaammsssmn s meesn s smessnme s sesmsnmns My [
Ponotrating wounds of the abdormam . . . ... .ireeiiisimmrmsmsorrr s smm e e e s 4 1
Transvorse JeSIons O BOTE . . oui i ocane coes s s ames s s s e s s b aaE S0 b a0 £ lesstvsonns
Bttt e o A o e S N T R e 1n 3
LT R 4 T St S e 3 o R SR e P Pl T 1A 17 1
Wounds of leg amnd other extromities. . ... .. ... ....... e e e e L] 2
Multplewounds, too DOMeros b0 elasgily - - o oo e 4 2

Combining the list of injuries with the list of lung findings, we find that 43
showed definite macroscopical pathology; in all of the § penetrating chest
wounds; in 4 of the 5 penetrating wounds of the abdomen; in 3 of the 4 cord
injuries; in 6 of the 10 brain fnjuries; in 16 of the 17 wounds of the thigh; in
G of the 8 wounds of other extremities; and in 4 of the 6 cases of multiple
wounds, pathological conditions of the lungs or pleura were present.
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Further analysis of the 9 negative cases which oceurred (1 in a penetrating
wound of abhdomen, 3 in penetrating wounds of brain, 1 in wound of thigh, 2
in wounds of other extremities, and 2 in cases of multiple wounds) shows that
4 died within five days of injury, a time too short for chronic changes of the
lungs to have taken place.

The cases in which pathological lung conditions are certainly to be expected
are, of course, those in which there is a penetrating wound of the chest and
probably also high transverse lesions of the cord—which together comprise 9
of the 43 cases showing pathological conditions., This leaves a total of 31 cases
out of 51 auntopsies in which the lung condition secmed to bear no direct rela-
tion to the wound. Some of these, especially a few of the aecute broncho-
pnenmonias, arve undoubtedly to be explained as part of a general pyvemia or
septicemia. On the other hand, there =2 left a large proportion of cases in
which it is difficult to see any direct relation between the wound and the con-
dition in the chest. The high occurrence of lung conditions in wounds of the
thigh (168 out of 17—9 per eent), as in penetrating wounds of the abdomen
(4 ont of 5) and in transverse lesions of the cord (4 out of 4) sugeest that the
chroniec degenerative changes manifested in the great number of adherent
pleurae, may possibly be connected with the matter of posture as well as the
general intoxication from the wound itself. Presumably the acute lung condi-
tions were more or less dependent upon the chronic changes in the pleurae.

It iz worth noting that this high incidence of pathological lung conditions
has oceurred in a class of patients which should be fairly free from lung
affections. All are men between the ages of 20 and 40, who are supposed to
have passed a more or less rigid medical examination and who have been living
an out-door life for several months.

In conclusion it may be stated that 90 per cent (46 out of 51) of the wounded
dying 5 days or more after injury have shown at autopsy some gross pathologiceal
condition of the Ilnngs or pleurae sufliciently marked to be more or less active
in preventing recovery from the wound. In more than half (27 out of 51) of
these this change was of a chronic degenerative character, unexpected in civil
practice in patients of this age and state of health. By far the greatest number
of cases was in the type of wound enforeing a dependent position in bed.

Influenza has been a more or less annoying and serious factor dur-
ing certain times of the year among not only the patients but also the
doctors, nurses, and orderlies, who have all shown a high incidence of
this disease. On one surgical service alone at the American ambu-
lance there were 42 cases out of 170 patients at a time when the
disease was apparently pandemic. Other hospitals all over the coun-
try were similarly affected, so that the influenza bacillus is not to be
regarded too lightly in connection with the pathology of a surgical
base hospital. :

Of the 42 cases referred to above 32 were acute throats with com-
paratively little respiratory involvement. The other 10 include 5
chronic bronchial affections and 5 acute bronchopneumonias. Only
cases in which the bacilli were found in abundance in the swabs from
the throat or in the sputum are included among this number. Many
cases of slight headache, sore throat, and general malaise are omitted
because of insuflicient observations to justify a positive diagnosis.
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Dr. Kenneth Taylor (quoted above) has the following to say in
regard to the harmful presence of influenza at the American ambu-
lance during the time it was prevalent at this institution.

It may directly increase the mortality among patients. We have lost no
patients during the last six weeks of our service from influenza, but have had
two acute post-operative and three spontaneons bronchopnenmonias due to this
infection, any one of which might have terminated fatally.

The infection may canse direct permanent damage to the patlent, indepe-
ently of any other infection. In this connection I may mention that two cases
of myocarditis, three of otitis media, and many cases of persistent bronechitis
have arisen among the patients with influenza,

It may increase the length of or obstruct convalescence indirectly by affecting
adversely the progress of recovery on surgical conditions. For example, one
patient with a very slight degree of frostbite had bheen seriounsly ill for three
weeks with bronchopnenmonia of influenzal etiology.

Influenzan may increase the cost of caring for the patient and impair the
efficiency of the hospital by the enforced absence of doctors, nurses, and other
members of the hospital force. One-half of the nurses and auxiliaries in this
unit have heen absent on account of influenza from two days to two weeks—a total
of 67 days lost to be charged to influenza during the past six weeks., Other
eases among nurses which I have not personally seen would probably double
the number,

While the pandemic character of influenza is well known, much
can be done hygienically to prevent or limit its oceurrence. It was
found that dampness seemed to play a prominent réle in imparting an
epidemic character to the disease. The hospital floors were washed
every day, and at first they remained damp for a considepable time.
When attention was called to this and to the fact that the windows
of the hospital could be judiciously kept open, the disease rapidly
subsided after corrective measures had been taken. During the
pandemic manifestations of influenza the large number of visitors
always present at times in a large hospital would also seem to be a
factor in its dissemination. While there did not seem to be any
manifestation of bed to bed contagion, the fact that a large number
of nurses were affected at one time or another would seem to point
to the fact that they aided somewhat the spread of the disease.
Doctors, nurses, and other attendants should not remain on duty or in
contact with the patients while they are suffering from sore throats or
any other manifestations of this disease, however mild.

Secondary hemorrhages are vitally important factors in surgical
base-hospital work for the reason that infected wounds have always
Leen prone to this complication, especially after amputation where
active infection is a feature of the case. The surgeon has to be con-
tinuously on his guard to meet this emergency in the wards of a base
hospital. Quite a number of deaths are due directly and indirectly to
this serious complication. Ward routine should always take cogni-
zance of the probable occurrence of some degree of hemorrhage in
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recent operative cases of the character noted above. However care-
ful the hemostasis may be at the time of operation, a certain number
of these cases will develop and cause no little anxiety until conva-
lescence is well established.

Transfusions have been the means of saving a number of these cases
and have allowed certain operative measures to be carried out later
which eventually proved successful. Ligation of the vessel in con-
tinuity is one reliable means of controlling the condition, although
packing, or ligating the bleeding points have been successfully carried
out a number of times in the less serious cases. Careful and delicate
handling of the tissues at the time of operation, the removal of for-
eign bodies and all loose or sharp-pointed bone, together with careful
hemostasis and the not too forceful application of ligatures, will
largely reduce the number of these distressing conditions.

Dr. Robert B. Greenough, chief of the Harvard section of the uni-
versity service at the American ambulance, in a personal communiea-
tion to the writer, gives some impressions of his work, as follows:

As I get to the end of my three months’ gervice at the American ambulance I
find that certain features of the work have impressed themselves especially upon
my attention. My base of comparison is, of course, that of a surgeon in a ecivil
hospital, as I have had no previous experience in military surgery. The dif-
ferent points which would seem to me worthy of mention are as follows :

Imfection.—When we first came to Pariz the conditions were somewhat differ-
ent from those in the latter part of May and June when the weather was warm
and dry and the conditions at the front more favorable for cleanliness. The
majority of wounded received at this hospital reach there 48 to 72 hours after
they have been wounded. As a rule, first-aid dressings and lodin have been
applied at the froni and a more elaborate dressing by a surgeon has commonly
been performed at a first-line or evacuation hospital 12 to 24 hours before en-
trance., Cultures taken of these wounds at entrance in April showed in alinost
every case a mixed growth of organisms, including gas-forming ansrobic
bacilli. In May and June the mixed growth of organisms continued, but the
gas bacillus, though oceasionally present, was not constant.

Our routine treatment of these cases involved an anesthetic dressing, at which
the wound of entrance was enlarged amd fragments of clothing, if present,
were removed. In wounds of the arms, legs, and trunk these frazments were
almost constant, a fact which we attributed to the peculiar short-fiber texture
of the French military uniforms. Foreign bodies, such as bullets and fragments
of shell, were removed at once if readily localized amd reasonably accessible,
without incurring the danger of dissemination of infection. Bone splinters,
detached from periosteum, were also taken out; the wounds were almost always
irrigated with salt solution or sodinm hypochlorite, 1 to 200, at operation, and
often subsegquently either by constant dreip or by application of wet dressings.
Where the soft parts were seriously necrotie, whether from injury to blood
supply or by trauma alone, this necrotic material was removed, on the ground
that its presence favored enormously the growth of the gas bacillus. The
attempt was made to immobilize the part either with splints of wood or metal,
or with plaster-of-Paris dressings, of which Dr. Osgood, our orthopedic sur-
geon, devised many ingenious types. The immobilization was, of course, of the
greatest importance in the fracture cases,
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Although the primary cleaning up of these wounds under an anesthetie 1
believe to be very necessary, the after-treatment of the case is almost, if not
guite, of equal Importance. Our service was particularly fortunate in having
five house officers who were experienced in civil-hospital surgery, and the
benefits of ecareful daily dressings, the arrangement of apparatus for irriga-
tlon, and the continuwous supervision of the cases gave results in the way of
prompt subsidence of inflammation, which I think would not otherwise have
occurred. In this connection the use of rubber-tissue draing in preference to
tubes and the protection of the wound by sheets of rubber tissue seem to us
to give much greater comfort to the patient and to be on the whole the most
satisfactory dressing. By this method of treatment rapid subsidence of the
infection, whether of the ordinary mixed type or with the gas bacillus, would
confidently be expected. A vigorous temperature reaction of 103° or 104° F.
followed as o rule. After two days, however, this came down gradually, and
the further progress toward recovery was so rapid that it could be attributed
only to the excellent general physical condition of the patlents. In only a
very small percentage of eases, 1 or 2 per cent, did primary healing follow the
application of a first-aid dressing, whether the missile remained in the body or
whether it was a perflorating wound.

Compound fractures.—These formed the greater part of the wounds that
were brought to us at the American ambulance. These were produced both by
shell fragments and by bullets., Owing to the close pro<imity of the opposing
trenches, most of the bullet wounds showed very strikingly the so-called * ex-
plosive action™ of the small-caliber high-velocity projectiles received at short
range, The shafts of such long bones as the humerns or femur were often
shattered into innumerable little fragments, and these fragments as secondary
missiles were driven through and into the tissue toward the wound of exit
over a cone-shaped area of wide extent. Fractures produced by shell frag-
ments were more atypical, but were almost always comminuted and irregular,
owing to the irregular shape and size of the projectile.

Under anesthesia we removed as far as possible the fragments of splintered
bhone, partly because they were capable of acting as foreign bodies and main-
taining continuous suppuration, partly becaunse they produced necrosis of the
muscle in which they lay and thus favored the growth of bacteria, especially
the gas bacillug, and partly because of the possibility when so situated, from
an anatomical point of view, of subsequent injury to blood vessels and secondary
hemorrhage. All of these fractures were immobilized in apparatus; in only one
case was an attempt made to fix a septic compound fracture by operative means
such as bands or plates. TUnder this treatment long continuous suppuration
could be accepted as positive evidence of necrotic bone fragments or foreign
bodies which had not been removed. The majority of compound fractures thus
treated showed remarkably rapid regeneration and union of such long bones
as the humerns, oceurring in a number of cases in between six and seven weeks.,
When a great loss of substance occurred in the bone and the periosteal regen-
eration was inadequate, preparation for bone grafts was begun, but no case
presented itself during the period of our service suitable for such an operation
on any of the long bones, 1 am confident, however, that many operations of
this sort will be indicated in the next slx months,

Foreign hodies—1 came to this service convinced that foreign bodies in the
tissues without evidence of infection were better left alone. There appear to
be, however, very few cases where this Ideal condition can be obtained, as infec-
tion is almost invariably present under the condition of trench warfare. At
the first dressing under anesthesia it was our policy to remove the missile, as
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Figs. 168 and 169.—Showing different degrees of frostbite. (See page 106.)

Fig. 170.—Showing the electric vibritor and magnet; the former is attached to the swinging
wall bracket and |5 used to locate pleces of steéal in the tissues. The magnet, wilh its differ-
ant size tops, is on the table and is used to extract pieces of steel from certain inaccessible
parts of the body. (See page 106.)
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Flg. 172.—5howing the interior of a trench, with a machine gun in readiness to repal an attack
(See page 117.)



Fig. 173.=5howing the general construction of a firing trench, the use of the trench telephona,
and the ooccupants on the lookout for any sign of the enamy. [(See page 117)

Fig. 175.—Showing a communicating trench, (See page 117.)



Fig. 1 : r imunicating trenches in the foreground and'a German
C gra 117.)

Fig. 177.—Showing a wounded man awaiting transportation at a * refuge spot'” at the end of a
boyau. {(Seé page 118.)



Fig. 178.—Showing one of a large number of trenches in which French dead are buried.
Ses page 119.)

Fig. 179.—=The burial of a German officer by French soldiers on the field after the battle of the
Marne. (See page 119.}
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Fig. 180.—Showing a portion of a large French camp close to the front. Mote the helmets for
protection against asphyxiating gas on some of the men who are baing mustéred for a march
to the trenches. (See page 121.)



Figz, 181-183.—Showing the metha f carrying the food to the trénches after it has bean
prepared. (See page 119.)

Fig. 184.—Showing the location of a British field kitchen nearthe front. (Ses page 115.)



Fig. 186, —Indiantroops preparing an evening meal in thelr camp near the frent. (See page 119.)

Fig. 187.—Showing one of the many large motor busses used at the front to transter troops
from oneé point to another., (Seé page 125.)



Fig. 188.—Common house fly (Musca domastica). {1,; Ezzs, (2) larva, (3) pupa, (4) parfect
insect. (See page 122.)

Fig. 189.—Urinal fly (Scatalla urinaria). Fig. 190.—Flat horsefly (Hippo-
bosca equi).

Fig. 191.—Blue meat fly (Calliphora vomitaria). Fig. 192.—Graan maat fly (Lucilia cagsark



Fig. 193.—aAn improvised shower bath for men returning from the trenches, (See page 122.)

E

Flg. 1894.—Photograph of Gén. Joffre in his own home. (See page 125.)
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well as the particles of foreign material, such as clothing, and the bone splinters
carried in with it unless such removal in a septic wound involved considerable
spread of infection fto important structures. If the foreign body was not
readily accessible, its removal was postponed to a later operation, when X-ray
plates or fluoroscopy could be utilized for its localization. When dealing with
steel fragments of shell the electromagnet and the vibrating magnet were both
of service,

Recondary hemorrhage—We have had two cases of secondary hemorrhage,
in hoth of which the main artery of the limb became eroded in a septic wound ;
both ecases required ligature and amputation, and both recovered, one after
transfusion. In each of these cases of secondary hemorrhage adequate fixation
was not obtained ; all of the bone fragments had not been removed and sepsis
had not been thoroughly controlled. I feel guite sure that these factors must
contribute greatly toward the ocurrence of secondary hemorrhage,

Anesthesin.—No single method of anesthesia seems to be universally pre-
ferred. XNitrous oxid alone or with oxygen is suited to short anesthesias where
muscular relaxation is not necessary. Chloroform iz useful for ward dressings
and ether was with us the anesthetie of cholce for most of our operative work.
The Connell apparatus proved extremely useful for all major operations, and
especially in those about the head and face. Spinal anesthesia was used in a
number of cases of amputation and appeared to be valuable in diminishing the
symptoms of shock,

Transfusion—At the base hospitals the oceasions for transfusion are prac-
tieally limited to cases of zecondary hemorrhage or cases of seve.e wasting
gepsis. For this operation a simple and convenlent apparatus for vein-to-vein
transfusion appears to be desirable, and these conditions are fulfilled by the
apparatus devised by Dr. Vinecent.

Orthopedie cases—I have been much impressed with the opportunity for
service offered to an efficient orthopedic surgeon in the prevention of de-
formities and ankylosis in these military ecases. Dr. Osgood has found many
cases in which material good has been accomplished by the prevention of
threatened deformity in adjacent joints by apparatus, massage, and exerclse,
and in some enses by secondary operationg. I am convinced that the importance
of orthopedic surgery in military hospitals will shortly be more widely recog-
mized. A traction table (Maddox, fizs. 2056 and 206), by which extension during
operation, by lever or by screw traction, could be applied to the leg, proved of
inestimable value in fresh fractures az well as in secondary operations, such
a8 hone plating,

Sterile supplica—1It is of interest to note that the sterile packages of sponges,
gauze pads, ete., put up in Boston in March and packed in tin boxes for trans-
portation, were nsed withont further sterilization, and were apparently per-
feclly satizfactory, Of a dozen or more operations done under clean conditions,
in the same operating room and with the same instroments as were used for
septic cases, no fallures to obtain first-intention healing occurred.

Dr. Robert B. Osgood, the orthopedic surgeon with the Harvard
University unit, contributes the following in a personal communica-
tion to the writer:

I have been glad to find that there was an apparent use for orthopedic sur-
gery in a war hospital. The large number of compound fractures and the many

injuries to joints demand special forms of fixation. Apparatus of various kinds
is therefore constantly necessary.

12881°—15—=8
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I have been most favorably impressed with the use of metallle splints, the
advantage of which seems to me to be cleanliness, the possibility of using them
with slight modifications for different cases, their ease of removal and adjust-
ment. Various forms of splints have been devised and still more may be de-
vised with sufficient adjustment to allow this change from patient to patient
(figs, 196-209).

Plaster-of-Paris dressings, with large open spaces bridged by plaster-covered
spans of wire or thin band iron, offer what I believe to be the most praciicable
immediate dressings for septic compound fractures where there is need for
constant irrigation and complete fixation. The comfort of the patient has been
most satisfactory in these dressings. I have also been most favorably im-
pressed with the overhead extension apparatus in use in Dr. Blake's wards for
both arms and legs (figs. 117-121).

Other opportunities for orthopedic endeavor are: (1) The preventlon of de-
formity of joints by maintaining proper alinement of bones. With fre-
gquent inspection during the course of the treatment directed toward overcoming
the sepsis much may at the same time be done to prevent deformity. (2) The
conservation of function of joints is also a matter of great importance and by
freguent changing of position wherever possible, or by the maintainance of fixa-
tion in the best possible position for function if ankylosis should occnr, much
may be done to make these individuals able to be early wage earners: (3) as
time goes on, I feel perhaps the widest opportunity for orthopedic surgery will
be created by the many unfortunate end results which must occur in spite of
the best treatment. The time is fast approaching when it will be safe to
operate on these cases for the restoration of function, by bone grafts, arthro-
plastic operations, lengthening of tendons, osteotomies, ete.



PART IV.

GENERAL FIELD CONDITIONS.

In order fully to appreciate all of the conditions under which the
allied French, British, and Belgian armies are fighting in the pres-
ent trench warfare, there must be not only some understanding as to
the nature of the battle ground and the circumstances in which the
troops live, move, and have their being, but there must also be some
interpretation of the strategy involved in the present eampaign, if
one is to grasp an idea of the situation as a whole. The allied trench
line extends from the mouth of the Yser on the English Channel to
the slopes of the Jura on the Swiss frontier. Since the trench line
1s not a straight one, but on the contrary has an exceedingly tortuous
outline, it is estimated that the battle front represents a distance of
590 miles. Of this the Belgians hold about 15, the British about 35
and the French about 540 miles. Throughout this vast extent, prac-
tically the entire campaign is conducted below the level of the ground
both in summer and winter.

The upper western part of the line presents a terrain of low flat
country with an insignificant amount of tree growth. Farther fo
the rear are the low sand dunes, and throughout the general low-
lying district are small rivers and canals. Following this line on
down, it must be remembered that the present French territory oc-
cupied by the Germans represents the rich mineral section of France,
and as a consequence there are quite appreciable hills and wooded
areas which seem to increase in size as the line swings around toward
the southwest. The entire country is generously watered by small
rivers and canals. In the Artois region there are some especially
large woody areas and hills of varying sizes. In the Champagne and
Argonne region there are again large stretches of wooded and hilly
country. In the Vosges, the country assumes the character of small
mountains, plentifully supplied with low trees, and in Alsace the
farther the line extends to the south the larger and more pretentious
are the mountain regions which eventually blend with the lower
reaches of the Alps.

Not all of the line is held in equal strength, for the reason that
there are certain strategic points around which the fighting is of a
concentrated and practically continuous character. The space from
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the sea to Albert, the neighborhood of Soissons, Rheims, northern
Champagne, the Argonne, the Verdun and Nancy circles, and the
southern end of the Vosges are sections which require special protec-
tion, and in the proximity of which large masses of troops are
assembled. Along the remainder of the line the fighting is prac-
tically of a stalemate character, owing to the impregnability of both
fronts. So close and vigilant are the opposing lines that an attack in
force can nearly always be correctly estimated, and in many instances
anticipated. As a result the fighting is of an especially intense
character and the advances on either side are comparatively insig-
nificant. Notwithstanding this, series after series of attacks have
been launched on both sides in the endeavor to outflank a strategic
point, and each small advance has always cost the attacking force an
enormous number of men in killed and wounded. Trenches can thus
be captured by both sides, but each side has its artillery behind,
which knows to a centimeter the distance to their own trenches, so
that when the latter are captured they can be made practically unten-
able for the enemy forces.

These facts have undoubtedly had their influence in molding the
present strategy on both sides. No longer, except in rare instances,
are troops sacrificed in general and open attacks. The fighting all
along the line has resolved itself into an effort to outwit the opponent
in the art of making war by more subtile means than the mere ex-
penditure of large numbers of men without a commensurate gain.
The Germans have met this situation by a steady increase in their
heavier artillery and the making use of the newer forms of war
waging, such as asphyxiating gas, the projection of burning liquid,
and the so-called “ poisonous-gas™ shell. There are also indications
that the GGermans are making every effort to establish the superiority
of their aeroplanes, and it is said that they contemplate perfecting a
monster air plane, which will be heavily armored and carry a crew
of 20 men.

The French strategy would seem to be one of gradually wearing
down their opponents, principally by the continuously increasing use
of their excellent “ 75" field gun and the increasing activity of their
sapping operations. While none of the commoner methods of war
making are neglected by either side, it would seem that the present
struggle for advantage, as regards actually gaining ground, hinges
on the ability of the opposing forces to progressively maintain their
superiority along the lines indicated. As a net result, there is an
expenditure of high explosive and shell of such enormous propor-
tions as to greatly exceed the calenlations of even the most sanguine
antebellum experts.

The general inerease in the range and intensity of the artillery fire
has necessitated a regrouping of hospitals and other sanitary forma-
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tions from time to time, with the result that, except in especially
selected areas, the fixed type of field hospital is ofttimes from 5 to 8
miles in the rear and the larger type of hospital is still farther back,
ranging all the way from 12 to 20 or more miles behind the trenches.
The large type of base hospital is usually located in one of the large
cities, with good railroad connections, a considerable distance baclk.
Paris, Rouen, Amiens, St. Pol, St. Omer, Boulogne, Dunkirk,
Chilons, Bar-le-Due, Epinal, Nice, and Monte Carlo are all large
centers for base-hospital work. In these latter centers, as well as
near the front, the military surgeon finds that his work deals with an
increasingly large proportion of shell wounds, as compared with
other wars, and also the rifle-ball wounds of the head region which
are proportionately numerous on account of the fact that in trench
fighting the head is more often exposed than the trunk. In addition
to this, and on account of the almost immovable character of the
trench fighting, the military formations at the front partake of the
nature of large stationary encampments behind the firing line, so
that the medical officer has also to deal with the problems of hygiene
and sanitation incident to the grouping of large masses of troops.

The trench life at best is an exceedingly monotonous one both for
officers and men. Except under special circumstances a company of
men will occupy a given line of trench for from three to four days,
under all weather conditions, at the rate of one man to every square
meter of trench space. Bebind the immediate firing trench is a series
of reserve trenches which are occupied by the company reserves who
not only take their regular turn in the firing trench but are held in
readiness to repel an attack upon the line. Under these latter condi-
tions there are five men to every square meter of space in the firing
trench. Connecting the firing trench with the reserve or supporting
trenches is a winding communicating trench (fig. 175) of varying
length along which food and the reserve ammunition is carried to the
occupants of the firing trench (figs. 172-176).

The average trench is about 7 feet deep by 1 meter wide and is
usually surmounted by several rows of sand bags. The sides are
usually lined by wooden uprights supporting intertwined crosspieces
to prevent the walls of the trench from falling in. The outline of the
firing and reserve trenches are the shape of half squares with abrupt
turns. There will be about 10 feet of straight trench and then an
abrupt turn of 5 feet forward followed by another 10 feet of straizht
trench and another abrupt turn of 5 feet backward. This arrange-
ment not only gives a greater measure of security to the oceupants
as regards pieces of flying shell, but admits of an easier defense in
case a portion of the trench is captured.

Certain parts of the trench line are more open in character than
other parts. At varying intervals the trench is covered over entirely,
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and all along the line will be found shallow dugouts in the back wall
of the trench which afford some measure of protection in case of
rain. Extending back from the reserve trenches for a variable
distance is a long, narrow, and winding trench called the boyau
(fig. 174 ), which leads to a protected spot in the rear where supplies are
located, cooking done, and where troops assemble for entering the
trenches. These boyauw are from 100 to 200 meters apart all along
the line, and it is along these that the wounded walk, crawl, or are
carried on stretchers to the * refuge spots,” where they are assembled
for transportation to the first-aid stations (fig. 177).

Whenever a portion of an enemy’s trench is captured a communi-
cating trench is rapidly dug so as to establish a connection with the
original firing trench, which latter now becomes one of the reserve
trenches. In this manner progress is made for short distances, and
in the ebb and flow of trench warfare the battle ground is honey-
combed with communicating and cross trenches. So marked is this
condition of affairs to the south of Notre Dame de Lorette that a
section of the country for many miles is known as the “ Labyrinth ”
on account of the continuous network of intercommunicating trenches.

The opposing trenches average about 50 meters apart and between
the two there is a “no man’s land,” which contains the barbed-wire
entanglements and other obstructions, and also the dead bodies of
those who have fallen in an assault. The presence of these putre-
factive remains is a veritable plague along certain parts of the line
and is largely responsible for the prevalence of flies close to the
firing line. Sometimes the trenches are only several meters apart,
and sometimes, where only a portion of a trench is captured, the op-
posing forces are only separated by a pile of sand bags. At night
the entire area is kept aglow by the continuous use of floating rockets
and searchlights. A remarkable feature of trench warfare is that
in looking out over the ground through a trench port, or with a peri-
scope, no living thing can be seen for hours at a time, although many
thousands of men are facing each other in the underground spaces.

Sometimes, by reason of sapping and other operations, a line of
_trenches will pass through the middle of a village composed of
ruined houses. Every inch of ground is contested, and it is only after
an intense artillery fire over a wide section of the enemy trench line
that an opposing force ventures to assault. Unless an enemy trench
is thoroughly crippled beforehand by artillery fire, an assault is
always accompanied by an enormous number of killed and wounded.
In case the assault 1s repulsed, the wounded lie where they fall be-
tween the lines until night arrives, which may enable them to crawl
back to their trench without being detected. This, of course, causes
much additional suffering and the loss of valuable time in the treat-
ment of their wounds.
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Those who have fallen in the trenches are immediately replaced
from the first or second reserves, and the dead and wounded are re-
moved when a lull in the engagement permits. Telephones are scat-
tered all along the trenches (fig. 173), and the wires pass back, lying
on the ground in most instances, to control stations well in the rear
of the line. In this manner communication is practically instanta-
neous throughout the entire area and with other military formations
in the rear. The latrines are situated in covered recesses of the
ground or in dugouts a short distance to the rear of the trench and
connected with the latter by a few meters of narrow trench. Lime
and sulphate of iron are plentifully used to cover the exereta, and all
forms of trench débris are rigorously collected in large stationary
bags and carried back at intervals.

In case of death on the battle field, of which there are a large num-
ber, the bodies are carried along the boyau to a spot in the imme-
diate rear, where they are buried in narrow trenches. When prac-
ticable, the bodies are placed in sacks before burial and religious
services are conducted at the time of interment. Scattered through-
out the entire area of northern France, and near the firing line es-
pecially, are many rows of trenches in which the dead are buried,
besides the numerous military graves to be found in local grave-
yards (figs. 178 and 179).

Some of the German trenches captured by the French have been
remarkable for the ingenuity displayed in developing local means of
protection. Long galleries, supported by woodwork, have been found
to lead down into large dugout spaces, supported by beams and
planks, in which a considerable number of men may be comfortably
housed. In several instances the elaborateness with which these
quarters were fitted up for both oflicers and men was astounding
(fig. 195).

As regards the cooking for the men in the trenches, each company
of about a hundred men has its field kitchen, and each man ecarries
with him a tin cup, plate, knife, fork and spoon. For some months
after the outbreak of the war the French armies were not supplied
with regular field kitchens, but were dependent upon improvised
means for cooking the food. At the present time, however, a field
kitchen of the same general type as the English kitchen is now in
more or less general use by the French. These field kitchens, in some
instances augmented by improvised ovens, are situated as close to the
entrance of the boyau as is compatible with the military situa-
tion. From this point food is served up hot to the men in the
trenches, and the efficiency of the commissary department has been

a large factor in promoting general contentment throughout the
French Army (figs. 180-186).
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The French ration is an exceedingly liberal one in every way, and
no form of wholesome and suitable food is denied the French soldier,
(See Appendix No. II.) The men of all ranks and grades are ap-
parently supremely content with this branch of their service. Hot
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Fig, 195, —~Plan of uonderground living quarters in some of the German trenches eaptured
by the French. (See p. 119.)

coffee and bread are served in the early morning, and hot coffee is
also prepared in large quantities and served throughout the day.
This latter is rather encouraged by the oflicers, as it not only guar-
antees the sterility of the water thus boiled, but reduces the necessity
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of drinking unboiled water. The principal meal is in the middle of
the day. at which time no means is spared to make this “ dejeuner”
a completely satisfactory repast. In the late afternoon the evening
meal is prepared, and in general is of a less substantial character
than the midday dejeuner. Automobile soup kitchens are used to
some extent by the British forces, and they seem to give general
satisfaction wherever they have been in operation. As already indi-
cated. each army corps has its large slaughter park, where fresh
meat is obtained for daily consumption when so desired. The French
are beginning to use imported refrigerated beef, which is gradually
supplanting the freshly slaughtered ecattle. There are also large
army corps and divisional field bakeries, which prepare the loaves
of bread for practically all the soldiers at the front.

Whenever it is practicable troops are quartered in villages and
towns near the front. Large and small houses are locally requisi-
tioned both for offices and men when the military situation demands
it. This is particularly the case with infantry regiments and staff
headquarters, On the other hand, large bodies of troops, especially
cavalry, artillery, and transports, are located in cantonments at vary-
ing distances from the firing line, and in these situations the camps
are regulated along the lines familiar to all military men. No large
tents are used to attract the attention of aeroplanes and thus draw
the fire of the enemy artillery. Small inconspicuous shelter tents are
universally used (fig. 180), and whenever it is practicable the pro-
tection afforded by groves of trees is made use of, to prevent detec-
tion by aeroplanes.

The question of drinking water is a problem of considerable mo-
ment for any body of troops in the field. At the beginning of the
war the British troops were supplied with a combination field filter
and tank, the capacity of the latter being a hundred gallons. So
much trouble was experienced with the filters, and so unreliable was
their action, that their use has been practically entirely stopped. The
hundred-gallon metal tank, mounted on wheels and pushed by two
men, containing water to which an active antiseptic has been added,
is now the method of supplying drinking water to the troops. The
antiseptic used in the water for drinking purposes is 25 grains of
godinm hypochlorite to a hundred gallons of water. The water is
collected from rivers, pumps, and wells, and allowed to stand over-
night after the antiseptic has been added. The British are well sup-
plied with these water carts, and on the whole the system has given
general satisfaction. The water earts are supplied with hand pumps
for filling the tanks, and the men who collect and distribute the water
are under the supervisory control of the medieal department.
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The French water cart consists of two large barrels, mounted on a
pushcart or a one-horse cart. They have the same method of anti-
septic sterilization as the English. In addition to this, the British,
and to some extent the French, have analyzed the deep wells and
local springs, and those which present no evidence of being contami-
nated by excreta are marked with the legend * For drinking pur-
poses only.” At the same time a guard is placed over the well in
many instances, to protect it from contamination. These sources of
water supply are examined prineipally for the presence of an excess
of chlorids or any of the intestinal bacteria. In case repeated exami-
nations are negative, they are labeled fit to drink without being previ-
ously boiled. In towns and villages the local water supply is used
under the strict surveillance of the medical department, and in many
instances it is not allowed to be used unless previously boiled or anti-
septically treated.

With the exception of light wines and a very light French beer, no
alcoholie beverages are allowed to be sold in any town or section near
the front. The order prohibiting the presence of aleoholie drinks
at the front was at first considered a great hardship, but as time
went on the wisdom of this order was fully appreciated, and it is
believed by many to have resulted in a marked general improvement
in the physical condition of the men who are kept in the fighting
zone.

Next to drinking purposes a liberal water supply is most beneficial
for keeping the body and clothes clean. Wise provision has been
made all along the line to enable the troops who are not actually in
the trenches to obtain a daily bath. In some instances houses have
been supplied with large, flat wooden tubs capable of conveniently
holding two men. In other instances improvised shower baths are
used (fig. 193), and in addition the rivers and canals are marked off
at certain points where men are allowed to bathe and wash their
clothes ad libitum. The question of bathing and general cleanliness
is, of course, a most important one, as aside from the hygienic prin-
ciple involved it has a general exhilarating effect on the men who
have spent days and nights in the trenches.

The question of flies at the front (figs. 188-192) has become a
serious problem, for not only are they disease producing and gen-
erally annoying to human beings but certain species are especially
active around domestic animals, notably the horse. The common
house fly (Musca domestica) ranks first among these pests. The
others which are also found at the front in considerable numbers are
the urinal fly (Secatella urinaria), the blue (Calliphora vomitoria)
and green (Lucilic ewsar) meat flies, and the flat horsefly (Hippo-
bosca equi).
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The habits of these insects are not all alike, but the life cycle of each
is very much the same. The average life of a fly is about one year,
and toward the end of summer the females lay their eggs, 60 or 70
in number and cylindrical in form. The fly picks out unclean, damp
places to deposit its eggs, such as manure piles, garbage of all kinds,
or any place where there is rotting animal or vegetable matter with
a moderate amount of humidity. The eggs develop very quickly,
the larvie make their appearance, the short pupa stage oceurs, fol-
lowed by the winged insect. During this period the larvee feed
voraciously upon the moist decaying material, and it 1s at this time
that its destruction can be accomplished most easily.

The urinal fly abounds in the neighborhood of badly kept urinals
or where urine is habitually deposited. It seldom flies, except n
masses, and abhors dryness and sunlight. It thrives on urine, in
close proximity to which it deposits its eggs. The flat horsefly is an
habitué of places frequented by horses and cows. It derives its food
from decaying animal matter and lays its eggs in manure piles. It
is chiefly annoying on account of its spiderlike characteristics in
erawling over and clinging to horses and cattle. The blue and green
meat flies scent from afar either cadavers or tainted meat upon which
they actively feed and lay large numbers of eggs: these quickly de-
velop mnto the “ maggots” familiar to all.

At the front, where large numbers of horses and cattle are present,
it is extremely difficult to prevent the accumulations of manure on
account of the military situation. A great deal has been accom-
plished, however, by the systematic collection and burning of all
forms of manure, garbage, and refuse. TImprovised incinerators are
used for this purpose, situated well back so as not to draw the fire
of the enemy by attracting attention to the smoke. IPractically
nothing can be done for the decaying cadavers which litter the
ground between the opposing trenches. No opportunity to remove
these remains is permitted by either side, and as a consequence they
attract the presence of large numbers of flies.

The best means of getting rid of the fly is to prevent its breeding.
This is aceomplished either by preventing uncovered and decaying
animal or vegetable accumulations, or by soaking such acecumulations
with a solution of an active antiseptic. In the first instance, all
forms of manure or excrement should be promptly removed and
either burned or covered in such a manner that the flies can not
reach it. In like manner all forms of garbage should be collected
in covered pails or barrels and eventually burned. The stables where
horses or cattle are kept should be darkened, all forms of refuse
promptly collected and destroyed, and the oceurrence of damp
places prevented by exposure to sunlight or by covering over with
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small gravel.  All urinals should be well lighted, ventilated, and sup-
plied with an autematie antiseptic drip (ereosote compound).

In ease the manure is to be used by the horticulturists it is difficult
to prevent its becoming a breeding center for flies unless antisepti-
cally treated. Most active antiseptics are toxic to plant life, and
hence a number of valuable antiseptics ean not be used in sufficient
strength to kill the larvee. One of the best and most economical
preparations to use on manure is a 10 per cent solution of sulphate of
iron. This will not only promptly kill the larvee and deter flies from
attempting to lay their eggs, but it will not destroy plant life.

Despite all that has been done, the trenches are infested by swarms
of flies, which are temporarily attracted from other places by the
presence of food. There is no doubt that these flies, which swarm
over the food while it is being eaten, are accountable for the oceur-
rence of typhoid and paratyphoid fevers. There is also evidence
to show that the cadaveriec contamination of the food by the flies
is responsible for the more or less severe gastro-intestinal disorders
which occur from time to time. In addition to this their presence
is extremely annoying to those who have to occupy the trenches for
many hours at a time.

The mosquito does not seem to be the pest at the front that would
be supposed, judging from the general conditions which are favor-
able to its propagation. Small rivers and canals are abundant, and
rain water collects in the numerous trenches and other depressions
in the ground. While the trenches are kept fairly free from water
by means of hand pumps, there are many small collections of water
which remain in other places to form potential breeding places.
Nevertheless, only a comparatively small number of stegomyia are
to be found, and rarely ever in such numbers as to be annoying. In
the southern part of France the anopheles makes its home and
apparently does not migrate. Except for an occasional recurrent
attack of malaria in individuals who formerly contracted the dis-
ease while living in the south. there is no evidence of any ill effects
from the presence of the few mosquitoes at the front.

In considering the general health of all the soldiers actively en-
gaged in field operations it is remarkable how few, in comparison to
the number involved, are incapacitated on account of disease. At the
beginning of the war a certain number of insane cases developed,
apparently as the result of the harassing conditions incident to trench
warfare. As France and England have now been under arms for
over a vear this type of illness has been largely eliminated by the
early removal of all weaklings from the ranks. The general open-
air existence has not only kept the average man in good health, but
it has been a distinct benefit in ereating a more robust appearance
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in the great majority of the soldiers. Influenza has made its ap-
pearance in mild epidemie form, principally among the older men,
during periods of damp cold. Articular rheumatism, while mani-
festing itself at times, has not resulted in any conspicuous number
of cases. Myalgia seems to be more prevalent, although of short
duration. Very few cases of anything resembling dysentery have oc-
curred although there have been at times quite a number of unclassi-
fied intestinal disorders. The prevalence of typhoid and paratyphoid
fevers has already been discussed and attention drawn to various
aspects of these diseases. Probably on account of the general open-
air housing of all troops there has been no manifestation of epidemic
cerebrospinal fever. Pneumonia of both types has occurred at times,
but a remarkably few number of cases are to be seen in the medical
wards of hospitals. One very striking fact is the insignificant num-
ber of cases of appendicitis during this war. In view of the very
large number of young men in the ranks between the ages of 20 and
30 it would be reasonable to expect a fairly good percentage of these
cases. On the contrary, it can be said to be of rare occurrence,
although the well-known predisposing factors, early adult life and
increased activity, are in favor of producing this disease.

There is comparatively little marching done by the troops as a
whole, due to the fact that the remarkable development of the use-
fulness of the automobile during this war has made the necessary and
quick transfer of troops from one part of the line to the other a
comparatively easy matter. Large public conveyances of all kinds,
as well as an enormous number of motor lorries, are now used to
convey large or small bodies of troops from one part of the line to
the other (fig. 187). For this reason there have been comparatively
few complaints as regards sore or incapacitated feet from the effects
of marching.

No report of the general allied war situation in France would be
complete without some reference to the one man who is responsible
for the conduct of the entire campaign. Joseph Jacques Joffre (fig.
194), the generalissimo of the allied front, a man of the people,
whose father was a cooper, typifies probably more than any one
man in France to-day the spirit with which the nation has assumed
its obligations as regards the factors leading up to and beyond the
opening of the present European conflict. Unassuming and exces-
sively modest, he has never laid claim to being a military genius;
and even those who know him best, and who are in a sense his
sponsors, do not endow him with any superhuman traits, nor do they
attribute to him any of those scintillating qualities which have in
times past been associated with the leadership of large armies.

Of his steadfast courage., unswerving determination, and truly
great capacity as an organizer his country has had abundant proof
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both before and since the present conflict. Throughout his entire
career the official record shows him to be a man who has accomplished
by plodding and painstaking endeavor whatever mission has fallen
to his lot to perform. His attitude toward those below him has been
rather as a father to his children than as an autocratic general to his
men. He has never been of the slave-driving type in directing his
plans, but attains his results with the quiet assumption of leadership
which expects every man to do his duty.

The most striking characteristic of Gen. Joffre is his uncompromis-
ing intolerance of inefliciency. While making allowance for human
frailties, he has never condoned a failure on the part of his sub-
ordinates in carrying out their allotted task. His honesty of pur-
pose in this respect has never been questioned, even by the many
general and other commanding officers whom he has retired since
the war began. He insists on his supreme authority as regards
every detail pertaining to the “ zone of the armies™ and will brook
no interference from any quarter in connection with his decisions
on all matters relating to discipline. Although due regard is given
to the suggestions of others, and though his efforts are largely in-
fluenced by the policy of the Government as represented by the min-
isters, yet he maintains that he alone is to decide upon the manner
and means of carrying out whatever has been planned. More than
once has he indicated his willingness to relinquish the great author-
ity vested in him unless upheld and unless he had the full confidence
of the Government. His generals have the greatest latitude as re-
gards accomplishing whatever task he allots, and while specific
orders deal with the situation as a whole, the discretion of a com-
manding oflicer is relied upon to meet any unexpected contingency.
All that the generalissimo expects is that nothing has been neglected
nor overlooked to make his plan a complete success.

Gen. Joffre has always exhibited methodical care in everything
that he has undertaken. He rises early, works steadily during the
hours that he has allotted himself, but he is particularly careful as
regards his health. His meal times, his sleeping hours, and his
exercise periods he regards as peculiarly his own, and unless a real
emergency is encountered by his subordinates, he is never disturbed
during these stated periods. So well has he ordered his life and eul-
tivated his resources that he finds himself to-day in vigorous pos-
session of the strength of mind and body which is all-important as
regards great and continuous respensibilities. There is not a soldier
in France who has not a correct estimate of Gen. Joffre, and this
supreme confidence in him is only surpassed by the sincere affection
in which he is held by every man in the army.



APPENDIX NO. L

The following is a paper read before the French Academy by H. D.
Dakin, Ph. D., the title of which is: * On certain active antiseptic
substances suitable for the treatment of infected wounds.”

The relatively low germicidal action of the more commonly employved anti-
septics is, as i well known, still further reduced when these antiseptics act
in the presence of serum or other protein substances, It is probable that the
killing of micro-organisms by antiseptics is largely a chemieal reaction between
the antizseptic and the protein substances of the micro-organisms. Since the
practical employment of antiseptics invariably oceurs in the presence of large
gquantities of protein substances other than those of bacterial origin, it is
probably true that no relatively simple chemical antiseptic ean be found
which will react solely with the micro-organisms and not with the adjacent
protein substances. In seeking an eflicient antiseptic for use in infected wounds
it would appear that the following points, among others, are of the first
importance ;

() To employ substances of such high germicidal activity that even when
the activity is reduced by the presence-of serum or other protein powerful
antiseptic action may still persist. Or, in other words, to employ substances
which give actively antiseptic substances after combination with proteins.
The complete failure of mercuric chlorid to respond to this demand may be
cited. (b) It would appear probable that scluble salts, nonprecipitable by
proteins, which may penetrate and be absorbed to some extent, are preferable
to substances of other type in which the possibility of absorption and penetra-
tion are slight. (¢) The toxicity and capacity for inducing loecal ieritation of
an antiseptic should be as low as possible in proportion to its bacterial activity
in order to permit of the local employment of a sufficiently large quantity of
the antiseptic without unfavorable results, It is eclear that if germicidal action
I= essentially a chemieal reaction in which other proteins than those of bace-
terial origin may take part, it is most important that the active mass of anti-
septic should be as large as possible,

Among the antiseptics which have already been considered in connection with
the treatment of infected wounds the hypochlorites most nearly respond to the
criterin above set forth. TUnfortunately, however, the hypochlorites of commerce
are of very inconstant composition and generally contain either free alkall
or free chlorin. Suach substances are irritating and when used in moderate con-
centration may produce very unfavorable results. It appeared desirable to try
and find a mode of preparing a solution of a hypochlorite of constant composi-
tion which would show hizh bactericidal activity and low toxic or irritating
qualities. The following method has proved successful :

Two hundred grains of bleaching powder are added to 10 liters of water, in
which 140 zrains of dry carbonate of =odium have been dissolved, The mixture
is well shaken, and after half an hour the clear liguid is siphoned off from
the precipitate of calcium carbonate and filtered through cotton. To the clear
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filtrate enough solid borie acid is added to render the llguid acid with an
aqueons suspension of phenolphthalein, but alkaline to tournesal. About 25 to 30
grains may be required. The exact amount of borie acid to be added may be
conveniently determined by the titration of 10 ¢. ¢, of the alkaline hypochlorite
solution with a solution of borie acid of known strength (31 grains per liter).
In preparing a dilute solution of hypochlorite as the above, which will contain
ghout 0.5 per cent NaClO, an excess of borie acid is unobjectionable, but in the
case of stronger solutions an exeess must be avoided.

A solution prepared as above deseribed containing 0.5 per cent Na(Cl0, kills
staphylocoeei in 2 hours when diluted to a concentration of less than 1 to
500,000 NaCl0, while in the presence of blood serum the necessary concentra-
tion of NaCl0Q is between 1 to 1,000 and 1 to 2500. Such a solution has proved
to be a useful antiseptic in the treatment of infected wounds when properly
applied by methods which will be deseribed later by Dr. Carrel, Wounds may
be constantly irrigated for many days without producing noticeable irritation,
and bactericlogical examinations of the wound secretions demonstrate a vigor-
ous antiseptic action. In addition to its antiseptic action, the solution ex-
hibits marked ecapacity for diszolving necrotic tissue and has gome hemostatic
action. From a practical standpoint, the property of assisting the dissolution
of necrotice tissue is important.

It is probable that the antiseptic action of hypochlorites is due to their con-
taining chlorin in an active state which may replace hydrogen atoms attached
to nitrogen in the (NH) groups present in proteins, forming substances of the
group known as chloramins. If was of interest to investigate substances of
this type, and with the cooperation of ‘Prof. J. B. Cohen, of the University of
Leeds, a large number of these derivatives have been prepared and tested.
The most encouraging results have been obtained with the sodinm zaltzs of
aromatic sulphochloramids, particularly the benzene and paratoluene derivative.

UHs
/804N, NacCl 0.N.NaCl
Benzene sodinm sulphochloramid. Paratoluene sodinm sulphochloramid.

These substances are active antisepties, practically nontoxic, and their agueous
solutions can be employed for the antiseptic treatment of wonnds in a far
higher concentration than is possible with the hypochlorites; but, on the other
hand, as would be expected from their strueture, the chlorin being already bound
to nitrogen, they show little capacity for assisting in the dissolution of necrotic
tissue,

Paratoluene sodium sulphochloramid kills B, perfringens in water acting
for 2 hours at o concentration of less than 1 to 10,000,000, while in the presence
of serum the concentration necessary is between 1 to 2,600 and 1 to 5,000.
With staphylococei the concentration is about 1 to 1,000,000 in water and 1 to
2,000 in gerum, while pyocpancus requires about 1 to 1,000,000 in water and 1 to
1,500 in serum for complete sterilization in 2 hours.
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Fig. 196.—The Maddox tabla for the application of extension on the lower extremity while
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putting on plaster dressings,

Fig. 197.—5ame as figure 196, showing the application of extanzion during an oparation.



Fig. 199.—(4) Light wira splint for forearm or @lbow: (5) light adju

ey F Ry
SPiife Maverias.

Fig. 200.—Thomas ambulant leg splint.



ﬁb

Fig. 201.—Adjustable German Fig. 202.—Temparary thigh or leg field splint with
crutchés usad by a German anklet for securing extension.
prisonar.

Fig. 203, —=(1) Aluminum hand splint; {2) adjustable aluminum elbow, arm, or forearm splint:
{3) light wire splint for thigh or arm.



Fig. 204.—(1) Thomas ambulant splint for leg or thigh: (2)old model Blake splint with
extension straps.

Fig. 205.—=(1) Hingad wire elbow splint; (2) adjustable aluminum elbew splint; (3) wire
elbow splint.



Fig. 206, — (1) Extemporized wire splint for thigh: (2) aluminum leg splint.

Fig. ':-_’f].n"_—['l_] |.i.;|'.t wira lag splint; |;':i‘_| alurminum |ag splint; -IJ lighit wire '-_-__,; g,inl,n:,



Fig. ﬂl-,.lﬁ,—-:'n_:l Light aluminum sections for lateral fixation; (2) aluminum elbow
(3yaluminum elbow, forearm, and hand splint.

- | T "l"ll""_ _F YT, It -y ¥ - - - TP I § L 1
Fig. 204, 1) Aluminum splint (same as figure 208 (3)), ancthar view,; (2} aluminum leg



Fig. 210.—For description see text, page 137.
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Fig. 211.—For description see text. page 138,

-

R —— Ly e
T o TR oy e T 1L

Fig. 212.—For description sea fext, page 139,
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Fig. 214.—For description see text, page 139,






APPENDIX NO. IL

THE FRENCH ARMY RATION.

There are three rations authorized in the French Army: The reserve ration,
the strong ration, and the normal ration. (For components, additions, and
substitutive equivalents see Appendix at the end of this report.)

There are also five different forage rations, each having a maximum and
minimum oats allowanee,

The greatest possible latitude is allowed in making substitutions with supplies
procured by exploiting the loeal resources. This authority is vested in all
division generals and subordinate commanders. The substitutive articles and
guantities of each anthorized to be izsued in lien of a ratlon component are
given further on. The list given in this appendix was that in foree prior to the
commencement of the present war, and it has been greatly aungmented since,
There is practically no limit to the articles that may be substituted by higher
commanders as long as common fense ig displayved both in the dietie properties
of the food and the cost to the Government. This matter is regulated in orders
izssued by army and corps commanders, In these orders the prices of different
foodsiufls are fixed, and the farmer or merchant in the theater of operations
is given the chance to sell these supplies at or helow these figures ; otherwise the
supplies are formally requisitioned and paid for at the rate stated in the order.
The same principle holds with reference fo substitutions in the forage rations.

The “ Extraordinary supplements authorized ™ (see Appendix) can only be
authorized by army and corps commanders or by commanders of independent
forcez. In this caze the suppliezs must be furnished from the chain of supplies
moving from the hase depot forward, and these are the only commanders who
are in g position to make the arrangements to meet this situation. In the first
instance it must be remembered that the substitutes authorized are obtained
locally, and therefore no additional drain iz made on the regular chain of sup-
plies coming forward, previously referred to. This prineciple in the French
system is based on ¥ the antomatic food supply.” Under this system, one day’s
complete food supply for the entire army goes forward daily from the regulating
station to the railhead, amd from that point forward until it arrives at the
ration wagon of the organization. I the organization has procured a substi-
tute for one of the component articles locally, it follows that it will not need
certain articles carried by the train and about to be issued. It therefore does
not draw these supplies, The latter train has then a surplus, and when it is
subzequently refilled at the railhead, it leaves undrawn at that point o corre-
sponding gquantity. Similarly, the railroad train has a surplus, which it carries
back to the regulating statlon, where the general readjustment is made,

12331° —15——9 129
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In addition to the ration, commanders of organizations and detachments are
given a daily allowance of 20 contimes (4 cents) per day per man, with which
they are authorized to purchase loeally additional food supplies. This fund
corresponds to the United States Army company fund,

In times of peace, in garrison, the French ration is largely commuted at prices
fixed by corps commanders and based on the loeal market prices. In tinre of
war this system is not used except in the case of very small detachments
(principally cavalry), chauffeurs, - and other individuals who can not be con-
veniently rationed by organizations. In the latter case the commutation rate
is fixed in army orders.

In the positions at present occupied by the French Army, which have not
changed materially for some months, it Is comparatively easy to supply the men
and animals. The utmost advantage has been taken of the elasticity allowed
Tor substitutions and additions to the ration. The entire French Army in the
zone of the armies has had a most trying time during the winter, due to cold
and the water in the trenches.

Roughly speaking, from one-third to one-half of the time they have been in
the first-line trenches; the remainder of the time they have spent either in sup-
porting trenches or in towns more or less subjected to German artillery fire,
In the first-line trenches the quarters or dugout shelters of the men are heated
with coke or charcoal fires, which give out no smoke. Food is cooked in large
kettles and field kitchens behind the trenches and is subsequently taken out to
the front-line trenches and distributed. The men eat a hot, cooked meal {hat
night and save the rest of the food for the next day’s lunch, when it is heated
before eating over the fires in the dugout shelters before mentioned.

Men and officers say they have all fared hetter under these trying conditions
than they usnally fare in barracks in peace time. The result of this good feed-
ing is apparent in the physical condition of the men and in the astonishingly
low sick reports. The Government and the army commanders have realized
the importance of keeping the men fit during all this period of more or less
enforeed stationary siege fighting. They have thoroughly realized that it is
very poor economy to restrict the food of the men when there is no necessity
for it, as there may be later on in the campaign If a forward movement is
undertaken in a country with all the railroads destroyed.

The reserve ration is the ration that is carried on the man or horse. Within
the last few years an effort hag been made to reduce the load carried by the
man, and a portion of this reserve ration is now carried in the combat train.

The reserve ration carried by divisional eavalry and that carried by all ele-
ments of a cavalry division is one day's hard bread, three days' coffee and
sugar, and one day's canned ment and pofage saléd. The total gross weight
of these components of the reserve ration is 2.53 pounds. In addition, one day's
brandy per man and 4.4 pounds of oats per horse are also carried,

The reserve ration carried by all other troops and elements of the army is a
straight two days' ration, except that only one day's brandy is included. One
day's oats is also carried.

One half of this reserve ration is carried on the man or horse, the other half
plus the brandy is carried on the baggage wagon attached to the combat train.
The reduced ration of oats is carried on the cavalry horse (it is only one feed),
while the one day's oats for the other troops is carried in part on the mounts

and in part on the wagons.



MEDICO-MILITARY ASPECTS OF EUROPEAN WAR. 131

The reserve ration is, in general, only consumed when so ordered by corps or
division commanders, when contanet ean not be made with the ration wagons.
In rare cases, when there are no other means of feeding the men, organization
commanders may, on their own responsibility, authorize its consumption. In
this latter case a full written explanation of the reason must be submitted.

The strong ration is that usually supplied daily in the field to French troops,
and it is on the weight of this ration that transportation allowances are based.
It is realized by the French that troops in the field arve subjected to much more
gevere physical effort than troops in garrvison. To provide this additional energy,
additional food is given in the shape of a strong or inereased ration.

The normal ration is that preseribed for troops in time of peace in bar
racks, or in time of war when comfortably gquartered, out of the presence of the
enemy.

As before explained, the strong ration is very elastic and supple. Almost any
condition can be met without the fear of vielating regulations.

In principle the French soldier (not including the cavalryman) receives each
night from the ration wagon the supplies that he is to consume at his two
meals the following day. (It will be remembered that Frenchmen only eat two
meals per day, with the exception of some coffee early in the morning, one in
the morning before noon and one in the late afternoon.) These supplies he ear-
ries In a light canvas bag (muselle), swung with a loop on his right shoulder.
At the same time he receives one day’s ration of fresh meat, which iz issued him
from the voiture de viande (meat wagon) which is attached to the combat train.
One-half of this is eaten that night and one-half, after cooking, is put in his
miusetle to be eaten cold the next noon, We thus find that every morning, upon
leaving eamp or bivouac, the French soldier has with him (independently of the
reserve ration), one day’s supply of field bread, one-half day’s supply of fresh
meat (cooked) one day’s supply of dried vegetables to be cooked for the even-
ing meal, one day's supply of salt, and one day's coffee and sugar, with the ex-
coption that some of this coffee and sugar is used in the morning,

Az before explained, these supplies may be varied by substitutions and
additional purchases made from the 4 cents a day allowed to each man over and
above the ration. In addition to the above, one day's oats Is available for each
horze.

In the eavalry every effort is made to reduce the weight earried by the horse,
and, in consequence, theoretically their rations are issued to them every evening
before supper. The evening meal and a cooked cold luncheon for the next day
are prepared the same evening, We therefore find that in the morning, upon
leaving camp, the eavalry has, in addition to its reserve ration, only the food
necessary for one meal, Under this system it may be readily seen that the evening
meal of the regular rations (the strong ration) is dependent upon the ration
wagons making contact with the troops in time for the preparation of the even-
ing meal. It will, of course, be remembered that so long as the eavalry is inac-
tive it will probably be kept near a place where rations can be readily supplied,
and, if active, it will be in a better position than other troops to secure its
supply locally.

The same system is used with reference to the oats issued from the ration
wagons for the horses, though in this latter case the one feed previously referred
to, carried as the reserve forage ration, is issued immediately upon arrival in
camp or bivouac and is replaced when the wagon arrives.
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This system of issuing rations iz called by the French “an cheval” Pre-
viously it had been used with all troops, and it iz still used by such of the French
organizations as are equipped with rolling kitchens. However, with infantry
troops not equipped with rolling kitchens, it has been found not to be practicable,
owing to the delay of the ration wagons in making contact with the troops.

TRAINS.

HEach organization, ineluding division and corps headguarters, has a comhbat
and a regimental train (field train). To the corps is also attached a corps supply
train and a corps meat train (autotrucks). In addition, there iz a corps cattle
park attached to the corps.

The combat train is divided into two echelons, called the first and second,
respectively. For purpose of clenrness, a combat train of an infantry regiment,
as laid down in the French regulations, will be explained. The strength of a
French infantry regiment is 3,000 men, and this strength is maintained by re-
served sent forward to replace all losses, The same principles apply to the
other combat trains, though they differ considerably in the different arms.

The first echelon remains with or in the Immediate rear of the organization
to which it belongs when on the march or during combat. It includes one-horse
ganitary carts carrying equipment for first-ald stations, two-horse carts for
ammunition for companies, four-horse wagons or eaissong for machine-gnn am-
munition, and two-horse carts carryving entrenching and other tools.

The second echelon, while on the march out of the presence of the enemy,
usually marches with the first echelon. When contact with the enemy is ex-
pected, it is detached and grouped with other second echelon combat trains,
either in brigade or division groups, depending upon the orvders issned. During
this perled of grouping its movements are controlled by the headqguarters order-
ing the grouping. The grouped second echelons are nsually held well in the rear
under cover and “ out of the road.” This echelon includes two-horse wagons
(on these wagons are also earvied a portion of the reserve rations previously
referred to), a two-horse forage wagon, and 3 two-horse meat wagons (one
per battalion). In addition the regulations provide that the two-horsze rolling
kitchen (when organizations are equipped with the same) will form part of the
gecond echelon of the combat train.

The regimental train (froin régimentaire) corresponds exactly to the ration
gection of the field train of the United SBtates Army. All field units, including
the different headguarters and trains, with the exception of the corps supply
train, have o regimental train. The regimental trains of all uniis, except that
of the cavalry division, carry the following supplies (on the basis of the strong
ration), viz:

Bread {generdlly field Dread) e mcm e e e days_.. 2
e G0t o2
Lard .. e e A S e S e S e S e = T L do. - 2
Rice or dried vegetables (1 day of eachy . [ {1 S
Canned meat with polape sald. . o ccacacccecciiccnac e cccacc doy_- 1
Coffee (1 day’s supply is on the basis of the reserve ration) ________days_. 2
Sugar (1 day's supply is on the basis of the reserve ration) ________ R ) PO
| 5307 110 1] s e e e e e e e e e e e e o S day.o A
DR o e e sy s e e e e R e e P EL RS
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The regimental trains of the cavalry divisions ecarry the following supplies
(on the basis of the strong ration) :

e e e b e day-- 1
bl oo el e LT T LT T T e e LT e M S 1 ) S |
Canned meat with pofage sald_ _____ oo doioo-
Coffee (on the basis of the reserve ration) ________________________ do__.. 1
Sugar (on the basis of the reserve ration) oo os dpse-. 3
Brandy __ st Sl e L e lnatln g i L T ] Y s SN
e e e e T e Aoz 1

The foregoing figures are based on the load at the time the troops start out,
which of course changes as soon as issues begin, It is not safe, therefore, to
count on having on hand more than one day’s supply.

The regimental trains of all units are usnally kept grouped at all times
when the troops are on field service. This grouping Is almost invariably by
divisions, and while grouped this frain is under the orders of a single officer,
who moves the grouped trains in accordance with orders reeeived from divi-
sion headquarters, When the troops have halted, orders are issued from divi-
slon headguarters to send forward one day’s supply of food, and men from the
different organizations go to the grouped trains and conduet the loaded vehicles
to the froops. The issues are made and the empiy vehicles are at onee sent
back and grouped again., If any supplies are obtainable locally and their
substitution is desired by the troops in place of what is carried In the wagons,
the substitution i= made and the corresponding ration articles remain unis-
gned in the wagon,

From time to time the division headguarters is notified of the point zelected
as the “ distributing point,” and it in turn notifies the officer in command of
the grouped train, who sends the empty wagons to that point at the hour fixed
for reloading. As scoon as they are reloaded they rejoin the grouped train.

The system of fresh-meat supply in the French Army has bheen materially
changed In recent years. Each division used to have a cattle park, where the
cattle were butchered and the dressed meat sent forward in wagons, where their
loads were transferred to the meat wagons of the second echelon of the combat
train. This was found to be very cumbersome. To-day the division eattle park
has been suppressed and replaced by the corps cattle park, where the slaughter-
ing iz now done. The fresh meat i= to-day loaded in the army corps meat
train, which is pushed forward close to the point where the grouped second
echelon of the combat train is halted, and the organization meat wagong are
filledl ot these places.

The meat supply of the French soldier has always been a most difficult
question, owing to the national prejudice in France against refrigerated meat.
This prejudice is somewhat on the wane to-day, owing to a lack of cattle in
France, and a great quantity of Arvgentine beef 15 now being received. They
are having some trouble in handling this beef, due to the fact that refrigerator
railroad cars are to all intents and purposes hardly known in France, and to
the further fact that there are not many cold-storage plants for the reception
of the meat. Of course most of the big cities have these plants, but none are
found in the small towns as in America. To-day an effort i= being made to
use the refrigerated meat in the zone of the interior and to reserve so far as
possible the live cattle for use in the zone of the armies.

With a view to the simplification of the entire fresh-meat supply, a number
of different methods have been and are being tried in France. One method
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by which the fresh meat was thoroughly salted (viande demi-salé) was tried
out, but has been practically abandoned to-day. This system had the advan-
tage that the meat could be slanghtered and treated well to the rear, even
back in the zone of the interior, and could be =zent forward in the regular
trains through the regulating station. If successful, it would have done away
with the corps cattle park and the corps meat train. The disadvantage was
due to the fact that, while the center of the meat =o treated was perfectly good,
the exterior surface became discolored and somewhat decayved and smelly.

To-day they are trying out a new scheme by which the fresh meat is first
cooked and boned, then wrapped in cheesecloth and the molsture pressed out.
If this is suecessful, it will greatly simplify the fresh-meat diffienlty, particularly
if the war lasts long, and if refrigerated beel has to be resorted to entirvely.
IT this meat after cooking and treatment in the manner indicated will stand
for five or six days, it will he successful,

The Frenchman does not like our cured bacon nor does he like canned
meats.  His wants, therefore, so far as meat is concerned, are much more
difficult to meet than is the case with our troops.

The autotruck made it possible for the French to do away with the division
cattle park and to do their slaughtering and delivering at the corps cattle
park well in the rear. All the autobu=zes in Paris were requisitioned, and
these are to-day distributed between the different army corps and form the
corps meat train. These autobuses have somewhat the appearance of one of
our street cars in America. They have a platform on the rear and windows
on either side. The glass in the windows has been removed and replaced by
fly screens with cotton bunting behind to keep out the dust. The meat is
suspended from hooks placed on the rods running along the ceiling of the
car, which previously furnished the supports for the hand straps. Each
autobus will carry approximately 4,000 pounds of heef. Approximately 15
of these autobuses are assigned to each corps.  The maximum distance to
the front which they are able to supply is 75 kilometers. It therefore follows
that the corps cattle park can be at this maximum distance to the rear.

‘orps cattle parks are usually situated near the railroad, where cattle on
the hoof are delivered by train, Their equipment is the simplest possible,
notwithstanding the faect that the daily requirements of a corps necessitate
the =laughter of from 100 to 120 head of cattle a day. Usnally barns and
stables are used for this purpose. The equipment in general consists of large
wooden tripods or derricks, about 8 feet high., Affer the animal has been
hit on the head he is pulled up by the hind legs, the throat arteries cnt, and
the meat dressed. The hides are all most earefully saved and shipped back
to the rear. The meat when cut up iz at once loaded into the autobus, where
it ecools. A veterinary surgeon is always present during the slaughtering to
pass on the quality of the meat.

Slaughtering is usunally done in the late afternoon, the autobuses or corps
meat train being sent forward the following morning to make contact with
the organization meat wagons (attached to the second echelon of the combat
train). The meat is then transferred amd the autobuses in time return to
receive their new leoads during the slaughtering in the late afternoon. Due
to the =lowness in movement on the road of beef on the hoof (about 4 Kimn.
an hounr) an effort is alwavs made to obviate this if possible. As has
been shown, the park with the meat train can be operated 75 kilometers
behind the troops. This is about 3 days’ march under the most favorable con-
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ditions for the troops. When a rapid advance is undertaken, a portion of the
personnel of the cattle park is sent forward to a point farther advanced, and
cattle are shipped in and held in anticipation of the arrival of the remainder
of the personnel. When all the cattle have been. slaughtered at the first
place, the tools and equipment are loaded in an antotruck and sent forward
to the new position. Thus, within a few hours the park can be advanced, if
necessary, 5 days’ march. The corps meat train is the only corps train to
which autotrucks are regularly assigned. The autotruck in this ease is a
“transportation unit” pure and simple and does not provide the means for
transporting a “rolling reserve.” The rolling reserve of meat is carried in
the corps supply train.

The corps supply train carries two days’ strong ration and two days’ oats.

The load consists of the following supplies:

Field or hard bread, two days.

{If the train is operating as a connecting link, field bread is carried, or, as a
rolling reserve, hard bread is carried) :

B e T e L L 2
e T ] e e S DT o Wi 1, 1
d E 1 £ e e e S e e L e S Sy PRV RLS O PR PP RSN | | | I 1
Bugar (1 day's strong and 1 day’s reserve ration) . ________ days__ A
Coffes (1 dav's strong and 1 day's reserve ration)_______________ i [t 2
Oats firured on a basgis of 12,10 1bs. per animal ) o _____________ iy et 2
APPENDIX,
1. COMPOSITION OF THE RATION.
Aer Reserve | Stromg | Wormal
Articles. ration. rotion. | ration,
Bread
........................................................ pounds. f.. oo LG5 1.65
b e e e D Ol S Fi Fae) | S ) 1.54 1.54
L e s e L e e do... | b AL GG 21,32 21,32
Meat
i R e e S e e s (1o [SESeEr o B [0 )] LHH
PRI LA CXTMITN ' 2 0 o i . 3, m i w52 2 2 2 2 do. ... il - G5 .44
17 iz Eyat (e S e ke R e e e S B e e B e e [ TRl PR 20 L132
Small store:
BRI el S T RS 044 M4
=T T O e 2 A | Ty (74 .MG2
Coffee, roasted, in talile S bt | (RSP v | ROSEERIE IR R
Uuﬂm ma.alud in tallets or loose ESTRER | RO [ Q28 0852
T e L S e do....|.. (1) 0418
Lard {\J.hmfresh T e o e do....].. LD N
Potage salé (when canned meat 5 fssmed). . oooeeenoa i aaaa.. .11 1
Brandy . ....... Ry | 1T Ty 1 Sk e e
To cacl man in bivouae or wlhen spm:ia.l‘u:r' ordered:
S e e T S e e T e e 2641 Fidl
D e e e e e el M s 2R v
l?mnd:n ........................................................... GEE S S 055 055
To ]
ieporal M for offparg ol in tin el b ke el L pnund.'- 044 s a3
BT R e L e e e - -G53 - 033 63

1§ pleces, or crackers. 2 12 pleces, or crackers.
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EXTRAORDINARY SUPPLEMENTS AUTHORIZED,
i See text of report.)

1. One ration of wine, beer, or brandy.

2, Additional : One-third ration of bread. One-fifth ration of meat.
8. Increase of one-half, one-third, one-fourth of the complete * strong”™ or

“normal " ration.

AUTHORIZED SUBSTITUTIVE EQUIVALENTS.

Strong | Normal

ratfon. | ration.

Substitute for one ration of Mresh mead (Boal). .o ooeeriniiiiiiiiiiiiananas 1.10 0.58
"L’-eﬂl mutton, pork, rabbit, horse, or fresh fish. .......ccciciiiinnaccncionacass i 1.10 . B8
uﬂdl eges, soft SRR - % o e e T N S S e 225 o i
Eﬂd.llslll'u ............................................................... . B . S
e e T P e e e « B . 55
Smoked meat, hminlfﬂa-ltﬁl or salted *-'.lrdme:- ............................... o A4
Cheesa (Gruyire, Holland, Chester, ROGUEMIL) . . .- .o reemeeeesrsinsnesnns .55 44
Bansnge, small and largs :.mn:rkad lmrrmJ T o e R e e e e 44 .53
Sardinesinofl, .......oceeonnn.. .33 A |
Codfish, dried, meat puwd.ur 275 2
ol e e e s B R 2. 6412 2.201
Substitute for one ration of dried vegetables or rice. . B2 132
L e s e 1. 65 .50
Turndps, earmods, 0r el bapn: S oo o s e L L Lo do 22 1.52
L o e P P s, e Pl e el e SR 1.32 Bk
B I T R R S B R e R e e S e . i 154
L T L, L B e + 22 132
Ttalian poastes (moodles, vermieolll, ote.). .o oo ieviaieiniananacanaciiiincaas do. . .0 132
[y ke Lo e e . PRE PR Er R e 1 22 132
Chaese, ( rru:.'émarllullnnd e il e S e e e s e e 154 a8
Cheese, soft.. S s R e S e e R R R S e R e S T e B 132

FIGURES UPON WHICH ALLOWANCES OF TRANSPORTATION FOR RATIONS ARE BASES.

The net weight of the reserve ration, not including brandy, is 1.6852 pounds.
The net welght of the strong ration. with field bread, canned meat, potage

salé, and not including spivits, is 26072 pounds.

The net weight of the strong ration without meat and spirits, and including

lard, is 1.9932 pounds.



APPENDIX NO. IIL

Figure 210 shows a comparison of the shells of the two prineipal field guns
of the present war., On the left is the “75 " French shell and on the right is
the German “ 77 7 shell.

', hood; D, orifice of the fuse; K, portion of shell below copper belt; O,
ogival end of shell ; P, orifice of lighting ; R, the point where the shell is engaged ;
T, copper belt; ¥, body of shell ; ¢, fixation screw for hood ; 4, orifice of aeration
for combustion: m, screw fixing the base of fuse; n, spur which lodges In a
corresponding niche of the instrument used to adjust the fuse; p, notch which
holds the instrument nsed to =crew the ogival end of shell to the body ; & line
of opening of shell at the time of explosion.

Ficure 215 shows the mechanism of the firing brake of the “75": I, the
cannon in position of repose; I, the cannon at the moment the charge is fired :

funle

Fia. 215.—For description see text,

III, details of the forward cork valve of the firing brake: I'V, vertical section
of the mechanizsm of the eannon and brake; Y, the arrangement of the exlinders
in relation to the cannon; &', rollers at the mouth of the cannon : J, diaphrazim:
a and b, rollers of the body of the cannon (they roll on the lower rail as an
ordinary ecastor, while those of the mouth (E') roll on the upper rail to the
emd of the recoil in order to secure the balancing of the cannon about b, in
the sense indicated by the arrow, when the roller ¢ leaves the rail) ; f, stops for
the diaphragm; 2, communicating opening between the two cylinders of the
brake. In repose the lower eyvlinder contains, to the right of the diaphragm,
air compressed to 120 atmospheres, which drives the diaphragm forcefully
against the stops and thus pushes nearly all of the oil from the lower eyvlinder
into the upper cylinder. At the moment of fire, the recoil throws the piston
forcefully backward, the oil is forced into the lower cylinder and the diaphragm
necessarily pushed against the compressed air. After the recoil has expended
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itself, the powerful force of the compressed air is exerted on the diaphragm,
pushing the latter against the oil. The piston is thus forced forward by the oil,
and, since the piston is attached to the breech of the cannon, the latter moves
Torward with the piston until it resumes its normal position of repose. A too
rapid return is avoided by the progressive flowing of the oil as it traverses the
orifice 8, The rod of the piston is fixed above to the breech by an antomatic
spring mechanizm and thiz mechanism ean not be detached (for cleaning or other
reasons) unless the breech is open. When this mechanism is removed, an auto-
matie safety device comes into play and prevents the closing of the breech.
This ingenious arrangement has for the object the prevention of a serious acci-
dent which might occur if the cannon is fired while not being attached to the
brake; f, valvelike stopper at the forward end of the upper cylinder to allow for
the admission and departure of atmospheric air during the process of recoil and
return ; ¢, stopper which is serewed into the opening at the posterior end of the
lower eylinder; IIT (details of the stopper ) ; @, communication of the valve
with the chamber of the piston; 2, communication with the atmosphere; W,

g, 216 —For deseription see text.

cyvlinder of wood which plays iiberally in the socket and prevenis the accumu-
lation of dust.

Flgure 211 shows the apparatus for alming and sighting ; E', slide upon which
the entire gun mechanism is shifted to right or left; H', socket for sliding
mechanism; I, wheel for controlling the sliding mechanism; L, wheel for
obtaining the proper angle of sight ; a tarn of this wheel modifies the inclination
of the cradle about 16 mm; L', lock fixing wheel in position determined; N,
small spirit level; 8, collar upon which the sight rests evenly; T, drum for
regulating sight mechanism; ¥V, sight; ¢ and d, hemispheres containing the
ratchet-wheel mechanism which transmits the movement of the wheels H and
. 1, sight gauge; &, guide which serves to find the ineclination of the cannon
below which it is not permitted to fire the gun because of the danger of firing
through the mask which hides the gun. One obtains this information by look-
ing at three points, the offset, the gunide, and the summit of the barrieade. The
minimum back sight is written in chalk on the back of the shield and the gunner
can not disregard this, even by order of the captain, who might have forgotien
it, as these pieces often fire over friendly heads, and it is absolutely necessary to
insure that the firing will not be too low,

Figure 216 explains the mechanism of the bridge. The three positions show
the variations of the bridge, occasioned by the angle of firing, which has no
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influence upon the sight. A, cogwheel which moves the eradle; ', solid rack
of the eradle moving the indicator of the bridge; D, solid nut of the breech
which moves upon a fixed screw of the cradle. The rotation of this nut by
means of a erank (P) varies position of the breech in accordance with the
cradle, 0, indicator of the bridge which is graduated into distances from 0O to
5,500 meters: P, crank serving to vary the inclination of the breech without
changing the angle of sight.

Figure 213 gives a view of the cannon from the rear; I, glide upon which the
lateral movements are made; H, wheel controlling lateral movements, placing
the cannon in the direction of its aim and allowing a fan-shape method of
firing ; L, wheel for controlling the angle of fire; M, wheel skate and brake;
~. handle of breech; P, seats for the gun pointer on the left and the firer on

folatse feemie L L
Izt fe i) fokar fa elargel

F1a, 217.—Tor deseription see text.

the right: V, sight; a, sack holding extra parts belonging to sight; b, pouch
for holding small-arms ammunition; ¢, and d, hemispheres containing the cog-
wheel transmission of the movements of the wheels H and L; e, notch of the
breech serew : h, vib of the skates; r, offset to guide; s, guide.

Figure 214 shows the breech of the cannon open. A, opening; B, chamber,
D, body of the brake; D', mechanism controiled by the crank P in connection
with the movements of the breech; J, ball for fixing gun by sliding on cord;
N, handle of breech crank ; %1, automatic shell-case ejector; ¢', point upon which
the breech erank impinges when breech is closed ; r, offset; s, guide.

Figure 212 shows the maximum recoil of gun on its carriage. «.rear roller;
D, body of the brake; F, mouth of the gun; I, piston rod of brake.

Figure 217 shows =zections of the body and breech of the gun with the French
technical names for all the parts.
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Figure 218 shows the mechanism of the breech safety-deviee with the French
technical names for the parts. A', tube containing spring. The latter when

J
- £
.._.' = 3
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o
E\ T bee du lugwet \ .
T ey L Foignee
- . AT R o e
i
'\\- o
1 ./'

= T B
e e S i

Fra. 215.—For deseription see text,

compressed forces the hammer B’ against the firing pin p, causing the shell
to be fired. T, spring holder ; €, arm of spring mechanism ; b, teeth of hammer :
J, cord used to pull hammer back in firing.
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