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FOREWORD

&^ The statistical records of the World War, setting forth the incidence
of disease, injuries and battle casualties and of the work of the Medical
Department during that period have been inscribed in history. As in
the case of the Civil War, these records are of great interest from the
standpoint of medical science and, for military purposes, furnish the

co soundest basis for war planning. For the latter purpose, however,
these data must be subjected to careful analysis, takng into consideration
all evident and conceivable factors creating or influencing them. Upon
the figures of experience thus obtained, and comparing the past with
present and future conditions, must be based our estimates of the losses
to be expected and of medical service requirements in future military

o operations.
In his official position in the Surgeon General's Office, Colonel

Love has had before him the records of the World War and his study of
them has been painstaking and exhaustive. The facts and deductions
from Colonel Love's study are now available for use by the war planning
agencies in estimating Medical Department requirements as to sup-
ply, transportation, evacuation, hospitalization, and other essential
features that enter into the development of the medical service. Partic-
ularly is this study valuable in determining more accurately than by
previous methods the hospitalization requirements in any given situa-
tion, so that the result can become an entry in the special plan under
consideration and thus constitute a directive rather than a contention.

As the wounded and sick returned to duty afford a valuable source
of trained replacements, this work will also be of value in studies re-
lating to personnel procurement and replacement.

C. R. REYNOLDS,
Colonel, Medical Corps, U. S. Army,

Commnandat, Medical Field Service School.

V.





PREFACE

An attempt is made in the following pages to outline a system for
estimating, on the basis of our casualty experience in past wars, the re-
quirements for medical service including hospitalization and evacua-
tion of front line casualties; and further to show how intimately the
question of replacements for all branches of an army is related to casualty
rates, and also to prompt and efficient medical care.

It has been recognized for a number of years both here and abroad
that the more efficient the medical service and the nearer the hospitals
are to the combat zone, other conditions being equal, the smaller the de-
mands for untrained replacements. Consequently, provisions for an
adequate medical service and sufficient hospitalization should be an
essential part of every war plan.

The only excuses that can be offered by the author, who makes no
claim of having any more than a rudimentary knowledge of mathe-
matics, for not leaving the task to some one better qualified are: First,
that he felt that he was reasonably well acquainted with the sources
of information and the available basic material; second, that no one
better qualified had sufficient time or interest in the subject to under-
take it.

For the convenience of the reader, a great many figures have been
drawn so as to serve the double purpose of illustrations and tables, al-
though this has often resulted in unorthodox construction.

This work was made possible by General M. W. Ireland, whose
thorough knowledge of the medico-military organization and his sym-
pathetic appreciation of the various problems that are connected with
it, are a constant help and inspiration to all members of the Medical
Department.

Grateful acknowledgement is made to Dr. L. J. Reed, Professor of
Biostatistics, Johns Hopkins University, for training in statistical me-
thods while in that institution and for his assistance during the early
stages of the work. He has not had an opportunity to follow the de-
velopment of the study nor to examine the completed manuscript.

Lt. Colonels H. C. Gibner, G. L. McKinney, A. D. Tuttle and C. C.
McCornack have made many helpful criticisms and suggestions.

Grateful acknowledgment must be made also to Mr. B. M. Oppen-
heim for his construction of the Figures, and also for his.assistance in
the computations.

ALBERT G. LOVE
December 17, 1930.
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SECTION I.

1. MEDICAL SERVICE IN WAR.

A. INTRODUCTION.

An efficient medical service is essential to the military success of an
army, not only in protecting the health of the troops by initiating proper
sanitary measures, but also by insuring the return of sick and wounded
men from the hospitals to their organizations as promptly as possible.

An adequate medical service is also of importance in maintaining
the morale of any fighting force. One can easily visualize the difference
in the mental attitude of two men going into battle, the one realizing
that he will receive medical attention when required, while the other
one knows that he may lie wounded on the battle field for many hours
before he receives treatment.

In addition to the military necessity for an efficient medical ser-
vice, the people in all modern, civilized, and well organized countries
expect and demand that proper medical attention and adequate hospi-
talization shall be provided for the men in the military service. This
is especially true in time of war, when armies must be composed of young
men drawn from practically every family in the country.

Although the public is willing to pay for any amount of medical
service which is essential for military success, and to properly care for
the individual, yet it must be only so large as the necessity requires. To
divert too much material and too many men from the other branches
of the army for the medical service may jeopardize the military success
of an expedition.

The answer to the question of "What is an adequate medical
service?" differs necessarily with each war plan, and its solution re-
quires careful consideration and study. A number of factors must be
considered, of which the following are especially important.

a. The size of the military force to be used and the number of re-
cruits included. There is always more sickness among men when as-
sembled in large numbers, and still more among recruits than among
seasoned men.

b. The epidemiological condition of the population and of the ter-
ritory to be occupied. More sickness will inevitably occur among
troops operating under war conditions in a country with unfavorable
health conditions, or in one with an unhealthy and over-crowded civil
population than in the United States.

c. The military forces of the enemy, the character of his military
weapons, and the possibilities as to the military defenses of his country
are important. A careful study of these latter factors should assist
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one in making an approximate estimate of the relative number of
wounded. Such an estimate is most important since a wounded man
requires much greater and more prolonged care than a sick one.
If available statistics are systematically and carefully arranged and

studied, the data may be helpful in solving the problem involved. The
following study is an attempt in that direction. Before beginning the
discussion of such data as may be presented, it is necessary to consider
several general terms which will be used throughout.

B. TERMS USED AND CONSTANTS EMPLOYED.

1. Strength. - The strength of a command is the number of
soldiers in that command. Since it varies materially from day to day,
and especially so during periods of mobilization and demobilization,
while the sick occur only among those present, it is necessary that we
have an average daily strength for any period in question. The aver-
age daily strength is computed by adding together the strength of
each day in a period, and then dividing the aggregate thus obtained by
the number of days in the period, which obviously may vary from 2 to
365 or more days. Ordinarily, since military reports are furnished
monthly, the strengths for the various days of the month are added, and
the total is then divided by the number of days in the month to obtain
an average daily strength for the month. The 12 such average
strengths in the year are added and divided by 12 to find the average
daily strength for the year. It is important to remember that the strength
used in this study, is always an average daily one although it may be
averaged for one day, for a week, a month, a year or more.

2. Causes of sickness and injury. - The causes of sickness and
physical disabilities resulting therefrom and deaths are either diseases
or injuries.

Injuries are subdivided into non-battle injuries and battle injuries.
a. Non-battle injuries occur either in peace or in war, from external

causes other than the hostile act of a military enemy.
b. A battle injury or wound is one that is caused by a primary or

secondary missile or by a deleterious gas set in motion by the hostile
act of a military enemy. Wounds or injuries from projectiles dropped
by airplanes many miles back of the front lines, or as a result of the
sinking of a ship by a torpedo from a submarine, are properly included
as battle injuries. Accidental injuries received while in action are not
included under the head of battle injuries.

3. Place of treatment. -Cases of sickness and injury are further
classified according to the place of treatment, as follows:

a. Hospital cases include the more seriously ill or injured, who are
retained in hospital for treatment and consequently require hospital
beds.

b. Quarters cases include the less seriously sick or injured, who
require medical attention and are excused from the performance of all

2
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or part of their military duty, but remain in their quarters and hence do
not require hospital beds.

c. Dispensary cases include the less serious cases of sickness or in-
jury. They require medical attention, but their condition is not of
sufficient gravity to necessitate their excuse from the performance of
their military duties. Although such cases materially increase the work
of the Medical Department as well as the amount of medical supplies
required, they will not be included in the subsequent discussion. If,
however, the total number of sick for whom medical supplies and at-
tention must be provided should be desired, such data as are presented
hereafter should be increased 50%/.

4. Percentage of cases treated in hospitals and in quarters. -
The percentage of cases which are treated in hospital or in quarters
varies materially from time to time, and especially so during war as
compared with peace. This is quite an important item, since it deter-
mines in part the number of hospital beds required. Fig. 1 shows the

PER CENT OFf THE TOTAL CASES WHICH WERE TREATED IN HOSPITAL ONLY

n,0 o o-0 20/oo 30%o 40,/o ..06,;o 6o0o 700/ go0o/
i T I I I I I iI

UNITED T5 ATES

9q o - 91 S PRERWA.. PEIR1 76. 2I

1917- f11q WAR PER.IO 6,/.3S-o

1q25- 1Z27 POSTWAR PEPrIOD 66.26oJ

EUR OPE

1q17 -1 q91 WAR. PERIOD 56.Doe

Fig. 1.-Percentage of cases of diseases and nonbattle injuries treated in hospital.
Sources of information:
a. United States:

(1) 1904 - 1915. 2
(2) 1917 - 1919. Total cases as published. 3 Quarter's cases estimated from:

(a) Average days lost by each quarter's case during 1904 - 1915 2 (7.24) ; and
(b) the days lost in quarters in 1917. 2

(3) 1925 - 1927. Total cases as published. 2 Quarter's cases estimated from:
(a) Average days lost by each quarter's case during 1904 - 1915 2 (7.24);
and (b) days lost in quarters during 1925 - 1927. 2

b. Europe in 1917 - 1919:
Estimated from: (a) Total cases in Europe as determined by the number of

deaths there from diseases and nonbattle injuries, 3 and the fatality rate in
the U. S. from the same causes during the same period 3 (Deaths - Fatality
Rate = Cases); and (b) the hospital cases in Europe during the last six
months of 1918. 2

percentage of cases treated in hospital among troops in the United
States before, during and since the World War; and also in hospital in
Europe during that period.

I
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During the World War, although there were base hospitals in
nearly all of the large camps in the United States, they were usually
under different administrative control and were located some distance
from the troop areas, hence probably the smaller percentage of cases
treated in hospitals during that period, as compared with the prewar
and postwar periods. In the Theatre of Operations in the American
Expeditionary Forces, where the permanent hospital beds were still
further removed from the troop area, the percentage of total sick sent
to hospital was still smaller.

5. Admission rates. - Cases treated in hospital or quarters are
officially reported to the War Department, but only local records are
kept of dispensary cases. Each case treated in hospital or quarters is
"Admitted to Sick Report", and hence is termed "Admission". Through-
out the following discussion, the term "case" will be used as synonymous
with "admission" and with "patient".

Before any comparisons can be made of the amount of sickness in
the different commands, it is necessary to reduce the number of sick in
each one to a common ratio of its strength. The unit of strength used
might be the individual. The rates then would be so many cases per
man, but this would necessitate the extensive use of decimals, which
it is always desirable to avoid. Ordinarily in the United States Army
the unit of strength used is 1000 men. Consequently, we speak of so
many cases per 1000 strength. Thus, 1200 cases, or admissions, in a
command of 2000 gives a rate of

1200 - (2000 -- 1000) - 600 per 1000.
The admission rates must also show how many cases occur in each

1000 men during any specified time. The time period may be a day,
a month, or a year. A day's rate is 1/365 as large as one for a year,
and a month's rate is 1/12 as great as that for a year, and also 30 times
as large as the one for a day.

It is important to note that the strength used is always an average
daily one for the period, but that the admission rate increases in pro-
portion to the length of the period just as the cases do. The following
formulae show the method of computing admission rates per 1000
men:

4
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Daily rate per 1000-

Day's cases --
Average daily strength

1000

Days cases X 1000

Avg. daily strength

Monthly rate per 1000=
Average daily strength

,M III ] 1
Month's cases --

I 1000

Month's cases X 1000

Avg. daily strength

Annual rate per 1000=

Year's cases --
Average daily strength

1000

Year's cases X 1000

Avg. daily strength

Annual rates are used ordinarily in the discussion of military and
public health statistics. If the period during which the cases have oc-
curred is less than one year, they must be increased correspondingly.
Thus, if we wish to calculate an annual admission rate for the cases
which occurred during one week, they must be multiplied by 52 before
the final computing is done, or if an exact figure is desired, by 365 - 7.

Annual admission rate per 1000 from one week's cases =

Week's cases X 52 X1000

Average daily strength

Conversely, if one wishes to calculate an average daily admission
rate from the aggregate cases of one month or of one year, they must be
divided by 30 or 365 as required. Thus the average daily admission
rate per 1000 from cases of one year is

Year's cases Average daily strength

365 1000

Year's cases X 1000

Avg. daily strength X 365

Throughout this study, daily admission rates will be used.

6. Average days lost per case. - Since each day of sickness in
hospital means that a man is absent from his duty and is using a hospital
bed for that time, the duration of treatment is quite an important item.
The method of calculating this factor is quite simple. The formula is:

Aggregate no. of days lost by all cases
Average days per patient

Aggregate number of cases.

5
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As with the admission rate per day, the average days per case may

be for those of one day, one month, one year or more. If for one year
the formula is:

Days lost by all patients in year

Number of patients during year
- Days lost per patient averaged for

one year.

Figs. 2 and 3 show the average days lost per patient (case) in

different countries, at different times, and from different causes. In Fig.
2 the average is for the cases treated in hospital and quarters combined;

AVERAGE DAYS
5

OF TREATMENT PER CA E
10 i5 20

Y90o4 - Y1q0&

UNITEOD STATES 13.656

PHILIPPINE /SLANDS 13.74

HAWAII 13. 20

1~~~~~~~~~~~~

gzo - 1927

UNITE"D JfTATE£S 15. 61

, . . - -_
PHILIPPINE 15LAND3S

HAWAII 15.7.

PANAMA 15.71

Fig. 2.-Average days of treatment per case of disease and nonbattle injury treated
in hospital and quarters combined among white and colored American troops in differ-
ent countries at different periods.

Sources of information: 1904 - 1908. 2
1920 - 1927. 2 The averages for the troops in the P. I., Hawaii, and Panama in-
clude only time lost while under the treatment there, and do not include the time
lost after departure by cases sent back to the U. S.

NOTE: The average days per case of white soldiers in the U.S., 1925 - 1927, was 16.35.

but in Fig. 3, the data shows in addition, the average for each case of

disease and non-battle injury in hospital only, in the United States and
Europe during the World War, and also that for each gas case and gun-
shot case in hospital in the American Expeditionary Forces.

I
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One sees from Fig. 3 that the duration of treatment for a gunshot
case was more than twice as great as it was for a gas one, which in turn
was much more than that for a disease and non-battle injury case; and
further that the average treatment time for each hospital case of dis-
ease or non-battle injury was longer in the American Expeditionary
Forces than in the United States. The last mentioned fact was ap-
parently the result of at least three factors:

AVERAGE DAYS OF TREATMENT PER CASE
0 S 10 15 20 25 30 35 40 45

I I I I I I 1 i
DISEASES AND NON-BATTLE INJURIES

IN HOSPITAL AND 9UAZTER.R COMBINED

UNITED JTATES f15.o07

EUROPE ig.3

IN HOSPITAL ONLY

NI TED JTATES 20.36

'1' i iiii I'1
EUROPE 2729 |

BATTLE INJUR.IES IN EUROPE

IN HOSPITAL ONLY, BOTH /N EUROPE AND LATER IN THE UNITED STATES

FROM POISONOUS GASES /1.77

FROM CGUNSHOT AMI/SS/LES 4 9 1.8 \

Fig. 3.-Average days of treatment per case in the United States and Europe during
the World War (April 1917 - December 1919).

Sources of information:
a. Diseases and nonbattle injuries:

(1) In hospital and quarters combined:
(a) United States. 3 (b) Europe: Total cases as estimated for Fig. 1, (b).

Hospital cases as published,3 slightly reduced to exclude quarter cases
during 1917 2 and the first six months of 1918,2 as indicated by the ex-
perience during the last six months of 1918.2 The difference between
the total cases and hospital cases when multiplied by 7.24 (See Fig. 1,
(a) (2)) gives the estimated days for quarter's cases. These latter
added to the number of days as published 3 give the estimated total
days to be divided by the estimated total cases.

(2) In hospital only:
(a) United States. Estimated quarter cases multiplied by 7.24 (See Fig. 1,

(a) (2) ) to find estimated quarter's days. This number subtracted
from the total days3 gives the estimated days in hospital only, which
is then divided by the hospital cases (Total cases 3 - estimated quarter
cases) equals average days per case.

(b) Europe.1
b. Battle injuries in Europe.3

a. A smaller percentage of cases, and only those of a more serious
nature and consequently of longer duration, were sent to the hospital
in the American Expeditionary Forces.

I
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b. The hospitals in the American Expeditionary Forces were a
greater distance from the troop areas, and consequently patients were
apparently less promptly returned to their organizations or to replace-
ment depots.

c. To expedite the demobilization after the armistice many
patients who had recovered were returned to the United States as sick.
This resulted in an unnecessary loss of time in hospital for these cases
and increased the average time lost by each one.

The longer treatment since the World War, as compared with that
before, is due apparently to the more intensive hospital treatment
which patients now receive.

7. Noneffective rates. - The noneffective rate shows the number
of patients that, after several months accumulation of them, will be sick
each day in a period, or as usually expressed "Constantly sick." It is al-
ways expressed as a daily rate for which the formula is:

Daily noneffective rate per 1000 strength-

Patient days Average daily strength Patient days X 1000

Days in period 1000 Average daily strength X days
in period.

Like the daily admission rate, it may be the average for one day, one
week, one year, or more. If it is an average for one year, the formula
is:

Daily noneffective rate per 1000 strength

Patient days Average daily Patient days during
during year strength year X 1000

365 1000 Average daily strength
X 365.

Fig. 4 shows the relationship that exists between the average daily
admission rate, the average days lost per patient, and the noneffective
rate. This relationship is very important, for by its use we can deter-
mine the ultimate number of sick for any given admission rate, if the
average duration of each case (which is more nearly constant than the
admission rate) is known.

As an illustration of the use of this formula, let us take our experi-
ence with enlisted men in the United States during the World War,
when the noneffective rate was 50.40.3

8
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Ptie j per year X 1000 - Dai/y Qdm;sr;on rote per fOOo ,trenyth
_) Aeraye daily .trength X 365 averayed for one year

.() 2q ..r lost Aom ickne.r in one year _ Days lost per paetint
Patifent- per year averaged for one year

(c) Days /ost from ;icknes, in one year X 1000 Daily noneffiz.ctve rate per f000 strengyh
. wAver-e daily d tret; X 365 averaged -for one year

-q~ Ye 1 t_~Pi x 1eooo X 1000 X DJyj lost from sickners n oneyear
Averaye da;oy trength X 365 atne~-pya~

Averaoe datiy .frenfth X 365

(e) Di/ay admrs;on rate X Day- /ost per patient = Daily nonefictve rate
-. .-------------

Fig. 4.--The relation of the noneffective rate to the average daily admis-
sion rate and the average days lost per patient.

Enlisted men, U. S., April, 1917-December, 1919.
Admissions --......................... . 2,577,261
Average daily strength per year -. �.-- - -... - 766,726
Days lost during period --..... -------- ------- 38,835,016
Days in period ........- 1,005

2,577,261 X 1000
::Daily admission rate - ==3.34466

766,726 X 1005

38,835,016
Days lost per patient - -- --- 15.0683

2,577,261

Noneffective rate - 3.3447 X 15.0683 = 50.3989
Note:- All rates are per 1000 of strength.

Since the average duration of treatment includes days lost by cases
of long duration as well as by those of short duration, the ultimate non-
effective rate is obviously not reached until the cases with the longest
treatment have left hospital. As will be shown later, the duration of
treatment for cases of disease and nonbattle injuries varies from one day
to approximately one year; for men wounded by war gases, from.one
day to approximately one year; and for gunshot battle injuries, from one
day to 2.5 years. Consequently, the ultimate noneffective rate is not
reached in cases of disease and nonbattle injuries until the end of one

-- ---- ---- --- ---------- ---------- ·_.I
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year after M day, and of gas and gunshot injuries not until one and two
and one-half years, respectively, from the beginning of hostilities.

Since the noneffective rate is equal to the product of the average
days per patient multiplied by the daily admission rate, it necessarily
follows that with a theoretical daily admission rate of 1.00 per 1000 the
noneffective rate would be equal to the average days per patient. Thus,
if the daily admission rate in the United States during the World War
had been 1.00 when the average days per sick case treated in hospital and
quarters were 15.07, the corresponding noneffective rate would have been
15.07 (15.07X1); while in the American Expeditionary Forces with an
average of 18.93 days per case, it would have been 18.93 (Fig. 3).

For cases treated in hospital only, for which the average days per case
were 20.36 in the United States and 27.29 in the A.E.F., the correspond-
ing noneffective rates with a daily admission rate of 1.00 per 1000 to
hospital only, would have been 20.36 and 27.29 respectively (Fig. 3.)

These and other related facts are summarized in the following table.

Table 1. Percentage of cases treated in hospital with the average days per ease
and 'the corresplondilng noneffective rates when the adlnission rates

are as assumed.

hi

iVI

Country o o

Pi

ITT .At ~f 1Q

_ _ __ _ ___ ___ _ _ _ ( 1)p
Ir ^ -

n-1

Hospital & Quarter cases Hospital cases

II i h

C.i< ^ 0_*< __ _ __< _ i . 0 _ C

(2) (3) (4)a (5)b (6) (7)c

1 Afn I 1 17 t r'7 i01 0 I o0 '1 n r.
. . . . ..... O . .. V .U Lt.U ,I 10.U I .01.00 LU.OD lZ.iU

'Europe ... 56.00 1.00 18.93 18.93 .5600 27.29 15.28
U. S. .... 61.38 1.63 15.07 1 24.56 1.00 20.36 20.36
Europe ...... 56.00 1 1.78 18.93 33.70 1.00 27.29 27.29

a. (4) (2) X (3) .
b. (5)= (1) X (2)
c. (7)- (5) X (6)

C. ADMISSION RATES FOR TROOPS IN THE UNITED STATES.

Can. any information be obtained from the vital statistical experience
of the United States Army which-will be helpful in determining approxi-
mate future admission rates under specified conditions? The answer is
believed to be in the affirmative.
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8. Decline since 1819. - To find what changes have occurred
in the army admission rates in the United States since the beginning of our
medico-military records, let us examine such data as are available.
Fig. 5 shows the daily admission rates to hospital and quarters from non-
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Fig. 5.-Daily admission rates to hospital and quarters combined from nonbattle
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battle injuries, from diseases, and from both combined by periods from
1819 through 1927, a period of 108 years. It is apparent from this
graph that, with the exceptions as noted below, there has been a very
marked and steady decline in the admission rates from all causes during
the periods of peace, the one in 1920-1927 being only one-fourth as
great as that in 1839-1846. The first exception is that the one for each
of the first two periods was lower than that for the third, which is prob-
ably to be accounted for by the incompleteness of the reports during
the early years; the second is that a slight increase occurred in the rate
for the period following the Spanish-American War over that for the
one preceding it, due to conditions resulting from the war.

9. Increase during war. - Another important fact is that during
war periods the general admission rate has always been much greater
than the one for the preceding and succeeding periods, due to the mark-
ed increase in the number of cases of disease-at the same time an actual
decline in the admission rate from non-battle injuries is noted.

10. Decline in succeeding war rates. - Although the reporting
of cases during the Civil War was not nearly so complete as during the
World War, the admission rate during the former was more than twice
as great as that during the latter. The Spanish-American War rate was
also much greater than that of the World War, notwithstanding the
pandemic of influenza which occurred during the latter conflict.

11. Estimation of future admission rates for unseasoned troops.-
Since there has been such a marked decline in the admission rates under
both peace and war conditions, it is obvious that it would be unwise to
go back farther than the World War period for experience to use as an
indication of future medical requirements. If, then, the World War
experience is used, what rate should be selected for a war army in the
United States? The average daily admission rate to hospital and quar-
ters of 3.34 per 1000 strength in the United States for the statistical
period of the World War (April, 1917 - December, 1919), is not a satis-
factory one to use,3 because it included the year 1919 when the troops
who had been well seasoned by service in Europe were returned to the
United States for demobilization. What is desired are the probable
rates among unseasoned troops as they are mobilized in large numbers
for war training. Probably the best experience is that of 1918, for
during that year there was a constant inflow and outgo of a large number
of men at the various training camps in the United States. If the epi-
demic influenza months of September and October are excluded, the
average daily admission rate to hospital and quarters for the year was
3.50 per 1000. 3

An average daily admission rate for the year, however, is probably
not a satisfactory one upon which to base an estimate of the probable re-
quirements of medical service, since many factors will cause variations
above or below the average. Certainly no engineer would plan a bridge

12



MONTHLY VARIATION 18

to carry only the average load. Similarly, in planning medical service,
it would be unwise to base the expectancy upon an average rate. Un-
usually high rates which continue for only a few days, or those which
occur from exceptional outbreaks of infectious disease, can hardly be
provided for, but provision should be made for at least a reasonable
variation above the average.

12. Causes of variations in admission rates in United States.-
a. Season.-Fig. 6 shows that, after excluding September and October,

the average daily admission rate of 3.50 to hospital and quarters in 1918
was exceeded in January, March, and April. If the average for the year
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Fig. 6.-Daily admission rates to hospital and quarters from diseases and nonbattle
injuries by months per 1000 enlisted men serving in the United States.2

had been used as an estimation basis, there would have been a shortage of
hospital beds for the United States as a whole during the entire period of
those three months; furthermore, these seasonal variations above the
average for the entire United States do not show those which occurred in
many camps, from factors other than seasonal. Figure 6 shows also
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ADMISSION RATES

the excess of the rates for unseasoned troops in 1918 over those for the
peace time Army from 1920 to 1927.

b. Race. - Race is another material factor in causing variations in
admission rates. Figure 7 shows that during peace there is more sickness
among the white than among the colored troops, due apparently in part to
the larger percentage of new enlistments among the white soldiers. Thus
from 1923-1927, inclusive, 60 per cent of the white men enlisting had no

DAILY ADMAS5/ON RATES PER 100 ST/RENG TH
0.00 1.00 2.00 3.00o 4. oo .o
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Fig. 7.-Daily admission rates to hospital and quarters from diseases and nonbattle
injuries per 1000 strength of white and colored troops by color, serving in the United
States at different periods. 2 3

previous service, while only 31 per cent of the colored enlistments were
without it. The graph points out, however, that during the World War,
when practically all recruits, both white and colored, were without prev-
ious service, the latter had 1.5 times as much sickness as the white ones.

c. Nativity. - The region from which the recruits are drawn is also
a very material factor in determining the amount of sickness. Fig. 8
shows the relative amount which occurred among the soldiers from various
States, as compared with the average for the United States at 100. The
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RACE AND NATIVITY 15
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16 ADMISSION RATES

white recruits from the Southern States had 56 % more than the average,
while those from the other States had 11 % less.

These same data arranged by corps areas are shown by Fig. 9 which
gives not only the variation in the combined rates for white and colored
troops, but also that for the white men alone. The latter from the area
of the present Fourth Corps (Southern states) had 59% more than the
average amount of sickness, while those from that of the present Ninth

RELATIVE MAGNITUDE OF NATIVITY ADMISSION R'ATES BY CORPS AREAS

25 , 50 75 100 f25 150 175
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F/IRST CORPS 79
SECOND CORPS 7 ..
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Fig. 9.-Relative magnitude of admission rates to hospital and quarters from dis-
eases and nonbattle injuries by nativity (native state), arranged by Corps Areas, among
white troops, and also among white and colored troops combined, who were serving
in the United States and Europe from April 1, 1917 through December 1919. 1

Corps (Pacific coast and Rocky Mountains) had 39 % less.
d. Camps. - The combined results of the various factors of race,

nativity, season, overcrowding, etc., all of which affected the admission
rates to hospital and quarters in the various training camps, are shown by
Fig. 10. This graph shows not only the average daily admission rate



CORPS AND CAMPS
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Fig. 10.-Daily admission rates to hospital and quarters from diseases
and nonbattle injuries per 1000 strength, American troops in thirty large
camps during 1918, excluding September and October. Also the maximum
rate averaged for any one month in each camp, again excluding September
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ADMISSION RATES

for one year in each of 30 concentration camps, but also the average daily
rate for the worst calendar month. The average daily admission rate in the
United States of 3.50 to hospital and quarters (excluding September and
October) was exceeded by the camp average in 14 of the 30 camps, and by
the rate for the worst month in all of them except one. Clearly then, the
average rate in the United States for the year would have been an unsatis-
factory one upon which to base the expectancy of hospital requirements. A
daily admission rate of 4.80, or an increase of 37 per cent over the average
of 3.50, was exceeded by the maximum daily rate for the worst month in 21
of the 30 camps, and was almost equaled in one other. Apparently then,
an increase of 37 % to cover expected variations above the average rate
would not be excessive for the United States as a whole, higher or lower
rates being used locally depending upon the nativity and color of the troops
(infra).

13. Admission rates in United States camps, 1918. - All of the 30
camps were in operation during the entire year of 1918. The minimum
average daily strength in any one of them for any one month was approxi-
mately 8,000, and the maximum slightly over 50,000. 3 There was then
sufficient population in each camp during every month to furnish reliable
admission rates.

a. To hospital and quarters combined. - Fig. 11 shows how often
the various daily admission rates to hospital and quarters combined aver-
aged by months (excluding September and October) occurred in the 300
camp-months (30 camps X 10 months each). Thus there was a daily ad-
mission rate of 1.50 per 1000 in 7 per cent of the camp-months; 2.00 per
1000 in 14 per cent, and 4.00 per 1000 in 11 per cent, or in 33 camp-
months. The average rate of 3.50 occurred in 12 per cent of the camp
months, rates less than 3.50 in 50 per cent, and greater in 38 per cent of
them.

One sees then that, if the average rate of 3.50 had been selected as a
basis for estimating medical requirements, it would have been exceeded in
38 per cent (see right hand margin of Fig. 11) of the camp-months; that
is, in 114 of the 300 camp-months there would have been more hospital sick
than available hospital beds. Also, if an admission rate of 4.50 per 1000
had been so selected, there would have been a higher rate of sickness in
19% of the months, or 57 camp-months.

It is suggested that the admission rate of 4.80, or one 37 % above the
average 3.50 (see Fig. 10), be adopted as the basis for estimating the re-
quirements for medical service and hospital beds for mobilization in the
United States under similar circumstances. This rate occurred in 7 % of
the camp-months and a greater one in approximately 15 % of them. Con-
sequently, if we use 4.80 we will have provided for 85 % of the probable
monthly rates.

If the hospital beds required for such an admission rate (4.80 X
12.50 -= 60.00 per 1000) are provided, and properly distributed to corps

* See Table 1, p. 10.
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FREQUENCY OF, IN CAMPS 19

areas, there will usually be a bed for every sick or injured man in the
training camps in the United States; the excess can be provided for by
emergency beds. This estimate will also be sufficient to provide for dis-
persion of beds. It does not, however, include any provisions for the sick
returning to the United States from any expeditionary area. For such an
estimate see page 68.

KIND OF CASES: Diseases and non-battle injuries.

AREA: Zone of the Interior.

PURPOSE: To show by percentages how often various
daily admission rates per /o000 trenyth, to hospital and
quarters combined, occur.

BASIS OF STUDY: Daily admission rates per 00ooo strength
in 30 large camps, U.J., for a i/-month period.
30 compsx 10 = 3 00 averaye doi/y admission rates /y months
For example, the rate of 4.00 occurred in 33 of
the 300 instances studied, or ;n /1/ of the time
as shown in Column A.

EXPLANATION OF COLUMNS:
Column A shows the various daily ad-

mission rates per o100 strength to hospital and quarters
combined with the percentage that each rate occurred.

Column B shows (in percentages) how often
all of the admission rates less than any certain one occurred.
For example, in 62 times in each 1oo the admission rates
were less than 4.00 per /000 per day.

Column C shows (in percentages) how often
all of the admission rates greater than any certain one occurred-
For example, in 27 times in each loo the admission rates
were greater than 4.vo per /000 per day.

APPLICATION: If the rate of 4:00 per 1000 is taken as a
basis of hospital requirements and medica/ care, there will
be a greater number sick than provided for in 27 times
in each 1oo instances. Such epidemics as occurred k
September and October 19/' are not included in this study.

Fig. 11.-Relative frequency of daily admission rates from diseases and nonbattle in-
juries to hospital and quarters combined per 1000 strength in 30 large camps in the
United States during 1918, exclusive of September and October. 3

NOTE: For method of graduation see Fig. 77, p. 144.

b. To hospital only. - Fig. 12 shows how often the various admis-
sion rates to hospital only (each one of which is 61.38 % of the admission
rate to hospital and quarters combined) occurred. If the requirements foi
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20 ADMISSION RATES

hospital beds had been based upon an expected daily admission rate of 3.00
to hospital only, there would have been a deficiency of hospital beds in only
14% of the camp-months. We have suggested 2.95 to hospital, or the
equivalent of 4.80 to hospital and quarters combined.
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KIND 01F CASES: Diseases and non-bafl/e injuries

AREA: Zone of the Interior

PURPOSE: To jhow by percentages how often various
daily admission rates per looo strength, to hospital
on occur.

BA515 OF 5TUDYO Daily admission rates per 1000 strength
to hospital onl in 30 large camps, U. 5., for to months.
30 Camnps x f0o 300 overoae daily admission rates y montSs.
For example, the rate of 2.50 occurred in 24 of the
300 instances studied, or in a /o of the time as shown
in Column A.

EXPLANATION OF COLUMNS:
Column A shows the various daily admission

rates per fooo strength to hospital only with the percent-
age thateach rate occurred.

Column B shows (in percentages) how often
all of the admission rates /ess than any certai7 one occurred
For example, in 66 times in each too the admission rates
were less than 2.So per oo00 per day.

Column C shows (in percentayes) how often
oil of he admission rates greater than any certain one occurred.
For example, in 26 times in each too the admission rates
were greater than 2.60 per 0oo0 per day.

APPLICATION: If the rate of 2'50 per o000 is taken as a
basis of hospital requirements (not quarters cases), there
will be a greater number sick than provided for in 26
times in each too insfances.

Such epidetmics as occurred in September
and October t91g are not 'ncluded in this study.

Fig. 12.-Relative frequency of daily admission rates from diseases and noubattle
injuries to hospital only per 1000 strength in 30 large camps in the United States during
1918, exclusive of September and October.

NOTE: For method of graduation see Fig. 78, p. 145. Hospital cases calculated
from basic distribution Table 3 as 61.38% (Fig. 77, p. 144) of total cases.
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IN RELATION TO NONEFFECTIVES 21

c. Interrelation of admission and noneffective rates. - Fig. 13
shows for each admission rate to hospital and quarters, the equivalent one
to hospital only, and the two corresponding noneffective rates. Thus when
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Fig. 13.-To show for each daily admission rate to hospital and quarters combined
from dsieases and nonbattle injuries in the Zone of the Interior (See Fig. 11), the cor-
responding rate to hospital only; and also the ultimate number of sick accumulating
from each daily admission rate.

NOTE: Column A is from Fig. 11. The rates in B, C, and D are calculated from the
corresponding ones in A by multiplying by 61.38%, (see Fig. 1), 15.07, (see Fig. 3),
and 12.50 (see Table 1), respectively.
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22 ADMISSION RATES

the admission rate to hospital and quarters is 4.00, the corresponding one
to hospital only is 2.46, and the number ultimately sick is 60.28, of which
50.00 are in hospital, with 10.28 in quarters.

Example:
If the admission rate to hospital and quarters combined - 4.00
Then the admission rate to hospital only=-4.00 X 61.38 %o" - 2.46
Also the sick in hospital and quarters-4.00 X 15.07 t - 60.28
And the sick in hospital only-2.46 X 20.36 t -= 50.00
Or also the sick in hospital only == 4.00 X 12.50 § - 50.00
Then the sick in quarters only - 60.28 -- 50.00 10.28.

: Figure 1. t Figure 3. § '-Fable 1.

D. ADMISSION RATES FOR OVERSEAS TROOPS.

14. Admission rates for seasoned and unseasoned troops. - There
is not only more sickness among unseasoned than among seasoned troops,
but also more sickness among seasoned troops living under war condi-

RELATIVE MAGNITUDE OF ADMI55ION RATES

O 25 50 75 100 125 . 50 175

SEASONED TROOPS UNDER PEACE CONDITIONS
U.S. 1920-/qZ6

ADM/5.5/ON RATE ----.- --- 2.00

SEASONED TROOPS UNDER WAR CONDITIONS
EUROPE 1q91, LESS SEPT. AND OCT.

A DM I5/ON RATE ------ 2.50
..... , .. _ I _ _ _ _ _

UN.SEASONED TROOPS UNDER WAR CONDITIONS
U.S. 1918, LESS SEPT. AND OCT.

ADMISSION RATE --- 3.50

Fig. 14.--A. Comparative daily admission rates to hospital and quarters, from
diseases and nonbattle injuries per 1000 strength, seasoned and unseasoned American
Troops under peace and war conditions. 2

B. Also their approximate relative magnitude, as shown by the scale above, where
the rate for seasoned troops in the United States under peace conditions is used as a
standard at 100.

tions than among such troops during peace. Fig. 14 shows the relative
daily admission rates per 1000 men under three sets of conditions. The
rate in the United States during the years 1920 to 1926, inclusive,
(raised from 1.96 to 2.00 simply for convenience in calculating) is taken
as a basis for the seasoned troops; the one for the army in Europe during
1918 (excluding September and October) for seasoned troops under
war conditions; and that for the troops in the United States during the
same period (excluding September and October )for unseasoned men.



IN UNITED STATES AND OVERSEAS

The comparison here is really between partially seasoned troops
and raw, green ones. Troops such as followed General Pershing on the
Punitive Expedition into Mexico could more properly be called "season-
ed".

15. Comparison of overseas and United States admission rates.-
What experience can be used as a basis for estimating the probable re-
quirements for overseas expeditions? The experience in the Philippine
Islands during the Insurrection, in China during the Boxer Rebellion,
and in Cuba during the first and second interventions, might conceivably
be used for such a purpose. Clearly though, it would not be logical to
revert to the Spanish-American War or to the Civil War for experience
upon which to base the present medical expectancy in the United States.
With modern information in regard to the causes and methods for the
prevention of many infectious diseases, there is little probability that we
will have such rates as then occurred. Similarly, it is not reasonable to
expect that there would be as much sickness among overseas troops as
there was a number of years ago.

Can then the admission rates for troops in the United States be used
as a basis for estimating those among American troops of the same
character, who may be serving in other countries? If this can be done,
the expected overseas rates can be lowered as improved sanitation and
better knowledge of the causes and prevention of disease make it pos-
sible to reduce them in the United States. Let us then examine some
comparative rates for United States troops serving in varied climates.

Fig. 15 shows the daily admission rates among American troops in
the United States and certain overseas countries during three periods.
It is apparent that there has been a very marked reduction in the admis-
sion rates in each of the countries in question. But, as the rate has de-
clined in the United States, has there been a corresponding decline in the
other countries? Or, in other words, is there any stability in their
relative standing?

16. Relative standing of overseas and United States admission
rates. - In answer to the question raised in the preceding paragraph,
Fig. 16 shows the relative standing of the admission rates in Fig. 15.
For each period, the rate in the United States is taken as a basis of com-
parison at 100, and the relative standing of the others computed there-
from. One sees that during the Philippine Insurrection there was al-
most 38 per cent more sickness in the Philippine Islands than among
the troops in the United States at that time; from 1904-1908, approx-
imately 30 per cent more; and from 1920-1926, an excess of almost 48
per cent. It is apparent that, although the relationship varies, there is
always more sickness among American troops in the Philippine Islands
than in the United States.

During the Boxer Rebellion in China there was 79 per cent more
sickness in our expeditionary force than among the troops in the United
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24 ADMISSION RATES

States at the same time; and in 1920 to 1926, over 34 per cent more.
From this one might reasonably infer that considerably more sickness
would occur among troops in China than in the United States.

DAILY ADMIS.51ON RATES5 PER f00 STRENGTH
0 ;2 3 .4 5 6 7

UNITED STATES 452

PH/ILIPPINE ISLANDS 6.23

' CHINA-(f1qq ONLY), .. i

CUBA 6. .16

UNITED STATES 3.32
1 1--' G-l~lililil'N. i

PHILIPPINE ISLANDS 4.33

HAWAII 3.i |.

CUQA-Q(q06-1q09O ONLY) 3.2*

UNITED STATS 192

PHILIPPINE ISLANDS 2.$2
I -~~~~~~~~~~

HAWAII t7\

CHI^a z2.5

=ANAMA .27 q

Fig. 15.--Daily admission rates to hospital and quarters from diseases and non-
battle injuries per 1000 strength American troops in different countries at different
periods.2

Using Fig. 16 as a basis, an approximate average of the compara-
tive standing of those rates is given in Fig. 17. Thus the approximate
standing of the Philippine Islands is shown as 140, as compared with
that of the United States at 100; whereas that of Europe is placed at
100 because it is assumed from the World War experience that among
the same character of troops there would be no more sickness in Europe
than in the United States.
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INFLUENCE OF COUNTRY AND CLIMATE 25

RELATIVE MAGNITUDE OF ADM/SSION RATES
. 25 50 7T Inn l ) ^ I ^ AvI A-___ _____I Z________l__e,:> Adyv^ <C?) 1 7{

P... - .... . .

UT0 TArTE D EZZTEiIZZ oo0 oo

pH L/pPPINE ISLANDS 137.03n

CHliNA -(Q/rq ONLY) - 7. |

I C06A f 36.29

UN/I TED 5 TATES 10.700

PHIL PPINE /SLAND5' 130. O t2

HAWA // ,sY. f |

C u A 06- f 0 ONLY) 7.5

UNITE
D S

TATES 100.00

PHJILIPPINE 1/LAND5 147. q2

HA /A / 90.62eH d JA ^Al. 062[

CIfNAd 134.37 |

PANAAM-A I l. 2 3

Fig. 16.-Relative magnitude of admission rates to hospital and quarters from dis-
eases and nonbattle injuries among American troops in different countries at different
periods, compared with that in the United States during each period set as a standard
at 100.

NOTE: Calculated from Fig. 15.

17. Influence of climate on admission rates. - Using the count-
ries named as a basis for estimating climatic influences, the lower part
of Fig. 17 shows the relative amount of sickness which will probably
occur in temperate and tropical countries, under favorable and unfavor-
able conditions, as compared with that in the United States. Thus it is
assumed that in the conduct of warfare in the tropical zone, under the
most favorable conditions, there will be 10 per cent more sickness than
among the same kind of troops in the United States, and under unfavor-
able conditions, 40 per cent more. It is also assumed that in temperate
zones under favorable conditions there would be no more sickness than
in the United States; but, if the conditions are unfavorable, as they
would be in a densely populated country with an unhealthy civil popula-
tion, or where it is difficult or impossible to sanitate the area properly,
the relative amount of sickness would be increased 30 per cent.

I

N--

(>'(^



26

0

ADMISSION RATES

A. APPROXIMATE RELATJ^V MAGNITUDE OF ADMI.SION RATES IN PEACE
25 50 75 100 125 150

I I II
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B.- E5TIMATED RELATIVE MAGNITUDE OF ADMI.5/1ON RATES. IN WAR
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Fig. 17.-A. Approximate average relative nmagnitude of admission rates to hospital
and quarters from diseases and nonbattle injuries among American troops in different
countries under peace conditions, compared with that in the United States as a standard
at 100.

B. Also the estimated relative magnitude of such rates in war in different climates
under favorable and unfavorable conditions.

NOTE: Estimated from Fig. 16.
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INFLUENCE OF TRAINING AND CLIMATE

18. Combined effect of seasoning of troops and of climate.
We can then consider four major factors in estimating the probable
amount of sickness, and consequently the requirements for medical ser-
vice in any overseas country. First, the peace or war conditions; second
the amount of seasoning of the troops; third, the character of the
climate; and fourth, the general possibilities of efficient sanitation.
The combination of these factors (the first two as given by Fig. 14 and
the other two by the lower section of Fig. 17),gives the result shown
by the first section of Fig. 18.

Three rates are given for the United States in Fig. 18: (a) the
first for seasoned troops under peace conditions; (b) the second for
seasoned troops under war conditions; (c) the third for unseason-
ed troops under war conditions. These rates when varied according to
climatic conditions (Fig. 17 A) give those shown in the next four bars.

But average rates cannot be used as a satisfactory basis upon
which to estimate the requirements of a medical service. Consequently
the average rates are increased 37% (Figs. 10 and 11). The results
are shown in the second section (B). From the second section it is only a
step to the third one, which is computed from the second by multiplying
each of the daily admission rates to hospital and quarters combined by
12.50, or the average days in hospital for each such daily admission.

The average of 12.50 days in hospital for each case admitted to hos-
pital and quarters combined is, however, less than our experience in the
American Expeditionary Forces (15.28. See Table 1) and also less than
can be expected in expeditionary forces. The actual increase in the
admission rate to cover expected variations in terms of the American Ex-
peditionary Forces experience is only 12 % and not 37 %; and is no more
than is sufficient to provide for the dispersion of patients when all of the
fixed hospitalization is in the rear areas.

Example:
Expected admission rate to hospital and quarters combined during

war in a foreign country in a temperate climate and under favorable condi-
tions ............. ..... ... ....... .. ............ .... - 2.50

If 2.50 is increased 37 % (or to 137% ) it ............ .- 3.42
3.42 X 12.50 (see Table 1, Col. (7) ) ............... ... 42.75
But the average duration of treatment for expeditionary

forces is longer than in the United States (see Fig. 3). Re-
versing then the process

42.75 1- 5.28 (see Table 1, Col. (7) ) ........... ...- 2.80
2.80 - 2.50 ....... ...... . . .. ........ - 112%

The third section (C) of this graph emphasizes the undesirability of
rushing unseasoned troops into a war area, and especially so if such area
is sanitarily unfavorable.: If military necessity demands it, the sacrifice
must be made, but the probable cost should be recognized.
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A. PROBABLE AVERAGE DAILY ADMISS5ION RATES PER 1000 .TRENGTH
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I ' I
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8. RATES ABOVE IN A INCREASED 374 TO COVERNORMAL VARIATIONS
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Fig. 18.-Daily admission rates to hospital and quarters and noneffective rates in
hospital from diseases and nonbattle injuries per 1000 strength American troops serving
in different countries under different conditions.

NOTE: A. Calculated from Figs. 14 and 17. C. Calculated from B by mulltiply-
ing each rate thereon by 12.50 (see Table 1, p. 10).
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BATTLE CASUALTIES 29

E. ADMISSION RATES FROM BATTLE CASUALTIES.

Many more days were lost from each case which was gassed in the
American Expeditionary Forces than from each one of disease and non-
battle injury (Fig. 3); and more than twice as many days from each
gunshot wound as from each gas casualty. Consequently, it is neces-
sary to know what our experience shows in regard to the number of
men wounded under various conditions, and as the result of various de-
grees of military resistance.

BATTLE INJURIES PER 1000 STRENGTH PER DAY
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Fig. 19.-Daily admission rates from battle injuries per 1000 men in the Union Army
during the Civil War; and also in the U. S. Army in the Philippine Islands during the
Philippine Insurrection.

Source of information: (a) Civil War.8 (b) Philippine Insurrection.2 9

19. Civil War and Philippine Insurrection. - Fig. 19 shows the
daily admission rates per 1000 of the total strength during the various
years and the entire period of the Civil War, and in like manner of the
Philippine Insurrection. Since the character of future combat will
probably be quite different from that which occurred during the Civil
War, the data for that period are probably only of historical interest;
but the average daily number of wounded during the Philippine Insur-
rection can be used as a basis to estimate the number of casualties to be
expected under like conditions of warfare at the present time.

· II -~ [' I'-------- ~-- I
-" I -

-· i

I [ I .,..,. _ -.

- - - -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- I
--1 I

_ 4 , . .. _
... I I I I -

I

II

I I~i

II

I I I

I, V
I A ,4A f~V
1., -AHlvr



30 ADMISSION RATES, BATTLE CASUALTIES

20. World War. - Fig. 20 shows the daily average number of
wounded in the American Expeditionary Force: (a) by gas, (b) by gun-
shot missiles, and (c) by the two combined, arranged by months and by
periods. The rates, which are based upon the total strength of the
American Expeditionary Forces, probably furnish a very good basis upon
which to estimate those for offensive and defensive military opera-
tions against a first-class military enemy, when there is the same ratio of
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ESTIMATION OF INCREASE IN NUMBER SICK

combat troops to those in the total forces. For similar data for combat
Divisions, Corps, and the First American Army, see pp. 106 to 123.

The period from January 1 to April 30, was one of training in trench
warfare. From May 1 to July 14 the training in trench warfare con-
tinued with some major active operations, including the Cantigny offen-
sive and the Chateau Thierry defensive. From July 15 to Septembei
25 there were the important offensives of the Marne, the Aisne-Marne
and the St. Mihiel; also the first phases of the Somme, the Oise-Aisne,
and the Ypres-Lys operations. From September 26 to November 11
the major offensive of the Meuse-Argonne occurred, in addition to the
later phases of the Somme, the Oise-Aisne, the Ypres-Lys, and the
Puvenelle attacks.10 The greatest resistance was encountered during
the first 15 days of the Meuse-Argonne drive, when the average number
of wounded per 1000 of the total American Expeditionary Forces
strength was 2.33 per day.

F. METHOD OF ESTIMATING THE CONSTANT INCREASE IN
THE TOTAL SICK AND THE HOSPITAL POPULATIONS.

21. Basis of the method. - As shown by Fig. 4, the ultimate non-
effective rate is the product of the daily admission rate multiplied by
the average number of days lost by each case. Since the average days
lost include those lost by cases remaining in hospital many days, as well
as only a few days, it follows that for recently mobilized commands the
ultimate noneffective rate is not reached until the completion of the
treatment of the long duration cases, or approximately one year after
M day.

It is necessary then to find how the noneffective rate increases, es-
pecially that part in hospital, before an estimate can be made of the
probable requirements for medical service and of the number of hospital
beds which will be needed for any command from time to time.

Those who are interested in the technical details of the process are
referred to pages 133 to 167. Briefly stated, the noneffectives in-
crease each day by the addition of the incoming sick to those remain-
ing from previous days, and this increase continues until the number
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32 INCREASE IN NUMBER OF PATIENTS

leaving equals the number coming on sick report. Fig. 21 shows how
many of any day's admissions (as for example, those of M day) continue
sick from day to day. The basic material for this graph is from the
experience with the white enlisted men in the United States during the
years 1925-1927, inclusive,2 when the daily admission rate to hospital
and quarters combined was 1.8954 per 1000 men. One sees from the
graph that the greater part of the cases leave the sick report in a very
short time, and less than half of them are remaining at the end of the
seventh day. At the end of 30 days, only .237 (1 in 8) of the original
1.8954 are remaining sick. Thereafter the cases leave more slowly,
and a few remain at the end of one year's time.
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Fig. 21.-Daily reduction during one half day and the entire day in the number of
patients in a group admitted on any one day.

NOTE: For basic formulae see Fig. 80, (1), p. 147.

Fig. 22 shows how a sick population builds up. The admissions of
each day are added to the number remaining from the preceding ones
Thus on the first day after M day, the total sick consist of the day's
admissions plus the number remaining from M (A) day. On the tenth



INCREASE OR DECREASE IN NUMBER OF PATIENTS 33

day after M (A) day, the total sick is the sum of the number of men ad-
mitted that day plus those remaining from each of the preceding nine
days and the M day.

The net increase in the total number of patients from day to day
equals the remnant still remaining at that time from the original group
admitted on M day. Consequently, the ultimate noneffective rate will
not be reached until the last of M day's cases have been eliminated from
the sick report, either by return to duty, by death, or by discharge for
disability. After that time the number coming on sick report each day
will be equalled by the number leaving it.
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Fig. 22.-Showing how the total number of patients from diseases and nonbattle in-
juries in the Zone of the Interior increase on each of ten days after mobilization begins
(M day) when the daily admission rate is 1.895 per 1000. The letters A to K are used
to designate each days group of admissions (1.895) and the continually decreasing lium-
ber of each individual group that remain sick from day to day.

NOTE: For basic data see Fig. 21.

FOOT NOTE: A hospital, or sick, population continues to increase until the stab-
ilization point (see p. 31) is reached because new cases are admitted each day. After
a command is demobilized, no additional cases of diseases or nonbattle injuries vill
occur; and after military combat ceases no more battle casualties will be admitted.
Thereafter then the hospital population will consist of cases remaining from the
previous admissions until they all leave hospital.

Thus in Figure 22, if ther e wre no admissions after the fifth day, the cases would
b:e On the sixth day 7.96 ( 9.86 - 1.895):

On the seventh day 7.12 (10.78 - 1.895 - 1.76).
In connection with Figure 28 (p. 41), let us assume that up to the ninetieth day,

there is 1.00 admission per day from war gases, and that after that time there is: (a)
No more admissions, and (b) that 0.50 cases are admitted each day. Then on the
120th day and thereafter the patients will be:

t no aissios a r 90 da (b) With .50 admissions per day
(a) Weith no admissions afte daafter t 90 days

D t A. ay B. 90 ays days C- . Patients
Diay specified earlier remaining earlier remaining

(Fig. 28) (Fig.28) (A-F) (C a +D
120 39.63 22.24 17.39 11.12 28.61
150 40.74 32.41 i 8.33 16.20 24.53
180 41.28 37.30 3.a98 18.65 22.63
210 41.53 39.63 1i.90 19.81 21.71
240 41.66 40.74 .92 20.37 21.29
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22. Total sick in United States. - a. Daily admission rate to hospi-
tal and quarters of 1.8954 per 1000, duiring 1925-1927. - Continuing the
study of the experience with the white enlisted men in the United States
during the years 1925 to 1927, Fig. 23 shows graphically how the noneffec-
tive rate increases from day to day. The results are from the same basic
process as illustrated by Figs. 21 and 22. Thus we start on M day with
1.8954 admissions to hospital and quarters and on the fifth day after M
day (see also Fig. 22), the number of noneffectives in hospital and quar-
ters is 8.85; on the tenth day, 13.16. The ultimate noneffective rate in
hospital and quarters as shown by this graph is 30.69, and the one as
calculated in the usual way by the formula on page 8 is 30.45.
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b. Daily admission rate to hospital and quarters of 1.00 per 1000,
during the World War. -Fig. 23 can be used as a basis in calculating the
number of sick at any time with any given admission rate, but to do so
would require the division of the noneffectives as calculated for any day
by the basic admission rate of 1.8954. This can be done once for all, and
the results be given on a unit basis. Then the ultimate noneffective rate
is 16.35, which was the average days for each such case among white
soldiers during 1925-1927. The upper line on Fig. 24 shows this reduced
to 15.07 to conform to the 1918 experience in the United States, when the
average days for each case in hospital and quarters was 15.07 (see Fig. 3).
It shows the total sick on any day from M to 360, when the daily admis-
sion rate to hospital and quarters combined is 1.00 per 1000.
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INCREASE IN NUMBER OF PATIENTS

Since 61.38 % of the sick in the United States during the World War
were treated in hospital, for 1.00 admission to hospital and quarters com-
bined, 0.6138 was admitted to hospital only. The lower curve (Fig. 24)
based upon that admission rate therefore shows the noneffectives in hos-
pital only.

The graph can be used in calculating the number of sick and also of
hospital patients to be expected in any command with any estimated basic
admission rate to hospital and quarters combined, provided the average
duration of treatment remains approximately the same. The difference
between the noneffectives shown on the upper line as total sick, and those
on the lower line as sick in hospital, represents the sick in quarters.

Example: In a command of 10,000 men with an average daily admis-
sion rate to hospital and quarters of 3.50 per 1000, the sick on the 90th day
would be

Sick in hospital and quarters =
13.78 (upper curve) X 3.50 X (10,000- 1000) -482.3

Sick in hospital only =-
11.35 (lower curve) X 3.50 X (10,000 1000) - 397.3

Sick in quarters = 482.3 - 397.3 - 85

It is assumed here that 61.38 % of the admissions to sick reports are
treated in hospital. Consequently, the 85 patients in quarters represent
the accumulation from 38.62% (100.00% - 61.38%) of 1.00 case each
day.

It may be decided that 70% of all cases will be treated in hospital,
and only 30 % in quarters. Then the accumulation of patients in quarters
can be determined as follows:

85: 38.62 :: X : 30.00
X = 66 patients in quarters when 30 % are treated there.

The hospital patients under the conditions as above are:
482.3 - 66 - 416.3

c. Noneffectives in hospital in an increasing command. - To illustrate
the use of Fig. 24, when there is an increasing command, let us assume that
it is necessary to find the number of hospital beds required at 15 day in-
tervals for a command, which after starting with 10,000 men on M day in-
creases by 10,000 every 15 days. Let us also assume that the daily ad-
mission rate to hospital and quarters combined is 3.50 per 1000, as it was
in the United States during 1918 (Sept. and Oct. excluded).

The detail work is shown by Fig. 25. The data (third line) from the
lower curve, Fig. 24, when multiplied by the assumed rate of 3.50, give
the patients in hospital (fourth line) under the conditions as stated. The
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SICK PATIENTS IN THE Z. OF I.

most rapid increase in the number sick in hospital occurs during the early
weeks because the patients coming in during that period greatly exceed
those going out of hospital. Each 15 day group of men must then estab-
lish its own flow of patients in and out of hospital as has been done by the
preceding group; and each succeeding group has 15 days less to establish
its hospital population. Then after 180 days, the first 10,000 will have a
hospital population of 431 (Fig. 25, last column, fifth line) accumulated
during 180 days, whereas the 10,000 that report on the 180th day have only
the one day's hospital sick, or 21.

DAILY ADMIS1/oH M M 15 M 30 M 45 M 60 M 75 M qo M {05 M 120 | /135 M /50 /151 M I/E
RA7E5, HOSPI TAL - -.
4ND QU4RTERS ACCUMULATION OF Z. OF I. HOSPITAL PAT/EENT5 IN AC- / 000 OF I. ST/RENG H

.00. _
(SEE F/. 2,4) .61 5.94

f
8.25 q 53 /0.34 /10.93 /. 35 /.66 // 88 /2.04 /2./6 12.25 /2.3/

3.50 Z2.14 20.79 28.88 33.37 36./9 38.29 39.73 0f.g8 1/.58 412.J/1 42.56 42.8'8 43.09

/NCRe- : ACCUMULATION OF Z. OF I. HoSP/TAL PATIENT5 FROM EACH -5-D0Y INCREMENT
DAY MENT O0 OF STRENGTH AT THE AVERAGE DA/LY ADM/I5o,51 RATE IN r/YE U.S. DURING 19/5

3_TRPE#GT7Ht (EXCLUO/NG SEPTrEMER AND OCTOBER) _

M o0, 000 21 208 281 334 362 383 397 40o8 -/6 42f/ 426 .z-2 . 3/

ALM 5 10, 000 21 20 289 33 362 383 39 7 40o8 I 6 2 /2 426 429

M 30 10,000 21 208' 289 33 /- 362 33 397 48 416 421 426

M 5 10o,000 21 208 289 33
t

362 38'3 39'7 o 08 4 /6 .-/2/

M 60 10,000 21 208 i 289 334 362 383 3q7 408' f4/6

M 75 10,000 21 208' 289 334- 36Z 383 397 40

M 90 10,000 21 208' 289 334 362 383 397

M 105 10,000 21 208' 28 353 1 362 38.3

M /20 10,000 21 2 o 289 3 34 362

M 135 10,000 , 2 2o3 289 334

M 150 10,000 1 o8 2 9

M 165 10,000 21 208'

M 1o 10,000 2

TOTAL PATIEN7S 21 229 f . 2 85 21' 7 021 597 28 1 3239 3665 4094525

Fig. 25.-A method of computing the number of hospital patients in a Zone of the
Interior command which is increasing 10,000 each 15 days, when the daily admission rate
to hospital and quarters combined is 3.50 per 1000, as it was in the U. S. in 1918 (ex-
cluding September and October).

The total beds, required at the end of each 15 day period, by all men
then in camp, are shown on the bottom line.

The total patients, including those treated in quarters, can be calculat-
ed in like manner by using the data on the top curve of Fig. 24.
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38 INCREASE IN NUMBER OF PATIENTS

23. Sick in hospital only in United States during the World War.
As shown by Fig. 3, the average number of days spent in hospital in the
United States by each case admitted thereto in 1918 was 20.36. One
sees from Fig. 26 how the number of patients in hospital increases from
1.00 to 20.36, when the daily admission rate to hospital only is 1.00
per 1000.

For method of estimating the number of patients with a diminishing
admission rate see page 33.

The noneffectives in hospital at any time can be calculated from
either Fig. 24 or Fig. 26; (a) by multiplying in the first instance by the
admission rate to hospital and quarters combined, and (b) in the second
by the one to hospital only.
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SICK PATIENTS IN THE T. OF 0.

Example: When Fig. 24 is used, the data on the bottom curve, show-
ing the patients in hospital at any time, when the daily admission rate to
hospital and quarters combined is 1.00 per 1000, is multiplied by the as-
sumed daily admission rate to hospital and quarters combined. It answers
the question; How many patients will there be in hospital on the 90th day
after M day, when the daily admission rate to hospital and quarters com-
bined is 3.50 per 1000 and the strength is 10,000?

Then 11.35 (bottom curve, Fig. 24) X 3.50 X (10,000 - 1000) =397.3
Fig. 26 answers the question: How many patients will there be in hospital
on the 90th day after M day, when the daily admission rate to hospital is
2.15 (61.38% of 3.50) per 1000, and the strength is 10,000?

Then, 18.49 (Fig. 26) X 2.15 X (10,000 - 1000) - 397.5
24. Hospital patients in the American Expeditionary Forces. -

a. Disease and nonbattle injury patients. - As shown by Fig. 3, page 7
the average days lost by each hospital patient sick from disease or non-
battle injury in the American Expeditionary Force was 27.29. Fig. 27
shows how the number of patients in hospital increases from 1.00 patient
on M day to 27.29 on M plus 360 days.

A curve to show the total sick from disease and nonbattle injury in
the American Expeditionary Force, similar to the one for the United
States (top curve, Fig. 24), can not be constructed because there are no
experience data available.

When Fig. 27 is used, an admission rate to hospital only similar
to the one that occurred in the American Expeditionary Force must be
computed; i. e., any admission rate to hospital and quarters combined must
be reduced to 56% of the total instead of to 61.38 % as in the United
States. Thus with a daily admission rate of 3.50 per 1000 to hospital and
quarters combined in a command of 10,000, the hospital sick on the 90th
day would be

25.08 (Fig. 27) X 1.96 (56% of 3.50) X (10,000 - 1000) - 491.6

This number in hospital is much greater than the 397.5 in the United
States under similar conditions (supra). Some of the probable reasons
are given on pages 7 and 8.

If it is assumed that the duration of treatment in the American Ex-
peditionary Force was too great and that the average time lost by such
cases could be reduced by better administration, the curve can be lowered
proportionately. Thus, if we feel that the average duration of such cases
can be reduced to 24 days and we require the data for the 90th day, then,

27.29 : 24 :: 25.08 : X
X - 22.06

Then the hospital sick on the 90th day under the conditions as stated
above would be:

22.06 X 1.96 (56% of 3.50) X (10,000 - 1000) = 432.4
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40 INCREASE IN NUMBER OF PATIENTS

This excess, over the figures for the United States, is probably no
greater than would be necessary, due to the greater distance of the hospi-
tals for any expeditionary force from the troop area, battle front, etc.
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b. Gas patients. - One sees from Fig. 3, that the average days lost by
each gas patient was 41.77. With a theoretical daily admission rate of
1.00 per 1000 from gas injuries there would be 22.24 patients in hospital
on the 30th day; 40.74 on the 150th day, etc. (Fig. 28). The method of
application is similar to that for the preceding graph. Thus the numbers
shown for the patients in hospital are multiplied by the anticipated admis-
sion rate, and then by the number of men in thousands in the command.
Admission rates for gas patients, and also for gunshot patients (Fig. 20),
are to hospital. For method of estimating the number of patients with
a diminishing admission rate see p. 33.
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Example: In a command with an average daily strength of 100,000
and with an average daily admission rate from war gases of .35 per
1000, how many patients would be in hospital after 90 days of fighting!

Then, 37.30 (Fig. 28) X .35 X (100,000 1000) = 1306.
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c. Gunshot cases. - Again referring to Fig. 3, it is noted that the
average days per case for each gunshot injury in the American Expedition-
ary Forces was 94.84. With a theoretical admission rate of 1.00 per 1000
per day, we would then expect the ultimate noneffective rate to be 94.84 X
1.00 - 94.84. From Fig. 29, it is apparent that the ultimate noneffective
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rate is not reached until the 920th day, because of the long duration of
cases of compound fractures of the long bones and other serious wounds.

The daily admission rate from gunshot wounds during the Meuse-
Argonne offensive was 1.10 per 1000 men in the total American Expedi-
tionary Forces. With such a rate in a command of 150,000 men, the
number of gunshot wounded patients in hospital on the 150th day would be.

75.89 (Fig. 29) X 1.10 X (150,000- 1000) - 12,522 patients.
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BATTLE CASUALTIES IN T. OF 0.

d. Gas ard: gunshot cases. - Although separate graphs for gas and
gunshot wounds are much more useful as a basis for estimating medical
requirements (since there is but slight possibility that they will occur
again in the same proportion as in the American Expeditionary Forces),
one based upon the experience there may be of interest. This is exhibited
in Fig. 30, which indicates how the number of patients wounded by gas
and gunshot, when admitted in the same proportions as they occurred in
the American Expeditionary Forces, increases from day to day.
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INCREASE IN NUMBER OF PATIENTS

Example: In a command with an average daily strength of 100,000
and with an average daily admission rate of 1.25 per 1000 from war gases
and gunshot wounds combined in the same proportions as in the American
Expeditionary Forces, how many patients would there be in hospital from
these causes on the 120th day?

Gas patients -
12.48 (lower curve) X 1.25 X (100,000 - 1000) 1560

Gunshot patients =
47.11 (middle curve) X 1.25 X (100,000 -1000) - 5889

Gas & Gunshot patients =
59.59 (upper curve) X 1.25 X (100.000 - 1000) 7449

The percentage of the command in hospital would be,
7449 - 100,000 = 7.45 %.

e. Hospital cases from all causes in the American Expeditionary For-
ces. - Fig. 31 demonstrates how hospital patients accumulate under such
conditions as existed in the American Expeditionary Forces from July 1
to November 11, 1918. One sees again the importance of battle injuries
when converted into requirements for hospital beds. Starting out with a
theoretical admission rate of 1.65 per 1000 from diseases and nonbattle
injuries, and with only 1.00 per 1000 per day from gas and gunshot
wounds combined in approximately the same proportions as they occurred
in the American Expeditionary Forces, the number of patients of the last
named group exceeded those of the first named one in less than 45 days.
At the end of one year there would have been only 45.03 per 1000 from
diseases and nonbattle injuries as compared with 76.75 from battle
wounds.

The curve shows approximately 105.00 per 1000, or 10.50%, in hos-
pital at the end of 130 days after July 1, or about November 11. At
that time there were between 9.0 and 10.0 per cent of the command in hos-
pital in the American Expeditionary Forces, in addition to a number who
had been transferred to the United States and then occupied hospital beds
either in the United States or on ships enroute thereto.

After one year of such experience, as the American Expeditionary
Forces had in the Meuse-Argonne offensive, the number of hospital pa-
tients in each 1000 men would be as follows:

Disease and nonbattle injury patients -
27.29 (Fig. 27) X 1.65 X (1000 1000) - 45.03

Gas patients =
41.77 (Fig. 28) X .45 (Fig. 20) X (1000 1000)- 18.80

Gunshot patients =
92.82 (Fig. 29) X 1.10 (Fig. 20) X (1000 - 1000) 102.10

Total patients 165.93
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The 165.93 per 1000 strength would be the actual number of patients
in hospital; and if only 10% is added for the dispersion of patients, the
number of beds required would be 182.52 per 1000, or 18.25 %, of the total
strength of a force organized with the same proportion of combat and
communications zone troops as the American Expeditionary Forces.
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DISPOSITION OF PATIENTS

G. DISPOSITION OF PATIENTS.

25. Disposition of Zone of Interior cases in the United States.
After mobilization day in the Zone of the Interior, and the beginning of
operations or of military combat in the Theatre of Operations, the num-
ber of patients in hospital in either area gradually increases until the
outflow of men from the hospital equals the inflow (Figs. 23 - 31).

A large proportion of the patients who enter the hospital from day
to day will recover and will be available again for military duty. A
much smaller percentage of cases, who also recover after a more pro-
longed stay in hospital, will be incapacitated for further military duty
on account of a physical disability or chronic disease; still others will
die in hospital.

Fig. 32 shows the constant changes among patients admitted to hos-
pital in the United States in 1918. Thus, 30 days after any group was
admitted, 19.69 % were in hospital. 76.25% had returned to duty, 2.41%
had died, and 1.65 % had been discharged as disabled. At the end of
one year, only 0.02 % were in hospital, 93.72 % had returned to duty,
2.63 % had died, and 3.63% had been discharged as disabled. Most
of the deaths occurred during the first few weeks of treatment, but
the majority of the disability discharges were later. The deaths and
discharges referred to here include only those which occurred among
patients in hospital.

26. Disposition of Theater of Operations cases in the American
Expeditionary Forces. - Figs. 33 - 37 show the continuous change in the
American Expeditionary Forces. Thus, transfer to the United States
was an American Expeditionary Force disposition, even though such
patients remained under treatment after leaving there.

Table 2. -- Disposition of any one group of American Expeditionary Forces
patients in the American Expeditionary Forces during one year

following admission.

Group

Disease & non-
battle injuries ...

Gas wounds . ...
Gunshot wounds ..
Gas & gunshot

wounds .....
Total American Ex-
peditionary Forces
cases ............

Died

a

3.70
1.73
8.12

6.10

4.60

Sent to
U. S., in-
cluding

disability
cases

b

7.52
9.08

29.58

23.12

13.42

Total
losses
c=a
+b.

11.22
10.81
37.70

29.22

18.02

In hospi-
tal at the
end of
one year.

d.

.00

.01

.42

.29

11

Return-
:ed to
: duty.
100- (c

+d)

88.78
OQ 1Q
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IN U. S. IN 1918
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Fig. 32.-Continuous change in the status of disease and nonbattle injury patients
in the United States.

NOTE: For basic formulae see:
Remaining in hospital, Fig. 82, (3), p. 149.
Deaths in hospital, Fig. 93, (1), p. 160.
Discharges for disability in hospital, Fig. 94, (1), p. 161.
Patients returned to duty equals difference between 100% and the sum of

the three above.
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KIND OF CASE5:-DISESES AND NON-BATTLE INJURIES as
they occurred among the troops stotHoned in 6fe U. 5. in 9/f8.

PURPOSE:- To show the status at any time of all patients admit-
ted to hospital on ony one day. Thus, 90 days ofter the admis-
sion of such patients to hospitol, 4.23 /were still ;n hosp;tol,
90.05% had returned to duty, 2.60% hod diedin hospitol, and
3.12 , had been discaoryed as physica//y or mentally unfit
for further m;litary duty.

NOTE:- The deahsA and discharyes include on/y such as oc-

curred among patients in hospital. Thus o any time the total
number of pot'ents in hospitao plus the number disposed of gy

return to duty, deaths, and discharyes for disoai/ity, equals /0f..
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DISPOSITION OF PATIENTS
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Fig. 33.-Continuous change in the status of disease and nonbattle injury hospital
patients while in the American Expeditionary Forces.

NOTE: For basic formulae see:
Remaining in hospital, Fig. 86, (3), p. 153.
Return to duty, Fig. 90, (1), p. 157.
Deaths in hospital, Fig. 96, (3), p. 163.
Patients sent to the Zone of the Interior eqauls difference between 100%

and the sum of the three above.
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KIND OF CASES:-DISEASES AND NON-BATTLE INJURIES admitted

to hospital in the A. E. F.
PURPOSE:- To show the status at any time of a// patients admi//edto

hospital on any one day. Thus, 90 days after the admission of such
potients to hospital 4./9% were sti,' in hospital, 86.38% had
returned to duty, 3.56o had diedin hospital, and 5.87% had heen

sent to the United States for further treatment.
NOTE:- At any time the total number of paient h in hospital plus the

number disposed of by return to duty, death, and transfer to the
United States, equals 0O0 %o.35
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SICK AND GAS CASES IN THE A. E. F.

KIND OF CASE
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NOTE: For basic formulae see:
Remaining in hospital, Fig. 87, (b), (2), p. 154.
Return to duty, Fig. 91, (1), p. 158.
Deaths in hospital, Fig. 97, (3), p. 164.
Patients sent to the Zone of the Interior equals difference between 100%

and the sum of the three above.
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DISPOSITION OF PATIENTS

400.00

Z\

- C'

-V

I-i

...,,A/,D TO DUTY IN A.E.F

R59.53 60.99
.^n^ 6

46.17

6\ <o7f

40-2, '

25.42 0
I 23.90

16.32

\c47s *f^10.20
,1(t^Y) 7Q7~S ga~os { 810I

5.91 1
4.3 i

6/75

oTr L- ,

26. 051

I1

i'S09 6/16 DEATH51

I i!L

61.83

8J7.2

Letz-1
IN HO

2.59

iATA/

28.3

,. 12
5P/TAi

L.64

6 87

lENT
28.97

gf .R1
IN A.E.F.

104' .66

0 30 60 90 120 150 /S0 210 240 270 300 330
DAs Y OF TREAT MEN T IN A.E. F

61.88

,.42

360

Fig. 35.-Continuous change in the status of gunshot patients while in the American
Expeditionary Forces.

NOTE: For basic formulae see:
Remaining in hospital, Fig. 88, (b), (2), p. 155.
Return to duty, Fig. 92, (1), p. 159.
Deaths in hospital, Fig. 98, (3), p. 165.
Patients sent to the Zone of the Interior equals difference between 100%

and the sum of the three above.
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BATTLE CASUALTIES IN THE A. E. F.
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Fig. 36.-Continuous change in the status of gas and gunshot patients while in the
American Expeditionary Forces combined in the same proportion as they occurred there.

NOTE: For basic data see Figs. 34 and 35.
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NOTE: For basic data see Figs. 33, 34, and 35.
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SENT TO Z. OF I. FROM T. OF O.

27. Total duration of treatment of Theater of Operations cases. -
Figs. 33 - 37 show, among other items, the percentage of Theater of
Operations cases remaining under treatment in the American Expedition-
ary Forces after various periods of treatment. But the treatment of
some of the cases which were sent to the Zone of the Interior (United
States) continued after transfer from the American Expeditionary For-
ces. Consequently the total duration of treatment was greater than
that shown by Figs. 33 - 37, which include only time spent in the Ameri-
can Expeditionary Forces. The total duration of treatment of Ameri-
can Expeditionary Forces cases is shown by Figs. 38 - 40. These
graphs are so closely associated with the question of the treatment of
Theater of Operations cases, both there and in the Zone of the Interior,
that they are discussed in connection with that subject.

H. HOSPITAL CARE OF THEATER OF OPERATIONS PATIENTS
IN THEATER OF OPERATIONS AND IN THE ZONE OF

THE INTERIOR.

28. Character of patients to be sent to the Zone of Interior.-
Hospital patients in the Theater of Operations who are permanently in-
capacitated should be returned to the Zone of the Interior as promptly
as the interests of the patients and the military situation will permit.
Thus patients with pulmonary tuberculosis, those who are mentally un-
sound, and those who have such definite surgical disabilities as deformed
or amputated limbs, often can be classified as disability cases very soon
after entering hospital; while in other cases a more extended period of
observation will be necessary before the ultimate results of treatment
can be determined.

The return of patients to the Zone of the Interior reduces the hospit-
alization requirements in the Theater of Operations but corresponding-
ly increases them in the Zone of the Interior. Inadequate hospital fa-
cilities, the scarcity of material from which they can be provided, proxi-
mity to the Zone of the Interior, or other reasons may make it necessary
or desirable to send to the Zone of the Interior patients who may be re-
turned to duty eventually. Usually this will be undesirable from a
military viewpoint because patients returning to duty from hospital are
trained replacements, and a temporary or permanent replacement must
be supplied for every man who is sent away from the Theater of Opera-
tions. Even when the lines of communication are open and the dis-
tance between the Zone of the Interior and Theater of Operations is not
great, unnecessary time is lost when potential duty cases are sent to the
Zone of the Interior, and then returned to the Theater of Operations.
The nearer the hospitals are to the troop area, the less will be the aver-
age time lost by each hospital case. In addition to the unnecessary loss
of time in transit to and from the Zone of the Interior, there is also
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DURATION OF TREATMENT

always a probability that many patients who completely recover after
return to the Zone of the Interior will never return to the Theater of
Operations, or that their return will be greatly delayed.

To insure then that all Theater of Operations patients who recover
will return to organizations there as promptly as possible, hospital fa-
cilities should be provided for as large a percentage of cases as practi-
cable, and these hospitals should be as near to the active troop areas as
the military situation will permit.

The unnecessarily high percentage of cases returned to the Zone of
the Interior from the American Expeditionary Forces was due largely
to the return of many recovered patients after the Armistice, who would
ordinarily have been retained for duty in the Theater of Operations. If
it is desired to conserve the man power in the Theater of Operations our
experience indicates that it will not be necessary to return to the Zone
of the Interior, more than 3 % of the cases of diseases and nonbattle in-
juries, 6 % of those wounded by war gases, and 20 % of those wounded
by gunshot missiles. These percentages would be sufficient to cover
the physically disabled and also the recovery cases requiring prolonged
treatment, provided that the men sent to the Theater of Operations are
selected physically. Obviously all physically unfit men who are sent
to the Theater of Operations will have to be returned to the Zone of the
Interior. Thus during the years 1923-1927, when the men for over-
seas duty were not selected so carefully as during the World War,
3.5 % of all overseas disease and nonbattle injury hospital patients were
eventually discharged as physically disabled, as compared with 2% of
the American Expeditionary Forces hospital cases. The percentage of
such cases from the American Expeditionary Forces who were even-
tually discharged in the United States were: Diseases and nonbattle in-
jury, 2 %; gas wounded, 4 %; and gunshot wounded, 15 %.

29. Duration of hospital treatment of Theater of Operations pa-
tients. - a. Disease and nonbattle injury patients. (1) Percentage remain-
ing in hospital.- As shown by Fig. 38, of the American Expeditionary
Forces cases admitted for diseases and nonbattle injury, 47.39% re-
mained in hospital more than 15 days either there or in the United States;
28.26% more than 30 days; and 12.39% more than 60 days.

(2) Relation to hospital beds required in Theater of Operations and
in Zone of the Interior. - This graph answers the questions: (a) What
percentage of patients remain beyond a certain time, and (b) at what time
is there a certain percentage of patients remaining in hospital? Thus on
the 90th day of treatment 5.70 % of the patients are remaining; similarly
9 % of all patients are remaining on the 72nd day of treatment.

The number of hospital beds required in the Theater of Operations and
in the Zone of the Interior, when a certain percentage of the Theater of
Operations admissions are returned to the Zone of the Interior, can be de-
termined from Figs. 27 and 38. Thus if 3 % of the admissions from dis-
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SICK PATIENTS IN THE T. OF 0. 55

eases and nonbattle injuries are so returned, all cases averaging more
than 115 days will be included (Fig 38). This means then that the hos-
pital curve in the Theater of Operations (Fig. 27) will become stabilized at
that time, for all cases averaging longer will be sent to the Zone of the In-
terior. Fig. 27 shows that on the 115th day the hospital curve has reached
26.13 patients per 1000 men. This then is the number of patients to be
treated in the Theater of Operations and the difference between 26.13 and
the total hospital cases under these assumed conditions (27.29) must be
provided for in the Zone of the Interior (1.16).

Similarly if 6 % of admissions for diseases and nonbattle injuries are
to be returned to the Zone of the Interior, all cases averaging more than 88
days will be transferred, (Fig. 38) on which day the hospital curve has
reached about 24.95 patients (Fig. 27). The difference between 27.29 and
24.95, or 2.34, must be provided for in the Zone of the Interior.
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Fig. 38.-Duration of treatment both in the Theater of Operations and Zone of the
Interior of Theater of Operations disease and nonbattle injury patients.

NOTE: For basic formula see Fig. 84, (2), p. 151.

IOC

-4

qo

0 80

k 70

i 60

so

'Z

4.

Io

0

iZ 30

Lo

6 20
20

r 10

KIND OF CA E:- Dieasees and non-ba //e injuries.

AREA:- Cases occurring in the Theatre of Operations.

PURPOSE:- To show;- (a) Percentage of patients from on origin-

al group remaining hospita/ on any day,

(b) Duration of treatment ;n the T. of 0.

of any percentfoe of aodmissions from diseases and non-baot/

injuries which may be sent to the Z. of .

Thus if 9'% of the admissions from diseases and

non-ba/tle injuries are to be returned to the Z. of. for

further treatment, aNl cases averag/in more than 72 days

of treatment in the 7: of 0. will be included.

- -- - -- -- - ---;Y·N- -I------I ------·-----

- .---- 1-1--·--------1--I�--II- -·

v IYI I I I I I , I

\ L

I

I



56 DURATION OF TREATMENT

b. Gas patients. - Fig. 39 shows what percentage of one day's group
of gas patients are remaining in hospital at different periods of time. The
average duration of each case of disease and nonbattle injury in the
American Expeditionary Forces was 27.29, and of each gas case 41.77 (Fig.
3). Consequently during the first few months a larger percentage of
each day's gas cases, than of disease and nonbattle injury ones, remain in
hospital. Thus at the end of 30 days there is 46.50% (Fig. 39) of gas
cases remaining, as compared with 28.26 % (Fig. 38) of those of disease
and nonbattle injury; and at the end of 60 days, 21.96% of the former
and 12.39 % of the latter.

If 6 % of gas admissions are sent to the Zone of the Interior, all cases
averaging more than 115 days will be included (Fig. 39). Turning to
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Fig. 39.-Duration of treatment both in the Theater of Operations and Zone of the
Interior of Theater of Operations gassed patients.

NOTE: For basic formula see Fig. 87, (a), (2), p. 154.
Graduated points for the first 90 days altered very slightly to agree with

results on Fig. 34.
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GAS AND GUNSHOT CASUALTIES IN T. OF O. 57

Fig. 28, one sees that on that day the hospital curve reaches 39.35 gas
patients. This then is the number to be provided for in the Theater of
Operations under the assumed conditions, and 2.42, or the difference be-
tween 41.77 and 39.35, in the Zone of the Interior.

c. Gunshot patients. - The percentage of one day's group of gunshot
cases remaining in hospital at different time intervals is shown by Fig. 40.
It appears from Fig. 3 that the average duration of each gunshot case in
the American Expeditionary Forces was 94.84 days, as compared with
41.77 for each gas case. Consequently a larger percentage of any one
group of gunshot cases are remaining at each time interval. Thus at the
end of 30 days, 66.00% (Fig. 40) of the gunshot admissions are remain-
ing, as compared with 46.50% (Fig. 39) of the gas cases, and 28.26%
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5T. OF 0. PATIENTS IN T. OF 0. AND Z. OF I.

(Fig. 38) of the disease and nonbattle injury ones. Similarly at the end
of 60 days, 45.05% of the gunshot cases, 21.96% of the gas cases, and
12.39 % of the disease and nonbattle injury admissions are remaining.

If, as previously suggested, 20 % of all gunshot admissions are sent to
the Zone of the Interior, all cases averaging more than 151 days will be so
transferred. Turning to Fig. 29 it appears that on that day the hospital
curve reaches approximately 76.07 patients. This then is the number to be
provided for in the Theater of Operations and the difference between
94.84 and 76.07, or 18.77, must be cared for in the Zone of the Interior.

30. Percentage of Theater of Operations patients sent to the Zone
of the Interior in relation to hospital beds required in each area. - It
obviously would be impracticable to adhere rigidly to a program of
sending any definite percentage of Theater of Operations cases of various
kinds to the Zone of the Interior, but if the effort is made to conserve
the strength of the military forces in the Theater of Operations by pro-
viding a sufficient number of hospital beds there and by returning to
the Zone of the Interior only such cases as will be physically unfit for
further military duty, or whose treatment will be unduly prolonged, the
percentage suggested can be approximated. To repeat, this means the re-
turn to the Zone of the Interior of 3% of all admissions for diseases and
nonbattle injuries, 6% of all those vounded by gases, and 20% of all
wounded by gunshot missiles.

Of the cases transferred to the Zone of the Interior, some will remain
in hospital, while others will be disposed of by return to duty in the
Zone of the Interior, discharge for disability, or death.

a. Disease and nonbattle injury patients. - Fig. 41 shows (upper
curve) the total number of Theater of Operations patients sick from dis-
ease and nonbattle injuries in hospital at different intervals of time, when
1.00 per 1000 strength is admitted each day. It also shows how many of
such patients are in hospital in the Theater of Operations and also in the
Zone of the Interior when 9 %, 6 %, or 3 % are returned to the Zone of the
Interior for treatment. For the purpose of this study all cases are counted
as in the Zone of the Interior as soon as they leave the Theater of Opera-
tions, and the number of beds required in the Zone of the Interior for
Theater of Operations cases includes those occupied on troop ships.

Under each set of conditions, the number of patients in the Zone of the
Interior is necessarily the difference between the total number and those
remaining in the Theater of Operations. From these data it is easy to
calculate like data for any similar set of conditions. Thus, suppose it is
decided to return to the Zone of the Interior all cases of diseases and non-
battle injuries averaging more than 60 days in hospital. Turning to Fig.
38 we find that this will include 12.39 % of all such admissions, which is
the percentage remaining on that day. From Fig- 27 we see that on the
60th day the hospital curve has reached 22.49 patients, which is the num-
ber to be treated in the Theater of Operations under the assumed set of
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conditions, and the difference between 27.29 and 22.49, or 4.80, is the
number to be cared for in the Zone of the Interior.
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*NOTE: For basic formula see:- (a) Total patients in hospital, Fig. 84, (1) p. 151.
(b) Patients in hospital in American Expeditionary Forces (Theater of Operations) only,
when 9 % are sent to the Zone of the Interior, Fig. 86, (2), p. 153. (c) Patients in hospital
in American Expeditionary Forces (Theater of Operations) only, when 3% or 6% are
sent to the Zone of the Interior, calculated from (a) and (b). (d) Patients in hospital
in Zone of the Interior only are the differences between total patients (a) and those
in Theater of Operations (b) and (c).
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To calculate the number of beds required at different periods in each
area, find the number of times that 3% is contained in 12.39 %; i.e., the
percentage remaining in hospital on the 60th day, and multiply the data for
the 3% assumption (Fig. 41) by the quotient (12.39 3 - 4.13). The
following table shows the calculation in detail:

Table 3. - Disease and nonbattle injury Theater of Operations patients in hospital
at the end of each month, when the daily admission rate is 1.00 per 1000

total American Expeditionary Fiorces strength; the number of
those in hospital in the Zone of Interior, when either 3 % or

12.39 % of all admissions are sent there; and the
number in the Theater of Operation hospitals

when the latter percentage has been
transferred.

A A. . C. D. E
Days of op- Total patients. P atients in Z. Patients in T.
eration in Zone of Interiori of I., when of 0., when
Theater of ! i when 3 % are| 12.39% are sent 12.39 % of all

Operations. sent there, there. admissions are
(C X 4.13) sent to Z. of I.

(B - D).

0 1.00 0. 1.00
30 16.78 .36 1.49 15.29
60 22.49 .69 2.85 19.64
90 25.08 .92 3.80 21.28

120 26.27 1.04 4.30 21.97
150 26.82 1.11 4.58 22.24
180 27.07 1.14 4.71 22.36
210 | 27.19 1.16 4.79 22.40
240 27.24 1.17 4.83 22.41
270 27.27 1.18 4.87 22.40
300 27.28 1.18 4.87 22.41
330 27.28 1.18 4.87 22.41
360 27.29 1.18 4.87 22.42

The differences between the ultimate numbers calculated as in the
Theater of Operations (22.42) and in the Zone of the Interior (4.87), and
those shown on p. 59 (22.49 and 4.80) are small and are the result of us-
ing the decimals to only the second place.

b. Gas patients. - Fig. 42 shows the number of patients for whom
hospital beds must be provided in the Theater of Operations and the Zone of
the Interior when 1.00 patient wounded by war gases per 1000 strength is
admitted each day, and 9 %, 6 %, or 3 % of such admissions are returned
to the Zone of the Interior for further treatment. The method of calculat-
ing data for different percentages is the same as that shown by Table 3,
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*NOTE: For basic formula see: (a) Total patients in hospital, Fig. 87, (a), (1)
p. 154. (b) Patients in hospital in the American Expeditionary Forces (T. of 0.) only,
when 9% are sent to the Zone of the Interior, Fig. 87, (b), (1), p. 154. (c) Patients
in hospital in the American Expeditionary Forces (T. of 0.) only, when 3% or 6% are
sent to the Zone of the Interior, calculated from (a) and (b). (d) Patients in hospital
in Zone of the Interior only are the differences between total patients (a) and those
in Theater of Operations (b) and (c).
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*NOTE: For basic formula see:
(a) Total patients in hospital, Fig. 88, (a), (1), p. 155.
(b) Patients in hospital in A. E. F. (T. of O.) only, when 30% are sent to the Z. of

I., Fig. 88, (b), (1), p. 155.
(c) Patients in hospital in A. E. F. (T. of O.) only, when. 10% or 20% are sent to

Z. of I., calculated from (a) and (b).:
(d) Patients in hospital in Z. of I., only are the differences betweentotal patients

(a) and those in T. of O., (b) and (c).



GUNSHOT AND TOTAL T. OF 0. PATIENTS

c. Gunshot patients. - In like manner Fig. 43 shows the number of
gunshot patients for whom hospital beds must be provided in the Theater
of Operations and Zone of the Interior, when 1.00 patient per 1000 strength
is admitted each day, and when 30%, 20 %, or 10% of all such admis-
sions are sent to the Zone of the Interior. The data for other percentages to
be sent to the Zone of the Interior can be calculated as shown by Table 3.

d. Total of Theater of Operations patients. -(1) With constant rates
and constant strength. -The following table shows:(1) the patients in
hospital in the Theater of Operations and Zone of the Interior when the
admissions from diseases and nonbattle injuries, gas, and gunshot injuries
are each 1.00 per 1000 strength per day, and when 3%, 6 %, and 20 % re-
spectively of each class of cases are sent to the Zone of the Interior; and
(2) the same as above but with approximately the same admission rates
as there were in the American Expeditionary Forces from July 1 to Nov-
ember 11, 1918.

Table 4.-(1) Patients per 1000 Theater of Operations strength in hospital in the
Theater of Operations and Zone of Interior when 1.00 per 1000 Theater of Opera-

tions strength is admitted each day from each cause, and the specified per-
centages are sent to the Zone of Interior.

B

Disease and non-
battle injury pa-
tients when 3%
are sent to Z. of I.

(Fig. 41).
In In

r.of O. Z.of I.

1.00
16.42
21.80
24.16
25.32
25.71
25.93
26.03
26.07
on0 An

26.10
26.10
26.11
26.11

0.
.36
.69
.92

1.04
1.11
1.14
1.16
1.17
1.18
1.18
1.18
1.18
1.18

C

Gas patients when
6% are sent to Z.
of I.

(Fig.

In
T. of O.

1.00
21.79
31.29
35.64
37.63
38.53
38.95
39.15
39.24
39.28
39.30
39.31
39.31

- 39.31

42).

In
Z. of I.

0.
.45

1.12
1.66
2.00
2.21
2.33
2.38
2.42
2.44
2.44
2.45
2.45
2.45

D

Gunshot patients when
20% are sent to Z. of

(Fig. 43).

In In
T. of 0. Z. of I.

1.00 0.
25.62 1.07
42.01 3.33
52.97 5.93
60.34 8.41
65.31 10.58
68.68 12.39
70.97 13.86
72.54 15.03
73.62 15.95
74.36 16.65
74.88 17.18
75.24 17.58
76.09 18.75

I.

300
330
360
920

63
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Table 4.- (2) Patients per 1000 Theater of Operations strength in hospital in the
Theater of Operations and Zone of the Interior when 1.65 from diseases and

nonbattle injuries, .3148 from gas wounds and .6852 from gunshot wounds
per 1000 Theater of Operations strength are admitted each day, (or op-

proximately the same rates as occurred in the American Expedi-
tionary Forces from July 1 - November 11, 1918) and the specifi-

ed percentages are sent to the Zone of the Interior.

F
Diseases and non-

| R | battle injury pa-
! tients when 3 %
o3 * are sent to the Z.

'H
0r of I.

|O 3 Data in 4 (1) B X
1.65

E-jI In In
T. of O. Z. of I.

G H I
Gas patients when Gunshot patients
6 % are sent to the when 20 % are sent
Z. of I. to the Z. of 1. Total
Data in 4 (1) C XData in 4 (1) D X

.3148. .6852 F+G+H

I In In
T. of O.IZ. of I.

1.65 0. .3148
27.09 .59 6.86
35.97 1.14 9.85
39.86 1.52 11.22
41.63 1.72 11.85
42.42 1.83 12.14
42.78 1.88 12.26
42.95 1.91 112.32
43.02 1.93 12.35
43.05 1.95 12.37

n1 Aqr 1am II Il or7 n
uo.v I -L.U J. 1-1.4 (

43.06 1 .95 12.37
43.08 1.95 112.37
43.08 1.95 112.37

0.
.14
.35
.52
.63
.70
.73
.75
.76
.77

I /-//-

I .((
.77
.77
.77

In
T. of O.

.6852
17.55
28.79
36.30
41.34
44.75
47.06
48.63
49.70
50.44
rn m Ir

oU.uo
51.31
51.55
52.14

In I In In
Z. of. IT. of O. Z.of I.

0. 2.65 0.
.73 51.50 1.46

2.28 74.61 3.77
4.06 87.38 6.10
5.76 94.82 8.11
7.25 99.31 9.78
8.49 1102.10 11.10
9.50 103.90 112.16

10.30 105.07 12.99
10.93 105.86 113.65
i q t Al I~ " fA~ I" \ tA ts I e i'
11.441 HIU.5 114.1 4I
11.77 106.74 14.49
12.05 1107.00 114.77
12.85 1107.59 115.57

Under the conditions as assumed, at the end of 360 days there would
be 107.00 patients per 1000 strength in hospital in the Theater of Opera-
tions, and 14.77 in the Zone of the Interior, a total of 121.77. If 10 % in-
crease is allowed for dispersion of patients, the bed requirements would be
117.70 in Theater of Operations and 16.25 in the Zone of the Interior, a
total of 133.95 per 1000, or 13.40%.

With a force of 1,900,000 men as there was in the American Expedi-
tionary Forces, and under approximately such conditions as existed there
from July 1 to November 11, 1918, the bed requirements at the end of a
year, with a 10% dispersion factor for safety, would be 254,499, with
223,630 in the Theater of Operations and 30,869 in the Zone of the Interior.

If these same conditions had continued there would have been a slight
though continued increase in the bed requirements after 360 days and until
the 920th day, due to the prolonged treatment required for gunshot cases.
On the 920th day, the total beds required would have been 107.59 in the
Theater of Operations and 15.57 in the Zone of the Interior, or a total of
123.16 per 1000 Theater of Operatibns strength. With 10% increase tor
dispersion of patients these figures would have been 118.35 in the Theater

0
30
60
90

120
150
180
210
240
270
Qnn

330
360
920

64
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TOTAL T. OF 0. PATIENTS 65

of Operations and 17.13 in the Zone of the Interior, or a total of 135.48
beds per 1000 strength.

With military combat of the same intensity as there was during the
Meuse-Argonne offensive from September 26 - November 11, 1918, when

DAILY'
ADMI/SS1ON
oATE PER
t000 MEN

ACCUMULATION O OF .OF 0. HOSPITAL PATIENTr //I EACH /000 T oFO.

1.00
(SEE FIG. 41) t

7

1.65 No -BArTLE 1T II
I//ulIlE5

5.34

14.17 I~t

1.00
(SEE FIG.42)

1.00
(SEE rIG. ,3)

.24 WAR CASES

GUNSHOT
.53 M15S/LES

TOTAL

.......~~~~~~~~~~~~~~~~~~~~~~

7.78

24.03

68.92

8.95

31.22

St.$5

9.5/

36.44

89.30

q.78

40.22

94.25

9.9l 9.97

42.97 44.96

97.5 99.79

/.oo0

46.41

101.36

/0.0 o

102.4g

i0.02

48.24

103.27

MONTHLY INCREMEfr.TS Of ACCUMULATION OF 7 OF . HOS PAT/INTS FROM EACH MoNTHLY INCR. OF T; OO. 5TR.
T OF O. STRENGTH AS IN

THE A.E.F. IN 1918 AT THE AVERAGE DAILY ADMISSION RATES IN THE A.E.F DURINQG fIl'

JAN. M 30 19qooo0 915 13 370 15 82/ 17 324' 1s 2s4 I ' 925 19 359 /9 664 /19 881/ 20034

FE8. M 60 38,00Q 1 792 2619 3099 3 393 3582 3707 3 792 3 52 3 894

MAR. M 90 149,000 2311 3377 3996 4 376 4 69/ 4 780 4/890 -967

APRIL M 120 88,000 /15/ 6065 7/76 7 958 8 2q g584g 8782

MAY MA 150 167,00 7877 11 5/0 13 619 14 9/3 /5 740 16 291

JUNE M 1/01 223,000 10 5/1 15 369 /8 186 19 9/4 2/ 0/8

JULY M 210 258,000 2 70 7 78/ 21 040 23 039

AUG. |M 240 26',000 12 642 18 470 21 8255

SEPT. A 270 263,000 /26406 18 126

OCT. A 300 222,000 10 472

TO CLL OF 
O
. 9PERO 1 5 / 15 162 20 751 27 951 39 615 56 088 76 700 100 052 /24 777 /8 479

Fig. 44..-Method of computing the total hospital patients to be expected in a Theater
of Operations command under approximately the same conditions as there was in the
American Expeditionary Forces in 1918, with a material increase in the strength each
month, and where the daily admission rate to hospital only from diseases and nonbattle
injuries was 1.65; from war gases, 0.24; and from gunshot missiles, 0.53 per 1000
strength.

M 30 \ M 60 1 M 10 I\ M.1201 O o M I 18M 2o I40 M 270 \ M

- ·_ II II_ ____��_� � ·

_II_ _·

i-i

II

I .

I
41.3g 3,3.35 ¥~.25 44 67 I4.86 I/4.95 45.00 145. ol27.6q 37.//
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the admission rate (see Fig. 20) from gas was .45, from gunshot missiles
1.10, and from diseases and nonbattle injuries 1.65 per 1000 Theater of
Operations strength, the number of beds required for Theater of Opera-
tions patients in the Theater of Operations and Zone of Interior at the end
of 360 and 920 days when 3% of diseases and nonbattle injuries, 6% of

3 Io

WAR
GASES

AT A DAILY ADMISSION

16.4 2 21.80 2V.16 25.23 25.71

. ~ ~~I I
21.79 31.29 35.64 37.63 38.523

25.62 42.0/ 52.q7 60.34 65.3/

RATE

25.93

3g.q5

68.68

PERCENT-
AGE OFAD-
/$5S/05S
SENT TO
Z. OF I.

ACCUMULATION OF HOSPITAL PATIENTS IN THE T.OFO.

Ol/SASfS &
NON-BATTE
IHJURIES

t.00
(SitR.c 2

GUNSHOT
MIrlSSLE. T_

AT TitF AVFRAF DA ILY ADA lI.SS/hI RATE

DIW/SASfT$
NOH-BATflE
INJURIES

q. 43

39.4/

,I ql/f

20%

1.65 3¾o

.24 6 GASSW

.53 20>,i IGUNSHOT
2.53 20<T MISS/LIS

T 7TA I

27.oq 35.q7 39.86 /1.63 42.42 42.78 42.q95 43.02

7q.43

3q.02

qi5o

5.23

13.58

45.qo

7.51

22.27

65.75

..55

2g.07

76.g

9.03

31.g

82.64

9.25

86.62

86.2g

9.35

36.40

88. 53

.1.40

37.61

89. 96

q.f42

38. q4

90.89
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JAN. M 30 194,000 9 qo5 12 756 14 8S37 6 032 /6 738 7 17765 7 -52 1/7 633 7 751 /7 829

FE8. M 60 38,000 t744 2498 2906 3140 3279 3 364 34/8' 3454 3477

MAR. M SO E 000 22 4q 3222 3748 4 09q 422 4 338 4408 44 54

APRIL M 120 188,000 4039 5 786 6730 7272 7 53 7 791 7 q/6

MAY A M 1500 7670007665 /0 98'0 12 772 13 8014 4 109 784

JUNE M 180 223,000 10 236 14 662 17 055 18 429 1 /240

JULY M 210 258,000 11 842 16 964 19 732 21 321

AUG. M 240 26g,000 12 301 17 621 20497

SEPT. M 270 263,000 2 072 17 292

OCT. M 300 222,000 10 9o

TO TAL PATI/ EI5 Al
/lh HOSPITAL IN THE 7. OF 0. 8 905 t 500 19584 26 /99 37 077 52 49 7/ 592 93 /03 115 667 /37000
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Fig. 45.-Method of computing for a command in the Theater of Operations the
hospital patients to be treated in the Theater of Operations when: (a) There is an in-
creasing strength; (b) admissions from both battle and nonbattle causes; (c) and
certain percentages are sent to the Zone of the Interior for further treatment.
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Fig. 46.-Method of computing the Theater of Operations hospital patients to be
treated in the Zone of the Interior when certain percentages of patients are sent there
from a command in the Theater of Operations, where there is an increasing strength,
and where there are admissions from both battle and nonbattle causes with the same
rates as there were in the American Expeditionary Forces in 1918.
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LOSS OF MANPOWER IN WAR

gassed cases, and 20 % of gunshot cases are sent to the Zone of Interior,
would be as follows:

Table 5.-Beds required for Theater of Operations patients as
per preceding paragraph.

I At end of 360 days.Kind of cases
i Kind of cases IT. of O.jZ. of I. ITotal

Diseases and non- I
battle injuries ..... 43.081 1.95' 45.03

Gas wounds ........1 17.691 1.10 18.79
Gunshot .......... 1 82.761 19.34 102.10

Total ........ 143.531 22.391 165.92
10% increase . 157.881 24.631 182.51

At end of 920 days.
T. of O. Z. of I. Total

43.08 J 1.95 I 45.03
17.69 1.10 18.79
83.70 i 20.62 1 104.32

144.47 I 23.67 j 168.14
158.92 1 26.04 184.96

(2) With constant rates but an increasing strength.-It will be neces-
sary quite often to estimate the number of Theater of Operations patients
to be hospitalized either there or in the Zone of the Interior when there is
an increasing strength. The details of the method of computing the data,
are shown by Figures 44, 45, and 46.

The method is the same as that outlined (supra) for Figure 25, the
principal difference being that in Figures 44 - 46, there are three causes of
admissions considered, whereas in Fig. 25 there is only one.

I. TOTAL HOSPITAL BEDS REQUIRED IN THE ZONE OF
THE INTERIOR.

It has been estimated on page 18, that 6 % of hospital beds should be
provided in mobilization camps such as existed in the United States during
1918. The 30,869 Theater of Operations patients (see page 64) to
be cared for on transports and in Zone of the Interior beds means 1.9 % in
terms of the strength in the United States in October, 1918. If we can
assume that .4% are in transit, 1.5 % remain to occupy Zone of Interior
hospital beds, which raises the total required there to 7.5%.

II. LOSS OF MAN POWER IN WAR.

J. LOSSES IN THE THEATER OF OPERATIONS.

31. Cases disposed of in the Zone of the Interior. - The loss of
man power in the Theater of Operations forces of which the medical
department has knowledge is due to: (a) noneffectives in hospital, i.e.,
patients receiving treatment in hospital both in the Theater of Opera-
tions and Zone of the Interior; (b) deaths from various causes within or
without the hospital; (c) cases disposed of in the Zone of the Interior
after being sent there for treatment. This latter group includes the
men who are permanently incapacitated physically for further military
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SICK CASES DISPOSED OF IN Z. OF I.

service. In the following discussion, the cases sent from the Theater
of Operations to the Zone of the Interior for further treatment are divided
into two groups and are so treated throughout: (a) cases in hospital;
(b) cases disposed of after reaching the Zone of the Interior by return to
duty, death, or discharge for disability. The cases in hospital are losses in
the Theater of Operations strength no matter where the hospitals are locat-
ed, but cases disposed of in the Zone of the Interior may represent an un-
necessary loss in the Theater of Operations strength if too many men who
are ultimately returned to duty are sent to the Zone of the Interior.

As stated above, if sufficient care is exercised, the number of cases
sent to the Zone of the Interior can be limited practically to potential disa-
bility cases, and the additional loss of man power will be small. Thus,
if as suggested, 3 %o of disease and nonbattle injury cases, 6% of the gas-
sed ones, and 20 % of the gunshot cases are sent to the Zone of the Interior,
the excess over the physically unfit will be only 1 % of the cases of dis-
eases and nonbattle injury cases, 2% of the gassed cases, and 5% of the
gunshot ones, and even this excess would consist of cases requiring pro-
longed treatment.

The cases remaining in hospital in the Zone of the Interior of those
sent there for treatment are shown by Figs. 41-43, but those disposed of
after arrival there by return to duty, discharge for disability, or death are
shown by Figs. 47- 49.

a. Disease and nonbattle injury patients.-The number of cases so dis-
posed of among those admitted for diseases and nonbattle injuries with a
daily admission rate of 1.00 per 1000 Theater of Operations strength is
shown by Fig. 47. This graph illustrates that the loss of man power in
the Theater of Operations from the disposition of such cases in the Zone
of the Interior increases in proportion to the percentage of hospital cases
returned there for treatment. Thus the difference in such losses when 3 %
or 9 % are so sent to the Zone of the Interior, accumulated to the end of one
year would be 28.95 - 9.65, or 19.30, per 1000 Theater of Operations
strength. To visualize this, let us assume that a force of 2,000,000 men
is operating in the Theater of Operations in a well sanitated area in a
temperate climate, and that the daily admission rate to hospital is 1.40 per
1000 per day' Then the number of men leaving hospital in the Zone of the
Interior during one year if 3 % are sent there would be 27,020, and if 9 %
are sent 81,060, including in each instance only 18,014 disability cases.

If the military authorities decide to send to the Zone of the Interior all
Theater of Operations disease and nonbattle injury cases requiring hospital
treatment for longer than 60 days, which will be 12.39 % of all admis-
sions (Fig. 38), the accumulated losses from this cause at the end of the
year, with a daily admission rate of 1.00 per 1000, would be 39.85 ( 9.65 X
12.39 -3) per 1000 men. In a force of 2,000,000 with a daily admis-
sion rate of 1.40 per 1000, the accumulated losses from cases disposed of in
the Zone of the Interior at the end of a year would be 111,580 (39.85 X 1.40
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70 LOSS OF MAN POWER IN WAR

X 2000); of this number 93,566 (111,580 - 18,014) are duty cases. Ob-
viously these men may be sent again to the Theater of Operations, time
and conditions permitting.

It will be observed from Fig. 47 that losses of this character con-
tinue to occur indefinitely as long as the basic conditions remain the same.
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b. Gas and gunshot patients. -Similar information in regard to
cases wounded by poisonous gases and by gunshot missiles are shown by
Figs. 48 and 49. The same remarks apply to those two graphs as to Fig.
47.

c. Total of Theater of Operations patients.-(1) With a constant rate
and a constant strength.-As an illustration of the difference in the number
of cases disposed of in the Zone of the Interior in one year when differ-
ent percentages of cases are sent there, let us make the following as-
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sumptions: (a) Two expeditionary forces, each of 2,000,000, both in
well sanitated areas in the temperate zone and both engaged in con-
tinued and severe military combat: (b) a daily admission rate to hos-
pital of 1.40 per 1000 strength from diseases and nonbattle injuries, .31
from wounds by poisonous gases, and .69 from wounds by gunshot mis-
siles; (c) that one of the expeditionary forces sends to the Zone of Inter-
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VARIATION WITH PERCENTAGE SENT TO Z. OF I.

ior 3% of admissions for diseases and nonbattle injuries, 6% of cases
wounded by poisonous gases, and 20 % of those wounded by gunshot mis-
siles, while the other sends 9 % of the first and second named and 30%
of the third.

Table 6.-Number of cases disposed of during one year in the Zone of Interior,
from the two expeditionary forces.

Daily ad-
mission

Kind of cases rate per
1000

strength

Diseases and non-

Number of cases disposed of in the Zone of
Interior in one year.

- - - -
battle injuries . 1.40 If 3 % are sent to Z. of I. . 27,020

lf 9 % are senttoZ. of I. ...... 81,060

Gas wounded . .31 iIf 6% are sent to Z. of I. 11,904
If 9% are sent to Z. of I. ....... 17,856

1 ,T OA -/ ......... - 7 . 1 T I A 1e' __ I _ LI \_ _ _ _ 1 _ r f : A rT a _ T I x L X rA IC A

*uunsnot wounaea . iu zuV ouyo are sent to L. ot i.. i 4,1% l4
If 30 are sent to Z. of. I ....... 111,200

-, ,__ 1_113,058 1210,116'

The difference (210,116 - 113,058 = 97,058) is the excess over the
number of men physically disabled or requiring prolonged treatment, and
consists of men who will be able eventually to return to duty. They must
either be sent again to the Theater of Operations from the Zone of the In-
terior or be replaced, and even if the former is done unnecessary time is
lost.

(2) With a constant rate but an increasing strength. - Fig. 50 shows
a method of estimating the Theater of Operations patients to be disposed
of in the Zone of the Interior when the admission rates from the various
causes, as specified, are constant but when there is an increasing strength.
The method of computation is the same as that outlined (see p. 36) for
Fig. 25, the principal difference being that in Fig. 50 there are three causes
of admissions considered, whereas in Fig. 25 there is only one.

d. Number of Theater of Operations patients to be handled in the
Zone of the Interior. The bottom line of Fig. 50 shows the total Theater of
Operations patients to be handled in the Zone of the Interior under the
conditions outlined. Such data may be of value when estimating require-
ments for hospital ships and hospital trains.

32. Deaths. - In addition to the noneffectives in hospital and the
cases disposed of in the Zone of the Interior from among those sent there,
losses occur as the result of deaths.

A larger part of the fatalities which result from diseases and non-
battle injuries is among the cases admitted to hospital, but some occur
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74 LOSS OF MAN POWER IN WAR

among men not in hospital. Both classes of deaths are counted here as
hospital admissions and are included in the total of such cases.
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B. The totalhe heater of Operations patients to be hospitalized in the Zone of the
Interior. (See Fig. 46).

C. The grand total Theater of Operations patients to be handled in the Zone of the
Interior.
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FROM DEATHS

On the other hand, the larger part of the deaths which result from
military combat occurs on the field of action. The last named is not
included in the number of admissions for wounds, but in this study they
are proportioned to the number of men wounded so that the expectancy
of such losses can be computed from the admission rate for the wounded.

a. Fatality rates.- The fatality rate for hospital cases in the Ameri-
can Expeditionary Forces in 1918 from diseases and nonbattle injuries,
including deaths from such causes not in hospital, was 3.70 % 2; while that
from poisonous gases, including only such as occurred in hospital, was
1.73 %2, and similarly the one from gunshot cases was 8.12 % 2. The
deaths from diseases and nonbattle injuries included, however, a large
number from the unusually widespread and fatal epidemic of influenza
with accompanying pneumonias. After excluding the unusual number of
deaths from these causes, it is estimated that 1.44% of hospital disease
and nonbattle injury cases in the Theater of Operations may be expected
to die. This fatality rate is one and two-thirds times as great as the
usual peace time one among troops in the United States. In the following
estimation of losses among troops in the Theater of Operations, the fatality
rates used are 1.44 %, 1.73 %, and 8.12 % for hospital cases of disease and
nonbattle injuries, gas, and gunshot wounds respectively.

b. Duration of treatment of fatal cases. - Men who ultimately die
as the result of gunshot wounds do so after a shorter interval of time than
do those from either of the other two causes. Thus during the first 15
days of treatment 85.36 % of the deaths from gunshot wounds occurred, as
compared with 76.37% of those from gas wounds, and 64.56%o of those
from diseases and nonbattle injuries.

Table 7.-Percentage of the total deaths in hospital from the three classes of
causes in the American Expeditionary Forces, which occurred in any

group at different time intervals.

Days after ad- Diseases and Gas wounds Gunshot
mission to hos- nonbattle in- wounds
pital juries

1 - 5 ............ 32.16 ........ 41.14 ........ 58.80
6 - 10 ............ 19.46 ........ 22.62 ........ 19.46

11 - 15 ......... 12.95 ........ 12.61 ........ 7.10
16 - 20 9.......9... 9.51 ...... 7.18 ........ 3.13
21 - 25 ............ 4.72 ........ 4.22 ........ 1.79
26 - 30 ............ 3.95 ........ 2.59 ........ 1.28
31 - 45 ............ 6.54 .... 3.72 ........ 2.69
46- 60 ........... 3.23 ..... .. 1.72 .... . 1.80
61 - 75 ..... . 2.02 ..... . 1.15 1.15
76- 90 .. . . :. . 1.42 ... .... .79 ........ .85
91 -105 ...... . 1.04 ...... . 58 ........ .58

106 -120 ............ .77 ........ .43 ........ .40
over 121 . .... ... 2.24 ........ 1.25 ... .... .88

Note:- For basic formulae see Figs. 96, 97 and 98.
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LOSS OF MAN POWER IN WAR

c. Killed in action.- In addition to 13,691 deaths from battle wounds
in hospital in the American Expeditionary Forces, 36,694 men were killed
on the field of battle.

There is no information available upon which to base an estimate of
how many of those who were killed outright died from poisonous war gas-
es and how many from gunshot missiles. Hearsay evidence indicates that
comparatively few men died as the result of poisonous gases before they
reached hospital.

d. Killed in relation to number wounded. - An examination of the
casualties of infantry regiments by combat days in the American Expedi-
tionary Forces shows that the proportion of the killed to the number gas-
sed decreased as the number of reported gassed cases increased; on the
other hand, the proportion of the killed to the number of men wounded by
gunshot missiles remained practically constant. Thus the proportion of
the killed to the number wounded by gas was almost twice as great when
there were 10 gassed as when there were 100, while the proportion of
killed to wounded by gunshot missiles was the same when there were 10
wounded as when there were 100.

We have assumed here simply for ease in calculation that 1000 men
were killed in action by poisonous gases, and the remainder (35,694), by
gunshot missiles. Under this assumption the percentage of the killed to
the wounded were: Gas 1.42 /; gunshot 23.25%; or as expressed in
the usual way, it is assumed there was 1 killed in action by poisonous gases
to 70.4 so wounded, and 1 killed by gunshot missiles to 4.3 wounded.

e. Total deaths. - These relationships of killed in action to the wound-
ed, and fatality rates for cases in hospital to the number of cases of dis-
eases and nonbattle injuries, of gas wounds, and of gunshot wounds were
used in computing the data shown for deaths by Figs. 51, 52, and 53. These
Figures show graphically the accumulated number of deaths as time
advances computed on the basis of 1.00 admission per day to hospital per
1000 strength in the Theater of Operations.

33. Total losses in the Theater of Operations. - a. Disease and non-
battle injury patients. - The total accumulated losses from month to
month in the Theater of Operations as the result of diseases and nonbattle
injuries from (a) noneffectives in hospital (patients in hospital), (b)
deaths, and (c) cases disposed of after being sent to the Zone of the In-
terior (including disability cases), are shown graphically by Fig. 51. As
stated in the legend of the graph, all of the data are based upon 1.00 ad-
mission per day per 1000 Theater of Operations strength.

The noneffectives, or number of patients in hospital, stabilize after one
year and consequently there is no additional loss from this factor there-
after; but the accumulated number of deaths and of cases disposed of in

* The A. G. 0. figures are: Killed 37,541; died of wounds 12,934; total 50,475.11
Used here: Killed 36,694; died of wounds 13,691; total, 50,385.

E For basic formula see Fig. 100.
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FROM SICKNESS IN T. OF 0. 77

the Zone of the Interior, from cases sent there, continues to increase as
long as the basic conditions remain the same.

The losses from noneffectives in hospital and from deaths are shown
separately and combined. To the combination of the two there must be
added losses from the cases disposed of in the Zone of the Interior. As
has been shown on page 69 and by Fig. 47, this latter factor in the total
loss rate increases in proportion to the percentage of cases sent to the
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*NOTE: For basic formula see: (a) Deaths, Fig. 96, (2), p. 163. (b) Patients in
hospital, Fig. 84, (1), p. 151. Total losses equal sum of the two above (a) and (b),
plus cases disposed of in the Zone of the Interior as per Fig. 47.
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Zone of the Interior. The following table shows the movement of the
cases in and out of the hospital, with the summation of the losses up to
the end of 360 days, when 3 %, 6 %, or 9 % of all admissions are sent to the
Zone of the Interior.

Table 8.-Disposition of disease and nonbattle injury patients admitted to hospital
during the first 360 days of operations in the Theater of Operations, when

the daily admission rate from such admissions is 1.00 per 1000
Theater of Operations strength.

Percentages of Theater of Operations admissions
sent to the Zone of the Interior 9 % 6% 3%

Time-360 days
Patients admitted to hospital ...... 360 .. 3 60

Losses:
Patients in hospital: t

In Theater of Operations ........ 23.75 .. 24.93 . 26.11
In Zone of the Interior .......... 3.54 .. 2.36 . 1.18

Deaths which have occurred in and
out of hospital: tt .............. 4.89 . 4.89 4.89

Cases disposed of in Z. of I.: $ ...... 28.95 . 19.30 . 9.65

Total losses: §............. 61.13 . 51.48 . 41.83
Cases returned to duty in Theater

of Operations ................... 298.87 .. 308.52 . 318.17

Total accounted for ..... 360. .. 360. .. 360.

t See Fig. 41. tt See Fig. 51. : See Fig. 47. § See Fig. 51.

To convert these data into terms of any admission rate with any
strength, multiply any item shown above by the product of the admission
rate by the strength in thousands. Thus if the expected daily admission
rate to hospital is 1.40 per 1000 and the strength 2,000,000 multiply the
items in question by 1.40 X (2,000,000 -- 1000), or 2,800.

As shown on page 55 if the military authorities consider it advisable
to send to the Zone of the Interior all disease and nonbattle injury Theater
of Operations hospital cases averaging more than a certain time in hos-
pital, the percentage of cases to be so transferred can be found by refer-
ring to Fig. 38. Then by referring to Fig. 47, and multiplying the data
shown there on the 3 % line by the number of times that 3 is contained in
the predetermined percentage of cases to be returned to the Zone of the
Interior, the cases disposed of in the Zone of the Interior under such condi-
tions can be obtained (see Table 3). The results so obtained, when added
to the accumulation of patients in hospital and of deaths at any time, will
show the total losses.

b. Gas patients. -- Fig. 52 shows in a similar way the losses which
occur as the result of poisonous gases, both from the various reasons and
also the total. As stated on p. 76, there are no data available upon which
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FROM WAR GASES 79

to base an estimate of the number of cases killed in action by poisonous
gases. It is assumed for ease of calculation that 1000 of the men killed in
action died from gas. The detail in regard to the deaths is shown in the
table on the graph, and if it is desired to increase or decrease the 1000,
the items can be changed correspondingly and the total losses so altered.
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*NOTE: For basic formulae see:-
(a) Deaths in hospital, Fig. 97, (2), p. 164. (b) Killed in action, Fig. 97, (4), p. 164.
(c) Patients in hospital, Fig. 87, (a), (1), p. 154. Total losses equal sum of the above

(a), (b), and (c), plus cases disposed of the the Z. of I., as per Fig. 48.
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LOSS OF MAN POWER IN WAR

The following table shows the movement of the gassed cases in and
out of hospital with the summation of the losses up to the end of 360 days,
when 3%, 6 %, or 9% of all gas admissions are sent to the Zone of the
Interior.

Table 9.-Disposition of gas casualties during the first 360 days of battle, when

the daily admission rate from poisonous gases is 1.00 per 1000 Theater
of Operations strength.

Percentages of Theater of Operations ad-
missions sent to the Zone of the Interior 9 % 6 % 3%

Time-360 days
Total to be accounted for:

Patients admitted to hospital ...... 360 360 360
Assumed number killed in action ... 5.10 5.10 5.10

Total .................. .... 365.10 365.10 365.10

Losses:
Patients in hospital:

In the Theater of Operations ..... 38.09 39.31 40.54
In the Zone of the Interior ........ 3.68 2.46 1.22

Deaths which have occurred: t

In hospital ................ ... 5.99 5.99 5.99
Assumed number killed ........... 5.10 5.10 5.10

Cases disposed of in Zone of the Interior$ 28.80 19.20 9.60

Total losses: tt ............. 81.66 72.06 62.45
Cases returned to duty in T. of 0 ...... 283.44 293.04 302.65

Total accounted for ................... 365.10 365.10 365.10

t See Fig. 42. 't See Fig. 52. $. See Fig. 48.

To convert any of the items above into terms of any admission rate
with any strength, multiply the ones in question by the product of the ad-
mission rate by the strength in thousands. Thus if the expected daily
admission rate is .31 per 1000 and the strength 2,000,000, multiply by
.31 X (2,000,000 - 1000), or 620.
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c. Gunshot patients. - Fig. 53 shows in a similar way the losses from
gunshot casualties in detail and in totals.
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*NOTE: For basic formulae see:-
(a) Deaths in hospital, Fig. 98, (2), p. 165. (b) Killed in action, Fig. 98, (4), p. 165.
(c) Patients in hospital, Fig. 88, (a), (1), p. 155. Total losses equal sum of the three

above (a), (b) and (c) plus cases disposed of in the Z. of I., as per Fig. 49.
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LOSS OF MAN POWER IN WAR

The following table shows the movement of such cases in and out of
hospital, with the summation of the losses up to the end of 360 days, when
10 %, 20 %, or 30 % of such cases are sent to the Zone of the Interior.

Table 10.-Disposition of gunshot casualties during the first 360 days of battle,
when the daily admission rate from gunshot missiles is 1.00 per 1000

Theater of Operations strength.

Percentages of Theater of Operations ad-
missions sent to the Zone of the Interior 30 %

Time-360 days.
Total to be accounted for:

Patients admitted to hospital . ..
Assumed number killed in action

Total ......
Losses:

Patients in hospital t
In Theater of Operations ......
In Zone of the Interior .........

Deaths which have occurred: t'T
In hospital ............ ..
Assumed number killed ..

Cases disposed of in Z. of I :t.......

Total losses:§ .
Cases returned to duty in T. of 0..

Total to be accounted for .............

360
83.69

443.69

20%

360
83.69

443.69

10%

360
83.69

443.69

66.45 75.24 84.03
26.37 17.58 8.79

28.65
83.69
80.58

285.74
157.95

28.65
83.69
53.75

258.88
184.81

28.65
83.69
26.86

232.02
211.67

443.69 443.69 443.69

t' See Fig. 5:. t See 'Fi(. 49.
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FROM ALL CAUSES

d. Total patients. - The following table shows the movement of the
total cases in and out of hospital, with the summation of the losses up to
the end of 360 days.

Table 11.- After 360 days of battle: (1) Total cases to be accounted for, in-
eluding the killed in action; (2) cases returned to duty in the Theater

of Operations; (3) total losses.

(1) Total to be ac-
counted for, in-
cluding killed
in action.

If there is sent to te If there is sent to the
Z. of T., 3% of (a), Z. of I., 9% of (a)
6% of (b), and 20% and (b), and 30% of
of (c) (as below). (c) (as below).

(2) Duty (3) Losses (2) Duty 1 (3) Losses
in T. of O. in T. of O.

If the strength is 1000 and the daily admission rate to hospil
per 1000 from each cause.
(a) Disease and non-

battle injuries . 360.00 1 318.17 41.84 298.87
(b) Gas ........ 365.10 1 293.04 i 72.06 283.44
(c) Gunshot ....... 443.69 184.81 258.88 157.95 1

Total ... 1,168.79 1 796.02 1 372,78 1 740.26 !
If the strength is 1000 and the admission rates to hospital

each cause (a) 1.40; (b) .31; (c) .69.
Diseases and non- I
battle injuries . 504.00 1
Gas ......... 113.18
Gunshot ....... 306.15

Total ..... 923.33 |
If the average daily strength
Diseases and non-
battle injuries 1,008,0001
Gas........... 226,3601
Gunshot ...... 612.3001

1,846,6601

445.44 58.581 418.42
90.84 1 22.34 1 87.87 1

127.52 1 178.63 1 108.99

663.78 1 259.55 1 615.28 1
is 2,000,000, and the rates are

890,880
181,6801
255,0401

1,327,6001

117,1601 836,840
44,6801 175,7401

357,2601 217,9801

519,1001 1,123,5601

tal is 1.00

61.13
81.66

285.74

428.53
are from

85.58
25.31

197.16

308.05
as above.

171,160
50,620

394,320

616,100

34. Total losses by separate months. - (a) Disease and nonbattle
injury patients. - Fig. 51 shows the summation of losses from month to
month from disease and nonbattle injuries, when the daily admission
rate is 1.00 per 1000 Theater of Operations strength. Each month's losses
are added to the accumulated losses of the preceding months, and the
curve is consequently a constantly ascending one, although there is a pro-
gressive decline in the loss rate for each separate month, with a descend-
nig curve (Fig. 54) until it stabilizes at the end of the 12th month. The
rapid fall of this latter curve (Fig. 54) during the first few months is
caused by the rapid increase in the number of patients returning to duty
from the hospital (Fig. 55). After the first six months there is but little

(a)

(b)
(c)

(a)

(b)
(c)

Total

83



84 LOSS OF MAN POWER IN WAR

change in the loss rate from cases disposed of in the Zone of the Interior,
among those sent there from the Theater of Operations, and also from the
deaths; but the total for each month continues to decline until the end of
one year, or until the outflow of patients from hospital equals the inflow.
After the end of the year, the loss rate from the deaths in the Theater of
Operations and the disposition of cases in the Zone of the Interior (includ-

KIND OF CASES:--DISEASE5 AND NON-

-s 256 BATTLE INJURIES.
1 7. 5

,-l,.', AREA:- Cases occurring in the

Theatre of Operations.

ADMI55ION RATE:- 1 per 1000 T of 0. strength
per day to hospital only.

PURPOSE*.- To show the loss of manpow-

er from diseases and non-baf te injuries

to be expected durina each success;ve

month. The losses include deaths, pafikn/

in hospital, and cases disposed of in the
Z. of1., from among those sent there.

APPLICATION:- Multip/y the number shownat

. _ fthe end of any month by the expected admision

$1.q II rate per day to hospital only (from diseases

6.1q and non-bate injuries) and alo by the
!\\\~strength divided by Woo. These data apply

5.° ob to each individual group of men.
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Fig. 54.-Loss of manpower from diseases and nonbattle injuries in the Theater of
Operations during successive months.

NOTE: Calculated from data from the three upper curves, Fig. 51.
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FROM SICKNESS BY MONTHS 85
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FIG. 55.-Cases of diseases and nonbattle injuries returned to duty in the Theater
of Operations during successive months.

NOTE: Number returned to duty by months equals number admitted during that
month less the month's losses as per Fig. 54.
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86 LOSS OF MAN POWER IN WAR

ing disability cases) will continue as long as the basic conditions do.
The decline in the loss rates during the first 12 months is therefore

due chiefly to the increasing number of patients returning to duty from
hospitals. Consequently as stated in the last sentence of the legend of
Fig. 54 these data apply only to each individual group of men. This group
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Fig. 56.-Loss of manpower from war (poisonous) gases in the Theater of Opera-
tions, during successive months.

NOTE: Calculated from data from the three upper curves, Fig. 52.
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FROM WAR GASES BY MONTHS
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Fig. 57.-Gas cases returned to duty in the Theater of Operations during successive
months.

NOTE: Number returned to duty be months equals number admitted during that
month plus the number killed in action, less the month's losses as per Fig. 56.
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88 LOSS OF MAN POWER IN WAR

may be a field army, corps, division, or a regiment, or lesser body, but the
essential point is that each one must establish its own increasing flow of
men out of hospital to replace those entering hospital before its loss rate
can decline.

The 3%, 6%, and 9% curves again show the importance as a loss
factor of the disposition of cases in the Zone of the Interior from among
those sent there.

KIND OF CA5£5:- Bafle injuries (caua/fies) from 6UNjHOT
AREA':- Cases occurrinP in the T. o 0.
ADMISSION RAT f:- Iper 1000 . of 0. .lreng$h per day.
PURPOS5E:- To show /oss of monpowver from 9unshot

injuries to be expec/ed during each successive month.
The /osses include deahTs from- woundr, assumednur~ ber
killed in action, patients in hospitao and coaes disposed
of in the Z.ofl., from among thoe se nt there.

APPLICATION:- Multi/ply he number shown at the end of an
month by the expected admrission rate per day from
-- gunshot miss;/es and olso by -srenyth divide iby

7. /0 looo. These dato oaply to each individuo/group
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Fig. 58.-Loss of manpower from gunshot injuries in the Theater of Operations
during successive months.

NOTE: Calculated from data from the three upper curves, Fig. 53.

35

5

30

Q.

0

.4

Q 20
tu

I"

fO

-Q

5

0



FROM GUNSHOT MISSILES BY MONTHS
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Fig. 59.-Gunshot cases returned to duty in the Theater of Operations during suc-
cessive months.

NOTE: Number returned to duty by months equals number admitted during that
month plus the number killed in action, less the month's losses as per Fig. 58.
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LOSS OF MAN POWER IN WAR

b. Gas patients. - Fig. 56 shows the same data for casualties from
poisonous gases as Fig. 54 does for those from diseases and nonbattle
injuries. Losses from gas casualties also stabilize at the end of the 12th
month, as does the return of patients to duty from hospital (Fig. 57). The
loss rate from gas casualties after the 12th month is a little greater than
the one from diseases and nonbattle injuries, due to the assumed number
killed in action by gas, and to the assumed larger fatality rate for gas
cases.

c. Gunshot patients. - The very great and continued importance of
gunshot casualties as a loss factor is again shown by Fig. 58. As a result
of the long duration of treatment of cases of this character, the loss rate
continues to decline even after the 16th month (480th day), and until
the 920th day. During the last several months shown on the graph, the
cases disposed of in the Zone of the Interior, the deaths in hospital, and
the assumed number killed in action account for a stabilized loss rate of
18.37, 15.39, and 12.41, according to the percentage of admissions sent to
the Zone of the Interior, and the gradual increase of the noneffectives in
hospital for the excess, as shown by Fig. 58, above them. With the larger
less rates, fewer men are returned to duty from hospital (Fig. 59).

d. With a constant strength and a constant admission rate. - Here as
elsewhere the possibilities of sanitation and the climate of the Theater of
Operations area, the amount of seasoning of the troops, and military re-
sistance of the enemy must be estimated before the total loss rate can be
determined.

Table 12 again shows the influence of the percentage of cases which
are sent to the Zone of the Interior upon the loss rate.
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FROM ALL CAUSES BY MONTHS

Table 12.-Losses per 1000 men in any group of them by months of service in the Theater

of Operations, when the daily hospital admission rate per 1000 total strength is:

(a) From diseases and nonbattle injuries, 1.40; (b) from gases .31; (c)
from gunshot wounds, .69, or approximately the same rates as occurred

in the American Expeditionary Forces, from July 1 to November 11,

1918 (excluding the influenza epidemic).

(1) When there is sent to Z. of I.
3% of (a), 6% of (b), and
20% of (c).

IA0

24.42
9.51
5.32
3.42
2.55
2.16

.99
1.88
1.86
1.85
1.83
1.82

1 58.61| 58.61

,0I O
I _

I

7.29
3.81
2.28
1.53
1.17
1 .00

.93

.89

.87

.86

.86

.86
122.35

I O

25.11
20.84
18.08
16.07
14.58
13.52
12.72
12.16
11.76
11.25
11.23
11.07

178.59

0

56.82
34.16
25.68
21.02
18.30
16.68
15.64
14.93
14.49
14.16
13.92
13.75

259.55

(2) When there is sent to Z. of I.,
9% of (a), 9% of (b), and
30% of (c).

25.56

11.47

e k

7.56
5.4

4.93
4.55
4.44

4.30
4.28

4.27
4.27
4.27

85.64

I

i 7.37
1 3.99

2.51
1.79

1 1.44
1.28

1 1.21
1.17
1.15

1 1.14
I 1.14
1 1.13
125.32

0
A

C)

25.41
21.63
19.22
17.46
16.16
15.24
14.52
14.05
13.70
13.43
12.23
13.10

197.15

0

158.34
37.09
29.29
24.99
22.53
21.07
20.17
19.52
19.13
18.84
18.64
18.50

I 308.11

Note: Basic data from Fig. 54, 56 and 58 multiplied by 1.40, .31, and
.69 respectively.

Under both sets of conditions, the loss rate falls rapidly after the
the first month, in the first declining from 56.82 per 1000 men during
the first month to 13.75 in the 12th, and in the second from 58.34 in
the first to 18.50 in the 12th month.

e. With an increasing strength but constant admission rate.-(1) From
one cause.-The problem of determining the probable loss rate for an ex-
peditionary force is seldom so simple as the one above, for it will rarely
happen that an entire force will be sent into an expeditionary area at one
time. Then again, while in the interest of simplicity an average daily ad-
mission rate from diseases and nonbattle injuries may be used throughout,
the military resistance encountered and the amount of military combat
engaged in will probably vary so greatly that it will be necessary to use
more than one rate.

1st

3rd
4th
5th
6th
7th
8th

10th11th

12th

8th
9th

12th
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92 LOSS OF MAN POWER IN WAR

Let us consider first the simpler of the two situations; that is, where
we have a constantly, although not uniformly, increasing force with an
average daily admission rate from diseases and nonbattle injuries. Fig.
60 shows the method of computing the data for such a problem. The
strength of the military force with monthly increases is approximately
the same as existed in the American Expeditionary Forces to the middle
of each month; and the daily admission rate, the average one for the year
(including the influenza epidemic).

As we have found the greatest loss rate for any one force is during
the first mb'nth because the patients, or noneffectives, in hospital are
rapidly increasing and comparatively few men are returning to duty.
As each group enters the Theater of Operations and establishes its own
flow of patients out of hospital, its loss rate declines. The strength of
each monthly increment in the Theater of Operations (Fig. 60) is multi-
plied by the initial month loss rate at the basic daily admission rate of
1.00 per 1000 strength, and during the following month by the loss rate

INCR/EAE LOSSES EACH MONTH AT A DAILY ADM. RATE OF I PER 1000 OF EACh' INCREASE IN ST'HRENTH ,OV. 1-f1 LOSSES LoS5EE5o
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Fig. 60.-Losses from diseases and nonbattle injuries by months under approximately
the same conditions as occurred in the American Expeditionary Forces where there was
a material increase in the strength each month, and where the constant average daily
admission rate to hospital only from these causes was 1.65 per 1000 American Expedi-
tionary Forces strength. It is here assumed that 3 % of these admissions were sent to
the Zone of the Interior. The symbols used throughout the body of the table represents
the product of a monthly loss at a daily admission rate of 1.00 per 1000 strength multi-
plied by a monthly increase in strength in thousands. Thus 1 B (17.44 x 38.) =663.

NOTE: Data for losses each month (second line from top), see Fig. 54.



WITH CHANGING STRENGTH 93

for the second month, etc. The items as computed for the men who were
in the Theater of Operations on the middle of January, and for each
monthly increment during the next 10 months, are summated from side
to side, and from above downward. The several sums so obtained are
then multiplied by the daily admission rate of 1.65 per 1000; i.e., the one
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Fig. 61.-Method of computing the losses to be expected in the Theater of Operations
in a command in which there is an increasing strength; where there are admissions
-from both battle and nonbattle causes; and also when certain percentages of the pati-
ents are sent to the Zone of the Interior.
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that occurred in the American Expeditionary Forces.
The results at the bottom of the graph (Fig. 60) shows the losses

which occurred from diseases and nonbattle injuries during each month in
the strength of the total American Expeditionary Forces, and those on the
extreme right hand margin, the total losses in each month's group of men
from the time it entered the Theater of Operations until November 11,
1918.

(2) From three causes. - Fig. 61 shows a method of computing the
losses in the Theater of Operations from the three causes with rates aver-
aged for the entire American Expeditionary Forces during the year 1918.
In Fig. 60, the losses are shown for each individual month, whereas in
Fig. 61 the accumulated losses are shown, the February figure including
those for January, etc.

f. With an increasing strength and also an increasing admission rate.-
Figs. 60 and 61 illustrate the method of calculating losses in any expedi-
tionary force when there is an increase each month in the strength, but
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Fig,. 62.-Losses. -frobl war -- (poisonous) gases by months under approximately the-
same conditions as, occurred in the American Expeditionary Forces where there was a
material increase in: (a) The strength each month; (b) also in the admission rate at
different periods. The average daily admission rates from war gases per 1000 American
Expeditionary Forces strength were: Jan. to June 0.10; July to Sept. 0.22; Oct. to Nov.
0.41. It is here assumed that 6% of the admissions from gas were sent to the Zone of
the Interior. The symbols used throughout the body of this table represent the pro-
duct of a monthly loss by a monthly increase in strength in thousands and by a daily-
admission rate. Thus IBS (23.53 x 38 x .10) =89.

NOTE: Data for losses each month (second line from top), see Fig. 56.
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with a constant average daily admission rate. Figs. 62 and 63 show, how-
ever, how to compute the data when there is not only an increasing
strength, but also an increasing admission rate. The same basic principle
applies to the latter factor as to the former. Thus a group of men with an
average daily admission rate establishes a return flow of men from the
hospital at that rate, but when the rate increases materially and conse-
quently more men are admitted to hospital, the return flow from that in-
creased number must be established before there can be a decline in the
specific loss rate.

Fig. 20 shows the daily admission rates per 1000 total American Ex-
peditionary Forces strength from gas and from gunshot missiles during
each month, and also during several grouped periods. From this graph,
it is apparent that during the early weeks in 1918 the American Expedi-
tionary Force troops engaged in but little military combat, but as time ad-
vanced the amount and intensity of the fighting increased and finally cul-
minated in the prolonged and severe fighting during September, October,
and early November.
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MoNTH srrt~ S^ AOM. 1- 36.39 2-30.21 3- 26.21 4-23.29 5- 21.13 6- /159 7- 8.43 8--17.63 9-17.0S /0-16.60 1- /6.28 NOV. O' OF
IN RATES To AL 3

OS____ T A RATES JAN. FEB. MAR. APRIL MAY JUNE JULY AUG. SEPT OCT. NOV. 3 NOV.7 TA CR

5 o.ll 1AS 777 2A5 65I 3AS559 45A4977 SAS 45t 6A41/8 7AS 393 8AS376 9A5 36' 1OAS35' IAS 347

JAN. A i494 7 .422 IAr2,96S 2ATS,62 3AT2,136 rAT1,89? sAT 1,72 #,589 1,683 /9,01 o

U .43 I.AU,036 2AU2,520

5 .11 5 1 S 152 25 3126 385 10 48S 97 583 88a 685 82 785 77 885 74 985 7/ 1I08 69

FE£. B 38 ' .42 laT560 2B7SEI 2 387 418 /BT 372 58r 337 900 330 3,653

U .43 1 15594 28UL/94

S ./I 1CS t96 2C5 163 3C5 /4/ 4CS /26 SCS lf/ 6Cs 106 7CS 99 sCS 95 9CS 92

MAR. C 49 7 ./I2 ICT 749 2CT622 Scr 539 4crTI7 65crT43S 1,163 426 4,622
U .3 tfCU767 2CU636

S ./ 0IDS 352 205 292 305 25* 4 03 226 50D 20o 6.S 190 705 178 805 /71

APRIL 0 88 'r .2 10 71,3/45 2rT,116 3D q68 Ior861 DT 07781 2,O,9 76t 8,131

U ./I3 10ol,377 20U/If,1/3

S ./I tES 666 213 SS5 31ES 48 4ES 428s .ES388 6E5 360 753 338

MA Y E 167 T .42 ElT2,50Z 2Er2,119 3ETl,8'3 4Er f,633 5ETrI,/82 3,989 1,463 IS,0o9

U ./I3 Eu 2,613 21U2,167

S .1/ IFS 893 ZF5 741 3FS 63 Fl S 5!71 SF5 5 J 6F5 480

JUNE F 223 7 .42 FPT3, 08 2FT2,830 3Fr2,5s 4FTr2,j18 5FT,97f 5,356 1,964 1?,693
U .43 IFU 3,/18 2FU2,897

U .43 IGU'I,o3T 2'1V3,35,.

AUG. H 26 U .543 1HY5,168 g 2V#,29/ 3hV3,7263 /v!3,30 6,789 2,4389 1t9, 64
U .43 I.HUI193 2U3. 1 .

EPT K263 V .5
s

3 1KSs072, 21 f,2a/13/ /3,653 7,o69 2,592 15,99
3EPT. K20 43 IKV4I/S 2KU3,1

1
6 ,0 i

f
lStf1) .4/3 11(04,/IS 21(03,'6,

ocr L 222 W 96 ILW7,755 2LW6,43? 6,439 2,36f 10,116

NOV. M I/O W .966 AW3o,63 3,943 l,0/o9 1,V0o

DUt ACH Mo 7H 777 77 1 1,122 1, 64 2,33 18,612 12O,764 2z2,9ff72,o9S 8,73 8,73 /7,773 f39,791

l)£PI~t. %06? 2,~qozI.~,9

Fig. 63.-Losses from gunshot injuries by months under approximately the same
conditions as occurred in the American Expeditionary Forces where there was a material
increase in: (a) The strength each month; (b) also in the admission rate at different
periods. The average daily admission rates per 1000 American Expeditionary Forces
strength were: Jan. to June 0.11; July to Sept. 0.53; Oct. to Nov. 0.96. It is here assum-
ed that 20% of the gunshot admissions were sent to the Zone of the Interior. The
symbols used throughout the body of this table represent the product of a monthly loss
by an increase in strength in thousands and by a daily admission rate. Thus lBS
(36.39 x 38 x .11) =152.

NOTE: Data for losses each month (second line from top), see Fig. 58.



LOSS OF MAN POWER IN WAR

For convenience in calculating the data on Figs. 62 and 63, the time
from January 1 to November 11, 1918 is divided into three periods, al-
though more exact results could be obtained by dividing the entire time
more nearly in accordance with the intensity of fighting.

As an illustration of the method of determining losses from gunshot
missiles (Fig. 63), the January strength is multiplied by each loss rate
from No. 1 to No. 11 at the basic daily admission rate of 1.00 per 1000;
and also for each month of its service in the American Expeditionary
Forces, (11 months) by the admission rate of .11. The increase in the
admission rate of .42 (.53 - .11) in July is then multiplied by the January
strength and the initial five loss rates. These additional losses are entered
in the table on the line with the January strength under the months from
July through November. The further increase in the admission rate of
.43 [.96 - (.42 + .11)] in October is then multiplied by the January
strength and the two initial loss rates. These additional losses as comput-
ed are entered on the January line under October and November as they
occurred.

In computing the losses for the increase in strength during February,
that increment is multiplied by the loss rates from No. 1 to No. 10 inclu-
sive, then throughout by .11, by .42 for the last five groups, and by ,43 for
the last two. For the March increase in strength, the loss rates from
No. 1 to No. 9 are used, for the April one, No. 1 to No. 8, etc. For the
July strength, the only loss rates used are from No. 1 to No. 5 inclusive,
and consequently the second multiplication is by .53 (.11 + .42). Similar-
ly the October increase is first multiplied by the first two loss rates and
then by .96 (.53 + .43).

The following table shows a summary of the monthly losses as com-
puted on Figs. 60, 62, and 63.
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WITH CHANGING STRENGTH AND RATES

Table 13. Total losses in the American Expeditionary Forces by months.

Month

Strength in thous-
ands to middle of
the month.

m I

Jan. ..... I 194
Feb........ 38
March ...... 49
April ...... 88
May ....... 167
June ....... 223
July ........ 258
August . .. 268
Sept. ....... 263
October .... 222
Nov. 1 to1. 110

Aggregate .

194
232
281
369
536
759

1,017
1,285
1,548
1,770

689*

8,680

Losses by months.

0 Q 0
r12

ro 0~~~~~~~

l ) 0 0 H4) a , 9 O
w ceS

5,582 1 456
3,267 1 327
3,051 304
4,100 391
6,834 630
9,644 1 896

12,022 1 4,008
13,578 1 3,564
14,438 1 3,451
13,969 11,178
4,001 1 2,673

I Il
90,486 27,87890,486 127,878

777
797
881

1 ,122
1,649
2,334

18,612
20,764
22,987
52,095
17,773

6.815
4,391
4,236
5,613
9,113

12,874
34,642
37,906
40,876
77,242
24,447

4=4

0 -

0 g

o4 k

Q)

35.13
18.93
15.07
15.21
17.00
16.96

l 34.06
29.50
26.41
43.64
35.48

139,7911258,155 l 29.74

* 11/30 of accumulated strength for month of November.

As nearly as can be estimated, the total losses in the American Ex-
peditionary Forces to November 11, including deaths, cases in hospital
and cases returned to the United States, was about 267,000, or about 9,000
more than the total 258,155 as shown above. The results then of these
calculations approximate the actual losses as closely as could be expected
from a computation in which grouped average rates and strengths are
used.

To repeat, the rapid decline in loss rate as shown by Figs. 54, 56, and
59 occurs only when an expeditionary force has a constant strength
throughout with constant admission rates from all causes. The loss rates
per 1000 total Theater of Operations strength in the last column of Table
13 show how much such rates depend upon the increases in strength and
upon the intensity of fighting.

K. LOSSES IN THE MOBILIZATION AREA.

The losses in the mobilization area consist of:
a. Noneffectives in hospital.
b. Deaths and discharges for disability among patients in hospital.
c. Deaths and discharges for disability among men not in hospital.
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LOSSES IN MOBILIZATION AREA

After the mobilization camps are filled, there is but little increase in the
strength of the command. As the troops are trained and equipped they
are sent to the expeditionary area and are replaced by incoming recruits.
Consequently the number of men mobilized is greater than the average
daily strength for one year. Thus in 1918, the former was 3,310,246, and
the latter 1,310,246.

LOOS OF MANPOWER PER 1000 U.S. STRENGTH

C D

M

CDO

(D

U''

0

n CD

rcCD
CD e

CD0

CD~c

*NOTE: For basic formula see: (a) Patients in hospital, Fig. 82, (2) p. 149. (b)
Deaths and discharges in hospital, Fig. 95 (2) p. 162. (c) Deaths and discharges not on
sick report based on experience in U. S., 1918.
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WHILE IN TRAINING

The troops while in training establish a return flow of patients from
hospital, and when they depart their sick in hospital remain behind, thus
acting as a replacement flow for the incoming recruits. The ultimate
number of noneffectives will then be divided among the total number of
men passing through the mobilization area rather than among the aver-
age daily number present for the year. The men in camp during the first
few weeks, when the noneffective rate rises quite rapidly, lose a larger
percentage than those during the later periods when it is more nearly
stabilized; but for all practical purposes we may disregard this and con-
sider that the noneffectives are distributed evenly among the men mobiliz-
ed. Then as in Fig. 64, with an ultimate noneffective rate of 20.36 to the
average annual strength, the same rate to each 1000 men mobilized was

1,310,246 3,310,246
20.36 X -- -- 8.06.

1000 1000

The time element is an important one in connection with deaths
and discharges among patients in hospital, for the number of cases with
their associated deaths and discharges for disability increase in propor-
tion to the length of the time period, like the noneffective rate. Conse-
quently this class of losses must be proportioned to the total number of
men mobilized rather than to the daily strength averaged for one year.
With a loss rate from these causes at the end of one year of 14.67 per 1000
in an average daily strength of 1,310,246, the corresponding one for
3,310,246 men mobilized is

1,310,246 3,310,246
14.67 X X 5.81.

1000 1000

The third class of losses are from deaths and from discharges for dis-
ability (of which the latter comprised 95% of the two during 1918),
among men not on sick report. This group consisted chiefly of the phy-
sically unfit men whose deficiencies escaped the scrutiny of the local
and camp examining boards. The physical imperfections of such men
soon became apparent to officers of organization and to the medical offi-
cers assigned to them, and they were discharged as physically unfit.
Probably all such cases can be culled out within a month or six weeks,
and there should be no material increase in the percentage of them there-
after, no matter how long the men remain in the mobilization aiea. Since
the time element need not be considered in connection with them, as it is
assumed that the training period will be long enough for their detection
and elimination, the rates for them can be based upon the actual number
of men mobilized. In 1918 it was 22.24 per 1000 men (Fig. 64).

Since the total losses in man power in the mobilization area is 52.05
per 1000 men mobilized (See Fig. 64), or 5.20%, the number of men
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LOSSES IN MOBILIZATION AREA

available for duty with any expedition will be 100 % - 5.20%o 94.80 %.
For each 1000 men required for a large expeditionary force, when the
troops are to be equipped and trained in the mobilization area, the number
that will be required, after passing the camp examining board will be:

94.80% - 1000
100% - 1054.85

Since 6.6 %,' 12 of all men sent to the military camps by the Local Boards
were found to be physically unfit, the percentage of the men actually called
for service who will eventually be available for duty with an expeditionary
force will be:

100% - (5.2% + 6.6%o ) - 88.2%o.

Then for each 1000 men required for an expeditionary force, the number
to be called after passing the rather careful scrutiny of the Local Examin-
ing Boards will be:

88.2% = 1000
100% = 1133.79

Of this number of men called there will be:
1. Found physically unfit by Camp Examining Boards.. 74.83
2. Noneffectives, deaths, and discharges as physically

unfit in training camps ............................. 58.96
3. Available for duty with an expeditionary force ........ 1000.00

Total to be called .................... . 1133.79

Since 14.6 % of all Class I men were found physically disqualified for
full military service by local boards; and an additional 8.0% as available
only for limited or domestic service by the local and camp examining
boards, the percentage of Class I men between the ages of 21 and 30 who
were eventually available for combat service with the expeditionary force
was 100%--(14.6% +8.0%+6.6% +5.2% ) = 65.6 o. Then for each 1000
men for combat duty required for an expeditionary force, the number of
Class I men, ages 21 to 30, who must be available will be:

65.6% - 1000
100% -= 1524.39

Of this number of men called there will be:
1. Found physically unfit by local examining board ...... 22.56
2. Found physically fit for only limited service by

local and camp examining boards .................. 121.95
3. Found physically unfit by camp examining board ..... 100.61
4. Non-effectives, deaths, and discharges as physically

unfit in training camps .......................... 79.27
5. Available for combat duty with an expeditionary force. 1000.00

Total Class I men ........... ........... 1524.39
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SICKNESS IN COMBAT AREA

III. MEDICAL SERVICE IN THE COMBAT ZONE.

The care of the sick and injured of the units operating in the
Theater of Operation and the evacuation to general hospitals are im-
portant functions of the Medical Department. The efficient and system-
atic performance of this duty assists materially in insuring the mobil-
ity of the troops in the front area, and it is also a very important factor
in maintaining the morale of the troops.

The character of cases to be treated and evacuated are:
a. Diseases and nonbattle injuries.
d. Battle wounds from:

(1) Gunshot missiles.
(2) War gases.

L. DISEASES AND NONBATTLE INJURIES

35. Total in the Theater of Operations. - Our experience shows
(Fig. 18) that the daily admission rate from diseases and nonbattle
injuries to hospital and quarters combined for seasoned troops operating
under favorable conditions in a temperate climate in an area such as the
American Expeditionary Forces, with a large number of men in the
line of communications area, was 2.50 per 1000. It further shows (Fig.
1) that 56% of such cases were admitted to hospital and 44% were
treated in quarters, infirmaries, improvised hospitals, etc. We know
also (p. 3) that approximately one half as many cases are treated as dis-
pensary cases as in hospital and quarters combined.

Under such conditions as outlined above the average daily sick rate
per 1000 men among such troops would be:

Hospital sick ... 1.40
Quarters sick ...... 1.10
Dispensary sick . 1.25

If this rate is increased 20% to allow for normal variations, the daily
sick rate per 1000 men in the Theater of Operations is 4.50, of which ap-
proximately one third would be sent to station or general hospitals, one
third would be cared for in quarters, dispensaries, etc., and one third
would be returned to duty with their organization. In the further dis-
cussion of this subject no mention will be made of the care of the dis-
pensary sick, but there will always be a large number of such cases to be
treated, and supplies and personnel must be available for this purpose.

36. In the Combat area. - When troops enter the combat zone
and then advance to the battle line, the incidental hardships and un-
favorable conditions probably would cause an increase in the sick rate.
To obtain data in regard to the actual increase to be expected, a study
was made of the medical records of the infantry regiments of the 1st,
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SICKNESS IN COMBAT AREA

Table 14. - Daily admission rates from diseases by systems by months, among
each 1000 white enlisted men in combat divisions and in the total Ameri-

can Expeditionary Forces, June to October, 1918.

Ju

Systems -

|.2o Xo >Po

Infectious,
not specified

Tuberculosis

Venereal

General
Nervous and
mental
Eye, ear, and
nose

Circulatory

Respiratory

Digestive
Genito-urinary
and skin
Bones, organs of
locomotion, con.
malformation, &
ill defined

TOTAL

.08

.02

.09

.06

.20

.16

.10

1.67

.21

.34

.72

me

.11P
.29t

.01

.02

.05

.09

.02
.04
.03
.06
.04
.07
.03
.06
.34
.61
.10
.18
.06
.11

.08
.14

36 .
3.65 1.55 i

July

, o .

I .08 1
.09 .14

.01
.02 .02

.03
.05 .06

.02
.07 .04

.08
.88 .14

.03
.'JU A.VO
,U~7 .UO

.03
.09 .06

.21
.41 .38

.11
.32 .20

.06
.27 .11

.06
.31 .11

.71
2.63 1.27

August September

vj n '* H v '

.09 .1
.12 .16 .17 .2(

.01 .0:
.02 .02 .02 .0:

.05 .04
.08 .07 .16 .07

.02 .0t
. .04 .04 .0

.06 .0
.23 .11 .19 .O

.04 .0
.10 .07 .13 .0(

.04 .0
.10 .07 .14 *0

.25 .7
.46 .45 1.40 1.3

.23 .
.67 .41 .56 .2'

.09 .0
.22 .16 .41 .1

07I i n

.22
.VI3
.13 .28

1

12

3

7

36

5

3

4

7
7
4
5
7
7
3

7
.VI

.13

October

0d 0

u IEIm.i m

.38

.02

.10

.25

.45

.11

.19

2.81

1.39

.39

.58

.16

.29

.01

.02

.04

.07

.04

.07

.06
.11
.04
.07
.04
.07

1.15
2.05
.28
.50
.08
14

.09
.16

i I I IiI I i

i
i
I

I Q A o ff r7 � 1 R 7I1 q-R

2.27 1.61 1 2.45 6.67 3.54

*Admission rates to hospital.
tEstimated total admission rates, including cases in quarters.
NOTE: The Combat Divisions include the Infantry Regiments of the 1st, 3rd, 26th

and 42nd Divisions. The rates for the Combat Divisions apparently include as hospital
cases those ordinarily treated in quarters; whereas those computed for the total Ameri-
can Expeditionary Forces include only hospital cases. The estimated ones which include
also quarters cases can be more properly compared with those for the Combat Divisions
(Front Area).

3rd, 26th and 42nd Divisions, all active combat divisions, for the period
June 1 to October 31, 1918, inclusive.1
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COMPARISON WITH TOTAL A. E. F.

Since the Divisions selected were composed of white men, their rates
are compared with those for the total white troops in the American Ex-
peditionary Forces. 3 The computed data as presented by Tables 14 and
15, and Figs. 65 and 66, shows that there was more sickness among the
front area white troops than in the total group. It is apparent also that
the excess among the front line troops occurred each month and from
each class of disease, the most important increase being in the number of

DAILY ADM1551ON RATES
IN THE A.E.F. PER 1000 STRENGTH
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Fig. 65.-Daily admission rates by classes of diseases per 1000 strength of white
troops in the front area, and also in the total American Expeditionary Forces, for the
period from June 1 to October 31, 1918. 1 3
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SICKNESS IN COMBAT AREA

cases of respiratory and digestive diseases.
Table 15 and Fig. 66 also indicate that there was more sickness among

the troops on the battle line than among the other front area troops. The
data, as computed, shows that the average daily hospital admission rate
from diseases only for the white troops in the front area was 3.76 per
1000, as compared with 1.26 for the total American Expeditionary Forces, 3

or practically 3 to 1. If the admissions from nonbattle injuries are in-
cluded the rate of 1.26 is raised to 1.40; and if the ratio of 3 to 1 is con-
tinued, the 3.76 is raised to 4.20 (hospital oily).

Before any real comparison can be made, however, of the rates for
the combat divisions with those for the total American Expeditionary
Forces, the character of the cases included in the two sets of rates must be
considered. As stated above, many of the cases of sickness among the
men in the training area were treated in quarters, infirmaries, etc., and
were not made of record. Among the combat divisions, however, and es-
pecially so when in the actual combat area, a large part of the sick had to

DAILY ADMISSION RATES IN THE A.E.F. PER 1000 STRENGTH
0 1 2 3 4/ 5 6 7 g q /O
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Fig. 66.-Daily admission rates from diseases per 1000 strength of white troops in
the front area, and in the total American Expeditionary Forces, for the period June 1st
to October 31st, 1918, and also for each month of that period. 1 3
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COMPARISON WITH TOTAL A.. EF. 105

be evacuated, and consequently were admitted to either temporary or per-
manent hospitals where records were made. Apparently then, the com-
parison should be between the total admission rate in the American Ex-
peditionary Forces; that is, the one including both hospital and quarters
cases, and the one available for the combat division. For this purpose, the
estimated rates to include both hospital and quarter cases for the total
American Expeditionary Forces are shown both in the tables and on the
graphs. The comparison is then between 2.50 and 4.20. Consequently,
we would expect the sick rate to be 1.70 (1.68) as great among the per-
sonnel of the front line combat divisions as in a total area, such as the

Table 15. - Daily Admission Rates from Disease by Systems among each 1000
White Enlisted Men, on the battle line, among other troops in combat

divisions, and in the total American Expeditionary Forces, June
to October, 1918.

Combat Divisions

Systems of Diseases Totals
On battle Not on Total A. E. F.
line battle line

Infectious, not specified .15 .19

Tuberculosis .02 .02

Venereal .10 .09

General .13 .09

Nervous and mental .57 .20

EJye, ear and nose .13

Circulatory 1 12

Respiratory 1.58

Digestive .63

Genito-urinary and skin .33
Bones, organs of locomotion,
congenital malformations and .56
ill-defined

TOTAL 4.31

.10

.12

1.09

.64

.82

.27

.17

.02

.09

.11

.39

.11

.12

1.35

.63

.33

.42

3.13 3.76
*'Admission rates to hospital.
tEstimated total admission rates including cases in quarters.

.12*
.21t

.01

.02
.04
.07
.03
.05
.06
.11

.04
.07
.04
.07
.62

1.11
.19
.34
.07
.12
.08
.14

1.26
2.25
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BATTLE CASUALTIES

American Expeditionary Forces. Furthermore, when the troops are on
the actual battle line this excess may be 2.00 to 1.00 instead of 1.70 to 1.00.

Even with the estimated increase added, the total American Ex-
peditionary Forces rates are still much lower than those for the Combat
Divisions (Front Area) for each month, and for each group of diseases
with the two exceptions, one for infectious not specified (which is lower),
and the other for tuberculosis (which is the same) (see Table 14 and Fig.
65).

Table 16. - Relative number of cases of sickness among the front area troops
as compared with the estimated total in the American Expeditionary

Forces set as a standard at 1.00.

a. By months.
Month
June ..... . ..
J u ly . . . . . . . . . . . . . . . . . . . . .
August . ...................
September ..............
October ..... .. ...... ..

TOTAL ......

b. By class of disease.

i. Dsase ".
''i:Re,:iratory ...

Digestive . .. ......... .
Bones & organs of locomotion
Nervous and mental .........
Genito-urinary and skin ..
Infectious, not specified.
Circulatory ....
Eye, ear and nose .......
General ... . ............
Venereal . ...
Tuberculosis ...............

Front Area
.......... ...... 2.35 to 1.00

. ... . ........... . 2.07 to 1.00
........ ... ...... 1.41 to 1.00

.. ... . .. 1.46 to 1.00
1.88 to 1.00

................. 1.67 to 1.00

Front Area
........... ..... 1.21 to 1.00

1.85 to 1.00
.......... 3.00 to 1.00

3.55 to 1.00
. ... 2.75 to 1.00

0.81 to 1.00
............... .. 1.71 to 1.00

1.57 to 1.00
. ............ 2.20 to 1.00
.... .... . ... 1.28 to 1.00

.......... ...... . 1.00 to 1.00

M. BATTLE CASUALTIES - COLLECTION OF DATA.

The following data show the average and maximal casualty rates, and
also how often rates of various magnitude occurred among the United
States troops in the American Expeditionary Forces during 1918. The
information as assembled is for the American part of the First American
Army and its component units, and also for other selected Divisions and
regiments. The sources of the information and the method of assembling
the data are as follows.

37. Composition of Organizations. - a. First American Army. -
The Report of the First Army13 was used to determine its component or-
ganizations from day to day. This information was supplemented by in-
formation obtained from "Field Operations, Volume VIII, The Medical De-

106



COMPONENT UNITS OF THE FIRST ARMY

partment of the United States Army in the World War".' 4 The Corps of
the First Army were I, III, and V, from September 26 to November 11;
the IV from September 26 to October 12; and the Divisions serving with
the French, for this study, grouped and included as a Corps, from Sept. 26
to Nov. 11.

b. Corps. - The report of the First Army 13 was also used to deter-
mine the Divisions in each Corps from day to day, and also those in the
Army Reserve. "Field Operations" 14 was again used to supplement the
information obtained. In addition, "Battle Participations of Organiza-
tions of the American Expeditionary Forces in France, Belgium, and
Italy"10 was used quite freely to verify the location of Divisions, and es-
pecially to determine when a Division left the line for reserve or vice
versa.

AVERAGE
0 1

DAILY NUMBER QF DIVISION5
2 3 4 5 6

I .I I I
L-2.531 R- 1.57 1.10

L- 255 R-f.3S 3.93

L- 2.68 R-72 3.40

L-2.43 k-.6|3.07

'41

Fig. 67.-"-Average daily number of American divisions in the First American Army,
in each of its Corps, both in line (L) and in reserve (R), and also in the -Army Reserve
for the period of 47 days, from September 26 to November 11, 1918. 3

NOTE: The IV Corps was a part of the First Army only until October 12, a period
of 17 days. During that time the average daily number of divisions in line was 3.18
and in reserve 1.53, whereas the figures for the entire 47 days was L-1.15 and R-.55 as
shown above.
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BATTLE CASUALTIES

Fig. 67 shows the daily average number of American Divisions in each
Corps and also in the First American Army during the Meuse-Argonne of-
fensive.

c. Divisions.-The information in regard to the operations of Divisions
was obtained from the "Battle Participations of Organizations of the
American Expeditionary Forces " etc 10. This information was supple-
mented by a mimeographed copy of "Brief Histories of Divisions, U. S.
Army, 1917 - 1918"1 5, June, 1921, from the Historical Branch, War Plans
Division, General Staff.

38. Strength of the Organizations. - a. First Army. - The
strength of the First Army is given on page 113 of the "Report of the
First Army"13. Examination of the casualties in organizations by days,
as will be referred to later, showed that only 91% of the total casualties
were distributed by divisional organizations by days.* Apparently then.
only 91% were included in the total casualties assembled for the First
Army. Therefore, the daily strength of the First Army as shown in the
official report, was reduced in each instance to 91% to compensate for
the difference in the total of casualties as they occurred and as assembled.

b. Corps. - The daily strength of the individual corps was found by
multiplying the assumed strength of a division; that is, 24,000, by the
number of divisions, including those in reserve, in the Corps, and then
adding 33 % t to cover corps troops not included in divisional organiza-
tions. The total figures thus obtained were reduced then in each in-
stance to 91% to compensate for the unassembled casualties, as referred
to above.

c. Divisions. - An examination made by the Historical Branch of
the War College of the returns of 14 Combat Divisions on or about Septem-
ber 26, 1918 showed that the average strength of each one was 24,128
men. It was assumed then that 24,000 was a fair figure to use in deter-
mining the strength of the corps, as referred to above. But for the
purpose of calculating rates for Divisions, the 24,000 was reduced to ap-
proximately 91 %, or to 22,000, to compensate for the unassembled division-
al casualties.

- The original medical cards, upon which the casualties were reported, showed the
regiments or staff corps to which each patient was attached, but there was no
reference to Division. The 9% of undistributed casualties occurred among staff

or corps troops, not in regiments.

t The increase of 33% for Corps troops is based upon the strength of a type corps
composed of three divisions and the equivalent of the strength of one division in
corps troops. Since the daily number of divisions in the various corps was often
greater than three while the number of corps troops probably remained more
nearly constant, the increase of 33% for the latter probably results in too great

a strength for the corps, and consequently in too low a rate. Hence an increase of
from 5 % to 10'% in such rates as are given may be justifiable.

108



STRENGTH AND ENGAGEMENTS

d. Regiment. - An examination made by the World War Division of
The Adjutant General's Office of reports of the Infantry Regiments in the
1st, 42nd, and 80th Divisions on October 31, 1918 showed that the aver-
age strength of each regiment was 2,732. To compensate for the lag in
reporting casualties, the round number of 2,500 was used in calculating
regimental rates.

39. Sources of Casualty data.- a. Immediate source of information.
The immediate source of the casualty data was the tables in the latter
part of "Medical and Casualty Statistics, Part 2, Volume 15, The Medical
Department of the United States Army in the World War"3 In these
tables the number of gas wounded, gunshot wounded, and killed in action
is given for each day for each Infantry, Artillery, and Engineer Regiment,
and each Machine Gun Battalion.

b. Original source of information. - The original source of the in-
formation was: (a) For the number wounded by war gasses and by gun-
shot missiles, the Sick and Wounded Report cards forwarded from the
American Expeditionary Forces to the Office of the Surgeon General;
(b) for the killed in action, a nominal list of the deaths in the American
Expeditionary Forces arranged by organization and by day, prepared in
the Office of The Adjutant General and loaned to the Surgeon General's
Office in 1921. It 'will be noted that in some instances during severe en-
gagements, such as when the 27th and 30th Divisions participated in the
attack on the Hindenburg line (Somme offensive) on the 29th and 30th of
September, 1918, apparently all of the killed on the two days were report-
ed as of the first day of the engagement. This results in a too high
casualty rate for the first of the two days and in one too low for the
second.

40. Engagements Studied. - a. First Army and Corps. - The
Meuse-Argonne offensive from September 26 to November 11.

b. Divisions. - All of the Divisions comprising the Corps of the First
Army, including those with the French. In addition, the following were
included: §

1. First Division, Aisne-Marne, July 18 - 23.
2. Third Division, Aisne-Marne, July 18 - 31.
3. Fourth Division, Aisne-Marne, August 2 - 7.
4. Twenty-Sixth Division, Aisne-Marne, July 18 - 25.
5. Twenty-Seventh Division, Somme offensive, Sept. 26 - Oct. 20.
6. Thirtieth Division, Somme offensive, Sept. 26 - Oct. 20.
7. Thirty-Second Division, Aisne-Marne, July 30 - August 6.
8. Forty-Second Division, Aisne-Marne, July 25 - August 3.

§ The Second Division could not be included because the data by days for its Marine
organization were not available.
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c. Infantry regiments. - All of the Infantry regiments of the Divi-
sions referred to; and, in addition, the 9th and 23rd Infantry regiments of
the Second Division in the Aisne-Marne, July 18 and 19.

41. Method of Assembling Data. - a. Infantry regiments. - In the
study of casualties by regiments, only Infantry regiments were included,
because the Artillery and Engineer regiments had relatively few casual-
ties as compared with the Infantry. The tabulation of the casualties for
the Infantry regiments included only those assigned to Divisions operating
on the front line, and none of those assigned to Divisions in the Corps or
Army Reserve. It was, however, impossible to select out the Infantry
Regiments when in the reserve of the selected Divisions.

b. Divisions. - The casualties as assembled for Divisions include
those for the four Infantry regiments; three Machine Gun Battalions; the
Engineer regiment; and the three Artillery regiments, when operating
with the Divisions.? The daily casualties of these organizations were ad-
ded to find those for the Divisions. As stated above, the Division strength
was reduced to 91% of the total to compensate for the casualties which
occurred in the organizations of the Divisions but for whom such data
could not be assembled. In the study of the Divisions per se, the casualties
of a Division was included only for the days when the Division was actually
on the front line.

c. Corps. - In assembling the data for the Corps by day, the casualty
data for all of the Divisions with the Corps on that date, both on the line
and in reserve, were included. These were added to find the total for the
Corps. In some instances, when more than one day was necessary to
change a Division from the line to reserve or vice versa, the casualty rate
for the Division shown as in reserve may be seemingly quite high.

d. Army. - The daily casualties of the Divisions in the Army Re-
serve were added to the total of those in the Corps to find the aggregate
for the Army.

42. Percentage of gas wounded, gunshot wounded, and killed. -
The term battle casualties as used here includes wounds by war gases,
wounds by gunshot missiles, and the killed in action. In planning the
evacuation of the wounded some approximate estimate must be made
of the percentage of the gas and of the gunshot wounded in the total
casualties.

As shown by Fig. 99 p. 166, the daily proportion of gas wounded to
gunshot wounded decreased as the number of the latter increased; and
also as shown by Fig. 100, p. 167, the daily proportion of gas wounded to
the number killed in action decreased as the latter increased, while
the proportion of gunshot wounded to the number killed remains practic-
ally constant. In other words the relative number of men wounded each
day by war gasses decreased as the intensity of the military combat in-
creased . .. .. .. .....

t No allowance could be made for the absence of Artillery regiments on certain
days. Consequently the casualty rates as computed for such days are slightly
lower than they should be.
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PERCENTAGE OF TOTAL KILLED, WOUNDED, ETC.

Fig. 68 shows how the proportion of the gas wounded, gunshot wound-
ed, and killed in the total casualties varied according to the resistance. It
is suggested that the approximate average percentage distribution of
casualties in Infantry regiments in engagements with casualties varying
from 100 to 400 (rates varying from 4 % to 16 %) be used in estimating
the percentage of killed in action, gas wounded, and gunshot wounded in
the total casualties. We would then assume that in severe engagements
16 % of the casualties would be the "killed in action", 64 % gunshot wound-
ed, and 20 % gas wounded. There would then be 4 gunshot wounded to 1
killed in action, and 3.2 gunshot wounded to 1 gas wounded.

The percentage of killed to wounded would then be:
(a) 16% when there are both gas and gunshot wounded;
(b) 20 % when there are only gunshot wounded.

Other American Expeditionary Forces experience indicates that in open
warfare the killed would be 16-2/3% (1 to 5) when war gases are not
used.

PERCENTAGE D15TRIBUTION OF CASUALTIES

A.E.F.
191

MEUSE
ARGONHNE

i 100
or,
<1-
) 2

g< 200
o s
I-ac
uL 300

z
z

Lu 400au4 400

Fig., 68.-Variation in the percentage that the gassed, gunshot wounded and killed
in action were of the total casualties according to the severity of the engagement. 8

NOTE: It is suggested that the approximate average percentages be used in esti-
mating the distribution of total casualties. The data on the left hand margin show the
actual number of casualties.
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N. BATTLE CASUALTIES-PRESENTATION OF DATA.

In presenting the casualty data for the Infantry regiments, Divisions,
Corps, and the First American Army, four items are shown for each one:
(a) The average daily casualty rate during the Meuse-Argonne offensive;
(b) the frequency of various daily casualty rates, that is, how often each
one occurred; (c) the maximal daily casualty rates with the proportionate
part which occurred in the component unit of the Army, each Corps, and
each Division; (d) important casualty rates on days either preceding or
following the maximal casualty day.

43. Infantry Regiments. - a. Frequency of casualty rates. - The
summation curve, Fig. 69, shows how often casualty rates greater or less
than a certain one, occurred in infantry regiments. Thus, in 97.15% of the
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l J ; occurred In the L.J5. Infantry Regimentis of Div'i-
50 - sions, operatm ing /n leh e Arqonne, Aisne

41 / + Marne, and 5omme, during 647 Divis/on bot-
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Fig. 69.-Summation curve showing how often various regimental daily casualty
rates occurred during major operations in the American Expeditionary Forces in 1918. 3
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INFANTRY REGIMENTS

infantry regimental combat days in question (both in line and in reserve
of the Divisions operating on the line) the loss was 100 per 1000 or less;
and further the loss was greater than 100 per 1000 of the regimental
strength .in 2.85% (100.0% - 97.15% ) of the days.

The Figure also shows how often casualty rates between certain ones
occurred. Thus a rate between 90 and 100 per 1000 of the regimental
strength occurred in 0.83 % (97. 15% - 96.32%) of the battle days in
question.

b. Average casualty day. - It is apparent then that high casualty day
rates were comparatively infrequent. The average daily casualty rate,
which was 20.36 per 1000 for the days in question, was also low. Since
the average includes the days spent in the reserve of the Divisions which
were on the front line, it is necessarily lower than it would have been for
regiments in action only, and should probably be raised to approximately
25.00 per 1000 when comparing regimental losses with those in Divisions
and Corps in combat.

c. Maximal casualty days. - An estimate of the medical personnel
and equipment required for infantry regiments in severe combat cannot
be based with safety on the most frequent daily casualty rates, or even on
the average one, but should be based upon rates during severe combat.

In 1.74 % (100% - 98.26%) of the combat days the casualty rates
were greater than 150 per 1000 regimental strength; and in .86 %, or 21

Table 17. - Maximal infantry regimental casualty day rates per 1000 men with
the five next highest on days either immediately preceding or following

each one; i. e., the rates are shown for six consecutive days.

|Date of lhighest Daily casualty rates per 1000 regimental strength.
casualty rate

Sept. 29 30.0 349.6
1 r- __ an I nfo I ! P n

i ept. :zu zya.4
Sept. 29 28.8
July 18 1262.4
Sept. 29 1 4.4
Sept. 27 22.4
Oct. 12 1205.6
Oct. 8 31.2
Oct. 4 1 23.6
Oct. 4 188.4
Oct. 4 1180.8
Oct. 14 9.2
July 18 169.2

I 6U.. 1
1 292.4
1 90.0

234.8
214.0
122.0
72.4
56.8

126.8
86.0

170.8
79.6

Sept. 29 57.2 19.2
July 28- 14.0 166.4
July 18 165.2 -134.0
Sept. 28 1 21.6 66.8
Oct. 14 1162.4 125.6
July 18 116.0.4 138.4
July 19 1110.4 158.4

98.4 1 39.6
29.2 20.8
89.2 1 34.0
46.4 25.6
75.6 22.8
30.8 78.0
38.0 30.0

197.6 63.6
22.4 190.4
75.6 25.6
87.2 26.4
61.6 19.2
92.0 121.6

168.0 51.6
116.0 73.2
122.8 90.0
164.8 157.2
32.0 122.0

102.4 140.4
142.4 104.4

25.6
14.4
18.4
36.4
15.6
25.6
15.6
20.0
52.8
31.2
25.2
13.6
64.4
23.2
52.4
68.4
70.8
19.6
55.2
54.4

11.6
5.6

1 12.0
24.0

6.4
17.2
24.8
11.2
20.0|
45.6
99.2

9.2
27.6
17.6
33.6
31.6
39.2

8.4
35.2
27.2

Inf.
Regt.

107
120
108

9

119
106
114:
117 I

16
26
18
-6

18
105
165

16
140
165
28:'J
26

Div.

- 27
30
27
2

30
27
29
30

1
1
1

13
35
42

1
1
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days, they were greater than 200 per 1000 of the regimental strength.
Table 17 shows the regimental daily combat casualty rates greater than
150 per 1000 of the regimental strength, and it also shows the more im-
portant loss rates on five other days, either immediately preceding or fol-
lowing each maximal casualty day; i.e., on six consecutive days.

d. Estimated combat requirements. - After considering such daily
rates as above it would apparently be expedient to make provision for a
15% casualty day for an infantry regiment in severe combat, with the
following distribution of the total casualties:

Killed in action 2.4 %, gunshot wounded 9.6 %, gas wounded 3 %.
44. Casualties by arms of service. - In the American Expeditionary

Forces the casualty rate for the infantry was much greater than those
for the other branches. The following table shows the relative stand-
ing of the casualty rates, infantry being taken as 100.2

Infantry ................. 100.00
Machine Gun .......... . 70.12
Signal Corps ........ .. 16.46
Tank Corps .............. 15.85
Artillery................. 11.58
Engineers ................ 9.15
Medical Department ...... 8.54
Quartermaster Department 3.05
Cavalry ............. 3.05
Ordnance ................ 1.83
A viation ................. 1.83

45. Infantry Divisions. - a. Frequency of casualty rates. -- The sum-
mation curve, Fig. 70, shows how often during this experience casualty
rates in Infantry Divisions greater or less than any specified one occurred.
Thus in 98.80 % of the infantry divisional combat days in question, the loss
was 50 per 1000 or less of division strength, and in 1.2% (100.0% -
98.8 %) of the days it was greater.

A casualty rate between 40 and 50 per 1000 of the divisional strength
occurred in 1.28% (98.80% - 97.52%) of the battle days.

b. Average casualty day. - The average divisional casualty rate for
all of the combat days in line in question was 9.61 per 1000, or slightly less
than 1%.

c. Maximal casualty day. - Fig. 71, shows the divisional battle days
with casualty rates greater than 60.0 per 1000, of the divisional strength.
The graph also shows what part of the divisional casualty rate occurred in
each of its component regiments, both in line and in reserve. The regi-
mental rates are based here upon the divisional strength, so that the sum
of the several component rates are equal to the divisional one.

The following table shows the more important loss rates on five days
either immediately preceding or following each maximal one; i.e., on six
consecutive days.
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Table 18. - Maximal infantry divisional casualty day rates per 1000 men with the

five next highest ones on days immediately preceding or following: i. e.,

the rates are shown for six consecutive days.

Division jDate of highest Daily casualty rates per 1000 divisional strength.
casualty rate

27 Sept. 29 t 5.2 35.7 13.0 105.6 31.7 1 14.2
1 Oct. 4 84.2 51.0 30.0 12.7 14.9 41.9

30 Sept. 29 8.6 4.5 4.1 77.8 25.3 10.9
1 July 18 74.8 62.2 58.9 58.7 33.3 16.4
5 Oct. 14 1 15.8 12.5 65.0 30.4 15.5 7.4

d. Estimated combat requirements. - Since a casualty day of ap-
proximately 6 % or greater occured not infrequently in Divisions in severe
combat, it would apparently be expedient to make provision for a 6%
casualty day for infantry divisions in severe combat with the following
distribution: Killed in action, 0.96 %, gunshot wounded 3.84 % and gas
wounded 1.20%.
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Fig. 70.-Summation curve showing how often various divisional oanly casuaaly
rates occurred during major operations in the American Expeditionary Forces in 1918. 3
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27" DIV.
SEPT. 2q

1" DIV.
OCT. 4

30" DIV.
5EPT.2q

1" DIV.
JULY iS

5" DIV.
OCT. 4

D IV)I5ION
)Ii LI/ME

DAILY CASUALTY RATE5 PER 1000 DIVISIONAL STRENGTH
0 10 20 30 0 £50 60 70 o0 O /100 1/0

FIVE MAXIMAL CASUALTY DAYS OF THE DIV/I510H IN TrHE A.E.F
WITH THAT PART OF THE DIVISION RATE WHICH OCCURRED IN EACH OF
ITS INFANTRY REGIMENTS (A) AND AL50 IN ITS OTHER ORGANIZATION5 (B)

A- 39.73 A4- 33.23 A- ' A-4 105.59

A-21.64 A- 2/.10f A-2 55 A-12.50 b-1 8 9M.ft0
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Fig. 71.-The daily casualty rates on the five maximal casualty days for divisions
(not including the 2nd) in line (not in reserve) in the First American Army during
the Meuse-Argonne and selected divisions in the Aisne-Marne and Somme Offensives;
also the average daily casualty rate for the divisions during those engagements. 8

NOTE: The above rates for the component regiments of the divisions are based
upon the divisional strength (22,000) and are consequently only 11.36% of those in
Table 17 for the infantry regiments which are computed upon the regimental strength
(2,500).

46. Army Corps. - a. Frequency of casualty rates. - The summation
curve, Fig. 72, shows how often casualty rates in Army Corps greater or
less than any certain one occurred during the Meuse-Argonne offensive.
As stated on the graph, casualty rates greater than 20 per 1000 of corps
strength, occurred in 1.95% (100% - 98.05%) of the battle days; and
that rate or less in 98.05 % of the combat days. Casualty rates between
15 and 20 per 1000 of the Corps strength occurred in 1.97% (98.05 -
96.08 % ) of the battle days.

b. Maximal rates in each Corps. Fig. 73 shows the maximal rate
which occurred in each Corps, and also the average for each one during the
period of the Meuse-Argonne offensive. The graph also shows what part
of the corps rate occurred in each of its component divisions, the latter
rates being based upon corps strength. It is apparent that in each in-
stance the greater part of the-maximal rate occurred in one division. If
two divisions in line had been engaged in equally severe combat, the total
corps maximal rate would have been nearer 30 than approximately 20 per
1000 corps strength.

The following table shows the maximal casualty days for the Corps in
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ARMY CORPS

question, and also the more important loss rates on four days immediately
preceding or following each such day; i. e., on five consecutive days.

Table 19. - Maximal daily casualty rates in the Corps of the First American Army
during the Meuse-Argonne offensive with the four next highest rates on either

immediately preceding or following days; i. e., on five consecutive days.

Dat of highest
Date of highest D

Corps casualty rate

III Oct. 14 21.32
I tOct. 4 10.11
V Oct. 14 20.63
V Sept. 29 15.32
I Sept. 28 13.30
V Oct. 9 15.32

100

casualty rates per 1000 corps strength.

13.34
7.46

12.76
20.52
16.10
10.48

8.10
21.22

7.14
13.77
15.27
8.17

4.36
14.70

3.59
7.89
6.37
4.65

4.50
8.32
3.07
4.42

12.32
3.59
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Fig. 72.-Summation curve showing how often various Corps daily casualty rates
occurred in the five Corps of the First American Army, including the divisions with the
French as a Corps, during the Meuse-Argonne Operation, Sept. 26 to Nov. 11, 1918. 8
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gonne durin 20S5 Corps ba/Je days.
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DAILY CASUALTY RATE5 PER 1000 CORP5 STRENGTH
0 2 4 6 8 t0 12 14 16 /j 20 22

CORPS:

mr

-v

WITH
FRENCH

I'

In

I

WITH
FRENCH

IS

CORPS
AVERAGE

I 1 I I I I I I l
A- CORPS RATE ON THE MAXIMAL CASUALTY DAY OF EACH CORPS
WITH THAT PART OF THE CORPS RATE WHICH OCCURRED IN EACH
OF ITS DIVISIONS IN LINE (L) AND IN RESERVE (R)

L- 16.25 L-3.93 |I 21.32

L- 15.70 | L-2.8o L-2.58 1 2.22

-114.63| L-6.00 20.63
....... ... ..... .. -l,.. _

L-S.15 L-2.00 10.73
L-2.92 \L-. \ (L -33

"^-t *?18r.2

B.-AVERAGE DAILY CORPS RATES

J5.36

5.44

5.SI

3.32

Ill]
1.|57

4.66

Fig. 73.--The maximal daily casualty rate for each Corps of the First American
Army during the Meuse-Argonne Sept. 26 to Nov. 11, 1918, and also the average rate
for each one during the entire period. 3

NOTE: The above rates for the component divisions of the Corps are based upon
the Corps strength on the specified dates and are consequently less than those shown
in Table 18 for the divisions, which are computed upon the divisional strength.

c. Estimated combat requirements. - If an estimate is based then
upon the American Expeditionary Forces experience modified as suggested
above it would apparently be expedient to make provisions for a 3 % cas-
ualty day for Army Corps when engaged in severe combat, with the follow-
ing distribution: Killed in action 0.48%, gunshot wounded 1.92%, and gas
wounded 0.60%.
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47. First American Army. a. Frequency of casualty rates. - The
summation curve, Fig. 74, shows how often casualty rates, greater or less
than a certain one occurred in the First American Army during the Meuse-
Argonne offensive. The lowest daily casualty rate recorded was 1.05
per 1000 Army strength, and the highest, 7.75 per 1000.

4

.:

Q:uL.

U4j

CASUALTY PATE5 PER 1000 ARMY 3TRENGTH

Fig. 74.-Summation curve showing how often various Army daily casualty rates
occurred among American Troops in the First American Army during the Meuse-Argonlne
Operation, Sept. 26 to Nov. 11, 1918.
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b. Daily casualty rates. - The following table shows the ' Army
casualty rates for each day during the operations:

Table 20. -- Casualty rates for the First American Army on each day during the
Meuse-Argonne Offensive.

Rate per 1000

.......... .5.40
.......... 4.67

........ 6.26
... 6.85

.. ........ 4.34
.......... 4.17
..... ... .. 2.84
..... ... .. 2.61
........ .. 7.15
....... ... 5.41
...... .... 3.72

. .. .... 2.68
........ .. 3.56
.... .... . 4.95

.......... 4.78

.......... 4.04

........ .. 3.75

...... . . .. 3.65
. ... .. .. 7.75

..... .... 7.17

........... 5.46

.......... .3.82

.......... 3.63

...... .... 1.93

Date Rate per 1000

Oct. 20 ....... 2.07
21 ........ 2.27
22 ........ 1.67
23 ........ 2.48
24 ....... 2.19
25 . ...... 2.05
26 .... 1.56
27 ...... 1.80
28.......... 1.63
29 ........ 1.05
30.......... 1.20
31 .......... 1.50

Nov. 1......... 5.93
2 ........ 2.54
3 ....... 2.28
4 .......... 3.51
5 ....... 2.50
6 .......... 1.98
7 .......... 1.80
8 .......... 1.19
9........ 1.37

10 .......... 2.68
11 . ...... 2.19

Date

Sept. 26
27
28
29
30

Oct. 1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
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...: Maximal casualty rates. - Fig. 75 and Table 21 shows the maximal
Army rates, with the part which occurred in each corps, based upon Army
and not Corps strength.

Table 21.-.MNaximal daily casualty rates per 1000 strength in the First American
Army during the Meuse-Argonne offensive.

'Date I III IV V American Ariy First
Corps Corp s Corps s Cor-s Dihs e- Armywih thte

French eri e.

'Oct.' 14 1.57 3.26 *t 2.12 .54 .26 7.75
iiOct. 15 |1.76 2.15 i 2.04 1.06 .16 7.17
Oct. 4 3.22 1.36 .54 1.73 .16 .14 7.15
Sept. 29 2.33 .86 .37 3.13 .10 .06 6.85
Sept. 28 2.50 .83 .41 2.38 .08 .06 6.26

-.... ' Not a part of the Firtst Arnmy on0 this date.

DAILY CASUALTY RATES PER 1000 ARMY STRENGTH
:-0 2 3 4 5 6 7 g

YEAR
191'8

....... ..
O I' I .

9CT. 14

OCT 15

OCT' -#

SEPT26-
NOV1.w-i

I

A- THREE MAXIMAL CASUALTY DAYS IN THE FIRST
AMERICAN ARMY WITH THAT PART OF THE ARMY RATE
WHICH OCCURRED IN EACH OF ITS CORPS IN LINEL (L)
AND AL50 IN THE ARMY RESERVE (R)

7.75

B.'-- AVERAGE FOR
THE ARMY

Fig. 75-.- The daily casualty rates on the three maximal casualty days for the First
American A;rmy 'ithe'Meuse-Argonne Sept. 26 to Nov. 11, and also the average daily
casualty rate during the same period.

The above rates for the component Corps of the Army are based upon the army
strength on the specified dates and are consequently less than those shown in Table 19
for the Corps, which are based upon the Corps strength on the same date.

.-.. 3.5f3~s
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d. Estimated combat requirements. --- On each maximal casualty day,
the greater part of the casualties occurred in two Corps out of a total of
four or five. If the Corps in line had been equally engaged, the Army
maximal rate would have been nearer 15.00 per 1000 than 7.75. If an esti-
mate then is based upon the American Expeditionary Forces experience as
modified, it would seem to be expedient to provide for a 1.5% casualty
day for a Field Army when engaged in severe combat with the following
distribution of the casualties: Killed in action 0.24%, gunshot wounded
0.96 %, gas wounded .30 %.

48. Summary. - a. Estimated combat requirements. - The follow-
ing table gives a summary of the daily casualty rates as suggested above,
under discussion of each unit, to be used as a basis for estimating the re-
quirement for medical personnel and equipment on severe combat days.

Table 22. - Casualty rates per 100 (%) of unit strength suggested as a basis for
estimating the necessary medical relief on severe combat days, as determined

by the American Expeditionary Forces experience.

Total Killed in Wounded by:
Casualties action Gunshot missiles Gasses

Inf. Regiment . 15.0 2.40 9.60 3.00
Inf. Division . . 6.0 .96 3.84 1.20
Army Corps .. 3.0 .48 1.92 .60
Field Army .. 1.5 .24 .96 .30

b. Average casualty: rates. - Fig. 76 shows the average casualty
rates for infantry regiments, infantry divisions, Army Corps, and the
First American Army during the Meuse-Argonne offensive.

The average rates for infantry regiments and infantry divisions re-
ferred to under the discussion of those organizations include casualty days
in engagements other than in the Meuse-Argonne, and consequently differ
from the ones shown here .- ..--..---..-

Since the average rate-for infantry regiments includes-the days for
the regiments in divisional reserve some estimated increase should be made
when their rate is compared with those for other units for which only
combat days are included. It is suggested that for such a purpose, the
average daily regimental casualty rate be increased from 17.96 to an esti-
mated 20.00 per 1000 regimental strength.

O. BATTLE CASUALTIES-TRANSPORTATION REQUIRED.

It is difficult to secure accurate information in regard to the character
6f transportation required for battle casualties. During or after a severe
combat day there will seldom if ever be enough litter bearers to carry all
of the gassed and gunshot wounded to the Collecting Station, even: if such
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was desirable. Consequently a certain number of the less severely gassed
or gunshot wounded must walk to advanced relief stations. After the
Collecting Station is reached, the more severely wounded must be trans-
ported as "Recumbent", while the less severely wounded can be carried
as "Sitters".

AVERAGE DAILY CA5UALTY RATE5 PER fOO0 STRENGTH
o 2 4 6 8 10 12 H 1/6 /6

I iI I I I I II
INFANTRY REGIMENTS 17. 6 0.00I

DIVISIONS 8.20

CORP5 z.66

FIRST 3
ARMY §/

L.55A~~~~~~~e~~~~~~~l~~

Fig. 76.-Average daily casualty rates per 1000 strength, for the period from Sept. 26
to Nov. 11, 1918, inc., for the total American Expeditionary Forces, First American Army,
corps of the First American Army, divisions in line (not in reserve )of the First Ameri-
can Army, and infantry regiments of all divisions in line (including those in divisional
reserve).

*This rate (20.00) estimated for infantry regiments in combat only.

The following data, which have been assembled from the medical re-
cords of the American Expeditionary Forces, may be of some assistance
in arriving at an approximate estimate of the problem.

49. Gunshot wounded. - a. Location. - It is suggested that the
location of the gunshot wound, varied as the available information sug-
gests, be used as a general index of the gravity of the wound and of the
transportation required. Wounds of the soft tissue of the extremities
when associated with extensive destruction of tissue, hemorrhage, shock,
etc., are obviously more serious than fractures of the corresponding long
bones associated with little destruction of tissue. Probably, however, the
deaths which occurred in such cases can be used as an indication of the
proportion of the wounds of relatively unimportant tissues which are very
severe.- . -

When a soldier had two or more wounds, the preference is given in the
following tables to the location associated with the highest average fatality
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rate. The table shows how often wounds involving various tissues occur-
red, and also the fatality rate for each group. Wounds involving the ab-
dominal or pelvic organs occurred in 11.07 per 1000 cases, with a fatality
rate of 66.80%; while those of the soft tissues of the lower extremity (not
involving important blood vessels or nerves) occurred in 333.86 per 1000
wounds, with a fatality of 6.09 %. Apparently then it may be said with
safety that a patient of the latter class was a much less serious trans-
portation problem than one of the first named group.

Table 23. - Location of battle gunshot wounds in the American Expeditionary Forces
with rates per 1000 total cases; and percentage fatality rate of each

location.16

Location of wound Frequency Fatality rate
per 1000 in percentage

Soft tissues, lower extremity .. . 333.86 6.09
Soft tissues, upper extremity ................ . 198.61 4.27
Bones of wrist and hand* ............... . 118.23 1.47
Long bones and joints, lower extremity* .......... 70.52 17.53
Soft tissues of face and head 59.19 2.31
Metatarsus and toes* ........................... 51.96 2.56
Clavicle, humerus and scapula* ........ 32.74 9.46
Other long bones of the upper extremity* 30.24 4.39
Cranial bones and brain ... ... ........ 20.46 37.11
Bones of the ankle ....... .. .... 13.83 2.56
Important blood vessels & nerves, upper extremity 13.36 7.11
Abdominal and pelvic organs ...... .. 1.07 66.80
Thoracic organs ......... ....... 10.52 47.68
Bones of the face* ............. . .. .. . ... 10.24 8.45
Muscles of neck, chest, abdomen and back .... . 5.95 21.49
Genital organs ........................... 4.86 8.65
Bones of pelvis* ...................... . . 4.22 26.98
Spinal cord and vertebra . ... ............. 3.64 55.85
Important blood vessels and nerves, lower extremity 3.33 11.90
Important organs and blood vessels of the neck ...... 3.16 11.39

* Fractures.

The fatality rate from artillery wounds was 7.03 % and from small
arms 4.82 % .16

Artillery missiles caused 70 % of the gunshot wounds among Ameri-
can troops during the World War as compared with 10 % among the Union
troops during the Civil War. 2

The following table shows that the general location of the gunshot
wounds was very much the same during the two wars.2

-.. I - ... Percentage
General location of gunshot ooznds Prn

..- - .Ci -Cvil War I World War
Head .. ....................... 11 13
Trunk ...................... ..... 1814
Upper extremity ................ 36 32
Lower extremity ................. 35 1 40
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BATTLE CASUALTIES

b. Transportation. - In Table 24 all cases which ultimately
died are listed as "Littered", or "Recumbent"; and the remainder, that is,
the cases which recovered, as "Littered" and "Recumbent", or as "Walkers"
and "Sitters," according to the location of the wounds. The division of
the recovery cases into the "Littered" and "Recumbent" and "Walkers"
and "Sitters", such as in the case of those involving the soft tissues of the
lower extremity, was based upon the location and fatality rate of the
group.

50. Gunshot and Gas Wounded. - The medical records show the
number of fatalities from war gases (1.73 %) but no other information
which may be used as a basis in estimating the transportation require-
ments. Consequently any such estimate must be based upon general
experience and supposition.

,Table 25. - Estimation of evacuation requirements for patients wounded by
war gases and gunshot missiles, separately and combined; rates per

1000 cases.

Note: The above totals are calculated by multiplying the rates from the gunshot
wounded by three, the ones from war gases by one, adding the results, and
dividing the sum by four. This procedure is based upon the assumption
that in severe combat war gases cause 25% and gunshot missiles 75% of
the total wounded. (As calculated from Fig. 68, it would be 23.81% and
76.19 % ).

(a) Littered |
Tro Coll. I-----Ta-----------TotaI Walking Grand

S ttIo. Fatal Recovery Total
Station Tot a l

Gas ........ 17.30 182.71 i 200.00 800.00 1000.00
Gunshot .... 8.22 482.53 i 563.75 1 436.25 ! 0.000.

I 1 - - 1 - 1' I l
Total ...... 65.24 407.57 1 472.81 527.19 1 1000.00

To Hospital ___ _ Recumbent Sitting Grand
To Hospital
Station Fatal Recovery Totalotal

Gas ...... . 17.30 182.70 200.00 800.00 1000.00
Gunshot .... 81.22 431.91 ! 513.13 486.88 1000.00

.I l- I 1 1
Total 65.24 369.61 434.85 565.16 1000.00

(C) ! Recumbent
To _ Sitting Grand

Evacuation X Fatal Recovery Recovery Total

Hospital I severe others Total

Gas 7-. . -17.30 182.70 I 200.001 800.00 1000.00
Gunshot ... 81.22 40.38 1 391.53 1 513.13 486.88 1 1000.00
Total 65.24 30.29 1 339.32 434.85 565.16 1 1000.00-' I ,·I bL~:56--5.q6--100.0-
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In the table above the data in regard to gunshot wounds are from
Table 24, but those for the war gas wounds are as stated.

According to Table 25, 47% of ehe wounded would be littered to
the Collecting Station; and 53 % could walk; 43 % would be transported
to the Hospital' stations ad "Recumbent" and 57% as "Sitters"; and to
the Evacuation Hospital, 43% again would be transported as "Recum-
bent" and 57% as "Sitters."

Colonel Alexander N. Stark, who was Chief Surgeon of the First
American Army, American Expeditionary Forces, says in his report of
the Meuse-Argonne offensive, that 42 % of the patients evacuated were
carried "Prone" and 58% as "Sitters". He includes in his total, how-
ever, the sick as well as wounded.2

P. BATTLE CASUALTIES - DISPOSITION OF CASES IN
THE COMBAT AREA.

The experience in the American Expeditionary Forces may be helpful
in forming an approximate estimate of the relative number of the sick
and wounded to be evacuated from the Combat Area. When considering
this phase of the problem, the patients may be divided into two groups:
(a) Long duration cases, and (b) short duration cases. The first group
will require evacuation to the base and general hospitals, and second may
be hospitalized somewhere within the Army Area.

The time limit for the latter group will depend to some extent upon
the existing conditions. It is subdivided into: (a) cases that return to
duty, and (b) those that die within a few days.

As stated elsewhere, the medical records from the American Ex-
peditionary Forces show the duration of treatment both of cases that re-
covered and those that died. The value of this information is reduced
materially because: (a )Patients in some instances were retained for
treatment in the Combat Area, and no records were made for them; and
(b) trivial cases, which were sent to the base hospital, lost unnecessary
time.

51. Percentage of short duration cases.* - The following table
shows the percentage of patients which: (a) Returned to duty, or (b)
died during the first 10 days, treatment in hospital.

*The method of computing the data in this section is explained on pages 140 to 143.
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'Table 26. Percentage of short duration cases, as reported iin the American
Expeditionary Forces, leaving hospitall each day from the first to the tenth.

Day of -
Dtreat Percentage leaving hospital by return to duty or death by the end of each day.

!ment Dl~" uty-- J§- DeathS:
I I Sickt ::Gassed IGunshot wounded Sickt I Gassed I Gunshot wounded

I 1 5.35 1.971 .10 .06 .181 1.43
2 110.25 - 3.95 1 .33 .11 .34 2.57
3 1 4.75 l 5.94 .66 1.16 .48 3.47
4 18.91 7.94 1.09 .21 .60 4.20
5 22.74 9.94 1 .60 .25 .71 4.78
6 26.28 1 11.94 2.20 .29 .1 81 5.24
7 29.56 13.92 2.86 .32 .90 5.61
8 32.60 115.89 3.59 .35 .97 5.91
9 1 35.42 .17.84 1 4.37 1 .38 1.04 1 6.16

10 1 38.05 I 19.77 I 5.20 1 .40 1.10 1 6.36

tDiseases and nonbattle injuries.
: §From Figs. 90, 91, and 92.

tThese data are 0.78%, 1.73%, and 8.12% of the sick, gassed, and gunshot wounded
respectively of those in Table 30.

The maximal day of treatment shows the longest time of treatment,
but the group includes all those of shorter duration. Thus, the maximal
5 days group includes cases leaving hospital at any time up to the
end of the fifth day. Of the cases of diseases and nonbattle injury
sent to hospital in the American Expeditionary Forces, 22.74% returned to
duty in 5 days or less, and .25% died; while of the gunshot cases, 5.20%
returned to duty in 10 days or less, and, and 6.36 %: :died, etc.

If all-duty cases requiring treatment for four days or less are retained
within the Division area, 18.91 % of the sick, 7.94 % of the gassed, and 1.09
% of the gunshot wounded will be so held. Further, if duty cases requir-
ing treatment from 5 to 10 days are hospitalized within the Corps or Army
Area, the group will consist of 19.14% (38.05% -18.91 %) of the sick,
11.83% (19.77% -7.94%) of the gassed cases, and 4.11% (5.20% -
1.09% ) of the gunshot cases. Obviously the selection of sick cases whose
treatment will require a maximum of 4 days, 10 days etc., must depend
upon the judgment of those selecting the cases.

The percentages can be applied to any casualty day for any unit.
Assume a Division of 20,000 men with a daily casualty rate of 60 per
1000 men, and with a daily sick rate of 4.20 per 1000. Then there will be:

Casualties ..... ..... ......... 1200
Killed (16% ) .......... 192
Gassed (20) .......... 240
Gunshot wounded (64 % ) 768

Sick . ............ ..
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Assume further that all cases returning to duty in 10 days or less, and
that all cases dying within 5 days or less are held within the Army Area.
Then each day the number so held .and evacuated from the above group
will be:/ ...... - ... .

Total (a) Duty in 10 Death in 5 days Evacuated
days or less (b) or less (c) (a)-[ (b)+-(c)]

Sick ............ 84 31.96 .21 51.83
Gassed .......... 240 47.45 1.70 190.85
Gunshot wounded.. 768 39.94 36.63 691.43

Total .......... 1092 119.35 38.54 934.11

Nontransportable cases held within the front area will reduce stil
further, at least temporarily, the number to be evacuated.

52. Hospitalization of short duration cases. a. Accumulation in
hospital to the end of any period of cases returned to duty or dying during
that length of time. - The data in Table 27 from the Amercian Expedi-
tionary Forces records shows how short duration duty and death cases ac-
cumulate when the number of days of treatment varies from 1 to 5, 1 to 8,
1 to 10, etc. The table is based upon the same assumption as elsewhere in
considering hospital populations; that is, that there is an average daily
admission rate during the periods with a definite number going out each
day. It answers question such as; "After six combat days by an infantry
division with an average daily admission rate from diseases and nonbattle
injuries of 4.20 per 1000, and from casualties of 50 per 1000 bow many
duty and death cases of six day or less duration will there be??" Since
Table 27 is based upon an average daily admission rate of 1.00. the daily
number of sick and wounded must first be determined.

Rate per Strength One-day Six-day
1000 cases cases

Disease & nonbattle
injuries ........... 4.20 20,000 84 504

Casualties ...... 50.00 20,000 1,000 6,000
Killed (16.%) ...... 160 960
Gassed (20%) . 200 1,200
Gunshot wounded (64 %). 640 3,840
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Table 27 shows how short duration cases accumulate in hospital.

Table 27.-The accumulation in hospital to any day from the first to the tenth of
patients who will return to duty or die on that day or before. Admission rate

from each cause is 1.00 per day.

.44

'9 Sick§

1 .05
2 .15
3 .29
4 .45
5 .64
6 .86
7 1.09
8 1.33
9 1.58

10 i 1.84

Duty*

Gassed Gunshot wounded

.02

.06

.12

.20

.30

.42

.56
.71
.89

1.09

.001
.005
.015
.03
.06
.09
.14
.20
.27
.35

Sick§ Gass

.001 .04

.002 .04

.003 .0:

.005 .0:

.01 .0'
.01 .0
.01 .0.
.01 .0'
.02 .0.

1 .02 1.0

Expected deathst

ied Gunshot wounded

02

1
1
2
3
3
4
4
5

.002

.04

.06

.09

.12
.15
.18
.20
.22
.24

*Computed from data in Tables 26 and 32, as per par. 58 a, p. 141.
tComputed from data in Tables 30 and 32, as per par. 58 a, and 58 b, page 141.
t Also day of death or duty. § Diseases and nonbattle injuries.

Then in reply to the above question, the accumulation of the 6-day
or less cases in hospitals, which must be based upon each day's admis-
sions, would be:

Duty cases Death cases Total

Sick ...........
Gassed .. ....
Gunshot wounded

Total

( 84 x .86) 72.24
(200 x .42) 84.00
(640 x .09) 57.60

213.84

( 84 x .01)
(200 x .03)
(640 x .15)

.84
6.00

96.00

73.08
90.00

153.60

102.84 316.68

The total 6-day or less cases during the six days of treatment in the
front area, and the ones to be evacuated which must be based upon the
total for six days, would be:

Duty in 6 days
or less

(b)

Death in 6 days
or less

(c)

Sick .. .. .
Gassed ........
Gunshot wounded

5544 360.21

Total in
six days

(a)

504
1200
3840

(26.28 % )
(11.94% )
( 2.20%)

Evac. in
six days

(a)-[(b)
+ (c)

132.45
143.28

84.48

(0.29 % )
(0.81% )
(5.24 % )

1.46
9.72

201.22

370.09
1047.00
3554.30
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At the close then of the six combat days with the admission rates as
specified, the account of a division of 20,000 men for the sick and wound-
ed combined would be:

Total to be accounted for (6504 - 960) .............. 5544.00
Evacuated ............................ .............. 4971.39

One to six-day cases in hospital in Army Area ......... 316.68
Duty cases ....... ................. 213.84
Death cases . ................ . 102.84

One to six-day cases which have left hospital ............ 255.93
Duty cases . ........ (360.21 - 213.84) 146.37
Death cases ....... (212.40 - 102.84) 109.56

b. Acaumulation in hospital to the end of any period of cases return-
ing to duty or dying during that length of time :-But the above question
may be worded as follows, "After six combat days by an infantry division
of 20,000 men with an average daily admission rate from diseases and non-
battle injuries of 4.20 per 1000 and from casualties of 50 per 1000, how
many duty and death cases of 10 days or less duration will there be?"
Obviously since the duration here is 10 days or less instead of 6 or less,
there will be more cases retained within the Army Area. The answer to
the question can be computed from the basic data in the following table.

Table 28.--The accumulation in hospital to any day from the first to the tenth of
patients who will return to duty or die on the tenth day or before. Admission

rate from each cause is 1.00 per day.

I ~ Duty* Expected deathst

8 Sick§ Gassed Gunshot wounded Sick§ Gassed Gunshot wounded
1 4

SI

.38

.71

.99
1.22
1.41
1.56
1.68

.zu

.38
.53
.67
.79
.89
.97

1.76 11.03
1.81 1.07
1.84 1.09

.UO i .UU4 .UL .vo
.10 .007 .02 1 .11
.15 .01 .03 .15
.20 .01 .03 .18
.24 .02 .04 .20
.27 .02 .04 .22
.30 .02 .05 .23
.33 .02 .05 .24
.34 1 .02 .05 1 .24
.35 .02 .05 1 .24

*Computed from data in Table 26, by method as per par. 60 and Table 33, p. 143.
tComputed from data in Table 30, by method as per par. 60 and Table 33, p. 143.
$ The maximal day of treatment is the tenth.
§ Diseases and nonbattle injuries.

1 1
2
3

l 4
5
6

7
8

I9
i 10
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BATTLE CASUALTIES

Since this table, as the previous one is based upon a daily admission
rate of 1.00, the daily number of sick and wounded must first be determin-
ed. The table from page 129 is repeated here.

Rate per
1000

Diseases and nonbattle
injuries. (Sick) .... 20

Casualties ................. 50.00
Killed (16% ) ..........
Gassed (20%) .........
Gunshot wounded (64%)

Strength One-day Six-day
cases cases

20,000 84
20,000 1000

160
200
640

504
6000
960

1200
3840

Then the accumulation in hospital in six days of 1 to 10 day cases,
based upon each days admissions, would be:

Sick ..........
Gassed .....
Gunshot wounded

Total ...

Duty cases

( 84 x 1.56) 131.04
(200 x .89) 178.00
(640 x .27) 172.80

481.84

Death cases

( 84 x .02) 1.68
(200 x .04) 8.00
(640 x .22) 140.80

150.48 632.32

The total 1 to 10 day cases during six days treated in the front area,
and the ones to be evacuated, based upon the total for six days, would be:

Total in
six days

(a)

Duty in 10
days or less

(b)

504 (38.05%) 191.77
1200 (19.77%o) 237.24

3840 ( 5.20% ) 199.68

5544 628.69

Deaths in 10
days or less

(c)

( .40%() 2.02
(1.10%o) 13.20

Evacuated in
six days (a)

-(b)+
(c)]

310.21
949.56

(6.36 % ) 244.22 3396.10

259.44 4655.87

At the close then of the sixth combat day with the admission rates as
specified and with the 1 to 10 day cases treated in the front area, the ac-
count of a division of 20,000 men for the sick and wounded combined would
be:

Total to be accounted for (6504 - 960) ................ 5544.00
Evacuated . ....................... ..... 4655.87
One to ten day cases in hospital in Army Area ............ 632.32

Duty cases ................... 481.84
Death cases ........... 150.48

One to ten day cases which have left hospital .. :: .... 255.81
Duty cases (628.69 - 481.84) 146.85
Death cases (259.44 - 150.48) 108.96

Total

132.72
186.00
313.60

Sick
Gassed
Gunshot

wounded
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SECTION IPI

IV. EXPLANATORY NOTES AND DEVELOPMENT -OF
FORMULAE.

Q. EXPLANATORY NOTES.

The basic data and material used in this study are from the sources
stated in the reference list. Much of the material is from the unpublish-
ed statistical tables and sheets on file in the office of the Surgeon General,
which are referred to in the list. New tabulations were made from the
statistical cards to show how many cases left sick report during the first
seven days, the second seven, etc., during the World War, as follows:

1. All cases wounded by gunshot missiles, and all deaths and disability
discharges resulting therefrom.

2. All cases wounded by poisonous gases, and all deaths and disability
discharges resulting therefrom.

3. (a) A sample of approximately 150,000 out of about 450,000 dis-
ease and nonbattle injury cases in the American Expedition-
ary Forces during the last six months of 1918. The sample
included the same proportion of each diagnosis.

(b) All of the deaths from diseases and nonbattle injuries in the
American Expeditionary Forces during 1918.

4. All deaths and discharges for disability among troops in the United
States during 1918.

The task of tabulating a sufficiently large sample of the duty cases in
the United States during 1918 was too great a one to be undertaken with
the time and personnel available. Similar data were available, however,
for the troops in the United States during 1925-1927, and it was assumed
that there was no material difference in the duration of treatment of such
cases and of similar ones during 1918. Consequently those data available
for the 1925-1927 cases were used as 1918 experience with the necessary
slight modifications as indicated in Figs. 80 and 82.

In the absence of more exact information, estimates were used in
some instances, as noted in the appropriate places. Whenever this was
done all available data were checked to test the estimated results.

* Section II is intended for- use- by --only such-as are interested i-n the technical de-
tails in the development of the material in Section I.
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The sources of information, the method of arriving at such estimates
as were used, and the changes which were made in the basic data are noted
in connection with the various Figures.

R. DEVELOPMENT OF FORMULAE

53. Patients leaving sick report. -The data for Figs. 21-64 are
largely from formulae. Figs. 79-98 inclusive, show the method of de-
veloping them. The basic material as tabulated, shows how many pa-
tients of the duty, death, or disability groups left sick report during the
first, Second, third week, etc. The numbers leaving, sick report each
week were divided by the total in thousands to reduce each weeks cases to
proportional parts per 1000 of the total number.

54. Graduation of material. - In some instances attempts were
made to fit this basic material to second or third order parabolas and
also to Pearsonian curves, but the results were not satisfactory. It
soon became apparent that there was a very definite geometrical pro-
gression relationship between the groups of cases leaving sick report
by time intervals or remaining on it, and that all of the curves were
exponential in character. Inspection showed that this type of curve
fitted the observed points quite well with only a few exceptions. The
apparent failure to fit was due usually to imperfections in, or incomplete-
ness of, the basic material; but in some instances, the necessity of relat-
ing the graduated data to those from other curves resulted in the use
of a poorer fit than could have been obtained otherwise.

The exponential curve not only best fitted the observed points, but
it graduated also satisfactorily the grouped experience beyond the 14th
or 20th week; i.e., the limits of the tabulations by weeks.

55. Patients remaining on sick report. -During the early stages
of this work, the data for leaving hospital, or sick report, were first
smoothed by fitting them to an exponential curve; but after a short time
it was found that as satisfactory results could be obtained by omitting that
step and passing directly from the ungraduated Leaving to the ungraduat-
ed Remaining.

To find the number of patients from an original 1000 remaining sick
at the end of the first week, either the graduated, or ungraduated, number
leaving was deducted from 1000. From the remainder so obtained, the
number leaving during the second week was subtracted to find the number
remaining at the end of that time. This process was continued through
the 14th, and in some instances through the 20th week. As stated, the
number remaining beyond that time was ultimately distributed by the
formulae obtained.

The following table shows the general methods of handling the
material and the results obtained in this instance.
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Table 29.-Number of patients among white enlisted men in the United States,
1925-1927, inclusive, leaving sick report during each week; and also the number

remaining on sick report at end of each week.

Patients leaving sick report during each
week of treatment.

(1) (2) (3) (4)
X Weeks Per 1000 patients

Cases Ungraduated Graduated

0 0 0 0
1. 92010 531.61 531.61
2. 33293 192.36 186.51
3. 15192 87.78 90.05
4. 8721 50.39 52.50
5. 5723 33.07 33.50
6. 3888 22.46 22.46
7. 2958 17.09 15.79
8. 2009 11.61 11.53
9. i 1456 8.41 8.74

10. 1187 6.86 6.86
11. 886 5.12 5.54
12. 676 3.91 4.58
13. 622 3.59 3.86
14. 532 3.07 3.29

over
14. 2922 22.66 23.18

Total 173075 1000.00 1000.00

56. Exponential curve. -a. One secti
of the exponential curve used was

Patients remaining on sick report
at end of each week of treatment.

(5) (6)
Per 1000 patients

From Column (4) Graduated

1,000.00 1,000.00
468.39 468.39
281.88 287.37
191.83 191.86
139.33 136.78
105.83 103.30
83.37 81.73
67.58 66.89
56.05 56.05
47.31 47.69
40.45 40.97
34.91 35.41
30.33 30.72
26.47 26.71
23.18 23.25

on curve. - The basic formula

3/= e+ r

In graduating the Leaving material, Y 1 designates the number of patients
leaving during each week (x) ; and likewise in graduating the Remaining
data, Yr equals the number of patients remaining at the end of each week
(x 7 ). Where x represents a period of one week, or seven days, it is written
x7; and where it represents a five day period, xs.

The basic ungraduated data were first plotted on arithmetic-logarith-
mic paper, as is shown by Fig. 79. In some instances where the material
was homogenous, as with cases wounded by poisonous gases or by gunshot
missiles (See Figs. 87 and 88), a one section curve was sufficient.

b. Two section curve. -In another class of cases, such as hospital
cases of disease and nonbattle injury patients, certain ones like compound
fractures of the femur and pulmonary tuberculosis which required pro-
longed treatment, were not in the proper proportion to those needing only
a few days in hospital to permit of a fit by a one section curve. In such
instances there were relatively more short than long duration cases, and a
two section curve was required with the general formula
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yr, e a,+h, 7 + ea2+b2x -

The sub 1 and sub 2 appended to the a and b designate the first (1) and
second (2) section of the curve (See Fig. 82).

c. Three section curve. - In a third class of cases; such as those of
patients treated in hospital and quarters in the United States in 1925-1927,
the short duration treatment ones, such as the majority of those in
quarters, were relatively so much more numerous than the medium and
long duration cases, that a three section curve was required with the gen-
eral formula (See Fig. 80)

y= eal+br7 b+ ea2+bz + + b3+b 7

d. Plus and minus section curve. - In a few instances where there
was too large a proportion of long duration cases for the short duration
ones, it was found necessary to use a two section curve with the second, a
minus one.

Here the formula was

yr, eal+bX7- e,+br7

e. Method of fitting. - In fitting the two or three section curves, the
second or third section, as the case might be, with the long duration cases
and the proper proportion of medium and short duration ones, was fitted
first. For this purpose, the observed data were plotted on arithlog
paper, and a straight line was drawn through the lower end of the material.
The angle of this line was determined by its fit of the observed points in
that section, and also by the apparent accuracy of the graduation of the
grouped material beyond the end of the available tabulation. This latter
point was tested by comparing the total of the graduated and ungraduated
material beyond the end of the available tabulation; and also by a careful
check against the detail of the basic data, which although scattered and ir-
regular, showed quite definitely the general trend and time limits of treat-
ment.

The material so graduated was next subtracted from the ungraduated
total. The remainder was then plotted on the same sheet of arithmetic
log paper, and the second or first sections fitted. In every instance, a
number of trials was necessary before a satisfactory fit was obtained.

The sum of the different sections as graduated was summated by ad-
ditions or subtractions, as required, and the graduated total compared with
the ungraduated one.

In order to hold the higher points fixed, the fitting was by selected
points rather than by the least square method. The points used for fitting
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were usually two observed ones for each section; but in some instances
where the graph or trial showed that it was necessary, the points used were
selected rather "than observed.

f. Normal equation. - The normal equation used was log to base e of
b of the equation

y-ea+bror logy= a+bx
The value of each x chosen with the loge of its corresponding y was sub-
stituted in two equations, which were then solved for a and b. This gave
a. formula of the general form

y=ea r or y=ea(ex)
Here ea represents the original height of the curve; and eb the numerical
value of the ratio between the height at any time (x) and that of the next
following it, or in other words, the slope of the curve. The y then is a
function of x, and varies as x varies.

g. Illustration of use of formula. -- In illustrating the method of de-
veloping the specific formulae, in the interest of simplicity the formula of
a one section curve will be used. Thus the formula in Fig. 87, showing
the number of gas cases remaining in hospital at the end of each week, is

yr 000o.00 (.842250)7

The 1000.00 is the eve; and the .842250, the eb. The curve then starts
with 1000.00 patients of whom .842250 X 1000, or 842.25, are remaining in
hospital at the end of one week (x 7); and then of this remaining group
(842.25) the same fraction (.842250) or 842.25 X .842250=709.39 are
remaining at the end of the two weeks, etc.

h. Change in size of basic group and time interval.-To convert the

formula into terms of 1 patient, simply divide by 1000 and then

y-.OO (.842250)7

The ebx7 is in terms of seven day periods. To convert it into terms of
one day (ebi) take the seventh root of it; and then to change the result
into terms of any other period, as, for example, a five day one (ebx 5) as
used here, raise it to the fifth power.
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Thus from the above.

x antilog of 5 (-o .8 85) .884593

Then the formula by 5-day periods is

r= 1.oo (.8 84593) '

Yr then is the number of patients remaining in hospital at the end of
successive five day periods. If, however, it is necessary to find directly
the fraction of a patient remaining at the end of any other period, as for
example one year (365 days), multiply as above by that number instead of
by 5.

Thus x36 -anlilog of 365 (log .422 5 0 )= .000130

If the ea is 1.00, on the 365th day, .000130 of 1 patient will still be in
hospital; but if the ea is 1000.00, there will be .13 (See Fig. 87).

To convert the ea into 100.00 patients, so that those remaining at
any time will be in terms of percentages, divide the formula showing
1000.00 by 10. Then the formula will be

yr0o.0oo 0(.884593) 5

2. Percentage of patients who have left hospital. - To find the per-
centage of patients who have left the hospital, subtract the number re-
maining in hospital from the original 100.00.

Patients who have left hospital -10o.00- [i00.0o(.884593)51]

Expressed in general terms, the formula is

^dx t- eadx= ea - ea+ t
i. Graduated increase in the number of patients on sick report or in

hospital. - Cases of sickness and injury occur from day to day. Patients
who are admitted to sick report remain under treatment for varying
periods of time, depending chiefly upon the severity of illness or injury,
but to a certain extent upon the proximity of the hospital to the troop
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areas, the facility for returning the men to the organization, etc. Of those
admitted to sick report, some will have returned to duty by the end of the
first period (5 days in this case), others will go out during the second
one, while some will remain a longer time, and a few even a year or more.
During the second period, in addition to the cases coming in, a certain
number of patients will be remaining from those admitted during the first
one. Also during the third period, in addition to those admitted, cases will
be remaining from the first and second ones. And so, the increase in the
number of patients will continue as time advances, until all of the first
group of cases admitted have left sick report, which, for all practical pur-
poses, will be at the end of one year. After that time the number of
patients leaving sick report during each period by return to duty, deaths,
or discharges for disability, will equal the number admitted.

j. Integration of basic formula. -To find then the number of pa-
tie'nts on sick report, or in hospital as the case may be, at any time, add to
the number admitted during the period, the number remaining from all
preceding ones. For this purpose the basic formula is integrated between
the beginning (M day) and the constantly advancing time, X5. Using the
basic formula with one section, the integrated formula is

ox e^at ea

J dx=log b- loge
Substituting the values already found, and using one seventh of the loge b,
the formula for gas patients shows the number of gas patients in hospital
at the end of each 5 day periods

/fydx=P=40.774720 - 40.774720 (.884593)x]
To find the total patients in hospital on any day, the day's basic ad-

missions must be added to the P found from this or any similar formula.
The patients (P) include all who will ultimately return to duty, die, or

be discharged as physically disabled.- The number who are disposed of
in other ways is so small that it can be omitted from consideration.

k. Formulae for deaths and disability discharges, which have occur-
red.- The total number of patients who have left hospital at any time by
death, disability, discharge, or duty equals those who have been admitted
less the number sick in hospital. This is also true of death and disability
cases when considered separately. The integration of the basic formula
shows how many cases, which will ultimately result in death or discharge,
are in hospital. Then the difference between that group in hospital and the
total deaths or disabilities expected among the cases which have been ado
mitted, constitute the number of fatalities or disability discharges which
have already occurred.
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All of the special formulae relating to death or disability cases are
expressed here as parts of the total cases [See Fig. 97, (1) and (2) ].
Thus, for every patient wounded by gas who is admitted to hospital, .017306
will die; and if there are 5 cases admitted there will be 5 times .017306, or
.086532, fatalities. The basic formula for the eventually fatal gas cases
remaining in hospital from 1000.00 of them admitted on any day is (Fig.
97)

yo 863.02 (.420133)7+ 136.98 (.87 0 0 9 9 )9

Changing each e1 x7 to eb,; reducing the sum of the two ea from
1000.00 to 1.00 by dividing each by 1000.00; multiplying each resulting
e a by .017306 to reduce the deaths to parts per total cases; and then in-
tegrating

j ydV=.2398204.120563(.538258) 5+.1 9 2 5 7 (.90 5 3 8 9 )y]

This formula shows the gas cases in hospital, who will eventually die. At
the end of 30 days the number of such cases is

.239820 -(.002932 + .065689) = .171199
As above, the total patients who have died or who will die out of 5 gas
cases, is .086532. Consequently the formula for those who have died is

.086532x, - the above formula
At the end of 30 days, or after 6 five day periods, it will be

6 (.086532) .171199 - .347993
Then at the end of 30 days, if 30 gas cases have been admitted at the rate
of 1.00 per day, .35 have died, and .17 patients, who are in hospital, will
die.

.35 + .17 = .017306 X 30 - .519180
1. Multiple section czrves. - When two or three section exponential

curves are used, the method of developing the formulae from them is the
same as that used for a one section curve; and the only additional step
which is required is the summation of the different sections.

S. COMPUTATION OF DATA FOR SHORT DURATION CASES.

57. Percentage leaving hospital each day by return to duty or
death. - Calculate from the formulae on Figs. 90, 91, and 92 for
duty cases; and from the last ones on Figs. 96, 97, and 98 for death
cases, the percentage of each group who return to duty or die on each
day up to and including the tenth. These data are shown by Tables
26 and 30, respectively.
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The figures are cumulated and show the percentage of duty or death
cases which occur during any period from the beginning of the first day
the end of the tenth.

The percentage leaving hospital on any one day by duty, death, etc.,
can be found easily by subtraction.

Table 30.-Percentage of the total deaths in hospital which occurred during the first,
ten days from the three classes of cases in the American Expeditionary Forces.

1 Day 'after ad- Diseases and non-
mission to hospital battle injuries* Gassedt

I 1 67.56 10.33
2 14.59 19.48
3 21.02 27.59
4 26.76 34.77
5 32.16 41.15
6 36.76 46.80
7 41.08 51.82
8 44.86 56.28
9 48.38 60.24

10 51.62 63.77

Gunshot
woundedt

17.60
31.61
42.77
51.68
58.81
64.53
69.13
72.84
75.84
78.28

' See Fig. 96. t See Fig. 97. i See Fig. 98.

58. Average days of treatment. -As an illustration of the method,
let us find the average duration of treatment for gassed cases who die in
ten days or less.

a. Divide the percentage of death cases leaving hospital (dying)
during each day from the first day to the tenth, by the total leaving (dy-
ing) during the ten days. The results expressed in parts per 100 show
the percentage of those dying in ten days or less who died on each day
from the first to the tenth. (see column 4, Table 31).

b. Beginning with 100; that is, the total percentage to die in 10 days',
subtract successively the number leaving hospital (dying) during each
day from the first to the tenth. The results show the percentage of the
10 day fatal cases remaining in hospital each day (see column 5, Table 31).

c. Reduce the results to the basis of one case instead of 100% (see col-
umn 6, Table 31) and summate. The total shows the eventual death
cases in hospital at the end of ten days from the group remaining under
treatment from one to ten days, when the daily admission rate of gassed
cases who die during period is 1.00.
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Table 31.-Method of finding the eventually fatal gassed:cases in hospital at the end
of-ten days among those that die in ten days or less, when the daily admis-

sion rate from the group is 1.00.

y Percentage of deaths Percentage of ten- day deaths atiets
Day ___Patients

Each day Cumulated* Leaving hosp.t Remaining in hosp. remaining§

- ......... - .........1:00.00' .''00
1 10.33 10.33 16.20 83.80 .84
2 9.15 19.43 14.35 69.45 .70
3 I 8.11 27.59 12.72 56.73 .57
4 7.18 34.77 11.26 45.47 .45
5 6.38 41.15 10.01 35.46 .35
6 5.65 46.80 8.86 26.60 .27
7 -5.02 51.82 7.87 18.73 .19
8 4.46 5 56.28 6.99 11.74 .12
9 13.96 60.24 6.21 5.53 .06

10 3.53 63.77 5.54 0 0
TPtal A - -

X*From Table 30. tSee Par. 58a. tSee Par. 58b. §See Par. 58c.

With an admission rate of 1.00, the eventual death cases under treat-
ment (4.55) is the same as the average days treatment for each one.
Table 32 shows the average duration of treatment of duty and death cases
admitted as sick, gassed, and gunshot wounded, and whose maximal days
of treatment are from one to ten. Thus of the fatal gassed cases which
survive five days or less, the average days was 2.77; and for the group
surviving ten days or less, it was 4.55.

In Table 32, the data for "Duty cases" are computed from those for
"Duty cases" in Table 26 in same way as Col. 6, Table 32 (gassed) are
from those in Table 31. The data for "Death cases" in Table 32, are
calculated similarly from those in Table 30.

Table 32.--Average duration of treatment of cases in hospital who will return to duty
or die at any time between one day or less, and ten days or less.

S' ick

1'.00
1.48
I-1.94
2.40
2.83
3.26
3.67
4.07
4.47
4.84

[. .- DIuty* I xpected to diet- II t~
Gassed Gunshot wounded

1 00 1.00
1.50 1.68
2.00 2.34
2.50 3.00
3.00 3.65
3.50 4.27
4.00 4.90
4.50 5.54
5.00 6.15
5.50 6.77

Sick j Gassed Gunshot wounded

1.00' 1.o0 1.00
1.48- 1.46 1.44
1.95 1.92 1.85
2.38 1 2.35 1 2.22
2.83 2.77 2.55
3.22 3.15 2.87
3.63 3.53 3.13
3.97 3.88 3.38
4.35 4.22 3.61
4.70 4.55 3.82

' From Table 30.

Day

1--
-2
3
4
5
6
7
8
9

J10
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59. Patients in hospital on the maximal day. - As stated above,
among gassed cases who eventually die and for whom the duration of
treatment is from one to ten days, there are 4.55 cases in hospital on the
tenth day, when the daily admission rate from such cases is 1.00 per day.

a. In the first place, however, only 63.77 % of the fatal gassed cases
die within ten days. Consequently to convert the data into terms of total
gassed cases which are fatal, multiply the 4.55 by 63.77%. The results
show that when the daily admission rate for fatal gassed cases of all dura-
tions is 1.00, that among the cases surviving from one to ten days, there
are 2.90 (4.55 x 63.77 %) such patients in hospital on the tenth day.

b. In the second place, only 1.73 % of all gassed cases treated in hospi-
tal are fatal. Consequently to translate the data to the basis of 1.00 gas
admissions per day, the 2.90 must be multiplied by 1.73 %. The result
shows that there are .05 (2.90 x 1.73 %) gassed cases in hospital on the
tenth day in a group of such cases that will die within ten days, when the
daily admission rate from war gases is 1.00 (see Table 27).

The data for the cases who are treated five days or less, six days or
less, etc., are found by the same method.

60. Patients in hospital on any day, when the maximal one is the
tenth, etc. - The problem here is to find how many cases there will be
in hospital on any one day, such as the fifth or sixth, in a group of cases
whose treatment is for a longer period; for example, ten days or less.
To illustrate the method let us again use the data for the gassed cases
who eventually die. The process is the same as in Table 31 until the data
in the last column are obtained. Then to find the patients in hospital on
any day among those surviving ten days or less, proceed as shown by Fig.
22. The following table shows the method in detail.

Table 33.-Fatal gassed cases in hospital on any day in a group surviving ten days
or less.

Day Ten days fatal cases* Total fatal casest I Total gassed cases |

_ ;.: .~-".!~'001.. :.:... 0.64 0.01
:2 -.* .. 1 ...8 4 ..1 7 ... . .0 2 ' .._
3 2.54 1.62 .03
4 3.11 1.98 .03
5 3.56 2.27 .04
6 3.91 2.49 .04
7 4.18 2.67 .05
8 4.37 2.79 .05
9 4.49 2.86 .05

10 4.55 2.90 .05

* Summation from above downward of data, last column, Table 31.
t Preceding column multiplied by 63.77%.
t Preceding column multiplied by 1.73%.
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CURVE FITTING

14)

Fl)t\
»i

1500 2.50 3.00

S

0\

Q%

No. of frequencies - 29g
8Mean -'- °°>-- - 3.49660: .o47
Mode------- ---- 2- 3955
Median .------- 3.2625
Skewness5° -- .--- 7747
Criterion--------- .2959
Startff--- -..--.. /.3411

Type of curve-----first main type
a, --- 1.----...o.0544
a-- … 7.1353

-- -. .45
----------- 44.50

Chi square (P)--- .65
5igma of frequencies- .3390o .0o36
Sigma ofmean---- .0810 .0022
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Admis5sion Rates

Fig. 77.-Histogram and fitted skew curve for daily admission rates from diseases
and nonbattle injuries to hospital and quarters per 1000 strength in 30 large camps in
the United States during 1918, excluding September and October.
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FREQUENCY OF ADMISSION RATES
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Start-- .8,67?
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Fig. 78.--Histogram and fitted skew curve for daily admission rates, from diseases
and nonbattle injuries to hospital only per 1000 strength in 30 large camps in the
United States during 1918, excluding September and October.
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TOTAL SICK U. S. 1925- 1927

WEEKS (X7 )

Fig. 79.-Duration of treatment (leaving sick report) of diseases and nonbattle
injury cases among white enlisted men in hospital and quarters in the United States in
1925 - 1927. 1 23
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TOTAL SICK U. S. 1918 147

PATIENT5 REMAININO SICK IN HOSplTAL AND QUARTERS IN THE U.S., PER 1OO0
STRENGTrH, USING 5-DAY PERIODS (Xs5)

jydx:-
(l) WHEN THE DAILY ADMISSION RATE IS 1.8q5 (19S-25-/9q27)

- 28.79g4 oI.O-3(. 1 20 3 5 2)Xs+ 12.5250(.630311)o s + tS.2301(. o7106)O

(2))WHEN THE DAILY ADMIS5101/ RATE 15 '.0000 (1925-19q27)
= f5. 19 - r.55i0(. 203.52 )x5 + 6.60oi(. 630311 )Xs + g.o353 (.qo''6ntS'1

HQ2gdqo7,o67~%J

)
.1

I I I I

o 1 2 3 4 5 6 7 8 9 0
WEEKS

1 iZ 13 lt

(xi)

Fig. \80.-Duration of treatment (remaining on sick report) of disease and nonbattle
injury cases in hospital and quarters as they occur in the United States.

NOTE: Observed points from data as graduated by Fig. 79.
(1) By multiplying (2) by 1.8954. 1 2
(2) From integration of formula for curve.
(3) 15.07 (14.0742 + 1.00) was the average number of days lost per ase in the

UI S. in 1918. 2 Multiply (2) by 92.63% to reduce it to (3).
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148 SICK IN HOSPITAL IN U. S.
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Fig. 81.-Duration of treatment (leaving hospital) of disease and nonbattle injury
cases in hospital as they occur in the United States.

NOTE: Observed points based upon the same data as is Fig. 79, after eliminating
91.07 % of them as quarter cases as determined by Sect. 1 of Fig. 79. 1
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SICK IN HOSPITAL IN U. . 149~~c^^^ ~ .- .

WHEN THE DAI/LYADMI$5ON RATE /S / PER 000 STRENGTH,

USING S-DAY PER0ODS (Xs):-

(1) PATIENTS REM4INING /NV HOSPIAL IN U.5.(1925- 1927)

JoY^
= 2/. 3 203 7 [-28 .4 83S28(. 6 4 7i,(q8 )X 6 + /2.8987s7(.q03238)35]

(Z) PATIENTS REMAININQ IN HOSPITAL IN U.S. (19t1)

qO..550% OF FORMULA (1)

\ I9.361A36 -[7.6g610 (.64T7IS)XS + ,1. 679q26 (. 9 3 2 3 )X]

(3) PERCENTAGE OF CASES REMAINING IN H0SPITAL

'\ = 7 3.7 (.7647/ E')4 + 26.25 (.903238)

__s

- u ',,

^.: " \'
~- ~\\ ~

0 1 2 3 4 5 6 7 8 0 \ 12 13 14
WEEKS (X 7) \

Fig. 82.-Duration of treatment (remaining in hospital) of disease and nonbattle in-
jury cases as they occur in the United States.

NOTE: Observed points from data as graduated by Fig. 81.
(1) From integration of formula for curve.
(2) 20.36 (19.36 + 1.00) was the estimated average lnumber of days lost per

hospital case in the U. S. in 1918 (Fig. 3, p. 7).
Multi-ly (1) by 90.55% to reduce it to (21.
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150 T. OF O. SICK TREATED IN THE A. E. F. AND U. S.
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Fig. 83.-Duration of treatment (leaving hospital) of disease and nonbattle injury
cases which occurred in the American Expeditionary Forces in 1918 while in the A. E. F.
and later in the U. S.

NOTE: Observed points from experience with A. E. F. cases during the last six
months of 1918. 1



T. F. OF. SIK TREATED IN THE A. E. F. AND U. S.

WHEN THE DAILY ADAISS/ON RATE 1S 1 PER 000 STRENGTH

USING .5-DAY PERIODS (X 5 ):-

(1)PATIENTS REMAINING IN HOSPITAL IN A.E.F AND LATER IN U.S.

= \ /1211dy

(^.76 53 ) X+22.A59q69(. 879 7 )f J

E OF PATrENTS REMANIN/G IN

A.CE.F AND LATER IN U.S.

5 7 6 5 3 1 )s + 57.s84(. 879179) -

b^Y

) i>

0QJ

CB~~~~~3

0

0 1 f 2 3 'Al '5 6 -g
I I I II

7 .O. .l 12 ./3 . . . .. . .'- -.. ..... -1 .

WEEKS (XT)
Fig. 84.--Duration of treatment (remaining in hospital) in the American Expedi-

tionary Forces and later in the U. S. of disease and nonbattle injury cases which occur-
red in the A. E. F. in 1918.

NOTE: Observed points from data as graduated by Fig. 83.
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T. OF 0. SICK TREATED IN THE A. E. F. ONLY

0

2 3 5 6 7 8 9 /0 12 13 14

Fig. 85.---Duration of treatment (leaving hospital) in the A. E. F. only of disease
and nonbattle injury cases which occurred there in 1918.

NOTE: Observed points from experience with the A. E. F. cases during the last
six months of 1918, using only duty cases, deaths, and 40 % of the cases sent to the U. S.
to cover the estimated time lost in the A. E. F. only. 1
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T. OF 0. SICK TREATED IN THE A. E. F. ONLY 153
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WHEN THE DAILY ADMISS/ON RATE /S t PER '00l 0 SREVNGTH

USING S-DAY PERIODS (Xs):

(1) PATIENT5 REMAINING IN HOSPITAL IN THE A.E.F- . f tX

=23.6/1207 -E 8 57s5 602614) 9.(. 6 2 )X5 + 19. 5(704)

(2) REDUCE FOR USE TO 96.35756 OF FORMULA (1)

2 -22.75 059- E132236( 6026 9)t-+1fM31699(. 867084)

\ -!z (3) PERCENTAGE OF CASE5 REMAINING IN O05P IN A.E.F.

-\ ><)-¥... (.60261 9)'S'+ s. 6(. 8 670og)X5

\ I

s' , .: ,

\s. ,,

L _~~~~~6f~P

0 i 2 3 . 5 6 7 8 q 10 tl 12 13 /4
WEEKS (X7)

Fig. 86.-Duration of treatment (remaining in hospital) in the A. E. F. only of dis-
ease and nonbattle injury cases which occurred there in 1918. 1

NOTE: Observed points from data as graduated by Fig. 85.
(1) From integration of formula of curve.
(2) It is estimated that the average days lost per case in the A. E. F. only was

23.75 (22.75 + 1.00). Multiply (1) by 96.575% to reduce it to (2).



DURATION OF TREATMENT- OF GAS- CASES

C

-(tL) PATIENT5 REMAINING IN HOSPITAL IN A.E.F. AND LATER iN U.S.

- (1) PATIENTS REMA ININQ=f dx ==o.77472 0-E77'720 (8s5q3)

(2) PERCENTAGE REMAItNING =1000° ( g459 3)t5

(b) PAT/ENT5 REMAIINIG IN HOSP/TAL IN A.E.F. ONLY

(1) PATIEHTS REM4AINING = Zidt = 7. 0 90062 -i 3O o6 (.8734)

(2) PERCENTAGE REMA/NINQG 100.00 (.873883 ) 5

1 l I- I I I I I I I I I I

2 3 4 5 6 7 8 9 10 t1 12 13 I 1f5 16 17 I8 /? 20

WEEKS (;X7)

Fig. 87.-Duration of treatment of GAS cases which occurred in the A. E. F. in 1918. l
NOTE: The observed points include practically only the time lost by cases while in

the A. E. F. The lower curve (b) is sloped so as to include only that much time; while
the upper one (a) covers all time lost including that after transfer from the A. E. F.
The upper curve is obviously a poor fit of the observed points, but it is as good a one as
is practicable with the available data.
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DURATION OF TREATMENT OF GUNSHOT CASES 165

'-V

u

0

WHEN THE DAILY ADMI5510N RATE 15 i PER 1000 STRENGTH

UING 5-DAY PERIODS (XS):-

(a.) PATIENTS REMAINING IN HOSPITAL /N A.E.F. AND LATEre /N U. 5.

() PAJTIENTS REMANIN,,=fo ,dzL=93.829755- .f82, 7,55 (.9i:8f0o7)

- (2) PERCENTAGE REMAINING =/00. 00 (6 98f07) 5

_(b) PATIENT5 REMAINING /N HOSPITAL IN A.E.F. ONLY

- (1) PATIENTS REMAAININQ ,X, = -65.72029#-5S.7202q4(.9Z267)Xz

(2) PERCENTAGE IREMA4NINQ = 00.00 (9267 2 )X 5

I I I I I I I I I I I I I I I I I

0 1 2 3 4 5 6 7 g 9 10 // 12 13 1I 15 16 17 Ig 19 20

WEEKS (X 7 )

Fig. 88.--Duration of treatment of GUNSHOT cases which occurred in the 'A. E. ''F.
in 1918. 1

NOTE: See Note on Fig. 87. ....
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156 Z. OF I. SICK CASES RETURNED TO DUTY, U. S.
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Fig. 89.-Duration of treatment of disease and non-battle injury cases who were ad-
mitted to hospital in the. United States in 1918 and returned to duty.

NOTE: Observed points based upon experience with S. S. cases 1925 - 1927, modified
to conform to 1918 experience. I 2



SICK CASES RETURNED TO DUTY IN THE A. E. F. 157
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Fig. 90.--Duration of treatment of disease and nonbattle injury cases which returned
to duty while in the A. E. F. in 1918.

NOTE: Observed points based upon experience with duty cases in the A. E. F. dur-
ing the last six months of 1918. 1



158 GAS CASES RETURNED TO DUTY IN THE A. E. F.
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Fig. 91.-Duration of treatment of GAS cases which returned to duty in the A. E. F.
in 1918.

NOTE: Observed points based upon experience with duty cases in the A. E. F. dur-
ing the last six months of 1918. 1
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GUNSHOT CASES RETURNED TO DUTY IN THE A. E. F. 159
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Fig. 92.--Duration of treatment of GUNSHOT cases which returned to duty in the
A E. F. in 1918.

NOTE: Observed points based upon experience with duty cases in the A. E. F. during
the last six months of 1918. 1
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FATALITIES FROM SICKNESS IN U. S.

WHEN THE DAILY ADMISSION RATE IS / PE I 1000 STRENGTH USING 5-DAY PERIOOS(X5$
X

() ACCUMULATED PERCENTAGE OF PArIENTS WHO HAVE DIED dx2.3 . 0.5 5o~ 0 5 0(744)~ 3 ~ ,g 5

%\ _ 2.63 - [2.2S 5387o0)t5
+ .07( 7S#2,46)"6+ .31 (8 1 158)

+

0 1 2 3
WEEKS

Fig. 93.--Duration of treatment of disease and nonbattle injury patients admitted
to hospital in the United States in 1918, who ultimately died.

NOTE: Observed points based upon experience with U. S. cases in 1918 which
died. t
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DISCHARGES FROM SICKNESS IN U. S.

WHEN THE DAILY ADMISSION RATE /S I PER 1000 STRENGTH4

U51NG 5-DAY PERIODS (x 5 ):-

, ., ()A ACCUMULATED PERCENTAGE OF PATIENT5 WHO
1*' ' - _ - - . -

tAt

'4?

C)

0
A

I I I I I I I

7 ' 9 f0
WEEK5(Xy )

1t 12 13 14

Fig. 94.-Duration of treatment of disease and nonbattle injury patients admitted
to hospital in the United States in 1918, who were ultimately discharged for disability.

: NOTE: Observed points based upon experience with' U. S. cases in 1918 which were
discharged &s physically disabled. I

161

2000
Q C

- \.

vr

'4

0 f00

Osoo

.500

0

Z

0

-4

_ .
o

CA

0:

s i

.\

--�C�Ssrr



162 DEATHS 'AND DISCHARGES FROM SICKNESS IN U. S.
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WHEN THE DAILY ADMISSION RATE /5 1 PER 1OOO STRENGTH

USING 5-DAY PERIODS (XS):-
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Fig. 95.-Duration of treatment of disease and nonbattle injury patients admitted
to hospital in the United States in 1918, who -ultimately died- or were discharged for
disability.

-NOTE: Observed points based upon experience with U, S. cases in 1918 w.ho. died
(.using only one tenth of deaths from influenza and pneumonia) or:were discharged
as physically disabled . . : : ::
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FATALITIES FROM SICKNESS IN THE A. E .F. 163

WHEN THE DAILY ADMI5SSION RATE /J / PER 1000 JSTRENGTH

A^ - ~U51/NQ 5-DAY PEROD5 (Xe)-

(1) PATIEN7T5 I/N OSPITAL WHO WIlL D/Ejy/WAilX

-\ =?2877 l77938- N Ios (,666 3 )X5-+ .l739o(.o90702,l)j

. (2) PATIENT-5 WHO HAVE D/ED -. 072Z44X, -FORMULA(1)

&\M/ (3) ACCUMULATED PERCENTAGE OF PATIENTS

WHO HA VE DIEO D j h

=3.70.; g3(.6669 13) +. 7(q90 02)4)x
_ \ · % - /

* 'V'-

- \ 0Z

-* O\

I I I i I I \l I I 1 1 I ,

0 1 2 3 4 5 6 7 ' 9 10 /I 12 13 1I 15 16 17 8 /11 20
WEEKS(X 7 )

Fig. 96--Duration of treatment of disease and nonbattle injury patients admitted
to hospital in the A. E. F. in, 1918, who ultimately died.

NOTE: Observed points based upon experience with A. E. F. disease and nonbattle
injury cases during the last six months of 1918, who died. 1
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164 FATALITIES FROM GAS IN THE A. E. F.
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WHEN THE DAILY ADMI55.10N RATE IS i PER 1000 STRENGTH

USING 5-DAY PERIODS ( 5 ) .

- ^ (/) PATIENTS IN AOSPITAL WHO WILL DIEx P I

' \\ = 238290-I 5O6.353(382 56) x 5+.192$7fQ,05-3'9)

O (2) PATIENTS WHO HAVE O/EO=.086532Xj-FROFMULAQ)

^ \ (3) ACCUMULATED PERCENTAGE OF THE PATIENT5

\ . JWHO HAVE DIED IN HOSPITAL = 2XlX
- · ./+ 0

.\73- q9(.538258)'5+.2,q(. 90^8'9) x ^|

\\\ '~5 ";,-P (4) KILLED IN ACTION =. 070870 X 5

N~a A ^^°
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Fig. 97.-Duration of treatment of gas patients admitted to hospital in the A. E. YF.
in 1918, who ultimately died.

NOTE: -Observed points based upon experience with the patients wounded by
poisonous gases in the A. E. F. in 1918, who died. 1



FATALITIES FROM GUNSHOT IN THE A. E. F. 165
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Fig. 98.-Duration of treatment of GUNSHOT patients admitted to hospital in the
A. E. F, in 1918 who ultimately died.

NOTE:- Observed points based upon experience with the patients wounded by gun-
shot missiles in the A. E. F. in 1918, who died. 1
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RELATIONSHIP OF GAS TO GUNSHOT

NUMBER WOUNDED BY POISONOUS GASES (X)

Fig. 99.-Relationship of the number wounded by poisonous gases to those wounded
by gunshot missiles, 3

NOTE:; The same infantry 'regiment..battle. days.. were used as per Fig. 100, As
shown by the. graphi the' numiber of men wounded by war gases increased at a slower
rate than those wounded by gunshot missiles, actually causing a gradual decrease in
the number of gas cases per one gunshot case as the latter increases in number. Thus
the number wounded by poisonous gases to each one wounded by gunshot missiles was
1.14 when there were 3 of the latter, but only .18 to each one when there was 153.



KILLED TO GAS, AND TO GUNSHOT
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Fig. 100.-Relationship of the number killed by all causes to those wounded by gun-
shot missiles or by poisonous gases in 6.022 battle days for infantry regiments from
Jan. I - Nov. 11, 1918. 3

NOTE: The infantry regiments used were those of the following Divisions:- 1st,
2nd, 3rd, rth, 26th, 27th, 35th, 42nd, 78th, 79th, and 80th.

The graduated and ungraduated data for those killed in relation to the number
wounded by gunshot missiles were reduced to 68.52% of the total killed, and to those
wounded by poisonous gases to 31.48%, which was the same percentage that gunshot
and gas wounds were of the total.

The relative number killed decreased 43% as the number wounded by poisonous
gases increased from 10 to 100 per infantry regiment battle day; while on the other
hand the relative number killed to those wounded by gunshot missiles remained practic-
ally constant'as the latter increased from 10 to 100.
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B.

Battle casualties: 106
Accumulation of in hospital, 40
A. E. F., disposition of, 51
Collection of data, 106-111
Disposition of, in the Combat Area, 127-

132.
Estimation of number to be treated

in Division and Army Hospitals, 1.28
Method of estimating accumulation

of short duration cases, 129
Number to be evacuated, 131, 132
Percentage of, short duration cases, 127
Presentation of data, 112-122
Transportation required, 122
Transportation required in relation to

location of wounds, 123
Treated in front area hospitals, 131, 132

Battle injury or wounds, definition of, 2
Battle wounds by location, frequency of,

and fatality rates, 124
Battle wounds (See casualties, gunshot

casualties, gas casualties)
Beds, hospital, required (See hospital

patients)

C.

Camp, admission rates, graduation of, 144,
145

Camps, U. S., 1918, admission rate for, 16
Camp boards, percentage of Class I men

rejected by, 100
Case: (See also Admission and Patient)

Average days for, by country and
periods, 6

Definition of, 4
Casualties:

Battle, Arm of service, 114
Battle, estimation of number to be

treated in Division and Army
Hospitals, 128

In A. E. F., distribution of by cause, 111
From sickness:

In the combat zone and in the
total A. E. F., 102

In the combat zone by month and
cause, 101-105

In the front area and the total
A. E. F., 101-106

War, percentage gassed, gunshot
wounded, and killed, 110

Casualty day, average, for Infantry
Regiments, 113

Casualty day, maximal for infantry, 113
Casualty days, maximal for Divisions, 114
Casualty rates:

Average, for Army, Corps, Division,
and Regiment, 122-123

Corps, 116-118
Daily, First American Army, 120
Division, 114-116
First American Army, 118-122
For Corps, 116
For Division, 114
Maximal, First American Army, 121
Regimental, frequency of, 112

Cavalry, comparative casualty rates, 114
China, admission rates by periods, 24-26
Civil War, admission rate from war

wounds, 29
Class I men available for combat service, 100
Climate and seasoning combined, effect of

on admission rates, 27
Climate, effect on admission rates, 25
Collecting stations, transportation re-

quirements to, 125-126
Combat day for regiment, medical

service required, 114
Combat service, men available for, in
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Combat zone:

Medical service in, 101-106
Sick casualties in, 101-106
Sick casualties in, by month and

cause, 101-106
Composition of organizations, combat

zone, A. E. F., 106
Constantly sick (See noneffective rate):
Corps Areas, admission rates, 16
Corps:

Casualty rates for, 116-118
Combat day, medical service required

118
Data for, how assembled, 110
First Army, component units of, 107
First Army, number of Divisions, 107
First Army, strength of, 108

Country, effect on admission rates, 25
Country, sanitation of, in relation to

medical service required, 1
Cuba, admission rates by periods, 24
Curve, fitting: 144-167

Casualties from gunshot missiles-
Died in the A. E. F., duration of

treatment, 165
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Duration of treatment, 155
Returned to duty in the A. E. F., 159

Casualties from sickness-
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Died or were discharged in U. S., 162
Returned to duty in the A. E. F., 157
Returned to duty in U. S., 156
U. S., died, 160
U. S., discharged for disability, 161

Casualties from war gases-
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Duration of treatment, 154
Returned to duty in the A. E. F., 158

Death and disability cases, U. S., 162
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Duty cases, duration of treatment
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Duty sick cases, duration of treatment,
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Gas casualties-
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Curve fitting (cont.):
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of treatment, 151
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Sick patients-
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D.

Daily admission rate (See admission rate,
daily)
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Deaths and disability discharges,

formulae for, 139
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Returned to duty in the A. E. F., 158 In hospital from wounds, 75

Gases, war, number wounded by, in In the T. of 0., 73
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Hospital patients in U. S., 148 Different casualty rates, corps, 116
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casualties, 167 Diseases and nonbattle injury (see sick)
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Patients- periods, 11

From battle casualties, 153 Dispensary case, definition of, 3
T. of 0. sick in the A. E. F., Dispensary case, number of, 3

and U. S., 151 Disposition:
Sick, duration of treatment, in Gas patients, A. E. F., 49

the A. E. F., 152, 153 Hospital cases, A. E. F., 48
Sick, leaving hospital in the T'. of 0. patients sent to Z. of I., 58
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Divisions (cont.):
Data for, how assembled, 110
In the A. E. F. included in study, 109
In the A. E. F., strength of, 108
In the First American Army, average

daily number, 107
Maximal casualty day, 114

Duration of treatment:
A. E. F. cases, 53
A. E. F. cases in A. E .F., 48-53
Battle casualties, 127
Gas patients,' 56
Gunshot patients, 57
In relation to percentage of cases re-

maining in hospital, 55
Duty, (See Disposition)
Duty Battle casualty cases, accumulation in

front area hospitals, 130
Duty cases, A. E. F., 46

Engineers, comparative casualty rates, 114
Estimated requirements, hospital beds,

under various conditions, 28
Evacuation hospital, transportation re-

quirements to, 125, 126
Evacuation of battle casualty cases, 131, 132
Exponential curve:

Method of fit, 135-140
One section curve, 135
Plus and minus section curve, 136
Three section curve, 136
Two section curve, 135

F.

Fatal battle casualty cases, accumulation
in front area hospitals, 130

Fatal cases in T. of O., duration of
treatment, 75

Fatality rates-
A. E. F., 46, 75
Battle wounds, by location, 124
From artillery and rifle wounds, 124
In the T. of O., 75

Field Army, medical service required for
combat day, 122

First American Army:
Casualty rates, frequency of, 119
Component units of, 106
Daily, casualty rates, 120
Data for, how assembled, 110

First American Army (cont.):
Maximal casualty rates, 121
Strength of, 108

Formulae:
Basic development of, 134-165
Change in size of basic group and time

interval, 137
Development of, 134
For deaths and disability discharges, 139
Illustration of use, 137
Integration of, 139

G.

Gas casualties:
A. E. F., disposition of, 49
Average days lost, 7
Daily increase in hospital, 40
Duration of treatment, 56
Fatal cases in T. of 0., duration of

treatment, 75
Fatality rate, 46
From T. of O., disposed of in Z. of I., 71
In relation to loss of man power in

the T. of O., 79
In T. of O. and Z. of 1. hospitals, 61
In Z. of I. hospitals in relation to

percentage sent there, 61
Percentage of total wounded, 111
Transportation requirements, 126

Gas patients (See gas casualties)
Gassed cases (See gas casualties)
Graduation of data, 134
Gunshot casualties:

A. E. F., disposition of, 50
Average days lost, 7
Daily increase in hospital, 42
Duration of treatment, 57
Fatal cases, duration of treatment, in

T. of O., 75
Fatality rate, 46
From T. of 0., disposed of in Z. of I., 72
In relation to loss of man power in
the T. of 0., 81
In T. of O., and Z. of I., hospitals, 62
in Z. of I. hospitals in relation to per-

centage sent there, 62
Percentage of total wounded, 111
Transportation requirements, 125, 126
Transportation requirements, in re-

lation to location of wounds, 125
Gunshot wounds, location of, in relation

to transportation requirements, 123
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H.

Hawaii, admission rates by periods, 24
Hospital, admission rate, camps, U. S.,

1918, 19
Flospital and quarters:

Admission rates, camps, U. S., 1918, 18
Case, average days lost, 6
Patients, U. S., 1925 to 1927, daily in-

crease in, 34
fospital beds:

In Z. of I. for Z. of I. and T. of 0.
patients, 68

Required for mobilization in iU. S., 18
Required under various conditions,

estimation of, 28, 33
Hospital case:

Average days lost, 7
Definition of, 2
Percentage of in Europe, war period, 3
Percentage of total, 3
Percentage in U. S., by periods, 3

Hospital patients: (See also Patients)
American Expeditionary Forces-

All causes. constant increase in, 45
All causes, disposition of, 52
Constant increase in, 39
Disposition of, 48
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Hospital station, transportation require-
ments to, 125, 126

Hospital trains, requirements for T. of 0.
patients sent to the Z. of I., 73

Hospitalization of battle casualties of
short duration, 129-132

I.

Increase in sick and hospital patients,
how estimated, 31

Increasing command, noneffectives in, 36, 37
Infantry, comparative casualty rates, 114
Tn1f.antrv ReT iment, d," frT . a ,' hnw n-

sembled, 110
Information in regard to combat units in

the A. E. F., 109
Injuries, admission rates, U. S., by periods,

11
Injuries, causes of, 2
Integration of formula, 139

K.

Killed in action:
In A. E. F., 76
In relation to number of wounded, 76
Percentage of total casualties, 111

Gunshot wounds, constant increase
in, 42 L.

Percentage of, remaining in T. of
0. at various periods, 48-54 Limited service men, percentage of, in
Reduction in proportion to duration Class I group, 100

of treatment, 39 Litter cases, percentage of total, 125, 126
Total wounded, constant increase Local boards, percentage of Class I men

in, 43 rejected by, 100
Relation to admission rates, 21 ILoss of man power:

Decrease in, with lowered admission In. mobilization area in relation to-
rate, 33 Deaths and discharges for dis-

United States-- ability, 97
Constant change in, 46, 47 Noneffectives in hospital, 97
Constant increase in, 38 Number of men mobilized, 97
Daily increase in, 35 In T. of 0.,
Disposition of, 46, 47 Accumulation of, 77

War gases, daily increase in, 40 In relation to number wounded by
FHospital population, decrease in, gunshot missiles, 81

estimation of, 33 In relation to number wounded by
Hospital population, increase in, estima- war gases, 79

tion of, 31 in relation to the number sick, 77
Hospital ships, requirements for T. of 0. In war, 68

patients sent to the Z. of I., 73 Loss in strength:
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Loss in strength (cont.)
In the mobilization area, 97
In the T. of O. by months from---

Gunshot casualties, 88
Sickness, 84
War gases, 86

In T. of 0.-
In relation to percentage of

patients sent to the Z. of I., 61
78-83

By cases disposed of in the Z.
of L, 68

By deaths, 73
By noneffective in hospital, 69
With constant strength and a

constant admission rate, 90
With an increasing strength but a

constant admission rate, 91.
With an increasing strength and

also an increasing admission
rate, 94

M.

Machine gun battalions, comparative
casualty rates, 114

MLfan-power, loss of (see Strength)
Man-power in the T. of O., losses of in re-

lation to daily casualties, 76
iMaterial used in the study of combat

units, 133
NMedical Department troops, comparative

casualties for, 114
Medical service:

For sick in combat zone, 101-106
For war plans, 1
Relation to morale of Army, 1
Required--

For combat day for regiment,
division, corps, and Army, 122

For Corps combat day, 118
For Division combat day, 115
For Field Army combat day, 122
For Regimental combat day, 114
Relation to epidemiological condi-

tion, 1
Relation to military defense

of enemy, 1
Men available for combat duty from

Class I group, 100
Methods used, explanation of, 133
Military resistance, relation to medical

service required, 1

DEX

Monthly admission rate (See also admission
rate monthly)

Monthly admission rates, variation in, 13

N.

Nativity, effect on admission rates, 14
Nonbattle injuries, definition of, 2

9, Noncffective rate:
Definition of, 8
Formula for, 8
Relation to admission rate, 21
Relation to days lost per case, 9
VU. S. World War period, 9
When admission rate is 1.00, 10

Noneffectives:
Constant increase in, 34
In an increasing command, 36

Normal equation used, 137
Notes, explanatory of methods used, 133

0.

Ordnance, comparative casualty rate, 114
Organizations in A. E. F., information

in regard to, 109

P.

Panama, admission rates by periods, 24, 25
Patients (See also admissions, cases and

hospital patients)
Daily decrease in number of, 33
Daily increase in number of, 33
Definition of, 4
Disposition in combat area, 127
From all causes in hospital in T. of 0.

and Z. of I., 63
From gunshot wobunds, constant in-

crease in, 42
From T. of 0.-

Disposed of in Z. of L., 68, 71
' n Z. of ..hospitals in relation to

number sent to Z. of I., 58-62
Sent to Z. of I., disposition of, 58
Treated in T. of 0. and Z. of I.,

when certain percentages are
sent to Z. of I., 65

From war gases, daily increase in, 40
Increase in sick and hospital

patients, estimation of, 31
:n hospital, A. E. F., disposition of, 48
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Patients (cont.) : Percentage of total, 3
In hospital, average days lost, 7 U. . 1918, daily increase in, 85
In hospital and quarters, average

days lost, 6
In the A. E. F., constant increase in, 39 i;ace, elfect on admission rate, 14
In T. of 0. with an increasing Recumbent patients, percentage of total,

command, 65 125-126
In the U. S., constant increase in, 35, 38 lRegimental casualty rates, frequency of, 112
Leaving sick report, 134 I1eglmental combat days, medical service
Number on sick report, graduated required, 114

increase in, 138 llegiment of Infantry:
Percentage leaving hospital each Average casualty day, 113

day, 140 Data for, how assembled, 110
Remaining on sick report, 134 In the A. E. F., strength of, 109
Returned to duty- Miaximal casualty day, 113

By months in T. of 0. in relation to Lieplacements in the T. of 0.:
percentage sent to Z. of 1. By separate months from patients to
Irom gas casualties, 87 duty-
L'rom gunshot casualties, 89 (as casualties, 87
i'rom sick casualties, 85 (Gunshot casualties, 89

In T. of 0. by months from Sick casualties, 85
Gunshot casualties, 89 In relation to percentage of patients
Sickness, 85 sent to Z. of I.--
War gases, 87 Gas casualties, 87

Character of, sent to the U. S. from (Gunshot casualties, 88
A. E. F., 53 Sick casualties, 85

Short duration, -average days of With a constant strength and a con-
treatment, 141 stant admission rate, 90

U. S., 1918, daily increase in, 35 With an increasing strength but a
U. S., 1925-1927, daily increase in, 34 constant admission rate, 91

Perecentage of A. E. F., patients remain- With an increasing strength and also
ine in honitan. 1 in ,th A E. FT_ a.nd ITT n iinem.anasnr n almisq-in rno-a Q 04

S., 55-57
Percentage of A. E. E., patients remain-

ing in hospital in relation to duration
of treatment, 55-57

Percentage of patients dying in the T. of
0., 75

Percentage of patients remaining in
hospital in the A. E. F., 48-53

Philippine Islands, admission rates by
periods, 24

Philippine Insurrection, admission rates
from war wounds, 29

Physically disqualified Class I men, 100

Q.

Quartermaster Corps, comparative casual-

Replacements required in the A. Eo, F, by
months, 97

Returned to duty (See disposition)
Rifle wounds, fatality rate for, 124

S.

Seasoned troops under peace and waxr
conditions, admission rates, 22

Seasoning and climate combined, effect on
admission rate, 27

Sent to Z. of I., (See disposition)
Ships, hospital, required for patients sent

to the Z. of I., 73
Sick (See patients)
Sick patients:

A. E. F., average days lost, 7
ties for, 114 A. E. F., constant increase in, 39

Quarters cases: A. E. F., fatality rate for, 46
Definition of, 2 In the combat zone and the total

A. E. F., 101-106
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Sick patients (cont.):

T. of 0.-
Disposed of in the Z. of 1., 70
In Z. of I. hospitals in relation to

percentage sent there, 59
In T. of 0., and Z. of I., 59

Total number, relation to admission
rate, 21

United States-
Average days lost, 7
Daily increase in, 1925-1927, 34
Daily increase in, 1918, 35
In hospital, 1918, 38

Sickness as a cause of loss of the T. of 0.
strength, 77

Sickness, causes of, 2
Signal corps troops, comparative casualty

rates, 114
Sitters, percentage of, total, 125, 126
Strength:

Daily average, 2
Definition of, 2
How computed, 2
Corps, First Army, 108
Divisions, First Army, 108
First Army, 108

lank Corps, comparative casualty rate, 1 4
Technical details, 133
Temperate zone, admission rates in, 26
Theater of Operations (See American Ex-

peditionary Forces and T. of O.)
T. of 0. patients:

Disposed of in Z. of 1., 68
Disposed of in Z. of I., when the T. of 0.

strength is increasing, 73-74
From all causes sent to Z. of 1.

hospitals, 63
In hospital in T. of 0., when certain per-

centages are sent to the Z. of I., 66
un hospitals when the command is in-

creasing, 65
In Z. of I., hospitals in relation to

percentage sent there, 58-62
'rains, hospital, requirements for, T. of 0.

patients sent to the Z. of I., 73
T'ransportation requirements:

For battle wounds in relation to
location of them, 123

lFor casualties in A. E. F., 127
Tropical zone, admission rates in, 26

Infantry regiments in the A. E. F., 109 U.
In the A. E. F., losses in, by mouths, 97
In the A. E. F., losses in, in relation to United States (See various headings for

increasing strength and admission troops in United States).
rates, 97 Unseasoned troops, estimated admission

In mobilization area, loss in, in relation rates for, 12
to- Unseasoned troops under war conditions,

Deaths and discharges for dis-
ability, 97

Noneffectives in hospital, 97
number of men mobilized, 97

In the T. of 0., loss in, by separate
months, from-

Gunshot casualties, 88
Sick casualties, 84
War gas casualties, 86
Relation to daily casualties, 77
Relation to percentage of patients

sent to the Z. of I., 78-83
In the T. of O., losses in-

With a constant strength and a
constant admission rate, 90

With an increasing strength but a
constant admission rate, 91

With an increasing strength and
also an increasing admission
rate, 94

admission rates for, 22

W.

\'alking cases, percentage of total, 125-126
War conditions, effect on admission rates, 27
War periods, increase in admission rates, 12
War wounded:

A. E. F., constant increase of number
in hospital, 43

Admission rates for Civil War and
Philippine Insurrection, 29

Admission rates for World War, 30
\\ orld War, admission rates from war

wounds, 30
Wound, battle, definition of, 2
Wounded:

All casualties, A. E. F., disposition of, 51
By gunshot missiles, A. E. F., disposition

of, 50
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Wounded (cont.):

By gunshot missiles, average days lost, 7
By gunshot missiles, World War, 30
By months and periods, World War, 30
By war gases and gunshot missiles,

constant increase in number in
hospital, 43

By war gases, A. E. F., disposition of, 49
By war gases, average days lost, 7
By war gases, daily increase in number

in hospital, 41
By war gases, World War, 30

Number in relation to killed in action
76

Wounds:
By location, frequency of, and

fatality rates, 124
By location of, in World War and Civil

War, 124

Z.

Zone of the Interior(See headings for troops
in Z. of I., i. e., in U. S.).

ABBREVIATIONS:
A. E. F., for American Expeditionary Forces.
T. of 0. for Theater of Operations.
Z. of I. for Zone of the Interior.
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