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it The foreground of human life is the only part of it which we can examine with

caa] exactness.”—FROUDE'S Short Lssays of Great Subjects.

i Tf we are to devote our attention, before all things, to what can be measuréd
and weighed, the living man is the first object which demands our investigation. —
CArL VOGT.

‘¢ B long and wvaned experience we judge the interiors by the putsides, and so
¥ 5 I J ¥ '
acquire a 1ﬂ15'.~'in,—:11~::r:‘.lu:n'. intuitive knowledge of them."—S1r THOMAS BROWNE.

it Selence 18 measurement.”—5S. Marks, R.A.




PREFACE TO THE SECOND EDITION

IT is twenty-five years since the First Edition of
this book was published, under the circumstances
stated in its Preface, herewith reproduced; and
having been frequently requested to issue another
Edition, I do so in the hope that, as the First Edition
was deemed of use in its day, this one may still
more fully meet the requirements of the time ; for
the circumstances which justified the first publica-
tion are far more pronounced now than they were
twenty-five years ago.

The subject-matter has been recast, and the
book rewritten. This has increased its size, mainly
on account of the increased information regarding the
topics discussed, and their increasing importance.

The lecture-form has been retained, but the ma-
terial, for convenience of reference, has been arranged
In sections.

Great changes have taken place during the past
twenty-five years in the organisation of the Army,
and especially in its Medical Department.

An estimate of the quality, strength, and capacity
of human material should be primary to the formation
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of any army. The military medical officer, from the
nature of his education and studies, ought to be better
acquainted with the nature of the material of which
armies are composed than men of any other profes-
sion ; and, in order that none but able-bodied men
should be put in the field, a thorough and systematic
examination of them is necessary. For it has been
fully demonstrated that the placing of growing
lads ” in the field, who are physically immature, has
not only been poor economy, but has sometimes been
fatal to the success of military operations. Such lads
have always been found disqualified and unable to per-
form the duties or to endure the hardships incident
to the life of a soldier.

“ Nothing is so expensive as an unhealthy mili-

tary force ;”!

and “an army raised without due
regard to the choice of recruits was never yet made
a good army by any length of service.”*

The changes in the organisation of the Army and
its Medical Staff during the past ten years have
greatly increased the duties and responsibilities of the
military medical officer, especially as to the selection
of “growing lads” and young men for the services; and
also in maintaining them in health and efficiency : (1)
a5 recruits under training ; and (2) as soldiers in the
ranks. The duties and responsibilities of medical
men in civil life who undertake the duty of examining

recruits have also proportionately increased.

1 Dy, William Farr.
2 Vegetius Renatus, Je 7¢ Militari, vol. 1. cap. 7-
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Moreover, the requirements of the Army Medical
Service demand that the examining medical officer
of recruits and soldiers should possess not only a
high order of professional talent, but that he should
combine with it a knowledge of human nature, and
be possessed and inspired in his work by the
“animus mensurandi” of Sir J. F. W, Herschel, so
that witlout bias he may fairly judge as to the
physical and mental capacity of men under the
most varied circumstances.

In all ages and in all military nations the limita-
tions as to height and age in a recruit have varied
with the demand for men, and to help in estimating
age is one of the objects aimed at in this volume.

The changes in the Organisation of the Army
which mainly concern us here are those which are
due to the “Principle of Localisation,” from which
it is hoped that regiments will become more or less
identified with the locality from which their recruits
are mainly drawn. Such a change is believed by
many to be an advantage from a recruiting point of
view ; and as it is hoped that the recruits enlisted
will do credit to the country or district to which
they belong, so also it is hoped that the parents of
men wishing to enter the army may be induced
to encourage their sons to enlist, instead of throw-
ing obstacles in the way of their enlistment, The
advantages which the army offers as a career to all
classes of the community compare favourably with
those of thousands of clerks and shopmen who
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spend a lifetime at a desk or counter on wages that
yield but a bare subsistence.

The changes which have thus been made in
localisation and organisation of the army, in the
administration and development of the recruiting
districts, in the freer, fuller, and more honest adver-
tisement of the wants of the service, have all con-
tributed largely to the popularity and knowledge of
the army among the people at large.

But it is still necessary that a knowledge of
what is wanted as to physigue should be spread
amongst the civil - population ; and hence another
object aimed at in this book is to arrive at sound
conclusions as to the principles on which a muniniuin
standard as to height, weight, and chest-girth may
be safely fixed upon, so that no eligible lad need
be refused enlistment who is likely to become an
efficient soldier.

The numbers of recruits to be got will always
be greatly influenced by increased or decreased em-
ployment in civil life—by the depression or activity
of trade and commerce. When trade and com-
merce are in a state of depression, the means of
subsistence to many are limited and even precari-
ous, so that many lads and young men seek to
enter the army in such times. Then it is that, with
icreased numbers seeking military life, we are apt to
get inferior quality as to the physique of the recruit,
especially under the influence of scarcity of food,
which again influences the predisposition to disease.
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Different opinions still exist as to the proper
age for enlistment ; and the published standards as
to the physical requirements of recruits, especially
as to height and girth of chest in relation to age,
point to the necéﬁsit}r of a better knowledge of the
development and physical proportions of “growing
lads” and young men in relation to age. It is only
from such better knowledge that safe physical
standards can be arrived at, and fixed, especially as
to average heights, girths, and weights, with the range
of their maxima and minima, for the safe guidance
not only of the medical officers, but also of the mili-
tary authorities themselves, It is also an inevitable
result that as quality improves quantity decreases.!

As to the changes in the organisation of the
Medical Staff of the Army, they are not only such
as enlarge its sphere of duty, but greatly increase
the responsibility of the army medical officer. He
is no longer the servant of any special regiment, but
is entirely at the disposal of the Director-General.
The past fifteen years have therefore been years of
activity and progress. The staff has been increased
in number, and the Army Medical Regulations have
been revised and republished.

Regulations for the medical examination of
recruits and re-engaged men are issued from time
to time by the military authorities ; and these have
cast a greater amount of work and responsibility
upon the medical officer : Jirstly, because of the very

LR U i e AP 4
Report by the Inspector-General of Reeruiting, of date [anuary 1,
1876, ‘ {
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great (and annually increasing) number of volunteers
for military service—more than double the num-
ber of those finally accepted—who have each to be
individually examined ; and secondly, because of the
special knowledge of the physiognomy of disease and
the rapid application of this knowledge to the work
of inspection, so as to prevent the unfit from being
accepted as recruits ; and thirdly, because the medical
officer has to select, individually, the “ growing lad ”
as a recruit in accordance with healthy physiological
requirements, having due regard to his age (which he
must determine for himself) in relation to the more
or less complete development, the normal growth,
the general healthiness and fitness of the individual
for military duties.’

For such important and responsible duties a
knowledge of the structure of the animal body and
of the laws which regulate its economy is an indis-
pensable requisite, not only for those who have to
select the material of armies, but for those who have
to superintend the training of recruits. Such know-
ledge is only to be gained “by scientific methods,
and by the help of a thoroughly scientific organisa-
tion of such methods,”—by a technical education, In
fact, in respect to the material they have to deal
with, and the requirements or work that is to be
exacted from it. The intelligence of the drill-
sergeant ought to be trained to the highest point to

L Queen's Regulations and Orders for the Army, 1885, and Regula-
tions for the Ariy Medical Depariment of Her Majgesty's Army, 1885,
and Appendix at end of volume for details.
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which he can attain—higher than it is at present. He
ought to be instructed in human anatomy, and be
made acquainted with the more elementary facts of
physiology, so that he may, at least, know how an
animal body works, and what a human body 1is
capable of enduring before it fails in its action.
From such knowledge he may be taught to calculate
what man may do; and he may learn from history
what man has actually done; and, also, the circum-
stances under which he has failed in the accomplish-
ment of his designs.

If such desirable ends are to be attained, it is
obvious that longer time ought to be given than
heretofore, not only to the details to be observed
and studied regarding the examination of recruits
for selection, but also to the training of them ; and
to the instructions of the surgeons on probation, and
Junior medical officers, in these very important duties.

WILLIAM AITKEN.
ARMY MEDICAL SCHOOL,
NETLEY HospITAL, Seps. 1887,

*o# ; - ] a1y " r :
« 1am indebted to Sir William Turner, Professor of Anatomy in

the University of Edinburgh, for permission to use the illustration of
the axial skeleton at P- 76; and to Dr. Donald MacAlister and the
Messrs. Macmillan for permission to use the five woodcuts from a paper
EE e L # 11 3 i e 5 -
on “How a bone is built,” published in the June Number of Z%e
v argrsa el T s = e s - - 3 . T
""'r'”'“h_'“' llustrated Magasine for 1884 ; also to Messrs. Charles Griffin
and Co. for the two illustrations of the Jaws and Teeth.
My speeis anlee ar - R = -
2 My special thanks are especially due to my friend, Deputy Surgeon-
JUETNNETE ATy Fa % L 1 = x 1
réneral Dr, Henry L. § eale, for his kindness in reading the proofs, and

Py verv valuahle ti b st i
y valuable suggestions as the pages passed through the press.




PREFACE TO THE FIRST EDITION

THE following pages embrace the topics of two
lectures, introductory to the practical Courses of
[nstruction at the Army Medical School, delivered
at the opening of its Fourth Session, in April 1862.

Divested of technical terms in its treatment, the
subject was believed to be of sufficient importance
to warrant publication in a form that might be useful
and suggestive to those who have to do with recruits
and young soldiers ; and at the request of Major-
General Eyre, commanding the garrison at Chatham,
it is now published, amplified to some extent in
detail, but retaining the form in which, as Lectures,
the topics were originally put together.

Those who have to do practically with the recruit
in teaching him military duties and drill, and in
pressing him forward to.fill up voids in the ranks
within as short a time as possible, do not sufficiently
regard the physiological constitution of the “growing
lad,” nor the nature of his skeleton framework as the

material they have to deal with in training him.

The principles (physiological ?) which have
hitherto guided the military authorities in the selec-
tion of recruits appear to be unsound : (1) as regards
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the correlation of age and height; and (2) as taking
no cognisance of weight, development, bulk, or
growth, in their relations to age and height. The
. result is, that teaching the recruit his military duties
and drill, and taxing him prematurely with the
routine duties of the soldier’s life, eventually lead to
the discharge of a proportionally large number of
young soldiers before they have been three years or
even two years in the service ; and the greater por-
tion even of these two or three years is spent in
hospital. Any part of an army composed of such
material can never constitute a very formidable

phalanx ; and the service of such soldiers represents
merely a nominal strength.

The result of such injudicious selection of “ grow-
ing lads,” and still more so, the ill-regulated exercise
of them, in place of their being systematically
trained, tends to encumber the military hospitals in
the first instance ; and if military duties and drill do
not lead directly to the premature death of the young
soldier, they sooner or later lead to his being dis-
charged from the army as unfit for a soldier’s duty.
Thus he is thrown out of the service and becomes a
burden upon the civil population, with one or more
of his vital organs damaged for the remainder of
his life.

For the military service of Great Britain the
recruit is a volunteer. He chooses to be a soldier.
He selects of his own free will an employment in
which he may thus break down at an early period in
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the hands of the drill-sergeant, who, with the best
intentions, tries to make him a soldier, sometimes
within sixty days, when he is considered fit to
endure the fatigue and the labour of active military
service at home or abroad—a service in which he
may be led to suffer the pains of wounds, to toss on
a fever-bed in the camp-tent or the hospital ward,
or even to die on the battlefield.

In accepting services thus so freely offered, it is
surely alike the duty and the interest of the nation
to place the recruit under such conditions as are the
best possible for rendering his life fully available
and profitable to his country.

Considered merely in a money point of view (if,
as calculated, a soldier costs the country £100
a year), it is worth some care and trouble to train
him efficiently and economically, which can only be
done by keeping him in good health and condition
during the period of training, and conducting such
training according to a well-regulated system, based
on the established truths of physiology.

Apart, therefore, from motives of humanity—
generally the first to arouse sympathy and to initiate
action—the main object of the following pages is to
demonstrate the “growth of the recruit and the young
soldier,” with a view to suggest a judicious selection
of “growing lads” for the army, and a regulated
system of training recruits. It must be admitted
that the subject is one which immediately concerns
the health, the wealth, and the military strength of a
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nation ; and I would claim, at least for the recruit,
the exercise of a judgment in selecting him not less
sound, and of a care in training him not less scientific,
than the judgment and the care which a gentleman
thinks judicious and proper to bestow upon a useful
dog or a valuable horse.

ForT PITT,
CHATHAM, fuly 1862,
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SECTION 1
INTRODUCTORY

GENTLEMEN—It is my duty in this place—the
General Lecture Room of the Army Medical School
—to bring to your notice -certain topics in Patho-
logy, especially such as relate to those prevailing
antecedent conditions or factors which combine to
produce diseases, or which tend to impair the
health of soldiers, and therefore the efficiency of
Armies,

In the post-mortem room and Pathological Labora-

tory, we have to examine into the morbid anatomy of
the soldier, by a study of the tissue changes in his body
which have been effected by disease. In so doing,
we have to examine such special questions as pertain
to Pathological Anatomy. We must look at diseases
not as mere entities, but as physiological processes
during life running an abnormal course ; and we still
rely on anatomical methods as sufficient to elucidate
many of the problems of such abnormal life ; for it
is certain that anatomical and biochemical changes
B
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lie at the bottom of the morbid phenomena, while, §
for the most part, such changes are still recognisable '
after death as “stamps,” which indicate the previous
existence of disease.'

It is therefore our duty to investigate with all

possible exactness and detail the tissue changes
which are involved in the various forms of disease.
We may not always be able to recognise the evidence
of disease from tissue change alone, because the
change may not be of gross structure but of chemical
constitution, in which the Ptomaines, the Leucomaines,
and the Extractives form important subjects of study
and inquiry.®

The appropriate objects for our investigation
consist, in the first instance, “of morbidly altered
tissues taken from the human subject, after which
there will remain many questions, for whose complete
answer one must needs have recourse to experiments
on animals.”’?

In such pursuits the use of the microscope is
absolutely necessary, and, as a fact, it has in countless
cases thrown an utterly unexpected light upon those

processes ; while the enormous advance of patho-
logical anatomy in the last quarter of a century or
so has been brought about simply by the exact
attention bestowed upon them. VIRCHOW it was

t who established this new method on a firm basis.
]1 I Consult Ziegler's General Pathological Anatony, by Donald Mac-
alister, M.A., M.B, (Macmillan & Co., 1886-87). :

I}I 2 Dr, Aitken, Animal Alkalotds, The Promaine, ete. (Lewis, 1887).

3 Ziegler, L ¢., p. 11
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Microscopic examination of cellular and intercellular
changes, in connection with naked-eye post-morten:
examinations, still remains the foundation on which
our knowledge of disease and its nature must be based.

A knowledge of the morphology, the genesis, and
the @tiology of morbid changes is thus the aim and
object of pathological anatomy; and our method
must be by post-mortern examinations, direct or
macroscopic, on the one hand ; by microscopic exami-
nation, and experiment, on the other.!

These topics in pathology and such practical
work in morbid anatomy have been prescribed for
our consideration by the Secretary of State for War.

As regards our special studies, we are limited to
certain “phases of life ”—those varying phases
which pertain to “the military age,” and to military
as distinguished from civil life. That is to say, we
have to deal with ages from 16 up to 45 or 50, but
mainly from 18 to 45; and we have to deal with
youths and men, rather than with women and children.
Incidentally, however, you may have to care for the
wives and families both of officers and men.

The “phases of life” in the rank and file of
the army at home and abroad present many and
varied aspects for special study; and many questions
will present themselves for your consideration in the
future, relative to the sanitary conditions in which
soldiers live, and to the prevalence of disease amongst
them—questions which muyst be looked at from many

1 Ziegler, /. ¢., p. 0.




4 On the Growth of the Recruit SECT. I

points of view, and on which you will receive special
instruction.

The topics which I have to consider with you
relate to the pathology of those diseases most fre-
quently met with in military as contrasted with
civil life.

The sphere of your professional work seems thus
far to be circumscribed within narrower and more
definite limits than is the work of your civilian
brother ; but, on the other hand, you have many
more details to take official notice of and to record
in your daily routine work than are required of
him. Moreover, he incurs none of the risks inci-
dental to military life; while you, in time of war
and in campaigns, are as much exposed to the chances
of wounds, injuries, and death as any combatant
officer ; while in war and in peace alike you are much
more exposed to the incidence of disease than
combatant officers are.

In the general practice of the civilian medical

‘man all ages of humanity are embraced and all

phases of life in all classes and conditions of men,
women, and children. They furnish the “ materials ”
with which your civilian brother has to deal singly or
in families.

The “material” with which the army medical
officer has to deal first challenges our attention.
[t consists of the non-commissioned officers, youths,
and men who constitute the rank and file of the
army ; and we must first © take stock of them” as

o _
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we find them, doing duty in all parts of Her
Majesty’s empire.

You are, in fact, required to look upon the British
army at home and abroad as one vast family, of
which the non-commissioned officers and men are
the children cared for by their officers, who ought to
stand to them in loco parentis ; and the following
pages are mainly concerned with questions in pathology
as bearing upon the non-commissioned officers and
men.

One of the first things a general practitioner in
civil life—the family doctor, as he is commonly
called—desires to know of a family concerns their
ages, their occupations, and the general surroundings
under which they live and work. “ Age” I need
scarcely remind you, is an element or factor of
prime importance, not only to be reckoned with in
relation to the incidence of disease and death, but to
be taken into consideration from many points of
view in pathology, more especially as predisposing
to certain ailments at certain ages rather than to
others, and as markedly influencing mortality. The
two factors—sickness and mortality—are most im-
portant items in military medical statistics requiring
constant watching to prevent their increase.

Speaking generally, the investigations which
mainly underlie your practical work and duties in
the future relate especially to the causation of
diseases, with a view to their prevention; and in
such investigation the time has come when new lines
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of thought and of departure in pathology require to
be opened up, which may lead us to entertain broader,
or, at any rate, less narrow views as to the origin of
diseases.

In the first place, it seems desirable to get rid of
the term “cause” altogether, as applied to any
particular disease. Our text-books as yet have not
been able to specify any single thing as the final
cause of any disease. There is no disease we know
of which acknowledges any single cause, even in
the shape of a “wmicrobe” or “ bacterium,” however
minute.

It ought therefore to be our business to find out
the many and ever-varying factors or antecedent
conditions which combine to produce disease ; and
while we must acknowledge the influence of certain
physical agents in aiding and abetting these factors
and conditions, we must mainly look to the physio-
logical agency of our own bodies during life in bring-
ing about diseases.

The undue prevalence, therefore, of any disease
amongst bodies of men will demand the most careful
investigation in the routine of your daily duty, to
find out the antecedent conditions and factors which
combine to produce the disease.

It is (1) the undue prevalence of certain ailments
and the predisposition to some rather than to others
amongst soldiers ; and (2) the mortality, which con-
tribute with the invaliding to reduce the strength of

armies.
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Having these considerations in view, the earliest
condition in which we come into professional relation-
ship with the soldier is that in which we see him as
a recruit. His physical condition is then of prime
moment as part of the material composing the
army.,

The life of a man or woman—soldier or civilian
—is divisible into certain periods which successively
merge one into another, and which, in the main, are
characterised by distinct and recognisable structural
conditions and functional manifestations both of
health and of disease." These periods are three in
number :—

(1) The period of development or evolution of his
body and of its several organs.

(2) The period of maturity.

(3) The period of decline, degeneration, devolu-
tion, or, as it has been also conveniently termed, the
period of “involution.”

The first period, Zhat of development, extends
from the impregnation of the ovum to the complete
growth of the body and the differentiation of ijts
component tissues and organs. It comprises the
stages : (1) of fwtal life; (2) of wnfancy, from birth to
the time of first dentition : (3) childhood, from the
appearance of the milk teeth to the cutting of the
first of the permanent set, 7. from the end of the

Ist year to the 7th year; (4) boyhood or giriiiood,
which extends from this time up to puberty at 14th

* Alchin, Medical Tines and Gazette, vol. ii., 1885, .
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or 15th year; (5) adolescence, which denotes the
period of “growing up” from puberty to complete
development of the body and of all its parts in
the adult at about the 23d to 25th year of life,
when the individual has reached maturity.

The duration of maturity is a variable period ;
but in connection with the influence of age on the
incidence of disease we may consider the period of
maturity as lasting from the 25th to the 55th year.
After 55 the period of decline may be considered to
begin. This period— ke period of decline”—is
rarely separated by any sharply-distinguishing feature
from that which has preceded it; but, slowly and
gradually, the individual fails in power, slowly
deteriorating from year to year until senility is fully
established at the age, say, of the 75th to the 3oth
year.

Each of these three age periods suggests im-
portant distinctions as regards the health-power and
life-power of the individual, and the varying liability
they offer for the incidence of disease and for the
course of disease when once established.

The main age periods are thus based on special
physiological characteristics of the body rather than
on any arbitrary divisions into months or years. But
years and months “mark time,” and its advance may
be so anticipated or postponed as to give us instances
of premature decay and death even at early man-
hood, or delay in development at the growing periods

of life.
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Hence the question of age is of prime signi-
ficance and importance in respect of its influence
upon diseases,

Successive periods of life are marked by certain
characteristics, and as the diseases of each period
have their distinctive features, we must be in posses-
sion of all the details of this knowledge in order to
appreciate the significance of the influence of age
upon disease. Possessed of such information, we
approach all questions in pathology better able to
investigate them in relation to each individual, and
better able to appreciate the dangers of diseases and
the chances of recovery from them.

Moreover, a knowledge of age and of the liabilities
it entails suggests many directions in which to pro-
secute inquiries as to the many and varying factors
which combine to produce disease, and as to the
condition of the organs which may be at fault, or
which may be perniciously influenced by agencies
acting upon them especially during adolescence.

That age itself (with all that it may be said to
imply as regards environment) exerts a most marked
influence both in causing disease and determining
mortality in civil life has been made obvious by the
records of the Registrar-General.

The following Table I, extracted from the 46th

Report of the Registrar-General for 1883, is given
in illustration :—
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TABLE I.—DEATH-RATES oF MALES AND FEMALES PER
1000 LIVING AT 12 AGE PEriops! From 1381-1883,

COMPARED TO AVERAGE OF 1838-1883.2

e MaLEs. FEMALES.

1BB1-B3 1838-83 1881-83. 1838-83.

0 — 59.4 70.8 0.4 60.
§— 6.1 8.1 55.8 ?.g
10 — 3.2 4.5 3-3 4.7
I5— 4.6 6.3 4.8 6.8
20 — 6.1 8.5 6.0 8.0
25 — 8.3 9.6 8.0 9.6
35— 12.9 13.1 I1.0 12.2
45 — 19.4 18.9 15.2 15.6
55 — 34.0 32.3 28.0 28.0
65 — 68.0 67.5 58.7 50.8
= : 143-9 147.8 128.4 134.5
&5 and above 202.8 313.9 266.4 288.8
All Ages 20.5 23.0 18.3 21.0

It is from such statistics of civil life that we
obtain standards for comparison for our purposes.
In the Report by the Registrar-General for 1883 of
the death-rate from all causes at 12 successive
age periods, it is shown (1) how considerably the
death-rate varies with age; (2) that the period of
life at which fewest deaths occur is between 10 and
15 years.

It shows that the rate slowly falls from birth
to that mumimum, and subsequently rises, at first

1 These “age periods” are completed portions of time of § years
each, and the table is read thus: o— embraces all wnder 5 years;
5 — all between 5 and under IQ years, and so on. Consult Fital
Statistics, by Dr. William Farr, a memorial volume, 1885, p. 207.

2 Alchin, Medical Times and Gazette, vol. ii. p. 631, 1885,
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gradually, but afterwards more rapidly to the end
of life.

By comparing also the average rate for the three
years 1881, 1882, and 1883 with the average for
the forty - five years previously (1838-1883) the
improvement in the death-rate, ze. the diminished"
mortality which has taken place in males at all ages,
except from 45 to 75, and in females at all ages, is
evident and remarkable.

“‘The average of life, however, mainly depends
on locality or environment, on hygienic precautions,
and on the state of civilisation. But individual
longevity may be exempt to some extent from these
conditions, inasmuch as there is much evidence to
show that individual long life is the result of an
internal principle of vitality which privileged indi-
viduals receive or inherit at birth. This greater
share of vital energy is so deeply impressed on the
constitution or nature of such individuals as to
make itself apparent in every part of their organi-
sation.”!

Advanced age generally expresses the transmis-
sion of “an inborn inherent quality of endurance,
of steady, persistent, nutritive and reparative force,
resistance to disturbing agencies, and a good

proportion or balance between the several or-
gans.”?

Y Traité physiologique et Philosophique de I'Héredit! naturelle (P.
Lucas, 1847).

® On old age and the changes incidental to it, by Professor G. M.,
Humphrey, London, 188s.
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Besides liability to death at about the same ages
prevalent in families, there is a similar liability to
attacks of sickness, and to a certain extent we find
that the influence of age upon sickness may be ex-
pressed in figures, although not with the same
accuracy as the “death-rate” is formulated. The
following Table I1.! indicates the amount or duration
of sickness that may be expected at different ages
from 20 to 70 for males of the working classes—

such sickness as incapacitates for work :—

TABLE IL.—AwNNUAL EXPECTATION OF SICKNESS FROM
20 TO 70 YEARS OF AGE.

At 20 years expect 4 days’ sickness yearly.

» 20 t0 30, 1 50rb6 M 2
1 45 1 1 7 1 tr 1
1 50 1 1 g or 10 ,, 3] 1
T 3ot i1} yy 1200 I3 4 1 P
1 6o 1 3 16 b 1 T
1 65 1 ” 31 E) 3 1
1 70 2 1 74 T » »

Similar results were obtained by Mr. Sutton from
the investigation of the members of the Manchester
Unity of Oddfellows.”

Generally it has been found that the probability
of becoming sick is at a minimum about the 7th or
8th year, and from this mznimum it increases to the

1 dunales d' Hygiine publiqgue.—Villermé, 1820,
2 dddress on the National Value of Public Health, June 17, 1854, by

Sir James Paget.

iR ey - =l
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18th year, when it again slowly falls till 24th to
joth year, from which time the liability increases
to the end of life.!

Inasmuch, then, as each age is accompanied by a
definite duration or amount of sickness, as well as
by a specific death-rate, it becomes necessary to
ascertain as far as possible the conditions which
regulate this coincidence.

While the organism is growing and developing
during adolescence, the great bulk of disease at this
early period of life is determined either (1) by imme-
diate or exciting causes which are largely under the
individual’s own control; or (2) under the control
of those who have him in charge, or whose duty it
is to care for him; or (3) by accidents which his
occupation and surroundings expose him to, but
which are, at the same time, largely preventible.
The tables show how small a liability to sickness
and death, comparatively speaking, prevails at the
ages of development and growth, ze. from 5 to 20
years inclusive.

The greater liability to phthisis in the young is a
well-established fact. The liability of acute rheu-
matism to increase with age from 16 to 25, z.e. im-
mediately preceding the establishment of complete
maturity ; while its »egularity of increment is no less
remarkable up to 35 years of age—an age which
“covers the highest flood and ebb in the tide of life
—a period during which man, in attaining the acme

1 Alchin, 7 ¢,
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of his virility, most successfully resists the attacks
or inroads of disease.”’

These facts require to be kept in view in esti-
mating the frequency or prevalence of those diseases
in military as compared with civil life at those ages
at which the diseases are wmormally most frequent.
Typhoid or enteric fever, for example, is most fre-
quent during adolescence and the first decade of
adult life * (Broadbent, Murchison, and others).

“The number of injuries and diseases which occur
in man is much greater than in any of the lower
animals. The conditions of the welfare of the latter
are strictly limited to the cosmical arrangements of
their special areas of distribution, while their in-
stinctive endowments determine precisely the amount
of disturbance of health, or the amount of death,
which occasional or periodical cosmical changes pro-
duce. So also injury and loss of life are necessary
conditions of the general organic economy. For the
life of a carnivorous animal involves the death of the
animal on which it feeds, as the life of the herbivorous
animal involves the death of the vegetable. Domestic
animals are liable to numerous diseases and injuries ;
but these are due to their association with man, who
entails upon them much suffering from which they
would be saved if left to the guidance of their own

instincts.

1 Baxter's Medical Statistics of the Provost- Marshal- General's

Burean, vol, 1. p- 73 X g
2 Aitlcen’s Science and Practice of Medicine, vol. i. p. 587, 7th

edition.
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As disease, then, is the result of a divergence from
the conditions of health—a phase of life which devi-
ates in some way from the normal type—and as man
is privileged (in virtue of his conscious intelligence)
to provide for himself the conditions of health over
the extended area of the globe, and under a never-
ceasing variation of circumstances, he is at the same
time liable (also from the nature of his conscious in-
telligence) to diverge from those principles of truth
which guide to the knowledge of the conditions of
health, and to neglect that sense of duty which indi-
cates the proper application of that knowledge when
acquired, he becomes subjected to the necessary evil
consequences. These involve all the disease and
suffering which result from the neglect or infringe-
ment of duty to ourselves and to our fellow-men.
They stand related to all the questions of personal and
social ethics, and all the demands of public hygiene,
Finally, these constitute the grounds of a general
principle in the philosophy of medicine, which is
“that the greater liability of man to discase is inti-
mately velated to lis higher conscious intelligence
and to his personal knowledge. But the relation is
an inverse one. Hence ignorance is at the root of
much disease alike in civil and in military life ; and
in civil life that kind of ignorance is often greatest
where it ought not to be so—namely, amongst those
who are otherwise well educated, and living in the
best society and in the best of houses, but the sani-

' dnatomical Memoirs of Sokn Goodsir, vol. i. pp. 320, 330.



= —

16 Onr the Growth of the Recruit SECT. 1

tary arrangements of which are inefficient. It is
therefore essential that we should possess a clear and
comprehensive conception of all the arrangements by
which human life is conditioned and modified—an
extended series of facts, intimately and immediately
connected with the wellbeing of humanity.'

These remarks especially apply to the selection,
management, and training of recruits for the army,
with reference to the incidence of disease in relation
to their ages and the kind of work they have to do,
to the knowledge (or want of knowledge), as regards
human anatomy and physiology, possessed by those
whose duty it is to drill and train them, or who
have to devise and order their daily work and duties.

The youthfulness of our army now more than ever
requires a rare combination of qualities in all com-
manding officers, in order to maintain its material in
health and efficiency.

In addition to high professional acquirements, a
knowledge of the world and of human nature as well
as of what the human body can endure, the faculty
of applying that knowledge with judgment and dis-
cretion in the training of boys and men, is essential
to those who occupy such commands? Not less
efficient professional knowledge, technical skill, and
qualifications are required of the army medical officer
in the selection of the recruit.

1 ¢ A sustained rate of mortality above 17 in 1000 always implies
unfavourable sanitary conditions.”"—Farr, £ ¢, pp. 121, 148.
2 Jhe Times, January 7, 1887.
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If we look to the loss of strength in the army, as
represented by the number of invalids passing through
Netley Hospital in any one year, or discharged the
service elsewhere, it will be seen that a very large
number are recruits under one, fwo, or iree years’
service, and that the greater proportion of their
military existence has been spent in hospital. The
diseases for which such young men are discharged
the service are chiefly : (1) pulmonary disease; (2)
heart disease; (3) epilepsy and disease of the
nervous system ; and (4) diseases of the bones and
joints. It is also on record that a large percentage
of those invalided for tubercular disease had not
served three years; and a still larger percentage of
those invalided for heart disease and diseases of the
circulatory organs, and a larger proportion still of
those invalided for epilepsy and diseases of the
nervous system, were under three years’ service. The
total numbers invalided per 1000 under #iyer
years’ service has varied from a minimum of 43 to a
mazximum of 66,

There can be no doubt, however, that the number of
men who break down and are discharged as invalids
in the first year of their service depends to some
extent upon the guality of the recruit at the time of
his enlistment—the proportion varies from 13 to 21
PEr 1000 of recruits raised during the year. It also
appears that the proportion of men discharged as
invalids in their first, second, and third years of
service under the short-service system of enlistment

C
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has been somewhat greater than under long ser-
vice.

Since 1873 the figures, as under, can be regularly
shown.

TABLE III.—ProPORTION OF INVALIDS PER I000 EFFEC-
TIVE DISCHARGED UNDER THREE YEARS SERVICE IN
1865, AND IN THE PERIOD 1873-1884 RESPECTIVELY.'

Under | From one | From two
Year. one to two to three Taotal.
Year. Years. Years.
|
1865 15 19 12 46
1873 13 14 23 50
1874 20 18 14 52
1875 17 21 18 || 56
1876 21 17 19 57
1877 18 23 16 57
1878 18 26 22 66
1879 17 19 22 58
1880 14 21 21 56
1881 14 18 18 50
1882 14 16 tag | 44
1883 14 13 18 50
1884 11 16 16 43

The larger proportion of these so discharged are
under 20 years of age.

But since 1880 an arrangement has been made
by which the number of invalids appears to be
not so great. In the Report on Recruiting for that

1 Appendix F to Report on Recruiting for 1884, of date February
21, 188s.
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year it is stated that the physical condition of the
recruit does not cease to be an object of watchfulness ;
and to ensure his not breaking down under the
change of life and habits, he is for the firsz #hree
mont/les placed under medical supervision; and in-
structions on this point have been issued to all
medical officers.! This has " been termed *the
period of probation” for the recruit. Hence it
is to be noted for the first time in the Army
Medical Statistical Reports for 1882 that g2 re-
cruits, ze. 2.02 per 1000 effective, were found medi-
cally unfit for service within #iree months of their
enlistment; and in 1884 still more broke down
than before within the same time after enlistment.

What this medical supervision amounts to (beyond
bringing the recruit before a medical board) does not
appear ; but eventually the young lad is cast out as
“not likely to become an efficient soldier.”

! General Order 81, and Annual Report of Inspector-General of

Kecruiting, for 1830, p. 4, of date F ebruary 1881,
* Annual Report on Recruiting, 1881, of date March g, 1882,
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COMPOSITION OF THE BRITISH ARMY AS TO THE
AGES OF ITS NON-COMMISSIONED OFFICERS
AND MEN

IN the previous section it has been shown that “qge”
and “ the management of adolescence” are of prime im-
portance,and demand our first consideration in dealing
with the pathology of disease, especially in military life.

An eminent historian has recorded his opinion
that “ the foreground of human life is the only part
of it which we can examine with real exactness;”*
and you will find that this is especially true as regards
the young soldier. You have him entirely under
your observation from the foreground of his life to
the end of his career in the service.

The composition of the British army as to the
ages of its members has usually been shown in the
statistical tables of the Army Medical Department
of the War Office by an arrangement of its consti-
tuents into quinguennial periods as to age. Thus
the army has been divided up or classified into
six groups :i—

1 Short Studies on Great Subjects.—Froude.
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The first group comprehends all ages under 20
years—the period of adolescence or growth and
development towards maturity ; the second group
comprehends all over 20 and under 25 years—the
period of completed development or maturity ; the
third group comprehends all over 25 and under 30 ;
the fourt/t group comprehends all over 30 and under
35—the last two groups comprehending men in the
prime of life ; and the fif#% group embraces all over
40—men commencing to deteriorate as to their phy-
sical powers.

The numbers under each of these groups neces-
sarily vary from year to year ; but generally it may
be stated that hitherto one-eighth, or one-seventi part,
or one-sixt/ part of our army, or even one-kalf of some
regiments has been composed of lads under 20 years
of age—Ilads who have not yet reached the maturity
of their development, and who are therefore physically
immature.

The number of such immature lads entering into
the composition of the army appears to be increasing
(and likely to increase rather than to get less), as will
appear from the evidence contained in the following
pages.

In the following Table IV. is shown the com-
position of the army AT HOME and ABROAD during
the ten years 1876-1885 : (I) as to its annual effect-
ive strength year by year; (2) as to the number of
the non-commissioned officers and men composing it
annually at the several ages from under 18, and pro-

| S
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cressively year by year up to the 25th year, and
above 25 years of age; also (3) the total numbers
annually serving (¢) under 20 years of age, (&)
between 20 and 23 years of age, (¢) under 23 years
of age, (d) between 23 and 25 years of age, and (¢)
above 25; (4) the total average annual strength for
the ten years and at each of these several ages and
the average annual ratios per 1000 for the whole
period.

An analysis of this Table gives an annual aver-
age strength of the British army at home and
abroad for each of the ten years from 1876-1885,
inclusive, of non-commissioned officers and men, of
182,822, ranging from a maeximum of 192,029 in
1885 to a munimum of 173,529 in 1883. It shows
that 16.6 per 1000 were under 18 years of age; 33.3
per 1000 18 and under 19 ; and 66.8 per 1000 were
19 and under 20. It further shows an annual
average of 21,357 lads under 20 years of age, ranging
from a maximum of 31,722 in 1885 to a munimum
of 16,451 in 1882—a ratio of 116.8 per 1000
under 20 years of age ; that 82.1 per 1000 were in
their 21st year, with an annual average of 15,013 at
that age ; 82.3 per 1000 were in their 22d year;
and 82.9 per 1000 were in their 23d year; and
showing an annual average of 45,230 lads between
20 and under 23 years of age, ranging from a
maximum of 55,176 in 1885 to a minimum of
36,266 in 1876—a ratio of 247.3 per 1000 between
these ages ; showing a grand total under 23 years of
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24 On the Growth of the Recruit SECT. 11

age of 66,587 lads, ranging from a mavimum at
that age of 86,898 in 1885 to 56,420 in 1876—
a ratio of 364.1 per 1000. It further shows an
annual average of 29,027 young men between 23
and 25 years of age, ranging from a maximum of
33,850 in 1885 to a muznimum of 24,660 in 1878
—a ratio of 364.I per 1000; and also an annual
average of 95,614 rank and file under 25 years of
age, ranging from a maximum of 120,748 in 1885
to a minemum of 82,802 in 1876—a ratio of 522.8
per 1000 under that age. It shows further an annual
average of 74,256 lads between 20 and under 25—
a ratio of 406 per 1000. Finally, it - shows an
annual average of 87,209 men above 25 years of
age—a ratio of 477.2 per 1000 non-commissioned
officers and men.

During the American War of the Rebellion the
particulars as to age of 190,621 white natives of the
United States are given, whose mzean age was 26.241
years. The total number of each at 18 years of
age was 30,456—the ratio per 1000 being 159.773.
The total number at 19 was 14,994—a ratio of
78.659 per 1000; and at 20 years of age there
were 14,146—a ratio of 74.210 per 1000 at that
age. The total number of men under 20 years of
age was 72,527—a cumulative ratio per 1000 of
380.479. The very large proportion at the 18 years
is remarkable—omne-sizth of the whole number of
men being included in that year ; while the number
of men recorded as having attained their 18th and
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1gth year comprise nearly one-fourt/s of the whole
number.!

In the following Table V. is shown the com-
position of the army serving IN INDIA during each
of the ten years 1876-1885, as regards—

(1) Its annual effective strength year by year.

(2) The number of the non-commissioned officers
and men composing it annually at the several ages
from under 18, and progressively year by year up
to the 25th year and above 25 years.

(3) The total numbers annually serving (a)
under 19 years of age, (4) under 20 years of age,
(¢) between 20 and 23 years of age, () under 23
years of age, (¢) from 23 to 25 years of age, (f)
under 25 years of age, and (g) above 25.

(4) The total average annual strength for the
ten years and at each of these several ages, and the
average annual ratios per 1000 for the whole period.

An analysis of this Table relating to the compo-
sition of the army IN INDIA, as regards its strength
and ages of its individuals for each of the ten years
from 1876-1883, inclusive, gives an annual aver-
age of 60,503, ranging from a mazimum of 67,000
in 1880 to a mnimum of 56,383 in 1884. It shows
that an annual average of 455 lads #nder 18 were
serving in India during these ten years, ranging from

! Statistics, Medical and Anthropological, of the Provost-Marshal-
General's Bureau, vol. i. p. 49, by J. H. Baxter, A.M., M.D., Colonel

and C;nef Medical Purveyor of United States Army, 2 vols.,, Washing-
ton, 1575
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a maximum of 530 in 1885 to a minimum of 372 in
1881—a ratio of 7.6 per 1000 of annual strength ;
that 314 lads were serving at an age between 18 and
19, ranging from a smaximum of 359 in 1878 to a
mintmum of 226 in 1883, and representing an
annual ratio of § per 1000.

These combined results show an annual average
of 769 lads serving in India under 19 years of age,
the annual numbers ranging from a wmaximum of
384 in 1885 to a mumimum of 678 in 1881, and
representing an average annual ratio per 1000 of
12,6. The analysis further shows an annual average
of 960 lads between 19 and 20 years of age, the
numbers ranging from a maximum of 1329 in 1885
to a smuznzmum of 426 in 1883—a ratio per 1000 of
over 15 ; and that the annual average under 20 years
of age serving in India during the past ten years
has been 1730, the numbers ranging from the maxi-
mum of 2213 in 1885 to a mumimum of 1168 in
1883, representing an annual ratio of 28.2 per
1000 serving under 20 years of age. It further
shows that at the age between 20 and 21 there was
an annual average of 3182 lads serving in India,
their numbers ranging from 4614 as a marimum in
1885 to 2000 as a mundmum in 1875, and repre-
senting a ratio of 50.9 per 1000 constantly serving
in India.

Further, it shows that between the ages of 2I
and.zz there was an annual average of 4478 lads
serving in India, their numbers ranging from a
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maximune of 6026 in 1883 to a minimum of 2844
in 1876, and representing a ratio of 70.4 per 1000
annually serving there; also that between 22 and
23 years of age there was an annual average of
5317 lads serving in India, their numbers ranging
from a maximum of 7042 in 1884 to a minimum
of 3255 in 1876, and representing a ratio of nearly
88 per 1000 lads annually serving there at that
age., i
The total of these results shows an annual
average of 12,977 lads between 20 and 23 years of
age serving in India, their numbers ranging from a !
maximum of 17,117 in 1885 to a mznimum of 8099 I
in 1876, and representing a ratio of 209 per 1000 |
lads between 20 and 23 years of age annually serv-
ing in India at these ages.
Under 23 years of age the total average has been ‘
| 14,707 lads, ranging from a maximun: of 17,330 in
EE 1885 to a mnzmum of gg511 in 1876—a ratio
! above 237 lads per 1000 wnder 23 years of age
il constantly serving in India. [
i Between 23 and 24 years of age the average

i annual number serving in India during the last 10
‘ years has been 5707, with a maxvimum of 7664
in 1885 to a munimum of 4oo01 in 1877—a ratio |
of nearly 95 per 1000 young men between 23 |
1 and 24 serving in India.

| Between 24 and 25 years of age the annual
average of young men serving in India has been
t_ t525, with a maximum of 6804 in 1882 to a

[ |
i
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mingmune of 4038 in 1878—a ratio of nearly 92
per I1000.

Between 23 and 25 years of age the annual
average of young lads serving in India has been
11,232, with a maximum of 13,495 in 1885 to a
mintmun: of 8258 in 1875, and representing an
annual ratio of 186 per 1000 young men between
23 and 25 years of age.

Lastly, the table shows an annual average of
25,939 young men and lads under 25 years of age
serving in India, from a maximum of 32,825 in
1885 to a munimum of 19,018 in 1876, and repre-
senting an annual ratio of 423 per 1000.

In the following Table VI. (p. 30) is shown the
actual number of /eds serving each year under zo
years of age, and the total annual strength of non-
commissioned officers and men serving AT HOME
and ABROAD and IN INDIA only, with the ratios per
1000 for each year.

From this Table it is seen that the ratios per
1000 of /lads under 20 years of age serving AT
HOME and ABROAD have ranged from a maximum of
106 per 1000 in 1885 to a mumimum of et
1000 in 1864 ; and that the /ads serving IN INDIA
only, under 20 years of age, have ranged from a
maximum of 36.5 per 1000 in 1885 to a minimum
of 20.5 in 1883.

Generally, also, it is seen that the ratios per 1000
of strength as well as the actual numbers of lads
under 20 years of age have very considerably in-
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creased in the past two years both at Home and
in India.

TABLE VI..—NUMBER OF LADS UNDER 20 YEARS OF
AGE AT HOME AND ABROAD AND IN INDIA ONLY.

GENERALLY AT HOME AND ABROAD, T¥ I¥DIA ONLY.
| Lads under . Lads und ! -
Year. | =0 years Strength. LA zt:rsz::;:xr:r Strength. Ratio per
of ﬂ.g&. IOO0, ar EE‘:- T OO0,
1864 | 13,688 191,272 71 e o Sy
1873 | 17,476 138,803 155
1874 | 19,764 | 173,272 | 112

1875 e
1876 | 20,154 181,875 113 | 1412 50,174 23.8F
1877 ! 20,027 132,232 116 1607 58,099 28.7
1878 | 18,657 184,007 106 1868 60,207 31.0
1879 | 18,301 183,042 100 2150 64,587 33.2
1880 | 18,720 181,283 104 1824 67,000 27.2
18818 20,674 181,742 115 1671 60,858 27.4
1882 | 16,451 185,518 89 1403 60,274 23,2
1883 | 20,437 173,529 119 1168 56,917 l 20.5
18841l 27,528 181,008 155 1889 56,383 33.3
1885 | 31,722 192,920 166 2213 60,629 36.5

* Blanks mean that there are no returns.
t From the General Annnal Returns of the British Avrmy for the respective

years.
t Calculated out from the above returns of the respective years.

3 By General Order 8z of 1881 the muinimum age of recruits was raised from 18 to

16 Years.
| On April 27, 1883, authority was given to enlist (specially) recruits at 18 years

of age.

In 1866 a Commission on Recruiting, presided
over by an ex-Secretary of State, reported that in
1844 the average of the rank and file under age was
25 per cent, and that in 1864 it was 221 per cent.

But since 1874 the Annual Statistical Reports of
the Army Medical Department do not publish details
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as to the ages of the men in quinquennial groups
composing the army and in relation to disease, as
was wont to be done, so that we do not now know
how the army is made up in these respects, so im-
portant from a medical point of view, except from
the records contained in the General Annual Return
of the Britiskh Awrmy, published from year to year.
The Reports of the Army Medical Department were
wont to be very valuable in these respects, recog-
nising the very great importance of age as a factor
to be reckoned with in the incidence of disease.
They no longer give in detail the diseases that are
grouped together, as was wont to be given previous
to 1874 ; but they give simply a series of tabular
abstractions in place of the definite details of disease
in relation to ages which distinguished the earlier
statistical reports. These were drawn up on a plan,
the result of much thought and experience, formu-
lated by two of the most distinguished statists of
the day—the late Dr. William Farr, F.R.S., and
Surgeon-General Dr. Graham Balfour, F.R.S.

“As regards the relationship between enteric fever
and age the statistics of the army in India for 1883
show that 41 per cent of the army was under 25 years
of age; and that among them the death-rate from
enteric fever was 4.34 per 1000, whilst among men
between 25 and 29 years of age, forming 35 per
cent of the army, the mortality was only 1.50 per
1000. The susceptibility of young soldiers to this
fever is also clearly shown in the length of residence
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in India ; for while the death-rate from this fever of
those in their 1st and 2d year's service was
4.98 per 1000 ; among those in their 3d to 6th
years, and 7th to 10oth years, it was 1.55 and
0.55 per 1000 respectively.” The experience of
newly-arrived regiments also witnesses (as in 1883)
to the influence of climate on youth in the produc-
tion of enteric fever—no less than 8.95 of the total
death-rate (19.26) of these regiments being due to
this disease.

Additional evidence of the influence of youth and
short residence upon the prevalence of this fever is
afforded by the statistics of individual stations. At
Lucknow, for example, out of 44 cases, 35 of which
took place in one regiment composed principally of
young soldiers, 33 occurred among men between 20
and 24 years of age, and of less than one year's
residence in India.'

“For the army as a whole in 1883 in India
36.55 per cent of those invalided were under 23
years of age (the following year, 1884, it was 38.70);
while 18.94 per cent of the total invalided (32.66
per 1000—in 1884 it was 24.19) had been less
than two years in the country.”?

Anzmia, debility, phthisis pulmonalis, hepatitis,
and diseases of the heart and arteries, are the principal
diseases necessitating invaliding from India?

-

1 Report on Sanitary Measures in India in 1883-84, vol. xvii. p. 3
(Eyre & Spottiswoode. London, 1885).
3 Thid. p. 4. s foid.




SECTION III

INFLUENCE OF AGE ON MORTALITY AND SICKNESS
IN THE ARMY AT HOME AND IN INDIA, AS
CONTRASTED WITH CIVIL LIFE—“THE SHORT-
SERVICE SYSTEM ” EXPLAINED

THE question may perhaps be put: “What has all
this to do with pathology or with the nature of the
ailments of soldiers ?” It is not the kind of pathology
with which, as students of medicine, you may have
been accustomed to deal. But you will not be
long in this hospital for invalid soldiers before it
will become very obvious how much the sickness,
the mortality, and the invaliding of the troops are
influenced by the ages of the men, just as we have
seen how the death-rate and sickness in civil life are
influenced by the incidence of age. The evidence
also is accumulating, which shows how great an
amount of sickness, mortality, and invaliding in the
army takes its origin in the injudicious training and
occupation of the soldier in the various arms of
the service when he is yet in the stage of development
and adolescence (7e. of growth towards maturity),
and when the constitution of the body is far frailer
than in its mature condition.?

* Zhe Breakdown of Young Soldiers under Training Explained, by
Surgeon-Major F. Arthur Davy, M.D. (F. J. Cattermole, Woolwich, 1883.)

D
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In the following Table VII. is shown the influence of ag
fluence in civil life,

TABLE VII.—THE INFLUENG

Table showing the Death-Rates of the Warrant Officers, No
by Quinquennial Periods, in the sever

(Army Medical Departm

Under 2o Years. | 20 and under 25,
| Ratio l Ratio |
Commands. - | PET 1o, per1
= . | 4
& : @ R
£ il el Sl
o |iE | < n wm Al R
= = _ i
Gibraltar . : ; % : o4 | 3| 5.05| 3.83 | =,388| 5| =2-09
Malta 565| 5| 8.85) 4.90 | 2,716| 19| 6.99
Cyprus 39 fr.E5“| 249| 3|12.05
Egypt . 308 | 2| s.02 m.ﬂgi'l 2,749 | 48| 17.46
Canada 121 .04 | 745 4| 5-37
Bermuda . 38 z.78 | 613| 8lz3o5
West Indies 58| 3| 5172 | 12.02 497 x| z.0r
Cape of Good Hope and 5t. Helena zo7| T| 3.26|x4:63F| z,624| z=z| 7.39
Mauritius . 23 17| 3|25.64|
| |
Ceylon - y 3 13 3. 46 | 449 ﬁi 13.306
t China and Straits Settlements 26 5-93 848| 5| 589
.,_| India | 1,044 | 8| 411| 7.70 |21,309 | 324 | 15.20 | I5:4
: t Troops at Home §. | 122,195 2.5 .27 |32,860| .. | 4.47] 44
| .
: and and Wal " | 6.89 8.67
: il Male: j e a0c ANCHILAIES .
B Population | .l.ch'lt'nj.r Districts ‘ . | 5-83 7-30

P

el T, T N T

s
=

* For five years only. t For 1823 n:ml;;. . _ .
¢ For six years only, viz. 1873-74-75-76-82 and 83, no information having been furms

the intervening years.
§ Army Medical Department {Lepori for 1884, p. 36. k-
I The ratio of mortality of males in the civil population under 2o has been calculated fo
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mortality at home and abroad, contrasted with its in-

¥ AGE oN THE MORTALITY,

ommissioned Officers and Men at the several Ages, arranged
oreign Commands and Home Service,

sport for 1884, p. 232.)

|
25 and under 3o. 3o and under 35, 35 and under 4o. 4o and upwards,
Ratig | Ratio Ratio Eatio
per 1ocao. | | per rooo. per 1ooo. Per 1000.
: e : - - = .
© 1 ol . [F ] &
52 (212 S(EIB S| &(2(3 2|8
- m - - I o = = - w =) - = ) @ E‘ E
 — —_— _———i e | —
48| 5| 420 514 | 387 2| 597 7012 232 1| 4-3I| 7-92 WIS < ||lEdiog
1o | To.21| 7.08 | 357| 3| 5.58) B.8Bg 170| 4|23.53|12.45 46| .. .o | 1209
8| 21980 12.74% | 4o) 24082 62g*| a2yl .| .. |7se*| 4.

P08 | To| 5.53|20.45t| 63310 |75.80|19-281| 331 3| 996 /27.34t | 92| 1| 10.87 71.431
02| 1| 249 3.83 | 159| 2|12.58| B.72 104| x| 9-61)12.64 15| .. -« |18.35

2| g|13.57| B.of | =:8)..| .. .68 )| o] [ L B.36 7| r|142.86|24.22
00| 1| 5.00(14.83 7Bl i |anigx 39| 3|706-92| B.17 9| 2|z22.22|28.41
36| 8| 6.47|31.00} | 356| 2| 5.62)43.26¢ 77| 1| 565 55791 46)..| .. |6z.73t
0| 5|20.41 | 16.19 4z .. | .. |16.35 go0|..| .. [Zr19 8 64.52

29| 4| 11.46| 10,51 65| 1[15.38|13.42 23 ..l - |21y

n

. so | e 144-94
926 B.87 | 109! 1 5.02 | 10.63 82| 1|12.19 17.00 3 s |2Bi7s

87| 210 11..56 I4.75 |7727|85 | 11.00 19.35 |3178| 40 (12,58 | 21.25 I505 | 21 13.95:43.42

9| .. | 5.68| 6.29 |7291| .. | 10,05 (10,34 |6303| .. |11.78 15.82 | zBz8 .. u;aﬁslzn.gr
i | !
il g.55 il RO B! B {- 15T [ wo | oes | IXgB| .. P ) I

703 .. TR RS T I i el | an [iee p.3ﬁ| <

! of 17-20, and that of 4o and upwards for the Ages 4o0-45. The rates for England and Wales
:bcc'n obtained from Dr. Farr's English Life Table, published by authority of the Begistrar-
feral in 1864, and for healthy districts from Dr. Farr's Healthy District Life Table, published

€ 33d Annual Report of the Registrar-General,
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TABLE VIII.—RATES OF INVALIDING AT DIFFERENT AGES
FOR UNITED KINGDoM, 1884.

Over 25 | Over 30 | Ower 33 |
| Under | 20and and | and | and Over 40.
underzg

s ' |underzo. |under 3s. | under4o.

Average Strength | 22,195 | 32,860 | 13,786 7291 6303 1828
|

Number Invalided 203 657 355 1093 243 101

Rate per 1000 g.r-.;i 10.99 | 2575 | 20.47| a8.55| 55.25

Year by year it is shown that the rate of invalid-
ing increases with each quinquennial period of age;
and rapidly in the later periods of life in the service.'

It is “#he shorit-service system of enlistment”
(1870) which now (1887) has been in operation for
17 years that has thus brought markedly into
prominence the youthfulness of our soldiers—more
especially in the corps on home service. This short-
service system of enlistment is one which is based on
the principle and developed on the lines laid down by
the late Prince Consort, so far back as 1852, in his
scheme for obtaining a Reserve Force, which was
afterwards so much required in the war with Russia
in 1854.2 But such a force was not then organised,
and was not so organised till 18 years later.
By this system of enlistment the corps on home

1 drmy Medical Department Report, 1884, p. I7. 5

t 7ife of the Prince Consort, by Sir Theodore Martin, C.B., vol. ii.

p. 444
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service are now the training schools for the army
abroad and for the Reserve. For the theory of the
scheme is, “ That the home battalions (composed in a
great measure of young lads and very young men)
shall, in the event of war, be filled from the Reserve,
as happened for the first time in the spring of 1878
—the men so joining being all trained soldiers, in
the very prime of life, who had already passed from
3 to 6 years in the ranks. It became obvious, there-
fore, that the wants of the army for young soldiers
would not likely decrease, but would become more
and more urgent, as men were drawn from it to the
Reserve.”" And so it came to pass that the first
effects of this short-service system of enlistment
(introduced in the autumn of 1870) began to be
felt towards the close of 1876 ; while in the close
of 1877 and ever since 1878 (the system coming
more fully into operation) large numbers of men
having served six or more years with the colours are
passed into the Reserve, there to serve for six or
more years longer.

The important points for us to bear in mind in
connection with these facts (and in addition to the
pathological view that I have already formulated
respecting the influence of age in relation to dis-
case) is: Tat the place of these men in the ranks of
the army must necessarily be continuously filled wup
with younger men ; and that on the military medical

Y Report of Major-General £, A. Whitmore, C.B., on Recruiting for
1876, p. z.
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officers the vesponsibility is now fixed of determining
the ages of these recruits.

In the year 1877 the demand for young recruits
was such as to enlist and pass into the service as
many as 28,280 during the year, compared with
only 6728 in 1862 and 18,575 in 1875. And,
going on with this system as a permanent one, the
then Inspector - General of Recruits expressed his
opinion in his valuable Report on Recruiting for
1877 that it would be necessary in the future to
raise yearly from 27,000 to 28,000 young men to
keep the army at its proper establishment, complete
in its numerical strength of say 200,000 men under
this short-service system of enlistment. Ewven that
number has in 1886 been greatly exceeded. !

!'“' It is obvious, therefore, that the more the pressure
| of this short-service system comes into operation
a larger number of recruits will be required annually.
In 1885 30,971 recruits were taken.

Hence it must ever be kept in view that we are

* getting an army composed mainly of very young
soldiers for variable periods of service.  The
“ material ” composing the army from this point of
view has obtained for it a name which has charac-
terised the epoch as that of “The Boy-Soldier
Period.”

[t is this general youthfulness which the name
implies, and the danger of insufficient physique of
the material likely to accompany youth and the im-
maturity of adolescence, which are the two most

rom— — e
e —

| _
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important factors contributing to the inefficiency
arising from disease and ill-health in the army.

The youthfulness of the recruits is shown in Table
[X. on the following pages.

Summary of the following Table IX. regarding
the Ages of Recruits—During the 12 years, 1874-
1885, inclusive, 335,511 boys and men were enlisted,
whose ages ranged from under 17 to over 25 years,
Of these 186,372 were lads under 20 years of age
(representing an annual average of 15,531 enlist-
ments under 20 years of age) — namely, 12,060
under 17 years; 1678 at 17 and under 18 ; 81,424
at 18 and under 19; and 91,210 at 19 and
under 20.

These give the following ratios per 1000 during
the 12 years—namely, 35.6 under 17 years of
age; 5.0 at 17 and under 18 years; 242.69 at
18 and under 19; and 271.8 at 19 and under 20 ;
with an average annual ratio of 555.48 per 1000
under 20 years of age, ze. from 16 and under
20 years. There were also during the 12 years
45,613 enlisted between 20 and under 21 years—a
ratio of 135.0 per 1000 ; 31,653 enlisted between
21 and under 22 years—ratio of 94.30 per 1000 ;
and 24,852 between 22 and under 23 years—a
ratio of 74.7 per 1000. These numbers represent a
total of 102,118 enlisted between 20 and under 23
years—a ratio per 1000 of 304.3; and a grand
total of 288,490 under 23 years of age—a ratio of
659.8 per 1000 recruits in the stage of adolescence.

_—_
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TABLE IX.—NUMBERS AND AGES OF THE RECRUITS WHO JOINED
SIVE, AND RATIO PER 1ooo (amplified from Table XXV, p.

Tnder. | X7 and (| zBand | 1gand | zoand | =2r and 2z and | 23 and

Year. | ears, | under | under 1g| under 20| under 21 | under 2z |under 23 | under 24 -
! 7 YEAS. 18 vears.| years. yEars. years. VEears. YEars. VEATS. [
| | |

1874 913 | 290 | 5,782 5000 2,854 | 2,044 | 1,455| 1,173

1875 | 948 | 210 | 5,373 | 4,260 | 2,497 | 1,763 | 1,389 | 1,092

1876 965 | 234 | 7.620| 6,378 | 3,782 | 2,947 | 2,206 | 1,817
1877 868 190 | 7,375 sn;ﬁll 4,102 | 2,062 | 2,385 2049

1878 o976 195 | 6,822 | 5,474 | 4,015| 3,210| 2,886 | 2,125

1879 932 135 | 5359 | 4513 4,282 | 2,881 | 2,493 2190 |

1880 I,021 156 | 6,611 5,510 3,667 | =2,525| 2,081 | 1,785 '

1881 | 933 77 3.9mi 9,508 | 3,713 | 2,426 | 1,959 1,650
18821 | gg9 28 199 | 11,992 | 3,805 | 2,158 | 1,683| 1,240
|

1883 I,193 59 ?.9831211,5?3 4,491 | 2,743 | I,Byo| 1,481

1884 1,252 65 | 10,950 | 10,219 | 4,060 | 2,861 | 2,199| 1,828

1885 I, 060 39‘13.544 10,422 | 4,345 | 3,133 | 2.458| 1.919

| Total 12,060 | 1678 !81.424 gI,2I0 | 45,613 [ 31,653 | 24,852 | 20,349

R.‘-‘LL[GP&,‘TC 35.6 g0 |=242.69| 271.8 | 135.9 | 94.30 | 74.7 60.6
1000 i

e ey A

* By General Order 13, 1877, enlistment over 25 is to be discontinued.
i t N.B.—By General Order 82 of 1881 the minimum age of recruits was raised from

13 to 1g years.
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THE REGULAR ARMY IN EACH YEAR FROM 1874-1883, INCLU-
30, of General Annual Return of the British Army for 1885).

[ [
s g U A R £ =B ST S
ears: | wards |25 | TO% [ underzo. [ 29300 | under 2s. | above z0. PG 1000
YEArs,
1,046 95| I | 20,653 II-@ESi 8,572 | 20,557 | 8,668 | s580.3
1,032 | 146 18,510 | 10,591 | 7,773 | 18,364 | 7,919 |572.1
1,670 | 1650 20,368 | 15,197 | 12,512 | 27,709 | I4,I7I |5I7.I
2,022 | 773 28,685 ;I 14,3694 | 13,518 | 27,912 | 14,201 | 501.8
2,204 | 338% ... | 28,035 ! 13,467 | 14,230 | 27,697 | 14,568 | 483.9
2,348 | 363 25,896 | 11,339 | 14,194 | 25,533 | 14,557 | 437.8
1,968 ' 289 25,613 | 13,298 | 12,026 | 25,324 | 12,315 510.1
1,764 | 249 26,180 - 14,419 | II,512 | 25,93I| II,76I|550.7
1,323 | 270 |114) 23,812 | 13,218 | 10,209 | 23,427 | 19,594 | 554.9
1,459 238 | 23| 33,118 20,813 | 12,044 | 32,017 12,245 | 628.4
1,852 382 35,668 | 22.486[ 12,900 | 35,386 | 13,182 |630.4
2,228 | 6B2 | 43| 39,973 25,155 14,083 | 39,248 | 14,708 | 629.5 |
21,006 | 5485 | 181 | 335,511 | 186,372 | 143,473 | 329 845 | 151,139
62.6 | },Ef.'ﬁ?:. 555.48 ‘! 427.6 933,:
27,959 |

t On April 27, 1883,
of age.

authority was given to enlist (specially) recruits at 18 years
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Between 23 and under 24 years, 20,349 were
enlisted in the 12 years—a ratio of 60.6 per
[000 recruits ; and 21,006 between 24 and under
25 years—a ratio of 62.6 per 1000 recruits, repre-
senting a total number of 41,3585 enlisted between
23 and under 25 years—a ratio of 122.6 per 1000
recruits ; and a grand total between 17 and under
25 years of age of 329,845 recruits—a ratio of
983.1 per 1000 between 16 and under 25 years
of age.

The annual ratios per 1000 vary from year to
year from the lowest—437.8 in 1879 to a maximum
ratio of 630.4 in 1884,

The total number enlisted between 20 and under
25 years of age was 143,473 during the 12 years
—a ratio of 427.6 per 1000.

Such being the composition of the rank and file
of the British army at Home and Abroad and in
India as to the age of its constituents, and of the

l recruits who have annually joined its ranks; such
being also the influence of age on mortality and
. sickness, let us look at the results from a practical,
i anatomical, and physiological point of view.

A pitched battle, wherever active service is going
on, is generally, naturally by preference, entrusted,
when possible, to carefully-selected old soldiers.
But these do not always represent the average
efficiency of an army. They are usually a picked
body of “commanded men,” as they were wont to
be called in the old English military language.

o ———
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And if we look at British soldiers, not as they may
be seen in London (where the Guards), or at Ports-
mouth (where the artillery and marines raise the
average to an exceptionally good-looking quality of
men), but as you may see them even here (at Netley)
or in the garrison towns, and in the depot stations
Ay where infantry only are quartered, one cannot fail to
notice how largely the “material” of the British
army is made up of boy-soldiers.

From time to time the period of service is
shortened or extended not as yet upon any fixed
principle.  There is no finality in practice ; but
what I wish to demonstrate, and desire that you
may appreciate the importance of, is :—7/at a very
large majority of these young soldiers have not, at the
time of their emlistment, reached theiv maturity of
growth nor complete development as regards the bones,
the muscles, and the internal solid organs of their
bodies, especially the heart, lungs, liver, and Fkidneys ;
and it is mainly as regards the details of their im-
matureness, to whick I specially invite attention in the
Jollowing pages, as bearing wupon and explaining to
some extent the pathology of many ailments to which
they are more prone than lads of the same age who
remain in civil life.

I wish to lay before military and medical officers
alike such materials and information as may satisfy
them, and all others whom it may concern, in what
respects these young lads are #msmature, and how
such zmmaturity affects their efficiency as soldiers in

‘—
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SECT. III

the ranks: (1) As to bodily endurance or * staying
powers” and general aptitude for military life ; (2)
As to their liability or proclivity to certain diseases,
which (as compared with civil life) are exceptionally
prevalent amongst soldiers.

—r
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SECTION IV

QUESTION AS TO THE FITNESS OF LADS UNDER
20 YEARS OF AGE FOR GENERAL MILITARY
SERVICE

THERE now comes to the front the very important
question for consideration as to the fitness for gen-
eral service of young men under 20 or 21 years of
age, ze¢ service in war-time and in the field, at
home or abroad, as well as at home only, and in
peace-time.

Opinions ever have varied, and still continue to
vary considerably, as to the reply to this question.
But the reply ought to be matured by this time,
and quite unanimous, as the result of such an ample
and a death-dealing experience as this country has
gone through.

General Sir R. C. H. Taylor, K.C.B,, in his valu-
able Report on Recruiting (when he was Inspector-
General of Recruits), admits that “men of full ages
(and not lads of 18) are preferable as soldiers.”
Yet it must be remembered that for many years,
certainly from the beginning of the present century,
the age of 18 has been held to be that at which a
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youth is fit to do duty in the ranks, and to be
counted as a man. And no doubt the records of
some celebrated campaigns may prove that many
such boys have rendered good service in the field—
boys will always fight when well led, so long as they
have strength to fight ; yet the records of most wars
and of campaigns of any considerable duration, as
well as the weight of competent individual evidence,
are altogether against the employment of lads under
20 years of age as soldiers in the ranks, and for
general service in the field. They have not the
necessary powers of endurance; and endurance, or
“staying - powers” is the grand “test- ordeal.”
General Taylor also makes the important state-
ment that “the changes in the constitution and
organisation of continental armies now render it
perilous for this country to rely to so great an
extent as formerly on its undeveloped manhood.”
On the other hand, a not less eminent authority
and distinguished general, Viscount Lord Wolseley,
says: “Give me young men” (he does not say how
young)—*“they do what they are bid, and they go
where they are told ; they become more amenable to
discipline, and, though when you catch them first,
they may have some difficulty in carrying their knap-
sacks, once they get beyond that they are in a fit
condition to take the field.”! This opinion of Lord
Wolseley’s, I conclude, has reference mainly to

! Mr. Hardy's speech in moving army estimates, Zhe Zimes,
March 3, 1870.
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military discipline rather than to physical capacity
for work and general service at an early age.

The experience of all great commanders, and of
warfare generally, has shown that young men /fave
not been usually able to surmount the fatigues of a
continuous military life, especially in the field, under
20 years of age—that they have had great difficulty
in carrying their knapsacks in active service when a
campaign is prolonged beyond a few months in an
enemy's country ; and it is quite clear, from the
immature condition of his bones, and want of de-
velopment of his muscles and of his internal organs,
that the recruit ought not to pass into the ranks for
general service below the age of zo years.

Some years ago it was given to be understood
that none would be enlisted for service in India under
20, and finally under 19 years of age, unless for special
reasons ; yet what do we see in the records for
1873? Over 3500 lads under 2o years of age
serving there! and with what dire results to them,
the influence of age on sickness and mortality
abundantly shows.! (See also Table VIL)

The European army in India is, in fact, a young
one, only 2 per cent 10 years ago being over 46
years of age, and only 14 per cent above 35; 86
per cent of the total are men below 33 years old,
65 per cent are under 30, whilst the restrictions
pPlaced of late on sending young immature soldiers
to India have resulted in this : that while the numbers

' See drmy Medical Department fKeport for 1876, p. 200.
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above the age of 25 have been over an average of
577 per 1000 annually, from 1876-1885s, inclusive,
12.6 per 1000 have been under 19 years of age,
26.2 per 1000 under 20 (a mavimum of 2150
serving in 1879, and a minimum of 1168 serving
in 1883, at that age); while between the ages of
20 and 23 the ratio is as high as 209 per 1000 at
that very critical period of adolescence; 237 per
1000 under 23 ; and nearly 423 per 1000 under
25, out of an annual average of 60,503 rank and
file.

All that can be said is that there are still far too
many lads under age in India, the effects of which
will no doubt be traceable in the future death-roll of
our army there.

The records of history are full of evidence as to
the unfitness of youth during adolescence for general
military service, and still more so in India and the
Tropics.

During the military operations in Egypt from
1798-1802, a contingent of European and Sepoy
troops was sent from India to Egypt to co-operate
with the force under Sir Ralph Abercromby,
just as recently they were sent from India to co-
operate with the force under Lord Wolseley. Of
that contingent (in 1798) it is recorded that “the
68th Regiment which came from Bombay was chiefly
composed of 'boys, and that on the passage fever
broke out amongst them, and that they lost nearly
half their number, and continued so unhealthy that
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they were re-embarked and sent back to Bombay ;
while the 61st were nearly all old soldiers, and
owing, it is said, to the strict discipline and care of
Colonel Carruthers, although they were over 900
strong, and had been 16 weeks on board ship,
when they landed at Kossir had only one man on
the sick list.”?

But this question as to the fitness or the reverse
of young soldiers for general service receives the most
marked illustration in the historical records which
exist as to the marching powers of the British troops,
as recorded by competent authorities. Such records
furnish the most telling evidence we possess of the
unfitness of youth for such severe exertion as long-
continued marches entail.

In the great march of General Roberts from
Cabul to Candahar in 1880, it was the young
soldiers who succumbed to its fatigues, while the old
soldiers became hardier and stronger every day.
For example, it is on record, that the 72d
Highlanders received two large drafts of young
soldiers while at Cabul. They had (on August 28,
1880) absent from their ranks, from maladies inci-
dental to hard marching and exposure to the sun, a
much larger number of men than the 6oth Rifles and
92d Highlanders, whose ranks were mainly com-
posed of seasoned and matured soldiers.?

1 T .

SA‘ Short History of Naval and Military Operations in Egypt from
I?% :IISD?’IP' 151, by Lieut.-Col. Sir John M. Burgoyne, Bart.

= e Temes, October 7. 1880,

E
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A further retrospective analysis of this great
march from Cabul to Candahar, through an enemy’s
country, and at the end of a long and severe cam-
paign, is of much interest with regard to the endur-
ance, power, and stamina of British troops as
compared with some other forced marches, Sir
Thomas Crawford, the present Director-General of
the Army Medical Department, has given us its most
salient points.

The facts of the Cabul and Candahar march are
as follows :—

This march' had of course to be conducted with-
out a base of operations or communications of any
kind, through a hostile country, towards a definite
point (Candahar). The arrangements for the march
were made by Surgeon-General Sir James Hanbury,
at that time Deputy-Surgeon-General in India. It
commenced on August ¢ ; and Ghazni, a distance
of 974 miles, in which the Zamburak Pass (7000
feet) and the Sher-i-Daban Pass (gooo feet) were
crossed, was reached on August 15, ze. in 6 days.
For this part of the march, an average distance of
nearly 14 miles was covered daily. The remaining
distance of 134} miles was covered in 8 days, or
nearly 17 miles daily. 10,148 troops, 8143 native
followers, and 11,224 animals, including cavalry
horses, composed the moving column; the daily
supplies for all these were drawn from the country
around after arrival in camp. Food was distributed

Y drmy Medical Department Report for 1880,
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and cooked with fuel (difficultly procurable and
brought in from a distance) during the 8 days’
march. The longest marches on any one day were
20 miles, from Ghazni to Zerghalta, and 21 miles,
from Mukur to Panjak.

The larger the body of men the slower the march.

It may be interesting to refer here to some other
marches recorded. In July 1809 General Crawfurd
marched with the 43d, 52d, and 95th Regiments of
Foot to reinforce Sir A. Wellesley, in Spain, at the
Battle of Talavera; the brigade marched 62 miles
in 26 hours, carrying arms, ammunition, and pack
—in all, a weight of between 50 and 60 lbs. per man.!

In the late Franco-German War very long and
difficult marches were performed by the Germans.
Dr. Roth, who served as chief medical officer with
the Saxon army, mentions that the 18th Division
marched, from October 29 to November 17, 554
German miles, which is equal to 260 English
miles, in 9 days—nearly 18 miles a day ; while
on December 16 and 17, in the various manceuvres
about Orleans, they marched 54 English miles,
They were very heavily accoutred, and the roads

* Of the weight carried here there is some doubt. In the Peninsular
War the men carried bags (or pocks) like grain bags, weighing about
2 Ibs., and not framed packs. The late Lord Clyde saw the men
marched in, and they each carried a shirt and a spare pair of boots or
sh_oes, The distance also is disputed (62 miles in 26 hours, #e 2.38
miles an hour, without halts). Sir W. Cope (an officer of the 95th)
says the distance was only 40 miles (History of Rifle Brigade, quoted
In Parkes’s Hygiene, p. 501). *“When a large army moves (say over
10,000 men), it has never accomplished such distances.”—-Parkes,
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were bad. A company of a regiment of Chasseurs
of MacMahon’s army, after being on grand guard,
without shelter or fire, during the rainy night of
August 5th-6th, started at 3 in the morning to
rejoin its regiment in retreat on Neiderbronn, after
the battle of Weissenburg, It arrived at this village
at 3.30 in the afternoon, and started again for
Phalsbourg at 6 o'clock. The road was across the
hills and along forest tracks, which were very difficult
for troops. It arrived at Phalsbourg at 8.30 in the
evening of the next day. The men had therefore
marched part of the night of August 5th-6th, the
day of the 6th, the night of the 6th-7th, and the day
of the 7th till 8.30 P.M. The halts were 8 minutes
every hour, from 3.30 to 6, one hour in the night of
the 6th-7th, and 23 hours on the 7th; altogether,
including the halts, the march lasted 411} hours, and
the men must have been actually on their feet about
30 hours, in addition to the guard duty on the night
before the march. The exact distance is not known,
but, considering the extreme difficulty of that rugged
mountain country, and the bad weather, this is,
perhaps, the most toilsome march on record. Also
Lord Clyde’s march, from Lucknow to Cawnpore,
must not be forgotten.

Next to fighting, a march through a hostile

country is the most trying of military exertions ; and
a common object of reproach to the British army
has ever been that it fights better than it marches—
an adverse criticism made not only by foreigners, but
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by Englishmen ; and the reason for which is not far
to seek. To the civilian mind it appears somewhat
strange that a healthy, tolerably active Englishman
should think himself overtasked if required to march
20 miles a day for several days in succession. There
are plenty of wiry Highlanders, active Irishmen, and
sturdy English peasants, who would treat a walk of
30 miles a day, or even more, as a joke. How is
it, then, the civilian asks, that we so often hear of
soldiers falling out when marching along one of
the best roads in the kingdom some 8 or 10 miles,
as from Aldershot towards Windsor ?

One explanation is, that the civilian walks by
himself as free and easy as he pleases, not as one in
a long column ; his dress gives full play to all his
muscles, and permits of easy circulation to the blood
in his veins ; he carries nothing, or, at most, a light
handbag ; he can regulate his pace, according to his
powers, and can stop to rest when he chooses. A
soldier, on the contrary, marches as one of an organ-
ised crowd, and in a series of movements which are
to a certain extent “ constrained,” in a more or less
stiff attitude, which the late Dr. Parkes described “as
the position of “attention ’ put in motion.” He conse-
quently suffers more from heat than does the civilian,
and is often stifled by the dust raised by those in
front of him; he carries a heavy load ; he wears a
dress which, save in India, is not suited for active
exercise ; he is girt round with straps which impede
the circulation, Tired or fresh, with short or long
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legs, he must proceed ata regulated pace, and can only
halt when ordered. Worst of all, by checks in the
column, over which he has no control, the soldier is
often obliged to halt or crawl, thus greatly increas-
ing his fatigue.'

Seldom, however, has General Roberts’s march
been surpassed. It is considered good marching in
Europe for a large body of men to travel on tolerable
roads, day after day, for any length of time, more
than an average of 10 miles a day, including halts.
But General Roberts, moving through a difficult and
hostile country, over a single indifferent road, at a
hot season of the year, did, on an average, cover a
little over 16 miles a day for 23 continuous days;
18 to 20 miles for one day is considered a long
march for a large body of men. Hence continuous
marching in a prolonged campaign is the most test-
ing ordeal as to endurance of the soldier; and the
experience of all nations has demonstrated the use-
lessness of attempting to conduct military operations
to advantage, unless the rigid scrutiny of the army
medical officer has been able to exclude such men as
were unfitted to sustain the continued fatigue and
exposure of the march.

The fever engendered by over-exertion is a very
characteristic one, due to the proteid embarrassment
of the system, which results from the functional
destruction of the tissues.* The extent to which such

1 Parkes's Hygiene, p. 587.
2 The Animal Alkaloids, by Wm, Aitken, M.D., F.R.S,, p. 19, 1837.
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destruction and disintegration of tissue takes place
may be also realised from the following record given
by Mr. Maclaren of Oxford : '—

“ During a long pedestrian tour (equal to a long
march), exceeding g hours daily, with knapsack of
12 lbs, the chest fell from 41 to 394 inches; the
upper arm from I4% to 134 inches; the lower arm
remained unchanged at 123 inches; the lower limbs,
on the contrary, were vastly increased, the calf of the
leg passing from 16 to 17 inches, and the thigh
from 231 to 25 inches.” '

If such be the result from a pedestrian tour for
pleasure, how much more irksome is that of the
soldier on the march.

It will be my duty to show you that the younger
the recruit under 20 years of age, the less perfect is
the growth of his skeleton, and of such important
organs as the heart, the lungs, the liver, and the
kidneys, the less is his body weight and bulk, and
the less able is he for military work. At 18 years
of age many recruits are but slim lads, whose bones
have not yet completed their growth, and who have
not yet attained their full height, bulk, and develop-
ment. It is hardly reasonable to expect the same
work and exertion out of a lad of 18 to 20 years, as
out of a full-grown man of 25 to 30 years of age ;
yet as soldiers they are (young and old alike) worked
together in the ranks, and if the young do not possess
unusual strength and stamina of constitution, they

' Page 13 of work on ** Training.”
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pass most of their time in hospital, till they are dis-
charged as invalids unfit for further service.

It is on account of the large proportion of
invalids that the ages under 20 in the Table NI
P.- 34, showing the influence of age on mortality,
appear at first sight to show favourable results.
Hence it is necessary to show the ratio of invaliding
as well as the ratio of mortality. And, again, when
we come to analyse the influence of age on sichuess
in the Army Medical Department Reports, we find
that the highest ratios of sickness per 1000 are for
the group of ages under 20, and next to that for 20
and under 25.

In addition to the historical examples which have
been given there is abundant individual evidence of
experienced soldiers and military medical officers to
show the utter unfitness of lads under 20 years of
age for general service in the field, ze. for active
service in a continuous campaign.

The late Dr. Parkes has put his valuable opinion
on record in these words: “ That although a recruit
may be usefully #rained at an early age, no man
under 20 can be regarded as an efficient soldier
fit for active service.” And here it is worthy to note
that “training ” is to be distinguished from “ active
service,’—a very important distinction to be ever
kept in view. Parkes goes on to say that, “strong
opinions have been expressed by Ballingall (English
army), Lévy (French army), Hammond (American
army), and other army surgeons, that the age of 17

TR R S e e s
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or 18 is too low—that the youngest recruit should
be 20 or 21 years of age. This opinion is based
both on actual experience of the effect produced on
growing lads of 17 to 20 when exposed to the hard-
ships of war, or even to heavy duty in time of peace,
and on a physiological consideration of the extreme
immaturity of the body at 18 years of age.

“With regard to the first point, there is no doubt
that to send young lads of 18 to 20 into the field
is not only a lamentable waste of material, but is
positive cruelty. At that age such soldiers, as
Napoleon said, merely strew the roadsides and fill
the hospitals. The most effective armies have been
those in which the youngest soldiers have been 22
years of age.” !

With regard to the second point—the anatomical
and physiological immaturity of the recruit—abundant
evidence will be set forth in the next section.

Again, Sir James M‘Grigor, a former Director-
General of the Army Medical Department, who
served throughout the Peninsular War, from 1803-
1814, testifies that “corps which arrived for service
in the Peninsula were always ineffective and sickly
in proportion as they were made up of men who
had recently joined the ranks; and in making calcu-
lations for measures in the field he found that 300
men who had served five years were more effective
and more to be depended on than a regiment of
1000 men who had just arrived, and who were young

! Parkes’s Hygiene, 6th edition, by Dr. De Chaumont, p. 528.
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recruits—lads unequal to the harassing duties of
service—an experience, he says, which is still more
true regarding India.!

Many examples of similar opinions are to be
found in the records of our Russian War experiences
of 1854 and 1855 as contained in the evidence
taken by Mr. Roebuck’s Committee in the House of
Commons. These records show that young and
growing lads are much less able to endure the fatigues
of marching than mature men. When the Duke of
Newecastle (the Minister for War at that time) informed
Lord Raglan (the Commander-in-Chief in the Crimea)
that he had 2000 recruits ready to send to him, Lord
Raglan’s reply was, “ Those last sent were so Joung
and unformed that they fell victims to disease, and
were swept away like flies. He preferred to wait,”
rather than have such young lads sent out to him as
soldiers.”

H.R.H. the Duke of Cambridge testifies in the
same Report that the young men suffered twice or
three times as much in the Crimea as the men who
had been there all the time.®

Sir De Lacy Evans, in the same Report,* states
that the drafts sent to him were composed of men
too young. General the late Viscount Hardinge?®
also bears testimony to the fact that many men were
sent out to the Crimea as a Reserve composed of

L Medico- Chirurgical Trans,, vol. vi.

Fifth Report on Army before Sebastopol.

8 L. ¢., Question 4204.

¢ L. ¢., Question 755. 6 [. ¢, Question 20,773

[ =]
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young recruits ; and he further states (as if it were
an achievement to be imitated as an example) “that
these young recruits were made perfect in their drill
in the course of sixfy days,” whereas the most com-
petent authority tells us that it takes a year and a
half to accomplish the drill education of a soldier—
' that is to say, the work of 547 days had to be accom-
plished in 60 days. “Give us,” says Lord Hardinge,
“a good stout man, and let us have 60 days to train
him in, and he will be as good a soldier as you can
have. Such had been done in the Peninsula.” This
may or may not be the case as regards good stout
(or mature) men; but it certainly cannot be done
with impunity as regards “growing lads” under
twenty years of age. If in the given time of sivey
days the young recruit may be made perfect in his
drill, another contingency must be reckoned with—
namely, that in less than six#y days he may have
broken down so completely under the unwonted
exercise, that before two more years have passed
over his head he may be a dead man ; or having
spent most of his time in hospital, he may have been
discharged the service as an invalid on account of
cardiac or pulmonary disease. While, therefore, he
becomes for the remainder of his short and miserable
life a burden on the civil population, his death does
not show as a death in the service.

Lord Hardinge further goes on to state, “that
although no men were sent under 19 years of age,
yet when sent out, it was found that instead of

—;
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being composed of bone and muscle they were
almost gristle” In fact, he says, they were too
young ; and he seemed to think that limiting the
age to 19 was a sufficient restriction in sending out
men. The relationship of gristle to youth has not
been quite understood or appreciated as it ought to
be by military commanders. It is only now that
some of them are beginning to understand it ; but of
this there can be no doubt that boys were sacrificed
in the Crimean War because we had no Reserves ;
and the Short-Service System was doubtless intended
to prevent such a thing occurring again, by giving
us a reserve of older soldiers and mature men for
active service in place of young lads. The first
Duke of Wellington considered that old soldiers
were the “soul and strength” of the regiments.
The late Viscount Cardwell and the present Lord
Cranbrook have expressed themselves in much the
same terms; and the first Napoleon after the battle
of Leipsic said, “I must have grown men; boys
serve only to fill the hospitals and encumber the
roadsides.”

The experiences of the Franco-German War are
similar to those I have quoted with regard to our army.

Experience has taught continental states and
also this country that men are in general not able
to surmount the fatigues of a military life under 20
years of age—a fact long ago pointed out by a
famous army surgeon, Dr. Marshall.!

1 Marshall on Enlistment, p. 8.
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The evidence of M. Coche is to the same
effect : “ Recruits at 18 years of age are commonly
unfit for the duties of an army. If they do not
possess unusual strength, they pass two, three, or
more years in hospital if they are not discharged the
service altogether before that time.” "

The American authorities have recently taken a
still more unfavourable view of the service of young
soldiers.

In the Annual Report of the Surgeon-General of
the United States Army for 1885, it is shown that
a greater proportion of invalids was furnished by
troops under 31 years of age; while, up to the
age of 25, ke rate proved so much above the
mean for the whole army, that the Surgeon-General
states, “It may be fairly questioned whether the
services rendered by these young men are equal to
the cost of their maintenance.” ?

“These facts show how wrong it is to expect any
great and long-continued exercise of force from lads
so young as 18 and 20; and the inevitable conse-
quences of taxing them beyond their strength.” s

But these facts are not to be taken as arguments
against the enlistment of lads under 20 years of age ;
they must, however, be taken as arguments against
sucl lads being used or counted upon as efficient soldiers
in the ranks at ages under twenty years.

1 Marshall, 7/ .
* Lancet, January 1, 1887, p. 54.
% Parkes, Z ¢, p. 520, 6th edition.
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To get out of the difficulty connected with youth-
fulness, it has been considered by some as most
desirable that none but well-grown men of 20 years
and upwards should be enlisted as soldiers ; but the
simple fact is, that in prosperous conditions of the
labouring classes a military career does not offer
sufficient advantages to men of that stamp who have
already entered upon trades, professions, and other
avocations; so that unless higher inducements are
set forth, a large proportion of recruits must continue,
with the present system, to be furnished from the
youths of from 18 to 19 years of age, who have not
settled down into any fixed mode of occupation, or
who have failed in obtaining a livelihood by regular
labour.! Moreover, as the Duke of Cambridge has
often stated, “ Not only is it impracticable to get
recruits to enlist at the ages of 20 or 21 years, but
the balance of experience shows that they make

better soldiers when their training begins at an

earlier age.” ®

The necessary outcome of these facts and argu-
ments is that a lengthened period of probation to
give time for a course of judicious training is required
to enable the recruit to develop his strength, and to
learn to husband it, so that he may be able to sur-
mount the fatigues of military duty.

The case therefore seems to stand thus: “If the
State will recognise the immaturity of the recruit of 18

1 Report on Recruiting, by Colonel Taylor, Z ¢
2 Times, March 3, 1876.
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years of age, and will proportion his training and his
work to his growth, and will abstain from consider-
ing him fit for the heavy duties of peace and for
the emergencies of war till he is at least 20 years
of age, then it would seem that there is not only no
loss but a great gain by enlisting men early. At
that most critical period of life recruits can be
brought under judicious training, when they also
ought to have precisely the amount of exercise and
the amount and kind of diet! best fitted for them, so
that in two years they may be more fully developed,
and be made more efficient than if they had been
left in civil life.” 2

If we may venture further to draw conclusions
from the excellent Reports on Recruiting made in
recent years by Major-General E. G. Bulwer, when
Inspector-General of Recruiting, this is theoretically
the conclusion accepted by the military authorities
themselves. It is obvious that we are obtaining
soldiers at a rate unexampled in this country; that the
military authorities recognise a steady gain in our
military resources year by year during the past ten
years, representing large additions to the Regular

! Theinsufficient food supply of the army has been often represented
to the authorities by medical officers. The meat ration provided for
soldiers gonsists of only three-quarters of a pound of meat a day for each
man, which, when cooked, weighs only from four to six ounces. This
amount of mea# food is not sufficient to keep a grown man in health, if
he has to do any amount of work to cause fatigue ; and it is far too

small to enable the growing lads who form our recruits to attain their
proper growth.—Parkes, /Z ¢., p. 557.
? Parkes, / ¢., 6th edition, p. 5zq.
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Army and First-Class Army Reserve ; that while the
average increase and decrease of the army during
the ten years preceding the introduction of the Army
Enlistment Act of 1870 are less compared with the
corresponding average during the past ten years;
and that, taking the total increase and decrease for
the two periods, the result is that while in the
former period there was a loss of close upon 40,000
men, in the latter period there has been a gain of
close on 53,000 men. “It must not be forgotten
that zie great increase in the number of young men
coming into the army, and the operations which the
army has been forced to undevtake from time to time,
have put a great strain on the system,

“Taking the infantry alone, the despatch of extra
battalions recently to Egypt, as well as the continu-
ous supply of drafts for foreign stations, have filled
the depots and battalions at home with young men.
In the case of battalions on the low establishments
they are practically depots, and useless for garrison
duties. There is no doubt that each battalion ought
to have, independent of its recruits and of men pre-
paring for drafts, a sufficient proportion of effective
men present and ready for any garrison or other
duties the battalion may be called on to perform.

It is a question of larger establishments and of a

more uniform strength.”!

Major-General Bulwer justly considers this
important question, greatly bearing on recruiting, for,

119

dll

1 Report for 1885, dated March 1, 1886, p. 16.
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if men are unduly worked, as they always will be in
very weak battalions, the army obtainsa bad reputa-
tion, and becomes less popular with those to whom
we look to fill its ranks.

At one time also there was a great cry raised
against the recruits, because they were not effective
as soon as could be wished. This was no fault of
the men ; they are taken young ; and Major-General
Bulwer in several of his Reports justly contends that
“they must be given time to mature :” and “that no
men, no army, and no system will stand the strain
unless the home establishments are maintained at a
strength sufficient to meet the demands made upon
them.” !

Again, as regards the physique of recruits, men
between the ages of 18 and 20 have great room for
development, and there is abundant testimony to the
marvellous progress both in height, weight, and chest-
measurement, which is made during the first few
months of service.?

Moreover, “while so many recruits are wanted, it
will be necessary to take young men, and, provided
time is given them, they ultimately become the best
soldiers.” . . . It has been found in some instances,
where complaints have been made as to physique,
that the increase gained on re-measurement after
a few months is very remarkable, In one regiment,
in the case of 16 men who had been specially

L Report on Recruiling for 1883, dated 1886, p. 16.

* Major-General Bulwer, / c., p. 7, Keport for 188,
F
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enlisted, the average chest-measurement increased in
the course of a few months from 3338 to 358, and
the average weight from 125 to 140 Ibs.

Again, in the Report for 1883 Major-General
Bulwer observes that “with regard to age there is no
doubt that lads at the age of 18 are young and
require time to develop ; but it is a fault on the right
side ; and it is hardly fair to judge of these men, or
of the men slightly under the muznémum standard,
until it is seen how they develop. It is safer to be
guided by the medical judgment than by any other.”
Again, though it is necessary to have a minimunm
standard, “there are many cases in which men
slightly under the standard will in reality become
better men than some others over the standard. For
this reason it is desirable that whatever standard is
fixed some discretionary power should be given
jointly to the commanding officers and medical
officers on the spot. These officers are not infallible,
but they are of standing and experience, and are
certainly not likely to pass men wilfully into the
service who, in their opinion, will not wztk Zime
become efficient soldiers.”’

The evidence of Major-General E. A. Whitmore
for 1876 is much to the same effect; and Major-
General R. C. H. Taylor, in his Report on Recruiting
for 1872, of date January 1, 1876, paragraph 35,
suggests, “as an additional means of furnishing
the increased supply of recruits, which it has been

L Report on Recruiting for 1883, of date February 28, 1884, p. 5.
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shown will in future be required, that the prac-
tice of enlisting boys from the several industrial,
district, union, and other schools shall be still further
extended. At present only a limited number of
boys in excess of the number authorised as band-boys,
drummers, etc,, are allowed to be taken for training
in regiments, brigades, and corps; and this for the
very cogent reason that each boy thus enlisted counts
as one of the establishment, and is thus reckoned
amongst the effective sabres or bayonets. But if
authority were given for the enlistment of a larger
number of boys i excess of the establisiment, to be
retained at the depots or at their present schools
until they reached the age of 17 or 18 years, during
which time they should attend to study, be instructed
in trades (this should be imperative), and thoroughly
drilled, besides being put through a course of
gymnastics, it is believed that a very valuable ele-
ment would be introduced into the army, and that
from this source many good non-commissioned
officers especially would be obtainable, supplying thus
a want from which many corps are now reported to
suffer. From information that has been received, it
would appear that any number of such boys may be
obtained ; and if the principle were adopted and the
proposal reduced to a system there is no doubt that
a regular flow of young men of a superior stamp
would be added to the service, aiding in a large
degree towards filling the vacancies that will occur
from the constant Passing of short-service men into

¥—
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the Reserve, and supplementing in a most satisfactory
manner the ordinary recruiting of the army.” Much
more ought to be. made than hitherto of the corps
on home service, as training schools for the army.

By General Order 8§84, “All soldiers are kept
under the observation of medical officers during the
first three months of their service, and are reported
on once a month.” Therefore, it is that “ whenever,
during this period, a man shows indications of want
of stamina or physical inferiority, he is brought
before a medical board, and if the board considers
that he will not ultimately become fit for military
service, he is at once discharged as ‘not likely to
become an efficient soldier’ ¢ Instructions on this
point have been issued to all medical officers.’”

But a three-months’ period of probation is not
enough. Recruits ought to have at least two years
for training and physical development after enlistment
at 18, before they pass into the ranks, having then
completed their zoth year., This necessity will be
borne out when we consider the facts set forth in
next section, regarding the development and growth
of the recruit, and of his internal organs at the
period of adolescence.

It is now well known that age, weight, height, and
girth are very closely correlated in the growth of a
healthy human being to the full development of his
strength and powers of endurance, and the due
proportions of these factors are absolutely necessary to
be maintained in order to enable a man to go through

|
|
|
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the fatigues and hardships incident to a military life.
Age is only one of several most important elements,
and when the bones of the skeleton are examined,
and the following sections studied, it will appear that
up to the age of even 30 years the skeleton frame-
work of the body is still growing and increasing in
bulk, and that the whole man is only arriving at
maturity. Such a study ought also to convince any
one of the necessity of great care and caution in
handling young men and young animals, in order
that they may be trained with success without
inducing disease.  Farmers and trainers of race-
horses are now beginning to understand the import-
ance of attending to the due concurrence of age,
weight, and perfected development in the training of
horses and other animals. The advice of an eminent
professor of veterinary pathology— Professor Varnell
—on this important subject, to the students of his
college, is characteristic of scientific progress: “As
men of science,” he says, “ you ought to point out
the folly caused and the deterioration and suffering
induced by training and running horses at an age
long before they arrive at maturity. Many young
horses are trained when not more than a year and a
half old, and a large proportion of them are thereby
lamed for life. Thejr joints become diseased, their
ligaments and tendons strained, and their bones and
the membranes covering them inflamed, In this
condition they are Placed in the hands of the
veterinary surgeon, very often with a peremptory

_—
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—

order to fire and blister the affected limbs. Instances
are not unknown when only one leg is affected for a
request to fire the opposite one also, on the supposi-
tion that it would be strengthened by the operation.
If the suggestion is acted on, the poor animal’s legs
are cauterised with the hot iron, and he is again
handed over to the trainer. Such a horse might
stand the training, but in all probability he would
break down the first race he ran.”

It has been recently proposed to purchase horses
at an early age, and keep them till old enough for
service; and if such is recognised as good for horses,
it is still more necessary that young lads should have
a sufficient period of probation for growth and

training.




S BECT TEINS

PROGRESSIVELY GRADUAL DEVELOPMENT, AND
GROWTH OF THE RECRUIT AND THE YOUNG
SOLDIER

FroM what has been stated, it will be seen that in
the selection of recruits and the training of them for
military service, it is necessary to have some standard
by which we may compare each individual; and
such a standard of comparison can only be safely
arrived at (1) by a knowledge of details as to the
rate of human growth at the growing age, and by a
knowledge of the development of the organs of man,
and of the periods at which they, together with the
whole body, arrive at maturity ; and this not only as
regards the several bones of his skeleton, but also as
regards the several visceral solid organs inside the
great cavities, especially the Heart, the Liver, the
Lungs, and the Kidneys; and (2) by a knowledge
of the size and weight of men and of lads at different
ages.

When we consider fully the details to which I am
about to direct attention, you may, perhaps, appre-
ciate better the value and importance of the instruc-
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tions which will be given you b}r the professor of

hyglene regarding the plysical training most proper
for the young soldier,—a. training which, while it"

tends to develop his strength commensurate with his
growth and with his years, tends also to preserve
him from disease, and  fits -him more efficiently to
learn and to .endure the labour of military duties
and drill.

All the parts of the organisation of man are
connected or correlated together, so that with the
increased or decreased dimensions of the whole body,
or-of any particulat part of it, certdin organs are.
also increased or diminished, or modified; and
modifications which "arise during the earlier stages
of growth tend to mﬂu-:ncc the subsequent develop-
ment of the whole man:

The comprehensive question of development and
growth is, therefore, of -great - importance for our
present subject—namely, the selection of lads for
military service. It must be remembered .that the
human being reaches maturity by, or through, a vast
number of changes, which are individu.ally.#rcry slight,
and which are also very slowly effected—as when the
child grows into the man. Each microscopically

minute element of thie separate tissues and cells of .

the body has an indepéndent functional life, so that
the constituents of each organ and system have each
their own proper life. The osseous system, the
nervous system, the heart, the lungs, the liver, and
even the blood itself—all of them possess conditions
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of nutrition peculiaf to the constituents of each of

‘them ; so that each goes slowly through its phases of
" development, of growth, of decay, and of death.

In the regular grnwth_{;f the skeleton and in its
repair, the tissues composing bone and cartilage
undergo a’ whole series of permutations and substitu-
tions throughout childhood, youth, and adolescence.
Each organ and part of the body thus reaches
maturity through a longer or shorter course of
developmental changes; and these changes are
necessarily small and insensibly slow, as when a
child grows up into a man.!

The term “ growt/ ” implies therefore “ the gradual
increase to full size by the addition of matter ;” while
the term “ development ” signifies the advancement of
an organised being from one stage .to another by a
process.of natural or inherent but gradual evolution,
with certain changes.of structure, in passing from a
lower or less perfect stage, through others of greater
maturity, towards a more complete or finished " state.
[t implies at the-same time.a gradual growth or ad-
vancement . through progressive changes: from the
embryo state to complete maturity, when develop-
ment ceases -but growth may still continue. The

_ brain in idiots continues to grow after having been

arrested in its development® Development, there-
fore, implies growth with the full progress and
advancement proper to the original idea, type, or in-

! Darwin, dnimals and FPlants, vol. ii. p. 380.
3 ® Professor Marshall, Zk:. Treas., 1864, p. 544.

1_|—
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tention, or power 7z posse of the object developed—
the disengagement of the form or shape from that
which conceals its character—
** Take him to dezelope if you can,
And hew the block off, and get out the man.”
PoPE, Dunciad.

A child is said in this sense to grow into a man, and
a foal into a horse; but, as in these cases there is
much change of structure, the process properly belongs
to the order of development. We have indirect evi-
dence of this in many variations of structure and of
diseases supervening during so-called growth at par-
ticular periods, these being inherited at corresponding
periods. In the case, however, of diseases which super-
vene during old age, and which nevertheless are some-
times inherited (as of the brain and heart), these
organs only became visibly or obviously affected after
prolonged growth of the part in the strict sense of the
word. In all the changes of structure which regularly
supervene during old age, we see the effects of
deterioration or devolution, and not of true develop-
ment.

Thus the child, strictly speaking, does not grow
into the man; but the germinal elements of his
organs and systems slowly and successively become
developed through the period of adolescence, and so
eventually form the mature man.’

Growth goes on par:i passu with development ;
and when development is completed, growth may

! Darwin, Animals and Flants, vol. 1. p. 404.
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still go on to increase bulk, up to a certain point
when deterioration begins and increases markedly
with the advance of years.

There is also a normal proportional growth for
each member, organ, and part of the body.

In order that you may fully appreciate the “im-
matureness ” of a recruit at the age of 18 years, I
show you the condition of the bones composing the
entire skeleton at this recruiting age compared with
those of a full-grown man at 23 to 25 years.

I place before you the separated bones of the
skeleton of a lad of just 1749 years of age, ze
within two months of 18 years. Evidence as to age
is a difficulty, but this lad was born and brought up
in a regiment, and was trained as a drummer, so that
his age was known as authentically as the age of a
boy in a family can be known. He was sent as an
invalid from India, and died in the Invaliding Hospital
at Fort Pitt, Chatham, in 1861 ;: and there I had the
bones of his skeleton prepared as they are now ; and
the following ‘woodcuts fairly represent the points
which the condition of the bones of the skeleton
demonstrates, as to their immaturity.

Another skeleton—a male from 23 to 25 years
of age—is shown, to compare with the younger one.
[n the older skeleton the development of the bones
is complete, and their growth nearly complete. They
are only incomplete as regards the perfect union of
some rims of bone, and in the actual bulk of the
bones.
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(1) Bones of the Axial Skeleton—=the Cranium, the
Spine, Sacrum, Ribs, and Sternum.

As to the cranium, the basi-occipital and the
basi-sphenoidal portions only concern us. The former
is united to the latter by intervening cartilage merely,
up to the 2oth year, after which ossific union begins,
and is completed in one or two years.!

Commencing with the bones composing the spine
(the spinal or vertebral column or backbone), we see
them as a number of separate bones superimposed
one upon another, which are named “vertebra”
because they can move or turn somewhat upon each
other, and being so jointed together as to permit of
slight motion between each of them ; there is, there-
fore, a considerable range of movement in the spine
as a whole, without much alteration in position
between any two of its bones, or any great change
in the shape of the column—an arrangement by which
great strength is combined with sufficient mobility
when the spine is fully grown? The spine, so
made up, lies in the middle line of the back of the
neck and of the trunk, having the cranium or skull
at its summit, the ribs at its sides (which in their
turn support the upper limbs), whilst the pelvis, with
the lower limbs, is jointed to its lower end. A most
perfect piece of mechanism is this central portion of
the framework of Nature’s masterpiece—the human
skeleton.

L Quain's Anatomy, p. 68, Sth edition.
* Humphrey on the Skelefon.
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In the adult the spine consists of 26 bones, but
in a young child it is made up of 33 pieces; so that
certain of the bones in the spine of the child have
become blended with each other by the time the
child reaches the maturity of adult age. Hence
it is evident that many changes go on slowly during
adolescence towards the complete maturity of these
several bones, when they lose some of their mobility
as a whole after being so blended together.

The Human Spine is more uniform in length in
persons of the same race than might be supposed
from the individual differences in stature — the
variation in the height of the body in adults being
mainly due to differences in the length of the lower
limbs. The average length of the spine in man is
28 inches. Its widest part is at the base of the
sacrum, from which it tapers down to the tip of the
coccyX. It also diminishes in breadth from the base
of the sacrum upwards to the region of the neck.!

In the adult spine a series of convexo-concave
curves are found, which are alternate and mutually
dependent. These curves are associated with the erect
attitude of man ; and in the human spine, above the
lumbar vertebra, form a curve with its convexity for-
ward. “These curves contribute greatly to the elasti-
city of the vertebral column, which is thus like a bent
spring, yielding easily, gradually, and uniformly in
all its parts when a weight is placed upon it; and
which, in like manner, without any sudden jerk,

Y Turner, Introduction to Human Anatomy, p. 16.

e
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assumes its former position when the weight has
been removed.” !

As the spine forms the !
central part of the skeleton, '
it acts as a column to support
not . only the weight of the
body, but of all that can be
carried on the head and back,
and by the upper limbs; by
its transverse and spinous pro-

cesses it serves also to give
attachment to numerous mus-
cles; and the transverse pro-
cesses of its dorsal vertebre
are also for articulation with
the ribs,

The accompanying figure,
reproduced from Sir William
Turner’s introduction to Human

07 Anatomy, p. 10, by his permis-
sion, conveys the best idea of
Cocd'th,|
oc4 the component parts of the |

spinal column, and its relation
F16. 1.—The Axial Skeleton. Cz,

the cervical vertebre ; Dyo, the tO the ribs and skull, with its

dorsal ; Lg, the lumbar ; S5, the o
sacral; Cocy, the coccygeal; ChAracteristic mnatural curva-

[ -l_he ?cries of twelve ribs m:! fures.
one side ; Ps, the pras-sternum ;

M, this miesp-stexnuiz; s, the It is further to be noticed
xiphi-sternum. The dotted line

VV represents the vertical axis that in the Hving state soft
af the spine. i .
entervertebral substances are in-

1 Humphrey on the Skeleton.

b it s R
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serted between the bodies of the several vertebra, which
serve as the bond of union between the component
parts of the column, and fill up the gaps between
the bodies of the vertebre that are shown in Fig. 1,
p. 78. They are composed of fibrous and fibro-cartila-
ginous tissue, which is immediately connected with
the opposed surfaces of adjacent vertebrae. In the
centre of this substance there is a greater quantity of
interstitial fluid than in any other part, so that fluid
actually forms the chief constituent of the central
portion of each, and so constitutes a fluid cushion, or
pivot, which supports the middle part of the body
of each vertebra. Unequal pressure is thus pre-
vented while the fluid cushion becomes the centre of
movement of one vertebra upon another. This
central compressed fluid cushion is most marked in
the neck and loins, where the movements of the
individual bones are most free, and where the
opposed surfaces of the bodies of the vertebrz are
hollowed out to afford it greater space. These
substances “give ” a little, and become flattened out
under continued pressure of the superincumbent
weight of the body during the erect posture, so that
a man loses from one-third of an inch to half an
inch in height during the day, or as compared with
the recumbent position at any time! In advancing

' ITence different results as to height are obtained according as a
recruit 15 measured in the erect or in the horizontal position. M,
Robert measured 287 soldiers while lying on a graduated bench fitted

with footboard and movable headboard. He then measured them in
the erect position with the following results :—
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years these intervertebral substances become drier,
denser, and of a yellowish colour, but they are little
liable to disease,

Thus in the construction of the human spine the
bones are so shaped and sized, so adjusted in curves,
and so arranged with intervening soft, semi-fluid,
intervertebral substances, that the required amount
of elasticity, strength, and capacity . of movement is
afforded by the smallest possible quantity and
weight of material. We find accordingly as we
descend towards the lower parts of the spinal
column, and in proportion as the superincumbent
weight increases, so do the individual vertebra
gradually become larger, and the intervertebral sub-
stances larger and thicker. At the lower part also,
where the weight is greatest and the movements are
most free, the curve is the shortest as well as the
sharpest ; that in the neck, where the vertebrae are
small (the weight less), and the movements free, the
curve is also short ; and in the back, where the local
movements are very limited and the bones of caon-
siderable size, the curve is the longest.! '

The weakest part of the vertebral column is at
the junction of the dorsal with the lumbar portion

Mean height vertically = 65.28 inches = 1.658 metres.
- ,,  horizontally = 65.79 ,, = L671 ,,
and the mean difference he estimated at from I to 2 centimetres.
Inspector-General Dr. Marshall of the British service instituted '.’iilll’li]:lr
experiments with a resulting difference of about a guarfer of an inch.
The horizontal method has its merits in preventing the recruits prac-
tising deception as to their height. —American Statistics, Licy Ph-23
L The Human Shkeleton, Humphrey, p. 152, &f seq.
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(see woodcut of Axial Skeleton, p. 78), including the
lower two dorsal and upper two lumbar vertebre.
It is the most concave part of the dorso-lumbar
curve ; and in the living body forms what is called
“the hollow of the back ;” and the circumference of
the trunk at this part, “the waist,” is less than else-
where. Every now and then we are awakened to a
sense of the weakness of this portion of the column
by the sudden jar which is felt here on making a
false step, or in suddenly and unexpectedly slipping

off the pavement.! Here also fatigue is felt, especi-
ally in prolonged marches and drill ; and aching is
- experienced in the preliminary stages of fever and
ague.

Let us now examine the changes which go on
very slowly and gradually in the development of
these several bones of the spine during adolescence ;
and in doing so let us mainly confine our attention to
the periods which concern the recruit’s age—18 to 25,
It is not till the period of puberty that the vertebrae
gradually attain to nearly their full size and shape ; 2
and every one of the individual bones (vertebrae)
composing the spinal column in the younger skeleton
(at 18 years of age) is imperfect as regards either
its development or its growth, or in both of these
qualities according to its kind and position in the
column.

' Humphrey, /. ., p. Ijo.
* Quain’s Anatomy, $th edition, edited by Dr. Sharpey, Dr. Allen
Thomson, and E. A, Schafer, P. 20,

G
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The following woodcuts fairly represent the im-
maturity which the condition of the bones of the
younger skeleton demonstrates. At different periods
subsequent to puberty, generally about 16th year
(Gray),! 18th year (Humphrey),” five sets of epiphyses
(or parts to be added on) commence to grow from
separate centres of ossification. Three of these are
small portions of bone, placed on the tips of the
spinous and transverse processes, 4, 5, and 0, Fig. 2,

FiG. 2.—C, a dorsal vertebra at about the 11th year, showing epiphyses at the tips
of the transverse processes, 4 and 5, and the spinous process, 6, and also 7, the flat
upper epiphysial plate of the body.

D and E, parts of a lumbar vertebra about the same age showing (in addi-
tion to the above) 8, the Jower epiphysial plate of the body ; also g and 10, the
epiphyses of the mammillary tubercles (ossification of the vertebrae from R.

Quain).—Quain’s Analomy, gth edition, p. 2o.

C and D; the other two are thin circular plates,
one on the upper, 7, C and E, and 8 E; the others
on the lower surface of the body, chiefly at its
circumference, begin to form about the 18th to
the 21st year (Humphrey). In the lumbar vertebra
two other epiphyses surmount the tips of the mam-
millary processes, 9 and 10 D.

1 Gray’s Anatomy, p. 10.
¢ Humphrey, Zhe Human Skeleton, p. 122
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These several epiphyses generally appear from
the 18th to the 20th year, and are not wholly
united to the rest of the vertebra before the 25th
year.!

The Sacrum (Fig. 3)—The condition of this bone
is of interest at the age of 18 to 20; inasmuch as
it is through this strong and
expanded bone that the
weight of the trunk is im-
mediately transferred to the
haunch-bones and to the
lower limbs.

The sacrum in youth pre-
sents the elements of five
distinct vertebra, which be-
come one bone in the adult. g, 3:—Tha sacrum about the a3d
It is placed below the last Yo% 3 3 cpiphysial interverte.

bral plates still visible above and

lumbar vertebra which rests below the first vertebral body ; 5
is at junction of two lines leading

upon it ; and it articulates on to the fissures sl remaining be-
; L tween the first and second, and the
each side with the haunﬂh‘ second and third lateral masses ;

bDHES It is of a W'Edgﬂ 4, 4 lateral epiphysial plates (ossi-

fication of the sacrum).—R. Quain,

shape, as shown in the accom- % ¢ p. ar.
panying figure,

At or about puberty, or about the 16th year,
a number of epiphysial plates begin to develop
on the bodies of each of the primitive vertebra
composing the sacrum ; and two flat irregular plates
of bone are eventually added to each lateral surface,
the uppermost of which (4, 4, Fig. 3) extends

! Quain’s Anatomy, 8th edition, p. 21.

|
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over the sides of the first two or three ; while the
lower (47, 4') connects the remaining two. These
appear from the 18th to the 2oth year; and are
finally united about the 25th. The bodies of
the sacral vertebrae are at first separated by inter-
vertebral plates (3, 3, Fig. 3); but about the
eighteenth year in the case of the lower vertebre,
ossification begins to extend through these plates and
the epiphyses, so as to completely unite their ad-
jacent bodies. The ossific union of the first and
second bodies does not take place till the zwenty-fifti
year or later. Previous to this the lateral masses
(4, 4, 4', 4") have also coalesced nearly in the same
order.'

At 15 years of age the bodies of the com-
ponent vertebree of the sacrum are still separable,
the sides being united in an irregular manner, the
upper three only slightly, the 3 and 4, and 4 and 3§
being imperfectly and irregularly united on opposite
sides.”

The bodies are for a long time separated by
fibro-cartilage, as in other parts of the spine; but
soon after puberty they become surrounded and
bridged over by bone which grows from the con-
ticuous edges of the bodies. ~Not till the 2s5th
or 3oth year of life are the bodies of the first
and second sacral vertebre completely united, and
in some instances they remain separate for life.”

1 Quain, X ¢, p. 22.
2 Humphrey, Z ¢, p. 450 3 Jid., p. 456.
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Z/he Ribs—The next part of the axial skeleton
to be examined is the thorax or chest, which is a
cavity composed of the sternum in front, the twelve
dorsal vertebree behind, and the twelve ribs with
their corresponding cartilages on each side (see
Rion ST e pa 790

The ribs belong to the class of bones which are
termed “long bones”—that is, they consist of an
clongated shaft or middle portion, and having at
one end a head, a neck, and a tubercle. The head
is the part which is connected to the side of the
body of two adjacent dorsal vertebrae by two articu-
lating surfaces ; the neck is the constricted part of
the bone which unites the head to the shaft ; the
tubercle which is close to the junction of the shaft
and neck is the part which articulates with the
transverse process of the vertebra. They are all
alike in the plan of their construction, yet each one
differs from the other in certain details, so that
cach rib, like each particular vertebra, has peculi-
arities sufficient to distinguish it from the others,

In the very young state of long bones, such as
the ribs, and those which compose the arm and the
leg, the bone commences to grow in the middle of
the shaft and progresses in growth towards either
end. The “principal piece” or skaft of the bone is
thus first formed, and is known to anatomists as the
“diaphysis.” More or less large portions at either
end of this “principal piece” are afterwards super-
added ; and these remain for variable periods of
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time in the skape of the bone, but composed of soft
cartilaginous growing material, till separate and dis-
tinct centres or foci of bony growth appear in them.
Eventually, these additional pieces (epiphyses) be-
come wholly converted into bone ; and then as bony
pieces (or processes as they are technically called),
they remain separated for a time (more or less long
in different bones) from the “ principal piece ” or skaft
by an intervening soft substance, which, for the time
being, glues them to the shaft.

Fi1G. 4.—One of the last true ribs. 1. The * principal piece.” 2. The thin, bony
piece superadded, and known as the * Epighysis" of the ** fead"” of the rib. 3.
The thin, bony piece superadded, and known as the ‘' Epiphysis™ of the
i pubercle” of the rib. The growth of these superadded pieces commences
between the 16th and zoth years of life ; and they coalesce (or become united by
bone) with the principal piece of the rib about the zoth to the zsth year of life.—
Quain's Anatony, L. ¢.; also Humphrey on Skelefon, p. 334

This general description applies to all the long
bones. There are portions of the ribs where they
hinge upon or articulate with the spine, which at
the age of 18 years have only commenced to grow
from soft material into bone ; and these portions are
not completely turned into bone till the twentieth year
of life. The ribs therefore are not mature till that age.

The accompanying woodcut of the last true rib
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(Fig. 4) may illustrate what the skeleton demonstrates
at the age of 18. The small thin, bony, pieces (2
and 3), which are to be superadded to the “ principal
piece” or shaft (1) of the rib, ultimately coalesce

with it, and are known as the “epiphyses.”
1'he Breast-Bone or Sternum (Fig. 5), which closes

in the cavity of the chest in
front, is an elongated bone
inclining in a downward and
forward direction. It consists
of three parts in the adult—
an upper, called the manu-
brium or prea-sternum (1, Fig.
5); a middle, the body or
meso-sternum (2, 3, and 4,
Fig. 5), and a lower, the ensi-
form or xiphi-sternum (3).
The portion (6), which is the
top of the ensiform part, is
always cartilaginous, and is
named the ensiform cartilage.
The well-marked transverse
lines indicate not only the
subdivision of the bone into

Fi1G. 5.—The sternum, soon after
puberty, showing cartilage between
the manubrium (1) and the body ;
and imperfect union of the first,
second, and third pieces of the
body (2, 3, and 4) : while the third
and fourth (4 and 5) are united.
The manubrium (1) generally re-
mains separate till after the asth
year; (3) and (4) unite between
2oth and 25th.—Quain's A nafomy,
Bth edition, by Sharpey, Thomson,
and Schifer, vol. i. p. 04

three parts, but that of the meso-sternum into four

originally distinct segments.

(2) Bowues of the Shoulder, Arm, Forearm, and Hand,

Having shown to what extent
parts of the axial skeleton are

the component
immature and in-
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complete at the age of 18 years, we have now
to examine all the other bones which are sym-
metrically disposed in connection with it. These
are appendages, as it were, to the axial skeleton,
consisting of the bones of the upper and lower
limbs.

The Upper Limd is made up of the shoulder,
upper arm, forearm, and hand.! The shoulder is-
formed by the clavicle and scapula forming together
a girdle which connects the appendage-like bones of
the upper limb to the axial skeleton. These ap-
pendage-like bones are the humerus in the upper
arm, the radius and ulna in the forearm, and in the
hand the carpal and meta-carpal bones and the
phalanges. The clavicle articulates with the upper
piece (manubriunt) of the sternum, while the posterior
part of the girdle, the scapula or shoulder-blade,
approaches but does not reach the spine behind.

If we examine these bones as to their develop-
ment and growth at the age of 18 years, it will be
seen that the following woodcuts fairly represent
the points in which the skeleton at that age de-
monstrates the conditions of their immaturity.?

The Clavicle or Collar-Bone (Fig. 6) extends from
the summit of the sternum to the summit of the
shoulder, and so connects the upper limb with the
trunk in front. It begins to ossify before any
other bone in the body for its shaft and shoulder
end ; but it is not till about the 18th to the zoth

I Turner, p. 36. ? Quain, X ¢, p. 96.
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year that a thin epiphysial nucleus appears and
begins to grow for the sternal end, which is not
united to the shaft till
about the fwenty-fifth

1
R Fic. 6.—Clavicle of a man of about 23 years
The Scapula  or  of age; the shaft, 1, fully ossified to the

acromial end ; the sternal epiphysis, 2.
Shoulder - Blade  Bone ot S
(Fig. 7) lies at the upper and back part of the chest
wall, extending from the second to the seventh rib

Fig. 7.—C, male scapula about 18th year; agrowing centre at 3 having commenced
about the 15th to 16th year; a second growing centre, or point of ossification,
5, has appeared in the acromion (or summit of the shoulder); at the base grow-
ing bone is also advancing into the epiphysial ridge ; also into the epiphysis at
the lower angle, 4.

D, the scapula of a man about 22 years of age; the acromion, 3 (or sum-
mit), and the ridge, 6, at the base and lowerangle, 4, are still separate. This
long marginal epiphysis is the last to unite with the rest of the bone. The cora-
coid or hook-like process, 2, commences to grow from a centre ata year old, and
becomes ossified about the 16th year, when it becomes partially united at its
basze,

behind. Its coracoid or hook-like process, 2, begins
to grow in the first year after birth ; but it is not

! Quain, /. ., p. 96; and Dr. Humphrey, /. «., p. 361.




00 On the Growth of the Recruit SECT. v

till the age of puberty that other centres of growth
begin, and become united to the body—the lines of

I F1G. 8.—The bone of the upper
arm (Humerus), 1. The *' grin-
cipal piece” or shaft, 2. The
piece of bone superadded, and
known as the * kead,” or upper
Epiphysis. It forms a part of
the shoulder-joint, and coalesces
(or becomes united by bone) with
the shaft about the 2oth year of
life. 3. The lowermost piece
superadded, which coalesces be-
fore the 18th year. 4. The
innermost  superadded piece,
known as the *“indernal con-
eyle,” unites about the 18th
year.

union are apparent on the
younger skeleton at 18 years
of age. The acromion pro-
cess, 3, is cartilaginous till the
I4th to the 16th year, when
two distinct nuclei, 3, 5, C,
appear. These soon coalesce
and form an epiphysis which
is united to the spine of the
shoulder-blade from the 22d
to the 25th year.

The cartilage of the base, 6,
becomes the seat of ossification
about the 16th to 18th year
by the appearance of a line
of osseous deposit extending
throughout its length. The
epiphysis then formed, and the
epiphysial lamina, which occa-
sionally forms the border of
the articulating cavity of the
shoulder-joint, are united to
the body about the 25th year.!

The Humerus or Bone of
the Upper Awrm (Fig. 8) is

a long bone composed of a shaft and two ex-
tremities, the uppermost of which enters into the

1 Quain, /Z ¢., p. 96.
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formation of the shoulder - joint, while the lower
extremity enters into the formation of the elbow-
joint. The woodcut fairly represents the imma-
turity of this bone which the skeleton demonstrates
at the age of 18 years. The shaft, 1, continues to
increase in length till the zzventy-fift/ year of life ; and
so long as this growth continues, a portion of soft,
vascular, and growing tissue intervenes between the
shaft, 1, and head, 2, of the bone. It is not till
about the 20th year of life (or not till the 21st)’
that this soft substance is converted into bone ; and
this principal bone of the arm is consolidated.

At the lowermost or elbow end of the bone
there are three separate centres from which the
development of distinct epiphyses proceeds. The
innermost eminence, 4, unites with the shaft, 1,
about the 18th year. The other three separate cen-
tres coalesce to form one epiphysis, which is united
to the shaft in the sixteenth or seventeenth year.

The length of this upper arm-bone is great in
proportion to that of the other bones of the upper
limb, and it goes on increasing during development
and growth. TIts relative length is so far a charac-
teristic of the human frame, as compared with the
fore-limbs of allied animals. In man they are
relatively much shorter, although the whole human
body is considerably longer or higher.?

The Radius (Fig. 9) is the outermost bone of
the fore-arm, and like the other long bones consists

' Humphrey, / ¢., p. 377. * fhid., p. 8.




02 On the Growth of the Recruit SECT, Vv

of a shaft and two extremities, The upper ex-
tremity is the /fead, which has a shallow, smooth

Fi6. g.—The bone of the fore-armte  FiG. 10.—The other bone of the fore-

which the hand is mainly fixed at arm (the Ulna). 1 The * principal
the wrist-joint (Radius). 1. The piece " or shaft. 2. The uppermost
principal piece or shaft. 2. The superadded piece coalesces about
uppermostsuperadded piece, which the 16th year of age. 3. The
coalesces with the shaft about the lowermost piece next the wrist-
period of puberty. 3. The lower- joint coalesces about the 20th year,
most superadded piece, which 4. Line of separation,

coalesces with the shaft about the
zoth year. 4. Line of separation.

cup for articulation, with a portion of the humerus in
the formation of the elbow-joint.

At the age of 18 the upper epiphysis of the
radius is united to the shaft, while the lower
epiphysis is still separate.'

1 A peculiar feature in the pathology of the radius is the liability
of its lower end to become enlarged in children of strumous habit.
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The w/na (Fig. 10) is also a long bone, with a
large upper end, where it enters largely into the for-
mation of the elbow and the elbow-joint; and the
bone generally diminishes in size from above down-
wards to the wrist.

The upper epiphysis, like that of the radius, is
united to the shaft, while the lower one is still sepa-
rate at the 18th year.

With regard to the bones of the hand, it may be
noted that in the meta-carpal bones and phalanges
the epiphyses are not united to their respective shafts
till about the 2oth year.'

(3) Bones of the Haunch or Hip, Thigh, Leg,
and Foot.

These constitute the lower limb, each part hav-
ing its appropriate bones ; and the following wood-
cuts show the conditions of the immaturity of each
bone as seen in the skeleton at or about the 18th
year of life.

The /faunch on each side is composed of a very
irregular shaped bone called the “ funominate bone”
(Fig. 11), which enters into the formation of the

The ulna sometimes undergoes the same change. This takes place in
no other bones with anything like the same frequency, or to the same
extent (Humphrey on the Skeleton, p. 385). Hence the persistence
of such thickening in a recruit should suggest a careful examination
as to other evidences of constitutional tendencies to scrofula or tuber-
culosis,

! Quain, /. ., p. 100.
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pelvis, with the sacrum behind, and so transmits
the weight of the body to the lower limbs ; being
the direct medium of connection between the axial
skeleton and the thigh, leg, and foot.

The #lium, ischivm, and pubis, comprising the
haunch-bone, are not completely united into a single
bone till about the 2s5th year of life,' when their

f%

e
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F1G. 11 represents the right innominate bone of a man about the zoth year. In early
life it 1s composed of three bones (1, tlium; =2, ischium; 3 pubis): all of
which finally unite at the Y-shaped part in the large cavity (acetabulum), which
receives the head of the thigh-bone to form the hip-joint. This special Y-shaped
part of union is composed of several fragments of a tri-radiate strip of cartilage,
which begin to become bone about the age of puberty: the intermediate bone
or epiphysis so formed is united about the 17th or 18th year, and iz often united
before completion of the hollow for the joint. 5, The epiphysis of the crest of
the ilium ; 6, that of the tuberosity of the ischium; 7, that of the symphysis
pubis; and 8, that of anterior inferior spine of ilium. These are all additional
epiphyses which are not yet completely united. Union is not complete till from
the 23d to the 25th year.—Quain, p. 118.

completed union is so close that it is not easy to
recognise any lines of demarcation.

The thigh-boneor femur(¥ig, 12)is the longest bone
in the skeleton, with its shaft and two extreme ends.

V Introduction to Human Anatomy, Sir William Turner, p. 45.
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The upper end consists of a round, smooth head, 2,

set on an elongated neck,
which makes a variable
angle with the shaft of the
bone according to age (and
sex) of the individual. The
head has also an oval de-
pression in it for the attach-
ment of a very strong,
round, inter-articular liga-
ment which unites it to the
haunch-bone.

Where the head, 2z,
unites with the upper end
of the shaft 1, there are two
processes called trochanters
3 and 3”. The lowermost
end, 4, presents a large
articular surface, which en-
ters into the formation of
the knee-joint,

It is not till shortly after
the 20th year of life that
the head of the thigh-bone
(which forms part of the
hip-joint)and the end which
forms part of the knee-
joint become united to the
principal piece or shaft.

F1G. 12.—The thigh-bone (Femur). 1,
Its * principal piece” or “shaft.” 2,
The uppermost superadded piece,
composing the “ head," and forming
part of the hip-joint, coalesces with
the shaft about the twentieth yvear of
age. 3 and 3" are pieces superadded,
which have joined at an earlier age.
4, The lowermost superadded piece,
which takes part in the formation of
the knee-joint. The bone is not com-
pleted by the coalescence of these parts
till after the twentieth year of life ;
and the lowermost piece at the knee-
Joint is the last to join.

The small trochanter, 3", is united about the 17th

l_—
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year ; the great trochanter, 3, about the 18th
year ; the head, 2, from the 18th to the 19th year ;
and the lower extremities soon after the 20th year
20 to 25 (Humphrey). The lower epiphysis of .the
thigh-bone, 4, remains separate longer than that of
any other bone of the body.*

As to growth, the thigh-bone does not attain its -
proper length till after puberty. REI&’CI'VC]}-’.tD the
rest of the skeleton, it is longer in man than in most
animals, and longer in the European than in the
Negro. In cases of rickets it not unfrequently fails-
to attain its proper length on one or both sides.® -
The connecting medium between the lower epiphysis
and the shaft is, not unfrequently, the seat of acute
ulcerative inflammation in young persons.

The #ibia or shin-bone (Fig. 13) is the larger of
the two bones of the leg. Upon its upper end the
lower end of the thigh-bone rests and transmits
through it the weight of the body to the foot. Like
other long bones it consists of a shaft and two
extremities. It is a bone with three long sides or
surfaces, the innermost of which lies immediately
under the skin, and is known as the skiz ; and its
border forms the sharp ridge of the shin. Its lower
end, 4, enters into the formation of the ankle-joint,
and forms the inner prominence of the ankle.

Fig. 13 shows the condition as to immaturity of the

1 Quain, /. ¢., p. 110
2 Humphrey on the Skelefon, p. 477.
3 Humphrey, /. ¢., pp. 53, 63, 100, and 477.
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tibia or shin-bone at from 18 to 20 years of age, the
then united condition of the lower epiphysis, 3, which
unites between 18th and 19th year; while the upper-
most, 2, remains separate, and this upper epiphysis
‘includes the anterior tuberosity.  This upper

FIG. 14.

epiphysis and shaft do not unite till 21st or 22d
year, -

The fibula or splint-bone (Fig. 14) is a com-
paratively slender, long bone, and like the tibia is
three-sided. Its upper end or head, 2, articulates

with the upper part of the tibia ; its lower end,
H
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3, forms the outer prominence of the ankle, and by
a smooth surface articulates with the astragalus, to
form, with the lower end of the tibia, the ankle-
joint, |

Fig. 14 shows the condition as to immaturity of
the fibula or splint-bone at the age of about the
20th year. While the lower end, 3, is complete
about the 21st year, the upper epiphysis, 2, is still

8

7 g B 8

FiG. 15.

separate, and does not unite to the shaft till about
the 24th year

The Foot, Fig. 15, is made up of the ankle or
Zarsus composed of seven short and irregularly shaped
cube-like bones, 1 ; the bones in front of the ankle-
bones (meta-tarsal), 2 ; and the phalanges or bones
of the toes, 3 ; analogous to those of the hand and
fingers, but of much more massive structure. The
prominence of the heel, 4, is formed by the pro-
jecting posterior surface of the os caleis, 5, or heel-
bone,

The epiphysis of the heel-bone, 6, is not united

1 Quain, /. ¢, p. Iz2.
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to its body or tuberosity till the 2oth year of life.l
The epiphyses of the meta-tarsal bones, 7, do not
unite with their shafts till the 18th to the 2oth
year; and those of the phalanges, 8, to their shafts
not till the 19th to the 21st year. This heel-bone
is the only one of the short bones? except the bodies
of the vertebrae (Fig. 2, p. 82), which has a separate
epiphysis.

It is thus clearly demonstrated from the exten-
sive observation of the most experienced anatomists,
by a study of the bones of the skeleton at different
ages, that a great deal of development (“as dis-
tinguished from mere growth ") goes on in different
bones ; and tending also to the increase of its bulk
by growth, and to the perfection of the human frame
up to the age of 25 years; so that the human
skeleton cannot be regarded as mature till at least

that age. “Ossification is not completed in the
different bones until from the 20th to the 2sth
year.”®

It also appears that the age at which each bone
1S complete as to its development is very different
with different bones ; and in the preceding pages 1
have mainly noticed only those events in the de-
velopment and growth of the skeleton which take
place between the period of puberty and about from
the ages of 18 to 20.

It is also important to notice especially that

' Humphrey, Z c., P. 505. * Quain, /. ¢, p. 122,
* Sir William Turner, /. ¢, p. 6o.
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t there are a great many bones (important from their
size and position) still very unfinished and immature |

at the age of 20, which will not be consolidated
till .several years later.

The breast-bone, for example (Fig. 5), still
exists in several separable pieces. The uppermost |
pieces of the leg-bones are still at 20 years of age
separated from their shafts by soft and growing
cement. The several pieces of the- back-bone (the
vertebrae) have also their separate thin- plates not
yet soldered to their bodies. The bones composing
the haunches are still incomplete. They are still
surrounded by rims of a soft substance, which,
although it becomes bone, does not coalesce with the
bodies of the haunch-bones till between the 2oth
and z25th year of life.

The heel-bones and bones of the toes are also
immature at 20.

Generally, also, it may be stated that all these
superadded pieces may be separated from the bodies,
shafts, or principal pieces of the respective bones
by simple maceration in water before coalescence
has commenced. The soft cementing substance is
thereby decomposed, so that the several pieces fall
apart.

Thus the development and growth of the bones
are an index to the age of the person ; and although
it may be said that this knowledge is of no practical
use to the military medical officer in the selection of
a recruit, because he cannot take off the flesh from '

e
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the bones of the recruit to examine the develop-
ment of his skeleton, nevertheless, such knowledge
is of value and importance because it is based
on certain immutable facts in the science of develop-
mental anatomy which cannot be set aside, but
must be reckoned with in dealing not merely with
the selection of "men, but with the training and
treatment of them under 25 years of age. And,
if possible, it -is still more important to be kept
in remembrance when we are dealing with the
training and military service of lads under 20 years
of age ; while it furnishes anatomical and physio-
logical reasons for our belief in the unfitness of lads
at and under 18 years of age as soldiers for general
service.

The development of the bones of the skeleton
observes a distinct and definite order in time as to
the beginning of ossification in each bone, and in
each piece to be superadded to it. The coalescence
of these pieces with each other also follows a definite
order as to time in the respective bones which com-
pose the skeleton.

S0 much indeed is this the rule that, by a careful
examination and comparison of the bones of a
skeleton one with another at ages before 20 or
25, a skilful anatomist is able to indicate with
considerable accuracy the probable age of the in-
dividual ; for the period of final coalescence of the
several pieces which ultimately compose a bone is
very different in different bones, and yet still so very
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definite that a knowledge of “events” in the growth
of the skeleton during the military age may be of
: some value to the military medical officer in ap-
preciating the relation between age, development,
and growth.

The non-professional reader may pass over the !
following synopsis of these events :—

TABLE X.—“Events in the Growth of the Bones com-
posing the Human Skeleton during the Military age
from 16 to 30 years.” Compiled from Records given
by Quain, Sharpey, Ellis, Allen, Thomson, Turner,
Humphrey, and other accurate Anatomists,

i

(A. PERIODS OF GROWTH.)
I. FROM THE 16TH TO THE I7TH YEARS.

1. Epiphyses of spines and of the transverse processes of the verte-
bree commence.

2. Epiphyses of the articular tuberosities of the lumbar vertebrze
commence.

3. The pieces of the sacrum coalesce, commencing with the union
of the body of the fourth to that of the fifth piece.

4. Epiphyses of the ‘“heads ™ and *‘ tubercles” of the ribs ossify.

5. First *“centre” in the acromion process of the scapula, or
shoulder-blade, begins to ossify. ;

6. Ossification commences in the lower angle of the scapula. i

7. The second '‘centre” in the acromion process of the scapula 'é
growWs. t

8. The fourth and fifth pieces of the sternum, or breast-bone, begin i
to coalesce. 4

9. The epiphysial plate of the heel coalesces with the os calcis, or i
heel-bone. : II

10. Coalescence of ilium, ischium, and pubis advances to comple- k!
tion.

11, The crest of the ilium, the tuberosity of the ischium, the
pubic ramus, and the anterior inferior spinous process of the pubis |

begin to ossify. &
12. The upper epiphysis of the ulna coalesces with the shaft. f

a._—_—__——d
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11, FROM THE I7TH TO THE ISTH YEARS.

1. The lateral or auricular pieces of the sacrum grow and coalesce.

2. The styloid process of the temporal bone grows.

3. The base and shoulder-joint pieces (glenoid head) of the scapula
are completed.

4. The sternal epiphyses of the clavicle ossify.

5. The lower epiphysis of the humerus unites with the shaft.

6. The epiphysis on the lesser trochanter unites with the shaft of
the femur.

7. The epiphyses of the ‘‘head " and of the *‘ tubercle of the ribs
commence.

8. Completion of ossification in the lower epiphysis of fibula.

(B. PERIODS OF COALESCENCE AND COMPLETION.)

III. FROM THE IS8TH TO THE 20TH YEARS,

I. Completion of the growth of the epiphyses of the ** head ” and of
the ‘“tubercle ” of the ribs,

2. Coalescence of the head of the humerus with its shaft,

3. Coalescence of the lower epiphysis of the radius with the shaft,

4. Coalescence of the lower epiphysis of the ulna with its shaft.

5. Coalescence of the epiphyses of the meta-carpal bones with their
shafts,

6. Coalescence of the epiphyses of the condyles with the shaft of the
femur,

7. Coalescence of the lower epiphysis of the tibia with its shaft.
8. Coalescence of the lower epiphysis of the fibula with its shaft.

IV, FROM THE 20TH TO THE 24TH YEAR,

Coalescence of the upper epiphysis of the tibia with its shaft.

Coalescence of the upper epiphysis of the fibula with its shalft,
The clavicle completes itself.
Coalescence of the occipital with the sphenoid bone.

Coalescence of the fourth with the third piece of the sternum.

. Coalescence of the bodies of the vertebrae with
plates.

e

their epiphysial

7. The wisdom-teeth appear in the cavity of the mouth.

8. The bones now become gradually thicker,
and the shoulders broader ; the muscles firmer,
more powerful,

the joints stronger,
better developed, and
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V. FROM THE 25TH TO THE 30TH YEAR.

1. Completion of the vertebral column.

2, Completion of the sacrum.

3. Coalescence of the third with the second piece of the sternum, or
breast-bone.

4. Completion of the ribs.

5. Coalescence of the haunch-bones with their crests.

After ossification seems complete in the “ principal
piece,” or shaft, a bone still continues to grow in
length and to increase in girth, till perfect consoli-
dation of all its portions is complete ; and instances
are on record which show how a bone may continue
to grow “by #rritation,” long after its natural period
for growing has gone by.! So long as it grows in
length, a portion of soft, growing tissue intervenes
petween the “ principal piece” and those parts that
are to be completely soldered on. When consolidation
is about to take place, the intervening soft tissue, which
glues the parts together, is more freely supplied with
blood for the purposes of growth ; and the hitherto
soft substance being converted into bone, the * prin-

- cipal piece” ceases to elongate b rowth in that
pal p & W

direction. The parts eventually coalesce by perma-
nent bony union, and the bone is consolidated.
From the record of the “events” in the growth
of the bones (p. 102), one may judge how long in
point of time one end of a bone continues to elongate
or grow in length compared with its opposite

end.

1 Paget (Sir James), in description of preparations in Museum of
College of Surgeons of England.

B
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Shoulder end after the Elbow end—Thus the
shoulder end of the arm-bone, or humerus, continues
to grow towards the shoulder for two years at least
after the elbow-joinf end of that bone has ceased to
grow.

Wrist end after Elbow end—Again, the wrist-
joint ends of the bones of the forearm continue to
increase in that direction long after the growth
towards the elbow-joint has ceased.

In the lower limbs the relations are the reverse
of this. The lower extremity of the thigh-bone
continues to grow towards the knee-joint long after
the bone has ceased to grow towards the hip-joint :
while the upper ends of the principal pieces of the
leg-bones continue to grow towards the knee-joint
for a considerable time after growth has ceased
towards the ankle-joint.

A French physiologist has come to the same con-
clusions from experiments on animals:® and they
are results of some importance in connection with
excision of joints, and operations on the joints in
young subjects.

For instance, excision of the elbow-joint in young
persons may not be followed by so decided a shorten-
ing of the limb so long as growth continues towards
the shoulder and wrist joints, and when the portions
removed are only the epiphysial pieces. Excision of
the knee-joint, on the contrary, is more often followed
by decided shortening of the limb, because at the

1 M. Ollier, in Comptes Rendus, vol, lii., No. 4.
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knee-joint growth chiefly advances. For similar
reasons excision of the shoulder-joint exposes to
more shortening than excision of the hip-joint ; and
excision of the wrist-joint to more shortening of the
arm than removal of the ankle-joint would to that
of the leg.

In physiological explanation of this, it may be
here noted that, “in the case of the long bones, the
epiphysis situated at the end of the bone towards
which the canal in the shaft which transmits the
nutrient artery is directed, ossifies to the shaft before
the epiphysis at the other end. In the humerus or
arm-bone, and tibia or shin-bone, and fibula or
splint-bone, of the leg, in each of which the canal is
directed downwards, the epiphyses at the lower ends
of these bones first unite with the shaft; whilst in
the femur or thigh-bone, and the radius and ulna of
the forearm, in each of which the canal is directed
upwards, the ossification first takes place between the
upper epiphysis and the shaft.” !

If we look more closely into the nature of the
soft, cementing substance, which decomposes by
maceration, and allows the several pieces to fall apart,
we shall see that these separate pieces are in a state
of very active metamorphosis and growth, and that
the soft cementing substance is extremely vascular—
almost entirely vascular tissye. And in proportion
as ossification advances this vascular tissue diminishes,
and the medullary, or central canal, of the principal

1 Sir William Turner, Z ¢.. p. 60.
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piece or shaft of a long bone, becomes more and
more hollowed out, while it acquires greater com-
pactness and solidity. The girth of the bone also
increases. But what we must most of all bear in
mind at this time is, that during all this growth, both
in length and in girth, a soft and very vascular
tissue, very thin in substance, is in immediate contact
with the hard substance of the growing bone, inter-
posed between it and the periosteum. This very
thin and soft tissue is mainly composed of fine fila-
ments, holding in its substance a great abundance of
germinal particles, and very plentifully supplied with
very delicate blood-vessels,

The skeletons show that the portions at either
end of the principal pieces of a bone remain for a long
time (even after they have become bone) still separ-
ated by soft, growing, and very vascular tissue from
the principal piece, or shaft, of the bone, and separ-
able by maceration. And, in fact, so long as the
shaft, or principal piece, continues to grow in length,
the soft vascular tissue, which is the active seat
of growth, intervenes between it and the parts
which are still to be soldered together.  When
we find, therefore, that bones are in this separable
condition, we know that they are still immature,
and unfit for hard exercise or for prolonged
marching.

Evidence of the very great vascularity of grow-
ing bones is seen in the Very numerous openings
of various sizes which are crowded together in great
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r abundance in the vicinity of those parts of bones
L which are for the time being most actively engaged
in growth—namely, the joint-ends of the bones.
This is very obvious when we compare the immature
skeletons with the finished skeletons at these parts
respectively. It is also seen in surgical operations at
I. these parts of growing bones, in which you may have
much hemorrhage from the cut bone in young

subjects, as in excision of the joints, or in gouging
operations, or in wounds of bone in the joint-ends of
the long bones which are still actively engaged in
growth. If you examine also this tissue in young
animals, it will be seen that blood-vessels extend ‘
from the already-formed bone into the soft substance ].
which composes the ends of the principal pieces.

And when these soft pieces (already having assumed
| the shape of bone) are about to ossify, an extended
| formation of blood-vessels precedes the process of
ossification, and a very red zone of blood-vessels
appears In that part of the soft cartilaginous ends
: where bone is about to be formed.
§ Injuries and diseases of young bones are important
| because of the ease with which they are produced,
and because of the precision as to the periods of the
development of bones, and also because the develop-
ment of osseous tissue is typical. I
“ Almost all the disease processes observed in
bones have their starting-point in the cells of the
growing or embryonic medulla, or marrow (that is, _
in the young cells characteristic of development). o
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The bones of young persons, or those which in the
adult contain feetal (or embryonic) medulla, as the
sternum or vertebra, are particularly exposed to both
nutritive and pathological changes. Different parts
of the same bone, however, are not equally subject
to the same disease. The most recently-formed—
that is to say, the superficial, or sub-periosteal parts,
or the bony extremities, particularly when - still
growing, are those which are the most easily affected.
Diseases of the osseous system are, indeed, much
more varied and much more frequent than the clinical
descriptions of them would lead one to infer. In
bones which are growing and in process of develop-
ment, growth takes place under the periosteum, near
the epiphysis, and between the articular cartilages and
the bone to which they are applied ;' and the physio-
logical activity of those parts is greater during the
period of development and growth than in other
parts of the bone. In young subjects the epiphyses
adjacent to the cartilage of ossification show a con-
dition of physiological congestion. This congestion
of the bone is recognised by the red appearance of
the marrow; and to appreciate this change, the
normal colour of the marrow, in various bones and
at different ages, must be known. The medulla is
red, for example, in the sternum (or breast-bone,
Fig. 5, 5, p. 87), in the bodies of the vertebrae, and

1 See Paper by Dr. Alexander Ogston, on ** Function of Articular

Cartilage,” Journal of Anatomy, vol. x. P- 49, 1875; also vol. xii.
p. 503, 1878 (Macmillan & Co.)
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in all those parts of bones which are undergoing
development. In them morbid (as distinguished
from physiological or natural) congestion, more or
less simple or complicated, is very easily set up, for
the medullary blood-vessels are not supported by a
solid framework., Hence hzmorrhages or blood
extravasation' readily occur in the spongy tissue and
medullary parenchyma, and under the periosteum of
young and growing bone, as a consequence of slight
contusions. This osseous apoplexy is intimately re-
lated to general constitutional diseases and cachexiz,
such as scorbutus; and where hemorrhagic foci are
found in the viscera, similar foci are almost always
to be found in the epiphyses of bones or inner peri-

osteum.” !

' Manual of Pathological Histology, by Cornil and Rauvier, 1836,
P- 345, vol. i,




SECTION VI

PROGRESSIVE DEVELOPMENT AND GROWTH OF THE
RECRUIT AND YOUNG SOLDIER AS TO HIS
HEART, LUNGS, LIVER, SPLEEN, AND KIDNEYS,
AND THE IMMATURE CONDITION OF THESE
ORGANS AT THE RECRUIT’S AGE OF 18 TO 20.

THE axial part of the skeleton (seet Hig i, ap. 7))
formed by the vertebra, ribs, and sternum is of stil]
more importance for consideration in connection with
the development and growth of the vital organs which
they enclose and protect. Hence it is necessary to
fix attention on the framework of the chest, for the
organs contained in this cavity seem most of all to
suffer in the recruit and young soldier. It is also
necessary to keep in view the fact that, next to the
inspiration of bad air, the imperfect or continuously
obstructed expansion of the chest tends more than
any other cause we know of to bring about diseases
of the lungs and heart. The influence of pressure
upon the chest in the unfinished condition of its
bones and internal organs is therefore of vital im-
portance, and demands our consideration in relation
to the training and drill of recruits. “ Just as the
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twig is bent the tree's inclined.” It has been
shown that till the 2oth year of life the ribs
behind are still unfinished, soft at their joint ends,

where resistance and motion occur, and where they

- are still growing. The breast-bone in front is'in a
similar condition. It is obvious, therefore, that con-
tinued pressure up:}'n these parts from before and
from behind must exercise a material influence in
fixing the future form of the chest. The carfilages
of the ribs in front and the breast-bone- ought to
have full freedom to rise upwards and advance for-
wards at every inspiration, for thus the diameter of

the chest between the front and back is naturally

1is

increased at every act of breathing. ¢ Pressure
one of the chief agents in moulding the shape of
bones during the developmental processes;” any

pressure on the chest, therefore, exerted between the

front aspect and the back, when the bones are still -
growing, must Zend fo set the further growth of the-:

bones in an unnatural direction ; for, in order to
maintain the vital capacity of the lungs, the capacity
of the chest cavity from side to side must come to
be increased at the expense of the capacity in the
other and normal direction. The capacity of the
lungs goes on increasing with _age (up to a certain
period), and height, and growth, so that men from 5
to 6 feet high inspire from 174 to 262 cubic inches
in a progressively ascending scale. The growth of the

1 ¢ Influence of Pressure on the Bones,” see Humphrey on the
Human Skeleton, p. 48.
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heart also goes on relatively to the growth of the body.
It is not easy to determine at what age the grow?’
of the chest may be considered completed. Certain
pursuits and occupations, by cultivating the muscles
of the breast and back, and the deposition of fat at
the approach of middle age, all tend to produce some
uncertainty as to the actual size of the thorax.
Qﬁqtelet has fixed upon the 3oth year as the period
of its matured growth ; and there is a marked in-
crease from 18th to 25th year.' ,

When the prevalencé of heart and lung disease,
and of aneurisms of the larger blood-vessels in soldiers
is considered, the immature condition of the heart,
the aorta, and the pulmonary arteries at puberty, and
their progressive development and normal growth
during adolescence to maturity, becomes of very
great importance in correlation with the development
“and growth of the skeleton framework of the chest
in the recruit.

The /eart furnishes an instance of very great change
as regards the relative capacity of its right and left
cavities ; for; while at birth the capacity of the right
cavities compared with those of the left is as one to
one and a half, by the age of 50 it is as three to one.
Recent c:bserva_ﬁons -have further shown that the
greatest amount of growth of the heart takes place at
- from 18 to 25 years of age; so that up to the 25th
year of life the heart has not matured its growth,

' M. Allaire, Recueil de Mim, du Med, du Chirurg. Militaires, 3e
series, t. x. p. 161. Paris, 1863,

I
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The importance of Dr. Boyd’s observations regard-
ing the progressive growth of the organs in relation
to age,’ and those of Dr. Benekés®? on the size of -
the heart and arteries at varidus ages, and the great
changes which take place in them at puberty, hHave
never received the attention in this country which
their importance demands, especially as regards the
training of recruits, and the influence of over-exertion .

L -

during adolescence upon the condition of the heart.

The following Table XI., by Dr. Beneké, shows :
A, the approximate normal volume of the human l
heart ; and B, its rate of growth. i
TABLE XI.—A, APPROXIMATE NORMAL VOLUME
OF THE HEART.
| Area of |
| Volume of Heart |
!Hn:iy-luuglh ‘Fﬁlu:‘:qnﬂr in cubic centi- :J::‘ f::f- puimﬂll'!
No. Age, in centi- uuaﬁﬂ c:m_i_ métres for each mi]‘ii- :1:_1?;?
métres. | e 100 centimatres | o " |0 e
: | : metres. nl'].r:}d}'-ll:uglh. metres. :E{?:E;
| .
= = ¥ = = =
| = o ta 11 days 45 to 52 zoto 25 4oto 50 | 2o [ =23
2 | 1rdaysto3s 524, 59 25, 30 40 ,, 54 24 | =8
months |
3 |Atend of 1st year| 68, 72 40 ,, 45 Eviy b2 | 36 i
4 i zd 8o, Bx 48 5, 54 6o, 65 | 35 | 39 B
5 1 3d ., 88 ,, oo 56 ,, 62 B3, 70 36 | 40 1
(& n  4th 4, gb 66, 7% 704 75 39 | 41 |
7 o &th 103 ,, 105 28 ., B4 H5iyy oo 40.5 |  42.5 1
8 i 2th ,, 112 86, o4 78 ,, 84 43 40
0 i 1athto | 140,, 150 120 ;, 140 B3 ,, 100 50 52 [
14th year |
1o |When co%p]utely 167 5, 175 | 215 4, 200 | 130 ,, 108 61.5 61
developed 3 |
11 Adult age 167 5 175 260 ;, 310 IS0 ,, 100 68 (1 |

1 ¢t Weight of Internal Organs,” by Dr. Robert Boyd, KRoyal Seciety

Transactions, February 28, 1861. | :
* Beneké, Der Ueber das Volumen des Hersens und die Weite der

Arteria in den verschiedenen Hebensaltem, 1879,

A ———N
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B, RATE oF GROWTH oF THE HEART.
i
Growth of Ratio of growth to volume |
the heartin | Annual growth in of heart at commence-
No. Age. | cubie centi- | cubic centimétres. ment of correspond-
métres. ing period.
1 | oto 3 months 4t0 s . 16 to zo $, that is, i—tper annum, or |
cent.
. (i} 2T ,, 20 }to 4, that is, 4 to § per
& EIPOte Sor year g X a.nn.’, or 66 m'EB per cent.
3 In zd year 8, 9 g yearly t to } per annum, or zo to |
16 per cent.
4 TR g, & 1] 1] 11 1
5 1} ‘“h 1} 10y, IO 33 e 1 1y
6 |In sthand 6thyr.| 12, 12 = vearly i to } per annum, or 156 to
z II per cent.
b In 7th year 8, 10 1 1 1 1
8 |Ingthtoxgthyr.| 34, 46 5.0 to 7.6 s to /% per annum, or 5
to B per cent,
] During the 95 150 | 19 to 30 when deve- | 1.5 to ., per annum, or 16
development of lopment of puberty | to 22 Per cent.
pchrty takes 5 years
- i 47-5 to 75 when it | § to } per annum, or 4o to
takes 2 years 2 50 per cent.
'u o 95 to 150 when it is | § to 1 per annum, or 8o to
complete in 1 year | 100 per cent.

The volume of the heart is estimated by the number of

it displaces.

The growth of the heart during the first year of
life is very marked, being about 8o

cubic centimetres).

puberty, it is very considerably less,
and 14 years of age, the annual increase is

cubic centimétres of water

per cent (20

In succeeding years, until

Between 7
only 8

per cent, while during the development of puberty

the increase varies between 95
metres—that is, an

and

100 cubic centj-

increase of 80 to 100 per cent.

In other words, the heart very nearly or quite doubles
in size during the development of puberty. When

L
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the changes of puberty are accomplished rapidly
(say in one year), the heart doubles in size during
that year; when the changes are spread over two
years, the annual growth is 50 per cent; while when
over five years, 22 per cent; so that in each case
the same change—that is, the doubling of the size—
takes place. = The enormous importance of the
changes to the individual may be inferred from the
fact that the heart may in this one year of puberty-
development grow three times as much as it did
in the preceding.

Generally it may be stated that, while the annual
increase, just previous to puberty, is 8§ per cent, the
additional increase in the heart, when puberty is com-
plete in one year, beyond the increment in the pre-
ceding year, is 92 per cent. When the change is
prolonged over two years, the excess beyond the
average annual growth is 84 per cent, and, when
prolonged over five years, 70 per cent; or, in other
words, a rapid development of puberty is correlated
with a greater cardiac development than is the case
when puberty develops slowly."

The following Table XII., compiled from Dr.
Boyd’s observations, also shows the progressive
increase of the heart, as determined by its weight at

different ages.

I Dr. G. N. Pitt, Physician to Guy's Hospital, British Medical
Journal, November 1886, p. 1028.
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Period of Greatest Growth of Heart 17

TABLE XII.—WEiGHT oF HEART IN OUNCES, FROM
I4 TO 40 YEARS OF AGE (MALE).!

|
Maximum, | Minimum. Average.
7 to 14 years 5.5 2.2% 4.25
I4 to 20 ,, 14.0 1.5 7.61
20to 30 ,, 17.0 5.5 10.00
joto 4o ,, 30.25 3.5 | IL 36

These combined observations of Beneké’s and
Boyd's show the immaturity of the heart at and
before puberty, and the extraordinary task demanded
of it when puberty is accomplished rapidly, so that it
doubles its size at this period, But it is only in the
minority of cases that such a change can take place
in one year. Usually this change takes longer,
when the growth of the heart is less rapid ; and
its greatest progressive growth is between the 18th
and 25th year. '

Clinical experience shows the great demands
which at this period are made on the heart,? especially
in the occurrence of slight cardiac dilatation, and the
want of reserve cardiac energy to meet unwonted

! Dr. Robert Boyd, Royal Society’s Transactions, February 28, 1861
1 See (1) On Cardiac Dilatation at Luberty, by Dr. G. N. Pitt, of
Gu;r'.s Hospital, Z ¢, ; (2) The Breakdown of Young Soldiers wunder
Training, by Surgeon-Majcr F. Arthur Davy, M.D., Woolwich, 1883 ;

(3) Dr. Vﬂﬂlﬂ’_ﬂ Faper  On Heart-Disease and Palpitation in the Army""
in :‘i’rm%f Medical Departmeny Blue-Book, 1882 ; (4) Meyer's Prize Essay
*“On Diseases of the Heart among Soldiers,”
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exertion and emergencies, especially in those who
have grown rapidly, and are above average height.

The greatest strain is thrown on the heart at
puberty and upwards throughout adolescence to
adult age; and a very constant group of symptoms
indicates the cardiac failure which must be looked
for in overworked recruits. Chief of these is short-
ness of breath, easily brought on by slight exertion ;
the persistence of difficult breathing, and with
cardiac discomfort there is sometimes actual pain.
The difficulty of breathing may continue throughout
the night, so as to prevent rest in the recumbent
position for a portion or the whole of the night.
Eventually palpitation is set up ; the surest evidence
of an overworked and exhausted heart. The patient
becomes languid, easily tired, and attacks of partial
faintness are easily induced. The cardiac impulse is
usually diffused over a larger area, with more or less
epigastric pulsation, with prolongation of the first
heart sound at the apex, and with accentuation of
the second sound over the pulmonary area, while
the first sound over aortic area is weaker. The
dilatation is usually slight in the first instance; and
the complete disappearance of the symptoms under
rational treatment after some time is in accordance
with the view that they are due to an insufficiently
rapid increase in the size of the heart, which is com-
pensated in a few months, under the influence of
sufficient rest and good food.

But when such symptoms occur later in life, they




seoT. Vi Symptoms caused by Injudicious Dvill 119

are usually more serious and less temporary in
character ; and, not being associated with a physio-
logical developmental process, they do not naturally
tend to repair, or to a spontaneously favourable end.
That such symptoms occur in adults previously
healthy, who have been subjected to much greater
exertion than they had been accustomed to or trained
to bear, we have the testimony of Drs. Meyer, Veale,
Arthur Davy, and G. N, Pitt. Experience further
goes to show that the forced “setting up of the
chest” in young policemen, recruits, and young
soldiers, as well as the military exercises during the
autumn manceuvres, and long marches, always con-
tribute a number of such cases, which gradually and
completely recover with rest. So also do the games
of tennis, football, “hare and hounds,” running with
beagles, and all such sports or games when they
entail over-exertion.

The rational treatment consists of carefully-
regulated exercise—always short of fatigue; a
rest in the recumbent position for at least two
hours in the middle of the day, so as to give the
heart an opportunity of recovering its exhausted
energies and strength, by the lessening of its work.
But such treatment cannot be hurried, and may take a
period of six months to complete recovery of cardiac
strength. To take a young soldier into hospital for a
week or two gives him only tem porary ease. As soon
as he is sent out to commence his drill again, the same
Symptoms recur, and it is not till he has owtgrown
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the condition, by maturing his development, that his |
cure can be completed by the rational treatment that
has been indicated.

It is also to be noted that insufficient size of the
heart, as a whole, and defective development of its
parts may be congenital, and associated with defects
of the larger vessels.

“It is not rare for the heart to be abnormally
small in proportion to the body weight. It may
then be that it was either abnormally small at birth,
or that it simply lagged behind the body in its
growth. Extreme cases of this condition are rare,
but minor degrees are often met with. They are
especially associated with conditions of chlorosis
and of hamophilia ; the aorta and other large arteries
| | are usually narrow and thin-walled, while the genital
organs, and sometimes the whole body, are ill
developed.

“ As the growth of the heart is in a measure con-
| ditioned by the work it has to do, the increased
| resistance caused by the narrowness of the aorta may

bring about a compensatory or functional hyper-
l trophy of the heart muscle.”’

At puberty also there is a very marked impetus
given to the development of the /uzngs. Their volume
increases in conformity with the growth of the
skeleton and the expansion of the thorax, or the
development and growth of the heart. Their weight

also progressively increases, especially from 14

1 Ziegler, / ¢., p. 40.

u—_—_—
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to 25 years of age, as shown in following Table
XIII.—

TABLE XIIIL.—WEIGHT oF THE LUNGS IN OUNCES, FROM
14 TO 40 YEARS OF AGE (MALE).!

Maximum. Blinimum. Average.

Right. Left. Right. Left. | Right. Left.

7 to 14 years | 16.5 | 23.5 4.5 4.5 10.14 | 10.38
14 to 20 ,, 47.0 42.0 7.75 6.5 20.4 19.67

| 20ta 30 ,, 64.5 | 58.0 I1.0 9.0 | 32.34 | 30.09

30 to 40 ,, 87.0 '52,0 10.75 | 10.5 28.47 | 24.29

During this activity of growth there is also greater
determination of blood to the vessels of the lungs—
as indicated by the deeper red of their parenchyma
(or general substance), and by the liability to pul-
monary hamorrhage (bleeding from the lungs) at
that age.

Corresponding activity of function is also indicated
by the increased heat-producing power, the energy of
muscular motion, and the exaltation of cerebral
action.

In the following Table XIV. the progressive
growth of (A) the Liver, (B) Spleen, and (C) the

Kidneys is shown, between the ages of 14 and

40 years ; *—

* Dr. Boyd, / . * Thid.
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TABLE XINV:

A, WEIGHT OF THE LIVER IN OUNCES, FROM 14 TO 40
YEARS OF AGE (MALE).

Maximum. | Minimum. Average.
7 to 14 years . : : 71.0 18.25 34.71
14 to 20 ,, . . : 96.0 32.0 57.76
20 to 30 ,, : : ; 114.0 32.0 60.29
3oto g0 s ol : I0I.0 | 24.5 58.11
1 o L |

B, WEIGHT oF THE SPLEEN IN OUNCES, FROM 14 TO 40
YEARS OF AGE (MALE),

Maximum. Minimum. : Average,

| - = b
| 7 to 14 years 5.75 1.0 3.03
I4.to2a ., x ; ; 10.75 2 o 5.19
20 to 30 ,, : ; s ilSST00 | 2.75 7.19
| 30to 40 ,, ; £ . 36.0 LR 12

| C, WEIGHT OF THE KIDNEYS IN OUNCES, FROM 14 TO 40 |

: YEARS OF AGE (MALE). '

- | B 2 !

Maximum. [ Minimum. Average. |

| | 7torI4years . ; . 10. 5 3.4 6.58 |
' 14 tor20 ,, : : : 14.0 5.5 9.34
20to 30 ,, ; ! ; 10.5 6.0 I1.57

joto 40 ,, : g g 25.0 I 6.6 11.35 |




SECTION VII

PROGRESSIVE GROWTH OF BONE AND MUSCLE IN
RELATION TO EACH OTHER, AND PROGRESS-
IVE INCREASE OF STRENGTH WITH AGE, AND
THE MINUTE STRUCTURAL ARRANGEMENTS
OF BONE

THERE is still another physiological consideration
which demands our attention in connection with the
physical growth of the young soldier,—it is the
growth of the bones and muscles in relation to each
other, and the minute internal structural arrange-
ment of the material of bone. The skeleton is not
merely adapted for locomotion, but its axial por-
tion encloses and defends the important visceral
organs, the slow but progressive growth of which
has been demonstrated in the preceding pages from
the observations of the most competent authorities.
The bones are also pillars of support, and they form
levers in various attitudes, having, as such, various
and important movements. The leverage exercised
by such bones may be variously modified: (1)
according as the lever is in one or in several pieces,
and is more or less complete in the growth of its in-
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ternal structure; (2) according as the points, ridges,
tuberosities, and prominences for the attachment of
the moving muscles and tendons are completely or
imperfectly developed and grown.

Accordingly from 20 to 25 the bones become
gradually thicker, the joints stronger, the shoulders
broader, the muscles firmer and better developed.

When we trace in young animals how this pro-
gressive growth is related to the muscles and the
bones, we cannot fail to notice that the development
and growt/ of the bones are in adaptation and fitness
to the increasing power and actions of the muscles.
The bones of the limbs become larger and stronger
at their muscular attachments as the muscles be-
come stronger and more active. Not only do the
bones adapt themselves in their growth to the growth
of the muscles, but if the muscles are paralysed the
bones waste as well as the muscles by a progressive
wasting, and no amount of passive motion will pre-
vent or retard the occurrence of this atrophy. Again,
it has been shown by the accurate experiments of the
late James Forbes, while Professor of Natural Philo-
sophy in the University of Edinburgh, that the
muscles undergo a gradual, steady, and progressive
development in strength as the age of the individual
increases from puberty up to 30 years.

From the combined observations of Quetelet and
of Forbes, it is known that by exercise of a well-
regulated kind, a progressively greater amount of
force can be got out of a man as his age increases
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-

(up to a certain period), if his training is judiciously
conducted and his bodily condition maintained at
the proper standard of health.

Forbes found that—

Englishmen at the age of 20 to 25 gave a Lbs.
tractile force . : : ; : . 366 to 384
i Scotchmen at the age of 20 to 25 gave a
tractile force . . : : : . 374 to 404
Irishmen at the age of 20 to 25 gave a tractile
force : : 3 : : - . 397 to 413

These experiments were made upon upwards of
800 individual students attending Professor Forbes’s
class in the University of Edinburgh, between the
ages of 14 and 25, and they clearly demonstrate
the law of physical development correlative with
age. Natives of Scotland, England, and Ireland
were distinguished. The weights were expressed in
pounds, including clothes; the height in inches, in-
cluding shoes ; strength was determined in pounds
(as above) by Regnier's dynamometer. Compared
with the observations of Quetelet the gradual pro-
gress towards maturity in Britain seemed to be
greater in the earlier years (14 to 17) than in
Belgium, and slower afterwards—a result more
strongly indicated also among the English than
among the Scotch.

The superior physical development of natives of
Britain above the Belgians is very obviously marked.

In strength it is greatest (one-fifth of the whole); in
height it is least,

*—
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So far as the experiments on the English com-
pared with Irish can be considered as correct, they
indicate that the English are the least well developed
of the natives of Britain at a given age, while the
Irish are the most developed, the Scotch retaining
an intermediate place.

The maximum height is barely attained at the age
of 25; and (what is important for us to note is
that) all the developments were found to increase
between Jourteen and twenty-six years of age, and all
were found to increase more slowly as age increased.?

Moreover, when we come to consider “How a
bone is built,” 2 it will be obvious how much stronger
must be the finished bone-structure compared with
the unfinished structure of the immature bone.
Especially will the importance of this mode of look-
ing at the influence of immature compared with
mature bone become apparent in regard to those
long bones of the leg (and even the shorter long
ones of the foot) which have the whole body to
support, and on which so much stress is laid in con-
tinuous marching or in continuous standing.

The shanks of the long bones in man, in birds,
and beasts are tube-like ; and the ordinary marrow-
bone, as “we find it at the thick end of a leg
of mutton, or sticking out from the middle of the
round of beef,” represents also the structure of the

1 Proceedings of Royal Society, Edinburgh, January 16, 1837.
2 Dr. Donald MacAlister in The English Zllustrated Magasine for
June 1884 (Macmillan & Co.)
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long bones, such as these of the leg in man. In
them we may note that—

“First of all, the middle part of the bone is
hollow, and its walls are hard and dense; it is in
fact a somewhat thick-walled zube.

“ Secondly, if you follow the bone to either end
of it, to a joint, the tube-form seems to be lost ; the
outer surface spreads into irregular knobs and bosses,
the inside instead of being hollow is filled up with a
continuous mass of apparently irregular fibres and
plates.

“This marrow-bone, which anatomists name the
JSemur or thigh-bone (Fig. 12, p.95), we may take as the
type of all marrow-bones, or long bones as they are
sometimes called. Long bones have a shank or shaft
which is hollow and tube-like, and ends which are—
not exactly solid—but continuous or ‘spongy’ in
texture. They are thus distinguished from short
bones, which have no hollow shank, but are built up
entirely of continuous spongy substance, like the ends
of a long bone. We may take the heel-bone or ca/l-
caneum (Fig. 15, p. 98) as the type of a short bone.”

But these “short bones and the ends of the long
bones seem to be built on another and different
plan. They are not hollow but continuous. Theijr
substance consists of seemingly irregular fibres and
plates. The substance has been called ‘spongy’;
and at first sight it looks a mere confused porous mass.
But when pains are taken to cleanse the bone of the
shreds of membrane and marrow that fill its pores,
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a very remarkable and very beautiful order and
regularity takes the place of the confusion. The
porous mass might more fitly be likened to a net-
work or a honeycomb than to a sponge. Its plates
and bars run straight and clear from point to point,
cutting each other in true right angles, and enclosing
little square meshes as dainty and as sharply defined
as the meshes in some fine piece of lace.” This
variety of bone substance is said to be cancellous.!
And as the shanks of the long bones are always
built on the plan of the tube, so the pattern of the
cancellous parts is also constant, and stands in very
definite relation to the shape and purpose of the bone.®
The crushing limit and the tearing limit of bone
structure have been shown by Dr. MacAlister in the
following table, as compared with cast-steel, wrought-
iron, and cast-iron. These materials differ greatly
with regard to the relative magnitude of their limits

of tenacity.
TABLE XV.—Limits oF TENACITY OF BONE COMPARED
WITH STEEL AND IRON.

~ Material, Tearing limit. | Crushing limit.
*
Cast-steel . / : ; : : 102 145
Wrought-iron 41 22
Cast-iron . ;s 5 : : L 13 73
Bone . 3 ‘ : . . .| gto1z 13 to 16
I

* The numbers denote kilogrammes per square millimetre, and refer to average

specimens. ]
1 Cancelli signifying bars or lattice-work,

2 Dr. MacAlister, /4 ¢
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Bone-structure, therefore, comes out well in the
comparison. The figures resemble those of steel
(though much smaller), and bone-substance is almost
as strong to resist tearing as to resist crushing.

But not only is the strength of bone-structure of
importance in the building up of a bone, but its
strength still further depends on the way in which
the material is put together.  Upon mechanical
principles the round-tube structure of bone is the
strongest for support; and its strength mainly lies
in its outside, for one “ may scoop out the centre of
a bone till half its substance has been removed, but
still nothing equal to half its strength has been
scooped away. We have also an example of the
advantage of the tube form in the quill of a feather,
in the amount of stiffness and strength which it
possesses, so long as its tube form remains intact.
In such a shape we have combined the miznimum of
substance with the maxzmum of strength,

“And so the stalks of corn* and grasses and
plants of all kinds—straws and reeds and canes
and bamboos, whatever is remarkable for lichtness
combined with strength—all are fashioned on the
principle of the tube, And in engineering, in
building, in mechanism, you will see examples of
the principle at every turn. The great Britannia
Tubular Bridge that spans a strait of the sea shows
it on the largest scale; . . . The back-bones of our
bicycles and tricycles are tubes. I have just read

of a new tricycle in which not only the back-bone
K
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but all the essential parts are made of hollow steel :
and it is described as a.miracle of lightness and
strength. In making his machine of a material like
steel, and in making all its bones hollow tubes, the
builder has merely realised in metal the plan on
which the human skeleton has been built for some
thousands of years.” !

From an engineering point of view, therefore,
Dr. MacAlister has shown that bone is an admirable
substance to make tubes of ; and the fact that its
strength for tension is of the same order as its
strength for pressure, allows us to possess bone
tubes that are capable of bearing cross-stresses in
all directions, and that without any unwieldy
massiveness. :

The tube-like shank of a long bone, like the
thigh-bone (femur), is thus not less admirably
adapted for its purpose than bone-substance is to
be the most admirable material to make it of; so
that both as to form and substance it is fashioned
after the ideal type of the engineer, so as to yield
“ the greatest strength with the least material.”

But when we come to inquire into the structure
of the ends of these long bones, we shall see how
imperfect is their structure in the immature or
young state compared with their structure when
mature. The bone in the adult is generally more
hollowed out than in the young and growing lad.

In the full-grown and mature bone “ the material

1 Dr. MacAlister, /. ¢.

R
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is massed along the lines where it is of greatest

Fria

G, =—{" A OLIT & rtmers
16.—CANCE] LOUS STRUCTURE OF THE HEAD OF THE THIGH-RBONE.

o e A g r f ‘|1 o 1
roue a F J'..:-:mf:u;ix: BY LAAIJER, and by Peruiission of Messrs
J . 2 5.
MacMmiLLan & Co.
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.
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it would be of less service” This is well shown
in the preceding woodcut (Fig. 16), from a photo-
graph by Zaaijer, showing the cancellous structure of
the head of the human thigh-bone. Its head is not-
ably expanded, and it curves and overhangs the shaft
like the head of a great crane, so much so that by
increasing pressure or crushing force the tendency
would be rather to “shear” it off ; and if we regard
its immature condition, as represented in Fig, 12,
p. 95, when the epiphyses are still separable from
its shaft, and when the lines of its fine internal
structure are incomplete at the junction of the
epiphyses with the shaft, this tendency must be
greatly increased—comparable to a “fault” or “dis-
location” in geology—without giving rise to any
visible gap or chasm. It is only when the bone is
mature or complete as to growth that this crane-like
head is perfected, and its lines of fine internal struc-
ture are complete and fit to resist the maxzmaun of
pressure to which it can be put in adult life.

It will further be seen how these “stress-lines”
cross each other at right angles—as “ pressure-lines ”
and “tension-lines” do, in any given structure that
has to carry weight. They are the lines of maxi-
naen tension and maximume pressure, and when they
meet they cut each other at right angles. Along
these stress-lines there is no tendency to “shear”
when the bone is completely grown; but in the
immature bone there is a natural “fault” at the
line of junction of the epiphyses which materially

—1_——~
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diminishes the pressure-bearing strength of the
bone.

Let us consider now the section of the heel-bone
(Fig. 17) or calcaneum. It is a short bone, com-
posed entirely of canceliz, and is roughly triangular

with three bearing surfaces.

F1G. 17.—CANCELLOUS STRUCTURE OF THE HEEL-BONE.

Fromal dolesrabh by E-‘l-“-f_ﬂ-'-'i- arnd by permission or Messrs,

Macumicraxn & Co.

The wuppermost surface receives the weight of the
body from the ankle-joint. This surface is therefore
subject to intense downward pressure, and therefore
" stress-lines ” are seen to start from it

The under surface rests on the ground, and is
pressed upon by the ground, and therefore “ stress-
pressure-lines ” spring from this lower surface. and

!
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run upwards to meet those coming down from the
ankle-joint,

The anterior bearing surface is in contact with
the bones of the arch of the foot, and transmits the
pressure forwards to them from the ankle by a
second system of pressure-lines running obliquely
forwards, while there are strong tension-lines forming
a cross-tie system linking the lower ends of these
lines together, like “the cross-tie of a rafter, or the
rope which joins the lower end of the ladder and
the prop in an ordinary pair of steps.” And as Dr.
MacAlister observes: “In the photographed sec-
tion of the heel-bone you cannot fail to be struck
with the beautiful way in which the bars of the
lattice-work run in the lines which theory requires.
The tension-lines especially are developed in singular
perfection. You see how densely they are massed
at the under surface where the tendency to tear the
bone asunder is the greatest; and how they rise
diverging like the lines of a fan, backward to the
surface of attachment of the great tendon of Achilles
through which the calf-muscles act, and forward to
the anterior part to meet the short anterior pressure-
lines. Everywhere the meshes formed by the cross-
ing-lines are rectangular—in itself a proof that the
lines are true stress-lines.”

When we compare this mature heel-bone with
the condition of the immature one figured at p. 98,
(Fig. 135, 5), it will be seen where the stress-lines
are deficient from the interval between the body

z‘




SECT. VII Stress-lines in Arch of the Foot 135

of the bone and the epiphysis to which the tendo-
Achillis is attached.

The accompanying woodcut (Fig. 18)* is a
diagram showing some of the “stress-lines” in the
arch of the human foot in its complete and mature
condition, from a drawing by Professor Hermann
Meyer. The diagram is not strictly a section, and
the stress-lines are not all in one plane. The heel-

Fig. 18.

bone is below to the right, the ankle-bone is above
it, and the leg-bone highest of all. It is intended
to be contrasted with the immature human foot
(Fig. 15) at p. 98, rendering evident the imper-
fections of the young and growing bones, when
their epiphyses are still separate, especially as to the
deficient continuity of the stress-lines.

The imperfections and comparative weakness of
the immature thigh-bone, when its epiphysial head

! Here reproduced by permission of Messrs. Macmillan & Co.
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has not yet united to the shaft, must be still more
obvious when the mature thigh-bone is studied as to |
its structural resemblance to an overhanging crane.
Dr. MacAlister gives the following woodcut (Fig.
19) of the stress-lines in the head of a crane, from a
design by Professor Culman, compared with the stress-

Fic. 19.

lines in the head of a mature thigh-bone, from a draw-
ing by Dr. Julius Wolff (Fig. 20). The weight-bearing
head of the bone is to the right; the great trochanter
is to the left. It is a careful drawing of the cancelli
of the head of the thigh-bone, from a study of thin
sections of its substance. “ The form of the head is

1 Reproduced by permission of Messrs. Macmillan & Co.
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less simple than that of the crane; but everywhere
the ideal principles of construction are beautifully
illustrated. The strong pressure-lines descending
from the chief weight-bearing surface to the inner
border of the shaft; the overarching tension-lines

Fic. =zo.

rising from the outer border and lifting up the over-
hanging head ; the secondary set of pressure-lines
springing from the concave border and going to
sustain the second protuberance (technically called
the great trochanter), with its secondary loading—
the central hollow of the shaft, the square-meshed
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lattice-work of the cancellous ends—all are shown
and all become vivid with meaning. What the
scientific engineer conceives—but with present tools
and present material cannot yet embody—has been
exquisitely embodied in the structure of a common
marrow-bone ever since bones came into fashion.”!

These anatomical facts and the mechanical
principles which they embody cannot fail to render
obvious how imperfect as to physiological strength
is the minute internal structural arrangement of the
substance of the bones of the skeleton in the recruit
and young soldier during adolescence as contrasted
with the full-grown adult skeleton.

1 Macmillaw's Tllustrated Magazine, [, c., p. 149.




SECTION WVIII

SELECTION OF THE RECRUIT, ESPECIALLY WITH
REFERENCE TO “THE PHYSICAL EQUIVALENTS”
WHICH MAY INDICATE HIS AGE ; AND ON THE
PRINCIPLES WHICH OUGHT TO REGULATE HIS
TRAINING

FroM the suggestive facts and observations recorded
in the previous sections, you will readily understand
why it is that the topic which challenges our
attention at the very threshold of entrance into
medico-military life concerns the ages and the
physical condition of the men with whom the
medical officer will have to deal—the material, or
“human stuff,” in fact, which he has to select in the
first instance, to care for and to preserve as efficient
soldiers throughout the period of their service, how-
ever long or short.

This duty, namely “ 7%e Selection of Recruits,” is
one which has of late years engaged a very large
share of attention on the part of the Government
and the community generally, both in and out of
Parliament, and that not only in this but in other
countries. It is a duty of the greatest importance

e
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considered either from a military, a medical, or a social
point of view, and it has become of special and
increasing importance in -connection with the short-
service system of enlistment in this country as ex-
plained in previous pages.

From your medical training you will readily

appreciate the position I endeavour to take up and -

insist upon here—namely, that the physical condition
of the recruit must be judged of by the standards of
physiological and developmental anatomy, and that

the correlation of his® physical condition with age is

especially of importance, because any immatureness
of the framework of the young soldier, or of his internal
organs, or any deficiency of stamina in his constitu-
tion, will be sure to furnish sources of difficulty in his
subsequent career., His immaturity of development
and growth,orother physical deficiencies,will assuredly
find him out. The severe drill-training and the
hardships of military service through which he must
pass are certain to bring his weaker points to the
test sooner or later, and sooner rather than later.
Indeed, “the survival of the fittest ” in * the struggle
for existence” is perhaps nowhere better exempli-
fied than in the rank and file of military service.
Hence the physical conditions I have referred to—
namely, immatureness, want of stamina or staying-

power, ze. power of endurance in the constitution of
the young soldier—have a most important bearing
upon the causes of some of those diseases, the
pathology of which we shall consider in detail as
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nppﬁrtunities present themselves. At an age so

Ay young as I8 years, a height much below e average

for that age,—65.5 to 68 dnches,—and still more at
the minimum of 55 to 59 inches, is apt to have been
the result of defective feeding in early life, tending
to a diminution in the normal rate of increase and
. growth of the body. Under such circumstances
stunted development and diseased vital processes
are the inevitable consequences. The constitutional
tendencies in the future of the “growing lad” are thus
. more or less fixed at an early age; and although at
- the age of 18 the recruit may have no evident
disease, yet anything below an awerage, and, still
more, a #munimum height and weight for that age,
suggests a tendency to constitutional disease which
requires to be very carefully inquired into,

On the other hand, as the height approaches a
maxvnum at the age of 18 years, the excess of
growth of the body generally (compared with the im-
perfect growth of the heart and great vessels, and the
imperfect expansion, growth, and vital capacity of the
chest and lungs) becomes very obvious by the contrast
of the tall body with the narrow and flat chest in which
the apices of the lungs approach close to each other.
Generally in such cases the reparative organs are out
of proportion to the body they have to sustain.!

They are immature and not yet sufficiently developed
In correlation with height.

] = aq] " . (]
E?r. E. Smith on Cyelical Changes of the Human Constitution
p. 288.
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In the selection of recruits, therefore, the duty of the
medical examining officer embraces, in the first in-
stance, the ‘capacity of determining ages from, say,
17 to 25 and upwards, and, next, the capability for
inquiring into those mere external or physiognomi-
cal characters of the individual which furnish the
grounds for believing that he is sound and free from
disease, or the contrary. Both these duties require
that details of positive facts shall be carefully noted
in order to determine the physical peculiarities of the
individual, and such “physical equivalents” as may
(1) justify conclusions as to his age and (2) those
peculiarities, the sum of which mark his temperament,
z.¢. the original vital endowments of the individual,
“unquestionably a real force, which we would gladly
recognise and estimate if we could.” !

It is by long experience and varied observation of
men that we are able “ to judge the interiors by the
outside,” and so acquire a physiognomical intuitive
knowledge of them (Sir T. Browne); and it is
only by such ripened experience that we come to
know gradually “the real value of common and
obvious, still more of uncommon and not obvious
facts, when seen in combination, so as to form conjointly
a basis for larger inferences.” ®

A distinct proclivity to disease implies a “dia-
thesis” or particular habit of body predisposing to

1 Jonathan Hutchinson, 7%e Fedigree of Disease, p. 22, London,

1884.

2 Professor W. T. Gairdner, M. D., in Findlayson’s Clinical Medicine,

1886.
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certain diseases rather than to others, the evidence of
which is based on a careful study of the physical
structure of the individual body, and of those
incidents in its life-history which tell of, or which
actuallyleave traces or even visible and indelible marks
of the previous existence of disease. To investigate
diathesis in an individual is therefore to study facts
in his life-history which indicate the previous existence
of deranged physiological functions, or manifest struc-
tural changes, from which we are able to establish the
existence of a continued tendency to similar changes,
or to changes of an allied order in the future,}

There is, for example, a whole group of diseases
which affect the human body chiefly or exclusively
during its period of growth, whether of early infancy
or adolescence, with both of which you have to do,
“Certain transverse markings on the teeth (distinct
in character from the syphilitic), curvatures, or other
alterations in the long bones and thickenings of joint-
ends of bones, and a certain well-known conformation
of the thorax, may indicate with the utmost precision
that disorders proper to the period of the first or
second dentition had existed when rickety distortion,
with or without bronchitis, and other severe but not
permanent conditions of disease interfering with the
due expansion of the lungs, may have thus far left
an impress on the bony skeleton.

“S0, too, the presence or absence of the traces
of past disease of the bones and joints, or of

* Dr. W. T. Gairdner, /. G PaD,
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glandular enlargements and cicatrices in the neck,
or of spinal disease or curvature, may, together with a
certain conformation of the chest, or indeed of the
body generally, form part of a chain of circumstantial
evidence tending to prove or to disprove a liability
to tubercular disease of the lungs.” !

We come now to consider “the physical equiva-
lents ” by which age may be determined.

In the enlistment of lads and men whose ages are
unknown, it is necessary that we should be possessed
of a mean standard of /eight, weight, and chest-girth
at the various ages eligible for military service. Such
mean standards in their correlation constitute “ the
physical equivalents ” of age, by which the medical
officers are mainly guided in their selection of
individuals.

But, looking to the various conditions on which we
ought to rely in passing recruits, it is obvious that we
cannot depend on these “ physical equivalents” alone.
There must be evidence, in addition, (1) of sufficient
stamina ; (2) of freedom from disease in the growing
lad—for the rate of development and growth varies
so much that it gives ample scope for selection,
above and below the mean /eight, weight, and chest-
girth, for the requirements of the different arms of
the service. So that, even at the age of 17 or 18
years, the “physical equivalents” may be so good
and so fully expressed that rejection ought not to
be thought of.

1 Dr. W. T. Gairdner, L ¢., p. 4.

i
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Therefore it is that immaturity and unfitness, or,
on the other hand, matureness and staying-power in
a recruit, must be inquired into from several points
of view, but especially as regards his development
and growth in relation to age; and especially as
regards the correlation of /Jeight, weight, chest-girth,
chest-expansion, and chest-capacity, or “pulmonary
play,”. with age.

It is in the due concurrence of these factors in
physical development and growth in relation to age
that we must look for the evidences of greatest per-
fection in a recruit. Such due concurrence consti-
tutes the best evidence we yet possess of normal and
healthy physical development and growth. Con-
verselly, a want of due concurrence as regards these
factors is sure to be associated with evidences of
immaturity and imperfections; so that any great
divergence from the average of these factors in rela-
tion to age most probably indicates that some
physical- incapacity exists which will render the
individual. unfit for military service. It is the duty
of the medical officer to_find out the correlation or
want of correlation of these factors, seeing that the
final rejection of the recruit is left for his professional
decision,

Hence it is necessary at the outset to obtain data
for comparison in the form of Physical equivalents "
for each year of life during the military age ; by
which the medical officer may determine the age
of the individual, We are required to determine

L
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what are the proper or average standards of /eigit,
weight, and chest-girth, or chest-capacity at the various
ages at which lads and young men are eligible for
enlistment. These constitute the “ physical equiva-
lents of age” by which the military medical officer is
to be guided in fixing the age of the recruit. But
these standards imply a further knowledge as to the
developmental proportions and growth of the human
body at and before the military age for enlistment,
so that the data from this combined knowledge may
come to be exponents which furnish not only the
“plysical equivalents” of the age of the recruit, but they
ought to foreshadow what may be his condition at
manhood when growth is complete.

In regard to the correlation of these factors, one

. specially important point ought to be determined, in

the first instance—namely, the period of fu/l growi/ of
the individual, as regards the country, and even the
district, whence recruits are drawn; because it is of
importance in its relation to “ Zke mean stature of the
Sfull-grown man.” It is unquestionably established
that /Jeig/t continues to increase very measurably
up to the twenty-fifth year; but the full growth of
the body as a whole cannot be regarded as complete
till considerably later. The white native of the
Northern States of America does not attain his
full growth till between 30 and 35 years of
age. Mr. Gould’s tables indicate the #kirty first to
the #hirty-fourth year as the time when growth is
complete ; but the age of completed growth seems
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to vary considerably in different countries and
nationalities. In France it is variously given asfrom
the 23d to the 35th year! In Belgium Quetelet
decided for the 3oth year for full height, the increase
of growth after 25 being slight but regular ; in
Switzerland M. Dunant for the 26th year, " Liharzik
in Vienna, and in England Danson and Boyd regard
the 25th year as the year of matured growth., Dr,
Beddoe selects the 23d year, though he admits a
slight increase after that age—the mean age being
over 25 years.”

The preponderance of evidence from develop-
mental anatomy is that physical development is
completed by the 23d to the 25th year in this
country ; but that grows/ or bulk as a whole may
not be complete till at least the 3oth year.

“A comparison of national stature, in which the
data should be obtained by measuring only men who
had reached the age of completed growth, is much
to be desired ; and if in addition these men were
taken promiscuously from the general population the
result would be most satisfactory ;” while the system-
atic measuring of the cadaver, as opportunities offer,
by modern anatomists would still further conduce
to the necessary conditions for comparison. The
American statistics furnish valuable material in this
direction, Men belonging to the six nationalities
represented in the following Table XVI. have been

L American Statistics, I, c., p. 18.
* Medical Statistics, 1, £, p. 18,
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carefully separated, and their mean height determined
when at an age nof under 30 nor over 35 years, or
at the period of their fully completed growth. A
comparison of the result with the mean stature of
the race at all ages from 18 to 45 is here given.

TABLE XVI.—A COMPARISON OF THE MEAN STATURE AT
THE PERIOD OF COMPLETED GROWTH, WITH THE
MEAN STATURE AT ALL AGES FROM 18 TO 45 YEARS,
GIVES THE FOLLOWING RESULTS :—

Nationalits Mean height at full Mean height at all
5 growth, age 30 to 35. ages, from 18 to 45.
Inches. Metres. Inches. Metres.

United States, Whites. 68.22 = 1.7328 67.69 = 1.7103

British America . - 67.65 = 1.7183 67.14 = 1.7054
Unitcd.States, Coloured 67.22 = 1.7074 66.66 = 1.60932
England 66.92 = 1.6908 66.59 = 1.6913
Ireland 66.91 = 1.6095 66.75 = 1.6053
Germany 66.67 = 1.6034 66.53 = 1.6899

The importance of a knowledge of the period of
attainment of full growth, and of the mean natural
or standard height, is shown by the experience of
M. Champouillon in 1868, during his examination
of men for the Garde Nationale Mobile, when he had
to re-examine those who had been exempted in
1864, 1865, and 1866. He found that of 100
men rejected in 1864 as below the standard, 71
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had attained the requisite height in 1868. Of
those in 1865 he found fifZy-five men ; and of those
in 1866 forty-five men, who had likewise become
of competent height in 1865. These men at the
period of exemption as below the wmnzmum limit
of height were zwenty years of age.!

The mean height of an army does not necessarily
show the mean height of the people whence the
recruits are drawn.

As a physiological fact man does not reach the
maturity of his functions and the complete growth
as to bulk of his skeleton till between the ages of
25 and 30 years; and the amount or degree of
maturity varies with each individual at any given
age up till that time of life. The skeleton, however,
seems to reach its limits of development very
nearly at the same time as the whole frame
reaches its smaximum of height, the coalescence of
the various epiphyses being pretty well completed
about the 23d to the 25th year, while the muscular
system in its increase tallies with the weight of the
whole body.

Mr. Charles Roberts of St. George’s Hospital,
London, has tabulated an immense mass of statistics
of Leight, weight, chest-girth, and strength, which have
been collected by the Anthropometric Committee of
the Statistical Society. He comes to the conclusion
that the increase between 25 and 30 is not due to
growth, but that the apparent increase is due to the

Y American Statistics, I, ey 2,
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elimination by disease and death of the smaller and
feebler members of the community in increasing
numbers as age advances; that we must therefore
place a mortality table by the side of our statistics
of the living if we are to understand their due
significance.

He is of opinion that it is impossible to deter-
mine the exact period of maturity in man by
measurements of several dJifferent persons; and
this question can only be set at rest by following
the growth of the same individual from year to year
until it ceases ; and judging from observations, Dr.
Charles Roberts believes that very little growth in
height takes place after the age of 21; that it
entirely ceases before 25 years of age; that the age
of 23, fixed by Dr. Beddoe (of Clifton) many years
ago, may safely be accepted as the age of full
growth (as to height) of man in this country ; and
that all things being equal, to possess good physical
proportions in relation to age is the best guarantee
of a healthy body.

The selection of recruits to be judicious implies,
therefore, a regard to the due concurrence of age,
height, weight, and chest-girth, chest expansion and
capacity, as an index of their development, and as the
basis of selection, while their future treatment in train-
ing and drill must be regulated accordingly. The
carlier the age fixed upon as the minzmum at which
recruits may be taken, the longer will the period of
probation necessary for careful and efficient training
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require to be ; for the practical outcome of the facts
and arguments I have brought together is, that re-
cruits ought not to be allowed to leave this country
as soldiers in the ranks under 20 years of age,
as a wmunimum, for obvious physiological reasons ;
and that 18 should be fixed as a mznimum age for
the acceptance of recruits for training only, and not for
general duty ; that the training should extend over
the two years from 18 to 20, to the exclusion of
all arduous military duty; that the trainers of
the lads and the officers commanding during that
period should have at least an elementary know-
ledge of the anatomy and physiology of man ;!
that in the primary selection of recruits we ought
practically to know: the awerages or wmeans, and
the maxima and minima of the lheight, weight, and
chest-girth at the several ages from 17 to 25 or
30; and this not only of the inhabitants of this
country generally, but also those of the particular
districts whence recruits are drawn for enlistment at
the depot centres.

Such records would give an extensive basis for
determining what ought to be the safest “physical
equivalents of age,” while the education and experi-
ence of the medical officer would enable him finally

! For this purpose, Sheets V, and VL. of Soknston's Illustrations of
Natural Philosophy, with handbook to the illustrations by Sir William
Turner, M.B. London, Professor of Anatomy in the University of Edin-
burgh, should be made a study of by every trainer of recruits and young

soldiers. The cost is less than £1 (W. & A, K. John )
. - K ston, Easter
Road, Edinburgh }E I on aster
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to determine how far above or below the mean it
might be safe to accept any individual recruit.

Besides helping towards an estimation of age,
the * plhysical equivalenis” furnish material to
determine at the munimum limit of age of a
recruit, whether or not there are evidences of
sufficient physique in the growing lad to carry him
through the shortest period for which he can be
enlisted, without the risk of his breaking down
and becoming a burden to the service or to his
parish.

As to Training—The anatomical data and physio-
logical principles which have been set forth in the
preceding pages obviously culminate in the following
general conclusions as to what ought to be the
method of training recruits.

If the object of training is (as it ought to be) to
put the body, with extreme and exceptional care,
under the influence of all the agents which promote
its health and strength in order to enable it to meet
extreme and exceptional demands upon its energies,
too much care cannot be taken in the selection of
recruits.! It is obvious also that the exaction of ex-
treme energy from young and growing lads should
be long delayed and very gradually exerted, because
of the pernicious influence of extreme exertion upon
the most susceptible and vital organs of the body,
which are still immature, especially the heart and
lungs, which cannot fail to affect subsequent health

\ Training in Theory and Iy actice, by Archibald Maclaren, 1876.
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and strength. Drill and training ought therefore to
be extended over a lengthened period of time, pro-
portioned to the state of individual development and
of bodily power.

Why is it that a young recruit, so far as wind is
concerned, cannot keep pace with a full-grown man
already in the ranks and in complete training? It
is mainly because his heart and lungs, arteries and
veins, are not yet fully developed ; and also because
they have not been trained for the exceptional exer-
cise of “drill.” They have grown on, and have
been fashioned under entirely other circumstances
and other occupations, which enabled them to per-
form their functions in quite another manner than
that which, as a soldier in completest training, they
are called upon to do. They have grown up with
results on the functional powers of these organs as
distinctly and as surely inevitable as those which
have fashioned the hands for the work of the artist,
craftsman, or labourer.

In the drill of the young recruit, the heart (still
immature) may be called upon to contract at the rate
of 110 or more times in a minute, while hitherto it had
been left in circumstances which regulated its growth
and determined its power so as to contract at the
normal rate of 75 times in a minute. The new
occupation of military drill must (more or less)
slowly refashion these organs to the work that is
required of them. A new heart and new lungs
have to be called into being, suitable for the work
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they have to do. This must take time. Such
changes can only be effected very gradually, bit by

‘bit, atom by atom.

Training must, therefore, be rationally carried out
in its initiatory details, or it will certainly fail in its
expected results, with the usual damage to the con-
stitution of the soldier. Failure usually arises from
the attempt to do too much at the outset. In the
training of horses, the points always attended to
are the very gradual increase of the exercise and the
pace. Gentle walking is persevered in for a long
time, then gallops; then, as the horse gains wind
and strength, quicker gallops; but the horse is
never distressed ; and a boy would be dismissed
from a stable if it were known that the horse
he was riding showed by sighing or in any other
way that the speed was too great for him.'" So
ought it to be with the young recruit and his drill
sergeant. No change in the human body can be
accomplished suddenly; and the agencies by which
changes are to be effected must be applied very
gradually, slowly, and regularly. The recruit must be
trained wwit/in his powers of endurance at the first start,
his work being only gradually augmented in energy
and in sustained activity—such as “at the double.”
The throb of the heart and the swell of the arteries
and veins must be allowed to subside and settle
down completely, so that his lungs may resume their

\ Practical Hygiene, by Dr. E. A, Parkes, edited by Professor De
Chaumont.
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peaceful action of easy breathing before any further
drill exertion is attempted. '

If, while training, the recruit is properly fed (and
that is a cardinal point in judicious training), he
ought to gain and not lose in weight in proportion
to the progress of his development and growth. If]
on the other hand, a recruit continues progressively
to lose in weight under judiciously regulated ex-
ercise and training, he becomes a fit subject for
medical inquiry, and possibly for rejection as “ never
likely to become an efficient soldier.”
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SECTION IX

METHODS WHICH HAVE BEEN ADOPTED FOR DE-
TERMINING “ PHYSICAL EQUIVALENTS " IN
RELATION TO AGE; AND INFLUENCE OF
CERTAIN MODIFYING AGENCIES UPON DE-
VELOPMENT AND GROWTH

WITH these objects in view let us consider the
methods which have been employed to determine the
proportions of the human body, and especially such
“ physical equivalents” in relation to age as may
serve for fixing standards for comparing individuals
as to fitness or unfitness for military service.

The proportions of the human body have been
studied much more by artists and sculptors from the
carliest times than by anatomists and physiologists ;
but with the result in common that certain typical
forms are found to prevail through all stages of de-
velopment around which irregularities as to height,
weight, chest-girth, and chest-expansion, and capacity
group themselves in a more or less uniform manner,
and so help to guide us towards the determination
of typical or mean results as the “ physical equiva-
lents” of age. Hence it is that the masterpieces of
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ancient and modern sculpture furnish us with an
ideal of a sound and perfectly organised bodily
structure—at the various ages of life—an ideal rela-
tion of size and form, as between every separate
part ; and that every outward and inward structure
contributes an exactly balanced proportion to the
whole visible result.!

To the @sthetic mind of Sir Joshua Reynolds we
owe the idea in this country of a typical form
existing in man; but he furnishes no tables of
dimensions from actual measurements, It was the
late M. Quetelet, the famous Belgian astronomer and
statistician, who eventually reduced the artistic con-
ceptions of Sir Joshua to a scientific generalisation,
based on the binomial theorem of Newton and
Pascal ; and his theory has now been tested by the
observations and experiments of scientific men in
all the civilised countries of the world. In 1871
he published his book on Awnthropometry, and in it
he demonstrates the power of the calculus of prob-
abilities, upon certain data, to exhibit the mean of
man’s physical and intellectual faculties; and
amongst other things he treats of the mean results
of measurements and their relations to the laws of
growth. He discerned that there was symmetry
in divergence and law for disagreement from type ;
and discarding all theories founded on arbitrary
units of measurements, M. Quetelet reasoned that
if a typical figure or model of the human race

! Dr. W. T. Gairdner, /. c., p. Eg:
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existed, all variations from it in excess or in defect
would be due to accidental causes; that these
divergencies would be found in corresponding groups,
and that by applying the theory of probabilities to
the problem the number in each varying group could
be approximately predicted. Another consequence
of the theory was that the more numerous the ob-
servations the more effectually would the accidental
causes counteract each other, and leave the general
type in more prominent relief. The groups nearest
to the meaqn would be the most numerous, and the
receding groups on either side would diminish in
number with the distance. These groups follow
numerically a law which can be laid down in ad-
vance—the law familiar to mathematicians as the law
of the coefficients of the binomial ; and in the case
of man it has been applied by M. Quetelet not only to
the Jeight of man, but to the proportions of his
limbs, his weig/i?, his chest-girth, and to all the facul-
ties or qualities of his body that can be reduced to
figures, Thus he obtains and recognises the exist-
ence of a typical or mean form in man, “/lwomme
moyen,” the mean (not average) man, as a result of
a very large number of actual measurements. In
this way Quetelet demonstrated that the human race
admits of a type or model being determined, the
different proportions of which can be stated. Now
we especially desire to know, in relation to recruit-
ing, what are the variations or departures from the
model or mean man as regards race, or the average
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man as regards the country or district whence
recruits are drawn as to /Jeight, weight, chest-girth,
expansion, and capacity of the body in relation to
age? This knowledge can only be arrived at from
a large number of observations of individuals. Those
who come nearest the mean are the most numerous,
those who deviate the most from it above and below
furnish the fewest numbers in the groups. It will
also be seen that a mean basis for selection having
been determined for lads and full-grown men, the
rate of development and growth varies so much that
it gives ample scope for the selection of men with a

view to the special requirements of certain arms of

the service!

! Mean and Average.—The distinction between a mean and an
average is often overlooked. Sir John Herschel clearly exhibits it in
the following passage: ‘‘The distinction is one of much importance,
and is properly insisted on by M. Quetelet, who proposes to use the
word mean only for the former, and to speak of the latter (average) as
the “arithmetical mean.” We prefer the term average not only because
both are truly arithmetical means, but because the latter term carries
with it that vitiated and vulgar association which renders it less fit for
exact and philosophical use, An average may exist of the most different
objects, as of the heights of houses in a town, or the sizes of books in a
library. It may be convenient to convey a general notion of the things
averaged, but an azerage involves no conception of a natural and recognis-
able central magnitude, all differences JSrom whick ought to be regarded as
deviations from a standard. The notion of a mean, on the other hand,
does imply such a conception, standing distinguished from an average
by this very feature—namely, the regular march of the groups, increas-
Ing to a maximunm and then diminishing. An average gives us no
assurance that the future will be like the past. A mean may be
reckoned on with the most implicit confidence. All the philosophical
value of statistical results depends on a due appreciation of this distinc-
tion and acceptance of its consequences. '— Edinburgh Review, No,
clxxxv., July 1850, vol. xcii. p. L.
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The conclusions arrived at by the most eminent |

investigators in this branch of science may be stated
as follows :'—

(1). There is a perfect form or type of man ; and
the tendency of the race is to attain this type.

(2) The order of growth is regular towards this
type. - ;

(3) The variations from this type follow a definite
law——the law of accidental causes; and the line
formed. by these variations gives the binomial
curve.

(4) The more numerous the data obtained by
actual measurements, supposing them to be made
with reasonable care and without bias, the more
nearly accurate is the mean result ; and the more
closely does it correspond with that obtained by
calculation. .

The physique of recruits on enlistment must
always be a matter of great importance ; and their
physical qualifications will now be considered under
the heads of age, height, weight, and chest-measure-
ments. The tables in illustration are the outcome,
in the first instance, of the advance of sanitary
<cience in recent years. They especially arose out
of the various inquiries of Parliamentary Committees,
which, from time to time, have sat preliminary to the
legislative enactments embodied in the Factory Acts,
mainly brought about by the late Lord Shaftes-

1 Statistics Medical and A nthropological of I vopost-Marshal General's
Burean, p. Ixxxiii., by J. H. Baxter, A.M., M.D., Washington, 1875.
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bury. Numerous statistics are also to be found in
the various Parliamentary Reports on those Acts, and
in the Journal of the Statistical Society, and more
especially in the valuable Papers contri_buted by
Charles Roberts, Esq., F.R.C.S,, in the pages of St.
George’s Hospital Reports, which he has subse-
quently expanded -and made more complete in his
work on Awnthropometry.' These statistics have also
been utilised in the Reports of the British Asso-
ciation in relation to Anthropometry.

But by far the most extensive records of actual
measurements are those which have issued from the
Bureau of the Provost-Marshal-General, derived from
the records of the examinations for military service
in the armies of the United States during the war
of the Rebellion. These records cover the examina-
tions of over a million of men, furnishing data vastly
exceeding in extent any of a similar nature ever
before collected and published.

But in relation to recruits for the British service
I would rather adopt the results obtained by Mr.
Roberts’s measurements, inasmuch as they refer to
the population of this country whernce our recruits
are drawn. These statistics of Mr. Roberts further
distinguish and recognise the influence of a very
important modifying agency upon physique, inas-
much as he gives separate results for the non-
labouring or more favoured classes, as distinguished

' A Manual of Anthropometry, by Charles Roberts, F.R.C.S.
London, 1878, ,

MM
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from the labouring or industrial and artisan popula-
tion among men. Labour and abstention from
labour are thus recognisable as important modifying

agents, which markedly influence the “ physical

equivalents” in relation to age.

The more recent Annual Reports on Recruiting
show that there is often considerable difficulty in
obtaining recruits who are quite up to some of the
standards of height and chest-girth required by the
military authorities, especially for the Guards and
Artillery ; and it seems very desirable that these
standards should be compared with the general

" population, and their values determined, and if

necessary, revised from time to time.

While the ideal physique of the normal and
healthy man should always be before the mind's eye
of the recruiting officer, we ought not to delude our-
selves with mere fanciful notions as to what the ideal
physique of an army ought to be (especially as to any
extreme height of a soldier, without reference to other
measurements), but rather content ourselves with
what an army is capable of becoming : (1) by the
careful selection of the material at our command ;
and (2) by the best modes of dealing with that
material, especially in the judicious training and

proper feeding of recruits after enlistment.

“Owing to the age of the recruit having been
raised to the physical equivalent of 19 years (and
again, in 1885, reduced to 18), there are un-
doubtedly a very large number of promising young
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men, of young men who are likely to make effective
soldiers, rejected at a time of life when their in-
clinations lead them to follow the army, and it is
more than probable that after rejection they seek:
other employment or emigrate, and are lost to the
service.

“On inquiry from the recruiting districts it is
found that 600 men were -actually recorded as
having been medically rejected during 1882 be-
tween 18 and 19 years of age, who, though not
physically equivalent to 19 would otherwise have
made efficient soldiers,”? .

The physical qualifications required for enlist-
ment into the army have varied from time to
time, and it has been the practice to raise or lower
the standard according to the lesser or greater
number of recruits required. See Appendix I. for
the present conditions of enlistment.

On this point the Inspector-General of Recruiting
observes that “the expediency of making these
very frequent alterations in the standard is very
doubtful. Tt must be admitted that the conditions
and terms that are offered in the recruiting market
should be as simple and permanent as possible ;
when the minimum standard s fixed at which a
man is considered likely to make a good soldier,
there seems to be no reason why it should be
changed. If a man of a given physique is fit to be

! Report on Recruiting for 1882, of date March 1, 1883, by Major-
General Sir E. Bulwer.
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taken as a recruit at one time, he will, under the
same conditions, be fit at another time., Should the
supply become greater than the demand, it would
be better to limit the selection by making more
stringent inquiries as to a recruit’'s antecedents, and
by increasing the facilities for transfer to the Reserve.

“ At present the medical officer is required to re-
cord his opinion as to the correctness of the recruit’s
apparent age, and the recruiter is responsible for
inquiries as to his antecedents, and that the recruit
is what he represents himself to be; but in view of
the complaints that have arisen as to incorrect age
given on attestation, and as to fraudulent enlistment,
it may be desirable at some future time to demand,
when any doubt arises about a man on these points,
a certificate as to age and a guarantee that the
recruit's answers to the questions put to him as to
former service are correct.”

A definite age as a requirement in a recruit has
always been a difficulty in selecting him: (1) as
to how the age is to be determined; and (2) as to
the question of fitness (or rather unfitness) for fight-
ing and general service as an efficient soldier under

21 years of age.

Of these difficulties in their order, and as they
concern the army medical officer: As to determin-
ing age, on him is now cast this responsibility, and
difficulties arise in this way.  Hitherto soldiers
have not been entitled to reckon service under 13
years of age as a claim for pension. Consequently

[ o
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recruits have had at once an inducement to state
that they are 18 years of age when they are not,
in order to secure enlistment. This is a well-
established fact, quite in accordance with human
nature under the circumstances.

Provided, therefore, that a young lad has attained
to the mznimum height authorised by the military
authorities as the stazure at which he may be en-
listed—if he is seen to be what has been termed
“a growing lad,” however young he may be, the
recruiting officer rejoices to get him. This term,
“growing lad,” is used, in fact, to characterise the
article advertised for, when recruits are in demand ;
and the recruiting officer will enlist recruits when
they are even under the required stature in certain
exigencies of the service. Hence it comes about
that boys are quite ready to say they are 18, and
men of 30 to 40 are not less ready to swear they
are under 25. Thus it comes to pass that at the
very outset the military medical officer has to con-
tend with deception as regards age; and in these
respects recruits sometimes succeed in deceiving the
most experienced medical and military officials.

The medical officer can only form his own
opinion, to the best of his judgment, as to the age
of the individual recruit; and this is what he ijs
now required to do as a definite duty. On the
authority of a Report on Recruiting, dated January
I, 1878, we are told that, in a large number
of cases, there is no doubt that recruits on enlist-

S
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ment have overstated their real age, and conse-
quently that a number of immature lads have been
enrolled in the army. In order to check this serious
evil instructions have been issued to the medical
examining officers to decide according to the best
of their judgment what is the age of the recruit, as
tested not only by height and chest-measurement,
but also by weight; and, I would add, by an ex-
amination of the mouth and teeth and jaws.

The act of attestation now makes a recruit a
soldier. All inquiries, therefore, as to the fitness of
a recruit morally and physically must, if possible, be
made before his attestation.

But it has been felt that “the final approval of a
recruit for the service is, as far as concerns his
physical qualifications, more a medical than a mili-
tary question. The onus of rejection on these
grounds has therefore been transferred [from ithe
shoulders of the approving field officers to those of
the medical officers of the army; and all cases of
appeal or differences of opinion after a recruit has
been finally medically approved and attested are
referred to headquarters for decision. This decision
is arrived at on the advice of the Director-General,
Army Medical Department, who recommends whether
the recruit shall be rejected, retained, or brought
before a Medical Board.

«In order to obviate as far as possible any dif-
ferences of opinion between the Civil Medical Prac-
titioners and the officers of the Army Medical
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Department, it was necessary to ensure that there
should be uniformity in the method of testing a
recruit.”

The regulations of the Army Medical Depart-
ment on this point are set forth in detail in the
Regulations for the Medical Department of Her
Majesty's Army, 1885, Section II., p. 168 ef seg.!

With regard to age, therefore, the authorities
have decided that, except in the case of boys, the
“ physical equivalents” of 17 to 18 years for
“orowing lads,” and 18 to 25 years of age for men,
will in future be the mnimum for enlistment for all
branches in the service ; and while the muninm in
height of infantry is reduced to 5 feet 4 inches, the
tables which follow show the “ physical equivalents”
as regards the elementary conditions, which ought
to enter into comparison with each other—namely,
height, weight, girth of chest, expansion of chest and
capacity, in relation to age.

In our army it is sometimes deemed desirable to
have recruits of a particular age—such as 2o, for
example, for some arms of the service; for others,
13 to 19 is the more useful age. Cavalry men, for
instance, are better taught to ride at 18 than at 20
and, generally, it may be said, that a recruit enlisted

! See also a paper by Sir Thomas Crawford in the A rmy Medical
Reports for 1862, dated 1864. Professor Sir Thomas Longmore uses
in the Army Medical School a set form of examination (Znstructions on
the Examinalion of Recruits, Southampton, 1882), which renders it
almost impossible that any point can be overlooked ; also, Remariks on
the Examination of Recruits, by H, H, Massy, 8vo, London, 1854.
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at 18 and trained to 20, is better than a recruit
taken off the streets at 20.

Such was the opinion expressed by Mr. Hardy
(now Viscount Cranbrook) in moving the Army Esti-
mates in 1876, when Secretary of State for War.!

We have also his authority for stating that it
takes one year to a year and a jalf to train a recruit
before he is fit for general service ; and if his train-
ing be judicious (as he justly observes), then his
development and constitution are improved by it.

But at one time the standard of physical require-
ments was outside the bounds of healthy physio-
logical limits. Thus a chest circumference of only
33 inches in a man 5 feet 8 inches, and 25 years of
age, represents a very slight frame; and in a lad of
the same height, and only 18 years of age, the cor-
relations of his physical equivalents would suggest
grave doubts as to the future capabilities of such a
recruit. At present it may be said that the require-
ments are within fairly reasonable limits; except
that the ideas of relationship between “ growing lads ”
and (so called) men at 18 to 25 are somewhat con-
fused. (See Appendix L)

According to the Reports of the Inspector-
General of Recruiting, “ Adverse criticism is confined
generally to the youth and smallness of the men.
The age at which it is necessary to take recruits,
while so many men are wanted, is an age at which
some men look younger and some older than they

1 The Times, March 3, 1876.
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are. The medical officers are instructed to take care
that all men are physically equivalent to their ages,
ze. 17 to 18, and 18 to 25. These officers may
sometimes be deceived in giving their judgment, and
they may occasionally pass men into the service who
have a much greater physical equivalent than that of
their actual age ; but, on the other hand, the appear-
ance of recruits is often deceptive, many of them who
are actually 18, and possessed of the physical
equivalents of that age, having the appearance of
youths of 17, or even less "—probably due to the
influence of insufficient food in early life.

The Inspector-General further reports that “ the
year in which the greatest number of recruits was
raised was 1876. In that year the munzmum chest-
measurement was 33 inches, and the wmznimaam
age was 18! Since that time, in addition to
raising the minimum standard of age and chest-
measurement, other precautions have been adopted
to prevent ineligible men from being passed into the
service. The medical officers are now made solely
responsible for the physique. The sergeants are now
paid and dependent for the continuance of their
employment upon their conduct. A form of inquiry
has been instituted to check fraudulent enlistment ;
and all recruits are under medical supervision for
three months after joining, and therefore are practi-
cally on probation. Under these circumstances, and

! Now, 1886-87, the minimum standard for men (? lads) is again
reduced to 18 years of age and 33 inches of chest-girth,
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considering the fact that in some districts it has been
reported that many men are sent away who exhibit
all the promise of becoming efficient soldiers, it is
well worthy of consideration whether more latitude
cannot be given to commanding officers and medical
officers of districts, in allowing them to pass into the
service men under the munzmum standard, both as to
age and chest-measurement, who have every appear-
ance of making good and efficient soldiers. Both
the commanding officers and medical officers are
officers of standing and experience, and ought to be
worthy of the trust.”’

The following tables, while they illustrate the
method of procedure for obtaining the #zean results
referred to, give the data required for the *physical
equivalents” in relation to ages.

Mr. Charles Roberts’s original tables? of the two
classes of the English population are examples of
the methods of treating anthropometrical statistics ;
and they may be accepted as the highest standard
of our English race. The measurements are of—

(1) Lads and men living under the most favour-
able conditions of breeding, nurture, occupation,
climate, exercise, and sanitary surroundings : persons
of rank and outdoor professions; from large public
schools, Woolwich Academy and Sandhurst College,
Oxford and Cambridge Universities, and St. George’s
Hospital.

L Report for 1885, dated 1886, by Major-General Sir E. Bulwer.
2 Roberts, 4 Manual of Anthropometry, London, 1878.
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(2) Lads and men living under less favourable
sanitary conditions and occupations, who may be
accepted as a standard of the physique of the English
labouring population generally, living in large towns ;
the measurements of artisans and working men of
the labouring population.

The tables embrace only the military ages, from
17 to 30, and the height being the most character-
istic and important measurement of the body, its
arrangement is made the model for the rest. As the
height is taken from the ground, and increases with
the age of the individual till full growth is reached,
the table is constructed to read from below upwards ;
the smaller values being placed at the bottom, and
the larger ones at the top—an order the reverse of
that usually adopted in statistical tables. In this
way the tables of heights follow the natural order of
the developments of the body, from the age of 18
up to completed development and growth. In order
to obtain an adequate idea of the variations in the size
of different individuals of the same age, and the limits
above and below the average and means to which these
variations extend, the whole number of observations is
given. The averages are worked out from the original
measurements, and not from the ger mille groups, by
dividing the sums of the various observations by the
number of observations. As the number of observa-
tions for each age is not the same, the whole of them
are reduced to a uniform rate per 1000, for the pur-
pose of comparing one year of life with another.
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In the two final tables the averages, and not the
means, are given, inasmuch as they are intended to
show the variations in the height, weight, and chest-
girth of different classes of the British cc:-mrhunity,
whence recruits are drawn, as distinguished by
.averages, which are “the numerical expressions of
probabilities ; the extreme values expressing possi-
bilities.’

Means are used when it is desired to distinguish the

specific characteristics of different races of mankind."
' The following Table XVIL. illustrates M. Quete-
| let’'s and Mr. Roberts’s method, as explained in the
1 previous pages :—
TABLE XVIL.—HEIGHTS (FROM ACTUAL MEASUREMENT)
p‘r OF 430 ENGLISH PuBLIC SCHOOL BOYS OF THE AGE
;L FROM II TO 12 YEARS i
13 i —
| _ Gl Number of
!r: \ I_Iif'lllcgl']:etsm | b':‘}in;“ éﬂ?:h
! | i group.
:Ii X .
t I 60 3 . | Giant boys.
1 - 59 4
£ g8 - 12
&7 22
56 36
55 34
| =g
Typical . 5‘4. . | . . . .| Typical or mean boy.
53 78 '
52 59
51 35
: 50 29
{ g 2
4 | 48 4
}; I 47 3 . | Dwarf boys.
F it
' : ! Dr. Guy, Cyclop. Anat. and FPhys., Art, * Statistics. "
i
|1
i
i
b1
Ll
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It will be seen that the numbers arrange them-
selves according to a very uniform rule—the most
numerous groups are in the middle of the column, at
53 and 54 inches, while the groups at 52 and 353
‘inches are less in number, and those at 51 and 356
inches are still fewer ; and so on till the extremely .
‘small numbers of the very short and very tall boys
of 47 and 60 inches respectively are reached.
By this method of grouping the boys, it is ascer-
tained that the mean or typical boy of the class and
age given is 53.5 inches; and, as representing the
~ most numerous group, he forms the standard from
which the other groups of boys decrease in number
as 'they depart further and further from his propor-
tions. Hence, if a boy has to be chosen at the age
of 11 .to' 12, the nearer he comes to 53+ inches as to
height the better ; for the more natural and normal
will be his physical condition for that age. Con-
versely, §3.5 inches in height would be the “plysical
equivalent” for the age from 11 to 12 years, so far as
height is concerned in relation to age. . .

It will also be observed, if the numbers are
counted, that there are 10 more boys below the mean
than adove it ; consequently, the awerage (obtained
by dividing the sum of the values observed by the
number of observations) is here lower than the mean.
It is therefore necessary, in dealing with large
numbers, to keep in view the difference between a
mean and an average, as already explained in note,
P- 159. Thus the regular march of the groups,
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increasing to a maximum, and then again diminish-
ing, recognises a natural and recognisable central
magnitude ; all differences from which ought to be
regarded as deviations from a standard. Mere
averages are of no use in determining physical
qualities, because an average conveys to the mind
no definite idea of the great variableness of the
individuals from which it has been deduced.

The method, therefore, to follow in such kind of
inquiry, is to accumulate a large number of individual
measurements for each age (as has been done in the
following tables), and arrange the results in groups
accordingly, so as to determine the range and nature
of deviations from types (of height and weight, for
example), and so find out the modifying influences
which produce the deviations. It is the “modifying
influences” which the medical officer has to consider,
because the physical equivalents obtained by this
method will represent the equilibrium of many con-
tending forces, or factors, in the conditions of life and
nutrition, which may be disturbed by the subsequent
predominance of some disqualifying agency.

It is, then, the variations of the individuals as to
their “ physical equivalents” above and below the aver-
age which are significant of the agencies at work in
modifying the development of the body. Ior
example, the typical “ plysical equivalents” are not the
same for the working man and the NON-working man;
for the man or boy living in the town and the man
or boy living in the country. This point has not

4—4
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——

been taken into consideration in framing the table
which was given as a guide in 1882 for the selection
of recruits.

Each group (in the table) above and below the
mean is typical of the predominance of some modify-
ing cause, or factor, influencing the rate of growth—
if we could but find it out. Many such modifying
causes are obscure and very complicated ; others are
easily recognised ; and all are deserving of careful
investigation. We know that there are certain per-
manent and constant elements which modify the
development of the human body. These are
especially, age, sex, race ; and there are others which
are secondary and temporary, such as disease, occupa-
tion, social habits and Survoundings, nutrition, food,
labour, exercise, rest, and perhaps many others.

The numbers in the following tables are selected
because, while they extend over the most important
years of life for us, namely, the military age from
17 to 30, they comprehend those phases of life where
the development of the body and physical equivalents

in relation to age are most subject to modifying
influences.

Height,

The Tables XVIIL and XIX. relate to heights
absolute (without shoes), and they are seen to vary
according to the social circumstances of the in.

dividuals——nmJabﬁuring (Table XVIII.) and labour-
ing (Table XIX))
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TABLE XVIII.—ActuaL, AVERAGE, AND MEAN HEIGHTs, AND
ANNUAL RATE oF GROWTH, AT AGES BETWEEN AND INCLUSIVE
OF I7 AND 30 YEARS, OF THE MosT FAVOURED, ZE NON-
LagourinG CrasseEs. From Charles Roberts, F.R.C.S., Manual

of Anthropometry, pp. 72, 73. i
| Age last birthday | 17 | 18 [ 19| 20| 2r] 22| 23| 24|25 to 30 | Agelast birthday
No. of observa- } . No. of observa- i
tionsateachage |Iﬁm 1522/| 794 | 39T | 349 | 205 | 9% | 43 5 j[ tionsateachage !
| Height withput
shoes Heighﬁ without
' shoes
' From | From ' s | 4
{t. in. inches | inches | metres a
6 5 |771078 1 3 I e | ss . 775 1.969
| 6 4 | 7otogy 1 T | = (T i s e 19 760.5 1:044 l
| 6 3 |75t076 z 2 3 | e 4 | s e e 755 1.918
5 3 74 ta 75 2 4 10 10 12 & TT e 14 745 1-803 !
6 r |73tog¢| 5| 9| =5 |-as| 33) 20| 33) =22 14 73-5 1.868 !
6§ o |7atogz | 25| 34| 62 |"79| 50| 53| 44| 44 43 72.5 B4 | i
zor1e | grtoga | §2| 73 68| os4| B | 78| 77 | 22z T14 71.5 1.816 |°
£ 10 | 70 lo 71 o8 | 124 | 116 | 135 | 165 | 146 | T42 | 133 214 70:5 [.701
£ g | 6gtogo | 124 136 | 186 | B4 | 133 | 337 | 132 | 134 | 144 6.5 1.705
s B | 68tobg | 158 | 167 164 | 148 | 148 | 157 | 133 [ 207 | 143 68.5 . I.740
e 7 | 67to68 | 150 | 142 | T24 | 115 | T42 | T42 | X210 133 T43 £7.5 1. 714
5 6 |66to6y | 139 | 122 | 109 | 86 | 133 146 | 120 | 67 86 fif. 5 1.680 £
5 5 |6sto€6| 95| 6g | 62 61 | 0| 40| 100 | 45 43 5.5 1.664
" 5 4 |64tofs | 64| 54 38| 38| 24| 35| 87| 44 2l 64.5 1.638
5 3 |63tobs| 49| 39| 20| 10 g | 34| -- it 14 63.5 1.613
5 = fiz to 63 14 7 Bl s 3 4 i als 40 Gz.5 1.587 ]
s 1 |6xtoba EHI S | G 5 o b1.5 1.562 ,
5 o |6otobx | al x| x| . .. | to.5 1.537
4 11 | 59to 6o I o | s | Eals Lpillesmmll) e [ 80:5 I.§IT
4 10 B to 50 | - i A e A RPN [P e cB.5 1.486 L
4 9 egxto g8 | .. s o e e o . win i ET.E 1.460 {
4 8 |56t057 o Ml el e (AR (LEig | B PO L S 56.5 | 1435 I
J |
Total . . | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | TOOO | 1000 Total -;1
o W 0l | : -.-:
Average height . [67.86 68.2g (68.72/69.13 |60.16 68.93 68.52 |68.05| 6g.06 | Average height o
| I
Average growth . | 1.46| 0.43| 0.43| 041 mu;i Gt T - o JAverage growth
 — | T ¢ a
Mean height . [68.00 i53.5n iﬁE,;rs fig.oa |[6g.00 [69.00 Iﬁg.m 6g.00| 6g.co | Mean height
Mean growth . | 1.50| ©.50| ©.25 | 0.25 | i Mean growth
_| —— :
Age last birthday | z7 | 2B | 19 | 20| 2¢ | 23 23 | 24 |25to 50| Age last birthday a
] i
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TABLE XIX.—AcTuAL, AVERAGE, AND MEAN HEIGHTS, AND
ANNUAL RATE OF GROWTH OF LADS BETWEEN AND INCLUSIVE
OF AGES I7 TO 50 OF THE ARTISAN OR LABOURING, /.E. LEAST

FAvoURED Crass IN ENGLISH POPULATION,

From Charles

Roberts, F.R.C.S., Manual of Anthropometry, p. 81.

Age last birthday | 17 | 18| 19| =20 |2rtoaz 23 to'50 Agelast birthday
Nc;. of observa- ; MNo. of ohserva-
tionsateachage I' 453 | 153 | 97 69 91~ | 135 156 1117 | 318 tions at each age
Height without i
shoes.
Average
From From =
ft. in. inches inches | metres
6 o |7atory | .. 7 6 72.5 1.841
5 I 71 to 72 2 B 31 14 44 7 7 %'-‘ =1 7I1.5 1.816
510 [70toq1 6| 33| 21| a9 331\ 58 |45 |1 & || «3 70:5 1791
o g Gogtogo | 16| 33| 62 | 44 44.| 99| 89| = 3 69-5 1.765
5 6Btob6y | 40| 72 | 82 | 116 77 | 148 | 160 [ B E 68.5 1.740
5 7 [67t068 | 62| 8o | 113 | 174 121 126 [ 128 | A | 5 7.5 I.715
5 6 [66to67 | 106 | 184 | 144 | 246 | 308 | 163 | 161 g« » 66.5 1.689
5 5 | 65t066 | 155 | 139 | 216 | 116 197 | 156 | 154 = o 65.5 1.664
5 4 |64tofs | 182 | 1By [ 155 | 8 g9 |163 |16 | = | B 64.5 1.638
5.3 |63t0by | 170 | 157 | o3 73 55 zz | 26| B -] 63.5 1.613
5 2 |62t063 | 122 | 72 | 42 | 101 22 | 30 32| 2 | u 6a.5 1.587
S 1 |6rtobz| Bx| 20| 41| .. <E ag| 26| & | A 61.5 1,562
§ o |foto6x | 15| 13| .. s . 6| R Go.5 1.537
4 IX ; g to 'ﬁﬂ‘ H‘B E Il. s s aw
. 4 10 EE tosg [ 1x| .. : : o igg :iéé
4 g 5? to .53 L - i s . 5?’-5 1-4&3
4 56 to 57 i | B 5 ' 56.5 1.435
4 7 |55to56 ) .. 2 : £5.5 1.410
q
1 .

Total . Iml 1000 | 1000 | 1000 | 1000 | X000 1117 | 318 Total
Average height . (64.45 (65.47 E-ﬁ.nz,'ﬁﬁ.gt 66.60 |66.68 66.65 66.39 |66.72 | Average height
Average growth . f+52| 1.02| o.55) 0.29| o029 [o0B| .. | . - | Average growth
Mean height . 64.5 |65.5 [66.0 66.25 | 66.5 . |66 .. | Mean height
Meangrowth . | 1.5 | x.0 | 0. 0.25| 0.25 . < Mean growth
Age last bi

ge last birthday | 17 | 18| 29| 20 |21to22 23 to so Age last birthday

N
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A glance at these tables will also show how im-
possible it is to study the progressive development
of man from mere averages. In 1000 men the
average represents only a small fraction of the whole
number of the same age, and differs from groups
above and below it by containing only a few more
individuals ; and while the difference in height
between an average lad of 17 and 18 years is half an
inch for non-labouring, and an inch for the labouring
classes, the difference between the tallest and shortest
of lads at those ages is as much as.21 inches.

: ‘The mean /eight is the central or typical height
. which the men in the groups possess; and it is the
variations of the individuals above and below the

] mean which are significant of the agencies at work in
f modifying the development of the body. Therefore
i it is I have given the whole range of heights which

have been found to occur at each age of military life.
The tables look formidable, but furnish materials of
a wide scope for selection, when compared one with
another.

R e e
?

The tables show that great changes go on in
height according to age; that there is only an inch
in difference between 17 years and 25 amongst #non-
labouring lads (the more favoured classes), and as
much as 2 inches amongst the labouring popula-
tion at those ages, with a mean annual growth of 2
'l inches at 17 years, and of half an inch between 25

{ and 30. : !
L “ Thus the contrast presented by the columns of 1
!
|




SECT. IX Influences whick modify Growth 179

figures representing the ‘non-labouring’ and the
artisan class shows the marked effect of social sur-
roundings on the development of the body—the one
class being retarded and depressed presumably by
laborious occupations and various insanitary influences
connected with their mode of life: the other class
expanded and often exaggerated by the prevalence
of circumstances favourable to growth.” !

Let me now mention some other influences which
modify growth, especially as to height.

Puberty is an important one, with a very marked
influence—an influence I have already pointed out
as regards the growth of the heart.

With the accession of puberty in the non-working
classes there appears to be an increased rate of
growth towards /ezg/t (Roberts), and an entire cessa-
tion of it at 19 or 20 years: while in the industrial
labouring classes growth towards height appears to
be more uniform, and less influenced by puberty,
extending to about the 23d year, '

Hence in the selection of any particular in-
dividual it should be remembered that there are
certain periods of life at which the growth towards
height is more or less arrested, and there are also
times of growth more or less rapid than others
(Quetelet). These arrests of growth or anomalies
as to development are most obvious about the
age of puberty, and also after illnesses of a severe
kind, and it is probably to the greater or less

.

! Roberts, p. gg.
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development about the time of the accession of
puberty that the final differences in the height of an
individual are in a great measure to be attributed.
Hence the influences which promote or retard growth
at the period of puberty are most deserving of ex-
tensive investigation.

The transition from boyhood to manhood extends
over a period of 3 or 4 years, and is accompanied by
increased physical development of the whole body.
L In the female, on the other hand, the accession of
_ puberty, ze. the transition from girlhood to woman-
| hood, is completed in a few months generally, and
: with complete establishment of the catamenia, growth

| is usually retarded and often ceases altogether.
+ There appears also to be a wider range in the heights
i of adult women than in adult men, and this difference
is due in a great measure to the suddenness of the

[l men, and the check it certainly gives to growth. It
" has also been found that puberty has been attained
later in tall women than in short ones.

Another influence at work in modifying growth
is the effect of acute diseases. Their occurrence
[ promotes a more rapid growth of the body, and,
although a well-established fact, it is difficult to |
account for, unless it be that increased germinative |
changes take place in all the tissues of the body which
are stimulated by the general febrile state— the
continuous persistent increase of temperature—
stimulating growth in the harder parts, and so

|.?; accession of puberty in women as compared with
|

|

B

|

1

1
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producing more rapid lengthening of bones and
growth of cartilages.

Severe manual occupations tend also to retard
growth in height, and to promote lateral development
—working in mines, for example. To such unsuitable
labour is to be added deficient diet.

It may be convenient to call attention here to
certain special requirements which are sometimes
called for in recruits for some arms of the service
which have an undoubted predisposing influence in
causing disease. It is this—namely, that some of
the physical standards for recruiting the army are
in a great measure arbitrary, and are apt to be based
rather on @sthetical than on physiological considera-
tions. Some of those standards, especially as regards
height, have been such that they cannot include the
greater number of the best developed and best pro-
portioned individuals of the class from which recruits
are drawn, because the prescribed requirements are in-
compatible with healthy physiological life. Practically
the military authorities may choose to form an army
composed of men of any age or of any height which
they can obtain; and sometimes the requirements
in this respect have been altogether fanciful. For
example, in the Report on Recruiting* for 1876, it is
stated that “there is, not unnaturally, a tendency on the
part of commanding officers to take exception to small
men, from the strong desire to command battalions
composed of taller and more showy soldiers.”

L Lia, o2,
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This fanciful desire has not been confined to soldiers
of our own country. The historian Macaulay, in his Re-
view of the Life of Frederick the Great,gives a humor-
ous account of the ambition of that monarch’s father
which illustrates this point. “ The taste of Frederick
William the First for military pomp and order be-
came a mania like that of a Dutch burgomaster for
tulips . . . and no price was thought too extravagant
for tall recruits, The ambition of the king was to
form a brigade of giants, and every country was ran-
sacked by his agents for men above the ordinary
stature. These researches were not confined to Europe.
No head that towered above the crowd in the bazaars
of Aleppo, of Cairo, or of Surat, could escape the
crimps of Frederick William. One Irishman, more
than 7 feet high, who was picked up in London by
the Prussian ambassador, received a bounty of near
£1300 sterling—very much more than the ambassa-
dor’s salary.  This extravagance was the more
absurd, because a stout youth of 5 feet 8 inches,
who might have been procured for a few dollars,
would in all probability (as Macaulay justly observes)
have been a much more valuable soldier. DBut to
Frederick William this /#ge Irishman was what a
brass Otho or a Vinegar Bible is to a collector of a
different kind.”* The Irishman was James Kirkman.

So much for the independent evidence of a great
historian, which confirms the existence of the desire

I Macaulay's Works, vol. vi., Essays, p. 647 ; also C nrl_}r!e's Life -::5.1'
Frederick the Great, vol. i. pp. 575-606; or People’s Edition, vol. ii.

P 93
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to command battalions composed of soldiers taller
than average human beings.

On the other hand, very skort men are not
less objectionable, especially in infantry, inasmuch as
their strength, weight, and impulse are not sufficient.
“It is usually said, indeed, that ‘a little man’s bullet
has its billet as sure as a big man’s” Firing, how-
ever, is but part, and a small part too, of a soldier’s
work. Besides, taking men overhead, #/¢ strong will
Jire faster, longer, and more true than those who are
weaker ; and if allowance be made for exceptional
instances of short men possessed of massive muscle,
and tall men very spare in that respect, stature on
the whole rules strength, and work, if not skilled.”’

As stature is of first importance amongst the
“physical equivalents” of age, more especially the
mean stature of the population, at the full growth of
adult age—at 23 to 25 years—the data given on
the following page are important.

From these data it may be taken that a range
of from 1 to 2 inches may be expected of growth
from 19 to 25 years of age. Above mwan height
at that age, and still more at 18 years of age, the
experiences of Drs. Balfour and Lawson (both of
them distinguished officers of the Army Medical De-
partment, now retired), as shown in their Reports for
1860 to 1864, indicate that a recruit of 18 years of
age may be expected to increase 1 inch in stature,
15 inch in chest-girth, and 10 lbs. in weight, defore

' Life of Sir Robert Christison, Bart,, vol. i p. 216.

.
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he reaches the age of 23 years. Several other noted
observers have also come to the same conclusion. |

Too much importance has ever been attached to
mere stature alone in selecting recruits ; and a high
standard of height does not necessarily produce men
best fitted for military duties. The taller the recruit the
more important it becomes that he should be tested
by the spirometer. The cases of phthisical disease
are largely supplied by them, eg., in the Guards.

There is, in fact, “no actual relation between mere
stature and aptitude for military service,” as M.
Boudin long ago demonstrated. Statistics also show
that “the ratio of rejections increases with increase
of height.” !  Practically, therefore, when large num-
bers of men are needed, no restriction as fo Jeight
should be announced as obligatory. Mean stature
varies under the influence of race; so that the
application of one uniform standard of height is
certain to result in the rejection of many efficient
and capable recruits® If a minimum is fixed, it
ought to be made to vary, according as the mean
stature of the different races is found to vary. But
this is so great a difficulty, from the want of any
statistics in this country on that point, that it is
wiser not to fix a standard, but to trust to the
physique, as shown in the correlation of age, height,
weight, and chest-girth, in the selection. There is no
| sound policy to be served in selecting any but the
most physically perfect men,

"‘ | L Medical Statistics of the Provost-Marshal-General's Bureau, vol.
R 2 L. ¢y p. 165,

m.
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TABLE XXI.—ACTUAL, AVERAGE, AND MEAN WEIGHTS, AND ANNUAL RATE

| OF INCREASE IN WEIGHT OF 5060 LADS AND MEN, AT AGEs BETWEIHJ
AND INCLUSIVE OF 17 TO 3o YEARS, OF THE MosT FAVOURED, 7. %

i NON-LABOURING CLASSES OF ENGLISH PoPuLaTION. From Mr. Char]es;

| Roberts, F.R.C.S., Manual of Anthropometry, pp. 74, 75.

=

il - -
| Age last birthday 17 18 | 19 | 20 | 21 2z | 23°| 24 ""‘3;” Age last birthday
No. of observations | 160z | 1522 | 704 | 391 | 340 | 205 o1 45 70 | No. of chservations
Weight, including . Weirht. includi
1 clothes=g lhs, _ clohr.he:,—g lhﬁng
{ Stones | |
(14 Ibs, = Lbs. | Average | Averape
1 stone) from | - | lbs. | kilos.
from ' i |
| 1
14 toxz (1g6tozoo| .. 2 1 e (3] o e 21 I4 2031 | §2.27
13 tox4 |182 to1gb 4 8 f 5 1z 10 s T 15 189.0 | B5.91
12k toxy |75 tor8a| 13 zq 34 64 | 45 44 75 22 | 119 178.5 Bz2.04
1z tozad|z6B8 to17s| =7 43 £3 st | B4 69 75 65 oo I7I.5 77-85
1k toxz | 161 toz68| 48 81 94 | 138 | 147 7| 157 | T8 57 | T34 164.5 7477
11 toird|154to16r| 109 | 223 | 130 | 262 | 155 |=z22x | 172 | 252 | 135 I57.5 71 59
Tok toIr |147t0I54| 149 | 169 | 197 | 216 | 180 | 133 | 203 196 | 164 rgo.5 | 6841
10 toto}|zqotoryy| 170 | 195 | 202 | 182 | 143 | 154 |151 | 196 | 140 143-5 | 65.22
gk tcn m- |133tox4o | 180 | 149 | 250 | 108 | 129 | 128 54 | 152 oo 136.5 Gz.05
g 126 to 133 | 139 | 104 g8 49 75 55, | 08B 44 45 125.5 | 57-83
 to g 119 to 125 35 bz 30 20 8 Z5 3z e 15 122.5 | £55.68
& Iz to 119 45 31 Iz 5 fi 14 10 63 30 1I5.5 5250
-;r& tn 105 to1x2| 1B 3 3 T ¥ ai it - e 108.5 | 4031 SN
7 to ','.rl} g8 toxos5| 10 1 e [ o py e o 5 101.5 | 46.13
Gfte 7 | gxto gB| = = -3 . oo - e [ . -5 42:95
6 to 6| Bgto gr| 1 = et | eI | (s .o R | W . 75 30.78
|
Total . : . | 1000 | 1000 | T0OO I 1000 | I000 | Iooo | 1000 | Tooo | 1000 Total
I
Average weight . |141.03/146.0 148 m.: 152, -:7 152.30{154.78 151.79‘ 149.20/155.20| Average weight
I &
| |
Average growth . | 12.600 4.97| =220 3.87 o027 244 .. | .. | ©42| Average growth
|
Mean weight : : 140 | 146 | 148 ' 150 | 152 e 19 i I54 Mean weight
{
Mean growth . 14 6 2 z z e - o 2 Mean growth

Age last birthday. | 17 | 18 | 19 |i 20 [ ax | 92 [ =3 | 2¢ [*3 ;| Age last birthday
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TABLE XXII.—AcruaL, AVERAGE, AND MEAN WEIGHTS, AND
ANNUAL RATE OF INCREASE IN WEIGHT OF LADS AND MEN,
AT AGES BETWEEN AND INCLUSIVE OF 17 to 50 YEARS, OF
THE ARTISAN OR LABOURING, 7 £ LEAST FAVOURED CLASS
AMONGST ENGLISH PopuraTiON. From Mr. Charles Roberts,
F.R.C.S., Manual of Anthropometry, pp. 82, 83.

1

A last hirthd: 8 . ] 21 to | 23 Lo | 23 to -
Age irthday | 17 1 19 20 S o 5 Age last birthday
No. of observations | so4 | 147 | 105 | 68 93 121 | 142 | No. of observations
Weight, including Weight, including
clothes clothes
|
Stones
(14 lbs, = Lbs. Average | Average
I stone) from 1bs, kilos.
from
13 tox4 [rBztozgh| - o e % = 8 7 18g.5 Be.g1
12} toz3 |r75toxfz| - 6 g o . 8 I4 178.5 Bz.04
12 torz}|z6B toxys| - o o a5 3z =3 -1 I7L.5 77-95
114 to12 | 16t to 168| .. I3 i ! 32 42 49 104.5 477
1T to 1k | 154 to 161 6 15 1] IE 65 gg 106 I57.5 7150
ok to 11 | 147 to154| IO 27 57 73 32 i 71 150.5 68.41
1o to 1ok | 140 toz4y| 30 48 | 124 | 132 | 183 | 198 | 1g0 I43:5 65.22
ghtoto |133tox4o| 47 75 | 153 | 177 | 161 | 1Bz | 1A= 136.5 fiz.o5
g to ok |120tor3z| 135 | 251 | 200 | 294 | 269 | 165 | 162 120.5 57.83
| 8to g |1rgtor26| 159 | 170 | 124 | 132 B6 | 116 | 106 122.5 55.68
| B to Bf|rr2toxig| 278 | 224 | 219 | 118 | 118 | g5 70 115.5 52.50
7¥to 8 |rostorra| 137 | 75 | 76 | 44 22 8 14 108.5 49.31
7. to 74| 0B to1os| 125 fx 19 15 8 7 101.5 46.13
6fto 7 | grto o8| 41 14 . e L 7 04-5 42.95
6 to 6k| 84t0 g1| =24 g nr o Be.s 30.78
skto 6 | 77t0 By| O 7 ; : 2 Bo.s 37.50
5 to 5& 7o to T 2 G - 735 33:41
Totals s 1000 | 1000 | 1000 | 1000 | 100G | Tooo | 1oco Total
Average weight 116.4 | 123.3 |128.4 | 130.6 135.4 |139.0 |141.2 | Average weight
Average increase . | 7.66| 6.97| s5.08 220 4-81| 3.58| s5.74| Average increase
Mean weight 116 | 122 | 228 | 132 | 136 | 138 140 | Mean weight
Mean increase . 1o [ & 4 4 - 4 Mean increase
Age last birthday . 21t :
& e X7 18 19 20 Iﬂu e%;c- 135;0 Age last birthday




188 On the Growth of the Recruit SECT, 1X

T (] X
e e

| Weight.

"

The next important series of “physical equiva-
lents” in relation to age concerns the “actual
average and mean weights, and annual rate of increase

i in weight of males in England, as given in the pre-
ceding Tables XXI. and XXII., pp. 186, 187.

The study of the weight of the body in rela-
tion to development and growth implies a know-
ledge of (1) absolute weight without clothes, or in
the light dress of the gymnasium ;' (2) rate of in-
crease from year to year; (3) relation of weight to
| height and age.

4 The tables are taken from the extensive data given
b by Mr. Roberts, and contain all the reliable statistics
*- which exist as to weig/kts of males in this country

T E—

E at the ages which concern the recruit and young
soldier.

The weights are arranged in groups differing from
each other by fwe pounds ; and the observations are
reduced to a uniform rate per 1000.

Weight alone is perhaps the least reliable of
f physical equivalents in relation to age, much more
influenced by accidental causes than height or girth.
Abundance of food and a good digestion favour a
disposition to obesity, especially as life advances.

In an age of luxury, and in periods of indolence,
prosperity, and plenty, we are apt to eat more than
is absolutely necessary for our wants, especially

P e i

i

l;' 1 If taken in clothes deduct 10 lbs.
| i
|
| I
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when digestion is good and the viands are good,
and we are in the companionship of those who are
pleasant and sociable.

All these circumstances are important modifying
agents as regards growth, which must be taken into
account, for the results are markedly different when
the non-labouring classes are compared with the
labouring classes, so that the “ physical equivalents ”
of weight in relation to age are very different in the
one class compared with the other—a mean of 140
Ibs. in the one, as against 116 in the other at 17 ;
and 148 Ibs. at 19 as compared with 128 at that age.

Looking to the relation of weight to age, it is
found that after mzze years of age a rapid increase
of weight begins which culminates at 16 or 17
years in an increase of 16 lbs. for that year—the
16th. From the age of 17 the annual rate of
increase diminishes till the age of 23 or 24, after
which little or no increase takes place under ordinary
healthy physiological circumstances till 30 years of
age. So up till 30 years of age the adult man
ought to be in the enjoyment of the greatest physi-
cal activity—swift of foot, lithe of limb, good at
football, cricket, tennis, racquets, and all athletic
sports, or work requiring a maximum of exertion.

| But after 30 years of age the tendency is towards
| obesity, which begins to increase, and so weight also
increases after 30, as a pathological rather than a
physiological process, mainly due to the excessive
formation of fat, which accumulates about the walls




e T

=

190 On the Growth of the Recriiit SECT. 1X

and contents of the abdomen. We then get broad
and bulky over the loins and hips ; the omentum
increases also, so that we become bulky before as
well as behind. Rapidity and agility of move-
ments are thus greatly impaired and diminished.
The heart and the lungs also find that they have an
enlarged sphere of labour, so that they work under
increasing physiological difficulties.  Hence after
30 years of age we are unable to run so fast as we
were wont to do; and ascending stairs, climbing
hills, or rapid walking tries the wind.

The American statistics fix the increment of
weight within the limits of 61 to 71 inches of
stature at 5.96 lbs. Mr. Hutchinson’s results
give an increment .of 5.14 lbs.; and Mr. Gould’s,
4.25 lbs—an average of 5.07 lbs. It has been
inaccurately supposed that an increment at the
rate of 2 lbs. for every inch of stature constitutes a
sound body, and that an increment below that pro-
portion ought to suggest some disqualification.

“A man of 60,” or 61 inches, “would be fully up
to the standard of health if his weig/st were 120 lbs,,
and it should not exceed 130 lbs.; but this rate
becomes rapidly insufficient with advancing stature ;
and a man of 6 feet in height weighing only 144
Ibs., might fairly be considered as emaciated.”’

It is found that the relation of weig/t to stature
increases rapidly in ratio when the height exceeds

5 feet 2 inches, so that at 5 feet the proportion

I Baxter, American Medical Statistics, I ¢., p. 54
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being about 1.835 to the inch, nearly 115 lbs, at 6 feet,
it (the proportion) should be 2.50, about 180 lbs.!

TABLE XXIII.—VARIATION OF WEIGHT WITH AGE AT
SAME STATURE.

Stature. Weight at 18. Weight at 1g.
67 inches 126 1bs. 138 1bs.
a0 120 ,, 130 ,,
LS oy FTO 12T 4,
64 ,, T 120 ,,
63 ., 1y ,, ' 117
[T & 1) IS TEC
| R 102 ., IIg ,,

Hence weight varies with age in lads and men
who possess the same stature.?

Chest-Girth, Capacity, and Mobility.

The next series of “physical equivalents” in
relation to ages are to be seen in the actual average
and mean chest-girths, and their annual ratio of
increase as represented in the Tables of Chest-Girth
of Males in England.

As a military requirement chest-girth has only
recently been introduced ; ger seit is no criterion of
breathing power or endurance, but it is one more check

' Baxter, dmerican Medical Statistics, I. ¢., p. 56.
* Roberts, Z ¢, p. 61.
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on the correlative limits of inefficiency, and therefore
chest-girth has now been ordered by the military autho-
rities to be noted as a duty by the medical officer ; and
a minimum of thoracic girth is now laid down for each
corps of the British army. (See Appendices I. and IL.)

The tables at pages 194, 195 represent the chest-
girths of the general population of the country of the
non-labouring and labouring classes.

Circumference of chest varies with the acts of
respiration, hence there is a difﬁcult)r- in measuring
on a uniform plan, and different observers adopt
different methods. The object aimed at in the ex-
amination of recruits is Zo obtain the girth of the
empty chest in the first instance. The directions
given are to pass a tape-measure quite horizontally
round the chest at the level of the nipples, including
lower portion of scapule, the arms to hang loose
by the sides. At the same time the recruit is to
count from I to 10 in a loud voice without taking
a breath. This performance is supposed to gradually
empty his lungs, and to exhaust the air in the chest ;
but practically it very seldom does. The girth is
then to be determined without too great pressure of
the tape upon the skin.

The American instructions are, to pass the tape
« ground the chest over the inferior angles of the
scapule, and directly over the nipples, the tape being
pressed evenly wpon the nipples in front, and the
measurements are to be taken both at inspiration and

expiration.”
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Chest-Mobility—~—One of the best indications of
the powers of endurance and fitness for great exer-
tion is to be looked for in the chest-mobility, or
extent of power of expansion of the chest-walls.

Two measurements of the chest ought, therefore,
~ to be taken—first at the completion of inspiration,
ze. full inflation, or the maximum of expansion ; and
again at completed expiration, Ze. of the empty
chest, or the munimum of expansion, and the result
expressed thus, §1 inches. This is the only efficient
way, the regulation method being quite fallacious.

The rate of mobility of the chest in quiet ordinary
breathing at completed expiration and inspiration
gives what has been termed the pulmonary play ;"
and the “wital capacity” of Hutchinson indicates
the number of cubic inches of air expelled from
the lungs under these conditions,

The “mean girth of the chest” in the following
tables is that of completed expiration. It does
not seem to be quite determined whether the
development of the thorax increases in regular
relation to increasing stature ; and very tall men are
apt to be not so well proportioned in this respect as
men of less stature, Nevertheless, the American
results show that as regards the white natives
of the United States “the girth of the chest
increases as the height extends with characteristic
regularity.” So also Dr. Balfour's measurements of
f'r-.:r::ruits for the English army shows a regular
increase of girth with increasing height.

0
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TABLE XXIV.—AcCTUAL, AVERAGE, AND MEAN E
ANNUAL RATE OF INCREASE OF LADS AND MEN, BETWEEN AND I
CLUSIVE OF AGE FROM 17 TO 30 YEARS OF AGE, oF ENGLISH FAVOUREH
From Charles Roberts, F.R.C.84
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I.E. NON-LABOURING CLASSES,

Manual of Anthropometry, p. 76.

MPTY CHEST-GIRTH AN

Age last birthday | 17 18 (] 20 21 22 23 24 253;0 Age last birthday ¥
Empty chest-girth Empty E‘hll:ﬁtvg"ll‘t‘h-}ll
SocheRl] | Avarags Average metres
from inches
42 10 43 42.5 . . ‘e . 1 I e I 1.079
41 L0 42 41.5 l - 1 2 T o S 1 2 1.:!?;
40 10 41 4.5 2 I 4 5 4 1 2 1 1.0 1
39 to 40 39.5 9 17 ] 7 4 g 5 L 4 I.mg ]
38 Lo 39 3Bz 20 44 24 13 17 11 5 z 3 .57
37 to 38 37-5 64 63 36 19 33 22 11 6 6 0.§52
36 to 37 36.5 142 | 128 79 58 66 32 12 7 14 o.gz7
35 to 36 35:5 162 | 224 | 144 71 G4 28 19 7 14 u.gcg ]
34 Lo 35 34-5 ziiz | 296 | 202 | 100 6B 5I 10 Q 11 c.B? ;
33to34 | 335 |=208 |282 |350 | 64 | 44 | 2B | o | B | 4 DIt
32 to 33 325 |=275 |104 | 98 | 32 | 32 | 16 8 3 4 g 0ab
31 1o 32 31.5 143 | 108 52 13 11 7 3 ] z | L‘xl??'s
30 [0 31 10.5 54 20 10 3 3 2 3 . 1 | a0
20 o 30 20.5 16 8 4 2 7 7 ol 2749
23 to 29 28.5 [ HY e 2 o
27 to 28 | 27.5 2 : ! |
| |
Total 1513 | 1433 | 811 | 408 | 347 | 207 87 46 6y Total
- [ ﬁ »
Average chest-girth ! 33.98 I 34-44 | 3477 | 35.25 | 35.42 | 35-30 | 36.10 | 35.96 | VErage i
i i o Avers rowthe
Average increase . | o.go| o.46| 0.33| 048] o.17 obo| . Average g ]
= = = = |' 9 Mean girth
Mean chest-girth 34 345 |3475| 35 |3%25|355 [35.75| 36 | 36 g
|
- | th
DMean increase | e | o5 | ou2s5| e.ag|o.as | o.25 | .25 |o.25 hMean grow
i | S to
Age last birthday . | 17 18 19 20 ar | 22 23 %o
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- TABLE XXV.—AcTuaL, AVERAGE, AND MEAN EmpTvy CHEST-
GIRTH AND ANNUAL RATE OF INCREASE OF 919 LADS, FROM
AGES OF 17 TO 50 YEARS, AMONG THE ARTISAN OR LABOUR-
ING, 7.E. LEAST FAVOURED CrLASS, OF ENGLISH POPULATION.
From Charles Roberts, F.R.C.S., Manual of A nthropometry,

pp. 84, 8s.
. Age last birthday 17 18 19 20 “ﬁ :'" 2:;:':' gi‘:“ Age last birthday
No. of observations | 376 | 168 fele] 46 45 88 | 105 | No. of observations
E
| Empty chest-girth Empty chest-girth
Inches | Average
e el J Average metres
37 to 38 a7.5 i ar o e i 10 052
35 to 37 36.5 o Tt i o o a3 | 1 o.ii?
35 to 36 355 1 . 11 o 22 45 4 0.g02
34 10 35 34:5 ik (1] o 21 67 gt 114 a.g‘;ﬁ
33 Eﬂ 34 33-5 2 30 12 22 | IIX 170 | 171 o851
sz 32.5 40 77 | 178 [ 152 | 178 | 273 | =257 o.826
3I to 32 3L.5 B3 |13t |=21x |26r | 222 | 193 172 o.8c0
3o to 3t 0.5 213 | 267 | 108 | 348 | 245 | 148 |1 2:.775
29 to 30 29.5 300 |26 |=222 | 10g | 133 23 %ﬁ 0. 749
2B to 29 28,5 167 | 156 | 145 44 23 34 38 0.724
27 to 28 27.5 31 42 12 22 = 24 i 0.698
26 to 27 26.5 32 24 I 21 o e = 0.673
25 to 26 25.5 21 6 i i = e ; o. .48
24tozg | 243 | s S (el | e L u.ﬁg_]
.
Total . . + | TO00O | T000 | 1000 | TDon | Tooo | 1000 | rooo Total

Average chest-girth | 2¢.38 mmllgn._;ﬁ 30.86 | 31.61 | 32.38 | 32.62 | Average chest-girth

Average i
Beincrease . | o41| o.bg| o.49| 0.30| 075 0.77 | o.24 | Average increase

Mean chest-girth . 26.5 |30.0 |30.5 |31.n 51.5 |32.0 | 325 | Mean chest-girth

Mean incre:
rease - | 10 | ag 0.5 0.5 0.5 .5 0.5 | Mean increase ™-

Age last birthday | 21 Lo t
y x7 | 18 | 19 | 20 i ’33;' ’i:ﬂ Age last birthday
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It is not easy to determine at what age the
growth of the chest may be considered as completed.
Certain pursuits and occupations by exercising the
muscles of the breast and back, and favouring the
deposition of fat at the approach of middle age,
tend to produce some uncertainty as to the actual
size of the thorax,

But there is no doubt that if the mobility of the
chest be very limited, such a condition should be
regarded as a disqualification for military service.
* Hutchinson considered 3 inches to be the healthy

mean mobility of the chest, and he records a case in
. which it reached 61 inches, with a cubic capacity of
| 300 cubic inches ;! and Gould speaks of six white
1 soldiers in whom it was over 7 inches, The Ameri-
l can records® show many cases of chest-mobility

reaching 7 inches; in one case it gave 65 inches, ze.
a chest circumference of 33 inches expiration, 30%
inches full inspiration; height, 5 feet 10 inches;
weight, 162 lbs. He was rejected for inguinal
hernia ; and the remark is made as more than a
mere coincidence, that in a number of cases of rejec-
tion for hernia an unusual degree of mobility of chest
was found to exist.

Another instance is given at 18 years of age,
with a chest circumference represented by 29 inches
at expiration and 36 inches at full inspiration; a
mobility of sever inches; height, 64 inches; and
weight, 116 lbs. He was accepted for service.

ST oy e

' 1 Hutchinson, /. ¢, p. 222, ! Baxter, L ¢., p. 44.

_
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One inch was not considered so small an expan-
sion as to warrant exemption in recruits for United
States army, as 7 were accepted possessing only
that mobility. One would like to know how it
fared with them! But they were adults; their
mean age being 35.14 years; height, 68.47 inches :
weight, 146.52 lbs.; and chest-girth, 33.35 inches.

It does not seem that chest-mobility bears any
relation to age, while girth of chest does exhibit a
striking regularity in its progressive relation to age ;
and no conclusions of any value can be arrived at
unless the corresponding qualities of height and
weight be also present in each case.

It is very obvious from the tables given and the
context that the “plhysical equivalents” in relation
to age vary to a marked extent in accordance with
several modifying influences, e,g.—

(1) The labouring as distinguished from the
non-labouring population.

(2) Height is modified especially by puberty
and by its more or less rapid advent. With its
accession the rate of growth is increased in the
non-labouring classes, while growth in the labouring
classes is less influenced by it.!

(3) The occurrence of acute disease has a
markedly modifying influence in promoting or retard-
ing growth ; therefore its existence, previous to en-
listment, ought to be carefully inquired into on
pathological as well as on physiological grounds ; and

1 Roberts, 7, ., P 98.
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(4) It will be seen that another very important
modifying influence is “Race,” which hitherto has been
little regarded. Its influence is well marked, how-
ever, and a great deal of attention has been given to
it of late years.

The physical condition, therefore, of the popula-

drawn is of importance to be examined from a
racial point of view.

In 1875 a Committee was appointed by the
British Association for the purpose of collecting

|
|
‘ tion of the British Isles whence our recruits are
|
|

__,_.

observations on the physical condition of the popula-
tion of the British Isles. Up to 1883 it has made :
five interim Reports. |
The points of inquiry have been as to (1) stature;
(2) weight; (3) chest-girth; (4) complexion—
colour of eyes and hair ; (5) breathing capacity ; (6)
strength of arm; (7) of sight; (8) span of arms;
(9) circumferences of head, arms, and legs.
Of these the observations on breathing capacity
had to be given up on account of the imperfection of
apparatus for determining what has been called “the
vital capacity of the lungs.”
The conclusions arrived at and the construction
of numerous tables have been based on a total of
5 3,000 individuals of both sexes and of all ages.
The general results may be summarised as
follows :—
(1) As to height —The Scotch stand first (68.61
inches) when full grown; the Irish second (67.90

L.__.___

—
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inches) ; the English third (67.36 inches); and the
Welsh last (66.66 inches) ; the average of the whole
being 67.66 inches.

(2) As to weight:—The Scotch take the first
place (165.3 1lbs.); the Welsh second (158.3
Ibs.); the English the third (155 1bs.); and the
Irish the fourth (154.1 1bs.); the average weight of
the whole being 158.2 lbs. Thus the Scotch are
the tallest and heaviest, the English take the third
place in both tables, while the position of the Welsh
and Irish is reversed ; the Irish, occupying the second
place in stature, come last in weight, and the Welsh,
though lowest in stature, stand second in weight.
For each inch of stature a Scotchman weighs 2.406
Ibs., a Welshman 2.375 Ilbs, an Englishman 2.301
Ibs, and an Irishman 2.270 lbs. An adult English-
man of typical proportions has a stature of & feet
7+ inches, a chest-girth of 364 inches, a weight of
Io stones 10 lbs, and is able to draw, as in drawing
a bow, a weight of 771 Ibs. These are mean pro-
portions.

The awverages give greater weight for height.
Lhey are :—Height, 5 feet 71 inches; weight, 11
stone 1 lb.=155 lbs.; empty chest-girth, 36.46
inches ; strength, 79.6 lbs. For every variation of
an inch in stature above or below the averages, 2.301
Ibs. weight, 0.542 inch chest-girth, and 1.182 Ibs.
strength must be added or subtracted to obtain the
typical proportion.

This rule, however, is only approximately correct,

B
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because variations in the stature depend largely on
the length of the legs, whilst the other qualities
depend chiefly on the size of the trunk.

Also, it is important to be noted that men of the
age of 21 years measure 2 of an inch more in the
recumbent than in the standing position, for reasons
explained at page 79; that the span of the arms
across the chest is 2.31 inches in excess of the
stature; and that the ratio between the sitting
height and the standing height is as 1 to 1.906—
the length of the trunk and head being 36.04 inches,
of the lower limbs 32.66 inches, and the total height
68.7 inches.

The English proportions very nearly correspond
with that of the average of the whole kingdom, so
that, in these respects at least, the Englishman is the
“typical Briton "—the Scotch being above and the
Welsh below the general average, they thus, as
it were, counterbalance each other.

Relative Stature and Weight—The mean stature
of males in England for full-grown adults is 67.36
inches. The mean weig/¢ of adult males is 155.0
1bs.

Hence tables which show the number of men per
1000 at each /eight are of use for determining the
mainginume stature of recruits for military service,

From the general run of the observations it
appears that the wmuzmimum standard for Welsh
recruits should be 2 inches lower, and for English
and Irish recruits 1 inch lower, than for Scotch
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recruits, if each of these nationalities is to contri-
bute its relative quota of soldiers.

Race must therefore be regarded of importance
as a modifying influence in relation to development
and growth.

It is no less curious than important to note that
the variations in stature, weight, and complexion
existing in different districts, counties, or provinces
of Great Britain and Ireland are mainly due to
differences in 7acia/ origin and descent, and this
influence of race is found to predominate over all

others.
, For example, we have good reason to believe
4 that the ancient Caledonii, the Belg®, and Cimbri,
and the Saxons and Frisians, as well as the Danes
| and Normans, were all people of great stature ; while,

on the other hand, the prehistoric races in Britain
appear to have been of low or moderate stature.

Hence it comes about that the districts occupied
by these various invading races show a /%ig/ker stature
than those where the descendants of the earlier stock
only survive.

This is best seen when we arrange or separate a
few of the counties where there has been the least
admixture of foreign blood, and compare them
together as follows :—

(1) Early English population as seen in Cardigan,
Radnor, and Brecon—average, 66.50 inches and
169.3 lbs. weight.

(2) Saxon race as in Sussex, Berkshire, and

B
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Oxfordshire—average, 67.22 inches and 155.8
Ibs. weight,

(3) Anglican population as in Lothians, North-
umberland, and Norfolk—average, 68.73 inches and
160.7 Ibs. weight.

(4) Scandinavian race as in Shetland, Caithness,
North and East Yorkshire and Lincolnshire—
average, 68.32 inches and 162.7 lbs. weight.

(5) The very tallest men (average stature g feet
94 inches =69} inches and upwards) are found in the
Scotch counties of Kirkcudbright, Ayr,and Wigtown
on the one side, and the three Lothians and Berwick-
shire on the other. The next stage in height, 69
inches to 694 inches, is found to prevail also in Scotch
counties, and the North and East Ridings of York-
shire. The average of 671 inches to 68 inches is
distributed over the English counties of Durham,
Lancashire, Derby, Stafford, Suffolk, Essex, Kent,
Berks, and Cornwall ; 67 inches to 674 inches is
found in Nottingham, Leicester, Rutland, North-
ampton, Bedford, Warwick, Worcester, Flint, Denbigh,
Sussex, Hants, Dorset, and Devon. The London
average is 66.92 inches. In the West Riding,
Chester, Carnarvon, Anglesea, Merioneth, Mont-
gomery, Cardigan, Brecon, Radnor, Cambridge, Hunt-
ingdon, Bucks, and Oxford, the average is found to be
66% inches to 67 inches; and the lowest average,
66 inches to 664 inches, belongs to Herts, Middle-
sex (ex-metropolitan), Surrey (ex-metropolitan),
Shropshire, Hereford, Monmouth, Gloucester, Wilts,
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Somerset, Glamorgan, Carmarthen, and Pem-
broke.'

(6) The relative stature of 9o different nation-
alities has been determined with considerable preci-
sion. For example—

With the exception of the few Polynesians of
Samsa, Tahiti, and the Marquesas Islands, the
English well-to-do class (professional and non-
labouring population) head the list. The New
Zealanders, Patagonians, Angamis, and Negroes of
the Congo, are nearly of the same stature as those
last named.

The Scotch head the list of civilised races, but
slightly exceed the general population of the British
Isles, and the white population of the United States
of America, which are almost identical in stature—
the average of the British being 67.66 inches, and the
Americans 67.46 inches, or 1.7182 metres (Gould).*

At the bottom of the list stand the Lapps, the
Andamanese, and the Bushmen of South Africa.

The average between the taller and shorter races
is 164 inches, and the average stature of the whole

' At page Ixviii of introduction to Murray's Guide to Devon and
Cornwall is the following interesting evidence : — In these counties
*‘ the men are a broad-shouldered race, above the average in stature ;
and it is a fact that West-country regiments, when drawn up with those
of other counties, have covered a greater space of ground, the numbers
being equal.”

* This average does not quite tally with the American mean given in
Table XX., p. 184; and unfortunately it is not possible to compare the
results of the Provost- Marshal-General's Burear with Mr. Gould's, on

account of Mr. Gould having in some instances grouped together separ-
ﬂte StatESI_LE E’.'j ph 234

T
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human race, according to actual observation, is 5 feet

54 inches (65.25): or about that of the Austrians

and the French working classes.

These results, and the American statistics of the
United States, confirm, and in no sense contravene,
Boudin’s well-known law, that “height is always an
affair of race.’!

This great principle of nationality and influence
of race in the selection of men for military service
has been of late very much insisted upon by our
greatest generals who have seen warfare carried on.

The experience of General Sir Archibald Alison,
who has seen service in the Crimea, in India, on the
Gold Coast, and in Egypt, is, that the great principle
of nationality in the ranks has always worked for
good and not for evil. He says that “it has caused
emulation amongst soldiers ; that it has often in the
past carried us through very critical periods in battle,
and so no doubt it always will in the future.”

Viscount Wolseley, a short time ago, said in Dublin
that we had a Highland Brigade, and he hoped that
in the future we should have an Irish one. But Sir
Archibald Alison goes further. He trusts that “in
the future we shall have English, Scotch, and Irish
Brigades, each commanded by men of their own
nationality ; for as each nation has its own distinctive
characteristics, so the men composing such brigades
will be best understood and best handled by those of

L pProyost- Marshal-General's Bureau, U.S. Government, Dr. A. M.
Baxter, p. 20.
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their own blood.” Our soldiers are all united to
uphold the distinction of the army; but there is
besides, and there has always been in the army, a
keen, generous rivalry as to which nationality shall
best sustain this distinction on the field of battle.
Thus there are two sentiments to which you can
always appeal in the British and Irish soldier, and
never appeal in vain, One is “ The memory of his
country,” and the other is “The reputation of his
corps.” “Once try them,” said Sir Archibald Alison,
“and you have no idea of the power they possess.”’
“ It was prominently shown when Sir Colin Campbell
put himself at the head of the g3d Regiment at
Lucknow in the crisis of the fightt And, again,
when the 42d, with their swelling pipes, threw
themselves into the heart of the savage Ashantee
army in the woods of Amoaful; and yet, again,
when the Highland Brigade advanced in one long
wave upon the Egyptian intrenchments at Tel-el-
Kebir.” 2

Hence I think we are justified in the conclusion
that the influence of race is deserving of much
consideration, especially in the selection of men who
are to work together in the critical emergencies of
warfare.

! Speech at Glasgow, October 12, 1883,
* Zimes, Friday, October 19, 1883.




SECTION X
_1 SUMMARY OF RESULTS

HAVING in the previous section given an exposition
: of the methods by which the smean standards of
keight, weight, and chest-girthi have been obtained,
from which the probable age of an individual may be
arrived at, and which therefore constitute what have
'[. been called “tie physical equivalents of age)” it is
B now required that we put the averages of all these
1 physical equivalents side by side at the various ages
{i from 17 to 30, as aids to determine the age of indi-
| viduals, taking into account (as far as practicable)
| the various modifying influences already mentioned.
]I We then decide the apparent age by comparing the
[

herght with the weight, chest-girth, and general plhysi-
cal development and growtl of the recruit, recognising
his antecedents in relation to modifying influences,
especially in the search after evidence of “staying-
: power, of healthfulness of constitution generally,
I and freedom from disease. |
4 The typical recruit at the ages varying from 18
to 25 is represented by those “ physical equivalents "

which are brought together in the following tables,
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XXVI. and XXVII, as the summary or conclusions
arrived at from the details given in the previous tables
at pp. 176 and 177, 186 and 187, 194 and I195.
The selection of lads and men ought to be made in
accordance with the correlation of the averages of
heights, weights, and chest-girths as deduced from
the measurements of a large number of individuals of
the various ages specified. In other words, the typi-
cal recruit at a fixed age, who has the average height
and girth of body at that age, should also have the
weight of body in accordance with such age, girth,
and height, and these average equivalents, on the
other hand, ought to be in accordance with age.

Hence we have only to place the groups repre-
senting the averages opposite to each other in order
to see their correlation ; and so observe that the law
which fixes the type or average applies also (within
certain limits) to the variation aboye or below the
average—giving an ample range of maxima and
mirnimea to select from.

Our first inquiry in selecting a “growing lad”
for military service concerns what may be termed
“the life-power of the recruit.” That is to say, the
possession of such qualities as have been character-
ised by the terms “ powers of endurance,” © staying-
powers,” “stamina,” or “grit.” This inquiry at once
suggests the question: How can we best ascertain
the capacity or fitness of the individual for fulfilling
a prescribed duty; and especially as to his posses-
sion of, or deficiency of, these special qualities of
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210 On the Growth of the Recruit SECT. X

constitution and physique which are necessary and
requisite for military service in its widest sense, z.e.
service on sea as well as on land ?

In general terms, the characteristics we seek for
in a good recruit are:— superior physical organi-
sation, superior muscular force and capacity to re-
sist nervous wear and tear—an organisation not apt
to be upset by outside influences. And such quali-
fications are more likely to be found in the man or
lad of coarse fibre than in the man or lad of deli-
cate organisation. The former is the more eligible
material in which to look for those powers of endur-
ance which are required in the rough life of the
soldier. One of the military maxims of Napoleon
I. was that “The first quality of a soldier is
the ability to support fatigue and privation ; physical
courage is only the second.” Unfortunately his
philosophy did not always prevent him from im-
pressing into his ranks when it suited his purpose
very young lads, who, when confronted with unlooked-
for resistance, proved wholly wanting. And Christi-
son’s observation is well worth attention in relation
to the arms of precision of the present day in the

hands of weak and immature as compared with

matured and efficient soldiers (see p. 183).

A much more ancient authority—Vegetius—
writes that “it is of much more importance that
a soldier should be strong than that he should be

tall.
HE1GHT.—Practically, it would be of great im-
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portance if we could determine what is the height
at 18, 19, or 20 years of age which is attended with
the greatest amount of health, strength, and endur-
ance, 7.e¢. the best physique; or is it possible to fix
such a standard ? |

The Tables XXVI. and XXVII. show that at 18
years of age the average height amongst the better
favoured, non-labouring classes is as much as 67
to 68 inches, and amongst the labouring or artisan
classes it is from 64 to 65 inches.

In the British service the munimum height has, as
a rule, been above the average height of the popula-
tion at the age of 18 years, and this has no doubt
needlessly limited the choice of men ; and for some
arms of the service it is so still,

Practically, the greatest military nations of the
modern world have gone 2 inches or even more under
the average height of the population at the recruiting
age of 18, and found no disadvantage or deteriora-
tion in the quality of their soldiers, It does not,
therefore, seem desirable that the British service
should fix so high a standard as to height for some
of the arms of the service as now exists.

The lowest stature of the Roman soldier was

63 inches of our measure (Vegetius).

The lowest stature in the American army was
64 inches for infantry and 65 inches for cavalry at
18 years of age (Baxter).

In the American War it is on record that men of
less stature than 60 inches broke down by a few




—

¥
=
bt
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weeks' campaigning, while men of 60 inches stood
the work well (Hammond).

As to height, “In former days, when it was neces-
sary to make use of a ramrod in loading a musket,
men of a sufficient height to do this were absolutely
necessary for the service; but in these days of
breechloading arms, a man from 60 to 64 inches in
stature, and well-proportioned as to build and weight,
is ceteris paribus as serviceable a soldier as can be
desired.” !

“The objection as to shortness applies mainly to
the infantry. If it is agreed that a man between
5 feet 3 inches and 5 feet 4 inches, when properly
developed, and with a good chest, can make a good
infantry soldier, then the criticism as to shortness
gua shortness falls to the ground. It is only intended
that exceptionally good men under 5 feet 4 inches
should be taken, and such men can only be enlisted
specially, and with the joint assent of the approving
and medical officers. Objections to any individual
men enlisted under these conditions, or under any
conditions whatever, must be duly inquired into.” *

With reference to the varied requirements for the
different arms of the service, there is this to be taken
special notice of—namely, that at an age so young
as 18, a height much below the average of 64 inches
(especially amongst the labouring or artisan class) is
apt to have been the result of defective feeding in

1 Dy, J. H. Baxter, American Statistics, I. ¢., p. 52. )
2 Report of Inspector of Recruiting for 1884, p. 5, dated February
21, 1885.
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early life, thereby tending to a diminution of the
normal rate of increase and growth of the body. It
is under such circumstances that stunted develop-
ment and even disease are almost inevitable results.
The constitutional tendencies of the future being
are certainly fixed at an early age; and although
the “ growing lad ” at the age of 18 may not appear
to have any definite ailment, a height even a#, and still
more, below the minimum correlations of /feig/tt and
weight, i.e. anything at or below 554 inches and 74
Ibs, weight, at that age would at once suggest a
feeble frame, with a tendency to some constitutional
disease, and obviously a youth unfit for enlistment.

With the awerage correlation of physical equiva-
lents at the age of 18—namely, 651 inches, with a
weight of 123 lbs, and a chest-girth of even 301
inches, a recruit may be considered eligible if other-
wise healthy, It is found that such lads increase
very much in chest-girth after a few months, if suffi-
ciently fed and judiciously trained. @ There are
numerous examples of this.

On the other hand, as the height approaches a
maximum at the age of 18 (say 71l inches), with
this stature, excessive when compared with the ex-
pansion, growth, and vital capacity of the lungs,
unfavourable conditions or factors of unsoundness
become very obvious, by the contrast of the tall body
with the narrow and flat chest, in which the apices
of the lungs approach too close to each other. It is
in such cases that the reparative organs are out of
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proportion to the body they have to nourish and
sustain. A height, say of 68 or 69 inches at the
age of 18 ought to have a correlative weight of 146
Ibs., and a chest-girth of 34 inches.

From the requirements of the service there are,
generally speaking, two types of recruits for selection.

In the first type lads are selected becanse they
are of Jow stature at the mnimum age—say 64
to 653 inches. These are intended for drivers
and artificers and tailors of the Royal Artillery,
drivers of the Royal Engineers, and Infantry of the
Line, with chest-girths varying from 33 to 35
inches, Lads for tailors may be taken at 62 inches,
and with a chest-girth of 31 inches.!

In driversof Artilleryand Engineersand inInfantry
of the Line the greatest activity is looked for; and
this seems to be associated with short, “dapper,”
little men >—* cobby little fellows "—who have a set,
square appearance beyond their apparent age. But
even in times of the greatest pressure, such men at
18 years of age ought not to stand under a height
of 614 inches, a weight of 118 to 124 lbs, and
a chest-girth of 30 to 34 inches, when empty.

The second type of recruit embraces lads of taller
stature at 18 and 19 years of age—such as 606, 68,
70, or even 72 inches, whose weights and chest-
girths ought to be in correlation with such heights.
But any extreme height at the age of 18 is objection-

1 Appendix I. _ 1
2 ¢ A dapper little man.”—Milton. ¢ Small and active; brisk;

nimble ; lively ; neat.”
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able,—any height over 67 inches at that age must
be looked upon with suspicion. As a rule, I think
it will be found that adu/t men of middle size—
67 to 69 inches—bear hard work better than taller
mer.

In the selection of such tall men at early ages
the great difficulty to be guarded against is “ want of
stamina.” In other words, it is necessary to be
assured that the promising lads of 18 to 19 years of
age are really promising—that they possess sufficient
physical characteristics, such physique as will give
reasonable assurance that in two or three years more
they will turn out to be able-bodied men when fully
grown at 23 to 25 years of age, of average weight and
chest-girth in proportion to their height. All the most
accurate observations (those of Maclaren, Roberts,
Beddoe, and those taken at Chelsea) show that
nothing is more variable than the 7afe of growth ;
and that it may be accepted as a fact that very little
is added to stature after 23 years of age, while the
greatest strides as regards height are made between
14 and 20 years of age. A recruit, therefore, of
64% to 65 inches at 18 years of age cannot be
expected to add much more than an inch or an inch
and a half to his height by the time he attains mature
age, and at 19 years not more than half an inch.

As to WEIGHT, the year 1884 was the first year
in which any mznimum weight was laid down in
the requirements of recruits. The chest-measure-
ment and weight according to height were then left
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to the discretion of the medical officer, who was
governed by the appearance of the man, by his physi-
cal condition, and his power and prospect of develop-
ment. After careful examination the medical officer
pronounced the man fit or unfit for the servicel

Up to a comparatively recent period, therefore,
weight has not been a regulated quantity or quality
in requirements for the enlistment of recruits ; hence
the limited amount of information comparable on
this point. It is only recently that zveig/# has been
mentioned in the English requirements. It is at
present fixed at a smznimum of 115 lbs. (see Appendix
I.); beyond that weight, above or below the
average, is left to the discretion of military medical
officer.  But for physiological reasons, a due pro-
portion in the weight of the recruit or young soldier
in relation to age and height is of as much import-
ance as a well-formed and sufficiently mobile chest,
and is of greater importance than mere height.
Hence weight must always be duly considered in
the estimate of physical fitness of the recruit and
young soldier.

Weights range themselves in groups from the
dwarfs to the giants, just as heights do at the varying
ages.

Weight when excessive is attended with a loss
of vital capacity, and Dr. Hutchinson came to the
conclusion that 7 per cent above his standard rates

1 Report of Inspector of Recruiting for 1884, dated February 21,
1885, p. 5.
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of proportion of weight in relation to stature was the
limit of allowable excess.!

As to weight, it is the exception rather than the
rule to find a recruit up to the highest standard of
weight ; and this is more especially the case amongst
town-bred than country-bred applicants for enlist-
ment. The obvious reasons for this are to be found
in the poverty of their circumstances—many enlisting
from sheer want. Allowance must therefore be made
for such previous circumstances, care, however, being
taken not to allow too wide a margin. The size
of the recruit's bones, his chest-g.irth, capacity, and
expansion, as to extension and contraction of the
thorax—the pulmonary play—in the acts of respira-
tion are then the best indications of his physique.

It is found that city-bred youths are always the
most doubtful. In spite of the advantages of good
food, regular habits, and the salutary exercise of the
ogymnasium after enlistment, they do not easily come
up to the standard of a good military physique.

Low weights at the ages of 18 and 19 are to be
looked upon with suspicion. They ought always to
carry with them some other compensating qualifi-
cations, especially satisfactory evidence of bodily
development, thereby giving some guarantee of
future promising increase.

Thus a lad of 124 to 130 lbs. at 18 years of age
has to add at least sewen more pounds to his weight

1 Hutchinson, Quarterly Journal of Statistical Society, vol. vii,
p. 166,
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before he can be considered as having attained to
anything like the development and growth of an
able-bodied soldier at 23 to 23 years of age, having
a weight of 131 to 139 lbs. at least.

The minimum weight of 115 Ibs. at the age
of 18 years (at present the requirement!) is too
low. It more nearly approximates to the physical
equivalent of 17 years of age; for 18 years of age
the mznimum weight ought not to be below the
average of 120 lbs,

With regard to CHEST-MEASUREMENTS, the
average dimensions of the chest furnish no conclusion
of any value in the absence of the corresponding
qualities of height and weight in relation to age
in each case, and the influence of race is of im-
portance.

The girth in relation to height, however, is
important thus far, that if with a certain stature a
corresponding or proportionate average girth of
chest is not found to exist, the man is probably un-
suitable for military service; and then other more
important signs of unfitness may be found, and ought
to be carefully looked for. If in addition the moébility
of the thoracic movements is very limited, such a
condition should be regarded as a disqualification.

Testing results by actual observation, the con-
clusion has been arrived at, that during the develop-
ment of the body, the ratio between the /eig/t,
chest-girth, and weight, is approximately as the

1 :"Lppendix I
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annual rate of increase, but within variable limits as
to age.

Thus if a boy aged 10 years grows 2 inches in
height, & inch in chest-girth, and 4 lbs. in weight, by
the time he is 11 years; another boy, aged 10 (but who
is 2 inches taller), should have % inch more chest-
girth than the first, and be 4 1bs. heavier in weight.

This ratio will hold good to the utmost limits of
boys of the age of 10 years, and for every excess or
deficiency 2 inches in height from the mean there
will be an excess or deficiency of & inch of chest-
girth, and 4 lbs. in weight. Generally, it has been
found that “for each inch in height, the weight is
increased 4 lbs. from 10 to 15 years; 6 lbs. from I5
to 16 years; 8 lbs. from 16 to 19 years; and from
19 to 30 years of age there are 6 lbs. to be added to
the weight, while the height remains stationary.” !

Generally, it is ordered that “if, in the course of
his examination, any recruit, not coming quite up to
the standard on any one point, has the appearance to
the medical officer of being a promising lad, he can
then be recommended to the recruiting officer, and a
certain latitude as to height and chest-measurement
is given to the approving officer, should he and the
medical officer be of the same opinion as regards the
man’s eligibility,. No man passed under these
circumstances, therefore, can be admitted into the
service except with the full concurrence of the
medical officer and the district approving officer.?

I Roberts's Manual, p. 64. 2 Report on Recruiting, 1884.
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SECTION XI
RECOGNITION OF MEN OF MATURE AGE

THE present conditions of enlistment of recruits
require the medical officer to make his selection from
three periods as regards age, He is required to recog-
nise eligible young lads (1) at 18 and 19 years of
age ; (2) at the ages of 19 to 25 ; and (3) men of
mature age from 25 and upwards. Men of too
mature age endeavour to look younger than they
really are. It is necessary to eliminate these aged
would-be recruits as generally objectionable and
unfit. Itis also an object to prevent the enlistment
after discharge of incorrigible drunkards, and men
whose reformation after crime appears improbable.
As such objectionable characters no longer bear
“wmarks of having been in wmilitary service it is
necessary to take some trouble to exclude them from
re-enlistment. The drunkards and the incorrigible
are not generally found among the young soldiers,
although some offenders are doubtless discharged as
incorrigible under 25 years of age; but the majority
of such incorrigible men have usually had several

years’ service. Hence, if the limits of age be fixed,
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and if the real age be fixed with tolerable exactness
by the medical officer, some security would be ob-
tained that offenders discharged the service could
not re-enlist,

By practice and by special study of the subject,
as expounded in the previous pages, a military medical
officer need have no great difficulty in determining,
with reasonable exactness, the age of lads from 17 to
23. But the ages of men from 23 to 30 years are
more difficult to determine. - Nevertheless, if the
military medical officer has sufficient time to make
and record the observations on which his opinion
rests, he may come to a satisfactory conclusion as to
the ages of the older men. It is only by a careful
comparison of many physical indications that any
reasonable conclusion (as distinguished from a guess)
can be arrived at respecting age, as there is no single
indication that can be depended on to denote the
real age.'

A detail of the physical indications or equivalents
best calculated to guide the medical officer in form-
ing an opinion on the age of recruits of mature age

! The probable error tends to increase with the age of the recruit
after 18 years ; and my friend, Deputy-Surgeon-General Dr. Henry L.
Veale, has furnished me with the following scale of probable error—
namely, at 18 years it may be 2+ 4=6, 7. the recruit might be 16 or
22 ; at 20 years it might be also 2 + 4=6, 7.¢. he might be 18 or 24 ; at
22 years the error might be 3+ 5=8, 7. he might be 19 or 27 ; at 24
years the error might be 4+ 5=09, 7Z.¢. he might be 20 or 29 ; at 26 years
the error might be 5+6=11, Ze. the recruit’s age might be 21 or 32 ;
at 28 years the error might be 6+ 7=13, 7.e. the age might be 22 or 35
at 30 years the error might be as much as 6+8=14, /.. the recruit’s
age might be 24 or 38, and so0 on.
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XI

| embraces, IN ADDITION TO those I have referred to
!? In the preceding pages, an examination of the follow-
I m & 5

: ing points for comparison :—

! : ;
(1) The form of the features in connection with

i —

Fig. 21.—5Side view of lower jaw in the mature man, with an angzle of about 120°, and
with the full set of germranent teeth, in which are : 1, the central incisors; 2, the
lateral incisors ; 3, the canines ; 4, the first bicuspids ; 5, the second bicuspids ; 6,
the 6th year molars ; 7, the 12th year molars; and 8, the wisdom teeth.

By r"3-|':'.'.l.'.".-.'.'\..'-:'i.' ;_'."- Messrs, CHARLES GrIFFIN & Lo,

the growth of the permanent teeth and development

of the upper and lower jaw-bones. This is a very
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important indication not touched upon in the in-
structions given for the examination of recruits,

A characteristic elongation of the face and upper
jaw commences about 17 or 18 years of age, and
goes on to 25, connected especially with the develop-
ment of the hindermost molar teeth ; and when it is

FiG. 22.—View of upper jaw in the mature man, showing a complete set of the upper
_JJ-'-:'?'J-"-'I'-'i‘Jn:'-F-‘l' teeth.

By permission of Messrs. CuHarLEs GriFrFin & Co.

complete the anterior margin of the ramus of the
lower jaw is placed at nearly a right angle to the
alveolar border. The angle of the jaw (which is
the meeting of the posterior border of the ramus
with the base) is then about 120° and in men of
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powerful physical development is sometimes not more
than 110" or 112",

Previous to the age of 17 years there is not
sufficient room in the alveolar arch for the growing
sacs of the permanent molars.

At and after 17 years of age the alveolar border
becomes deep and broad, and continues to get deeper
and broader at the hinder part as the wisdom teeth
grow. This growth and enlargement of the jaw is
for the accommodation of the permanent molar teeth:

At 17 years of age the wisdom teeth (8, Fig. 22)
of the wupper jaw lie in the r'rla-:»:ilI.';'u.r:yr tuberosity
behind and above the second molars; in the Jower
jaw the wisdom teeth (8, Fig. 21) are embedded in
the base of the coronoid process. The wisdom teeth
afterwards descend, and successively assume their
ultimate proper position as the jaw elongates. When
the elongation of the jaw is complete, its arch-curve
becomes semi-elliptical.

The development and appearance of the teeth are
very rarely in advance of age, and the wisdom teeth,
as with the other teeth, are developed and completed
first in the lower and afterwards in the upper jaw.
On the other hand, the eruption of the wisdom teeth
in some men never takes place, and when there is
such arrest of development, the other points suggestive
of age must be all the more carefully inquired into.
Arrest of development is most important to be
noticed, in order that its cause may be carefully

inquired into.
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The elongation of the face and jaws is complete
when the wisdom teeth are fully exposed and in
position, about 25 years of age.

The progressive growth and change in position of
the wisdom teeth and of the form of the jaw thus
furnish a valuable guide in estimating ages between
17 and 25 years,

(2) The evidences of attrition from use in mastic-
ation, i eackh separate class of teeth, should be the
subject of special examination. This examination
must take into® account’ the nature of the food on
which the man seeking to enlist has been fed. In
the north of Scotland, where young men feed largely
on hard oatmeal cakes, or in the case of seafaring
men fed on hard biscuits, the grinding teeth will be
greatly more worn to a level on the surface of their
crowns than the teeth of men fed on softer food.

(3) The external signs of puberty and comparative
age of the beard furnish also some grounds for an
opinion ; also the texture of the skin and its smooth-
ness or freedom from wrinkles in certain parts, such
as external angles of the eyes and edges of the
muscles of expression of the face. The downy chin
of 17 to 20 contrasts with the beard of older men,
and repeated shaving of the beard discloses the cut
surfaces of aged and mature hair.

(4) The gait of youth, and the tractile force of
muscle from 17 to 20 years of age, are markedly
different from those of the man of mature growth, in
consequence of the relative dimensions of limbs to

Q
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trunk of body, and of the pelvis having undergone
changes. ;

From 20 to 25 years of age the bones become
thicker, the joints stronger, the shoulders broader, the
muscles firmer and better developed. The gait of
the man thus becomes firmer than that of the youth;
and the tractile force of the muscles of men from 20
to 25 years of age gives from 366 to 413 lbs., and
is greater than the force of youths from 17 to 20
years, in whom the tractile force is generally under
366 lbs., presuming that the individual has not been
trained in this trial of strength, or has not worked at
a trade which would be equivalent to such training,.

(3) The concurrence of height, relative dimensions
of individual parts, and development of the body
generally with ages from 18 to 25, should be the
subject of special examination.

The very extensive measurements of the human
body recorded by the late Dr. F, P. Liharzik, of
Vienna, and published by the Imperial Royal Court
and State Printing Office of the Austrian Government,
furnish the best basis for comparing the “law of
increase ” in the relative growth of different parts of

the body as an indication of age.

Dr. Liharzik’s results from 18 to 25 years of age
represent a gradual and normal increase in relation
with “ six fundamental dimensions,” so that the nearer
the different parts of the body correspond with these
dimensions the more regular is the growth of the
body in accordance with age. Moreover, marked
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deviations from these normal dimensions, especially
as showing retarded growth of the chest at particular
ages, are of practical value as indicating a tendency to
scrofulosis, |

The following are the six fundamental dimensions,
upon which an estimation of the stature of man in
relation to age is based, being portions of its total
length at various ages :—

(1) The length of the head from its vertex to
the apex of the chin, the man lying in the horizontal
position and naked,

(2) The length of the neck from the apex of
the chin to the upper margin of the sternum.

(3) The length of the sternum from its upper
margin to the end of the xiphoid cartilage.

(4) The distance of the xiphoid cartilage to the
upper margin of the pubic symphysis, the navel
dividing this distance into two equal parts.

(5) The total length of the thigh and leg.

(6) The vertical elevation of the centre of the
internal malleolus over the sole of the foot.

With these six fundamental dimensions the girth
of the body at various parts and the horizontal
dimensions at other parts are to be compared, in
order to determine whether or not the individual
presents those several proportions which are con-
sistent with his age and development.

The model height of a growing lad at 18 years
of age is 163 centimétres, .. equal to 64.17 inches;
while the height of a man who has completed his
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growth at 25 years of age is 175 centimétres, ze.
equal to 68.89 inches. Of course many exceptions
occur, but then the correlation of other dimensions
must be in accordance.

The following table represents in numbers of
centimetres the relative augmentations of increase at
the ages from the completed 18th year to the
completed 24th year, arranged in the following
columns :—

I. Age at the end of the year stated.
I1. Length of the neck.l

111. Length of the head.

IV. Length of the sternum.

V. Distance between xiphoid cartilage and pubic sym-
physis. The navel ought to mark exactly the
middle point of this line.

VI. The total length of the thigh and leg, measured
from the horizontal level of the pubic symphysis
vertically to the centre of the internal malleolus,
The articulation of the knee ought to mark the
division of this line into two equal parts; and
thus the thigh from the hip-joint to the knee ought
to be equal to the length of the leg from the knee
to the internal malleolus.

VII. The distance from the sole of the foot to the centre
of malleolus.
(These complete the six fundamental dimensions to be first
determined.)

VIII. Upper length of the body from the vertex of the
head to the upper margin of the pubic symphysis.

1 See the paragraphs above, and numbered 1-6, for the definite
points to measure from.
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IX. Lower length of the body from the upper margin
of the pubic symphysis to the sole of the foot.

X. Total length from the vertex to the sole.
(The upper extremities being extended horizontally, the
following measurements are then to be made.)

XI. Length of the clavicle. It ought to be equal in
length to the open hand.

XII. Length of the forearm, from the middle of the elbow-
joint to the carpal joint.
XIII. Length of the upper arm.
XIV, Distance of the head of the humerus from the
middle line of the body,

XV. Half the length of the body. The distance between
the tip of the middle finger of the one side to
that of the other (the arms being extended hori-
zontally) ought to be exactly equal to the length
of the whole body.

XVI. The half-breadth of the shoulders. [t ought to be
equal to the half-breadth of the hips, and to {4; of
the length of the body.

XVII. The transverse diameter of the head.
XVIII. Antero-posterior diameter of the head.

XIX. Circumference of head (above the superciliary
ridges).

XX. Girth of the chest immediately above both nipples.

XXI. Diameter of thorax, It ought to be equal to the
diameter of pelvis.
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All the measurements must be taken while the
naked body of the recruit is stretched at rest on a
horizontal solid plane surface (not a bed), and
measurement by centimétres is by far the most use-
ful for comparison. No recruit or soldier ought to
be measured in the erect attitude. Men are able to
raise or lower their stature to an appreciable extent
when erect, but not in the horizontal position (see
P 79)

There ought also to be the means within reach of
giving a recruit or a soldier a warm bath, with proper
supervision that the bath is efficiently performed.
Not only is a warm bath necessary for the sake of
cleanliness, but it may be necessary to do away with
any enamel or artificial colour applied to the skin of
the face to subdue the evidences of age.

The greater the formality and exhaustiveness
with which the details of such physical indications
are carried out upon the fixed principles already
described, the more is the judgment or conclusion
arrived at removed from being a mere guess, and the
less likely will the drunkards or bad characters dis-
charged the service present themselves for the ordeal
without detection from some one or other point of

investigation. The gait alone in some instances may
be sufficient to indicate a drilled soldier.

If pains be taken to ascertain that the relative
dimensions of the body (as set forth in the Table
XXVIIIL) are in accordance with the height; that
the growth and form of the face and of the jaws are
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g

in accordance with development ; that the condition
| of the jaws conforms to the development of the third
i molars above and below ; that all the teeth give the
usual indications #z eack class of attrition on the
summits of their crowns from use : that the external
signs of puberty and the size of the hairs of the
shaven beard are in accordance, as well as the gait
and the tractile muscular force of the individual ;
then I believe that such a formal and exhaustive
method of investigation will embrace a combination
of physical indications sufficient to guide medical
officers in forming an opinion as to the age of a
full-grown man seeking to enlist. Those who will
take the necessary trouble to make the subject a

—

T -
- - 2=
”
et ————————_—-

=
—

careful study will come to a reasonably sound con-

clusion as distinguished from a mere guess, and no

doubt some medical officers will be found more apt
than others in acquiring the requisite practical ex-
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perience in the methods of examination.

Systematic training and constant practical
| experience in the details of these methods of
examination are necessary. A recruit should look
i his age and not older; and much judgment is
required to rightly estimate the bodily appearance
at various ages. This is only to be attained by
practice, experience, and cultivated observation; and
in the vocation of the military medical officer it |
is a valuable faculty to acquire and keep up.

It only now remains to notice the physical signs
of the last epoch of age ; the recognition of which is
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—_

perhaps the most important for the public service—
namely, the indications of age from 26 or 27 to 30
years. :

The characteristic elongation of the face and jaws
is complete, and the arch-curve of the jaw semi-
elliptical.

The features and expression of the face have
become fully unfolded, so as to exhibit all those
modifications of character seen in the countenances
of mature men ; for the habits and occupations of
life imprint upon the countenance and the mature
frame certain general appearances with which one
soon becomes experienced so as to recognise them.

The skin, particularly of the face, and the hair of
the head and beard are fully developed, and the hair
is in its greatest perfection of growth. The skin is
dense and thick, and no longer smooth on the face.
I[ts rete mucosum becomes dusky or dark, and the
hairs of the head may begin to show single white or
gray ones intermingled, especially in the temporal
regions.

The attrition from use of the crowns of the
several sets of teeth is more obviously marked. The
wisdom teeth, if they exist and are not decayed,
ought to be fully exposed and in position. If they
have existed, sufficient indications will remain in the
breadth and deepness of the alveolar processes above
and below.

‘The external signs of puberty are fully expressed,
and the scrotum has become pendulous.
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The dimensions of the several parts of the body
and the tractile force of the muscles are at their
IRAXLINUIN,

The muscles of voluntary motion, and especially
those of the extremities, are prominently increased
in development, and are at their maximum bulk.
The chest and parietes of the large cavities are also
fully developed.

The height and weight of the man are at the best
for active work, and their correlation as an indication
of age has been fully shown in the tables already
given.

After 30 years the physical indications of age
become so obvious as to require no great experience
to recognise them.

The details of the several points mentioned will
require to be taken with very great care and accuracy.
They ought to be so fully recorded in every par-
ticular that the records of any individual should be
able to identify him, inasmuch as no two persons
are exactly alike in their physical indications of age
and defects. I need not add that the aim and
objects of the work are so important as to justify
every care and attention being bestowed upon it, if
satisfactory and trustworthy results are to be ob-
tained.!

These varied modes of viewing the subject con-
firm the conclusion that there ought to be fixed
average standards of /feight, weight, and chest-girth in

1 See Appendix to Army Medical Departnient Report fox 1867.
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relation to all ages as a basis for the selection of
lads and men.

Looking therefore to the facts set forth in the
previous pages regarding (1) age and the youthful-
ness of recruits ; (2) height; (3) weight ; (4) chest-
girth, chest-mobility, and “ pulmonary play ;” (5) the
development and growth of the bones of the skeleton ;
(6) the development and gradual growth of the
heart, lungs, liver, spleen, and kidneys, as recorded
by the most eminent and painstaking anatomists ;
(7) the vital capacity of the chest as determined by
experiments ; (8) the correlation of the growth of
muscle with bone ; (9) the minute structure of bone
in accordance with mechanical principles, and as
influenced by its imperfect growth ; (10) the progress-
ive increase of muscular force with ages from 20 to
25; (11) the development of the teeth and pro-
gressive growth of the jaw-bones,—1I think sufficiently
cogent physiological reasons exist for the conclusion
that — firss, the selection, and . second, the physical
training of recruits, demand great circumspection
and care.

Lhe selection of recruits to be judicious implies a
regard to the due concurrence of age, height, and
development as the basis of selection; and their
future treatment in training must be regulated
accordingly,

We have seen that there are limits to the rate of
growth affixed to the constitution of each individual,
and although men may vary as to /eight and weigit
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within certain physiological limits, the age being the
same, yet the /Jeight of a recruit should never be
more than his age justifies. And if a period of pro-
bation for training is duly regulated and fully recog-
nises physiological principles as its basis—principles
which cannot, indeed, be disregarded with impunity
—then the age at which the training commences is
not of much moment, provided the nature of the
training as to amount of exertion is suited to the
years of the recruit. But for the economy of the
training system, the more normal the concurrence of
age, lieight, weight, chest-girth, and mobility as to its
expansion and capacity, and general development, that
can be obtained, the better and more economical
will be the result.

During the past 25 years I have regularly
brought these topics more or less fully to the notice
of the surgeons on probation at Netley, because the
condition and the growth of the recruit and the
young soldier naturally challenge our attention at the
outset ; and as an example of how we must take a
broad and strictly physiological view of pathology in
order to “appreciate the causes and the nature of

disease in military life.”

The improper selection of “growing lads ;
injudicious exercises and over-exertion of military
drills, with an insufficient dietary, tend in the first
instance to encumber the military hospitals, and if
the system does not lead to the premature death of
the young soldier, he is sooner or later thrown out

the
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upon the civil population with one or more of his
vital organs damaged for the remainder of his life.

The service of such young soldiers, who are no
sooner out of the hospital than they are in again,
can only be regarded as merely nominal service ; and
the “strength ” of an army composed of such material
can never constitute a very formidable phalanx.

A period of probation for training is absolutely
necessary in order to observe whether or not there
are any circumstances in the everyday life of the
man indicative of any “constitutional state,” under
which, for example, “ phthisis,” or any' other affection
of a constitutional kind, is likely to develop itself.
Time is required to make such observations, and no
better time can be set aside for this purpose than a
period of probation for the recruit. Surely it were
much better that this be done with all as a rule
before the ranks of the army are filled up by them
indiscriminately, than that these ranks be filled up
by those who, if not actually ill, are more or less
constantly in hospital.

Vegetius tells us that the conditions under which
the ranks of the Roman army were recruited in-
volved a lengthened period of probation for recruits.
Before a Roman conscript was finally approved, he
underwent a probation of four months, for the pur-
pose of ascertaining whether he was in all respects
fit for military service. When at the end of that
period it was satisfactorily proved that he had suffi-
cient activity and strength to enable him to surmount
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the hardships of a soldier’s life, and if at the same
time it appeared that he possessed the requisite
mental capacity, and a due degree of courage, the
military mark was indelibly imprinted on his hand.
This extreme care in the selection of its material

was no doubt one of the causes of the early invinci-
bility of the Roman legions.




APPENDIX 1

REVISED SCHEDULE OF THE AGE, HeicHT, WEIGHT,
AND CHEST-MEASUREMENT OF RECRUITS FOR THE
REGULAR ARMY AND THE MiriTia. (Appendix to
General Order g, 1886.)

I. Under Scale A medical officers (including civilian
medical practitioners authorised to examine recruits) will certify
as to the actual fitness of a recruit for the Regular Army ; but
it will rest with the recruiting officer or the recruiter to see,
from the description given by the medical officer on the second
page of the attestation, that the recruit is of the standard of
age, height, and chest-measurement, laid down in Scale B, for
the arm of the Service for which he wishes to enlist.

2. In the event of a recruit for the Regular Army not
selecting any particular corps, he may be enlisted for general
service, and will be appointed by the approving field officer to
any corps for which recruiting is open, and for which he is
eligible.

3. Medical officers and also recruiting officers and recruiters

will be guided by Scale C in the examination of recruits for the
Militia.

SCALE A.

4. The following scale, showing the limits of age, height,
chest-measurement, and weight, at which recruits offering for
the Regular Army may be taken, is laid down for the guidance
of medical officers in passing men as fit Jor the Service .—
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Age 18 to 25 years (with the exceptions
specified in Scale B),

Height . : 5 feet 4 inches and upwards.

G heﬁt IliL’l.bLll't'llanl 33 inches and upwards.

Weight . : . I151bs. and upwards.

In the event of the medical officer considering that a recruit,
1s not physically equivalent to the age of 18 years he will at
ance reject him.

Eligible recruits, under 2o years of age, between 5 feet 3
inches and 5 feet 4 inches in height, who are in every other
respect up m the above standards, may, if the medical officer
considers they are likely to develop into efficient soldiers, be
recommended by him to be specially enlisted for the Jufantry
of the Line.

SCALE B.

5. Zhe following scale, showing the age, Jreight, chesi-
measurement, and other gqualifications of wecruils for the
several arms of the Service (Regular Army), is laid down for
the guidance of recruiling officers and recruiters :—

AGE.
Limits of age for all arms of the Service (with the

exceptions specified below) . . . g . 18to 25 years.
Corps of Ordnance Artificers . ; , : . 21 to 30 years.
Medical Staff Corps . ; : . . ; . 18 to 28 years,
Post-Office Corps . . . 1 . 19to 30 years.
Roval Military Merzhtnmts ; 21 to 30 years.
L Post-Office Telegraphists. ]--::ur11n:11r.f.llmc} e e s

Emginees transfer to the Army Reserve . J1030]

Men who have been ‘discharged from the Army, Royal
Marines, Royal Navy, or Royal Irish Constabulary, may be
permitted to re-enlist in the Army up to the age of 28 years,
provided they are not ineligible in other respects.
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HEeigHT AND CHEST-MEASUREMENT.

Cﬂrp;- ‘ Height. ‘ Chest-Measurement.
( thDragoon Guacds ()| 5 gin i‘
Heavy 5:1: Diragoons . Il s ﬁ_tfl i |
“1-_’:1': Dragoon Guards | Lancers,
;d ': s it 7in
' & ko
ﬁEE " 5 [t g in.
Medium- 5Lh Lancers Other
6ith Dmgoons .
. gth Lancers . Re t"?:::q'
. 1z2th .
) 1] Lo
16th 7 ; Under = ft. 10 in. in height, 34 in.
Cavalry < \z7th | : 5 ft. g in, |5 fe. mrfn and over, 33 lgn
f3d Hussars . 7
'ﬂh 1] . :
'I'll' " u
Bth :: : .
oth |, . .
rxth | - 5 fit. 6 in.
Light < 13th ,, . e to
qth  ,, . 5 fit. 8 in.
'Et‘h 19 o
ith: :
mgth .
zoth ,: : i
\ =15t - i L .,
{ s 6i Under ¢ f hei
5 in. | nder 5 ft. 10 in. in height, 34 in.
Gunners : . * ) anc rupw.:u.rds }'5 [ 4 m?n and over, 35 ?m 13
. 5 I 4 an.
Drivers . : { : ] to 34 in.
RG _5 K.
+ Artificers—
Ard ]ery Smiths . . : ‘] T
Wheelwrights ; wi |l 5::1 8
Harness Makers . S JEne UpWATCR iy
. | 5 ft. 4 in, gj
\ Tailors ’ , * |1 and upwards |
Other than shoe- |1 s5ft 6in. |} Under 5 ft. z0in. in height, 34 in.
rS:t.ppcrs makers and tailors | ) and upwardu ) 5 ft. 1o in. and over, 35 in.
: oy s ft. 5 in.
Shoemakers & tailors ;{ nd.r::puards E 33 in.
Royal <« Drivers . : ; - 4 i ] 34 in.
Engineers [ 5 I'|: 5 im.
Post-Office Telegraphists, en- fi }Under 5 ft. 6 in. in height, 33 in.
listed for immediate transfer } 5&5 E\.!::'d% 5 ft. 6 in. and under 5 fr. 8 in., 34 in.
| to the Army Reserve : pwi |J 5 ft. 8 in. and over, 35 in.
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HEIGHT AND CHEST-MEASUREMENT— Confinued.

Corps. Height. Chest-Measurement.
(Foot Guards . : ; 2 { 5 ft. 8 in. Under 5 ft. 10 in. in height, 34 in.
and upwﬂ.rds s ft. 10 in. and over, 35 in.
and upwards [ 5 ft. 6 in. and under s ft. 10 in., 34 in.

1
Infantry Tailors, when ordered to be en- 5 ft. 10 in. and over, 35 in.

listed, may be taken 2 inches
below the ordinary standard
of height, and 2 inches under
\ the chest-measurement.

|

] Infantry of the Line A { 5 ft. 4 in. {L-ndr.r 5 ft. 6 in. in height, 33 in.
|

|

! st 4 in. [
|

Commis- | Drivers
sariat
and Trans-
port Corps

5 ft. 6 1n. ;
g ft. 4 in.
.'md upward-.

'{
Ordnance Store Corps . , { 5 ft. 5 in.
{
{
{
!

Other recruits .

and upw ard,‘ ::_'T‘hq same as for the Infantry of the
5 ft. 4 in. Line.

and lIPW"I,!I’dﬁ-
g ft.ain. |

and up“ '1.'rd5

Corps of Ordnance Artificers
Medical Staff Corps .

Post-Office Corps 5 ft. 4 in.
3 = and upw '|.:rrj-{ |/
5 ft. 4 in.

l and upwards

West India Regiments }33 in. and upwards.

—

6. The under-mentioned classes of recruits may, if passed
by the }11Ed1cal officer as likely to become efficient soldiers,
b:& specially enlisted for the Cawvalry and Infantry of the Line,
r viz,—

| (#) Recruits for the Cavalry of the Line, under 2o years of
il age, who are within 1 inch of the chest-measurement

|

i

|

e

prescribed.

(#) Recruits for the Infantry of the Line, under 20 years of
age, who are under 5 feet 4 inches, but not less than ;5
feet 3 inches in height, and also those who are within

i 1 inch of the chest-measurement prescribed, provided

i they are not less than 33 inches chest-measurement.

i Approving Field Officers will be held responsible that only _

i : specially good men are finally approved under this paragraph. IL

1 Their retention will also rest with the approving Field Officer,

who, if he does not consider them fit for the Service, will carry

. out their discharge at once, under paragraph 227 (a), Section

"{ XIX., of the Queen’s Kegulalions.

—-I T g ] el i, g 8 VL i il -
- -




Qualifications for the Militia 243

This paragraph will be quoted on the second page of the
Attestation, and in the Weekly Return of Recruits finally
approved (Army Form B 2z11), as the authority for special

enlistment in each case.
7. In the event of an approving Field Officer thinking it

desirable to retain a specially good man who does not come
up to the standard prescribed in this General Order for the
corps which he desires to join, special authority may be applied
for to the Inspector-General of Recruiting.

SCALE C.

8. The following scale, showing the qualifications as io age,
height, and chest-measurement of recruils for the Milifia, is
laid down for the guidance of cxamining Medical Officers
and of Recruiting Officers and Recruilers .—

ARTILLERY MILITIA.

Apge. Height. |Chest-Measurement. :

Men . . |18to3syears . « | 5 ft. 6 in. and upwards | 33 in. and upwards.

Growing lads | Between 17 to 18 years | 5 ft. 5 in. and upwards | (See below).

ENGINEER MILITIA,

|
Age. Height. iChﬂstaMcaﬁur:mmL.

Men . ; Is ft. 5in, and upward g
Good trades- JHE to 35 years . . 33in. and upwards.
men and

boatmen . L5 ft. 4 in. and upwards

Growing lads | Between 17 and 18 years| 5 ft. 3 in. and upwards | (See below).

INFANTRY MILITIA.

| .
Age, Height, Chest-Mcasurcmcnt.!

Men . » | 1B to 35 years . + | 5ft. 4in. and upwards | 32in. and upwards.

'. Growing lads | Between17and 18 years| s ft. 5 in. and upwards | (See below). |
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—

The chest-measurement of growing lads will be left to the
discretion and judgment of the examining medical officer.

9. Men who do not answer the foregoing requirements, but
who are desirable recruits in other respects, may, if considered
by the Medical Officer likely to develop into efficient Militia-
men, be specially enlisted under the authority of the approving
Field Officer. When the recruit is not to be drilled on enlist-
ment, the authority for the special enlistment in these cases
may be given by the Recruiting Officer, and the enlistment
may be carried out subject to the final medical examination
and final approval by the approving Field Officer.

Men who, with not less than three years’ service, have been
discharged from the Army, Army Reserve, or Royal Marines
with good characters, but without pension, will be enlisted up
to the age of 45 years.
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APPENDIX Il

RETURN suowiNG THE MiNniMuMm AcE, HEicHT, CHEST-
MEASUREMENT, ETC., OF INFANTRY RECRUITS WITH

DIFFERENT EUROPEAN ARMIES.

Report for 1881, dated 1882.)

(Appendix F to

France

| Austria

Germany

Russia

England * .

"
_—_—

Age of
Enlistment.

The
physical
equivalent
of 18
20

2ot

20

21

z2at

,.__‘

| Mini-
nium
Height.

|
ft. in.
|5 ¢4

5 of

5 1}

5 Ifs

5 I.45)|

M inimum
Chest-
Measurement.

in.
34

30.867

30.00

Chest is con-

sidered, but
there is no
fixed limit.

No rules laid
dowi.

3r.58

t The year in which he

& _-’LEtp-r.-ndix I.

|
Minimum
Weight. J F.emarks.
| =
lbs.*
115
| 1
Noin- | Men below the stan- |
structions | dard who are likely |

to improve may be
| putback I'nr:tyenr.l
Men below standard
put back to Imxtl
_I}‘E.:lr ar more,

he margin afforded |
by conscription ad- |
mits of men of|
doubtful physique
being rejected or
put back for a year,
Men may be put
back for one year
[ or even for two
| years 1n order to
grow and fill cut.

COmes 2o,

t For active service.
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APPENDIX III

EXTRACTS FROM THE QUEEN’S REGULATIONS AND ORDERS
FOR THE ARMY, 1885, RELATING TO RECRUITS,

SEC. XI1X, 27.—Discharged men, provided not otherwise

ineligible, may be re-enlisted up to age of 28.

29.—Terms of service as to long or short defined.
Long service— 12 years’ army service, Short
Service—7 years’ army service, and § years’
reserve. Also convertible into 8 years’ army
service and 4 years’ reserve if period of army
service expires while the man is serving
abroad.

30.—For Foot Guards. Long service—12 years
army. Short service—3 years army, and 9
yedars reserve.

32.—All enlistments will be for short service, with
some exceptions (—given), these include
boys.

33.—Authority for special enlistment is required
when—

(@) Recruits are not conformable to established
regulations as to age and standard of height,
or chest-measurement, but desirable in
other respects. To be made by approving
officer to Adjutant - General on a specified
form (B. 203).

41.—*, . . The medical officer is responsible for
the measurements of recruits.”

44.—Instruction for medical examination of re-
cruits as in Army Medical Regulations.
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45.—All military medical officers and also medical
officers of militia and yeomanry when em-
bodied or out for training are empowered
to carry out the final examination of recruits,
but civilian medical practitioner may be ap-
pointed to conduct primary medical examina-
tion.
257.—Service under Act 1847, reckoned for
purpose of discharge from date of attesta-
tion, provided he was at that time of or
above age of 18, if not, then from day on
which he shall have completed the age of 18
years.
Date of commencement of service in subse-
quent acts is from date of attestation.
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APEENDIX [\ #

EXTRACTS FROM REGULATIONS FOR THE MEeDICAL DEPART-
MENT OF HER MAJESTY'S ARMY, 188 5, RELATIVE TO
RECRrRUITS.

972.—The height, weight, and chest-measurement of a
recruit should accord with each other, and with his age—agree-
ably to the standards laid down from time to time in General
Orders.

974.—The recruit being wholly undressed, he is to be
measured under the standard. He is weighed, and weight
recorded in lbs. His chest-measurement is taken. If he
satisfies requirements in these respects, and appears otherwise
eligible, the general examination will be proceeded with, from
which an estimate is formed of his general physique, of his
age, and whether he presents the appearance of having served
before or not.

984.—The following are the instructions for determining
the chest-measurements of recruits :—

““(a) The measuring tape will be passed round the chest,
so that its posterior upper edge will be immediately
below, and touch the shoulder-blades: while in
front its anterior lower edge touches the upper part
of the nipple, the arms meanwhile hanging loosely;
the tape should not be drawn so tight as to com-
press the surface.”

“(4) The tape having been thus applied, the recruit will
be made to count slowly from 1 to 10, and the
minimum measurement shown by the tape, while so
counting, is to be considered the correct chest-

measurement.
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Determination of Age by Physical Development.

985.—Should a recruit on presenting himsel{f for enlistment
bring no satisfactory proof of his age, the medical officer _who
examines him will, by comparing the height with the weight,
general development and appearance, decide his apparent age,
which will be entered on the second page of the attestation, and
be accepted in all future official documents relating to him.

g9o.—The approving medical officer as defined (in Army
Medical Regulations) is responsible for the measurement of
recruits as regards standard of height, weight, and chest-
girth, as well as for their apparent age being in accordance
with the schedules given in general orders from time to time.

991.—The medical officer will enter on the original attesta-
tion the following particulars in his own handwriting :—Apparent
age, height (weight), chest-girth, complexion, colour of hair and
eyes, and any distinctive marks ; writing ‘“none” where there
are none; and under this head is to be given (993) any
evidence or opinion of medical officer that the recruit had
previously secured.

995.—Approving medical officers will conduct the examina-
tion of recruits, and record the facts arrived at with due care,
and to the best of their judgment; but they will not be held
responsible for the ultimate rejection of recruits on grounds
imvolving a decision contrary to the opinions they may have
expressed.

1000.—Medical Boards reporting on recruits will invariably
record an opinion on the specific disabilities alleged as well as
on general fitness for service ; when the objection is to height
or chest-measurement they will also record their own measure-
ments in inches and parts of an inch.

SEC. XIX.281.—Boys (of good character) may be enlisted
between 14 and 16 years of age for purpose
of being trained as trumpeters, drummers,
buglers, musicians, or tailors.

291.—Boys of 17 and 18 on attaining age of 18
will cease to be included in roll of boys, and
will be counted as privates, if physically fit,
otherwise to be reported upon as physically
unfit.

jol.—No pensioner eligible for re-enlistment who
is over 45 years of age.
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AcUTE disease, modifying effects of,
180

Adolescence, 8

—— changes in vertebral column, 81

elongation of face in, 223

its management, 20

Adult bones, containing foetal med-

ulla, 10g
Age, a difficulty in selecting recruits,
164

changes in jaws with, 224

determines angle of lower jaw,
223

enteric fever in India in relation
to, 31

growth of bones an index of, 100

in correlation with other special
qualities, 145

influence of, on mortality, 33

inrelation to growth of bone and
muscle, 123

—— in relation to weight, 189

—— liability to death, 10

—— liability to disease, 12

—— liability to sickness, 12

mean, of American army, 24

medical officer responsible for,
164

—— minimum for enlistment, 167

of prime importance, 5

—— physical conditions in correlation

with, 140
—— physical equivalents in relation
to, 167

—— physical equivalents of, 144

—— strength increases with, 123

—— ' the military,"" 3

variation of weight with, at same

stature, 191

Age, weight, and height correlated, 68
Ages, composition of army as to, 23
composition of Indian army asto,
25
of invalids from India, 32
of rank and file in army, 22
of recruits, 40
special for some recruits, 167
" A growing lad,"” 165
American army, age of its components,
24
instructions
girth, 192
opinion regarding service of
young soldiers, 61
statistics, 147
Anatomy and physiology, a knowledge
of, necessary, 151
pathological, 1, 3
Angle of jaw varies with age, 223
Anglican population, zoz
Animals, experiments on, needed, =
young, care in training, 6g
Ankle-joint completed before knee-
joint, 105
Antecedent conditions of disease, 6
Anthropometry, 157
Arch of foot, stress-lines in its bones,
I35
Armies, circumstances reducing their
strength, 6
Army, ages of its component material,
22
—— in India, as to ages, 25
its insufficient meat ration, 63
—— its youthfulness, 37
material composing it, 36
Medical Department Regulations,
Extracts, Appendix IV., 248

to obtain chest-
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Index

Arrests of growth, 179

Artery, nutrient to epiphysis, 106

Artisan classes, actual, average, and
mean chest-girth, 193
actual, average, and mean
heights of, 177
actual, average, and mean
weights of, 187

their average physique, 209

Attestation, 166

Attrition of teeth, 225, 232

Average of life, 11

Averages distinguished from means,
159

as to physique at age of eighteen,
213

—— physical, of artisan class, 209

physical, of non-labouring classes,
208

Axial skeleton, 76, 78, 111

BALFOUR, Surgeon - General Dr,
Grahame, on stature, 183

Basis for judicious selection of recruits,
150

Beneké on growth of heart, 114

Blood extravasations in bone, 110

Bone and muscle, their growth with

age, 123

— blood extravasations in, 1ro

cancellous texture of, 127

growing parts of, 106

—— how it is built, 126

—— immature structure of, 126

—— innermost, of forearm (wlna), gz

innominate, immaturity of, g4

its crushing limit, 128

its minute structural arrange-
ment, 123

—— its round-tube structure, 129

—— its tearing limit, 128

its tenacity compared with steel
and iron, 128

of upper arm (Ahumerus), 9o

outermost, of forearm (radius), g1

—— pressure-lines in, 132

—— spongy texture of, 127

— stress-lines in, 132

— structure, MMacAlister's cbserva-
tions on, 126

—— tension-lines in, 132

—— vascularity of growing, 106

Bone with muscle, progressive growth
of, 123
Bones at base of skull, immaturity of,
76
completion and coalescence of,
103
consolidation of, 104
curvatures of long, 143
immature, of upper limb, 88
— increase in bulk from twenty to
twenty-five, 124
—— leverage of, variously modified,
123
—— long, are tube-like, 126
—— moulded through pressure, 112
—-— of haunch, hip, thigh, leg, and
foot, g3
of lower limb, immaturity of, g3
of shoulder, arm, forearm, and
hand, 87
of upper limb, 88
—— of vertebral column, immaturity
of, 76
—— order of events in the growth of,
102
—— periods of growth of, 100
—— unfinished at the age of twenty,
100
Boyd, Dr., on growth of organs, 117,
122
Boyhood period, 7
Boy-soldier period, 38
Boys, enlistment of, from industrial
schools, 67
—— heights from eleven to twelve
years, 172
Breakdown of young soldiers, 33
Breast-bone, itsimmature condition, 87
Brigades, national, zo4
British Isles population, physical con-
dition of, 198

CaMBRIDGE, H.R.H. Duke of, his
evidence as to young soldiers, 58, 62

Cancellous structure of head of thigh-
bone, 131

Capacity of lungs increases with age,
II1I2

Cardiac dilatations, 117

Causation of disease, 5§

Chest-capacity, 191

effects of pressure on, 112
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Chest, its *! forced setting up,” 119

its framework, 111

—— mean girth of, 193

—— mobility, 191, 193

Chest-girth, 191

actual, average, and mean, of
labouring classes, 195

actual, average, and mean, of
non-labouring classes, 194

general conclusions as to, 218

in relation to stature, 193

instructions to obtain, 192

Childhood period, 7

Christison, Sir Robert, on stature, 183

Cicatrices in neck, 144

Clavicle, immaturity of, 88

or collar-bone at twenty-third
year, 89

Clinical evidence of heart failure, 117

Coalescence and completion of bones,
103

Collar-bone, immaturity of, 88

“ Commanded men,"' 42

Conclusions, general, as to chest-girth,
218

as to height, z12

as to weight, 215

Congenital heart deficiency, 120

Consolidation of bones, 104

Correlation of age, weight, and height,
68

averages, 207

—— physical equivalents, zo7

—— special qualities with age, 143

Cranbrook, Viscount, on age of re-
cruits, 68

Crane, stress-lines in its head, 136

Cross-tie system in bone-structure, 1 34

Crushing limit of bone, 128

Curvatures of long bones, 143

DAPPER little men, 214

Death, age-liability to, 10

Decline period of life, 7, 8

De Lacy Evans, Sir, on young sol-

diers, 58

Development and growth progressively
gradual, 71

definite order of, 101

—— meaning of, 73

period of life, 7

—— period of its completion, 147

Development and growth stunted, 141

Devolution, 7, 74

Diathesis, 142

Dimensions, fundamental, of Liharzik,
227

Disease, age-liability to, 12

antecedent conditions of, 6

causation of, 3

chemical changes in, 2

factors producing, 6

greatly due to ignorance, 13

incidence of, in recruits, 16

proclivity to, 142

tissue changes in, 2

Diseases during period of growth, 143

of young bones, 108

Drill, effects on heart’s action, 153

Dr. Beneké on growth of the heart,
114

Dr, Boyd on growth of organs, 114

Duties of medical examining officer,
142

EARLY English population, 201

Elbow completed before shoulder and
wrist, 105

Embryonic medulla in adult bone, 109

Englishmen, their height and weight,
199

English population, measurements of,
I70

Enlistment, mininium age for, 167

of boys from industrial schools,
67

—— qualifications for, 163

—— qualifications for, Appendix I.,
239

requirements vary, 163

Enteric fever in India in relation to
age, 31

in relation to age, 14

Epiphyses, physiological congestion
in, 109

Epiphysis, nutrient artery to, 106

Equivalents, physical, in relation to
age, 167

Evans, Sir de Lacy, on young sol-
diers, 58

Evidence, circumstantial,
disease, 144

Evolution period of life, 7

Excision of joints, 10g

of lung
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Exertion, tissue-changes from, 55

Experiments of Professor Forbes, 124

—— on animals, 2

Extractives, 2

Extracts from Army Medical Regula-
tions, Appendix IV,, 248

from Queen's Regulations, Ap-

pendix IIL., 246

FACE, its elongation in adolescence,
223, 225

Factors producing disease, 6

Fanciful requirements as to recruits,
I81

Features, form of, 222

Febrile state, influencing growth, 180

Feeding, proper, to be attended to,
I55

Feet, bones of, their immaturity, g8

Femur or thigh-bone, its immaturity,
05

Fever of over-exertion, 54

Fibula or splint-bone, its immaturity,

97
Feetal life, stage of, 7
Foot, stress-lines in its arch, 135
Forbes, Professor, his experiments,
124
Force progressively increases with age,
124
Framework of chest, 111
Frederick William the First on tall
recruits, 18z
Full growth, importance of knowledge
of, 148
period of, in man, 146
varying with nationality, 146

GAIT of youth, 225

General Roberts's great march, 49

Giant soldiers, 182

(zirth of chest, American instructions

to obtain, 192

—— British instructions to obtain, 192

of empty chest, 1g2

Glandular enlargements, 144

** Growing lad," constitutional tenden-
cies fixed in, 141

selection of, 207

Growing parts of bone, 106
Growth and development progressively

gradual, 71

Growth, arrests of, 179

—— influenced by acute disease, 180

-—— influences modifying it, 179

—— meaning of the term, 73

—— diseases during, 143

—— of bone and muscle in relation
to each other, 123

of bones an index of age, 100

of heart conditioned by its work,
I20

of heart progressive, 113

—— of organs progressive, 1 14

of skeleton up till thirty years, 6g

periods of, 102

progressive, of kidneys, 122

progressive, of liver, 122

—— progressive, of lungs, =1

progressive, of spleen, 122

HARDINGE, Viscount, on young sol-
diers, 58

Haunch, how composed, g3

Heart, demands on it in adolescence,
117

— dilatations of, r17

—— greatest amount of growth in,
II3

—— growth during adolescence, 115

—— growth during puberty, 115

—— growth in first year, 115

—— immature condition, 113

—— normal volume (Beneké), 114

—— rate of growth (Beneké), 1135

—— size at birth, 113

| —— size at fifty years, 113

weight from fourteenth to fiftieth
year (Boyd), 117

work during dnll, 153

Heart's deficiency often congenital, 120

growth conditioned by its work,
I20

growth progressive, 113

progressive growth, 115

Heel-bone, cancellous structure of, 133

mature, compared with immature
bone, 134

section of, 133

stress-lines in, 133

—— the type of a short bone, 127

Height ‘* an affair of race,” 204

changes in, according to age,

178
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Height, continuance of its increase, 146

general conclusions as to, 210

—— immaturity in correlation with,

I4I

—_— mc:n of adult, compared with
height at 1gth year, 184

of Englishmen, 199

of Irishmen, 198

of Scotchmen, 198

of Welshmen, 1gg

weight, and age correlated, 68

Heights above average, 141

actual, average, and mean, of
labouring classes, 177

actual, average, and mean, of
non-labouring classes, 176

—— below average, 141

—— mean, in nationalities, 148

of boys of eleven to twelve years,
172

Hip-joint completed before knee-joint,
105

Historical records, evidence from, 48

Horses, training of, 69

points in training of, 154 _

Human bedy, propertions of, 156

Humerus or arm-bone, immaturity of,

go
IGNORANCE the origin of much dis-
ease, I3 q
Immature condition 'of breast-bone,
87

—— condition of heart, r13

—— condition of sternum, 87

— lads, increasing numbers of, 21

Immatureness of recruit at eighteenth
year, 75

Immaturity of bones at base of skull,

76

—— bones of feet, g8

—— bones of lower limb, 03

—— bones of upper limb, 88

clavicle, 88

collar-bone, 88

— femur or thigh-bone, g5

fibula or splint-bone, g7

humerus, go

—— innominate bone, g3

— lads in India, 47

— radius, gz

Tecruits, 43

Immaturity of sacrum from eighteen
to twenty-three, 83

scapula, 8g

shoulder-blade bone, 8g

shin-bone (¢4iéia), 96

—— thigh-bone ( femur), g4

—— tibia or shin-bone, g6

ulna, g3

upper arm-bone, go

vertebree, 76

vertebree at eighteenth year, 82

under twenty years of age, 55

Imperfections of recruit under twenty
years of age, 55

Increase on remeasurement, evidence
of, 65

India, ages of invalids from, 32

enteric fever in relation to age,
14, 31

lads under twenty serving in, 29

young lads serving in, 27

Infancy period, 7

Influence of puberty, 179

of race, 198

Influences modifying growth, 179

modifying height in relation to
age, 178

modifying physical equivalents,
197

Injuries to young bones, 1o8

Innominate bone, immaturity of, g3

bone at twentieth year, gy

Interiors judged by outside, I42

Intervertebral substances, 78

Involution period of life, o d

Irishmen, their height, 198

their weight, 199

Iron compared with bone, 128

Jaw, lower, its angle varies with age,
223

Jaws, permanent teeth in, 222, 223

Joint-ends of bones, thickening of,
143

Joints, excision of, 105

KIDNEY::“.J progressive growth of, 122
Knee-joint completed after ankle-joint
and hip-joint, 1035

LABOUR and non-labour
influences, 161

as modifyin g-
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Index

Labouring classes, actual, average,
and mean chest-girth, 195

actual, average, and mean heights
of, 177

actual, average, and mean weights
of, 187

average physique, 209

Lad, ‘‘a growing,"” 163

Lads, immature, increasing numbers
of, 21 :

under twenty serving in India,
29

under twenty, as to fitness for
service, 45

young, serving in India, 27

Lawson, Inspector-General, as to
stature, 183

Leucomaines, =2

Leverage of bones variously modified,
123

Life, periods of, 7

power of recruit, 207

the average of, 11

Liharzik's (Dr.) measurements, 226

Liver, progressive growth of, 122

Lung capacity, progressive, I12

Lung disease, evidence circumstantial
of, 144

Lungs at puberty, 120

— progressive growth of, 121

their weight from fourteen to

forty years (Boyd), 121

MACAULAY on giant soldiers, 182
MacAlister's observation on bone, 126
M'Grigor, Sir James, on young soldiers,

7
Mriu, a typical form in, 156
maturity of functions and growth
in, 149
Man's period of full growth, 146
Manual occupations influence growth,
181
March from Cabul to Candahar, 49
Marches are a trying exertion, 53
Marching powers of troops, 51
Marrow bones typical of long bones,
127
Material composing the army, 438
Mature age, men of, 220
Maturity, duration of, 8
— of human skeleton, gg

| Maturity, period of life, 7
| Mean boy, height of, 173

distinguished from average, 159
—— girth of the chest, 193
—— height of ‘adult compared with
that at nineteen years, 184
—— height of men, 178
—— stature influenced by race, 185
—— stature of full-grown man, 146
stature of population, 183
Means, use of, 172
Measurement in recumbent and erect
position, 79
Measurements, how taken, 231
of English population, 170
Meat-ration insufficient for recruits, 63
Medical examining officer, dutiesof, 142
judgment the best guide, 66
—— officer responsible for determin-
ing age, 164
—— officers responsible for physique,
16
e nfﬁcgrs responsible for rejections,
166
—— supervision of recruits, 19, 169
Men, mean height of, 178
—— measurement, statistics of, 161
—— of mature age, 220
very short, objectionable, 183
Method of Quetelet and Roberts, 172
Methods of determining physical equi-
valents, 156
Microscopic examinations, 3
Minimum age for enlistment, 167
Maobility, limited, of chest, 156
Modifying influences as to physique,
161
Mortality, influence of age on, 33-35
Muscle with bone, progressive growth
of, 123

NarorLEoN I. on young and old
soldiers, 6o

National brigades, 204

Nationality of recruits, 200

to be recognised in selection, 204

variations in full growth, 146

Neck, cicatrices in, 144

Non-labouring classes, actual, average,
and mean chest-girths of, 104

actual, average, and mean heights

of, 176
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Non-labouring classes, actual, average,
and mean weights of, 186
average physique, 208

OccupraTiONs (manual) influencing
growth, 181

Order of events in growth of bones, 102

Organs enclosed in axial skeleton, 111

Ossification, period of its completion,

Dviie:cenian. effects of, 119

fever produced by, 54

rational treatment of, 119

PARKES, Professor, on young soldiers,
57

Patholegical anatomy, aim of, 3

Pathology, 1

of disease in military life, 4

radius, feature in (note), gz

Perfection in a recruit, evidence of, 145

Period of full growth of man, 146

growth, diseases during, 143

probation necessary for training,

-}

Periods of life, 7

Permanent teeth in lower jaw, 222

teeth in upper jaw, 223

‘* Phases of life," 3

Phthisis, 17

Physical condition in correlation with

age, I40
—— condition of British population,
Ig8

—— development, its period of com-
pletion, 147

equivalent for age of eleven to
twelve as to height, 173

equivalents, 142

affected by modifying influences,
197

in correlation, 207

in relation to age, 167

methods of determining, 156

necessary for each year of life, 14z

of age, 144

ratio amongst, 219

requirements of European armies,
Appendix II., 2453

signs of very mature men, 233

Physiological principles should be the
basis of selection, 233

L

S

Physique, medical officers responsible
for, 169

Picked bodies of ' commanded men,”
42

Post-mortem appearances, 3

Pressure on chest, effects of, 112

lines in bone, 132

moulds the shape of bones, 112

Principle of nationality in selection,
204 :

Probation period necessary for train-
ing, 62, 236

period of three months insuffi-
cient, 68

Progressive growth of bone with muscle,

123

—— growth of heart, 113

growth of organs, 114

inerease of strength, 123

Proportions of human body, 156

Ptomaines, =

Puberty, external signs of, 225

influence of, 179

—— influence on growth of heart, 115

influence on growth of lungs, 120

period, 7

Pulmonary play, 193

QUEEN's Regulations, Extracts from,
Appendix IIL., 246
Quetelet's method, 172

RACE as a modifying influence, 198,
200

— influence of, on mean stature, 185

influences height, zo4

Racial influences modify physical equi-
valents, 198

Radius, feature in its pathology (note),
g2

immaturity of, g1, g2

Ratio among physical equivalents, 21g

Recruit, his life-power, 207

his immatureness at eighteen, 75

his quality at enlistment, 17

—— physical condition of import-
ance, 7

time required to train him, 168

Kecruits, ages of, 40

—— as to their nationalities, 200

basis of judicious selection, 1 50

—— difficulties as to age, 164
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Recruits discharged under three years'
service, 18

—— early discharge of, 17

evidences of greatest perfection
in, I45

—— immaturity of, 43

—— medical supervision of, 19, 169

—— not sufficient meat ration for, 63

—— of a particular age, 167

require fime fo mature, 65

—— special for some arms of service,
181

their imperfections under twenty,

55
—— their physical qualifications, 160
—— two types of, 214
unfit, under twenty, 151
youthfulness of, 39
Rejections, medical officers responsible
for, 166
of young men, 163
Requirements, special for some arms
of service, 181
Results, summary of, 206
Rheumatism, age of prevalence, 13
Rib, the last true one, 86
Ribs, their component parts, 85
Rickety distortion, 143
Roberts, General, his great march, 49
Roberts, Mr. Charles, his original
statistics, 170
his method, 172

SACRUM,
eighteenth to twentieth years, 83

Saxon race, 20T

Scandinavian race, 2oz

Scapula at eighteenth and twenty-
second years, 89

Schedule (revised) of requirements,
Appendix I., 230

Schools, industrial, enlistment of boys
from, 67

Scorbutus, 110

Scotchmen, their height, 198

their weight, 1gg

Section of head of thigh-bone, 131

Section of heel-bone, 133

Selection of recruits, basis of, 150

Shin-bone (#z4ia), its immaturity, g6

Short men objectionable, 183

' Short-service system,’’ 33, 6o

immature condition from |

Shoulder-blade bone at eighteenth and
twenty-second years, 8g

Shoulder completed after elbow, 1o

Sickness, age-liability to, 12

Skeleton, axial, 76, 78

bones at eighteen years, 75

bones at twenty-fifth year, 75

-—— growth up till thirty years, 6g

periods of its maturity, gg

Smallness of men, 168

Soldiers, tall and showy, 1871 -

physical training for young, 72

young, breakdown of, 33, 36

Spine, human, its natural curves, 77

Spleen, progressive growth of, 122

Splint-bone ( fiéx/a), immaturity of, g7

Stamina, evidences of, T44

‘* Stamps " of disease, 2

Standard, inexpediency of changes of,
163

factors determining, 71

for comparison needed, 71

— for recruits in nationalities, 200

menimum, of weight too low,
218

Standards, mean, as to ages on enlist- i
ment, I44 , '

Stature and increment of weight, 190

and weight in relation, 200

importance of, 183

in relation to chest-girth, 193 -

mean, influence of race on, 185

mean, of population, 183

Surgeon-General Balfour and In-
spector-General Lawson on, 183

Steel as compared with bone, 128 "

Sternum, its immature condition, 87 '

Strength, progressive increase with
age, 123

Stress-lines in arch of foot, 135

—— in bone, 132

in head of crane, 136

in head of mature thigh-bone, 137

in heel-bone, 133

Structure imperfect in immature bone,
130

”Sta;uggle for existence'' in military
life, 140

“ Survival of the fittest' in military
life, 140

=
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TALL and showy soldiers, 181
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Tall recruits desired by Frederick
William the First, 182
Tearing limit of bone, 128
Teeth, attrition of, 225
transverse markings on, 143
wisdom, eruption of, 224
Tenacity of bone, 128
Tension-lines, a cross-tie system in
bone, 134
—— in bone, 132
The '* military age,” 3
Thigh-bone, cancellous structure of
its head, 131
—— (femur), immaturity of, g4
—— section of its head, 131
stress-lines in its mature head,
1'3?
Thorax mature at thirty, 113
morbid conformation of, 143
period of mature growth, 113
Tibia or shin-bone, its immaturity,
g6
Time to mature recruits, 65
Trainers ought to know something of
anatomy and physiology, 151
Training, a period of probation for,
62, 236
—— a recruit, time required for, 168
—— object of, 152
.—— of young animals, 6g
—— physical, for young soldiers, 72
principles of method of, 152
Treatment, rational, of over-exertion,
I1Ig
Troops, their marching powers, 51
‘Tube-like form of long bones, 126
Typical boy, height of, 173
form exists in man, 156

ULNA4, its immaturity, g3

Unfitness of lads under twenty for
general service, 45

—— of youths for military service, 49

Upper arm-bone, immaturity of, go

Upper limb, bones of, 88

VASCULARITY of growing bone, 106
Vegetius on probation, 237
Vertebree, dorsal and lumbar, 82

Vertebrze individually - imperfect at
eighteen, 82
Vertebral column, changes during

adolescence, Bx
column, its weakest part, 8o
Vital capacity of Hutchinson, 193

WEIGHT, 188
age, and height correlated, 68
and stature in relation, 200
—— general conclusions as to, 215
increment and ratio with stature,
190
in relation to age, 189
in relation to stature, 1go
—— least reliable of physical equiva-
lents, 88
loss of, during training, 155
mintmum standard too low, 218
of Englishmen, 199
of internal organs, by Dr. Boyd,
I14
—— of Irishmen, 199
—— of lungs from fourteen to forty
years (Boyd), 121
—— of Scotchmen, 19g
——- of Welshmen, 1gg
variations of, with age at same
stature, 19T
Weights, actual, average, and mean,
of artisan classes, 187
actual, average, and mean,-of
labouring classes, 187
actual, average, and mean, of
non-labouring classes, 186
Wellington, first Duke of, his evidence
as to old soldiers, 60
Welshmen, their heightand weight, 199
Wisdom teeth, eruption of, 224
Wolseley, Viscount Lord, his opinion
of young men, 46
Wrist completed after elbow, 105

YOUNG bones, diseases of, 108
bones, injuries of, 108
lads serving in India, 27
men, rejections of, 163
Youth, gait of, 225 ;
—— of the army, 37, 168
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Now ready. Third Edition. Adapted to the new British Pharma-
copeeia, 1885, Medium &vo. 21s.

A TEXT-BOOK OF PHARMACOLOGY, THERA-
PEUTICS AND MATERIA MEDICA, By T. LAUDER
BrunTON, M.D., D.Sc., F.R.S., Fellow of the Royal College of
Physicians ; Assistant Physician and Lecturer on Materia Medica
at St. Bartholomew’s Hospital ; Examiner in Materia Medica in
the University of London, in the Victoria University, and in the
Royal College of Physicians, London ; late Examiner in the Uni-
versity of Edinburgh. Adapted to the United States Pharmacopceia
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BY THE SAME AUTHOR.

DISORDERS OF DIGESTION : THEIR CONSE-
QUENCES AND TREATMENT. This Work contains, in
addition to the Lettsomian Lectures, a number of other Papers by
the Author on similar subjects. 8vo. 10s. 6d.
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cal and technical information and sound common sense.'—ZLondon Medical Record.

TABLES OF MATERIA MEDICA: A Companion to

the Materia Medica Museum. With Illustrations. New Edition,
enlarged. 8vo. 10s. 6d.
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L.R.C.P.E. New Edition. 18mo. 3s. 6d.

MICRO-ORGANISMS AND DISEASE. An Intro-

duction into the Study of Specific Micro-Organisms, By E. KLEIN,
M.D., F.R.S., Lecturer on General Anatomy and Physiology in
thg Medical School of St. Bartholomew's Hospital, London.
With 121 Illustrations. Third Edition, Revised. Crown 8vo. 6s.

THE BACTERIA IN ASIATIC CHOLERA. By the

same Author, Crown 8vo. [ 72 preparation,

DISEASES OF TROPICAL CLIMATES. Lectures

delivered at the Army Medical School. By W

ey . - y WILLIAM CAMPBELL
MacLean, M.D., C.B., Surgeon-General, late of H.M. Indian
Army ; formerly Member of the Senate of the Madras University ;
Superintendent of Hyderabad Medical School ; and Professor of

Clinical Medicine in the Army Medical School. Netl I
Crown 8vo. 10s. 6d. Y ool, Netley Ilospital,
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LESSONS IN ELEMENTARY PHYSICS. By Pro-

fessor BALFE_‘JUR STEWART, F.R.5. New Edition. With numer-
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LESSONS IN ELEMENTARY CHEMISTRY. By

Sir HENRY Roscog, F.R.S. New Edition. With numerous

Illustrations. 4s. 6d. Problems adapted to the same by Professor
THorPE, With Key. 18mo. 2s.

OWENS COLLEGE JUNIOR COURSE OF PRAC-
TICAL CHEMISTRY. By F. Jowes. With Preface by Sir

HENRY Roscog, F.R.5. New Edition. With numerous Illustra-
tions. 2s, 6d.

EXPERIMENTAL PROOFS OF CHEMICAL

TIiﬁlgDR‘f' FOR BEGINNERS. By WiLLiaM Ramsay, Ph.D.
25, 6d.

PRACTICAL ORGANIC CHEMISTRY, T OWENS
COLLEGE COURSE OF. By]JurivsB. CoHEN, Ph.D., F.C.5.,
Assistant Lecturer on Chemistry in the Owens College, Manchester.
With a Preface by Sir HENRY Roscor, F.R.S., and Professor
SCHORLEMMER, F.R.S. Fcap. 8vo. 2s. 6d.

PRACTICAL CHEMISTRY FOR MEDICAL

STUDENTS. Specially arranged for the first M. B. Course. By
M. M. ParTisoN MUIR, F.R.5.E. Fecap. 8vo. 1s. 6d.

THE ELEMENTS OF THERMAL CHEMISTRY.
By M. M. ParrisoNn Muir, M.A., F.R.5.E., Fellow and Prz-
lector of Chemistry in Gonville and Caius College, Cambridge ;
Assisted by Davip Muir WiLsoN. 8vo. 12s. 6d.

INORGANIC AND ORGANIC CHEMISTRY. A

Complete Treatise on Inorganic and Organic Chemistry. By Sir
HeNrY Roscog, F.R.S., and Professor SCHORLEMMER, F.R.S.
With Illustrations. Medium 8vo.

Vols, I. and II.—Inorganic Chemistry. Vol. I,—The Non-Metallic
Elements. 2z1s. Vol. II. Parts I. and II.—Metals. 18s. each.
Vol. ITII.—Organic Chemistry. The Chemistry of the Hydrocarbons
and their Derivatives, or Organic Chemistry., With numerous
Illustrations. Three Parts. Parts I.and II. 21s, each. Part ITL 18s.

By General Viscount WorseLEY, G.C.M.G., G.C.B,

THE SOLDIER’S POCKET-BOOK FOR FIELD
SERVICE. Fifth Edition, revised and enlarged. 16mo, roan. §5s.

FIELD POCKET-BOOK FOR THE AUXILIARY
FORCES. 16mo, cloth. 1s. 6d.
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Heat. By P. G. Tart, M.A., Sec. R.5.E. Crown 8vo. 6s.

Elementary Practical Physics, Lessons in. Dy Professor BALFOUR
SrEwART, M.A., LL.D., F.R.S., and W. W. HAaLpANE GEE, B.Sc. Crown 8vo.
Part I. GENERAL PHYSICAL Processes. 6s. Part 1I. ELECTRICITY AND MAG-
NETISM. 75 6d. Part ITI. OpTics, HEAT, AND SOUND. (I the press.

rganic Chemist or an Introduction to the Study of the

¢ Compounds of Cng{:’rt. By Ira REmsen, Professor of Chemistry in the Johns
Hopkins University. Crown 8vo. 6s. 6d

An Introduction to the Study of Chemistry (Inorganic Chem-
istry). By the same Author. Crown 8vo. 6s. 6d.

A Course of Instruction in Zootomy (Vertebrata)) By T.
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The Morphology of the Skull. By Professor PARKER and G. T.
BeETTAnY. Illustrated, Crown 8vo. zos. 6d.

Practical Embryology. By Professor MicHAEL FosTeEr, M.A,,
F.R.S., and the late F. M. BaLrour, F.R.5. Second Edition, revised and en-
larged. Edited by Apam SEncwick, M.A., and WaLTER HEarE, With Illus.
trations. Crown 8vo. 105 6d.

Practical Physiology. A Course of Elementary Practical Physiology.
By Professor MicHAEL FosTtER, M.D., F.R.5., and J. N. LanGLEY, M.A.,
F.R.S5. Fifth Edition, enlarged. Crown Bvo. 7s. 6d.

A Manual of Practical Histology. By WiLLiaAM FEaArNLEY. With

Illustrations. Crown 8vo. gs. 6id.

A Course of Practical Instruction in Elementary Biology. By
T. H. HuxLEY, F.R.5;, assisted by H. N. MarTin, B.A,, M.E,, D.5c. New
Edition. Crown 8vo. 65,

The Osteology of the Mammalia, an Introduction to. By
Winiaym Hexry Frower, LL.D., F.R.5. Third Edition. Revised with the
assistance of Hans Gapow, Ph.DD. Crown 8vo. 105 6d.

A Course of Practical Instruction in Botany. By Professor F, O.
Bower, M.A., F.L.S., and Svonev H. Vines, M.A., D.Sc., F.R.S. Witha
Preface by W. T. Tuiserton DveEr, M.A., C.M.G., F.R.5., F.L.5. Crown
Bvo, Part I. PHANEROGAMAE—PTERIDOPHYTA. 6s5. Part II. PHANEROGAME
—PTERIDOPHYTA. 45. Gd.

The Student's Flora of the British Islands. By Sir J. D. HooKER,
K.C.5.1., C.B.,, M.D., F.R.5. Third Edition. Globe 8vo. 1o0s. &d.

Structural Botany; or, Organography on the Basis of Mor-

phology. To which are added the Principles of Taxonomy and Phytography,
and a Glossary of Botanical Terms, By Professor Asa GrRAY. 1os. 6d

Physiography. An Introduction to the Study of Nature., By
Traomas Hexry HuxLEy, F.R.5. New Edition. Crown Bvo, 65,

Agricultural Chemical Analysis, a Handbook of. By PEercy
FAarapay Frankranp, Ph.D., B.Sc., F.5.C. Founded upon Leitfaden fiir die
Agriculiur-Chemische Analyse, Von Dr. F. Krocker. (?rﬂwt: 8vo. s 6d.

The Mechanics of Machinery. By Arex. B. W. KENNEDY, F.R.S.,
M. Inst. C.E. With Illustrations. Crown Bvo. 128, 6d.

Class-Book of Geology. By ARrcHIBALD GEIKIE, F.R.S. With

200 new Illustrations. Crown 8vo. 1os. 6d.
Marine Surveying, an Elementary Treatise on. Prepared for the
use of Younger Naval Officers. By Rev, Joun L. Ropinson. Crown 8vo. 7s. 6d.
Outlines of the History of Ethics for English Readers. By HENRv
SIoGwIcK, M.A,, LL.D. Crown Bvo. 3s. 6d.

A Handbook of European Butterflies. By F. D Vismes KANE
M.A., F.E.S.L. With Illustrations. tos. 6d. '
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TEXT—BDD_K OF PATHOLOGICAL ANATOMY AND
PATHOGENESIS. By Professor ERNST ZIEGLER of Tiibingen.
Translated and edited for English Students by DONALD MACAL-
ISTER, M. A., M.D., B.Sc., F.R.C.P., Fellow and Medical Lecturer
of St. John's College, Cambridge, Physician to Addenbrooke’s
Hospital, and Teacher of Medicine in the University. With
numerous Illustrations. Medium 8vo. Part I. GENERAL
PATHOLOGICAL ANATOMY. Second Edition. 12s. 6d. Part II.
SPECIAL PATHOLOGICAL ANATOMY, Sections I.-VIII, Second
Edition. 12s.-6d. Sections IX.-XIL. 12s, 6d. _

THE NATURE OF FEVER ; being the Gulstonian Lec-

tures delivered at the Royal College of Physicians of London, in March
1887, by DONALD MACALISTER, M. A., M.D., F.R.C.P.” 8vo. Is.

A TEXT-BOOK OF PHYSIOLOGY. By MicHAEL Fos-
TER, M.D., Sec. R.S., Professor of Physiology in the University of
Cambridge. With Illustrations. Fourth Edition, revised. 8vo, 21s.

AN ATLAS - OF PRACTICAL -ELEMENTARY
BIOLOGY. By G. B. Howss, Assistant Professor. of Zoology,
Normal School of Science and Royal School of Mines. With a
Preface by THoMAs HENrY HuxLEY, F.R.S. Royal 4to,  14s.

THE CLIMATIC TREATMENT OF CONSUMP-

TION ; a Contribution to Medical Climatology. By James
ALEXANDER LINDsAY, M.D., M. A., Physician to the Consumptive
Hospital, Thronemount, Belfast, Assistant Physician to the Belfast
Royal Hospital, Consulting Physician to the Ulster Hospital,
Belfast. Crown 8vo. 5s. i

Contains descriptions from Author’s personal experiences of
following sanatoria—Australia, Tasmania, New Zealand, California,
The Cape, Algeria, The Riviera, Davos, Wiesen, St. Moritz,
Maloja, Ventnor, Bournemouth, Glengarriff, ete. etc.

BRAIN : a Journal of Neurology. Edited for Neurological
Society of London by A. DE WATTEVILLE, M.D. Published
Quarterly. 8vo. 3s5. 6d. (Part I. in January 1878.) Yearly
Vols. I.-IX., 8vo, cloth. 15s. each.

THE PRACTITIONER: a Journal of Therapeutics and
Public Health. Edited by T. LAuDER BrRUNTON, M.D., F.R.C.P.,
F.R.S., Assistant Physician and Lecturer on Materia Medica and
Therapeutics at St. Bartholomew’s Hospital ; DDNJ‘ELDMACALISTER,
M.A., M.D., B.Sc., F.R.C.P., Fellow and Medical Lecturer, 5t.
John’s College, Cambridge, Physician to Addenbrooke’s
Hospital, and University Lecturer in Medicine ; and J. MITCHELL
Brucg, M.A.,, M.D., F.R.C./P., Physician and Lecturer on
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