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PREFACE.

TrE work, which is now brought to a conclusion, was commenced
in the year 1843, having been designed as a text-book for the lec-
tures on General Anatomy and Physiology, given in King’s College,
London.

In its title, we adopted the term Physiological Anatomy, in pre-
ference to the older one of General, or the later one of Histological,
as being more comprehensive than either, and as denoting precisely
that kind of anatomy, a knowledge of which is especially required
for the investigation of those subjects which ought to come under
consideration in a Physiological course.

We proposed to ourselves to give such a view of the main facts
and doctrines of Anatomy and Physiology, particularly of those
bearing on practical Medicine and Surgery, as might suffice for the
wants of the student and praetitioner. Following that great master,
Haller, we were desirous of giving to Anatomy a greater degree of
prominence than had been usual in Physiological works, under the
conviction that a thorough training in its several branches, descrip-
tive, physiological, and comparative, is necessary to the formation of
those habits of mind which best fit their possessor for the successful
investigation and the correct appreciation of physiological science.
And we aimed at resting our anatomical descriptions, at least as

regards the more important points, upon our own investigations, and
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at repeating former experiments, or devising new ones, Whenever
questions of sufficient interest presented themselves.

While we must humbly confess how small have been the advances
attributable to our own labours, the immense extension given to the
sciences of Anatomy and Physiology during the last fifteen years,
may be admitted as some explanation of the delay that has occurred
in the publication of our work, a delay that has been a constant
source of regret to us, since we began to discover how impossible it
would be for us to complete it within the term originally contem-
plated. That, in spite of repeated procrastination, it should have
been so favourably received, both at home and abroad, has been the
greatest encouragement to us, and demands our most thankful
acknowledgments. If, indeed, our pursuits had tended to no other
end than the cultivation of science, this book might have been
finished long ago; but the increasing interruptions incident to a
professional life, and the large demand made on us by studies of a
practical kind, began at an early period to impede our progress.
These hindrances did not diminish as time wore on, nor were they
lessened by the fact of the authorship being in the hands of two
persons, however cordially united by common views and the ties of
friendship, or by the necessity for frequent and prolonged confer-
ences which that double authorship entailed.

Such is the apology we have to offer for the tardy completion of
our work. It will, we doubt not, be fully appreciated by candid
men who know by experience how multifarious are the calls made
upon those who not only are candidates for professional employment
in London, but hold also the responsible position of public teachers
in a large School and Hospital.

Were it not, indeed, for the kind and valuable co-operation of Dr.
Beale, who is now the sole occupant of the physiological chair in

King’s College, we should not even yet have been released from our
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difficulties. Dr. Beale, knowing all our views, and having worked
with us on many points, has given us very important assistance in
drawing up the concluding chapters of the work. Our warmest
thanks are due to our friend and colleague for the patient industry
and admirable judgment, with which, stepping out of his proper
path of independent investigation, he has carried out our intentions,
and enabled us, although at the eleventh hour, to fulfil our engage-
ment to our pupils and to’the public.

To our friend Dr. H. Hyde Salter we are indebted for several
excellent drawings, as well as for other valuable assistance.

We desire also to express our thanks to Mr. Vasey for the skill
and ability with which he has executed his portion of the task, that

of engraving the drawings on wood.
W.B.—R.B. T.

Loxpon, December 1, 1856.
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THE

PHYSIOLOGICAL ANATOMY

AND

PHYSIOLOGY OF MAN

INTRODUCTION.

TaE aim of all natural knowledge is to ascertain the laws, which
control and regulate the phenomena of the universe. So nume-
rous, and so diversified are these phenomena, that a division of
labour has been found, not merely convenient, but absolutely neces-
sary, for the study of them. The position and movements of the
planetary system, the crust of the earth, and its various component
strata, the treasures hidden in its womb, the abundant vegetation
that grows upon its surface, or beneath its waters, and the number-
less hosts of animals that dwell upon the land, or in the rivers, lakes
and seas, form separate branches of scientific investigation, between
which a sufficiently distinct line of demarkation is established by the
nature of the objects of inquiry peculiar to each. But, in all depart-
ments of science, the same general rules, for conducting the investi-
gation, prevail, and it is only by a close adherence to these, that we
can arrive at safe and satisfactory conclusions.

In any scientific inquiry, the first step must be, to form a general
notion of the characters and properties of the objects of investigation.
In the next place, it is necessary to observe carefully the phenomena
which they naturally present ; and, if they be within our reach, to
produce such variation in them by artificial means (by experiments),
as may serve to throw light upon them. If the phenomena, under
observation, be complex, we must analyze them, with a view to
ascertain the simpler ones, of which they are composed. By this
analysis, and by the elimination of such as are merely collateral, we
arrive at a phenomenon, uncomplicated, incapable of further sub-
division, and fundamental ; and this we are contented to receive as
an ultimate fact, the result of a law in constant and universal opera-
tion. 'The accumulation of observations and experiments affords us
Experience ; points out the ordinary succession of phenomena, and
teaches us the ways of Nature. If these phenomena are found to
present a certain uniformity, we are authorized to refer them to the
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operation of one common Cause, and we are thus led to the expres-
sion of the Law which regulates their occurrence. Proceeding in
this way, we are enabled to explain the whole train of phenomena
which have been investigated,—that is, to devise a Theory which
develops the rationale of their occurrence.

But sometimes our experiments and observations throw an imper-
fect light upon the phenomena which are the subjects of investiga-
tion ; or the latter are so remote, or so little under our control, as to
render both observation and experiment extremely difficult, and, in
some cases, impossible. The ¢ instances’ which we are enabled to
collect, are consequently dubious and obscure, and point darkly, or
not at all, to ultimate facts; they present little or no general resem-
blance, and cannot be properly associated together. Here is no
foundation on which to build a theory: but great advantage may be
gained, if, with the little light we derive from these particular obser-
vations, aided by previous knowledge of general laws, we can frame
an hypothesis, offering some explanation of the phenomena. The
adoption of such an hypothesis, even for a temporary purpose, will
“afford us motives for searching into analogies,”” may suggest new
modes of observation and experiment, and ¢ may serve as a scaffold
for the erection of general laws.”

Previously to the time of Lavoisier, chemists were perfectly fami-
liar with the occurrence of combustion under various circumstances;
but the opinions (hypotheses) which prevailed as to the real nature of
this process, afforded a very unsatisfactory explanation of it. Sub-
sequently, however, by the labours of Lavoisier, Davy, and others,
this complex phenomenon has begn observed in all its phases ; it has
been carefully analyzed, and has been proved to occur in all cases,
where substances possessed of strong chemical attractions, or different
electrical relations, are brought within mutual influence. The wulti-
mate fact, thus arrived at, is, that intense chemical combination al-
ways gives rise to the evolution of heat, and, in many instances, to
that of light also.

Again, a great number of observations have shown that bodies
combine together only in certain quantities, or in multiples of them;
that each body has its proper combining quantity, and that it never
enters into combination except in that quantity, or some multiple of
it. This is an ulfimate fact, ascertained by numerous experiments,
and indicates the law, which is so important in chemistry, that
bodies unite with each other in their combining proportions only,
or in multiples of them, and in no intermediate proportions. And
this, again, has led to the beautiful generalization of Dalton, that the
ultimate atoms of bodies are their respective combining quantities,
and bear to each other the same proportion as their combining equi-
valents. do. _

Or, to take an example from the science which is to form the
subject of the following pages. The function of respiration in ani-
mals is a very complex process, respecting the nature of which many
unsatisfactory hypotheses had been formed, owing to the obscurity in
which many of the phenomena, immediately or remotely connected
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with it, were involved. Until the law of the diffusion of gases, and
of the permeability of membranes by them, had been developed,
and until it had been shown that carbonic acid is held in solution in
venous blood, no theory of respiration could be framed adequate to
explain all the phenomena. It is now proved that, in this process, a
true interchange of gases takes place through the coats of the pulmo-
nary blood-vessels, the oxygen of the air abstracting and occupying
the place of the carbonic acid of the blood. An admirable example
is thus afforded of a most important vital process taking place in
obedience to a purely physical law.

Living objects are those which properly belong to the science of
Physiology. These are strongly contrasted with the inanimate bodies
(which have never lived), to which other branches of natural science
refer. At the same time, there are many points of resemblance be-
tween them; and as both owe their origin to the same Creative man-
date, and are reducible (as will be seen by-and-by) to the same
elementary constituents, so they are subject in a great degree to the
same physical laws, and are to be investigated according to the same
principles of philosophical inquiry.

e propose, in the first place, to compare living, or organized
bodies, with inanimate, mineral, or unorganized bodies, and to explain
what is meant by the term Life. Secondly, to review briefly, and
with reference to their leading distinctigns, the phenomena of the
vegetable and animal kingdoms. Thirdly, to point out the value of
a knowledge of Physiology, especially that of Man, in relation to
medicine, and to explain the best mode of pursuing it.

I. Every living Being is organized,—that is, composed of different
parts or organs, each of which has its definite structure, by which it
differs from other parts, and is capable of fulfilling a certain end.
The complex matter, which enters into the composition of an organ-
ized being, or organism, is termed organic matter, and is obtained
by its proximate analysis. The ultimate analysis of this matter re-
solves it into elementary principles, such as constitute other objects
of the universe. '

The various bodies that compose the mineral kingdom, do not ex-
hibit the same distinctness, and variety of structure in their component
parts, nor is there any adaptation of their parts to separate functions;
they are therefore called unorgaenized or inorganic, and chemical ana-
lysis resolves them into'those simple elements which admit of no fur-
ther subdivision.

Organized bodies are found in two states or conditions. The one,
that of life, is a state of action, or of capacity for action. The other,
that of deafh, is one in which all vital action has ceased, and to which
the disintegration of the organized body succeeds as a natural conse-
quence. )

An organized body in a state of acfive life exhibits certaln pro-
cesses, by which its growth and nutrition are provided for, and which
enable it to resist the destructive influence of surrounding agents—
processes, the object of which is to promote the development; and to
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preserve the integrity of the body itself. The simplest animal, or
vegetable, is an illustration of this remark. )

But there are organized bodies in which life may be said to be
dormant. In these,no actions or processes can be observed, nor any
change taking place: yet, if placed under certain favourable condi-
tions, vital activity will soon become manifest. Of this, we have
familiar examples in a seed, and in an egg. Itis well known, that
seeds will retain their form, size, and other properties for a very
considerable period ; and afterwards, if suitably circumstanced, will
exhibit the process of germination as completely as if they had been
only recently separated from the parent plant. Eggs, also, may be
preserved for a long time without injury to the power of development,
or to the nutrition, of the embryo contained within them.

It is worthy of observation, that those processes, which denote
vital activity, may be sometimes temporarily suspended, even in fully
formed animals and vegetables; and, in such instances, life may be
said to become dormant. The privation of moisture is the ordinary
cause of this interruption to the phenomena of life. In dry weather,
mosses often become completely desiccated and appear quite dead,
but will speedily revive on the application of moisture. And the
common wheel animalcule, although apparently killed by the drying
up of the fluid in which it had been immersed, will speedily resume
its active movements on being supplied anew with water.

Inorganic bodies may be resolved by ultimate analysis into Oxy-
gen, Hydrogen, Nitrogen, Carbon, and about fifty other substances,
which Chemists regard as simple, because they appear to consist of
one kind of matter only ; that is to say, they have hitherto resisted
further decomposition. These elements unite in certain definite pro-
portions to form the compound inorganic substances. And this
union may consist either of two simple elements—as oxygen and
hydrogen, to form water; oxygen and the metal sodium, to form
soda ; chlorine and sodium, to form common salt ; or, of one binary
compound with another similar one, as of sulphuric acid (sulphur +
oxygenj with soda (sodium 4 oxygen), to form sulphate of soda ;
or, again, of two such salts as the last with one another, as alum,
which consists of sulphate of alumina united with sulphate of potassa.

As regards the mode of combination in the first of the examples
enumerated in the preceding paragraph, where single equivalents of
the elementary bodies unite, there can be but one opinion. In the
formation of water, one equivalent of hydrogen combines directly
with one equivalent of oxygen. But when one equivalent of one
element is united with two or more of the other, to form the com-
pound substance, the mode of combination is not so evident. Per-
oxide of hydrogen, for example, may either result from the direct
combination of one equivalent of hydrogen with two of oxygen, or it
may be a compound of one equivalent of water with one of oxygen.

In the second example, in which two binary compounds unite to
form a salt, two modes of constitution have been suggested. The
first supposes a direct union of a basic oxide with an acid oxide, as
of soda (sodium 4 oxygen) with sulphuric acid (sulphur + oxygen)
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in sulphate of soda; and that each constituent preserves its proper
nature in the compound. According to the second view, one of the
constituents of the saltis supposed to undergo decomposition, yielding
up to the other an element, which, joined to it, forms a compound
radicle, to which the remaining element is united ; as hydrogen
would be to a simple, or compound radicle (chlorine or cyanogen),
to form a hydro-acid. Thus, in the salt commonly called sulphate
of soda, this view supposes that the soda yields its oxygen to the
sulphuriec acid, and that a compound is formed of sulphuric acid,
plus an additional equivalent of oxygen, which may be represented
by SO,, and has been called by Professor Daniell oxysulphion. The
compound radicle thus formed unites with the metal sodium, and
the resultant salt should be called oxysulphion of sodium. This
view, then, it is evident, would lead us to regard Glauber’s salts as a
binary compound, instead of a ternary one under the first theory; just
as chloride of sodium is a binary compound, the compound radicle,
oxysulphion, and the simple one, chlorine, standing in the same rela-
tion to the metal sodium.

This latter theory, of the binary constitution of salts hitherto re-
garded as oxygen salts, is of great interest in reference to the com-
position of organic substances, as will appear in a future paragraph.
It has been supported by Professor Graham, and subsequently by
Professor Daniell, whose opinion has been grounded on the phenomena
of electrical decompeositions.

Organized bodies are capable of being resolved, by chemical ana-.
lysis, into the inorganic simple elements ; but the list of simple sub-
stances which may be obtained from this source comprises only about
seventeen.

Of the four widely-spread elements, oxygen, hydrogen, nitrogen,
and carbon, two, af least, will be found in every organic compound;
hence, as Dr. Prout has suggested, these four may be conveniently
distinguished as ‘the essential elements of organic matter. The
other simple substances are found in smaller quantities, and are less
extensively diffused ; these may be termed its incidenfal elements.
They are sulphur, phosphoyus, chlorine, sodium, potassium, calcium,
magnesium, silicon, aluminum, iron, manganese, 1odine and bromine;
the last two are obtained almost exclusively from marine plants and
animals.

Between these elementary substances, and the organized animal
or vegetable texture, there intervenes a class of compounds, called
prozimate principles, or organic compounds, or organizable substances.
These may be obtained in the first stage of the chemical analysis
of various animal or vegetable tissues. From the organized struc-
ture, called muscle, for example, we obtain by analysis, first, fibrin,
a proximate principle, which is its chief constituent; and, subse-
quently, by the analysis of fibrin, we get the simple elements,
oxygen, hydrogen, carbon, nitrogen and sulphur, in certain propor-
tions. On the other hand, by synthesis, the combination of certain
inorganic elements (which hitherto has been effected’ only in the
living body) will produce the organic compound, fibrin ; from which,



30 CHEMICAL CONSTITUTION.OF ORGANIZED BODIES.

again, the organized structure muscle, is formed. And so in other
cases.

In the organized body the constituent particles are, -as it were, art-
fully arranged, so as to form peculiar textures, destined to serve spe-
cial purposes in the living mechanism of the animal or plant to which
they belong. The organic compounds which may be obtained from
these are devoid of this mechanical arrangement of particles, and it
is a beautiful feature of the organized body, that every part has its
special office, that there is nothing superfluous, nothing wanting. As
each organized body has a certain end to serve in the economy of
the living world, so each organ has its proper use in the animal or
plant. In this adaptation of parts to the performance of certain
functions, we see the strongest evidence of Design; and, amidst
much apparent difference of form and obvious diversity of purpose,
the anatomist recognizes a remarkable unity of plan—affording in-
contestable proof that the whole was devised by One Mind, infinite
in wisdom, unlimited in resource.

The true proximate principles are those substances which are the
first obtained by the analysis of the organized textures; such are
gluten, starch, lignine, from the vegetable textures, or albumen,
Jfibrin, casein, from the animal ones. From these again a great vari-
ety of compounds has been obtained by various processes, owing
to the tendency which their elementshave to form new combinations.
By boiling starch in dilute acids, it becomes converted into a kind of
gum, and starch-sugar. By placing yeast in contact with sugar, the
latter is converted into alcohol and carbonic acid, without the yeast
affording it any of its chemical constituents ; and, in the germination
of barley, or of the potatoe, a peculiar substance is formed, the con-
tact of which with the starch of the barley or potatoe converts it into
sugar. Innumerable examples might be quoted from various vege-
table compounds, showing that the affinity, which holds together the
elements of organic substances, is so feeble, that it affords but slight
resistance to their entrance into new combinations. In this way a
large class of organic matters is formed, which it seems proper to
distinguish from the true proximate principles, under the name of
secondary organic compounds. *

In analyzing the true proximate principles of organic substances,
it is found that they consist for the most part of three or four of the
essential simple elements, and that, as many of them contain a large
number of atoms, their combining proportion is represented by a
very high number. Respecting the mode of combination of these
elements much uncertainty prevails. Some chemists consider them
united equally with each other, and regard the organic principles
themselves as ternary or quaternary compounds of them. But others
have suggested a mode of combination more analogous to that of
inorganic substances (see pages 28, 29); namely, that two or three of
the elements form a compound radicle, with which the remaining one
anites to form a binary compound. In a body, for example, consist-
ing of three elements, two would form the compound radicle, or, in
one composed of four elements, three would constitute it. This mode
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of composition has been rendered more probable in the secondary
organic products, than in the true proximate principles; and it may
be illustrated by an example taken from the former class. Ether is
composed of four atoms of carbon, five atoms of hydrogen, and one
atom of oxygen; the carbon and hydrogen constitute a hypothetical
compound radicle, called ethyl, which is united with one atom of
oxygen: so that ether is an oxide of ethyl, and its formula may be
expressed C, H; + O.

Among the secondary organic products of the vegetable class we
meet a few instances of binary compounds of simple elements; but
the great majority of proximate organic elements, whether primary or
secondary, are composed of three or four essential elements.

In contrasting, then, the chemical composition of organic with that
of inorganic substances, we perceive that, applying the binary theory
to both classes of substances, their mode of combination is strictly
analogous ; there being, however, this.distinction, that, among organic
substances combination with a compound radicle is the prevailing
mode, and that the union of two simple substances is rare. If, on
the other hand, we adopt the theory of oxy-acid salts for 1inorganic
compounds, and view the organic principles as ternary or quaternary
compounds of simple elements, each to each, then it is evident that
the most marked difference must exist between the two classes of
compounds, the latter being formed on principles entirely dissimilar
from those which regulate the composition of the former. ,

It is probable, however, that the progress of Chemistry will show
that the binary theory is applicable to both classes of substances, and
that the same mode of chemical composition prevails through both
kingdoms of Nature. .

If so much uncertainty exists in reference to the manner of combi-
nation of the simpler elements to form organic compounds, it is- no
wonder that the attempts of chemists to produce them by artificial
processes should have met with so little success. No one has suc-
ceeded in the synthesis of any of the true proximate principles ; and,
indeed, it is very questionable whether any of those products of a
vital chemistry will ever be produced elsewhere than in the living
organism. The formation of urea, a secondary organic compound,
has been effected by Wohler from the cyanate of ammonia, by de-
priving it of a little ammonia through the actien of heat. And it
must be admitted, as no unimportant step in the synthesis of organic
compounds, that nitrogen gas has been found to unite with charcoal,
under the influence of carbonate of potassa at a red heat. The
cyanide of potassium, which is thus formed, yields ammonia, when
decomposed by water; so that cyanogen, and, through cyanogen,
ammonia, can be primarily derived from their respective elements
contained in the inorganic world. ( Grakam’s Chemistry, p. 709, [Am.
Ed. p.671].) Allantoin, an analogous compound to urea, and formic
acid, have likewise been artificially produced.

We proceed from this review of the chemical constitution of or-
ganic and inorganic substances, to compare them together in other
respects.
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In examining an organic substance which is organized, 1. e., so
constructed as to form part of a living organism, we find it to pos-
sess very distinctive characters. It generally contains water in con-
siderable proportion ; its form is more or less rounded and free from
angularity, and it is never crystallized. When considerable hardness
or density is required, the quantity of water is small, and an inorganic
material is combined with the organic matter ; as, in bones, phosphate
of lime with the gelatine of the bone, or, in plants, silex with their
epidermic tissues. "

An organized body is composed of parts, distinct from each other
in structure and function, and it may be subdivided into a series of
textures, each differing from the others in physical and vital proper-

: ties. The existence of a great variety of textures,

Fig. 1. in an animal, is an indication of a high degree

of organization. Among the lowest organized

creatures there is much uniformity of structure,

although variety of parts or organs. Still these

creatures by their actions show that materials of

different properties must exist throughout their
bodies.

The simplest and most elementary organic

T —— form, with which we are acquainted, is that of
showing ‘the cellmem: g cell, containing another within it (nucleus),
brane, the nucleus, and . 5 R
the nucleolus. zng}lchla)galn contains a granular body (nucleolus).

ig. 1. \

This appears, from %he interesting researches of Schleiden and
Schwann, to be the primary form which organic matter takes when
it passes from the condition of a proximate principle to that of an
organized structure.

The bodies of some animals and of some plants, are composed
almost entirely of cells of this kind ; and in the early development of
the embryo, all the tissues, however dissimilar from each other, con-
sist at first of nucleated cells, which are afterwards metamorphosed
into the proper elements of the adult texture.

An organized body possesses a definite form and disposition, not
only as regards its component parts, but likewise when viewed as a
whole. Each organized body has its appropriate and specific shape;
and to each a certain size is assigned. To observe and classify the
wonderful diversity of form exhibited by plants and animals, has
given employment to Naturalists in all ages; and the sciences of
Zoology and systematic Botany have been founded upon the results
of their labours.

Every organized body is limited in its duration ; it has ¢ its time
to be born and its time to die,”’ and at death it passes by decompo-
sition into simpler and more stable combinations of the inorganic
elements.

In their origin, organized bodies are generally, if not always, de-
rived from similar ones. Some have supposed that out of decaying
vegetable or animal matter minute animals or plants of other kinds
may be formed : but it seems most probable that in those cases in
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which they had been supposed to be formed, the seeds or eggs, or
even the parents themselves, had been concealed in the decaying
matter, or floated in the surrounding atmosphere. Recent experi-
ments throw considerable doubt upon this doctrine of the spontaneous
generation of organized bodies, by showing that neither vegetation
nor the development of animalcule will go on in fluids which have
been subjected to such processes as must inevitably kill whatever
germs may have been diffused around or throughout them. In the
present state of our knowledge it may be said, that the Harveian
maxim, ‘‘ Omne vivum ex ovo,” is the rule ; and that if there be any
other mode in which the development of living beings takes place,
it is the exception. 'The progress of Anatomical knowledge is every
day revealing to us the organs, and the mode of generation in the
minutest and the least conspicuous forms of vegetable and animal
life; and thus the doctrine, which supposes that living objects may
arise by a sort of conjunctian of the elements of decomposing organic
matter, becomes more and more improbable.

How beautiful is the provision which this pewer, possessed by
organized bodies, of generating others, affords, for preserving a per-
petual succession of living beings over the globe! The command,
“Increase and multiply,”” has never ceased to be fulfilled from the
moment it was uttered. Every hour, nay, every minute, brings into
being countless myriads of plants and animals, to supply in lavish
profusion the havoc which death is continually making; and it is
impossible to suppose that the earth can cease to be in this way
replenished, until the same Almighty Power, that gave the command,
shall see fit to oppose some obstacle to its fulfillment.

In addition to this power of propagation, organized bodies enjoy
one of conservation and reproduction. Solutions of continuity, the
loss of particular textures, whether resulting from injury or from
disease, can be repaired. Parts, that have been removed, may be
restored by a process of growth in the plant or animal, and in. some
animals the reproductive power is so energetic, that if an individual
be divided, each segment will become a perfect being. This power
of reproduction is greater, the more simple the structure of the organ-
ized body ; the more similar to each other are the constituent parts,
the more easy will reproduction be. Numerous examples of this
power may be adduced,—the healing of wounds, the adhesion of
divided parts are familiar to every one. New individuals are deve-
loped from the cutting of plants: ,the division of the hydra into two,
gives rise to the production of two new individuals. If a Planaria
be cut into eight or ten parts, according to Dugeés, each part will
assume an independent existence. )

The power of reproducing single parts only, is possessed by animals
higher in the scale. In snails, part of the head, with the antenn,
may be reproduced, provided the section have been made so as not
to injure the cerebral ganglion. Crabs and lobsters can regenerate
their claws, when the separation has taken place at an articulation;
and spiders enjoy the same power. In lizards, the tail, or a limb,
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can be restored, and in salamanders the same phenomenon has been
frequently witnessed.

Organized bodies can appropriate and assimilate to their own tex-
tures other substances, whether inorganic or organic. This process
is that which is most characteristic of living creatures: in virtue of it,
animals and plants are continually adding to their textures new
matter, by which they are nourished. Plants appropriate their nutri-
ment from the inorganic kingdom, as well as from decaying organic
matter; animals, chiefly from organic matters, whether animal or
vegetable. Both possess the wonderful power of re-arranging the
constituents of these substances into forms identical with those of the
elements of their various tissues—and of thus making them part and
parcel of themselves.

Together with a process of supply, there is one of waste con-
tinually in operation. Animals and plants are ever throwing off
effete particles from their organisms. These, under the name of
excretions, appear in various forms—either as inorganic compounds,
or as secondary organic products. Thus, carbonic acid is given off
in large quantities from animals; water, likewise, forms a considerable
portion of their excreted matter, and serves to hold in solution salts,
and secondary organic compounds, which result from the waste of the
tissues. In this way, also, urea, lithic acid, and biliary matters are
excreted. In plants, water is excreted from the leaves, a pheno-
menon which has been compared to the perspiration of animals; and
various other excretions, which are sometimes made to serve an addi-
tional purpose in the economy of the vegetable, besides that of get-
ting rid of superfluous matter, are doubtless formed by the secondary
combinations of the effete particles of their textures.

These two processes, excrefion, or the expulsion of effete particles,
and assimilation of substances from without, are necessarily mutually
dependent. As long as new matter is being appropriated, old par-
ticles must be thrown off, otherwise growth would be unlimited—
and were excretion alone to go on, the destruction of the organism
must speedily ensue, by the gradual waste of the tissues, to which
no new supply was afforded. In both processes new combinations
are taking place, as it were, in opposite directions; in the one from
the simple to the complex to form organized parts, in the other, from
the complex constituents of the textures to the simple organic, or
inorganic compounds.

As each texture of the organism has this tendency to change during
life, so, the whole organism tends to decomposition, when death puts
a stop to all further absorption of nutritive matters. Dead organized
matter is speedily dissipated under certain conditions. These are the
presence of air, moisture, and a certain temperature, or contact with
an organic substance which is itself undergoing decomposition. The
affinity which held together the elements of the organic substances is
destroyed by the cause which occasioned their death, and they are
set free to obey new affinities and form new compounds.

When we consider the large number of equivalents which enter
into the formation of each molecule of organic compounds, it need
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not excite surprise that a great variety of products results from the
decomposition of animal and vegetable matter. This decomposition
is of two kinds, which are distinguished by the names, fermentation
and putrefaction. Liebig proposes to limit the former term to the
decomposition of substances devoid of nitrogen, and the latter to that
of azotized matters. The products of vegetable matter in fermenta-
tion, by the action of yeast, are carbonic acid and alcohol; those of
azotized matters, whether animal or vegetable, are carbonic acid,
hydrogen, phosphuretted and carburetted hydrogen, hydrosulphuric
acid, cyanogen, hydrocyanic acid, ammonia, and lactic acid.

Let us compare the characters of organized bodies, as described in
the preceding paragraphs, with those of inorganic substances.

In form, in size, in duration, the contrast is most striking. The
inorganic matters are aériform, liquid, or solid: they are prone to
assume the crystaline form, and to exhibit surfaces bounded by right
lines, and uniting to form angles. No distinction of parts, or organs,
is to be found in the mineral substance; its minutest fragment is in
every respect of the same nature with the largest mass. A portion
of chalk, not weighing a drachm, contains particles of the same
form and size as those of the largest cliff on the sea-coast. Inorganic
substances, as compared with organic, are unlimited in size and dura-
tion: they will continue for ages without augmentation or waste,
provided no mechanical violence nor chemical agent be brought to
act upon them. 7

None of those internal actions or processes, which we described in
the organized body, occur in the unorganized one ; there is no power
of reproducing lost or injured parts, no growth, no excretion, no
generation. From age to age the mineral remains unchanged, with-
out motion, obedient to the common laws of matter, and unable to
resist them by any inherent power. ‘

Within the living organisms of the organic kingdom, on the con-
trary, are ceaseless motion and change. The absorption of the new
material, and the ejection of the old, comprise a continual successica
of ~actions, in which the organized being is ever organizing and
disorganizing. 'This constant round of actions, which is the more
diversified as the organism is more complex, we call Lire. There
is an apparent spontaneousness in these actions, which distinguishes
the mechanism of an animal or plant from the machines of human
construction.. Yet the living organism is not the less dependent for
the continuance, nay, for the very existence of those actions upon the
ordinary agencies of nature. Light, heat, the atmosphere, chemical
affinify, each has its share in promoting the functions in the play of
which Life consists; all are more or less necessary to the integrity of
these actions; and it is contrary to experience to suppose that Life
can be manifested without their co-operation. Yet we cannot say
that Life is produced by, or is the result of, these agencies. It s
equally contrary to experience to find the manifestation of Life in
other than organized bodies. Nevertheless, it cannot be affirmed that
organization is the cause of Life, for without the other agents no vital
action oceurs, and it has already been shown that the organization of
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new matter is effected only by living bodies. The mutual co-operation
of organized matter with the forces at work in the inorganic world,
is necessary to the development of vital phenomena.

The term Life, then, may be regarded as denoting an ultimate fact
in science, which may be thus expressed ; that certain compounds of
matter—which, as being artfully arranged in a particular form for a
special end, and associated together by a certain mechanism, are
called organized—do, by their co-operation with physical and chemi-
cal forces, manifest a train of phenomena, which are of the same, or
of an analogous kind, for all organized beings; that is to say, they
manifest the phenomena of Life. All organized substances, capable
of thus co-operating with the other natural agencies, are called living;
and, although they may not be positively in action, they are yet alive,
as being ready to act when the complementary conditions to vital
action shall be supplied to them. Thus the seed is alive, although
not in actjon; but, immediately it is brought into contact with mois-
ture and heat, life is manifested. Hence these agents, moisture,
heat, light, &c., are said to act as vital stimuli. The organic matter,
in becoming part of a living machine, acquires certain properties,
very different from what it possessed before; these are called vital
properties : they continue as long as the organization remains un-
changed. For example, a certain proximate element is organized to
form muscle; it then acquires the property of contractility, which it
retains during life.

According to our experience, organic matter derives vital pro-
perties in by far the majority of instances, and probably in all, from
a previously existing organism. The egg, while within the body of
the mother, acquires vital properties ; and it manifests an independent
life when it is laid, if the requisite conditions (vital stimuli) are then
supplied. Thus is life transmitted from one living being to another;
and the life of a present generation of animals and plants has its
source in that of a previous generation. If we trace a race upwards,
through generations innumerable, to that which first flourished on the
earth, we find the true source of vital action to be in Him, ¢ in whom
we live, and move, and have our being.”

Thus, then, out of the same elements of which the inorganic king-
dom consists, God has created a series of material substances, which
by their action and reaction with other physical agencies, exhibit,
apparently in a spontaneous manner, the phenomena of Life, and
manifest a series of peculiar forces capable of opposing and controlling
the other forces of nature. While these substances retain a perfect
organization, and are supplied with their proper stimuli, vital actions
go on without interruption, and no changes take place in the matter
of the organism, excepting such as result from its proper affinities.
But no sooner is the integrity of its structure destroyed, or the influ-
ence of the vital stimuli withdrawn, than action ceases, the organism
dies, and the organic matter yields up its elements to form new com-
pounds, a large proportion of which are inorganic.

Many are not content with this simple expression of facts, and seek
a theory to explain the phenomena of organized bodies, and to account
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for the mysterious actions of Life. The ingenuity of philosophers has
been not a little taxed for this purpose; and the history of the rise
and fall of many an hypothesis, which has been framed upon this
subject, affords a salutary warning to those who may be tempted to
wander into the regions of speculation and faney, deserting the safe
and beaten path of inductive reasoning.

It does not fall within the scope of this work to examine the various
theories of Life. One or two, however, we deem it right to notice,
with the hope of at once exposing their inadequacy, and elucidating
more fully the statement above given respecting Life.

From a very early period in the history of natural science, there
has been a tendency to ascribe these effects to a certain prineiple, or
Entity, possessing powers and properties which (however men may
try to impress themselves with the contrary notion) entitle it to rank
as an intelligent agent. It is true, that, according to most of the ad-
vocates of this doctrine, this power is supposed to be superintended.
and controlled by the Deity himself, and, by this supposition, they
have screened themselves against the accusation of attributing to a
creature the powers of the Creator.

A little examination of this doctrine will show, that is has no pre-
tensions to the title of a theory.

Aristotle attributed the organization of animals and vegetables,
and the vital actions exhibited by them, to a series of animating
principles, (Yvxas,) differing according to the nature of the organized
bodies constructed by them, and acting under the direction of the
Supreme animating principle (gvouc). He supposes that each par-
ticular kind of organized body had its proper animating principle,
or Yuyy, and that the variety of the former really depended upon
certain original differences in the nature of the latter, so that every
distinct species of animating principle would necessarily have its ap-
propriate species of body.

Harvey, likewise, assumes the existence of an animating principle,
by which every organism is moulded into shape, out of materials fur-
nished by the parent, and which, pervading the substance, regulates
the various functions of its corporeal residence. But, at a subsequent
stage of his inquiries, in assigning the blood as the special seat of this
principle, he adyances another supposition totally at variance with
his previous hypothesis ; namely, that as, during the development of
the chick in ovo, the blood is formed and is moved, before any
vessel, or any organ of motion exists, so in it and from it originate,
not only motion and pulsation but animal temperature, the vital spirit,
and even the principle of life ilself. So completely biased were the
views of this illustrious man, by his exaggerated notions respecting
the nature and. properties of the blood !

. The celebrated John Hunter, who does not appear to have been
acquainted with the views expressed by Harvey, revived a-somewhat
similar hypothesis; and it is curious that the same fact should have
so attracted the attention of both as to have given the first impulse to
their speculations. This fact was, that a prolific egg will remain sweet
in a warm atmosphiere, while an unfecundated one will putrefy, The
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views of Hunter have been received with very general favour by
English physiologists.

Hunter ascribes the phenomena of life to a materia vite, diffused
throughout the solids and the fluids of the body. This materia vite
he considers to be * similar to the materials of the brain:’’ he distin-
guishes it from the brain by the title ¢ materia vite diffusa,” while
he calls that organ “materin vite coacervata,” and supposes that it
communicates with the former through the nerves, the chorde inter-
nuncie. And Mr. Abernethy, in commenting upon these views,
explains Mr. Hunter’s materia vite to be a subtile substance, of a
quickly and powerfully mobile nature, which is superadded to organi-
zation and pervades organized bodies; and this he regards as, at
least, of a nature similar to electricity.

Muller advocates the presence of an ¢“organic force,” resident in
the whole organism, on which the existence of each part depends,
and which has the property of generating from organic matters the
individual organs necessary to the whole. ¢ This rational creative
force is exerted in every animal strictly in accordance with what the
nature of each requires; it exists already in the germ, and creates in
it the essential parts of the future animal.”

An hypothesis, not dissimilar to that last mentioned, is maintained
by Dr. Prout, and, as appears to us, it has been pushed by him to
the utmost limits which the most fanciful speculation would admit of.
He supposes that a certain organic agent (or agents) exists, the inti-
mate nature of which is unknown, but to which very extraordinary
powers are ascribed. It is superior to those agents whose operations
we witness in the inorganic world: it possesses the power of con-
trolling and directing the operations of those inferior agents. ¢ If,”
says Dr. Prout, ¢ the existence of one such organic agent be admitted,
the admission of the existence of others can scarcely be withheld ;
Jor the existence of one only is quite inadequate to explain the infinite
diversity among plants and animals.” ¢ In all cases it must be con-
sidered an ultimate principle, endowed by the Creator with a faculty
little short of intelligence, by means of which it is enabled to con-
struct such a mechanism from natural elements, and by the aid of
natural agencies, as to render it capable of taking further advantage
of their properties, and of making them subservient {o its use.”’

The hypotheses of Aristotle, Miller, and Prout, and the earlier of
those proposed by Harvey, seem all alike ; they assume that organi-
zation and life are directed and controlled by an Entity, or Power,
‘““endowed with a faculty little short of intelligence,”” the 4uyy of
Aristotle, the animating principle of Harvey, the organic force of
Muller, and the organic agent of Prout. What the mechanism may
be by which this entity acts, they do not determine ; but it is evi-
dently such as bears no analogy to any known natural agency. Its
existence 1s independent of the organism, for it has directed both the
organizing process and the living actions of the being. Whence then
is it derived ? According to Muller, from the parent, for it exists in
the germ,—it derives its powers from the same source, and its pedi-
gree may, therefore, be traced to the first created individual of each
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species of animal or plant. Are we to conclude, then, that organic
agents generate organic agdents, and transmit their powers to their
offspring? Or must we assume, that, for each newly generated ani-
mal or plant, a special organic agent is deputed ““to control,and
direct’” its organization, development, and growth?

The modern- advocates of this doctrine have been driven to its
adoption, from the difficulty (or, as'they conceive, the impossibility)
of explaining the phenomena of organization and life on principles
analogous to those on which the changes of inorganic matter may
be accounted for: this difficulty consisting in the supposed existence
of certain differences in the mode of combination of the elementary
constituents of organic and inorganic compounds, seconded by the
fact, of the synthesis of organic compounds having hitherto baffled the
chemist’s art. It has puzzled them to think that out of the same
elementary and proximate principles, so infinite a variety of animals
and' plants conld be formed; and Dr. Prout has been especially
staggered ‘by the fact, that carbon and water, which contribute so
largely to the formation of various organisms, have never, although
aided by heat, light, and electricity, when out of an orgamzed body,
and left entwely to themselves, been able to unite, either in virtue of
their own properties or from a001dent 56 as to form any plant or ani-
mal, however insignificant.

In the first place, let it be observed, that many of the phenomena
of life may be accounted for on physrcal or chemical principles.
The changes effected in the air and in the blood by respiration,, the
phenomena of absorption, and, in some degree, -those of secretion, are
the results of purely physical processes. Itis‘in the highest degree
probable that many of the actions of the nervous system are. dueto
physical changes in the two kinds of nervous matter, substances of
complex constitution and high equivalent number, and therefore
prone to.change. Stomach-digestion is now known to be a chemical
solution; the: generation of heat is due to the same chemical phe-
nomenon as will give rise to it in the inorganic world ; and electricity
is also similarly developed within the body. How entlrely dependent
on physical changes are the senses of vision and hearing, and how
completely are their organs adapted to the laws of light and sound!
And, doubtless, a further insight into the nature of the various organic
processes will reveal to us a closer analogy between the laws by Whlch
the two great kingdoms of nature are governed.

Nor is there so great a chasm between matters organic and in-
organic, as to chemical composition, as some would have us believe.
It has already been shown that modern chemical research tends to
prove a similarity as regards the mode of combination of the ele-
ments in both ; and the [abours of chemists have been crowned with
success in formlng some organic products by artificial means.—
(See p. 31.)

And let it not be forgotten that the living laboratory of the animal
and plant is one well stored with means for analysis and synthesis:
the continual intréduction of new material gives full scope to the play
of chemical affinity, and at every point the constant attendants of
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chemical action, heat and electricity, are developed. May it not
reasonably be inferred that these agencies, which the chemist can so
readily turn to account in his artificial processes, are not idle in the
work of combination and decomposition in the living body? A great
difference as to sensible qualities, in the various organic products, by
no means implies great difference of chemical constitution, for it is
well known that the addition or removal of a single atom of one of
the ingredients of any compound is sufficient to produce a substance
with totally new properties ; and such is the complex nature of organic
molecules, that the attraction between their component elements yields
readily to disturbing causes.

But how shall we explain the strange process of organization, in
the production of that infinite diversity of forms, that  insatiable
variety of Nature,”” which is so conspicuous in the vegetable and
animal kingdoms? Must we imagine the creation, in corresponding
number and variety, of a duplicate order of beings, whose duty it
shall be to preside over the development of each speties, and to
impress each with its peculiar characters? Or does it not seem
more consistent with that grand simplicity, which the phenomena of
nature everywhere present, to suppose that the organization of ani-
mals and plants, in such great variety, is the result of the primary
endowment of organic matter, at the creation of the first parents of
each species, by the Almighty? The animal or vegetable matter of
each species was created to propagate after a certain fashion, and
after that only ; the organic cells, of which these organisms consist in
the early stages of development, have the power of evolving the
adult tissues of animals and plants of their own species only: the
simple volvox develops, from its interior, organic cells which become
volvoces; and the cell, which forms the ovum of the elephant or the
mouse, is able, by an inherent power of multiplication, to evolve the
skeletons and organs of each of those animals respectively.

The peculiar endowments of the organic matter, composing the
various tribes of animals and plants, are transmitted from parent to
offspring. But they admit of certain modifications under the influ-
ence of circumstances affecting the parents, as is proved both in the
animal and vegetable kingdoms in the production of hybrids.
¢Two distinct species of the same genus of plants,’’ says Dr. Lindley,
*¢ will often together produce an offspring intermediate in character
between themselves, and capable of performing all its vital functions
as perfectly as either parent, with the exception of its being unequal
to perpetuating itself permanently by seed; should it not be abso-
lutely sterile, it will become so after a few generations. It may,
however, be rendered fertile by the application of the pollen of either
of its parents; in which ease its offspring assumes the character of
the parent by which the pollen was supplied.” The same thing
precisely occurs among animals, and the mixed offspring, or mule,
produced by the union of different species is incapable of breeding
with another mule; but not so with an animal of the same species as
either of its parents. How entirely inadequate is the theory of
organic agents to explain these occurrences; it cannot, surely, be
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maintained that a mixed organic agent is produced from the con-
junction of the organic agents of the dissimilar species to direct the
formation of this mixed organism!

The remarkable fact, that the various tribes of the human race,
dissimilar as they are, were derived from the first created pair, may
be adduced as a striking illustration of the influence of physical
agency in modifying organic development. The most potent cause
of these changes has been climate ; but particular customs and usages,
connected with the uncivilized state, have not been without their
influence. Climate also produces considerable modifications in the
size and other characters of the lower animals. Sturm affirins that
cattle transported from the temperate zones of Europe (Holland or
England) to the East Indies, become considerably smaller in their
succeeding generations.

The theory of organic agents affords no more satisfactory explana-
tion of disease, or of death. In both cases the organic agent must
be at fault; for as it is the sole guide and controller of the organizing
process, so it is not to be supposed that anything can go astray,
except under its guidance. And yet it seems impossible to imagine
that the ordinary causes of disease could affect such an entity. On
the other hand, any physical or mental cause, general or local, affect-
ing the substance of which the body is composed, may so alter and
modify the affinities of its particles as to occasion a material dis-
turbance in their actions; and it is not difficult to conceive that this
disturbance may be of such a kind as to put a stop to vital action
immediately or remotely.

So much for the dependence of Life and Organization on a con-
trolling and directing Entity. The sagacity of John Hunter led him
to reject this doctrine entirely ; but, as he completely passed over the
influence of the natural agencies of inorganic nature upon organized
beings, he was forced to assume the presence of a peculiar material
substance, pervading and giving vital properties to solids and fluids :
yet such a constituent of the body ought to be demonstrable by
chemical or other means. Itis clear that this maferia vif@ cannot
be, as Mr. Abernethy suggested, electricity, or anything akin to it.
Electricity requires for its development the reciprocal action of dif-
ferent kinds of matter, and it i1s abundantly evolved in various
animal processes, as a necessary result of chemical laws. If, there-
fore, organization and vital actions depended upon electricity, this
agent would, at once, be formed by, and direct the formation of each
organism. )

Mere composition of matter does not give life, says Huntgr; 1f‘ he
had added, that organized bodies acted on by, and co-operating with,
certain vital stimuli, developed vital actions, there would bave been
no need for the assumption of a materia vitz. The resistance which
living animals introduced into the stomach are capable of affording
to its solvent powers, and the digestion of the walls of the stomach
by its own fluid after sudden and violent death, seemed to denote
that the dead animal, or dead stomach, had lost a something which
previously protected them against the influence of the gastric fluid.
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But this is no more than a case familiar to chemists, viz., the influ-
ence of a stronger affinity controlling a weaker. When iodide of
potassium is mixed with a solution of starch, no change ensues; but,
if a minute quantity of chlorine be added, a blue iodide of starch is
instantly formed ; the superior affinity of the iodine for the potas-
sium hindered the union of the former with the starch; but, as soon
as the iodine was set free by the stronger attraction between the
potassium and the chlorine, it speedily united with the starch. So,
m the living animal, the affinity of its component particles for each
other is greater than their affinity for the gastric fluid; but in the
dead animal the former affinity 1s destroyed, the latter comes into
play. Whether 1s it more philosophical to assume the removal of a
particular agent, for which removal no cause can be assigned; or, to
state the simple fact of the physical difference between dead and
living organic matter?

II. 1t 1s very difficult to define a precise boundary between the
vegetable and animal kingdoms. The lowest animals exhibit so much
of the plant-nature, that naturalists are as yet undecided as to the
true location of some species. The common sponge, for instance, is
claimed for each kingdom.

The various processes by which are effected the ceaseless motion
and change, so characteristic of living beings, are called, in physio-
logical language, Functions.

The functions, which are common to all organized beings, have a
twofold object; the preservation of the individual, and the propa-
gation of the species. Those destined for the former purpose are the
Nutritive Functions : those for the latter are comprehended under the
general title Generation.

The first step in the nutritive functions of both plants and animals,
is to form a fluid, which contains all the elements necessary to nour-
ish the various textures, and to supply materials for the secretions.
This fluid is, in plants, the sap ; in animals, the blood.

In both classes of beings a process of absorption precedes the full
development of the nutritive fluid: it is by this means that material
1s obtained for its formation. Within the plant or animal it becomes
more completely elaborated.

In plants, the absorption takes place by the spongioles of the roots.
A fluid, already prepared in the soil,—water, holding in solution
carbonic acid and various mineral substances,—passes through them
into the vegetable organism, without undergoing any reduction or
preparation during its transit. In animals, however, the food expe-
riences much change, and a more or less elaborate process of digestion
takes place, before a fluid is formed, capable, when absorbed, of
furnishing the materials of "the blood.

Plants, fixed by their roots in the soil, imbibe from it their nutri-
ment. Animals, obtaining food from various sources, introduce it
into a digestive cavity, where it is prepared for absorption.

The presence of a digestive organ, or stomach, is characteristic of
animals.  The only instances in which a similar organ may be sup-
posed to exist in the vegetable kingdom are to be found in those
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remarkable modifications of leaves, called pitchers (ascidia) in JVe-
penthes, Sarracenia, and Dischidia. In the last two plants, these
organs certainly serve to retain and dissolve the bodies of insects in
the fluid which partially fills them: in Surracenia, according to Mr.
Burnett, the fluid contained in the pitchers is very attractive to in-
sects, which, having reached its surface, are prevented from return-
ing by the direction of the long bristles that line the cavity. The
dissolved food is then absorbed 1nto the plant.

On the other hand, the animal kingdom affords some exceptions to
the presence of a stomach. In such animals, the absorption of nu-
trient fluid takes place by a general surface. The Volvox globator
has no inlet to its interior but through the pores in its walls. A
parasite of the human body, the Jcephalocyst, also derives its nutri-
ment by 1mbibition through its walls. A familiar example is the
Acephalocystis endogena, or pill-box hydatid of Hunter. It consists
of a globular bag, closed at all points, containing a limpid fluid,
capable of growth, and of reproduction by the development of
gemmules from the inner surface of the sac. The Echinococcus is
also nourished by direct absorption into the walls of the globular sac
of which 1t consists.

Some difference may be noticed as regards the nature of the food
in animals and plants. The former derive their nutriment entirely
from the organized world, unless, indeed, we suppose that the nitro-
gen absorbed in respiration contributes to their sustenance. Plants
appropriate inorganic elementary matters for food, as carbon, car-
bonic acid, ammonia, &c. ‘Inorganic matter,”” says Liebig, ¢¢ affords
food to plants; and they, on the other hand, yield the means of sub-
sistence to animals. The conditions necessary for animal and vege-
table nutrition are essentially different. An animal requires for its
development, and for the sustenance of its vital functions, a certain
class of substances which can only be generated by organic beings
possessed of life. Although many animals are entirely carnivorous,
yet their primary nutriment must be derived from plants; for the
animals upon which they subsist receive their nourishment from
vegetable matter. But plants find new nutritive material only in
inorganic substances. Hence one great end of vegetable life 1s to
generate matter adapted for the nutrition of animals out of inorganic
substances which are not fitted for this purpose.”

The nutrient fluid, however formed, is distributed throughout the
textures of the plant, or animal, by vital or physical forces, or by the
junction of both; and the function, by which this is effected, is called
Circulation. In plants, this function is very simple, and is performed
without the agency of a propelling organ ; but, in the greatest number
of animals, such an organ, a heart, is the main instrument in the dis-
tribution of the blood. In animals, then, there is a true circulation ;
the fluid setting out from, and returning to, the same place. But, in
plants, the fluid is found to circulate, or rotate, within the interior
of cells, as in Chara and Vallisneria, the fluid of one cell not com-
municating with that of the adjacent ones, or to pass up from the
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spongioles in an ascending current, and to descend in another set of
vessels.

But in many simple animals, some entozoa, for example, and poly-
gastrica, there is no good evidence of the existence of any circulation
at all; their textures imbibing the fluid in which they live.

The presence of atmospheric air is necessary to the existence of all
organized beings. The air both passes by endosmose into their
nutrient fluids, and receives from them certain deleterious gases de-
veloped in their interior. 'The function, by which the fluids are thus
aerated, is called Respiration. In plants, the introduction of atmo-
spheric air conveys nutriment to the organism; carbonic acid and
ammonia are thus introduced ; the former is decomposed, its carbon
is assimilated, and its oxygen is exchanged for a fresh supply of
atmospheric air. As the agent in the decomposition of the carbonic
acid is light, it is evident that the generation and the evolution of
oxygen can take place only in the day-time. Consequently, during
the night, the carbonic acid, with which the fluids of the plant
abound, ceases to be decomposed, and is exhaled by its leaves.
Hence, plants exhale oxygen in the day-time, and carbonic acid at
night.

In animals, carbonic acid accumulates in the blood during its cir-
culation; and, when the atmosphere is brought to bear upon the
capillary vessels containing the blood charged with this gas, a mix-
ture takes place through the delicate walls of the vessels, the atmo-
spheric air passing in, and carbonic acid, with nitrogen and oxygen,
in certain proportions, escaping. Thus the evolution of carbonic
acid, and the absorption of oxygen and nitrogen, are the character-
istic features of respiration in animals. )

It is highly interesting to notice, how plants are thus subservient to
the well-being of animals, in the respiratory function, as well as in
preparing nutriment for them. By their respiration they serve to
purify the air for animals; for, in absorbing the carbonic acid from
the atmosphere, they are continually depriving it of an element
which, if suffered to accumulate beyond certain bounds, would
prove destructive to animal life.

From the fluids of animals and plants, certain materials are sepa-
rated by a singular process, nearly allied in its mechanism to nutri-
tion, and called the function of Secretion. The secreted matters are
various, and have very different ends: in some cases being destined
for some ulterior purpose in the economy; in others, forming an
excrement, the continuance of which in the organism would be pre-
Judicial to it.

The function, which has for its object the propagation of the spe-
cies, Generation, presents many points of resemblance in plants and
animals. In the former it is cryptogamic, or phanerogamic ; in the
latter, non-sexual, or sexual. In the phanerogamic and sexual, the
Junction of two kinds of matter furnished by the parents is neces;sary
to the development of fertile ova. In the cryptogamic and non-
sexual generation, the new individual is developed by a separation of
particles from the body of the parent, by which the new formation is
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nourished until it has been so far matured as to be capable of an
independent existence.

The functions, hitherto enumerated, may be called organic, as
being common to all organized beings; but there are others which,
as being peculiar to, and characteristic of, animals, may be appro-
priately designated animal functions.

The prominent characteristic of animals is the enjoyment of Voli-
tion or Will, which implies necessarily the possession of Consciousness.
Our knowledge of the share which consciousness and the will have
in the production of certain phenomena of animal life, is derived
from the experience which each person has of his own movements,
and a comparison of them with the actions of inferior animals. We
are conscious that, by a certain effort of the mind, we can excite
our muscles to action; and when we see precisely similar acts per-
formed by the lower creatures, with all the marks of a purpose, 1t is
fair to infer that the same process takes place in them as in ourselves.
Moreover, we learn by experience, that injury or disease of the
nerves, which are distributed to our muscles, destroys the power of
accomplishing a certain act, but does not affect the desire or the
wish to perform it: and experiments tell us that the division of the
nerves of a limb in a lower animal destroys its power over that
member ; while its ineffectual struggles to move the limb obviously
indicate that the will itself is not affected by the bodily injury, though
its powers are limited by it.

Again, certain external agents are capable of affecting the mind,
through certain organs, thus giving rise to Sensations. Light, sound,
odour, the sapid qualities of bodies, their various mechanical pro-
perties, hardness, softness, &c., are respectively capable of producing
corresponding affections of the mind, which experience leads us to
associate with their exciting causes, and which may be agreeable, and
produce pleasure, or the reverse, and give rise to pain.

In a similar way to that by whieh we learn that the will stimulates
our muscles through the nerves, we can ascertain that the nerves are
the channels through which our sensations also are excited. ¢ Certain
states of our bodily organs are directly followed by certain states
or affections of our mind ; certain states or affections of our mind are
directly followed by certain states of our bodily organs. The nerve
of sight, for example, is affected in a certain manner; vision, which
is an affection, or state of the mind, is its consequence. I will to
move my hand ; the hand obeys my will so rapidly, that the motion,
though truly subsequent, seems almost to accompany my volition,
rather than to folldv it.”> (Dr. Brown. Philosophy of the Human
Mind, p. 106.) b,

And in all the inférior animals, possessed of like organs, there can
be no doubt that sensations may be produced similar to those which
arise in the human mind. In many of them, indeed, the sense of sight,
hearing, or smell seems much more acute than in man, and affords
examples of a beauti'ful and providential provision for the peculiar
sphere which the creatures are destined to occupy. The unerring
precision of the beast or bird of prey in pouncing upon its victim—
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the accuracy with which the hound tracks by its scent the object
of its pursuit—or, the quickness with which most of our domestic
animals detect sounds and judge of their direction, are familiar
illustrations of the superiority of these senses in animals whose gene-
ral organization is inferior to that of man.

There are few animals, however small and insignificant, in which
we cannot recognize evidence of a controlling and directing will.
But even in those few, in which voluntary movements are not dis-
tinctly to be discerned, the presence of a special system of organs,
with which in the higher animals volition and sensation are associ-
ated, namely, a nervous system, serves as a characteristic distinction
from plants.

A power of perception, and a power of volition, together constitute
our simplest idea of Mind ; the one excited through certain corporeal
organs, the other acting on the body. Throughout the greatest part
of the animal creation mental power exists, ranging from this its
lowest degree—a state of the blindest instinct, prompting the animal
to search for food—to the docility, sagacity, and memory of the brute ;
and to its highest state, the reasoning powers of man.

The phenomena of Mind, even in their simplest degree of deve-
lopment, are so distinct from anything which observation teaches
us to be produced by material agency, that we are bound to refer
them to a cause different from that to which we refer the phenomena
of living bodies. Although associated with the body by some un-
known connecting link, the mind works quite independently of it;
and, on the other hand, a large proportion of the bodily acts are
independent of the mind. The immortal Soul of man, divine parti-
cule aure, is the seat of those thoughts and reasonings, hopes and
fears, joys and sorrows, which, whether as springs of action, or mo-
tions excited by passing events, must ever accompany him through
the checkered scene in which he is destined to play his part during
his earthly career.

Although the animals, inferior to man, exhibit many mental acts
in common with him, they are devoid of all power of abstract rea-
soning. *“ Why is i, says Dr. Alison, ““that the monkeys, who
have been observed to assemble about the fires which savages have
made in the forests, and been gratified by the warmth, have never
been seen to gather sticks and rekindle them when expiring? Not,
certainly, because they are incapable of understanding that the fire
which warmed them formerly will do so again, but because they are
incapable of abstracting and reflecting on that quality of wood, and
that relation of wood to fires already existing, which must be com-
prehended, in order that the action of renewing the fire may be sug-
gested by what is properly called an effort of reason.”’

Yet animals are guided by Instinct to the performance of certain
acts which have reference to a determinate end: they construct
various mechanical contrivances, and adopt measures of prudent
foresight to provide for a season of want and difficulty. None of
these acts could be effected by man without antecedent reasoning,
experlence, or instruction. But animals do them without previous
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assistance ; and the young and inexperienced are as expert as those
which have frequently repeated them. ¢ An animal separated im-
mediately after its birth from all communication with its kind, will
yet perform every act peculiar to its species, in the same inanner, and,
with the same precision, as if it had regularly copied their example,
and been instructed by their society., The animal is guided and
governed by this principle alone ; by this all ‘its powers are limited,
and to this all its actions are to be ultimately referred. An animal
can discover nothing new; it can lose ‘nothing old. The beaver
constructs its habitation, the sparrow its nest, the bee its comb,
neither better nor worse than they did five thousand years ago.”

In plants there is no nervous system; there are no mental pheno-
mena. The motions of plants correspond in some degree with those
movements of animals in which neither consciousness nor nervous
influence participates. Such movements are strictly organic, and
result from physical changes produced directly in the part moved.
Amongst the most interesting examples of these movements are those
of the Mimosa pudica, the Dionea muscipula, and the Berberts.

HL Itis the province of Physiology to investigate the ways in
which the functions of living beings are effected ; and this investiga-
tion naturally involves the examination of their mechanism, of the
chemical constitution, and of the properties of their component tex-
tures. The study of Anatomy must always accompany that of Phy-
siology, on the principle that we must understand the construction of
a machine before we can comprehend the way in which it works.
The history of physiology shows that it made no advance until the
progress of anatomical knowledge had unfolded the structure of the
body. There is so much of obvious mechanical design in the inti-
mate structure of the various textures and organs, that the discovery
of that structure opens the most direct road to the determination of
their uses. That kind of anatomy which investigates structure with
a special view to function may be properly designated Physiological
Anatomy. ,

A correct physiology must ever be the foundation of rational medi-
cine. He who is ignorant of the proper construction of a watch,
and of the nature of the materials of which it is made, could not
find out in what part its actions were faulty, and would therefore be
very unfit to be entrusted with repairing it. In medicine, the first
step towards the cure of disease is to find out what the disease is and
where it is situate (diagnosis). Without a knowledge of the offices
which various parts fulfil in the animal economy, our search to
determine what organ or function is deranged must be most vague
and indefinite. Pathologyis the physiology of disease; and it is
obvious, that no pathological doctrines can command confidence,
which are not founded upon accurate views of the natural functions.
It is also certain that improvements in pathology must follow in the
wake of an advancing physiology. )

The practice of medicine and surgery abounds with examples,
illustrating the immense benefits which physiqlogy has conferred
upon the healing art. The great advance which has been made
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of late years in the pathology of nervous diseases, is mainly owing
to the discoveries of Bell, and many others, in the functious of van-
ous nerves, and the general doctrines of nervous actions. We may
instance the case of the facial nerve—the portio dura of the seventh pair.
It was supposed formerly that this nerve was the seat of that painful
disease, called tic douloureuz, and section of it has been performed:
for the relief of the patient.. It is now known that this nerve could
‘ not be the seat of a very painful disease, for it is itself, in a very
great degree, devoid of sensibility. It need hardly be added, that
the operation is discarded. _

The dangerous disease, to which many children have fallen vic-
tims, laryngismus stridulus or crowing inspiration, although admira-
bly described by practical physicians, was never properly understood
until the functions of the laryngeal nerves were clearly ascertained,
and until it had been shown that spasmodic actions may be excited
by irritation of a remote part, or through a stimulus reflected from
the nervous centre. Itis now known, that this disease has not its
seat in the larynx, where those spasms occur which excite so much
alarm for the fate of the little patient; but that it is an irritation of a
distant part, which derives its nerves from the same region of the
cerebro-spinal centres with the larynx,—that the afferent nerves of
that part convey the irritation to the centre, whence it is reflected by
certain efferent nerves to the muscles of the larynx.

The accurate diagnosis of diseases of the heart rests entirely upon
a correct knowledge of the physiology of that organ. This improve-
ment in medicine may be said to date from the time of Harvey, for
he was the first who clearly expounded the mechanism of the central
organ of the circulation. But the application of auscultation to the
exploration of the sounds developed in its action, and the correct
interpretation of those sounds in health by the experiments and
observations of the last few years, have almost completely removed
whatever difficulties stood in the way:of the detection of cardiac
maladies. .

We are not less indebted to the illustrious Englishman, who dis-
covered the circulation of the blood, for having paved the way to a
rational treatment of aneurismal and wounded arteries by the modern
operation of placing a ligature between the heart and the seat of the
disease or injury. “The active mind of John Hunter,” says Mr.
Hodgson, ¢ guided by a deep insight into the powers of the animal
economy, substituted for a dangerous and unscientific operation, an
improvement founded upon a knowledge of those laws which influ-
ence the circulating fluids and absorbent system; and few of his
brilliant discoveries have contributed more essentially to the benefit
of mankind.” '

In investigating the functions of the human body, the physiologist
cannot do better than follow the instructions laid down by Haller in
the preface to his invaluable work, ¢ Elementa Physiologiee Corporis
Humani.”

The first and most important step towards the attainment of physi-
ological knowledge, is the study of the fabric of the human body.
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“Et primim,” says Haller, ¢ cognoscenda est fabrica corporis hu-
mani, cujus pené- infinitee partes sunt. Qui physiologiam ab anatome
avellere studuerunt, ii certé mihi videntur, cumm mathematicis posse.
comparari qui machinz alicujus vires et functiones calculo exprimere
suscipiunt, cujus neque rotas cognitas habent, neque tympana, neque
mensuras, neque materium.”’

A knowledge of human anatomy alone is, however, not sufficient
to enable us to form accurate views of the functions of the various
organs. Before an exact judgment can be formed of the fanctions of
most parts of living bodies, Haller says, that the construction of the
same part must be examined and compared in man, in various quad-
rupeds, in birds, in fishes; and even 1n insects. And, in proof of
the value which attaches to this knowledge of comparative anatomy,
he shows how, from that science, it may be determined that the liver
is the organ which secretes bile; and that the bile found in the
gall-bladder i1s not secreted by, but conveyed to, that organ: for
no animal has a gall-bladder without a liver, although many have
a liver without a gall-bladder; and, in every case where a gall-blad-
der is present, it has such a communication with the liver, that the
bile secreted by the latter may be easily transferred to the former.
¢ Vides aded,” he adds, ¢ bilem hepate egere, in quo paretur, vesi-
culd non egere, non ergo in vesicula nasci, ex hepate vero in vesicu-
lum transire.”
~ And Cuvier has happily compared the examination of the compara-
tive anatomy of an organ, in its gradation from its most complex to
its simplest state, to an experiment which consists in removing suc-
cessive portions of the organ, with a view to determine its most
essential and important part. In the animal series we see this
experiment performed by the hand of.nature, without those dis-
turbances which mechanical violence must inevitably produce. We
thus learn, from comparative anatomy, that the vestibule is the funda-
mental part of the organ of hearing; and that the other portions, the
semicircular canals, the cochlea, the tympanum and its contents, are
so many additions made successively to.it, according as the increas-
ing perceptive powers of the animals render a more delicate acoustic
organ necessary. In a similar manner we learn, that one portion
of the nervous system, in those animals in which it has a definite
arrangement, is pre-eminently associated with the mental principle,
and 1s connected with, and presides over, the other parts. This
organ, the brain, is always situate at the anterior or cephalic ex-
tremity of the animal, and with it are immediately connected the
organs of the senses, the inlets to perception. We soon find that
the brain exhibits a subdivision into distinct parts;.and of the rela-
tive importance of these parts, and their connection with the organs
of sense, and with the intellectual functions, we derive the most
important information from the study of comparative anatomy.

Haller further assigns the examination of the living animal as a
valuable aid in physiological research. Doubtless, many obscure
points have been elucidated by experiments on living animals, and
discoveries have been made which have greatly contributed to the
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progress of physiology; but the best physiologists are ever reluctant
to interrogate nature in this way, knowing that replies elicited by
torture are rarely to be depended upon. Very useful knowledge may
be derived from observing the play of certain functions in living
animals, or in Man himself,—contrasting them in various individuals,
and noting the effects of age, sex, and temperament, and ascertaining
the influence which other conditions, natural or artifictal, may exert
upon them. )

The investigation of disease, both during life and after.death, is of
great value to enable us to appreciate the action of an organ 1In
health. If, for example, as Haller remarks, a particular function be
ascribed to a certain part, how can there be a more favourable oppor-
tunity of testing the accuracy of such a doctrine than by the exami-
nation of a body in which that part was affected with a disease, of
which the previous history was known? If the function in guestion
had been vitiated, or destroyed, it may be fairly presumed to have
had ifs seat in the. diseased organ. Nothing has contributed more
largely to determine the functions of particular nerves, than exact
histories of the symptoms during life, in cases in which they had
been found, after death, in a diseased condition.

For exploring the minute structure of various textures, the ana-
tomical élements of the body, Haller advises the use of the Micro-
scope. 'The great improvements which modern opticians have ac-
complished, not only in the dioptric but also in the mechanical
adjustments of this instrument, render it an invaluable adjuvant in
physiological research. We shall have frequent occasion in the fol-
lowing pages to refer to anatomical analyses, effected by the micro-
scope, of ‘the utmost value to the knowledge of function. It may,
however, be remarked, that, as the sources of fallacy are numerous
even with the best instruments, more depends upon the observer
himself, in this kind of investigation, than in almost any other.

The great impediment to deriving correct inferences from micro-
scopical observations has arisen from the discordance, too apparent,
in the narrations of different .observers. This discordance has been
the result of a twofold cause; namely, imperfection of the instru-
ments, and the very unequal qualifications of different observers.
The former cause is now almost completely removed ; the latter must
remain, while men imperfectly appreciate their own abilities for par-
ticular pursuits.

To make microscopical observation really beneficial to physiologi-
cal science, it should be done by those who possess two requisites :
an eye, which practice has rendered familiar with genuine appearances
as contrasted with those produced by the various aberrations to which
the rays of light are liable in their passage through highly refracting
media, and which can quickly distinguish the fallacious from the real
form; and a mind, capable of detecting sources of fallacy, and of
understanding the changes which manipulation, chemical reagents, and
other disturbing causes may produce in the arrangement of the ele-
mentary parts of various textures.

To these we will add another requisite, not more important for
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microscopical than for other inquiries; namely, a freedom from pre-
conceived views or notions of particular forms of structure, and an
absence of bias in favour of certain theories, or strained analogies.
The history of science affords but too many instances of the baneful
influence of the idola specits upon the ablest minds; and it seems
reasonable to expect that such creatures of the fancy would be espe-
cially'prone to pervert both the bodily and the mental visiop, in a
kind of observation which is subject to so many causes of error, as
that conducted by the aid of the microscope.

Finally, the sagacious Haller perceived how necessary to the
furtherance of physiology is a knowledge of ‘Organic Chemistry ; and
we could adduce many instances to prove, that the attention, which
has of late years been paid to this subject, has not been without its
fruit, in giving us an insight into the nature of many functions, which,
without 1t; we could not have obtained. ,

In the living body the most delicate chemical processes are un-
ceasingly going on, for the formation of new compounds and the
destruction or alteration of old ones. It is evident that no.progress
can be made in the investigation of these invisible processes, unless
we can arrive at an exact knowledge of the chemical compoesition
of the various substances which are employed in them.

Henceforward, in physiological research, anatomical and e¢hemical
analysis must go hand in hand: the former to ascertain the minute
mechanism of the various processes; the latter, to determine the
nature of the affinities by which the syntheses and analyses -of the
living laboratory are effected. ' /

In the composition of the preceding chapter we have to acknowledge valuable
aid derived from the following works:—Haller, Elementa Physiologize Corporis
Humani; Barclay on Life and Organization ; Roberton on Life and Mind; Prichard
on the Doctrine of a Vital Principle; Dr. Carpenter’s article Life, and Pr. Alison’s
article Instinct, in the Cyclopadia of Anatomy and Physiology; Remarks on Skep-
ticism, by the Rev. Thomas Rennell; Daniell’s Chemistry; Graham’s Chemistry.

CHAPTER 1.

SOLID AND FLUID CONSTITUENTS OF ANIMAL BODIES.—PROXIMATE PRIN-
CIPLES.—SECONDARY  ORGANIC COMPOUNDS.—CLASSIFICATION OF THE
TISSUES.—DEVELOPMENT OF THE TISSUES FROM CELLS.—PROPERTIES
OF THE TISSUES.

)

AnimaL bodies are composed of solids and fluids. The former
constitute the various textures and. viscera; the latter, the.bloo('i,
lymph, chyle, and the liquid secretions of glands, contained either in
their excretory ducts or in special reservoirs. )

The solid textures contain only about one-fourth of sphd matter,
the rest is water. The great shrinking which they experience, when
dried, shows how much of their bulk they owe to this combination ;
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and parts thus shrunken swell out again, and assume their natural
condition on the addition of water. The mummy of a large man 1s
of a very trifling weight. Blumenbach possessed the entire perfectly
dry mummy of a Guanche or aboriginal inhabitant of Teneriffe, pre-
sented to him by Sir Joseph Banks, which, with all its muscles” and
viscera, weighed only seven pounds and a half. . _

Water is one of the most important constituents of animal bodies.
It forms four-fifths of their nutrient fluid, the blood ; and it gives more
or less of flexibility and softness to the various solid textures. ‘The
loss of it in great quantity speedily puts a stop to vital action, as may
be easily shown in the lower animals ; and some animalcules, in which
all appearance of life may have ceased on being deprived of it, will
revive on its being supplied to them again. Itis a solvent of many
organic matters; some also are suspended in it: it is, therefore, a
valuable medium for conveying these substances to the several tex-
tures and organs. It plays a most important part in the various
chemical operations of the body; and its addition to, or subtraction
from a particular compound is capable of converting it into a substance
of very different properties. .

By anatomico-physiological analysis we separate the solids and fluids
of the body into their various kinds, and classify and arrange them
according to their characters and properties.

By chemical means we obtain from them a class of substances,
called proximate principles, substances but one step removed from the
organized tissue, some of which are held in solution in the blood.
These, in combination with sulphur, phosphorus, and other simple
substances (incidental elements), and salts, form the material out of
which the organized tissues are framed.

The general chemical constitution of these proximate principles
has already been discussed in the Introduction; and they have been
distinguished from another class of organic substances, the secondary
organic compounds, among which we must particularize those which
are formed by chemical action in the living organism, from materials
furnished by it. These are found in various secreted fluids, and are
easily obtained from them, either by spontaneous separation, or by
simple chemical means ; and they must not be confounded with a vast
variety of compounds, which the chemist can create at will both from
them and from the proximate principles, through the affinities of vari-
ous chemical substances for them.

The following table contains a list of substances which, in the
present state of our knowledge, may be properly assigned to the two
classes of organic compounds, to which allusion has been made:

PROXIMATE PRINCIPLES. BEECONDABRY ORGANIC COMPOUNDS.
Albumeny Urea; 3 .
Fibrine, %Compounds of Proteine. Uric or Lithic acid; § '® the Urine.
Caseine, Cholesterine; in the Bile.
Gelatine. Biliary matters.

Chondrine. Pepsine; in’the Gastrie Juice.
Elaine. Sugar of milk.

Stearine. Lactic acid.

Margarine.

H=matosine.

Globuline.
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Of the Proximate Principles.—1.. Albumen.—This substance is so
called from the white colour it possesses in the solid state. It is very
readily obtained from the white of egg, ovalbumen. In the human
body it exists in two states: fluid, being dissolved in the serum of
the blood, and in some of the secretions: and solid, forming certain
of the tissues, which are thence called albuminous tissues. These
are, the brain, spinal cord and nerves, and the mucous membranes;
it also enters into the composition of the muscles, and of the aqueous
and vitreous humours of the eye. It is also contained in the effusions
of serum or pus, which are the products of disease.

Albumen may be readily made to pass from the fluid to the solid
state, or to coagulate, by the influence of certain reagents; but it has
no spontaneous tendency to assume the solid form, except by the loss
of the water which is combined with it. By evaporating white of
eggs, at a temperature not exceeding 120°, its water is driven off,
and solid albumen, in the form of a yellowish transparent brittle
mass, is obtained with all its properties unimpaired. If a solution
of albumen, as. serum of the blood, be exposed to a heat between
140° and 150°, it coagulates, and then it becomes insoluble in water.

.The mineral acids have the property of coagulating albumen.” Of
these, that which is most used in medical practice is the nitric, a drop
or two of which will readily detect a small quantity of albumen dis-
solved in a clear fluid, by rendering it more or less opaque. Alcohol
also has this property ; and hence any albuminous textures submitted
to its influence become hardened and condensed. Bichloride of
mercury ex/ercises a similar influence, and is a delicate test for albu-
men. It was Orfila who first employed this proximate principle as an
antidote to the poisonous effects of the bichloride, which combines
with the albumen and is by it partially converted into calomel. Ac-
cording to Peschier, the white of one egg is sufficient to render four
grains of the poison innocuous.

Another delicate test for albumen is the ferro-cyanide of potassium,
which will precipitate it from solution, provided a little acetic acid
have been previously added, in order to neutralize the soda in' com-
bination with it. Albumen is also precipitated from solution by
tannin. )

Albumen coagulates at the negative pole of the galvanic battery,
or at both poles, when a strong battery is employed.

Many other reagents will coagulate this principle, but enough have
been mentioned for all practical purposes.

It often happens that albumen'is carried off from the system in large
quantities by the urine. By any of the means above-mentioned, 1ts
presence in that fluid may be detected. When heat is used, it will
always be advisable to ascertain previously whether the urine be acid
or alkaline; for the presence of alkali prevents the coagulation of
albumen by heat. Hence it is a good rule, in testing for this sub-
stance, to employ both heat and nitric acid.

Albumen is soluble in caustic alkalies.

The existence of sulphur as a constituent of albumen, is shown
by the blackening of silver that has remained long it contact with it.
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-According to Mulder, this principle yields the following elements
in one hundred parts:

Nitrogen 15-83
Carbon 54-84
Hydrogen 7-09
Oxygen 2123
Phosphorus 033
Sulphur 0-68

100-00

9. Fibrine.—This proximate principle forms the basis of the mus-
cles; and is, therefore, the chief constituent of the flesh of animals,
in which it is found in the solid form. It exists in a state of solution,
in the serum of the blood, forming, with that fluid, the liquor san-
guinis of Dr Babington, in the lymph, and in the chyle. Itis a con-
stituent of the exudation (coagulable lymph) which forms on certain
-surfaces, as the result of the inflammatory process, and it sometimes
occurs in dropsical fluids. .

Fibrine is distinguished from the other proximate principles, by its
remarkable property of spontaneous coagulation.. When blood is drawn
from a vein, and allowed to rest, it speedily separates into a solid por-
tion, the crassamentum or clot, and a fluid portion, the serum. The
former consists of fibrine, with the red particles entangled in it during
its coagulation. It sometimes happens, that, owing to an unusual
aggregation of the red particles together, and to their more speedy
precipitation, a portion of fibrine on the surface coagulates without
enclosing the colouring matter. A yellowish-white layer forms the
upper stratum of the crassamentum, and this is called the buffy coat
or inflammatory crust. It 1s an example of nearly colourless fibrine,
but contains also peculiar globules. ‘

We may obtain fibrine in a state of considerable purity, by cutting
the crassamentum into slices, and washing them in clean water so as to
dissolve out the colouring matter; or by briskly stirring, with a bundle
of twigs, blood as it flows from a vein: the fibrine coagulatesupon the
twigs in small portions, which, being washed, afford good specimens
of colourless fibrine ; by digesting afterwards in alcohol and ether, the
adhering impurities are got rid of. Another mode of obtaining this
substance is that suggested by Miiller, namely, to filter frogs’ blood,
the red particles of which being too large to permeate the pores of
the filter, the liquor sanguinis passes through in a colourless state, and
its fibrine coagulates free from colouring matter. Somelimes we obtain
masses of fibrine, great part of whjch is colourless, from the cavities
of the heart, and from the large arteries, after death. It is also accu-
mulated, and disposed in a peculiar lamellar form, in the sacs of old
aneurisms. '

Pure fibrine 1s white, tasteless, and inodorous; it tears into thin
laminz, which are transparent, and it is remarkably elastic ; by dry-
ing, it becomes yellow, hard, and brittle, and loses three-fourths of
its weight, but imbibes water again when moistened: it is insoluble
in both hot and cold water, in alcohol, and in ether. By long-con-
tinued boiling in water, its composition is changed, and it becomes
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soluble. Strong acetic acid converts it into a jelly-like mass, which
is sparingly soluble in water. All the alkalies dissolve fibrine. . Any
of these solvents of fibrine will prevent the coagulation of blood,
which has been allowed to drop into it as it-flows from the blood-
vessels.

Fibrine is dissolved by cold concentrated muriatic acid, and, if
kept at a cool temperature for twenty-four hours, the solution acquires
an indigo-blue colour. Albumen, similarly treated, assumes a violet
colour.

Caustic potash, common salt, carbonate of potash, and many neu-
tral salts, when mixed in certain quantities with the blood, have the
property of preventing the-coagulation of its fibrine.*

We subjoin the ultimate analysis of fibrine, as given by Mulder. In
one hundred parts, he found

Nitrogen 1572/
Carbon 54-56
Hydrogen 6:90
Oxygen 2213
Phosphorus 0-33
Sulphur 0-36
100-00

3. Caseine.—This principle has many properties in common with
albumen and fibrine. It is found abundantly in milk; its occurrence
in other fluids has not been positively determined. The curd, which
is formed by heating milk in which a free acid existed, consists ‘of a
combination of caseine with the acid. Heat alone will not effect the
precipitation of the curd ; but the addition of a little acid of any kind
will occasion it.

‘When dilute sulphuric acid is added to skimmed milk, a. precipi-
tate occurs, which 1s sulphate of caseine. By digesting the clot, thus
formed, with water and carbonate of lime, the acid combines with the
lime, and the caseine, set free, dissolves in the water, and may be
obtained by evaporation.

Caseine is coagulated very perfectly by the action of rennet (the
fourth or true digesting stomach of the calf) aided by heat. This
power of coagulating caseine is not to be attributed to the acid of the
calf’s stomach, but to the organic principles (pepsine) resident in it;
for the power remains after all evidence of acid reaction has been
removed. This is one of the most powerful agents in causing the
coagulation of caseine, and it has been employed in domestic economy
for the manufacture of cheese, which consists of the curd mixed with
butter, compressed and dried. So perfect is the coagulating power
of rennet, that not a particle of caseine in milk submitted to its action
will remain uncoagulated. o

Caseine comports itself with reagents in a manner very similar to
albumen. In the codgulated state it is insoluble in water, but soluble
in liquor potasse. It is not precipitated by heat alone, in which
respects it differs from albumen. Acetic acid, wh-lc\h will not precipi-

*+ See further observations on the results of the examination of fibrin by the miero-
scope, in the chapter on the Blood.
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tate albumen, causes the coagulation of caseine, and an excess of acid
again dissolves it.

Caseine contains sulphur, but no phosphorus.

Mulder’s ultimate analysis is as follows:

Nitrogen 1595
Carbon 5510
Hydrogen 697
Oxy-ggn 2162
Sulphur 036

100-00

If albumen, or fibrine, or caseine be dissolved in a moderately strong
solution of caustic potash, and exposed for some time to a high tem-
perature, it becomes decomposed ; and if acetic acid be now added,
a precipitate takes place of a gelatinous translucent matter. This
substance was discovered by Mulder, and named by him Profeine
(from the Greek verb mewreve, I am first), as being the radicle of these
proximate principles; or, in the language of Liebig, the commence-
ment and starting-point of all the tissues; so that it appears that each
of these principles is composed of this substance, with the addition
of certain proportions of phosphorus, sulphur, or of both. In the
process by which it is obtained, the object is to remove the sulphur
and phosphorus and any salts which may be mixed with'it, and to set
the proteine free. )

Proteine, when dried, forms a hard, brownish-yellow substance,
without taste, and insoluble in water and alcohol. It attracts moisture
from the air, and swells out again into a gelatinous mass when moist-
ened. It is soluble in all acids, when diluted ; and forms combina-
tions with them, which are with difficulty, or not at all, soluble in
excess of acid. It is also dissolved in dilute alkalies, or in solutions
of alkaline earths. '

The ultimate analyses of proteine, according to Mulder, from one
hundred parts gives as follows:

Nitrogen 1601
Carbon 5529
Hydrogen 700
Oxygen 21:70

100-00

The following table exhibits the relations which albumen, fibrine,
and caseine bear respectively to proteine:
Albumen of serum == 10 eqts. Proteine - 1 eqt. Phosph. - 2 éqts. Salph.
Albumen of Egg = 10 eqts. Proteine 4- 1 eqt. Phosph. + 1 eqt. Sulph.

Fibrine = 10 eqts. Proteine - 1 eqt. Phosph. 4 1 eqt. Sulph.
Caseine — 10 eqts. Proteine - 1 eqt, Sulph,

Besides the essential elements of these proximate principles, which
are obtained by their ultimate analysis, we find certain salts mixed
with them. In albumen, phosphates and sulphates of earths and
alkalies and chloride of sodium ; in fibrine, phospate of lime; and in
caseine, the same salt, in the proportion of 624 per cent. As the
‘phosphate of lime is the same as bone-earth, the existence of it in
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union with the proximate principle, which forms.the chief constituent
of milk, seems to have reference to the process of ossification during
the growth of "the infant.

Proteine, in every respect the same as that which forms the basis of
the proximate principles just described, may be obtained from similar
elements in the vegetable kingdom. Gluten, which exists abundantly
in the seeds of the Cerealia, yields a principle which is called vege- -
table fibrine ; the same substance coagulates spontaneously in the newly
expressed juice of vegetables. From the clarified juices of cauli-
flower, asparagus, mangel-wurzel, or turnips, when made to boil,a
coagulum is formed, which cannot be distinguished from the coagu-
lated albumen of serum or the egg. This is vegelable albumen. And
in peas, beans, lentils, and similar leguminous seeds, we find a sub-
stance similar to caseine. It is vegetable caseine, which, like the ani-
mal principle of the same name, does not coagulate by heat alone, but
ylelds a coagulum on the addition of an acid, as in milk. ¢The
chemical analysis of these three substances,” says Liebig, ¢ has led
to the very interesting result,. that they contain the.same organic ele-
ments, united in the same proportions by weight ; and, what is still
more remarkable, that they are 1dentical in composition with the chief
constituents -of ‘blood, animal fibrine, and albumen. They all three
dissolve in concentrated .muriatic acid with the same deep purple
colour ; and, even in their physical characters, animal fibrine and albu-
men are in no respect different from vegetable fibrine and albumen.
It is especially to be noticed, that by the phrase identity of composi-
tion, we do not here imply mere similarity ; but that, even in regard.
to the presence and relative amount of sulphur, phosphorus and phos-
phate of lime, no difference can be observed.”

4. Gelatine.—This substance exists in a peculiar combination with
the tissues of which it forms a constituent, and can only be obtained
by artificial means. If the cutis or true skin, tendon, or bone, be
subjected to continued-boiling, this substance is obtained in solution
in the hot water, and upon cooling assumes the form of a solid jelly,
which is the more solid as the quantity of water contained in it is less.
The textures which yield gelatine are, the white fibrous tissue, areo-
lar tissue, skin, serous membranes, bone. Glue prepared from hides,
&ec.; size from parchment, skin, &c.; and isinglass from the swim-
ming bladder of the sturgeon, are various forms of gelatine used in
commerce.

Gelatine, obtained by boiling, is in combination with a considerable
quantity of water: by a slow and gentle heat this may be driven off,
and the gelatine obtained in a dry state. Dry gelatine is hard, trans-
parent, colourless, without smell or taste, of neutral reaction ; in cold
water it softens and swells up, and dissolves in warm water. It is
insoluble in alcohol and ether, but very soluble in the dilute acids
and alkalies. When tannin, or the tincture or infusion of galls, is
added to its solution in water, a brownish precipitate is thrown down
—the tanno-gelatine, which may be precipitated from a solution of
gelatine in 5000 times its weight of water. ) i

The process of tanning leather results from the affinity of gelatine
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for tannin. The skins of the animals having been first freed from
cuticle and hairs by soaking in lime-water, are tanned by submilting
them to the action of infusion of oak-bark, the strength of which 1s
gradnally increased until a complete combination has taken place.
An insoluble compound is thus formed, capable of resisling putre-
faction.

According to Mulder, gelatine contains in one hundred parts,

Nitrogen 18:350
Carbon 50048
Hydrogen 6477
Oxygen 25125

100-000

to which may be added some inorganic material, chiefly phosphate
of lime.

Dr. Prout remarks, the gelatine in animals may be said to be the
counterpart of the saccharine principles of plants; it being distin-
guished from all other animal substances by its ready convertibility
into a sort of sugar, by a process similar to that by which starch may
be so converted. If a solution of gelatine in concentrated sulphuric
acid be diluted with waterand boiled for some time, gelatine-sugar may
be obtained from it, on saturating with chalk. Again, by boiling
gelatine in a concentrated solution of caustic alkali, it is separated into
leucine and gelatine sugar, or glycicoll. The latter product crystalizes
in pretty large rhomboidal prisms; is colourless, inodorous, and very
sweet, (Graham’s Chemustry, p. 1039. [Am. Ed., p.-700.]) It
differs from sugar, however, in the important particular, that it con-
tains nitrogen; and Mulder assigns to it the following formula, C; H,
N, O, + 2 HO.

Proteine cannot be obtained from gelatine ; but it seems reasonable
to infer, that it or its compounds must have contributed to the forma-
tion of the latter substance, for, in the egg, the gelatine of the chick
cannot be derived from any other material than a compound of pro-
teine. Scherer has shown that gelatine contains the elements of two
equivalents of proteine, with three of ammonia, and seven of water.

5. Chondrine is a substance in many respects similar to gelatine. It
is obtained in a state of solution, by boiling water, from the perma-
nent cartilages and from the cornea; also from the temporary carti-
lage prior to ossification; it gelatinizes on ‘cooling, and when dry
assumes the appearance of glue. It differs from, gelatine, in not being
precipitated by tannin, and in yielding precipitatesto acetic acid,alum,
acetate of lead, and the protosulphate of iron, which do not disturb a
solution of gelatine. It resembles the proteine compounds in containing
a minute quantity of sulphur.

Mulder’s analysis of one hundred parts is,

Nitrogen 14-44
Carbon 4996
Hydrogen 663
Oxygen 2859
Sulphur 0-38

100-00
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Respecting the remaining substances included in the list of true
proximate principles, very few words are necessary, as they will be
more fully treated of in subsequent chapters

Elaine, Steamne, and Margarine are proximate principles of fat, and
are found also in the brain and nerves. Stearine exists but sparmgly,
or not at all, in human fat. ’

Hematosine and Globuline are the constituents of the particles, or
corpuscles, to which the blood owes its colour. They are both
nearly allied to albumen, and the latter is regarded as a compound of
proteine.

The proximate principles which have been describéd in the pre-
ceding paragraphs are -constituents of the animal food, upon which
the human race, and the inferior creatures, to a great extent subsist;
and the dlSCOVel) that'similar principles exist in the vegetable king-
dom, also adapted for food, 1s of the highest interest, as proving that
both’ kingdoms of orgamzed nature are capable of affordmg the mate-
rials which are’suited to supply the waste in the animal tissues which
is the necessary result of their vital actions. The blood is the imme-
diate pabulum of the tissues; its composition is nearly or entirely
identical with them ; it is, mdeed as Bordeu long ago expressed it,
liquid flesh ; it contdins the elements of the solids in a state of solution
—le sang est de la chair coulante. The proteine compounds more
immediately contribute to the formation of the blood, and, as we have
seen, may be obtained directly from that fluid; and the process of
nutritiort Consists in the attraction of certain of these principles from
the blood, and the appropriation of them by the textures and organs,
in a form’ assnmllated to that of their elementary parts.

It is necessary to the support of nutrition, that these proximate
prmcnples should be supplied in proper quantlty to the blood, from
time to time, together with a due proportion of water; and as the
human body is composed of a variety of textures, differing in their
chemical composition, so a variety of food is required for its perfect
nourishment. This statement, which appears most reasonable prior
to experience, is fully borne out by the results of the various experi-
ments on the nutritive power of different substances, from the time of
Papin to the present day.. No one proximate principle is of itself
adequate to support life: if any such substance be administered
alone to animals, they will perish sooner or later, with signs of waste
and destruction in various textures. This had been long ago ascer-
tained respecting gelatine ; but a commniission appointed by the French
Academy have lately. reported that it applies equally to albumen,
caseine, or fibrine, if employed alone ; and that neither animals nor
man should be restricted to any course of diet, which does not contain
all the proximate elements of "their frame.

These facts should be made known to, and impressed upon all,
whose position in society leads them to supefmtend the administration
of food to a number of human beings congregated in prisons, work-
houses, or other pubhc institutions. A complex machine, made up
of many different kinds of substances, requires for 1ts Tepair a corre-
sponding variety of materials. The fabric of man ’s body is a piece
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of mechanism compounded of divers parts, derived from albumen,
fibrine, gelatine, &c.; and the material, which is to supply the wear and
tear that continually go on in it, ought to contain these substances. It
is even more important for sufficient nourishment that attention should
be paid to the guality than to the quantity of the food administered.

By the function of digestion, a fluid (Zhe chyle) is prepared, which
contains those constituents of the food that are adapted to nourish the
body, and the first step of the nutrient process consists in the addition
of this new supply of nutritious material to the blood. A further stage
of this process is that whereby the several proximate principles are
separated in order to ‘be applied to the support of their appropriate
textures; as albumen, to the albuminous tissues ; fibrine, to the fibrin-
ous. These two principles have already appeared in the chyle, and
pass with it into the blood-vessels, in which all the changes neces-
sary to nutrition take place. It is probable that gelatine is formed in
the blood, but is attracted from it by its proper tissues immediately
upon its formation, so that it does not accumulate in it; and this
accounts for our not being able to find it in the blood. The fatty
elements also separate in the blood, and are destined to nourish the
adipose tissue, and the nerves. It may be fairly conjectured that the
development and separation of these principles take place in the
capillary blood-vessels, because those vessels penetrate and play
freely among the elementary parts of the .tissues; and also because
the blood does not manifest a decided change in its characters until
it has passed through that part of the sanguiferous system. '

The blood is likewise the seat of other changes, not less important
to the well-being of the animal economy. As certaip particles of the
various tissues become effete and useless, they are removed either by a
direct absorbing power of the blood-vessels, or by that of certain vessels,
called lymphatics, and thus they again find their way into the current
of the circulation. Here the elements of the tissues, by some un-
known chemical agency, undergo certain: transformations, and the
secondary compounds are formed, to be excreted from the system by
means of particular organs. Urea and uric acid, thus formed in the
blood, are excreted by the kidneys; lactic acid, by the kidneys and
the skin ; the elements of the bile, by the liver, &c., &c. But whilst
it is highly probable that the effete particles furnish materials for these
compounds, there seems good reason to believe, that, at least with
respect to some of them, the food likewise contributes immediately
to their formation. That this is the case with respect to the bile, is
rendered very likely by several circumstances which cannot be dwelt
upon at present.

In the present state of our knowledge it is impossible to assign the
particular tissues whose metamorphoses give rise to the formation of
certain secondory compounds. Dr. Prout has exptessed the opinion
that urea is derived from the gelatinous, and uric acid from the
albuminous tissues. And it may be conjectured that the fatty tissues
afford material for the formation of some of the constituents of the
bile.

As each of these secondary organic compounds forms a component
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part of some special secretion, it would be premature to do more at
present than allude to them; we, therefore, postpone the further
investigation of them to those parts of the work where the respective
secretions will be treated of.

Classification and properties of the flissues.—From the proximate
principles, the various textures are produced by the development of
particular organic forms. It has already been stated, that the simplest
form which animal matter assumes in its organization is that of a
nucleated cell. Such cells exist in vast numbers, free aind isolated,
floating in the blood, but having occasionally a remarkable tendency
to cohere. These are the red particles of the blood, which perform
some very important office in reference to that fluid and the different
tissues, as appears from the serious results consequent upon a great
deficiency of them. They may be considered to be among the sim-
plest products of organization.

In the embryonic state all the tissues are composed of cells, analo-
gous in structure to the corpuscles of the blood. 'These are united
together by a more or less abundant intercellular substance, which is
either homogeneous (hyaline), minutely granularjor indistinctly fibrous.
Some tissues retain, as their permanent character, this cellular struc-
ture’; whilst in others the cells undergo certain metamorphoses by
which they are converted into other forms, which constitute the ana-
tomical elements of the adult textures. : .

It seems impossible to devise a satisfactory arrangement of the
tissues, which shall be based on one principle of classification. The
following table has been constructed chiefly with the object of pre-
senting to the reader a general view of the various tissues, the anato-
mical characters of which will be discussed in subsequent pages.

TABULAR VIEW OF THE TISSUES OF THE HUMAN BODY.

2

. Simple membrane, homogeneous, or nearly ’

" so, employed alone, or in the formation of
compound membranes.

. Filamentous tissues, the elements of which

are real or apparent filaments.

. Compound membranes,composed of simple

membrane, and a layer of cells, of various
forms ' (epithelium or epidermis), or of
areplar tissue and epithelium.

. Tissues' which retain the primitive cellular

structure as their permanent character.

. Sclerous or hard tissue.

Compound tissues. :

a. Composed of tubes of homogeneous
membrane, con;aining a peculiar sub-
stance,

b. Composed of white fibrous tissues and
cartilage.

Examples.—Posterior layer of the
Cornea.—Capsule of the lens.—
Sarcolemma of muscle, &ec.

White and yellow fibrous tissues.
—Areolar tissue.

Mucous membrane.—Skin.—~True
or secreting glands.—Serous and
synovial membranes,

Adipose tissue.—Cartilage.—Gray
nervous matler.
Bone.~Teeth.

Muscle.——Nerve.

Fibro-cartilage.

The first texture enumerated in this table is an example of the

simplest form of membrane. Its principal character .isve'xtension;
but as to the arrangement of its ultimate particles nothing is known,
for under the highest powers in the microscope it appears homoge-
neous, that is, without visible limits to its particles, or, at most, 1rregu-
larly and very indistinctly granular. The capsule of the lens, the
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posterior layer of the cornea, and the walls of the primary organic
cells, are composed of it; and it is employed in forming muscle,
nerve, and the adipose and tegumentary tissues. ‘

The filamentous tissues are extensively used for connecting different
parts, or for associating the elements of other tissues. The ligaments
of joints, for instance, are composed of the white or yellow fibrous
tissues; and areolar tissue surrounds and connects the elementary
parts of nerves and muscles, accompanies and supports the blood-
vessels, and unites the tegumentary tissues to their subjacent parts or
organs. . '

Under the title compound membdranes we include those expansions,
which form the external integument of the body, and are continued
into the various internal passages, which, by their involutions, con-
tribute to form the various secreting organs or glands. These are
composed of the simple homogeneous membrane covered by epi-
dermis or epitheliuni, and resting upon a layer of vessels, nerves, and
areplar tissue in great variety ; and they constitute the skin and mucous
membranes, with the various glandular organs which open upon their
surface. Hairs and nails, being hardened cuticle, are justly regarded
as appendages to the former.

To these we may add those remarkable membranes, composed of
‘areolar tissue and a thin indusium of epithelium, which are employed
as mechanical aids to motion. These are the serous membranes which
line the great cavities of the body, and the synovial membranes, which
are interposed between the articular extremities of the bones in cer-

-tain joints, or are connected with and facilitate the motions of tendons.

The tissues which compose the fourth class have no common cha-
racter, except their adherence, in the adult state, to the primitive
cellular structure, and their analogy in that particular with the vege-
table tissue.  Although a certain agreement, in inorphological charac-
ters, allows these textures to be grouped together, none can be more
dissimilar as regards their vital endowments. They differ materially
as to the degree of cohesion between tlieir cells: in cartilage there is
generally a firm and resisting intercellular substance; in adipose
tissue, the interval between the cells 1s occupied by areolar tissue
and blood-vessels, which are foreignto the true adipose cells; and,
in the gray nervous matter, vessels and nerve tubes exist between
the cells.

The sclerous tissue (oxangos, hard), contains a large proportion of
inorganic material, to which it owes its hardness; it differs very
materially from all the other tissues, excepting cartilage and fibro-car-
tilage, which, as regards hardness, might be classed with it.

The compound tissues are those, the elementary parts of which are
made up of two distinet tissues. Thus both inuscle and nerve are
composed of parallel fibres or threads, each fibre being compound :
in muscle, it i1s composed of homogeneous membrane, disposed like
a tube, containing a fleshy (sarcous) substance, arranged in a particu-
lar manner, which is the seat of the vital properties of the tissue;
and, in nerve, the fibres are composed of similar tubes of homoge-
neous membrane containing an oleo-albuminous substance, neurine.
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Fibro-cartilage is also properly a compound texture, being made up
of white fibrous tissue and cartilage; it is \employed‘ almost exclu-
sively in the mechanism of the joints of the skeleton, in which it is
associated. with bone, cartilage, and ligaments.

Of the ‘development of the tissues from cells.—At the earliest period
of -embryonic life, the process of organization has advanced to so
slight an extent, that the variety of textures above described has not
yet appeared. ‘

" The prevailing mode, in which the development of animals takes
‘place, is by the formation, within the parent, of a body containing the
rudiments of the.future being, as well as a store of nutrient material
sufficient to nourish the embryo for a longer or shorter period. This
body is called the ovum or egg. Itis of that form which, in a former
page (p. 32, fig. 1), has been described and delineated as the simplest
which organization prodaces. It consists of a vesicular body filled
by a fluid, and enclositig another, within which is a third, consisting
of one or more minute, but clear and distinct granules. The first, or
the vitelline membrane of the ovum, is the wall of a cell; it is com-
posed of homogeneous meimbrane: the second, or the germinal vesicle
of the egg, is the nucleus of the first: and the third, which is called
by embryologists the germinal spof, is a nucleolus to the second. It
appears, from the researches of Wagner and Barry, that the nucleus
or germinal vesicle precedes the formation of the vitelline membrane,
but the precise relation' as to the period of its formation of the nucle-
olus or.germinal spot to the nucleus has not yet been satisfactorily
made out. The germinal vesicle and spot become the seat of a series
of changes, which give rise to the development:of new cells, for the
formation of -the embryo.

At this period the embryq consists of an aggregate of cells, and
its further growth takés place by the development of new ones. This
may be accomplished in two ‘ways: first, by the development of new
cells within the old, through the subdivision of the nucleus into two
or more segments, and the formation of a cell around eaeh, which
then becomes thé nucleus of a new cell, and may in its turn be the
parent of other nuclei ; and, secondly, by the formation of a granular
deposit between the cells, in. which the development of the new cells
takes place. The granules cohere to each other in separate groups
here and there, to form nuclei, and around each of these a delicate
membrane is formed, which is the cell-membrane. The nuclei have
been named cyfoblasts, because they appear to form- the cells (xvzos,
cell; Braseew, to produce): and the granular deposit in which these
changes take place is called the cyfoblastema.

In every part of the embryo the formation of nuclei and of cells
goes on in one or both of the ways above-mentioned ; and, by and by,
ulterior changes take place, for the production of the elementary parts
of the tissues. The precise share which the cells take in this process
cannot be made intelligible in the present stage of our Inquiry, even
if observers were agreed in their accounts of the phenomena. It must
suffice for us now to explain, as far as we are able, the general changes
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that occur, and the probable office which each part of. the cell per-
forms in.them. _ ,

The changes which the cells undergo in the formation of the tissues,
may be described under two heads; first, those affecting the cell-
membrane ;-and, secondly, those in which the nucleus is concerned.
In those tissues, whose ultimate elements are fibrous, that is, consist-
ing of real or apparent fibres, as areolar and fibrous tissues, the cell-
membranes become elongated, and so folded or divided as to give the
appearance of a subdivision into minute threads or fibres. In the
tissues, which are composed of tubes of homogeneous membrane
containing a peculiar substance within them, as muscle and nerve, the
cells are joined end to end, and, the partitions at each extremity being
removed, their cavities communicate, so -that they together form a
tube, or sheath, in which the deposit of the proper muscular or ner-
vous substance takes place. The smallest or capillary blood-vessels
also are formed by the coalescence of the walls of the cells, not at
one or two, but at several points, owing to their elongation, here and
there, into pointed processes, which unite and form the ramifications
of the vessels. .

In these examples, the nucleus of the cell appears to take no part
in the formation of the tissue. What becomes of it? does it become
absorbed, or does it waste away, its office having ceased? There is
abundant evidence tqo show that the nuclei are still persistent in the
fully-formed tissues, for they have been seen in all those enumerated
in the last paragraph. They are generally altered in form, being
flattened and elongated. * Henle believes that, while they retain their
peculiar characters, they are prolonged at either pole into peculiar
fibres, distinet, in anatomical and chemical characters, from the pro-
per fibres of the tissue; he designates the latter Zellenfusern, cell-
fibres ; and the former Kernfasern, nucleus fibres. For instance, the
two elements of areolar tissue, which will be described at a future
Page, are derived, according to him, the white fibrous element, from the
cell ; the yellow, from the nucleus. The formation of the homoge-
neous simple membrane which forms the basement of the skin and
mucous membrane, may be ascribed ta the flattening and fusion of the
cell-walls into one another. The free surface of these membranes,
wherever they may be found, whether as integuments to the body, or
folded into glands, is the seat of a continual development of new cells,

“which may have primarily sprung from the nuclei of the formative
cells of the basement membrane.

In other tissues the walls of the cells become thickened by a depo-
sition around and between them, with which they become united and
incorporated, and thus an intercellular substance is formed. This
substance becomes the seat of a further deposition, or new arrange-
ment of particles, which, as far as we know at present, is not preceded
by the development of cells. In cartilage, which in its simplest ‘state
1s only an aggregate of cells, this substance assumes a fibrous form.
In most textures, it is not improbable that the nuclei are persistent ;
in cartilage, they remain in the cell-cavities, and possibly contribute
to the growth and nutrition of the cartilage; in bone, they form the
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lacunz from which minute canals are prolonged into neighbouring
ones, or into the vascular channels; and, in teeth, they are probably
converted into the dental tubuli. ,

From the preceding brief and necessarily imperfect sketch, it seems
evident that; in the various metamorphoses of the feetal into the- per-
fect tissues, both the elements of the cells take a part. “In no instance
does there appear to be an actual conversion of either cell-wall or
nucleus into the ultimate elements of the tissues. The cell-walls may
be changed iuto a part, accessory to the complete texture, as the sar-
colemma or sheath of the muscular fibre; but the further organizing
process takes place on its outer or inner surface. And the nuclei,
likewise, may.be changed into parts, whieh contribute to the nutrition
of the tissue; but not into its essential elements. These, it must be.
remarked, are always the product of an ulterior organizing process,
connected chiefly with the cell-wall. )

There seems reason to believe, that during the organizing process
which occurs simultaneously with the changes of the cell,a chemical
alteration takes place; for the cells of cartilage sometimes contain
fat, and the cartilage of bone prior to ossification contains chondrine,
but, after the ossific process, gelatine is found: and it is also stated,
that the element which may be obtained from the young cells of
areolar tissue is pyine ; whereas gelatine is yielded by the fully-formed
tissue.

The formation of cells-does not cease with the infancy of the
organism. These minute organic elements are most important agents
in various functions of the body at every period of its existence. By
them the secretions are separated; and it is not improbable that they
contribute largely to those changes in which nutrition immediately
consists. They-are found floating in immense numbers in the blood,
as well as in the chyle and lymph; and, even in diseased secretions,
as pus, they exist in great quantity. In the inflammatory process, they
are formed in great abundance ; and in the malignant growths, which
infest the body, so as to manifest themselves at different parts of it,
?u_chdas the various forms of cancer, the same organic forms are to be
ound.

In short, Schleiden and Schwann have proved that the nucleated
cell is the agent of most of the organic processes, whether in the
plant or animal, from the separation of the embryo from its parent,
to the development, growth, and nutrition of the adult individual.

Properties of the Tissues.—The fully-grown tissues manifest dif-
ferences among themselves, not merely by their anatomical characters,
but by their properties. These may be conveniently subdivided into
physical and vital. ~Strictly speaking, this is a-distinction without a
difference, for doubtless all the properties of animal tissues may be
ascribed to the peculiar arrangement of their particles, and are, there-
fore, physical. Our reasons for adopting the division will appear in
explaining the nature of these properties. :

The physical properties of the tissues are those which are dependent
simply on the peculiar arrangement or mode of cohesion of their con-
stituent particles, as well as upon their chemical constitution, and will
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manifest themselves in the dead, as distinctly asin the living, texture:
Tle elasticity of yellow ligament, for instance, is as evident in a spe-
cimen which has been preserved in spirits for years, as in one taken
fresh from the body. The vital properties are those which exist only
during life, and which cease immediately when molecular life: has
ceased. A muscle will contract only so long as it is alive; when
dead, it refuses to respond to those stimuli, which so easily excited
it while living. '

The most striking physical property which certain tissues manifest,
is that of elasticity, in virtue of which the tissue reacts, after a stretch-
ing or a compressing force has been withdrawn. The yellow ligament,
which constitutes the ligamenta subflava of the vertebral laminz, is
as elastic as India-rubber; the middle coat of arteries manifests quite
as much elasticity. Cartilage 1s flexible and ‘elastic; and is exten-
sively employed, in consequence of this property, to encrust the
articular extremities of the bones, for their protection in the move-
ments of the joints.

The existence of elasticity implies that of extensibility. All elastic
tissues must admit of being stretched before they can manifest their
elastic reaction. But some textures are "extensible without being
elastic. Such tissues yield only to along-continned extending force;
and, in the healthy state, they are capable of resisting such a force of
tension for a considerable period. The resistance which a fibrous
membrane offers to the enlargement of an organ or tumour, which it
covers, illustrates this statement: the pain felt in hernia humoralis
or inflammatory enlargement of the testicle, is doubtless due to the
resistance of its fibrous coat to the swelling of the spft substance of
the gland. '

The various animal tissues exhibit a property of porosity, or evince
a power of attraction for aqueous fluids. If a piece of areolar tissue
from the axillabe soaked in water, it will imbibe 1t as freely asa sponge.
Serous membranes; béeing chiefly composed of areolar tissue, have the
same property, but to a less degree ; and the coats of blood-vessels,
and hollow membranous viscera, are also porous. The occurrence
of transudations, through living and dead tissues, is explained by this
property. When the blood 1s loaded with water, or its passage
through the blood-vessels is impeded, or when the vital changes in
the blood-vessels go on feebly and imperfectly, their walls exert a
morbid attraction upon the water of the contained blood, which trans-
udes into the surrounding areolar tissue, and gives rise to that drop-
sical effusion, which is commonly called Anasarca. In the minute
capillary vessels, this property is always present in a state of health,
and the nutrition of the surrounding tissues is effected by the exercise
of it. After death, the influence of porosity is favoured by the total
absence of motion in the fluids, and of vital change in the walls of
the vessels ; and, therefore, in the dead body we find the areolar tissue
more or less loaded with water in all those places in which gravita-
tion favoured its accumulation. The progress of decomposition, by
disintegrating the tissues, also favours the occurrence of transudation.

It is probable that certain vital processes consist solely in transuda-
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tion. ' In this way the watery part of the secretions doubtless escapes
from the blood-vessels, into the canals of the secreting organs; and
this is especially likely. as regards the mechanism of the kidnéy,
where the blood-vessels of the Malpighian bodies, reduced to their
minutest size, naked, and unassociated with any other tissue, are most
favourably placed for the occurrence of this phenomenon; and the
absorption of fluids brought in contact with certain surfaces is expli-
cable on the same principle. o

The process, which -was first described: by Dutrochet,. under the
name Endosmose and Exosmose; is intimately ¢onnected with the
porosity of animal tissues. It is a process, “‘in which the mutual
attraction of two liquids is called into aetion, one of which is more
capable than the other of freely wetting a porous solid which forms
part of the combination.” (Dantell’s Chemistry.) ’ :

If an animal bladder, the cecum of a fowl, partially filled with
syrup, and tied tightly at its open end with a string, be suspended in
a vessel of water, it will soon be found distended almost to bursting,
in consequence of a considerable quantity of the water having passed
through the walls into the cavity of the bladder (Endosmose). If the
exterior fluid be examined, a portion of the syrup will be found to.
have passed out of the bladder (Ezosmose). Or the phenomehon may
be illustrated by the following experiment :—Take a funnel; and tie
over its broad end (of three or four inches diameter) a piece of blad-
der, invert it, and fill it with spirits of wine, and fit to its small end a_
glass tube, three or four feet in length, and ‘then place it in a. vessel
of water. In a short time the water will he observed to rise-in the
tube, and it will ultimately reach the top and flow over. ¢ The first
moving power here,’” says Professor Daniell, ¢“is the force of adhe-
sion between the water and the bladder; the former penetrates the
pores of the latter, and comes in contact, upon its upper surface, with
the spirit, by the attraction of which, it is removed from the bladder
and mixes with its mass. The height of the column is in some
degree the measure of the force thus called into ac¢tion.” The purely
physical nature of this process is shown by the fact that it will equally
take place through porous inorganic substances; as through organic:
membrares. It would be impossible to do more here than give a
brief explanation of this remarkable phenomenon. It is important
to add, that the observations of Dutrochet clearly show that the
nature of the septum exerts an important influence upon the direction
of the predominant current. If the attraction of the septum for the
exterier fluid be the greater, the endosmotic current will prevail, and
vice versd.

Endosmose is a more important agent in the vital phenomena of
plants than in those of animals. It is supposed, by some physio-
logists, to be brought into play in the processes of secretion and
absorption. ‘ L

The animal membranes exercise the property of porosity in refer-
ence to gases, as well as to liquids; and the tendency of dissimilar
gases to. become diffused among each other manifests itself even.
through compound textures. As. in the case of liquids, there is a
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double current, when two dissimilar gases are separated by a porous
septum, and the predominant current 1s that which has the strongest
attraction for the septum. The following experiments lustrate this
phenomenon :—Confine: some common air in a jar, by tying tightly
over it a piece of sheet-caoutchoue, and then place the jar under a
large bell-glass filled with hydrogen gas; the hydrogen will gradually
penetrate the partition, distend the caoutchoue, and ultimately burst it.
Or, suspend a membranous bag, the stomach of a rabbit, filled with
common air, in an atmosphere of carbonic acid ; the latter will pene-
trate to the former and burst the bag. In both instances there is an
exosmose greatly inferior in the quantity of gas to the endosmose. In
respiration, this phenomenon occurs at every inspiration through the
walls of the pulmonary air-cells and the plexus of capillary vessels
distributed upon them. (Dantell’s Chemistry.)

Although 1n the manifestation of these phenomena there is no direct
exercise of vital force, the tissues-are not the less dependent on healthy
vital action for the preservation of their peculiar properties in a state
of integrity. Whoever will compare the compact figure of a vigorous
healthy man, accustomed to field-sports and active exercises, with the
relaxed, feeble, half-dislocated limbs of an ill-nourished, hysterical
woman, will readily perceive how great an influence healthy nutrition
must exert in preserving and improving the physical properties of the
tissues.

The wvital properties manifest themselves by a change which occurs
in the molecules of certain tissues, as the result of a stimulus applied.
The change, thus produced, may be evident from a visible alteration
in the tissue stimnlated ; or it may show itself through a'secondary
influence exerted upon some other texture or organ, with which the
stimulated tissue may be in connection.

These properties exist in two tissues, namely, in- muscle and in
nerve. A muscle, when stimulated, shortens itself; and, therefore,
it is said to possess the property. of contractility. 'This power of con-
tracting, in obedience to a stimulus, is characteristic of musele, and
probably occurs in no- other kind of animal texture. The stimulus
may be direct irritation by mechanical means, or by galvanism, or by
some chemical substance; but the natural one, during life, is propa-
gated by the nerves.

In nerve, the vital changes are unaccompanied by any alteration in
the tissue itself, which is appreciable by our senses. The excitation
or irritation of the nerve may be manifested in three ways: first, by
its inducing the contraction of the muscle which it supplies; secondly,
by its exciting contraction, in muscles which it does not supply, through
a change wrought in the nervous centre; thirdly, by its exciting a
sensation. The same stimuli, which we have mentioned as capable
of exciting muscular contraction, will produce these effects in nerves;
and the will, and other emotions of the mind, are capable of stimu-
lating nerves which are connected with the brain, and exciting action
in the muscles to which they are distributed. '

That a nerve, when irritated, may excite a sensation, it is neces-
sary that it shall be in connection with the brain. The bodily feelings
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of pain or pleasure are thus produced, through the medium of what
are called sensilive nerves, or nerves of common sensalion; and we
-say that the sensibility of any tissue is great or small, aecording as it
is supplied with such nerves in more or less quantity. Tendon, in
which probably few nerves exist, is a tissue of low sensibility ; whilst
the skin, which is largely supplied with nerves, is highly sensitive.

Light, sound, and the sapid and odoriferous qualities of bodies, are
capable of stimulating certain nerves, and exciting appropriate sen-
sations in the mind. The nerves which respond to such stimuli, are
called nerves of proper or special .sensation; and this name seems
appropriate, because these nerves, when otherwise stimulated, excite
only their peculiar sensations. If the optic nerve be mechanically
irritated, a flash of light is produced; as sometimes occurs if the
retina be touched by the needle in the operation for cataract. If the
auditory nerves be stimulated by a galvanic shock, a sound is pro-
duced. Volta, who tried the experiment on his own person, perceived
a hissing and pulsatory sound; which he compared to that of a viscid
substance boiling: and Ritter relates, that, upon closing the circle
when both his ears were included in it, he was sensible of the sound
of G treble; if but one ear was in the circyit, and the positive pole
applied to it, the sound was lower than G ; if the negative pole was
applied to the ear, the sound .was higher. (Miiller’s Physiology,
translated by Baly.) These peculiarities of the nerves of proper
sensation are due to the fact, that at their periphery they are so organ-
ized as to be admirably adapted for receiving the 1mpressions of their
special stimuli, and at their centres they are  connected with those
parts of the brain. which take cognizance of these special agents,
Thus the optic nerve is admirably disposed in the eye for the recep-
tion of luminous impressions, and the auditory nerve is beautifully
adapted to receive the pulsations of sound, whilst each is connected
with a different part of the brain;-and what are called subjective
phenomena of vision or hearing are often the result of local conges-
tions of blood affecting the respective nerves of these senses, and
producing mechanical 1rritation of them: ‘

In the manifestation of ,the vital properties, dnder the influence of
appropriate stimuli, it cannot be doubted that an organic molecular
change is produced in nerve as well asin muscle. This may be.
considered as a polar state, in which the ultimate particles of the tissue
assume a polarized condition, which may be fairly compared to that
which friction or other means can produce in various substances, by
which they may be rendered mutually attractive or repulsive. 1In
muscle, it becomes at once evident by the powerful attraction which
is exerted between its particles, by which the shortening is effected.
In nerve, it is shown by the rapidity with which the change excited
by.the stimulus at one part of the nerve is conveyed throughout its
course to the muscle, or -to the brain or other nervous centre, with
which it may be connected, producing in them the same or an analo-
gous state. : . .

_ As these phenomena occur in tissues, whose chemical composition
is more complex than that of any others in the body, and which are
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the seat of continual changes, they are subject to many disturbing
causes, and are easily aflected by slight modifications in the general
state of the system. Many substances quickly exert an influence upon
them, as opium, strychnine, and various sedatives, narcotics, or stimu-
lants. Those properties are therefore entirely dependent on the nutri-
tion of their respective tissues; they quickly vary with the state of
that function, and when it ceases, in death, they vanish with it.

For information upon the subjects treated of in this ¢hapter we refer to the fol-
lowing sources:—Henle, Algemeine Anatomie; Berzelius, Chimie Organique, Fr.
edit., 1833; Prout on Stomach and Urinary Diseases; Liebig’s Animal Chemistry, by
Gregory; Graham’s Chemistry; Daniell’s Chemistry; Schwann, Mikroskopische
Untersuchungen tiber die Uebereinstimmung in der Struktur und dem Wachsthum
der Thiere und Pflanzen ; Dutrochet, article Endosmose, in the Cyclopzdia of Ana-
tomy and Physiology.

CHAPTER II.

FUNCTIONS.~—ANIMAL MOTIONS.—MOLECULAR MOTION.—ORGANIC MOLE-~
CULAR MOTION,—MUSCULAR MOTION.—CI1LIARY MOTION.—MOTIONS OF
SPERMATOZOA.

Tue subdivision of the functions of the human organism into the
animal and the organic, as already stated, may be adopted as the least
objectionable basis for their arrangement.  Under the former title we
include those functions, which are peculiar to and characteristic of
the animal part of the living creation, and to which there is nothing
similar or analogous in the vegetable kingdom. These are locomo-
tion and innervation. The organic functions are present in both king-
doms, with certain modifications. They are digestion, absorption,
circulation, respiration, secretion, and generation.

In examining -these various processes, we propose to follow the
order in which they have been enumerated. We find it convenient to
take the locomotive function first, because so large a proportion of the
mechanical arrangements, or of the anatomy of the body, is connected
with it.  The transition from locomotion to innervation is easy and
obvious; for the nervous system has a special connection with the
locomotive organs, in order that the influence of the will may be
conveyed to them. It may be here stated, that in the animal functions
the interference of volition is more frequent than in the organic ones;
and that, in all, the nervous system exerts a certain control, and may
influence to a great degree the performance of the functions, although
some of them are essentially independent of it.

Of the minute movements occurring in the interior of the body.—Of
these we may distinguish three kinds: 1. Those in which particles are
moved passively by forces independent of themselves. 2. Those
accompanying the Incessant changes of the organic elements of the
tissues. 3. Those which occur in certain entire tissues on the appli-
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cation of an appropriate stimulus. All these movements may be
called molecular- on account of the minuteness of the particles con-
cerned in them. : .
1. The term molecular motion was used many years aga by Mr.
Robert Brown, to denote a phenomenon which he had witnessed in
the particles of various organic and inorganic substances in a state of
extremely minute subdivision. When these particles were suspended
in water, they exhibited, under the microscope, motions,. which con-
sisted in more or less rapid oscillations-and rotations of the particles
themselves. He found them in the pollen of plants, in many mineral
and nietallic substances, in various animal matters, reduced to a subtle
powder, consisting of particles that ranged in diameter between the
13590 and 3gige of an inch. The movements are clearly not peculiar
to living or organic parts, for they occur in inanimate ones: they
never occur excepting when the particles are suspended in water, or
some liquid ; and they are attributable to currents produced in the
fluid by evaporation at its surface or edges, for they may be arrested
by covering the fluid with oil, or using other means to prevent such
evaporation. They are hot, therefore, inherent in the particles. them-
selves, which only obey the impulse comipunicated to them by the
currents created in the fluid which holds them in suspension.

Certain particles, naturally very minute, which are met with in the
body, exhibit motions when examined under the mieroscope floating
in fluid. These motions are entirely due to the same cause as would
excite them in inorganic particles, namely, to currents in the fluid
created by its evaporation. The minute granules, or particles of the
chyle, have been found to exhibit molecular motion ; and it has been
ingeniously supposed, that ¢‘these motions indicate the first obvious
impress of vitality which the new material has received from its
association ‘with living matter.”” But, before this supposition can be
admitted, we require evidence to show that these motions are inherent,

~and do not result from currents. The minute rod-like bodies, which
form the outer coat of the retina, or.Jacob’s membrane, also some-
times exhibit a molecular motion, when separated and examined in
water, and there seems no reason to, doubt that this is due to the
evaporation of the fluid in which they float. \

2. -Organic molecular motion.—Some of the motions, which take
place within the living body, may be compared to those described by
Mr. Brown, inasmuch as they are generally, if not always, due to an
extraneous force acting upon the particles moved; but they differ .in
this respect, viz., that the praducing force is developed by the pro-
cesses inseparable from life. Such motions are notin general visible, yet
-some have been seen, which clearly indicate that forces are develqped,
during life, capable of producing them. The movements of particles
within cells afford an example: such motions-are either of a uniform
rhythmical kind, or they are apparently irregular and oscillating.
Those of thé former kind are familiarly known 1n the vegetable king-
dom by the Cyclosis which takes place in the oblong cells of Chara;
the granules, which may be seen in.motion, are quite passive and are
carried along by currents within the cell. Motions of the latter kind




72 MOLECULAR MOTION.

have been seen by Schwann among the granules contained in the cells
of the germinal membrane of the hen’s egg, as if occasioned by an
endosmotic current through the wall of the cell. This membrane is
the seat of active change, the development and growth of new cells,
destined for the evolution of the textures of the embryo; and they
derive their nutriment from the yelk, on the surface of which they
lie. Here the cortained particles are passive, and the motion in them
is only the index of the currents which give rise to it. A molecular
otion of the same kind may be seen in the very minute granules,
which occupy the cells of the membrane of black pigment on the
choroid coat of the eye. Whether this go on during life, it is of
course impossible to say, but the conditions for its production are
undoubtedly present. In the blood may be seen another example of
the kind of motion: under consideration. The circulation of this
fluid may be readily followed in ‘transparent parts; and certain par-
ticles, the blood-discs, which float in it in great numbers, exhibit
movements which can scarcely be attributed solely to the current of
the circulating fluid. It is probable that secondary currents may be
established in the blood, or that attractions and repulsions may exist
between the particles themselves, or between them and the walls of
the blood-vessels giving rise to these motions. According to some

- observers, the blood-discs undergo actual changes of shape, becom-
ing now swollen, and now flattened ; and this might be attributed to
the alternate predominance of endosimose or exosmose. But the state-
ment, that they possess an inherent power of contraction of their own,
stands greatly in need of confirmation.

Organic molecular motion occurs in nearly all the internal processes.
The introduction of new matter from without into the blood ; the re-
moval of effete particles by a process of absorption ; the transfer of
nutrient matter from the blood to supply the place of the particles
thus removed ; the separation  of organic compounds in glands, can-
not take place without a movement of molecules in the textures con-
cerned in these processes. We are as much at liberty to infer, that
these motions are produced by certain affinities of the particles of the
tissues, as that chemical action is the result of affinities between cer-
tain forms of matter. These motions of the organic and inorganic
elements are incessant during the ceaseless round of organizing and
disorganizing actions of which every tissue is the seat, as long as it
continues living. The currents alluded to in the preceding paragraph
are visible indications of the presence of these organic movements.

3. The molecular movements of nerve and musele under stimula-
tion have been already mentioned in the preceding chapter. The
capacity of exhibiting these movements exists only while the nutri-
tive process continues to be carried on in the respective tissues—it
ceases with life. It would appear that the precise chemical constitu-
tion, which is essential to its existence, is of so unstable a nature as
to be constantly prone to change, and to require incessant renewal ;
or, it may be, that this capacity is one which is only developed during
the active operation of certain chemical forces, as'if it depended ne-
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cessarily on certain peculiarities of the organic elements when in a
nascent or changing state.

In muscular movement there is a visible approximation of the ulti-
mate particles of the tissue in a determinate direction, as will be fur-
ther explained in the proper place; and in this consists the whole
value of muscular tissue as 4 part of the meehanist of the body. All
those motions in the living body which are visible to the naked eye,
and many of those which cannot be ‘seen without the aid of lenses,
are effected by muscular action. By it canals ‘or tubes adapt them-
selves to their contents; the heart propels the vital fluid; the digest-
ive canal transmits the ingesta from one pért to another ; the excretory
reservoirs, or ducts, expel their contents; and lastly, by it the attitudes -
are maintained, and the locomotive function is performed.

Ciliary motion.—In the samie category with the molecular motions
of the living body we would place that singular phenomenon now
well ascertained by multiplied observations, whi¢h is called Ciliary
motion. 3 ' ,

Certain surfaces, which are, in their ‘natural -and healthy state,
lubricated by fluid, are covered with a multitude of hair-like pro-
cesses, of extreme delicacy of structire and minuteness of size.
These are called cilia, from cilium, an eyelash. They are generally
conical in shape, being attached by their bases to the epithelium
that covers the surface on which they play, and tapering gradually
to a paint; or, as Purkinje and Valentin state, they are more or less
flattened processes, of which the “free extremities are rounded; and
this latter form prevails in the humah.subject.. They vary in length
from the 1d55 to the 15d45 of an inchy They are disposed in rows,
and are adapted in their arrangement to the shape and ‘extent of the
surface to which they belong ; they adhere to the edges, or to a por-
tion of the surface, of the R '
particles of the epithelium, Fig. 2.
preferring the columnar va- :
riety of them. .

During life, and ‘for a cer-
tain period after death, these
filaments exhibit a remark-
able movement, of a fanning
or a lashing kind, so” that
each cilium bends rapidly in -
one direction, and returns
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direction of the predominant movement ; one or more blood-discs,
accidentally present, will sometimes pass rapidly across the field, pro-
pelled in this way, and very minute particles of powdered charcoal
may be conveniently used to exhibit this phenomenon, and to indi-
cate the direction of the movement. The action of the cilia produces
a current in the surrounding fluid, the direction of which is shown
by the course which the propelled particles take.

An easy way to observe this phenomenon is to detach by scraping
with a knife a few scales of ‘epithelium from the back of the throat
of a living frog. These, moistened with water, or serum, will con-
tinue to exhibit the movement of their adherent cilia for a very con-
siderable time, provided the piece be kept duly moistened. On one
occasion we observed a piece prepared in this way exhibit motion
for seventeen hours; and it would probably have continued doing
so for a longer time, had not the moisture around it evaporated.
However, Purkinje and Valentin have observed it to last for a much
longer time than this in connection with the body of the animal. In
the turtle, after death by decapitation, they found it lasted, in the
thouth, nine days; in the trachea and the lungs, thirteen days; and,
in the cesophagus, nineteen days. In frogs, from which the brain
“had been removed, it lasted from four to five days. 'The longest time
they observed it to continue in man and mammalia was two days;
but in general it did not last neaily so long. What appears to be
immediately necessary to the continuation of the movement,is the
integrity of the epithelial cells to which the cilia adhere ; for as soon
as these shrink up for want of moisture, or become physically altered
by chemical reagents vr by the progress of putrefaction, the cilia im-
mediately cease to play.

From these facts we learn two important points in connection with
this phenomenon. The first is, the truly molecular character of the
movement. Whatever be the immediate cause of the action of the
cilia, it is evidently intimately connected with the minute epithelial
particles to which they.are attached ; for cilia never exist in man and
the higher animals without epithelial particles, and these particles
have no organic connection with the subjacent textures, excepting
such as may arise from simple adhesion. And, secondly, we per-
ceive, that this movement is independent of both the vascular and
the nervous systems, for it will continue to manifest itself for many
hours in a single particle isolated from the rest of the system. After
death it remains longer than the contragctility of muscle; a circum-
stance which, together with the facts just mentioned, indicates that
the cilia cannot be moved by little muscles inserted into their bases,
as some have supposed. And experiment also shows this independ-
ence. If the abdominal aorta be tied, the muscles of the lower
extremities will be paralyzed in consequence of their being deprived
of their blood ; and on removing the ligature, and allowing the blood
to flow, the muscles will recover themselves. But a ciliated surface
is not affected at all in its movements, though the supply of blood to
the subjacent tissues be completely cut off. Again, hydrocyanic acid,
opium, strychnine, belladonna, substances which exerta powerful eflect
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on the nervous system, produce no influence upon ciliary motion. In
the bodies of animals killed by these poisons, the phenomenon is still
conspicuous ; and even the local application of them does not hinder
it, provided the solutions do not injure the Epithelial texture. Shocks
of electricity passed through the ciliated parts, do not.affect the
movement. Lastly, the removal of the brain and spinal cord in
frogs, by which all muscular movements are destroyed, does not stop
the action of the cilia. This striking fact may likewise be adduced
to disprove the supposition, that these movements result from 'the
attion of minute muscles; for, although muscles may be 'excited to
contract without nerves, we have no instances in the higher animals
in which they habitually act without the interference 'of the nervous
system ; nor is it likely that a movement existing over so extended a
surface, as that by the cilia, would, if effected by muscles, be inde-
pendent of nervous influence. ' /

Alterations of temperature affect the ciliary motion, owing, doubt-
less, to the physical change they induce in the épithelial particles.
In warm-blooded animals it ceases on 2 reduction of the temperature
below 43° F. In cold-blooded animals, however, it continues even
at 32°. In all, a very high temperature effectually puts a stop to it.
It is interesting to notice, that all observers agree in stating, that blood
is the best preservative of the ciliary motion, but the blood of verte-
brata destroys it in the ‘invertebrata. Bile puts a stop to it, very
probably by reason of its' thick and viscid nature, and.not from any
chemical influence. , & ‘

This phenomenon exists most extensively in the animal kingdom.
It has been found in all the vertebrate cldsses’; and in the inverte-
brata likewise, with the exception of the crustacea, arachnida, and
insects. It is the agent by which the remarkable rvotation of the
embryo in the ova of mollusca is effected ; and it occurs on the sur-
face of the ova of polypes and sponges. The bodies of some of
the infusoria are covered with cilia, which are apparently employed
by them as organs of locomotion, and for the prehension of food
(5, fig. 2. | | .

In man, the ciliary motion has been ascertained to exist on several
surfaces:—1. On the surface of the ventricles of the brain and on
the choroid plexuses. So delicate are the cells of epithelium here,
that the slightest ‘mechanical injury destroys them; it is, therefore,
very difficult to see the. movement. Valentin states that its duration
is considerable in these parts, so that it may be seen in subjects used
for dissection.. 2. On the mucous membrane of the nasal cavities,
extending along the roof of the pharynx to its posterior wall, on 2
level with the atlas, on the upper and posterior part of the soft palate,
and, in the immediate neighbourhood of the Eustachian tube, extend-
ing through the tube itself to the cavity of the tympanum. 3. On
the membrane lining the sinuses of the frontal bone, the sphenoid,
and the superior maxillary. 4. On the inner surface of the lachrymal
sac and lachrymal canal. 5. Onthe membrane of the larynx, trachea,
and bronchial tubes. 6. On the lining membrane of the female
organs of generation. It does not exist in the vagina; but it may be
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traced from the lips of the os uteri, through its cavity, and through
the Fallopian tubes to their fimbriated margins.
- In nearly all these instances there appears to be a mechanical use
for the ciliary movementy namely, to promote the expulsion of the
fluid secreted by the surfaces on
which the cilia exist. Wherever
the direction of the motion has
been ascertained, itis that which
would be favourable to such a
purpose. In the bronchial tubes
and trachea, the direction of the
‘motion is towards the larynx,
so that the cilia may be regard-
ed as agents of expectoration.
In the nose of the rabbit, Dr.
Sharpey observed the impulse
to be directed forwards, and in
the maxillary sinus it appeared
4o pass towards the back part
of the cavity, where its opening
is situated. In the Fallopian
_tube, the direction is stated by
Purkinje and Valentin to be
from the fimbriated extremity
towards the vagina. It seems
very probable that ciliary mo-
tion exists in the kidney, at the
narrow neck of each uriniferous -
tube, as it passes off from the
- capsule of the Malpighian body.
This has not been actually ob-
served in the human subject.
It was discovered, and hasbeen
frequently seen in the frog,
(Bowmdns Phil. Trans., 1842,)
Uriniferous tube of Frog’s kidney, arising from and 1,S shown n the annexed
. G bt Orawing, (fig.8,) The move-
%’.lgil}x,e;t;dcei{)i::x:dhm‘xllrztii‘::}he nce;clivclaf]the}l,p'be. b”- ment l‘S' here directed tOV\’B.I‘d.S
sule, m. Malpighian taft, . Teren @7 the uriniferous tube, and it
~ doubtless is destined to favour
the flow of the aqueous portion of the secretion from the capsule to
the tube.

In the inferior animals the cilia seem to answer a similar end to
that in ‘man. They exist extensively on respiratory surfaces, and in
connection with the generative organs; and also, but to a less de-
gree, with the organs of digestion. But in some situations, both in
man and in the inferior creatures, it is difficult to determine what
functions the ciliary motion can perform. Such are, in man, the
ventricles of the brain ;, and, in the frog, the closed cavities of the
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pericardium and peritoneum. Here there are no excretory orifices,
toward which the current might set.

What is the cause of ciliary motion? We have shown it to be
1ndependent of the blood and of the nerves, and to resist those de-
pressing, causes which usually put a stop to the action of contractile
tissue. It requires for its continuance three conditions: a perfect
epithelium cell ; moisture, not of too great density; and a temperature
within certain limits. From Schwann’s observations it appears that
cells exhibit a power. of endosmose ; that a chemical change occurs
in the fluids in contact with them and that a movement of their in-
ternal granules may be seen under certdim eircumstances. If ciliated
epithelium cells exert an attraction of endosthose upon the surround-
ing fluid, may not this pHysical phenomenon afford a clue to determine
the cause of the movement?

A very remarkable movement is manifested by certain particles -
found in the secretion of the testlcle, which prevails most extensively
throughout the animal series, and is eyen found among plants. From
the regularity of these movements and their tesemblance to those of
minute animals, a place had been assigned by naturalists to the par-
ticles in questlon 1n thelr zoological classifications, under the name
“Cercarie seminis,”’ Spermatozoa, or Spermatic animalcules, and
Ehrenberg refers them to the Haustellate Entozoa. These part1c1es
consist chiefly of a long filament or tail, which is sometimes swollen
at one extremity, to form the ‘body.of- the sUpposed anlmalcule The
motions consist in a sculling acfion of the fail, or a slight lateral
vibration of it. In many of its condltlons it closely resembles ciliary
motion ; and its duration-after’ death, or after the. separation of the
fluid, is pretty much the same as that of the ciliary movements. The
partlcles are extremely minute, even measured in their length ; but
especially so in thickness. They are, therefore, well adapted to obey
those impulses which we have shown to be. capable of giving rise to
molecular motions. . We shall return to this curious subject again in
discussing the function of generation.

On the sub]ects treated of in this chapter reference is made to the following sources
of information :—Rob. Brown, A brief Account of Microscopical Observations on the
particles contained in the pollen of plants, aud on the general existence of active
molecules in organie and inorganic substances; Purkm]e and Valentin, Commentatio
Physiologica de phenomeno motis vibratorii continui ; article Cilia, by Dr. Sharpey,
in the Cyclopaedia-of Anatomy and Physiology; Valentin’s article Flimmer-bewegung
in Wagner’s Handworterbuch der Physiclogie. -
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CHAPTER IIL

LOCOMOTION.—PASSIVE AND ACTIVE ORGANS OF LOCOMOTION.—FIBROUS
TISSUE, WHITE AND YELLOW.—AREOLAR TISSUE.—ADIPOSE TISSUE
AND FAT.

Locomoriox. is that function by which an animal is able to trans-
port itself from place to place. .It is enjoyed exclusively by animals;
there being nothing analogous to it in the vegetable kingdom.

But even, among animals, there are exceptions to the existence of
this fanction. Many of them are fixed in their places throughout
their lives ; others enjoy the power of locomotion for a short period,
but subsequently become fixed ; others, again, begin life fixed to one
place, and are at length set free.
~ The power of maintaining the body in certain positions, must be
included in the faculty of locomotion, for the organs that are used for
one, are also employed for the other; and the more difficult it be to
accomplish the former, the more complicated will be the mechanism
of the locomotive acts. In a large quadruped,—the horse, for exam-
ple,—standing is effected with a trifling expenditure of muscular force,
because the animal’s body is maintained on four pillars of support,
which resist the attraction of gravity actihg upon it. .Man has to
maintain the erect attitude, and to counteract by muscular action the
tendency of his body to gravitate forwards. The mechanical adjust-
ments of his frame are less favourable to presérve the standing pos-
ture than in the four-footed animals. Hence, in man, the mechanism
of locomotion is more complicated, both as regards the power of
preserving certain attitudes, and that of moving from one place to
another.

The organs employed in locomotion are of two kinds, the passive,
and the active. The former consist of all those textures which form
the skeleton, and by which its segments are united. The latter are
the muscles, to which the nerves convey the mandates of the will.
It will be necessary to examine in detail the following textures among
the passive organs of locomotion:—1. Fibrous tissue, as binding
together the various segments of the skeleton, and connecting the
muscles to the bones; 2. Areolar tissue, which is so extensively dif-
fused throughout the body, at once separating and- uniting neighbour-
ing parts; 3. Cartilage, fibro-cartilage, and bone, which enter imme-
diately into the construction of the skeleton; and, lastly, synovial
and serous membranes, being peculiar arrangements of tissue admi-
rably suited to facilitate motion.

FIBROUS TISSUE.

Under this head. anatomists range two kinds of texture, resembling
each other only in the fact that they present to the naked eye a fibrous
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aspect, as if they were compounded of a series of bundles of threads
or fibres. They differ, however, very materially in colour, in physmal
properties, in ultimate structure : the general purposes which they

serve in the animal economy are pretty much the same ; for both are .

used in connection with the skeléton, and are concerned in the me-

chanism of animal motion and locomotion. They are distinguished
as, 1. White Fibrous Tissue ; 2. Yellow Fibrous Tissue.

1. White Fibrous Tissue. —When a texture of great strength and

flexibility, and of an unyielding nature, is. required, eithet: to bind

parts of the skeleton together, to cover and protect organs of delicate
texture, to unite muscles to bene, or other parts, to compress the mus-

cles of a limb, or strengthen the ‘walls of a CaVlty, we find white -

fibrous tissue called into requlsltlon for these purposes.” Hence wé
observe it to assume a great variety of forms, according to the various
uses to which it is apglled It occurs, 1, as Tigaments, connected
with joints; 2, as tendons, connecting muscles to bones; 3,in a
membranous form; covering and protecting cértain organs as the
dura mater of the head and spitie, the tunica albuginea of the testicle,
the sclerotic coat of the eye, the fibrous pericardium, the covering of
the corpora cavernosa penis, the fibrous sheaths of tendons, the
periosteum of bone, the pErlchondrlum of’ car‘tllage the aponeuroses
of the limbs, as the fascia lata, &e. s

When we examine a portlon of fibrous tmsue taken - from. ~any of
these sources, we find connected with. it a greater or less quantity of
areolar tissue, which-adheres to its outer surface like a sheath. This
is the case in all fibrous structures, except p
those which have a serous membrane'con-- Fig. 4.
nected with them, or those adherent to bone
or cartilage. The areolar tissue sinks into*
the fibrous material, and mingles with its
fibres ; and, doubtless, it not only serves the
purpose of a nidus for conducting vessels to -
its surface, but it accompanies them spar-
ingly into: its substance.

When the areolar tissue has been dis-
sected off, the surface of the fibrous tissue
exhibits a beautiful silvery-white aspect,
and seems composed of bundles of fibres,
which in some are arranged ‘parallel to each
other; in others are disposed on different’
planes, and interlace, of cross. in”different - : .
directions. On placing a very thin piece .
of the fibrous tissue under a high power of - *
the microscope, we observe what may be . — —)

considered the characteristic feature of this  straight appearance of fhe tis-
J sue when stretched. 1. 3.4. 5,
texture. Various wavy appedarances

The piece under examination seems to be which the tissue exhibits when -

3 S . not stretched.—Magnified 320
composed of a leash of exceedingly delicate  diameters.

fibrillee, running parallel to one anothery ‘
and, if not stretched, disposed to take a wavy course, like a skein‘of

i
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silk. But, on more accurate inspection, it is found impossible to
distinguish threads of a determinate size ; they seém, indeed, to be
of varlous sizes, according to the degree of splitting to which the
whole has been submitted, and many are to be seen so very minute
as at first almost to elude the eye. In other parts the mass splits up
into membranous rather than ﬁ;iform fragments ; so that it would. ap-
pear incorrect to desgribe this tissue as a bundle of threads. It is rather
a mass, with longitudinal parallel streaks, (many of which are creas-
ings,) and which has a tendency to slit up almost ad infinitum in the
longitudinal direction.: Theé correctness of this view is further shown
by the action of acid, which obliterates, for the most part, all appear-
ance of fibrille, and swells it up as an entire ‘mass.

Physical and vital properties.— White fibrous tissue is inelastic, and,
under ordinary circumstances, tnextensible; though it does admit of
being somewhat stretched by the influence oi a long-continued and
slowly acting force, as is seen occasionally when an effusion of fluid
has taken place into an articular cavity, or when a tumour has slowly
grown under a faseia. Its force of cohesion is the most valuable and
characteristie quality of the white fibrous tissue, and to this its vari-
ous important uses are chiefly due. Mascagni. calculates the force
requisite to rupture the tendo-Achillis as equal to 1,000 pounds’ weight.
Instances are constantly seen whére muscles are torn, or bones frac-
tured, while the tendons or ligaments, through which the force
has acted, have escaped. Thus, the malleoli are often dragged off by
twists of the foot acting on those processes of bone through the late-
ral ligaments of the joint. It is entirely devoid of contractility or
irritability ; and its sensibility is'vety low, so much so -that tendons
hanging out of a wound have been cut withoutthe patient being aware
of it. ' v

Vessels and Nerves.—White fibrous tissue contains few vessels;
they are small, and follow for the most part the.course of the bundles
of the tissue; they appear more numerous in the dura mater, and in
periosteum, than in other parts. The presence of nerves, and their
mode of subdivision, have not as yet been satisfactorily demonstrated
anatomically ; we infer their existence from the tissue manifesting
sensibility in some forms of (isease.: ) .
 Chemical composition.—The flexibility of fibrous tissue is owing to
its containing a small proportion of water, A tendon, ligament or
fibrous membrane, will dry readily ; it then becomes lrard and rigid;
it resists the putrefactive process when not kept moist, and even then
putrefies less readily than the softer textures, Acetic acid causes it
to swell up, instantly removes its peculiar appearance of wavy fibres,
‘and displays some broken elongated corpuscles, which are proba-
bly the remains of the nuclei of the development-cells. Gelatine
may be extracted in considerable quantity from white fibrous tissue
by lb'oiling, and it would appear to constitute its chief proximate prin-
ciple. '

Of the different jforms of white fibrous tissue.—A. Ligaments.—
Ligaments are connected with joints. They pass in determinate
directions from one.bone to another, and serve to limit certain move-
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ments of the joint, while they permit others. They, therefore, con-
stitute an extremely important part of the articular mechanism in pre-
serving the.integrity of the joint in its various movements. There
are. three principal kinds of “articular ligaments:—1. Funicular,
rounded cords of white fibrous tissue, of ‘which we may give as
examples the external lateral ligament of the knee-joint, the perpen-
dicular ligament of the ankle-joiiit, &c.; 2. Fascicular, flattened bands,
-more or less expanded ; ex. internal lateral ligament of the knee-joint,
lateral ligaments of the elbow-joint, anterior and posterior ligaments
of the wrist-joint, and, indeed, the. great majority of ligaments in the
body: 3. Capsular; these are barrel-shaped expansions, attached by
their extremities argund the margin of the articular surfaces compos-
ing the joint, and forming a complete but a-loose investment to it,
so that its movements are not particularly restricted in one direction’
more than another.” They constitute one of the'anatomical characters
of an enarthrodial or ball-and-socket joint, and are found in the only
two perfect examples-of that formof articulation, namely, the shoulder-
and hip joints. ‘ S ¢ A

B. Tendons.—Tendons: sérve: .to ‘attach muscle to bone, or some
other part of the sclerous system. We may enumerate three yarieties
of tendon, as regards form: 1. Funicular, e.’g., long tendon of the
biceps cubiti; 2. Fascicular,-short tendon of the same musclé, and
most of the tendons of the body; 3. '/Aponeurotic, tendinous expan-
sions, sometimes of considerable extent, and very useful in protecting
the walls of cavities. ‘The tehdons:of thefabdominal muscles afford
good examples of-this variety. ' ; '

The tendons are for the most-part implanted by separate fascicles
into distinct depressions 11 ‘the bones, and are also closely incorpo-
rated with the periosteum ; so that in maceration, when the latter is
separated, it becomes easy to remove the tendons,” In some birds,
whose tendons are black, the periosteum 1is black also; and in, the
human subject we may often see the tendinous fibres continued on
the surface of the periosteum, as a shining silvery layer, following
the primitive direction of the tendinous fibres, from which they were
derived ; a'marked example of this may bé seen on the sternum, in
front of which the tendinous fibres of ‘the opposite pectoral muscles
meet and decussate, and thus form the superficial layer of the perios-
teum covering. that bone. The length of the tendons is beautifully
adapted to the quantity of; contractile fibre required to perform a cer-
tain movement ; thus, in the biceps cubiti, were the whole length
between the scapula and radius occupied by muscularfibre, there would
be a great waste of that contractile tissue, as thére would be much
more than is wanted to producethe required motion; tendon 1s, there-
fore, made to take the place of the superfluous muscle : in this way
we may explain the differences in length of the tendons evén in the
same limb. g N 2

C. Membranous.—In the' fora of an expanded membrane white
fibrous tissue is used to cover, protect, and support various parts.
Under such circumstances we often find that it not only forms an ex-
ternal covering to them, but that it sends in processes or septa, which
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separate certain subdivisions or.smaller parts. Thus, the fascia lata
of the thigh not only invests the muscles of the thigh, but sends in
processes which pass down to the periosteum, and separate the several
museles from each other ; and the dura mater of the cranjurf sends in
processes by which certain portions of the encephalon are separated
from one another. > " ‘. ‘ "

-Reparation and Reproduction.—When a solution of continuity takes
place in white fibrous tissue, it 'readily heals by the interposition of
a new substance, every way simjlar to the original tissue, excepting
that it wants its peculiar. glistening aspect, and'is more bulky and
transparent.* ) ' .

--2. Yellow Fibrows Tissue.—Ina colour, and inithe possession of elas-
ticity to a remarkable extent, this tissue differs manifestly from that
last described. . :

It 1s yellow: dispesed in bundles of fibres, and covered by a thin
sheath of areolar tissue, which likewise sinks in among its fibres.
In man it exists in the fascieular, funicular, and membranous forms.

‘Under the microscope we observe it to consist of

Fig.'s. fibres, round in some, flattened in other specimens.

; These fibres ‘are very variable in diameter, usually

j from 3555 t0 1595% of -an ineh in diameter. They

bifurcate, or even divide into three; and the sum

of the diameters of the branches considerably ex-

ceeds the diameter of the trunk. - They anastomose

freely with-each other. ~They are -prone to break

tnder “manipulation, ‘and ‘the broken extremities

arer abruptiand disposed to curl up: when many of

- these broken ends exist together in the same piece,

they give .it a very peculiar and characteristic ap-
pearance. | )

In the human subject we find this tissue employ-

ed in the spine, as the ligamenta subflava, extended

_between the lamina of the vertebra ; in the larynx,

forming the thyro-hyoid. and ecrico-thyroid mem-

branes, and the chorde vocales; and in the trachea,

Yellow fibrous tis-  forming the longitudinal or elastic bands of that

sue, showing the curly 0 , . .
and branched dispo- tube, and of its branches. The internal lateral liga-
sition of its fibrille, N y -t " =]
thiei, deRnls omli“e% ment of the lower jaw, the stylo-hyoid ligament,
?rx;i“?&?pk:"gt’ie&fe ‘_a{ld the transversalis fascia of the abdomen, are
tructure is mnot dis- . 1
Terhed as n e et 2150, 1N @ great measure, composed of it. Among
of ithe specimen — the lower animals it is very extensively used for

agnified 320 diame- . : 0 2 BF
tere, \ mechanical purposes, of which there is a familiar

_ _ . lnstance in the ligamentum nuchz of quadrupeds.

Its great elasticity fits it for restoring parts after they have been moved
by muscular ‘action. Hence it is generally employed to supply an
antagonist force to the muscular. '

A peculiar modification of the yellow fibrous tissue composes the
prope]r coat of the arteries, and it will be described with the blood-
vessels.

* We have ascertained this in the case of a divided tendo-Achillis,
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In chemical constitution, this tissue differs remarkably from the
white fibrous tissue.. It is unaffected by the weaker acids, or by
boiling, and will resist putrefaction, and preserve its elasticity, dur-
ing a very long period. Very long boiling appears to extract from
it a minute quantity of a substance allied to gelatine;;.but this'is
perhaps derived from. the areolar tissue and vessels, which always
pengtréte sparingly among its fibres, and cannot be separated by dis-
section. i ,

There appear to be no vestiges of the nuclei of cells in this tissue ;
at least we have failed to detect them.

We have hitherto spoken of the two forms of fibrous tissue as they
qceur in isolated masses ; but their distribution through the body s
far more extensive than this description would imply. In a diffused
form, blended with one another in very varying proportions, and each’
one of them presenting a variety of modifications, they compose the
areolar tissue, which may now be conveniently ¢onsidered under a
separate head, =

OF THE AREOLAR TISSUE.

(Cellular or Filamentous Tissue.)

This is very widely dispersed among the other tissues of the
body, and of itself constitutes a principal portion of some organs.
It serves the most important purposes in the construction of the’
body, by binding together, and yet allowing movement between, its
elementary parts: and it eontributes largely to the formation of
membranes conferring. protection b){ their toughness, resistance, and
elasticity. . d \ . ) :

Microscopic characters.—When a fragment of the areolar tissue
from a favourable situation is examined, it presents an inextricable
interlacement of tortuous and wavy threads intersecting one another
in every possible direction. They are of two kinds. The first are .
chiefly in the form of bands of very unequal thickness, and inelastic.
Numerous streaks are wisible in them, not usually parallel with the
border, though taking a general longitudinal direction. These streaks,:
Jlike the bands themselves, have a wavy charaeter, but they are ren-
dered straight by being stretched. The streaks seem rnore the marks
of a longitudinal creasing, than a true separation into threads: for it
is impossible by any.art to tear up the band into filaments of a deter-
minate size, although it manifests a decided tendency to tear length-
wise. The larger of these bands are often as wide as 575.0f an inch ;
they branch, or unite with others, here and there. The smaller ones
are often too minute to be visible, except with a good instrument.
These are the white_fibrous element. _ o

The others are long, single, elastic, branched filaments, witha dark,
decided border, and disposed to curl when not put on thelst‘r.egc_h.
These interlace with the others, but appear to have no continuity of
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substance with them. They are for the most part about the 5475 of
an inch in’thickness; but we often see, in the same specimen, others

' .

Fig.6.
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The two elements of Arsolar tissuey in their natural rela-
tions to one another:—1: The white fibrous element, with
cell-nielei. 9, sparingly visible in it. 2. The “yellow fibrous
élement, showing the branching or anastomosing character
of its fibrillee. 3. Fibrille of the yellow element, far finer
than the rest, but haying a similar curly character.” 8 Nu-
cleolated cell-nuelel, often seen apparently loose.—Frorh
the areolar tissue under the pectoral muscle, magnified 320
diameters.

Development of the Areolar tissue
(white fibrous, element):—d4. Nucle-
ated cells, of a rounded form. 5. 6.7,
The same, elongated in different de-
grees, and branching. At 7, the
elongated exdtremities have jolned
others. and are already assniming a
distincdy fibrous "character—Afier
Schwann. B : .

of much greater density. These form

These two tissues mdy be most easily discriminated by the addition
of a drop of dilute acetic acid, which at once swells up the former,
and renders it transparent, while it produces no change in the latter.
The wavy bands of the white fibrous part, on being touthed by the
acid, may be seen to expand en masse, and not as- théugh they con-
sisted of a mere bundle of smaller filaments; yet there often remains
in them an appearance of more or less wavy transverse lines at pretty
equal distances, remotely resembling those on the fibre of striped mus-
cle. These we are unable to explain. The acid also brings into
view corpuscles of an oval shape, often broken into fragments, and
stretching for some distance along the interior of the band, 'These
seem to be the nuclei of the cells from which the bands have been
originally produced.

In the earliest period at which the areolar tissue can be examined,
Schwann has described it as consisting of nucleated particles, sending

the yellow fibrous element,
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offsets on the opposite sides, and connecting themselves with others
in the vicinity. The threads thus formed are at first homogeneous;
the langitudinal 'streaks and the wavy character appear subsequently
(fig. 7), His description is drawn from the white fibrous element ;
but it may be extended ta the yellow also, .

' We have.observed frequently among the threads of qreolar tissue
taken from adult. subjects 4 number. of corpuscles (8, fig. 6), either
isolated, or having very delicate prolongations among the neighbouring
threads. ‘These seem with great probablhty to he either advancmg
or recedmg stages of-the tissue. .-

It is not known whether the  ultimate ‘elements of the areolar tis-
sue have any iminediate attachment or union with the other tissues,
among which they lie, or whether they merely enclose them by’ the

complexity of their web. * - '

By the endless crossing and twmlng of these mICI‘OSCOPIC ﬁla-
ments, and of fasciculi of them, among one another, a web of amaz-
ing 1ntrlcacy results, of whlch the interstices -are most 1rregular in
size and shape, and all necéssarily communicate with one another.

This is well seen by forcibly filling the tissue with air or water in-
any region. In the living body this is very obVious in anasarca, and
in traumatic emphysema, as in the remarkable -case related by D,
W. Hunter in his celebrated paper (.Med Obs. and Inquir,, vol. ii. p.
17), where the whole body was blown.up so tensely as to "resemble a
drum.

The 1nterst1ces are not cav1t1es possessqd of definite hmlts because
they are open on all’ 51des, and ulti- :
mately constituted out of a mass of
tangled threads. The apphcatlop of
the - term, cell, to 1hem, 1s therefore
1nappropr1ate and it ‘cannot be won-
dered at, that it should have led to.
much confusion. In certain sxtua—
tlons, however, where this tissue is
in great abundance, and where it first
attracted, attention at the time when
elementary tissues began to be sepa-
rately studied, the meshes thus form-
ed are dlsposed o as to constltute
secondary .cavities, having a some-
what determinate $hape and size, and -
which are visible to the naked’ eye.
These generally contain fat, and may,
be admlrably StlldlEd mn mOSt parts Of Portion of Areolar tissue, inflated and
the subcutaneous tissue. They are dried, showing the general character of its

larger meshes, Each lamina and filament
better deservmg the name Of cells here represenied contains numerous small-
er ones matted together by the mode of pre-
than the interstices formed by the phsaion—Magnifed twenty diameters. -
first interlacement of the elementary
filaments, " But they communicate freely, as the smaller interstices do,
their walls being everywhere cribriform, and capable of giving passage

to air or fluids.
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The areolar tissue is one of the most extensively diffused of all the
elements of organization, and its chief purpose seems to be that of
connecting together other tissues in such a way as to permit a greater
or less freedom of motion between them. To do this, it is placed in
their interstices, and is moré or less lax, more or less abundant,
according to the particular exigency of ‘the part. It is by mieans, of
this tissue, as well as by the complexity of its own web, that.almost
every part of the vascular system 1s fixed in.its position, and allowed
to undergo the movements imptessed upon it by the circulative powers.
Even the capillaries supplying this system itself are for. the most part
brought to it, and enveloped, by this tissue. _

" So .true and comprehensive 1s this-description of ‘the association
of the areolar tissue with the vascular, that it would be difficult to
point out a single instance in which' oue office of the former is not
to envelop .and protect the latter. But the statements that have
been made of its universal presenc¢e have no good evidence in their
favour. -In the compacter parts of bone, in teeth, and in cartilage,
it is certainly not present; and, indeed, it ‘could serve no purpose
in those structures. In the Substance of the brain, also, it does not
exist, excepting around the vesseéls two or. three removes from the
capi‘lié‘ries. ‘ iy 5 fas

In the muscles it conneets the elementary fibres to one another,
and preserves them from undue separation during contraction ; but:
even here it is-bound within the same limits as the capillaries, not
penetrating the sdrcolemma to teuch the contractile element within.
It enters the muscles abundantly along with their vessels and nerves.
It is remarkable;, however, that the central organ of the circulation,
like the central organ of the mervous system,.contains this tissue in
very small proportion ; one reason of which seems to-be, that its fibres
differ from the parallel fibres of othér muscles, by twining among-one
another, and thus are enabled to dispense with an extraneous bond
of connection.

Besides penetrating between the fibres of the muscles, whose mi-
nute parts are in continual movement upon one another during con-
traction, it generally invests their exterior, in a profusion proportioned
to the extent to which these organs move as a whole upon- neigh-
bouring parts, of which the best examples may be seen between the-
great muscles of the extremities ; between these and their enveloping
fasciz (not their fasciz of origin); under thé occipits-frontalis muscle
and its tendon ; and in the upper eyelids. - ;

The areolar tissue is also present in immense quantities under the
skin of most parts of the body, and especially where great mobility of
the integument is required, either as a protection to* deeper organs
against external violence, or to facilitate the various movements of
the frame. Such are the regions of the abdomen, and of several of
the articulations, and the eyelids.

_ Around internal organs which change their form, size, or position
in the routine of thewr functions, and which are wholly er partially
without a free surface, as the pharynx, esophagus, lumbar colon, blad-
der, &c., this tissue is abundant, and its filaments so long, tortuous,
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and laxly interwoven, as to admit of a ready and .extensive, motion
on the neighbouring viscera. :
' This tissue likewise forms a layer lying under the mucous and
the serous membranesin almost every situation, though presenting
great variations of quantity and denseness: it renders the. move-
ments of such parts.easy. It also closely invests the exterior of
every gland and ,parenchymatous organ, and enters more or less
abundantly into,1ts inner recesses, along with its vessels, nerves, and
absorbents : but there is no doubt that it has been supposed to have
a much greater - share in, thie formsation, of this numerous class of or-
gans than an ultimate anatomical analysis of them, conducted with
careful precision, will at all warrant. In all these cases'it is a more
or less copious attendant on tlie vessels; but wherever,, either from
the intricacy of “the interlacement.of the capillaries with the other
essential elements of the particular organ,.or the greater strength of
these elements themselves, the firmi contexture of-the whole is pro-
vided for, whilé little ar no ,m,('){igx}'is required between its parts, this'
interstitial filamentary tissue will be found to be canfined to the latget
blood-vessels, and to the surface of the natural subdivisions of the
organ. R v S t
For the present, it may be sufficient to illustrate this remark by
contrasting two important glandsy in. referernice-to this point. The
liver is well screened from injury by its position; it is liable to no
change of bulk ; it :¢onsists throughout of a”continuous and close net-
work of capillaries, the interstices of which are filled by the nucleated
secretion-particlés. The. Iobules resulting from. the distribution of
the vessels and ducts'blend;together, at numerous- points; and have
no motion on-one anothex, > Here the .aréolar - tissue is in very smal
quantity, and.1s'limited to the ramifications of the vessels and ducts.
"The mamma, oh the other hand, s, by its situation, peculiarly ob-
noxious to external injury.. It is broken up inte numerous subdi-
visions, which move with the utmost freedom on one another, and it is
moreover hable to temporary augmentations.of bulk. In this import-
ant gland not only is there a common investment of peculiar density,
.but an extraordinary abundance of areolar tissue disseminated through--
out its interior. - .3 o

‘Thus, this tissue, so widely spread throughout-tle body, whether.
it.serve the purpose of an.investment to large segments or masses,
under the form of a .membrane, strengthening and protecting - them,
and escorting their vessels.and other components into and from their
substance (atmospheric), or as a web of unian between the simplest
elements of . their -organization (parenchymal), is to be regarded as
rather taking a subordinate ‘or ministering share in the constitution of
the frame, than as'being of primary importance in itself.

It is a cement that allows of separation between what 1t bmds. to-
gether; and it accomplishes this double purpose in-a manner suited
to- the necessities of diverse parts, by a-variety so simple in the num-
ber, intricacy, and closeness of its threads, as to be worthy of the
highest admiration, while.it is wholly inimitable by art.

Where great elasticity is required, the yellow element preponde-
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rates; while'the white fibrous element abounds in parts _demanding
tenamty and power of resistance. In all cases the openness of the
network is proportioned to the extent of moblhty required. Where
the meshes are small, the threads. composing them branch and
anastomose with one another with much greate? frequency. The
texture of the ‘cutis affords the most characteristic exarmple of this
conditioh. '

Physical propertiés.—These  have only been  studied. hitherto iri
those situations where the tissue exists in gréat abundance -as in the
subcutaneous fascia, the sheaths of muscles, &c. It has here a whit-
ish hue, espec1a11y when steeped. in- water It is extensible in all
dlrectlons and 1is very elastic, returning- to its origingl disposition
after stretchmg It possesses. no-contractility beyond that attribu-
table to the vessels which are- everywhere found in connection with
it, and.in such sitaations in -great profusion. Its sensibility is
usually stated to be low ; but it may be -douhted whether the nerves
can in any case be said to be distributed to this tissue, which has
been already shown to be an appendage and protector to these and
other organs. Its asserted powers of absotption and secretion apper-
tain to the caplllary blood-vessels,. rather than to. the threads of the
areolar tissuec.

This tissue, like /all other soft sohds contains a large quantity of
water. This keeps the filaments motst, without being so abundant
as to be free in their interstices. A morbid increase of this fluid in
the subcutaneous areolar tissue occasions the. condlt;lon called ana-
sarca, and which may be known by the skm thtmg ‘under the pressure
of the finger.

When dned out of the. body, areolar tlssue becomes hard and
transparent, but resumes its former state if 1moistened. It undergoes
the putrefactive process slowly. * It is one “of thaf class of tissues
which yields gelatine by boiling, the gelatine being-derived from the
white fibrous element only, -

The great valug of areolar tissue, in facilitating the motion of
parts between which it is situate, is shown by the effects of inflam-
mation, or other diseases which i injure its physical properties. It s
well known that, when the subcutaneous tissue is the seat of phleg-
monous 1nﬂammat10n the movements of the part affected are stiff
and painful, or altogether impeded, because . the subjacent muscles
cannot move freely, by reason of the loss of elastlmty in the areolar
tissue. When this tissue becomes 1ndurated by an effusipn of coagu-
lable material; the movements of the diseased limb are similarly
impaired. "t o

OF THE ADIPOSE TISSUE, AND OF F‘AT.

This tissue has no alliance either of structure or function with the
areolar tissue ; it is, hOWever, usually depos1ted in connection with
that tissue, and therefore we find it convenient to notice it here.
Malpighi, W. Hunter, Monro, and, more recently, other distinguished
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anatomists, pointed out the distinctness of these two tissues; but such
has beén the influence of the term cellular, applied to both, that they
are still usually classed together. Now, however, that microscopes,
on which reliance can bé placed, declare their totally distinct nature,
it is full time that they be treated of as altogether distinct and inde-
pendent tissues.

A common use of the adipose tissue being to occupy spaces of
various dimensions left in the ‘interstices between organs, and thus
to facilitate motion and contribute to symmetry, it is very commonly
closely associated with the areolar tissue; but the connection is not
an essential one. In the cancelli of bones there is a large deposit of
fat, but none of this filamentary tissue; and in numerous situations,
as the eyelids; beneath the epicranial aponeurosis, between the rec-
tum and bladder, under the muc¢ous membranes, and in the whole
of the cutis, the areolar tissue exists without being ever accompanied
by fat. Nevertheless, their apparent admixture in many situations
has given rise to the term ¢ adipose cellular tissue,” applied to the
two combined, as distinguished from that areolar tissue which contains
no fat. This term should be discarded as leading to much miscon-
ception. : . B .

A distinction is to be drawn between fat and the adipose tissue.
The tissue is a membrarie of extreme tenuity, in the form of closed
cells or vesicles ; the fat is the material contained within them.

The membrane of the adipose_vesicle does not exceed the y5i55 of
an inch in thickness, and is quite transparent. It is moistened by
watery fluid, for which, as Mr. Paget has suggested, it has a greater
attraction than for the fat it contains. It is perfectly homogeneous,
having no appearance of compound structure, and consequently be-
longs to the class of simple or elementary membranes. Each vesicle
is a perfect organ in ;itself; is from the 335 to the g5, of an inch in
diameter; when fully developed; and is
supplied on its exterior with ‘capillary Fig. 9.
blood-vessels, having a special disposi-
tion.,~

The fat vesicles are usually deposited
in great numbers together, and they then
become flattened on their contiguous as-
pects, and assume a pdlyhedral figure more
or less regular (fig. 9). But, if isolated,
their form 1is rounded, as. may be seen in
eminent beauty in the double series of them
which frequently accompanies the' ‘minute
vessels traversing membranous expansions
of the -areolar tissue, and other lamellar Fat vesicles, assaming the poly-
structures, as the mesentery of small ani- hedral form flom pressure age nst

/ one another. The capillary vessels
mals. The vessels are thus attended by esc SPT.EIESIIE-Slom 1
fat vesicles, for the manifest purpose of giameters.
protection from the pressure to which they _
would be exposedin their open course, and they throw around each

vesicle a capillary loop. -
7
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- Where the fatis in considerable quantity, it is commonly sub-
divided into a number of small fragments or lobules, fitted accurately
to- one another and invested with areolar tissue, for the purpose,
chiefly, of permitting motion between the parts of the mass, but, also,
for the convenience of the distribution of its blood-vessels.

Blood-vessels of Fat:—1. Minute flattened fat-lobule, ih which the vessels only are represented. 3.
The terminal artery. 4. The prunitive veims 5. The fat vesicles of oge border of the lobule; sepa-
rately represented. DMagnified 100 diameters —2. Plan of ‘the arraﬂgegnem of the’ capillaries on the
exterior of the vesicles : more highly magnified.: '

The blood-vessels enter the chinks between the lobules (fig. 10,
1, 2), and soon distribute themselves through their interior, under the
form of a solid capillary network, whose vessels occupy the angles
formed by the contiguous sides of the vesicles, and anastomose with
one another at the points where these angles meet. This is one of
those situations where the capillary vessels can be most unequivocally
proved to possess, distinct membranous-parietes. o

Fat.—Fat is a white or yellow unctuous substance, unorganized,
and secreted into the interior of the adipose vesicles. Chemists
have distinguished in it two solid proximate principles, sfearine and
margarine, combined with a fluid one, or oil, elaine; on the relative
proportions of which the principal of the numerous modifications of
its external qualities would seem to depend. These principles may
be obtained by different means. Boiling alcohol dissolves hoth, but
on cooling deposits the stearine in snow-white flakes ; and the elaine
may be set free by the addition of water, for which the ‘alcohol has
a superior affinity. Or, the elaine may be separated by pressure.
Stearine preserves its solidity at a temperature of 167° Fahr., and
elaine remains fluid at 63° or 65° I'.  Margarine exists along with
stearine in most fats, and may be separated from it by ether, which
dissolves margarine, but not stearine; it is said to exist alone in
human fat, which is therefore destitute of stearine. These proximate
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elements of fat are regarded by modern chemists as natural com-
poupnds of certain organic acids with an organic base, to which the
name of glycerine has been given, from its sweet taste. The acids
are, the stearic, margaric, and elaic; and the proximate principles
are, respectively, a stearate, a margarte, and an elaate of glycerine.
By boiling oil or fat with a solution of caustic alkali, the acids unite
with the potash, forming soap, and the glycerine remains dissolved
in the liquid. By evaporating this liquid (in which any excess. of
alkali had been previously neutralized by tartaric acid) to a thick
syrup, the glycerine may be obtained from it in solution by strong
alcohol. - - ,
We may often detect a spontaneous separation of these two proxi-
mate principles within the fat vesicle of the human subject. The
solid portion collects in a spat on the inner surface of the cell-mens-
brane, and looks like a small star (fig. 11, '
2, 2,2). The elaine o¢eupies. the remainder Fig. 11.
of the vesiele, except when the quantity of "
fat in the cell is smaller than usual ; in which
case we may often  discern a little aqueous
flaid between the elaine and the cell-mem-
brane on the side farthest from the star.(fig.
11, 1, 1,): a condition, by the way, which
is very favourable for the observation of this
membrane itself. o o :
The softer kinds of fat were denominated ed Mot T ke agﬁ_f:
by the older anatomists pinguedo, lard ; and _ Tembrane; = 2 2 e ke

£ portion collected as a-star-like
the more solid, sébum or sevum, suet, {al- mass with the elaine in connec-
: I s e e e T tion with it, but not filling the
low.. Hunter distinguishes four varieties as cell
to fluidity ; oil, lard, tallow, and. spermacetl.
The elaine of- human fat retains its fluidity at 40° F. Lard melts at
86° F.; tallow at 104° F. Spermaceti is fluid in a heat above 115°
F., and solid at 112°. Oil is'elaine with little or no stearine, as the
neat’s foot oil, obtained from the bones of the ox. Inlard the stearine
is in abundance, but the elaine slightly predominates.. In tallow and
spermaceti there is a predominance of stearine. . - =
Ultimate analysis of Fat.—Human fat, according to Chevreul, con-
sists of

Hydrogen 11416

Carbon  79-000

Oxygen 9584
f

100-000

Distribution.——The adiposeé tissue is found very extensively in the
animal kingdom. It is found in larvee as well as in the perfect
insect: also in the mollusca. It prevails in all the tribes of the
vertebrata. In fish it occurs throughout the body; but in some,
as the cod, whiting, haddock, and all of the ray kind, according
to Hunter, it is only met with in the liver. In reptiles it exists
chiefly in the abdomen. In the frog, toad, &c., 1t 1s found in the
form of long appendages, like the appendices epiploice, situated on
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each side of the spine. In birds it exists chiefly between the peri-
toneum -and abdominal muscles; but there is also a considerable
deposit in the bones of the legs, feet, last bones of the wings, and
of the tail, especially of the swimming tribes, the oily principle being
more abundant than in mammals. In mammalia it is very generally
diffused. This class, as-a whole, has the greatest quantity under
the skin, and about certain of the abdominal viscera; but the hare
forms a remarkable exception, it being sometimes difficult to find a
particle in its whole body. It usually abounds most in the beginning
of winter ; and this is especially the case with the hog, and with hy-
bernating animalsy which, during their dormant state, absorb it into
the system. ) ' i =

It 1s ordinarily accumulated in large masses about. the kidneys, more
particularly in ruminants, where it furnishes thé best example of that
variety of it termed suet. ' :

Among mankind many remarkable varieties exist in regard to this
tissue. Thus, in general, women are fatter than men. The healthy
bhuman feetus, after the middle of the period-of gestation, dccumulates
fat in considerable quantities : towards middle age, there is a similar
disposition, which has not eseapéd ordinary observation, ¢ Fat, fair,
and forty:”’ in old age and decrepitude, thé allipose deposit greatly
diminishes. ' !

Differences are also ¢onstantly seen in individuals, which -can be
referred only to an original constitutional bent. Thus young children.
are occasionally so overloaded with this tissue as t6 be unable to fol-
low their sports; and it is'not uncommon for a similar tendency to
manifest itself towards the adult period, particularly in girls. In
elderly persons, fat is especially prone to be accumulated over the
abdomen, and between the layers of ‘the epiploon and mesentery.
Instances where it atiains the thickness of three or four inches under
the skin of the belly are not unfrequent in corpulent persons. A
similar abundance occasions the ¢ double: chin.”’ d

It is perhaps possible for the body to gtow so egregiously fat as to
become lighter than water ; but whether implicit faith is to be placed
in the story of the Italian-priest Paolo Moccia, who weighed thirty
pounds less than his bulk of water, and therefore could not sink in
that fluid, we do not pretend to decide, The excessive deposit of
this substance constitutes a disease, which has been not very correctly
called polysarcia. John Bull is celebrated for his proneness to accu-
mulate fat: M. Blainville remarks, with naiveté, < We have seen many
individuals of the English nation whom embonpoint had rendered al-
most monstrous ; and I remember, among others, a man exhibited at
the Palais Royal who weighed five hundied pounds. He was literally
as broad as he was long.”

Among the Hottentot women, the fat is apt to gather in the but-
tocks, and is considered a prominent mark of beduty ; but this does
not usually occur till after the first pregnancy. A somewhat analo-
gous formation exists in a variety of sheep, (Ovis steatopyga, fat-
buttocked sheep. Pallas,) reared by the pastoral tribes of Asia, in
which a large mass of fat covers the buttocks ard takes the placé of
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the tail, appearing when viewed from behind as a double ‘hemi-
sphere, in the notch of which the coceyx is buried, but is just percep-
tible to the touch. These protuberances, when Verylarrre fluctuate
from side to side, and sometlmes attain the weight of thirty or forty
pounds.

The quantity of fat'in a moderately fat manis estimated by Béclard
at about the twentieth of the weight of the body. .

Fat 1s found in the following situations in the human body ‘n the
orbits; in the cheeks, the palms of the ‘hands and soles of* the feet,
at the flexures of the Jomts and between the folds of the synovial
membranes of joints, around the kidneys, in the mesentery and omen-.
tum, in the appendices epiploice, on the heart, in the subcutaneous
layer of areolar tissue, but especially that of the abdomen, and of the
mammary region, and in the cancer{l and canals of the bones form-
.ing the medulla. It never occurs in the areolar tissue of the scrotum
and penis, or-of the nympha, nor i that‘between the rectum and
bladder, nor along the median line beneath the skin, nor in sundry
other Qltuatlons

Fat is found in the liver, and in the brain and nerves, and Qcca-
sionally in other organs. In these organs it is not enclosed in vesiy
cles. of adipose membrane, but in the elementary parts of the tissues,
themselves as ip thé epuhel’tum.,cells of the liver,-and in the tubes
and g]obules of ‘the Jervous substance.

Development of adzpose tissue.—The (veswles of g
the adipose tissue are orlginall) furnished "with
nuelét, with a central ‘granule or nucleolus: The
nucleus i is situated an the inner surface of the cellr
membrane, or,. if this be thick, in its substance.
The nucleus is speedily absorbed, and hever after-
wards appears. Thug'it 1s probable that the origi-
nal (Ievelopment-cell assumes a permanent form 1n
the adipose vesicle. . . -

Formation of fat.—Many facts rove that the A fateell 10 show
elements of fa{a{e derlvedy from ttlxje sblood.. All .‘gl:hw;.‘xilel:lib e
the most recent analyses of that fluid assign to it a id”')l?ﬁg nucrﬂequrgbmne
certain proportion of both the crystahzable and the
oily portion of the fat; according to Lecanu, about four parts in a
thousand. In some - 1nstances4 the fatty matter accumulates in the
blood ; cases of which: have been reeorded by Morgagni, Hewson,
Marcet Traill, and ‘Babington. In such cases the serum is opaque
and nearly as “hlte as. milk; and, on standing a short time, a film
forms on the surface like cream, On the addition of ether, the creamy
pellicle is dls’aolved and the. serum loses its opacity. M Blainville
relates that, in dlssectlng the last elephant which died at the Jardin
des Plantes, he happened to wound the jugular vein, and the next
morning he found that the stream of blood, which flowed from the
vein, had deposited on each side a consulerable quantity of a fine fatty
miatter; which on analysis he found to have exactly the composmon
of ordinary fat.

. From what source is this fatty material furnlshed to’ the blood ?
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From fatty matters introduced into the system in the food whether
in animal or vegetable ‘substances; probably, also, from those paits
of the food, which, in composition, resemble fat most nearly, such as
the non-nitrogenized articles.of diet, starch, gum, sugar, alcohol, beer,
&c. Liebig states, that, by the separation of a small proportion of
oxygen, any of these substances will present a composition similar to
that of fat, and that an equivalent of starch may be changed into one
of fat, by giving up one equivalent of carbonic acid, and seven equi-
valents of oxXygen. -

If, then, the system be imperfectly supplied with oxygen, while
organic compounds containing carbon are furnished to 1t in con-
siderable. quantity, the most favourable conditions will exist for the
development of fat. The oxygen. required will be abstracted from
the carbonized food, which, by that diminution_of oxygen, will be
changed into a fat. On the other hand, exercise and labour, which
increase the supply of oxygen, diminish or prevent the formation of
fat.  ““ The production of fat,”” says Liebig, ‘‘ is always a consequence
of a deficient supply of oxygen, for oxygen is_absolutely indispen-
sable for the dissipation of the excess of carbon-in the food. 'This
excess of carbon, deposited in the form of fat, is never seen in the
Bedouin or in the Arab of the Desert; who exhibits with pride to the
traveler his lean, muscular, sinewy limbs altogether free from fat;
but in prisons and gaols it appears as. a puffiness in the” inmates, fed,
as they are, on a poor and scanty diet; it appears in the sedentary
females of oriental countries; and, finally, it is produced under the
well-known conditions of the fattening of ‘domestic animals.” {Lie-
big’s Organic Chemistry of* Physiology,) - o )

“A-good illustration of ‘those views is afforded by the" carnivorous
animals. In the wild state, living entirely on azotized food, and
enjoying abundance ‘of air and exercise, they aré lean ; but, when
domesticated, living on a ‘mixed . diet, devouring ‘a highly carbona-
ceous food, taking little exercise, and being impe’rfect]{y suppliéd with
oxygen, they grow-fat. '

In animals that hyberpate, fat is®deposited in enormous quantity
just prior to the hybernating period, and during that time it gradually
disappears, supplying nutriment to the system, and carbon for the re-
spiratory process. These facts were clearly ascertained, in hedgehogs,
by the celebrated Dr. Jenner. '

Liebig supposes that the formation of fat is attended with the de-
velopment of heat, for the oxygen disengaged in this process unites
with carbon derived from the same or a different source, and an
amount of heat is generated proportionate to the quantity of carbonic
acid thus formed. But it may be fairly questioned, whether the
temperature of the body is thereby elevated, since the separation of
the oxygen would be doubtless attended by a degree of cooling suf-
ﬁcisnt to neutralize the heat developed in the formation of carbonic
acid.

Lastly, fat, being a bad conductor of heat, is useful for retaining it
in the bodies of animals. Hence those animals that have liitle hair
on their skins, have the greatest quantity of subcutaneous fat. 'This
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is rematkably the case in the seal tribe, which has a large quantity
of -fat between the skin and its muscle, and is almost devoid of
-cutaneous covering ; and, in man, the subcutaneous fat, which is so
generally met with, even in apparently lean subjects, is doubtless a
protection against cold.

The following works may be consulted on the subjects discussed in this chapter:
—The treatises on General Anatomy by Bichat, Béclard, Craigie, and Henle ; Hilde-
brandt’s Anatomie, by Weber; Blainville, Le¢ons de Physiologie; Liebig’s Organic
Chemistry ; Hunter’s remarks on Fat, in the Catalogue of the Hunterian Museum, vol..
iii. p. 2. ’

-~ CHAI‘)TER Iv

PASSIVE ORGANS OF LOCOMOTION, CONTINUED.—OF CARTILAGE AND
VH F1BRO-CARTILAGE.

CARTILAGE is extensively used in the animal fraine, and is one of-
the simplest of the 'textures. | Like the adipgse tissue, it approaches
very closely in its intimate structure to the cellular tissue of vege-
tables. e, 2 ‘ .

In the development of the embryo, it is one of the first tissues to
appear as a distinet struéture, and 1t c¢onstitutes the internal skeleton
in its earliest condition in the animal-scale.. The rudimentary skele-
ton of the cephalopoda consists of it ; and in one class of fishes (hence
termed-cartilaginous, as the_shark, ray, lamprey) the skeleton is en-
tirely composed of it. ! : /

In man, and the higher animals, dartilage is employed temporarily,
as a nidus for bone, 1n the . early.stages of life, and i5-then called
temporary- cartilage. This, at a certain period, begins to ossify, and
finally disappears by being converted into bone. :At éne ‘time, the
greatest part, if net the whole, of the skelefon is cartilaginous ; and
for a considerable period after birth the extremities of the long bones
are chiefly composed of cartilage, and the larger processes are con-
nected to the shaft of the bone by this substance. '

For other purposes, however, a cartilage is employed which isnot
prone to ossify, viz., permanent cartilage, and this is used either in
Joints (arficular cartilage), or in the walls of cavities (membrani-
Jorm cartilage). The' articular variety is either disposed as a thin
layer between'two articular surfaces, and equally adherent to both,
as’ in the syharthrodial joints (the cranial sutures, the sacro-iliac
symphyses, &ec.); or it forms an encrustation upon the articular
ends- of the bones entering:into the composition of diarthrodial
‘joints; thus, the extremities of the femur, tibia, the arm-bones, &c.,
are all coated with a layer of cartilage, moulded to the shape of the
articular surfaces. .The membraniform cartilages are not employed
in connection with the locomotive mechanism, but serve to guard
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the orifices of canals or passages, or to form tubes, that, require to
be kept permanently open; the elasticity of the material affecting
this without the expenditure of any vital force. Thus we find this
variety of cartilage in the external ear, in the Eustachian tube, in
the nostrils and eyelids, and in the larynx, trachea, and bronchial
ramifications.

Physical characters.—Cartilage, in colour, varies from an azure,
or pearly white, to a whitish yellow. The temporary and articular
varieties present the former colour ; the membraniform, for the most
part, the latter. L

"Elasticity, flexibility, and considerable cohesive power are the chief
physical-properties of this texture; and in these qualities, and espe-
cially in the first, consists its great value, both in contributing to the
perfection of the locomotive apparatus, and in its adaptatioh to other
purposes. Cartilage is not brittle: a thin piece may be broken
across by being suddenly bent at a very acute argle ; but, in general,
cartilage will bend easily without the accurrence of fracture, and
will speedily resume its former direction on the bending force being
removed. ) '

Structure.—The simplest kind of cartilage consists merely of nu-
cleated cells, and exceedingly resembles the cellulan tissue of plants.
The cells are very large, roundish or ovoidal, and more or less flat-
tened by their mutual contact. ‘Each has a diminutive transpavent
nucleus attached to the inner surface of the cell-membrane, and. eon-
taining within it a minute granule, or nucleolns. We have also niet
with other transparent globules, of variable size and extreme delicacy,
within the cells. - Some white fibrous tissue usually encloses the mass
of cells, and penetrates to a certain distance among the more super-
ficial of them, which aré smaller and more densely packed than the
rest. ; '

This kind of cartilage is found in the chorda dorsalis, or rudimen-

- tary spinal column of the eatly embryo-: it also
exists in the permanent chorda, dorsalis of the
cartilaginous fishes, and may be well seen in
a thin piecé of that structure from the lamprey
(fig. 13). ' .

But, in other kinds of cartilage, the cells
are imbedded in an’infercellulayr substance, or
matrix, more or less abundant in the differ-
ent kinds, and presenting certain varieties .of
appearance.. In all, it is possible to see that
the cells have a proper membrane of their
own, and are not mere excavations in the in-
,Four nucleated cells from tercellular substance ; this may often be deter-
Lamprey :—1. Nucleus, with mln.ed'.at a broken edge, ‘the cell-membrane
e % Anothen seen projecting:  but it is not easy to extract

. ) a cell entire, apparently on account of the
delicacy of/ its texture, and the density of the surrounding mass.

In temporary cartilage the cells are very numerous, and situated at
nearly equal distances apart in the intercellular substance which is
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not abundant. The cells vary in shape and size, but most are round
oroval. Their nuclei are for the most part mmutely granular ; the
granules being, in some specimens, at a distance from one another.'
When ossification begins, the cells, which hitherto were scattered
without definite arrangement, become disposed in clusters or rows,
the ends of which are directed towards the ossifying part. These
and other changes will be described in the chapter on bone." '

In articular cartilage the cells are oval or roundish, often disposed
in small sets -of 2, 3, or 4 irregularly disseminated through a nearly
homogeneous matrrx which is more abundant than in the last-named
variety ; fig. 14, 1. .. The cells measure from 7355 to 355 of an inch.
The nuclei are fogthe most part small. In the interior part of the
cartilages of encrustation we usually find the
cells assuming more or less.of a linear direc- Fig. 14.
tion, and pomtlng towards the surface ; fig. 14,
3. 'This arrangement is probably ‘connected, :
with a correspondmg peculiarity of texture of
the interceHular substande, but which it is
more difficult to distinguish ; for these speci-
mens have a disposition to fracture in aregalar
manner along planes vertical o the sulface,
and the broken surface .is strlated in the same
dlrectlon

Near its deep or attac.hed surface, articular
cartilage blends gradually with, the bone it in-
vests. The cells in the neighbourhood, as
well as their nuclei, are surfounded il
spriikling of fine opaque: granules, which seem
to be a rudimentary deposit of ‘bone. ‘The
true bone dips unevenly into the sybstance of
thé cartilage.

A pavement of nucleated -epithelial parti- 4 icutar vartilage, from the
cles has been described by Henle to exist on AL i)
the free surface of articular cartilage. In the surface.2_3. Section far in the
feetus this may be readily seen; but in the el g e T ey
adult we have often failed to detect it, even )
in perfectly fresh specimens, and notw1thstand1ng great care. An
irregularity ofsurfa(,e like that represented in fig. 14, 2, often exists,
and seems to show 'that this covering ceases when the part becomes
subject to friction and pressure. Cells, too, are often seen close to
this surface, and even partly prqectmg from it ; appearances indica*
tive of attrition.

In the cartilages Qf the ribs, whlch occupy an intermediate place
between the articular and membramform varieties, the cells are larger
thdn in any other cartilage in the body, being from 53 to 337 of an
inch'in diameter. Many of them contain two or.more nuclei, which
are clear and transparent ; and some seem-to contain a few oil-glob-
ules, a condltlon occasionally met with in other varieties. = The
cells often affect a linear arrangement. The rows of them are tarned
in all directions, and have the appearance of having been formed by
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the division of one cell, and the separation of its parts from each
other. It'is probable that the splitting of the nucleus may be ‘the

2 first step in this process, as, for ex-
ample, 1n fig. 15, a.

The intercellular substance 1s very
abundant in these cartilages; and
though it usually presents, on a sec-
tion, a very finely mottled aspect,
such as is very correctly portrayed
in the figure, yet we may often dis-
cern in it a most distinctly fibrous
structure, in which the fibres are
parallel, and which is most evident
in the aged. Perhaps it would be
most correct 'to say that these fibres
are only formed by an artificial dis-
integration, for ‘they are aggregated

: ' into a solid mass in the unmutilated
Cartilage of the Ribg" Section showing structure. ThEy' have very little

the cells, their nuclei” and nucleoli. . The | A
traneparent spaces result from the removal resemblance to the white fibrous

of the cells by the knife, their cavities re- : .
maining.—Magnified 320 diameters. tissue. ‘,It. is not known whether
- they take any constant direction.

In the true membraniform cartilages, the cells ‘are very numerous
in proportjon to the surrounding substance, which is consequently in
. small quantity. This intercellular matrix
is very distinctly fibrous towards the ex-
terior of these cartilages, and often in
their interior, but with considerable va-
riety. The thyroid and ericoid cartilages,
and the rings of ‘the trachea, seem chiefly
composed, of clearly defined and roundish
nucleated cells, huddled together, as it

Thyroid cartilage —Thin secton, VEI€s 11 @ Promiscuous manner, fig. 16.
—Magnified 320 diameters. In specimens from persons of adult age,

_ the cells have frequently a fine granular
opaque ‘matter sprinkled on their exterior; and these, in older sub-
jecgs, are seen to have become minute centres of a spurious ossifi-
cation.

In the cartiloge of the ear the cells are small, and very close to
each other; In shape they are very uniform, and vary in size from
13950 t0 535 of an inch. A piece of this cartilage, when examined
by a high power, has very much the appearance of a sieve; the
holes of which are occupied by nuclei and their nucleoli. The in-
tercellular substance is not exactly white fibrous tissue ; but so nearly
resembles it, especially towards the surface, as to make this form of
cartilage approach fibro-cartilage more nearly than does any other.

The membraniform cartilages are invested by a layer of white
fibrous tissue containing blood-vessels, and called the perichondrium.
Its fibres are densely interwoven in all directions, and adhere inti-
mately to the intercellular substance of the cartilage. This- invest-

= =R e
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ment corresponds with the periosteum of bone, and in the temporary
cartilages 1s indeed the very same structure. It is a nidus for the
nutrienf vessels of cartilage, and often serves to give attachment to
muscles. It is best examined on the cartilages of the ribs. Its
great toughness i1s sometimes well displayed in fractures of these
cartilages, where the perichondrium remains untorn between the
fragments.

The articular cartilages, which have no perichondrium, are sup-
ported and supplied with blood by the bone to which they are
adapted, and by the synovial membrane, which always passes for at
least some little distance over their free surface. .

Vessels of cartilage.—Speaking in general terms, cartilage may be
styled a non-vascular substance, for considerable masses of all its
varieties exist, unpenetrated by a single vessel. The term non-
wascular, however, it is important to observe, is to be understood in
a relative sense. All tissues deriving their nutriment from blood-
vessels, are, in fact, if traced up to their microscopic elements, on
the outside of the channels through which the bloed flows. . If the
quantity of vessels be: large in proportion to. the tissue, or if the two
are gingled in an intimate manner, we term the part very vasctlar.
If, on the other hand, there.be a considerable mass of tissue, amopg
the elementary parts of ‘'which no vessels penetrate, it is styled non-
vascular. This word is not used in an absolute sense; for, if so
used, if would apply equally’to all tissues, -except the lining mem-
brane of the vascular system itself, which is probably nourished by
the blood immediately in contact with it. ' ‘

-Returning from this digression, we remark, that temporary car-
tilage, when ‘in small mass, is not. permeated by vessels; but that,
when more than about an eighth of an inch thick, if contains canals
inits interior, for the transmission of vessels. These canals are
somewhat tortuous, and contain a delicate extensioii of the peri-
chondrium. Theyinay bé regarded as so many involutions of the
outer surface of the cartilage. '

The same description will apply to the various membraniform
cartilages, with this difference, that their blood-vessels are- less.
numerous. In those which. are thin, no vascular canals are to be
found; but where there is much substance, as in the costal carti-
lages, they are easily detected.- o

Nothing is more certain than that articular cartilage, in man, is
not penetrated by blood-vessels. Coloured fluids injected into -the
vessels camnot be made to enter it,'but are seen to turn back, on
reaching it, into the tissue which conveyed them to it. But we
possess a more’ certain test thdn this, in the examination of thin
slices of the tissue under a high power. This brings no vessels irto
view: on the contrary, it proves theit non-existence, beyond dispute.
In some diseased states, however, the presence of a few vessels
seems to have been established. ' ;

Mr. Toynbée (PFil. Trans., 1841) has pointed out, that the vessels
of bone, at the part on which cartilage rests, are separated from. the
cartilage by -a bony lamella, in which no apertures exist. The
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minute vessels, on approaching this-lametla, seem to dilate, -andk
then, forming arches, they run back into the cancelli of the bone.
Such an arrangement must, of course, be attended with a retardation
of the blood near the ““articular lamella.” The vessels of the syno-
vial membrane advance with it a little way upon the articular surface
of the cartilage, but only over those parts which are not subject to
pressure during the natural movements of the joint. These likewise
terminate in loops. In diseased states they often advance far upon
the cartilage, as they do naturally, according to Mr. Toynbee’s ob-
servations, during the middle period of feetal life.

OF FIBRO-CARTILAGE.

This texture is a compound of white fibrous tissue and cartilage
in varying proportions.

It is principally employed in the construction of joints, and con-
tributes to their perfection at once by its strength and its elasticity;
but as it is also, to a limited extent, used for other purposes, it may
be conveniently described as, 1, Articular;.2, Non-articular.

Fibro-cartilage, examined by the naked eye, has much of the
colour and general appearance of the'thyroid cartilage, or of other
examples of the membraniform variety, which Bichat, indeed, classed
among fibro-cartilages. Its colour is white, with a slight tinge of
yellow; it is interspersed by the shining fibres of white fibrous tissue,
and its appearance differs with the quantity of that texture that is
mingled with it. Its consistence also varies, for the same reason;
in some instances being extremely dense, in others soft, yieldirng,
and almost pulpy. .

Vhen examined microscopically, fibro-cartilage is found to consist
of bundles of wavy fibres, with the cells or corpuscles of cartilage
occupying the spaces formed by the interlacement of the fibraus
tissue. This interlacement is often very intricate, and calculated to
increase the strength of the structure in those directions in which the
greatest toughness is required.

Physical and wvital properties.—To the strength and density of
fibrous. tissue, fibro-cartilage adds the elasticity of cartilage; it is
more variously flexible than the latter tissue, so that it will not crack
when bent too much. Its sensibility is low, and it is devoid of vital
contractility. ’

Vessels and nerves.—Its vessels are few, and are derived from the
textures (synovial membrane or periosteum) with which it is'jn im-
mediate connection. Nothing 1s known ‘respecting its nerves, if
indeed 1t possesses them. 7 '

Chemical composition.—Fibro-cartilage . contains water; when de-
prived of it by drying, it shrivels up, and becomes hard an(’l'yellow.
It yields gelatine in abundance on boiling. y

Forms _of fibro-cartilage. — The articular fibro- cartilage is that
which is found most extensively, and it exists in three forms. a. As
discs, interposed between osseous surfaces, and equally adherent to

L C. B US p
8'8LIOT ;
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both, of which the intervertebral discs and: the inter-pubic fibro-carti-

lage are instances. b&. As laminz, free on both surfaces, placed in

the cavity of diarthrodial joints between the articular surfaces of the -
bones. These are the menisci of authors; they exist in the temporo-

maxillary, the sterno-clavicular, and the knee-joints, and between

the scaphoid and lunar, and lunar and cuneiform bones. c¢. As tri-

angular edges to the glenoid and cotyloid cavities of the shoulder

and hip joints. These are styled circumferential.

In examining these different forms of fibro-cartilage, some varie-
ties are met with deserving of a brief notice. .

The intervertebral discs consist of concentric layers of white fibrous
tissue, placed vertically between the
surfaces of the vertebre: although
the layers are vertical, the fibres of
which each layer is composed,: are
directed obliquely from above down-
wards, and the direction of the fibres
of one layer is such as to decussate
with those of the layer ‘immediately
behind it. Each pair ‘of layers of
fibrous tissue’ is separated by a la-
mina of cartilage. ‘This arrangement
belongs to rather more than the
outer third of the disc; the central
portionis occupied by a soft, yield-
-ing, pulpy matter, which, when a
disc 'is cut horizontally, rises wup
considerably above the surrounding
level. This soft mass consists of a
féew bundles of white fibrous tissue,
(wavy fibres,) with numerous nucle- — S =
ated “cells, ‘very variable in shape tebral ¢ et e ohrideaglls lyins
and size, loosely interspersed. Tt B o o Mo e Cenral pulpy
1s gll‘t by the surrounding vertical substance, and_exhibit various forms of

E A . - cell. In severql of these there is an ap-
ﬁbI'Ol]S layers and th’elr lnter‘posed pearance of multiplication by subdivision

cartilaginous lamellz, and also. com- gfﬁ?ﬁ)g: ‘iii‘s‘i’e?“%EZ‘?&??EZL&E?;‘&?‘&Z
pressed by the vertebre between- 0esmotyetappear.

which it is placed ; the pulpy matter " 8
being'separated from immediate contact with the surfaces of the ver-
tebra by the interposition of thin layers'of cartilage. :

In the menisci the' white fibrous tissue predominates considerably
at their circumferences, while the cartitage chiefly abounds in the
-centre. Those of the knee-joint and-_‘cemporo?maxillaryjoint are the
densest: that of the sterno-clavicular is softer and more cartilaginous.

he circumjferential fibro-cartilages contain a considerable predg-
minance of fibrous tissge. . - M B ) e

The non-articular form of fibro-cartilage is found deposited on the
sutfaces of the; grooves in bones, whi¢h lodge tendons; as, for ex-
ample, the groove for the lodgment of the tibialis posticus. 'In
intimate stracture it resembles the articular forms.
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Reparation and reproduction.—Fibro-cartilage heals by a new sub-
stance of similar texture. Sometimes the union of bone is effected
by a material of this kind, in cases where osseous union cannot be
obtained.

In addition to the works on General Anatomy mentioned at the end of the last
chapter, we refer to Milller’s Physiology, by Baly, p. 390; the articles Cartilage and
Fibro-Cartilage, in the Cyclopzdia of Anatomy; and Mr. Toynbee’s paper on Non-
vascular Tissues, in Phil. Trans. 1841, )

CHAPTER V.
PASSIVE ORGANS OF LOCOMOTION, CONTINUED.—OF BONE.

Tue distinction of animal textures into hard and soft prevails very
extensively throughout ‘the animal series. The former are charac-
terized by containing a proportion of inorganic material, in combi-
nation with animal matter, sufficient to give them that degree of
hardness which is their principal physical property.

Among the invertebrated classes there are hard parts, although
very differently constituted from those of the higher animals. They
serve an analogous purpose,—being a basis of support for the soft
parts, and in many instances a protection to thiem, and affording a sur-
face of attachment for the muscles of the animal; thus playing an
important part in its locomdtion, or in its ordinary movements. To
thi category we may refer the earthy support to the soft fleshy mass,
whether as an internal stem or axis, or as an external covering, which
is to be found among the polypifera, performing a function similar to
the skeleton of the higher animals, and composed of carbonate of
lime, with a little phosphate, in combination with a small quantity of
animal matter. ' . ’

The calcareous plates of the star-fish and sea-urchin, (asterias and
echinus,) the hard coriaceous coyering of insects, the hard external
integuments- of crustacea, and the infinitely various shells of the gas-
teropoda and conchifera, must all be regarded in the light of hard
parts performing the offices above referred to.

The skeleton of the higher animals is infernal; it is clothed by
the muscles and other soft parts. The first example of this arrange-
ment is met with in the cephalopodous mollusks, in' which certain
cartilaginous plates are enclosed in the body of the animal, protect-
ing certain parts of the nervous system. The skeleton of the lowest
organized fishes, although much more extensive, and of-a more com-
plicated arrangement, is yet placed but little above that of those
animals. It is composed of a kind of cartilage, which in its greater
density, and in its having a certain quantity of calcareous deposit
around it, approaches the nature of the skeleton of the higher classes.

Bone is the substance employed to form the internal skeleton of
the osseous fishes, of reptiles, birds, and mammalia. It forms organs
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of support, or levers for-motion, or it encloses cavities affording pro-
tection to soft and vital organs. .

To a superficial examination bone presents the following propgr-
ties: hardness, density, a whitish colour, opacity. An examination
of its physical constitution will explain these characters.

Bone -contains less water than any other organ in the body; and
exposure to air, even for a short time, removes the fluid by evapora-
tion: to this, in part, may be attributed its hardness. Bone consists
of an inorganic and an organic material, which may be obtained
separately by very simple processes. Steep a bone in dilute mineral
acid, muriatic or nitric; the earthy matter is dissolved out by the
acid, and the -organic substance remains, retaining the original shape
and size of the bone. In fact, we obtain, by this process, the carti-
laginous nidus of the bone, upon which its form depends. The
vessels of the bone ramify throughout this mass; for if they have
been injected, previously to the action of the acid, they will be dis-
tinctly seen ramifying through the semi-transparent animal substance.
A preparation of this kind dried, and afterwards preserved in spirits
of turpentine, serves beautifully to exhibit the dispgsition of the ‘ves-
sels in bone. ' : }

By subjecting a bone to a strong heat in a crucible, the animal
part will be burnt out,-and the earthy part will remain. Still thé
bone retains its form, but the cohesion between the earthy particles
is extremely slight, so that the least touch will destroy its continuity ;
a fact which obviously points to the animal matter as affording to
bone its strength of cohesion.

Bone may be deprived of its animal matter by long-continued
boiling, under strong pressure, in a Papin’s digester. "The animal
matter is extracted, in combination with water, in the form of gela-
tine; and the weight of the quantity which may thus be obtained
will, owing to this union with water, exceed by three or four times
that of the bone itself. ‘ ‘

_A certain proportion between these two constituents of bone is
necessary to the dne maintenance of its physical properties. To the
earthy part it owes its hardness, its density, its little flexibility: but
it is equally necessary for these properties that the animal portion
shall be healthy,and 1n proper quantity; for the cohesion of the par-
ticles of the former is secured entirely by it. A due proportion, of
the animnal part gives bone a certain degree of elasticity; and, were
it not for the earthy matter, bones would be exceedingly flexible, as
may be shown in a bone deprived of its calcareous matter by acid.
Hence old bones, in which the animal matter is less abundant, as
well as perhaps defective in quality, are more brittle than young
ones, and old persons are more liable to fractures. But in the young,
inwhom the organic processes are active, and whose animal matter
is fully adequate in guantity and quality to the wants of the system,
the bones possess their due degree of flexibility, and hence in them
fractures are less frequent; the cohesive force of the bones being
sometimes, so considerable, that they will bend to a great degree.

before yielding.

)
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The following table from Schreger illustrates the relative propor-
tions of the two constituents, at three periods of life, in 100 parts of
bone: )

' Child.  Adult. Old.

Animal matter: 47-20. 12018 12-2
Earthy matter 48-48 7484 841

Or it may be stated in general terms, that in the child the earthy
matter forms nearly one-half the weight of the bone, in the adult 1t
is equal to four-fifths, and in the old subject to seven-eighths; a con-
clusion agreeing in the main with that drawn from the analyses of
Davy, Bostock, Hatchett, and others. '

It had long been known that certain bones of the body contained
these constituents in- other proportions than those named; for ex-
ample, the petrous portion of the temporal bone had been shown by
Davy to owe its stony hardness to a large proportion of earthy matter.
But Dr. G. O. Rees has lately pointed out some interesting particulars
as to the relative proportions of these elements in the composition of-
different bones.

The long bones of the extremities have, according to Dr. Rees’s
analysis, more earthy matter than the bones of the trunk. The
bones of the upper extremity have a, larger proportion of the same
material than those of the corresponding bones in the lower; the
humerus has more than the radius and ulna; the femur more than
the tibia and fibula; while the bones of the fore-arm, as well as
those of the leg, are respectively alike in constitution. The verte-
bree, ribs, and clavicles are similarly constituted. The ilium has
more earthy matter than the scapula or sternum; the bones of the
head have more of this material than those of the trunk.

In the feetus the same law prevails as regards the relative quantity
of the earthy matter, excepting that the long bones, and the cranial
bones, do not contain the excess of earthy matter which characterizes
them in the adult. _

The diseased state, called Rickets, so common in the children of
scrofulous parents, and in the ill-nourished ones of the lower orders,
consists in a deficient deposit of earthy matter; the animal matter
being probably of an unhealthy quality. In this disease the bones
are so flexible, that they bend under the weight that they may be
called on to support, or ‘under the action of the muscles. The
lower extremities exhibit deformity first, and to the greatest degree,
and the direction in which they become bent is evidently influenced
by the superimposed weight; the bend almost always appears, as an
aggravation or the natural curves of the bones. ‘I'he rickety femur
has always its convexity directed forwards: the tibia is convex for-
wards and outwards, and the fibula follows the same direction. When
the nutritive powers of the.system are fully restored, the deposition
of earth goes on in its healthy proportion, the animal matter becomes
healthy, and the bones acquire their due degree of strength and hard-
ness. In the tibia of a rickety child, Dr. Davy found, in 100 parts,
74 parts animal matter, and 26 earthy; and Dr. Bostock found in the
vertebra of a similar subject 7975 animal, and 20-25 earthy.
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The brittleness of the bonesin old age is due to an opposite cause,
namely, the defective deposit of animal matter, so as to give to'the
earthy matter the undue preponderance already specified. Butsthis
state cannot be looked upon as morbid ; it is the natural resalt of -the
feeble condition of the powers of nutrition, which ensues in the ad-
vance of years; and it will vary, in different individuals, according
to the original strength of constitution of each, and according to the
freedom from exposure to debilitating influences.

That state of bone which accompanies malignant disease (cancer,
or fungoid disease) in adults or old persons, and which some patho--
logists have designated moblities ossium, results from the dissemination
of cancerous matter through the system. In this disease the whole
nutritive process of bones seems tainted ; the animal part is not so
much deficient in quantity, as bad in quality; the physical, as well as
the vital properties of the bone are completely deranged ; the osseous
texture has lost its cohesive power. Hence these bones often break
on the application of the slightest force, or on the feeblest exercise
of the muscles. They are soft, too, in the recent state ; the knife will
sometimes penetrate them ; and they are often pervaded by a con-
siderable quantity of oil.

Bones possess a remarkable power of resisting decomposition.
Even the animal part seems to acquire this power through its combi-
nation with the earthy.” This is manifest from analyzing bones which
have been long kept, or fossil bones. Cuvier states that the latter
bones exhibit a considerable cartilaginous portion ; and Bichat found
that clavicles, which had been exposed for ten years to the wind and
rain at the cemetery of Clamart, presented, under the action of acid,
an abundant cartilaginous parenchyma. In an old Roman frontal
bone, dug up from Pompeii, Dr. Davy found 355 animal parts, and
64-5 earthy; and in a tooth of the mammoth, 30'5 animal, and 69-5
earthy. ‘

The animal part of bone consists of cartilage, with vessels, medul-
lary membrane, and fat. The cartilage, is readily convertible into
gelatine, according to Berzelius, after three hours’ boiling ; and, when
this has been removed, there remain only four grains out of 100,
which may be considered to have been composed of blood-vessels.

The earthy part of bone consists of phosphate and carbonate of
lime, with a small quantity of phosphate and carbonate of magnesia.
The phosphate of lime forms ‘the principal portion of the earthy
part; in 100 parts of bone Berzelius found 51:04 of this salt. It
was discovered by Gahn, and the discovery announced by Scheele,
that bone-earth consisted of ¢ phosphoric acid and lime.” Accord-
ing to Berzelius, the phosphate consists of eight atoms of lime and
three atoms of phosphoric acid ; but Mitscherlich regards it as com-
posed of three atoms of lime with one of phosphoric acid (a tribasie
salt). It may be formed artificially by dropping chloride of calcium
into a solution of phosphate of soda. It appears as a gelatinous
precipitate, which does not crystalize, and is readily soluble in acids.

The existence of fluoride of calcium in bone was aunounced many
years ago by Berzelius;; but the observations of our friend, Dr. G.
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O. Rees, throw considerable doubt upon tkis assertion. Dr. Rees
attributes the action of the supposed. fluoric acid upon glass to phos-
phoric acid in combination with water, which, if heated on glass of
inferior quality until it volatilizes, will act upon it with considerable
energy. The proportion of carbonate of lime to the phosphate is
small. According to Berzelius, there are 11-30 parts in 100 of bone.

We subjoin the following process, by which the qualitative analysis
of bone may be readily effected : ‘

In order to insulate the animal matter, digest the bone for some
days in muriatic acid diluted with about thrice its bulk of water;
the earthy constituents will thus be gradually removed, leaving a
semi-transparent cartilaginous tissue behind.

The earthy matters are best examined by treating a portion of
burnt bone with nitric acid, diluted with from four to six times its
bulk of water; brisk effervescence ensues, proving the presence of
carbonic ucid. Filter theacid liquid after diluting 1t with water, and
add solution of caustic ammonia as long as the precipitate at first
formed continues to be redissolved by agitation ; then add solution
of acetate of lead till it no longer occasions any precipitate. 'The
dense white precipitate thus produced. consists of phosphate of lead,
which melts before the blow-pipe, and on cooling assumes its charac-
teristic crystaline structure. e

Through the solution, filtered from ‘the phosphate of lead, pass a
stream of sulphuretted hydrogen to remove the excess of lead ; warm
the liquid, to drive off the superfluous gas, and filter: then neutralize

by ammonia, and add oxalate

Fig. 18. . of ammonia as long as any

precipitate occurs; abundance

of oxalate of lime will fall as
a white powder.

Evaporate the filtered liquid
to dryness; ignite the residue,
and wash with hot water; the
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S almost any bone, we observe
F;“‘-w,‘g\ ny two varieties of osseous sub-
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e, stance : the one dense, firm,

compact, always situated on
the exterior of the bone,
either as a thin layer, or as a
dense thick structure pos-
sessed of great strength; the
other loose, reticular, spongy,
enclosing spaces or cells,

: - which commuricate freel
ing the cancelined and compacs ussuen. " *°™  with each other, and WhiCh):
.f. ‘ being called cancelli, give to
this kind of osseous tissue the name cancellated. These cells are
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formed by an interlacement of numerous bony fibres and lamin,
which although to a superficial observatlon exhibiting an indefinite
arrangement, have nevertheless, in those bones which have to support
weight, a more or less perpendiculal direction. 'The cancellated
structure of bone is always situated In its interior, enclosed and pro-
tected by the compact tissue.

The relative situation of these varieties may be well seen in a
vertical section of one of the long bones (fig. 18). At the extremitics,
the cancellated texture is accumulated, invested by a thin lamelfa of
compact tissue, giving expansion and hghtness to those parts of the
bone. In the intermediate portion, or.skef?, the compact tissue is
highly developed, affording great strength in the situation where that
quality is the most needed.

The. compact external surface of bone (except-on its articular as-
pects) is covered by a firm tough membrane, termed the periostewm,
which, like the perichondrium investing cartilage, consists of white
fibrous tissue, densely interwoven in all directions. The cancelli are
filled with fat, or medulla, the marrow of bone. They are lined by a
delicate membrane, calle(l the medullary membrane, which serves
to support the fat. In the shaft of the long bones the medulla
is contained not in ordinary cells, but in one great canal, which
occupies the centre of the shaft, the medullury canal. Here the
medullary membrane lines the qompact tissue that forms the wall of
the cavity.

Both-the periosteum and the medullary membrane adhere inti-
mately to the bone. Both are abundantly supplied with blood-
vessels, which, after ramifying upon them, send numerous branches
into the bone. These membranes are of great 1mportance to the
nutrition of the bone, inasmuch as they support its nutrient vessels ;
and, if either of them be destroyed to any great extent, the part in
contact with them necessarily perishes: and they not only cover
the outer and inner surfaces of the bone, but also send processes,
along with the vessels, into minute -canals traversing the compact
tissue, and are, throuoh the medium of these, rendered contmuous
with one another.

The great variety of uses to which the bones are apphed in the
construction of the skeleton, occasions much difference of shape as
well as of size. The followm;},r arrangement comprehends all these
varieties, and is that commonly adopted. We classify them as, 1,
Long- bones 2, Short ; 3, Flat; 4, Irregular.

The long bones form the prmmpal levers of the body; their
length greatly exceeds their breadth and thickness. In. descriptive
anatomy, a2 long bone is divided into a shaft, or central part, and
two extremities. The shaft is never perfectly stralght it is more or
less curved, as in the femur; and has always an appearance as if,
while yet in a soft and flexible condition, 1t had received a twist,
and its extremities had been turned in opposnte directions. This is -
very manifest in the femur and humerus ; more especially in the lat-
ter, where the groove, in which the radial nerve runs, 1s just what
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one might fancifylly suppose to have resulted from such'a cause as
that above named. ‘

The shaft is never perfectly cylindrical ; although in some bones
it approaches that form, in others it is prismatic. It is hollow, as
already mentioned, and contains medulla. This arrangement has the
advantage of making the bone very much lighter than it would have'
been if solid ; while it is attended with no sacrifice of strength, since
the central osseous substance is that which contributes least to its
power of resistance. _

The strength of the shaft is amply provided for by its being eom-
posed of compact tissue, of thickness proportionate to the length of
the bone, and the bore of the medullary canal. In the curved benes,
additional strength is obtained in the position where the bone would
be most likely to yield, by increased thickness and density along its
concavity. Of this provision a good example will be found in_the:
spine of the femur,—a ridge of extremely dense bone, placed along
its posterior concave surface. In the bent bones of rickety subjects
which have become fully ossified, the compact tissue on the concavity
of the bend acquires an enormous development.

At the extremities of the long bones the medullary canal ceases;
the osseous tissue expands; and the cdncellated texture takes the
place of the compact substance of the shaft, and forms the whole
thickness of these portions of the bone, the medulla penetrating into
its cells. Here great strength is not required, but surface is needed
for-the articulation of the bones together, and for affording attachment
to ligaments and tendons. The cancellated tissue is admirably adapted
to attain this object ; for, while by the looseness of its‘texture it readily
affords an extent of surface, its lightness is such, that even a consider-
able bulk of it does not materially affect the weight of the bone.
The surface of this texture is covered with a thin cortex of compact
tissue, which is perforated by innumerable orifices for the transmission
of vessels.

The long bones are the great levers of the extremities; as the bones
of the thigh and leg, arm and fore-arm. Among the bones of the
hand and foot are certain ones which have all the anatomical charac-
ters of the long bones, except that of length ; they, may, therefore, be
grouped together in a class under the name of shorf bones. These
are, the metacarpal and metatarsal bones, and the phalanges of the
fingers and toes.

The flat bones are remarkable for their slight thickness; they are
composed of two thin layers of compact tissue, enclosing a layer of
cancellated texture of variable thickness. Examples of this class
of bone, may be found in most of those enclosing the great cavities
of the body; as the bones of the cranium, the ribs, the scapula, the
os innominatum, all of which will be found to possess the same essen-
tial characters.

The cranial bones present one or two peculiarities which demand
.a special noticé. 'The layers of compact tissue in them are fami-
liarly known as the fables of the skull: the outer one is stouter and
tougher ; the inner one denser and much thinner, and therefore more
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brittle. The intervening structure is called the diploé ; in some places
it'is absent, leaving a wacant space produced by the separation of the
tables, and which commuuicates with the external air, as in the frontal
sinuses : the diploe 1s generally a very fine cancellated texture ; but,
in the mastoid process of the temporal bone, it-is of a much looser
kind ; its cancelli are larger, and instead of being occupied by medulla,
as elsewhere, they communicate with the cavity of the tympanum,
and are therefore always filled with air. The diploé of the cranial
bones in birds is everywhere devoid of medulla, and occupied by air,
which gains access to it from the tympanum. .

A fourth group of bones consists of those, which seem to combine
many of the offices and forms of the three preceding ones with cer-
tain characters proper to themselves. They exhibit much irregularity
of shape and size; and, on this account, are called irregular bones.
The vertebra, the -tarsal and carpal bones, ‘certain bones of the head
and face, belong to this group. Lightness, with extent of surface, is
their principal character. They are composed mainly of cancellated
texture, covered by a layer of compact, and here and there a portion
of compact tissue, for the purpose of affording a firm bond of connec-
tion of some process to the main part of the boiie; as the pedicles,
uniting the laminz to the bodies of the vertebre.

In examining the surfaces of these different groups of bones, we
are struck with the variety of projections or eminences, and of de-
pressions, which are found upon them. These are of two kinds ;-
articular, and non-articular. The former are destined for the forma-
tion of joints: as the head of the thigh-bone, an articular eminence ;
and the acetabulum, an articular depression. S

The non-articular eminences chiefly serve as points of insertion for
ligaments and tendons, and exhibit a great diversity of shapes, so that
anatomists designate them as tuberosities, tubercles, spines, criste,
&c. The non-articular depressions.serve a similar purpose, and are
equally various in form, being described as fosse, cells, furrows,
grooves, fissures, pulleys, &c.

With reference to these eminences and depressions, it may be
observed that they are well marked in proportion to the muscularity
of the subject. In the female, for instance, they are less distinct
than in the male; in the powerfully muscular man they are at the
maximum of development. As Sir Charles Bell has remarked, a
person of feeble texture and indolent habits. has the bone smooth,
thin, and light ; while with the powerful muscular frame is combined
a dense and perfect texture of bone, where every spine and tubercle
are well developed. And thus the inert and mechanical provisions
of the bone always bear relation to the muscular power of -the limb ;
and exercise is as necessary to the perfect constitution of a bone,
as it is to the perfection of muscle. Itis an interesting fact, that if
a limb be disused, from paralysis, the bones waste as well as the
muscles.

Of the Vessels of Bone.—We now proceed to inquire into the
manner in which the nutrition of bone is provided for. A texture
containing so mueh animal matter, and needing a constant supply of
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inorganic material liketwise, must necessarily be largeiy supplied with
blood, the common source of the materials of all the tissues.

The blood-vessels of bone are very numerous, as may be satis-
factorily seen on examining a well-injected specimen. The arteries
are in great part continued from those of the periosteum: those which
penetrate the cancellated texture of the extremities of the long bones
are very large, and ramify freely among the cancelli.

The membrane of the medulla which is contained in the shaft,
receives its blood from a special artery that pierces the compact tisspe
through a distinct canal, known as that for the nutritious artery.
This vessel divides into two iminediately on entering the medullary
canal; of these, one ascends, the other descends, and both break up
into a capillary network, anastomosing with the plexuses in the ex-
tremities of the bone, derived from the arterics that penetrate there.
From the copious vascular network thus formed within the bone, the
innermost part of the compact substance of the shaft receives its
blood-vessels.

In the compact tissue the arteries pass into very narrow capillary
canals, most of which are invisible to the naked eye. In carefully
raising the periosteum from a bone that has been subjected to a little
maceration, the vessels may be seen in great numbers passing from
that membrane into the osseous texture, and many of the larger ones
seem to be surrounded by a sheath derived from the periosteum.
Similar sheaths may be seen surrounding the vessels of the cancel-
lated texture.

The vascular canals of the compact tissue are styled Haversian, after
their discoverer, Clopton Havers. They are
disseminated pretty uniformly through the tis-
sue, and inosculate everywherc with one ano-
ther. Inthe long and short bones they follow
the same general direction as the axis of the
bone, and are joined at intervals by cross
branches. The meshes thus formed are more
or less oblong (fig. 19). 'The deeéper ones
open into the contiguous cancelli, with the
cavities of which they are continuous.

The arteries and veins of bonc usually
occupy distinct Haversian canals. Of these
the venous are the larger, and commonly pre-
sent, at irregular intervals, and especially
where two or more branches mcet, pouch-
'hk_e dilatations, calculated to serve as reser-
vours for the blood, and to delay its escape
from the tissue. In many of the large bones,
particularly in the fat and irregular ones, the

Taversian canals, seen on a VEIHS‘ are exceedingly capaCiOUS, and OCCUP)’
Pk i of e it of one g 2 SETLCS of tortuous canals of remarkable size
porcionte- i Aneriteansl, and very characteristic appearance. These
another venous canal. are well described by Breschet in his elabo-

rate work on the venous system ; from which
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the accompanying figure (fig. 20) is taken. These canals run, for the
most part, in the cancellated structure of the bones, and are lined by
a more or less complete layer

of compact tissue, which itself Fig. 20.

often contains minute Haver-
sian canals. The veins they
contain discharge themselves
separately on the surface.

The Haversian canals vary
in diameter from 3355 to the
517 of and inch, or more, the
average being about 5¢5.
Their ordinary distance from
one another is about 17 of an
inch. They may be regarded
as involutions of the surface
of the bone for the purpase of
allowing vessels to ¢come into , ., , :
contact with it in. greater B;’:Eﬁ:ts’ canals in the diploé of the cranium.—After
abundance. Itisevidentthat ‘ : '
the cancelli, and even the great medullary canal itself, are likewise
involutions of the osseous surface, though for a partly different end.
These larger and more irregular cavifies in bone may be considered
as a dilated form of Haversian canals. They contain vessels not only
for the nytrition of the thin osseous material forming their walls, but
also for-the supply of the fat enclosed within them. :

Thus the true osseous substance may be described as lying in the
interstices of a vascular membrane, or of a network of blood-vessels.
The most interesting points in the minute anatomy of bone relate to
the mode in which nutrition is provided for in those parts not in im-
mediate contact with the blood-vessels. We have already seen that
considerable masses of cartilage derive their nutriment from vessels
placed on their exterior only, apparently by a kind of imbibition, per- -
haps aided by the presence of the nucleated cells, and by a more or
less fibrous texture : but bone, which is of a far harder and denser
nature, is unable to imbibe its nourishment so easily. Hence its
surface is greatly augmented by the arrangements already detailed;
and, in addition to this, the osseous tissue iself is provided with a
special system of microscopic cavities and canaliculi, or pores; by
which its recesses may be irrigated, to a degree of minuteness greatly
exceeding what could have been effected by blood-vessels alone,
consistently with the compactness and density required in the tissue.
The study of this delicate apparatus will now demand attention, but
a few words must be premised on the ultimate structure of the osseous
tissue. '

It appears from the researches of Mr. Tomes, about to be published
in the Cyclopzdia of Anatomy, that the ultimate structure of the
osseous tissue is granuler. The granules of bone are often very dis-
tinctly visible, without any artificial preparation, in the substance of
the delicate spiculee of the cancelli, viewed with a high power, and
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They may be generally

obtained in calcined bone, either by bruising a fragment of 1t, or by
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Uliimate granules of
boue, isolated and in
small masses. from the
Fenmur.—(From a pre-
paration ot Mr. 'Tomes.)
Magiufied 320 diame-
ters.

Two lacunte of osseous tissue, seen on their surfaces, showing
the disposition of their pores.
both on thetr walls and around them is well represented.— Mag-
nified 1200 diamelers, Drawn from a preparation of the cancelli
of the Femur made by Mr. Tomes."

Fig. 23.

steeping it in dilute muriatic acid ; they may also be
made very evident by prolonged boiling in a Papin’s
digester. Those represented in fig. 21 were obtained
in the latter mode. The granules vary in size from
5355 t0 17595 of an inch. In shape they are oval or
oblong, and often angular. They cohere firmly toge-
ther, possibly by the medium of some second sub-
stance. In some few instances, Mr. Tomes has met
with a very minute network, which seems adapted
toveceive them inits interstices ; but this he considers
to require confirmation. A frequent appearance of
the granular texture is well represented in fig. 22.

Where bone exists
naturally in an exceed-
ingly attenuated form,
1t may consist of a mere
aggregation of these
granules, unpenetrated
by any .perceptible
pores. 'This constitutes
the simplest form under
which the tissue can
present itself.

But =2ll the osseous
tissue with which the
human anatomist is con-
cerned 1s of suech bulk
as to contain the series
of pores and cavities
already alluded to for
the conveyance of fluid from and ta its
vascular surface. These pores always
advance into the bone from open orifices
on its surface. They soon arrange them-
selves in sets, each of which, after anas-
tomosing with neighbouring ones, dis-
charges itself into a small cavity or lacuna,
in which its individual pores coalesce.
From the sides of this lacuna other pores
pass off to similar cavities in the vicinity,
and others proceed from its opposite sur-
face to penetrate still deeper into the
tissue. These pour themselves into ano-
ther lacuna, or divide themselves between

‘The granular aspect of the tissue

Transverse sect.on of a part of the
Dbone surrounding an Haversian canal,
showing the pores commeunc:uy at the
suriace. a, anastomosing and passing
from cavity to cavity — Magnified
about 300 diameters. From a prepa-
ration made by Mr. Tomces.

two or three, which are connected in like
manner by lateral channéls, From these
again pass others, which pursue an onward
course from the surface ; and so on, until
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the whole substance of the bone is perforated by them. The pores
from the further side of the extreme lacune either open on the surface
of the bone which-they may now have reached, or else take a ‘re-
curved direction back into the tissue.

When this beautiful system of microscopic pores and cavities was
first seen, it was not recognized as such. The lacune were imagined
to be solid corpuscles (a name still commonly applied to them), and
the lines radiating from them to.be branching threads of the' earthy
constituent of bone. They may be proved in many ways, however,
to be real excavations in the tissue. With a sufficiently high power
their opposite walls can be distinctly seen,.as well as their hollow
interior; but the most conclusive evidence lies in our being able to
fill thera with fluid. If a dry section of bone, in which they are very
apparent, be moistened with o1l of turpentine while in the field of the
microscope, the course of this penetrating material can be witnessed,
as it advances into the tissué. Itis seen to run quickly along the
pores from the Haversian canals, and from the surface of the ‘speci-
inen, where they have beén cut across. Having entered a lacuna, it
suddenly extends along the pores radiating from it, and, through
these, reaches other lacuna ; rendering the tissue transparent by fill-
ing up its vacuities. In parts where air has previously occupied
the vacant spaces, and the turpentine cannot displace it, the charac-
teristic appearance of minute bubbles is often present.

The lacune of osseous tissue, if examined extensively in the ver-.
tebrate class, are found of very various shapes: sometimes scarcely
to be distinguished from the pores, of which they are simple fusiform
dilatations ; at other times large and bulky, and forming the point of
junction of a great multitude of pores. Mr. Tomes has allowed us

Fig. 24.
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Form of various Lacun®, and their pores:—a. Simple irregular cavities, without pores ;. from an
ossification ‘of the pleura; b, from healthy bone of the human subject. b’. One of the outer lacunz of
an Haversian system, wlllh the lpores all bending dewn towards the H. canal. ¢ Other forms from

e, showing the lateral connecting pores. TP
hu;.ug"g: the Boa. °External lacune of agan. system. with unusually large pores dipping towards
the vascular surface. d’. Cavity intermediute between a lacuna and a pore. . Another variety from
. the same reptile.—~From Mr. Tomes.



114 ORGANS OF LOCOMOTION.

to represent the principal varieties which he has met with in the
human subject; and some remarkable ones from the lower animals
are'shown (fig. 24) from the same source. In the true denfal sub-
stance, which is a kind of bone, the lacuna are almost entirely defi-
cient, and the pores attain a very singular development, which will
be described in a subsequent chapter.

But though varieties are occasionally met with, yet, in the true
bone of man and the mammalia, the lacune possess a very constant
form ; being somewhat oval, and more or less flattened on their
opposite surfaces. The two surfaces look respectively to and from
the nearest surface of the tissue, and meet in a thin edge. As pores
pass off equally from all parts of the lacune, it follows that by far
the greater number pass to or from the surface of the bone; an
arrangement adimirably adapted for the transmission of the nutritious
fluids. The pores passing from the edge principally serve to connect
together those lacuna that lie at nearly the same distance from the
surface. In fig. 22, the lacunz are seen on their surface ; in fig. 23,
on their upper edge.

The lacuna have an average length of 17%5 of an inch, and they
are usually about half as wide, and one-third as thick. The diameter
of the pores is from 55355 to 19455 of an inch.

The osseous tissue, thus studded by thousands of flattened lacune,
which lie for the most part in planes parallel to the surface, has a
decided disposition to split up into lamine, following the same direc-
tion. This is more evident in the bones of old persons, and may be
generally promoted by maceration in dilute acid. It is most apparent
where the mass of material between two vascular surfaces is great,
and the series of lacunz numerous. It is probable that this lamellated
structure depends in part on the mode of development and growth of
this tissue, and it perhaps contributes to the perfection of the natritive
process within it.

It will now be easy to comprehend the apparently complex arrange-
ment of the osseous tissue in the interior of bones. Let us take, for
example, one of the long bones. The entire vascular surface con-
sists of, 1, the outer surface, covered by the periostepn ; 2, the inner
surface, lined by the membrane of the medullary cavity, and of the
cancelli; 3; the Haversian surface, or that forming the canals of the
compact tissue, and having in contact with it the vascular network
that occupies them, and which has been already described. These
involutions of the surface are so arranged that no part of the osseous
tissue is in general at a greater distance than !5 of an inch from the
vessels that ramify upon them.

There is a layer of tissue on the exterior of the bone deriving its
nourishment from the periosteumn, and which may be called the peri-
osteal layer. The lacuna of this layer all face that surface, and the
pores of the superficial ones open upon it. There is another layer,
forming the immediate wall of the medullary cavity, and termed the.
medullary layer. Its lacune, in like manner, face this cavit')'r; and
the pores of the inner ones open upon it. This layer becomes
variously folded to form the plates and fibres of the cancelli; and all
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the lacunz of these face these irregular cavities, and their pores open
into them. The Haversian surface, too, being an involution of the
outer and inner surfaces, and serving to connect them, is, in fact,
formed by an involution of the periosteal and medullary layers, and
unites these with one another. Where a vessel enters the compact
tissue froin the exterior, it carries with it a sheath of bone from the
periosteal layer. The lacuna of this osseous sheath, instead of being
turned outwards, like those of the periosteal layer, preserve their
relation to the vascular surface to which they pertain, and face inwards
towards the vessel. Wherever the vessel penetrates, whatever direc-
tion it takes, and however it branches, it is everywhere accompanied
by this sheath from the periosteal layer, or by offsets from it; and,
when 1t enters the medullary canal, its sheath expands into the medul-
lary layer. : ‘

The vessels of the compact tissue are so close together that the
osseous sheaths respectively surrounding them come into contaet and
unite ; and thus all the space between the outer and the inner surface
of the compact tissue is filled up : thus, in a word, the compact tissue
is constructed.

‘As the vessels of the compact tissue take a longitudinal direction,
a transverse section of the bone (fig. 25) will ~
appear pierced by numerous holes which are the Fig. 25.
Haversian canals cut across. Each hole appears :
as the centre of a roundish area, which is the
section of an involuted periosteal layer now
become a vertical rod, containing a vessel in its
axis. The Haversian canals vary considerably
in size, and do not maintain a very close relation
to the thickness of their respective osseous walls.
They are frequently eccentric, owing to their wall
bulging more in one direction than another, to fit -
in between others in the vicinity: for thongh the
rods of bone, containing the vessels, affect the
cylindrical form, they often present an oval, or
even a very irregular, figure, on a section ; their
close package having modified their form. The = =
periosteal and medullary layers are also well compaet tissue of a long
seen on the same section, the latter curving in- };;‘;{f};%@gﬁ:ﬁ?ﬁfg;i:
wards to constitute the walls of the cancelli, larylayer and the interme-

. . “diate Haversian systems of
These two layers are of very irregular thick- lamellz eachperforated by

ness, as the Haversian rods encroach on them ane Jl, paeindl, —dlsgnod
unequally (fig. 25). ' L

On a further examination of uch a section, with a sufficient mag-
nifying power, we observe the lacuna of the periosteal and medul-
lary layers facing those surfaces, and their pores opening upon them ;
‘while the lacunz of each Haversian layer all face the cqrrespondmg
canal, and their pores radiate from it (fig. 26, and the previous fig. 23,
mote highly magnified). *The lacun® facing the Haversian surface
are generally curved concentrically with it. They are more numerous,
and their pores more abundant, on the side where there 1s most osse-
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ous substance, and where it consequently extends furthest from the
source of nutriment, the Haversian vessel. The reason of the want of

Part of the preparation represented in the
last figure, more highly magnified: showing
the package of the Haversian systems, and
also the light spaces between neighbourmg
ones. The system, a, appears to fill up an
interval between the others. Tle lacuna are
seen facing the Haversian canals, and their
pores taking a general radiating direction. At
s, an irregular lacuna communicates with the
pores of three contiguous sy stems.

proportion between the width of the
canals, and the thickness of their re-
spective osseous walls, appears to be
this, that the larger canals transmit
vessels to other parts, besides con-
taining those which nourish their own
layer; while some of them are, no
doubt, in a great measure channels
for veins.

The outer lacune belonging to an
Haversian canal sonictimes send out
pores to anastomose with those of
the neighbouring rods; but this
seems to happen chiefly where the
contiguous rods have just sprung
from a common stock. Occasionally,
also, lacuna of irregular shape (as
at s, fig. 26) lie in the interval of two
or more rods, and communicate with
lacunz of all of them; but, in general,
the outermost pores of the extreme
lacuna droop back on all sides (fig.
24,0, d), and re-enter the penult-

mate series of their own rod.

Owing to this arrangement, there always appears a transparent
interval between contiguous rods; the pores and lacuna not exisling

there to intercept the passage of the light (fig. 26).

This is a re-

markable circumstance, and will be illustrated when we come to
speak of the development of bone. .
The lamellated character of bone can be frequently distinguished

in the periosteal, medullary,
and Haverstan layers; and,
in general, wherever several
successive sertes of lacune
exist. The Haversian rods,
however, are remarkably
prone to exhibit this appear-
ance, especially under the con-
ditions previously mentioned
(p.114). Therrlamelle, how-

ever, are not concentric, as

Transverre section of the compact tissue of a tibia
from an aged subject, treated with acid; showing the
appearance of lamells: surrounding the Haversiap ca-
nals. DPortions of several systems of lamelle are seen.
The appearance of the lacune, when their pores are
filled with fluid, is also seen, as well as the radiation
from the canals which then remains.—From Mr. Tomes,

commonly deseribed.  The
fissures which disclose them
are indeed concentric, but
they are always incomplete,
never extending completely
round the canal; so that the

lamelle run into one another at various points. This results from
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the fact, that the lacune are not arranged in sets equidistant from the
centre, but are scattered, as it were, independently of one another, at
every possible variety of distance from the canal (figs. 23 and 27).
The larger concentric cracks, which generally run through the lacune,
seemn to occur where two or three of these happen to lie nearly in the
same curve. Bone is very apt to crack in the interval between the
rods; and each of these rods is really so distinct from those near it,
that it may be designated conveniently, for the purposes of descrip-
tion, as an Haversian system of lamelle.

In a longitudinal section of the compact tissue of a long bone
(fig. 19, p. 110) the appearance of lamellation is generally less evi-
dent, except where a longitudinal canal happens to lie exactly in the
plane of section. When the Haversian canal is a little below the cut
surface, it is of course covered by some of its lamelle, the lacuna
of which directly over it are seen in face, while the lamellee dipping
in on either side, in their course round the canal, present the thin
edges of their lacunz to the observer. In the former part those pores
alone are seen thatproceed from the edge of the lacunz ; while in the
latter those from both surfaces are seen, and of course appear much
Imore nUMerous.

The description now given of the intimate texture of the compact
tissue of long and short bones will apply, in all essential respects; to
every other example of the compact tissue; the chief difference con-
sisting in the direction taken by the Haversian canals, which is
irregular where the tissue follows an irregular course. In general,
however, the canals, with the Haversian rods forming their sheaths,
run in the direction in which the tissue needs the greatest strength.
Thus, in the long bones it is vertical ; and in those flat bones, which
have to support weight, it is also more or less vertical ; whilein those
designed to sustain the action of forces of other kinds it is liable to
corresponding variety. \

So beautifully mechanical is this disposition of the Haversian sys-
tems in the compact tissue, that we need not smile at the descriptions
of Gagliardi, who, with imperfect means of observation, appears to
have been at least faithful in his attempts to delineate nature. The
periosteal and medullary layers are true plates of bone, and the Ha-
versian systems are true fibres or pins, all connected with one another
‘by direct continuity of tissue, and most artfully arranged for the me-
chanical ends in view; and we cannot sufficiently admire the skill
which has caused the means, employed for these ends, to conspire
with those which were indispensable for the due nutriticn of the

tissue.

?Ill the ordinary cancellated texture, each cancellus must be re-
garded as a little medullary- cavity, containing, as it does, medulla
and highly vascular medullary membrane. The plates of bone which
form its walls consist of lamelle, among which lacune, with their
pores, are scattered ; and they sometimes, When thick, contain Haver-
sian canals. Usually, however, the pores. of these lamin® com-
municate directly with the cavity of the cancellus to which they

belong.
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Nerves of Bone.—The skill of anatomists has hitherto failed to
demonstrate the presence of nerves in the interior of bones. Some
nerves pass through bones, but no supply strictly to the osseous mat-
ter has yet been proved. Yet there is little doubt that the vascular
surface of bones is furnished with nerves: the painfulness of many
affections of the periosteum, and of the medullary membrane seems
to place this beyond dispute. .

Development.—In the earliest period at which the skeleton can be
detected among the other tissues of the embryo, it is found to consist
only of a congeries of cells, constituting the simplest form of car-
tilage. These increase in number and in density, and become sur-
rounded and held together by an intercellular substance in small
quantity ; thus forming the femporary cartilage, which subsequently
becomes converted into bone. The temporary cartilages have the
same genera] shape before as after their ossification ; and as this
process is slow, and not finally completed until adult age, they share
during a considerable period in the functions of the bony skeleton.

Until the completion of the process of ossification, the temporary
cartilages increase in bulk by an interstitial development of new
cells. A few vessels, also, shoot into them at an early period,
occupying small tortuous canals, which subsequently become obli-
terated,

Ossification commences in the interior of the cartilage at deter-
minate points, hence called points or centres of ossification. From

, these the process advances into the
surrounding substance. The period
at which these points appear varies
much in the different bones, and in
different parts of them. The first is
the clavicle, in which the primitive
point appears during the fourth week ;
next is the lower jaw; the ribs, too,
appear very early, and are completed
early ; next the femur, humerus, tibia,
and upper jaw. The vertebra and
pelvic bones are late, as well as those
of the tarsus and metatarsus. Some
bones do not begin to ossify till after
birth, as the patella.

In most bones ossification begins
at more than one point. Thus, in
the long bones (fig. 28) there is a
middle point, to form the future shaft ;
and one at each extremity, to form
the articular surface and eminences.

) - - That in the shaft is the first to appear,
Vertical section of the knee-joint of an in-

fant; showing the poins of ossification in the and the others succeed it at a variable

shaft and epiphysis of the femur und tibia, jpt - ) '
and in the patetla. A few vascular canals interval 'Ihe Central Part 1s termed

ar%also seenlin the ca;t;éuge’, é\fﬁlurﬂl size. the diaphysis, and for a Iong period
—From the Museum of King’s College. B o
© Hused € 5 after birth there remains a layer of
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unossified cartilage between this and the epiphyses, as the extremities

are then styled.

ossification, and are termed epiphyses
unti] they are finally joined tothe main
part, after which they receive the name

of apophyses.

Ossification generally extends in the
direction that the future lamine and
Haversian rods are to assume, and
which corresponds in a great measure
to that in which it is designed that the
chief strength of the structure may lie.
Thus, in the bones composing the
vault of the cranium, there is always
a very decided radiation from the most
prominent part of the convexity of

each,
indicated by the lines of sha-
ding represented in figure
29. The outline marks the
limits of the temporary car-
tilage, in which no other
points of bone have yet ap-
peared.

The minute history of the
process by which temporary
cartilage is converted into
bone, is of extreme interest.
Very good descriptions of it
have been given by Sharpey,
Miescher, and others; from
which, however, it will be
seen by the following ac-
count that we differ in some
important particulars.

The nucleated cells of
temporary cartilage are small,
and pretty uniformly scat-
tered through a sparing, ho-
mogeneous intercellular sub-

Fig. 80. Vertical section of cartilage
near the surface of ossification:—1. Ordi-
nary appearance of the temporary carti-
lage. '1'. Portion of the same more highly
magnified. 2. The cells beginning 1o as-
sume the linear direction. 2’. Portion
more magnified. Opposite 3, the ossifica-
tion is extending in the intercelluler
spaces, and the rows of cells are seen
resting in the cavities so formed; the
naclet being more separated than above.
3. Portion of the same more highly mag-
nified.~-From a new-born rabbit which had
been preserved in spirit.

In the scapula this direction is

Processes of bone have usually their own centres of

Scapula of a feetus at the seventh month;
showing the progress of ossification. Natu-
ral size. The light parts are epiphyses as
yet cartilaginous.— From the Museum of
King’s College, London.

E
7a

(=]

<

uo 0\31/
L]
{1

0090 0

o
0

000 V05700 03¢
8000§25 0 080,90y
o 1)

a00
100

T TTR TS
W0t o {
o

T

cau0n0

RYRE
(LA
108399
1

RELTTY

o2 09

C4
09
0
(]

Kb}
(]

8233003

i
107 Mgﬂg%fm@‘ m

o

[
0
o no
q
5”09““00000
000480 0
haoloy

8 99,
08
0000
10

20 eq

040
[
0

T g,
920 0 00088 o
0 k02000 0

P

0
0
Gep00pg

')
n%ﬂ

(]
a
g

00

09
2005y
50040, vo
0 oo,

RIS

101801,
tmﬁ"“%a )
it

i
)
i}

(4 2
2500 %
0000 0
0 1] 0 {
0%0000%0”90%
000 ¢ 02%°0
90 "‘000 000
000%) 50,000

Do
590
o,
e
%
%96
20q4

0y
00
0
N
00?
oﬂoa

[
[iF
go!
000
G

ag
o g
aonﬂﬂa”go
[

[:3

2
2

]

)

0

0py o
n')l)nlg)o

299
o d0dg
50
50 ﬂq“n
200000
0 20
a09,
i

909903
0

4 5%
00%

(]
9
0
0J,

588 o4

“o(lﬁ
o0

09

00° 72p
80
)

KIETPY)
w}1ite
400000 &
0% oY Qe
R

17,000 og5
do8

ey dadaa
13130 0405090

)
7]
3¢

[}
J02g
3900,

; 0‘7’““1
mm

iy
o




120 ORGANS OF LOCOMOTION.

stance. The nuclei are granular, and large compared with the cells,
which are distinguished from the surrounding substance principally
by their transparency around each nucleus (fig. 30, 1. 1').

In the vicinity of the point of ossification, (for example, in one of
the long hones,) a singular change is observed. The cells are seen
to be gradually arranging themselves in linear series, which run down,
as it were, towards the ossifying surface. The appearance they pre-
sent on a vertical section 1s represented in fig. 30. At first their
aggregation 1is irregular, and the series small (2. 2/); but, nearer to
the surface of ossification, they form rows of twenty or thirty. These
rows are slightly undulated, and are separated from one another by
the intercellular substance. The cells composing them are closely
applied to one another, and compressed, so that even thelr nuclei
seem in many instances to touch: the nuclei themselves are also
flattened, and expanded laterally.

The lowest rows dip into, and rest in deep narrow cups of bone,

formed by the osseous transformation of the in-

Fig. 31. tercellular substance between the rows. These

e cups are seen by a vertical section 1n fig. 30, 3.

3/, and by a transverse section on the level of

the ossifying surface in fig. 31. As ossification

advances between the rows, these cups are of

course converted into closed areol® of bone, the

walls of which are lamelliform, and at first ex-
tremely thin.

Immediately upon the ossifying surface, the
nuclei, which were before closely compressed,
separate considerably from one another by the

increase of material within the cells. The nuclei
T likewise often enlarge and become more trans-
ossifying surace of a fetal  Parent; a condition first pointed out to us by
bone; showing the cupsof  Mr, Tomes, but not present in fig. 31, which

bone cut across, with the

granular nuclei of the m-  was taken from a preparation that had been im-
cluded cells. a New bone.

b, Nucleus—Trom the ral- mersed in spirit.  The changes now enumerated
SN Tomes. ¢ may be conveniently considered to constitute the

Jirst stage of the process, which extends only to
the ossification of the intercellular substance. In this stage there are
no blood-vessels directly concerned.

The areol® or minute cancelli, when first formed, contain only the
rows of cells which they have enclosed. It is remarkable, that, when
the cartilage is torn from the bone, it usually carries with it one or
two layers of these cancelli, or a little more than is represented in
fig. 30. 1If the specimen be examined deeper in the bone, even at a
depth of #; or % of an inch, other appearances are met with, The
lamelle of bone enclosing the cancelli are no longer simply homoge-
neous or finely granular in texture, but have acquired more the aspect
of perfect bone. They are also thicker, and include in their sub-
stance elongated oval spaces, which, cxcepting that they are of a
roughly granular nature, exactly resemble the lucune of bone already
described. They are evidently the nuclei of the cells of the tempo-
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rary cartilage. they are-scattered at pretty uniform distances apart,
and they all follow the direction of the lamell-to which they belong

(fig. 32,d. g). The cur-
vilinear outline of their
now ossified eells  ean
often .be partially . dis-
cerned (fig..32,€). .
- Within = the cancelli,
only a few cells can be
detected, these cavities
being chiefly occupied by
a. quantity of new sub-
stance, consisting .of gra-
nules, and resembling a
formative .blastema or
basis, like that out of
whieh all the tissues are
evolved (fig. 32, f, and [reum, ase. .
fig. -33, 7). The eells .

around the cartilage-cells.

that are met with are in apposition with the wall ;

Vertical section from the same specimen -as fig. 30, but
deeper in the bone ; showing the eancelli with blasterna and a
few cartilage-cells, and also the .osseous lamina containing
laeunee, similar 10 the nuclei of the cells:—d. Seen by a low

ower. d’.Portion of d more highly magnified. 7. Blastema |
e. Cariilage-cell apposed’ to the
“wall, and its nucleus ready to become similar 1o the other

and sometimes (as

in fig. 32, e) one of them seems half ossified,and its nueleus about to

become- a lacuna. The nuclei of these cells
have now always the same diréetion as the

neighbouring lacunz. - ’ s

In fig. 33, taken from a litle deeper in the
‘bone, we have ‘portions of three cancelli, . 3. i.,
together with the. osseous -material, now of
considerable thickness, that intervenes be-
tween them. In the centre of this last is seen

a lamella, 7, of a peculiar’kind, containing no.

- lacun@; and quite- distinct from the layers, A.
h., between: which it lies. These consist of

nucleated * cells, corresponding in size with.

those of the temporary eartilage, and having
their nuclei disposed .vertically, and of the
same shape and dimensions as the” lacunz of

bone. They are still ‘_,g_r.anular,.howév.er,‘.and‘.

ro pores can be seen emerging: from - them.
The cells are united together, and the lines of
their junction have for the most part disap-
peared. The cuarvilinear border of each can

be still seen, however, at' its union with the -

central lamina, Z. " In the caneelli, . 5. ¢., the

It hence appears, that, after the ossifieation

of the intercellular substance, the rows of car-.

tilage “cells; arrange themselves on 'the inner
surface of ithe. newly '_formed,v.cgr;celh, a_n-d
become ossified, with the exception of their

nuclei, which remain granular, and ‘subse-

9

-Another  portion, from the
same specimen:—3 %.%. Portion
of three cancelli, containing

‘. blastema, and having between

them the ‘wall of bone. The
interior of this wall, Z, is finely.
granular, and ¢ontans no lacu-
nze, being the lamina first form-

0 » . - ed between tbe Yows of cells in
granular blastema exists in great abundance. .-

the cartilage. Coating this on
both sides is a layer of bone'in
which the form of the cartilage-
cells is still visible, as well as

‘thieir nuclei formingthe Jacunie.
*On the wall of the cancellus on

the right are seen two nucles.
which appear to be forming
there. This lastis an appear-
ance often seén.. e g
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quently form the lacunz of bone; and that a new substance, or
blastema, appears within the cancelli, from which, probably, vessels
are developed, and the future steps in the growth of the bone pro-
ceed.

The cancelli when first. formed are closed cavities. At a subse-
quent period they appear to communicate, and thus to form the
cancelli and Haversian canals of perfect bone; a complete net-
work of ‘blood-vessels becoming developed within them at the same
time.

The subsequent progress of ossification seems to consist essentially
of a slow repetition, on the entire vascular surface of the bone, of
that process which has been now briefly described. It is probable
that new cartilage-cells are developed on that surface, and become
ossified in successive layers, their nuclei remaining to form the lacune,
the uniform dispersion of which through bone is thus explained. The
cause of the lamination of bone parallel to its vascular surface, is also
thus illustrated. "

The first appearance of pores is in the form of irregularities in the
margin of the lacun®. Thesé increase with the consolidation of the
tissue, @nd are converted into branching tubules which communicate
with those adjacent. These pores must consequently be formed in
the ossified substance of the cartilage-cells. In our account of the
lacunz of perfect bone it was mentioned, that, for the most part,
those of contiguous Haversian systems do not communicate across
the narrow interval that separates the Haversian rods; this interval
having in fact no pores. It results from what has just been said of
the mode of deposition of new layers, that the primary osseous net-
work, formed in®the intercellular substance of the temporary carti-
lage, must come to constitute the substance intervening between the
Haversian rods, the non-porosity of which is thus satisfactorily ac-
counted for, as well as the facility with which the rods.themselves
may be made to separate from one another. As for the lacune, their
originally granular interior seems to be gradually removed, so that
they become vacuities adapted for the conveyance of the nutritious
fluids through the compact material of the perfect bone.

Growth of Bone.—But it must not be imagined, that, when bone
1s once deposited in a certain form, it thenceforward permanently
maintains its size and shape. Though a lamella be completely ossi-
fied, its particles are in constant course of change, during which the
most important and exteusive alterations of size and figure take place
in a slow and gradual manner. Thus the layers first deposited on
the inner surface of the early cancelli are pushed out by the succeed-
ing ones, and also acquire a concomitant augmentation of mass ; and
as, in general terms, the number of lacunz in bone ‘is proportioned
to its amount, the early layers most likely increase by a growth and
ossification of cells in their own substance, even for long after the
have been pushed away from the vascular surface, and supplanted by
the more recent ones. Thus, though bone grows chiefly by layers
formed in succession on its vascular surface, yet it also grows in an
interstitial manner after being originally deposited. It is in this way
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only that we can explain. the great expansion which the primaty inter-
cellular osseous network must undergo, to form that which intervenes
between the Haversian systems. ‘ .

Bone, when first forined, then, is disposed as an expanded surface,
variously and complexly involuted, and which soon becomes covered
with vessels. This is the foundation for its subsequent vascularity.
and is the source also of that actiyve power of internal growth, which
has been long a theme of admiration with physiologists.

‘But the expansion of bone once deposited is limited. We before
observed that no part of the osseous tissue was at more than a certain
minute distance from the vascular surface; and that, if it were so,
its nutrition could not be suitably carried on. Now, if more than a
certain number of lamine of new bone were laid down, the earlier
ones would be pushed too far from the supply of blood; and hence
the limitation we have spoken of. But it is necessary for bone to
grow much more between the commencement of ossification and the
adult age than this limitation appears to allow of ; and here we come
upon an admirable provision to meet this apparent difficulty.

In'the first place, a most important process of growth is continu-
ally going on in the cartilage, especially near the ossifying surface,
by the multiplication of the cells; and, in the latter situation, by the
increase in their dimensions, occasioning that separation of their
nuclei, already déscribed (p. 119, and fig. 30, 3). In the long bones
this takes place chiefly in the longitudinal direction, which is that in
‘which growth is most active; and it continues till adult age. This
fact has been long ascertained, though its real purpose appears to
have been overlooked. Hales and Hunter both inserted metallic sub-
stances along the shaft of a growing bone, in a young animal, at a
certain -distarice apart; and found after an interval of time, that the
distance between them remained thé same, or nearly so; while ‘the
extremities of the bone were much further apart: thus proving that
the principal growth had taken place near the extremities.

"Secondly, bones increase in dimensions by an. accession of new
osseous substance on their exterior ; this new substance consisting not
merely of new lamina, but of new systems of lamin, and of new
involutions of the vascular surface to form new Haversian canals, so
that the earlier systems of laminz are covered over by the more
recent ones. This has been best proved by the experiments with
madder. - e

It was ascertained accidentally by Belchier ‘that the rubia tinc-
torum, or madder, mixed with the food of pigs, imparted its red
colour to their bones; and this circumstance has been ingeniously
taken advantage of by several physiologists in the prosecution of
résearches on the growth' of bone.* Duliamel, Hunter, and many

#* The calouring of bone by madder results from an affinity of the colouring prin-
ciple for the phosphate of lime. This opinion was distinctly broached by Haller
(EL Phys. t. viii. p. 329); and it was subsequently proved by Rutherford, who showed
it experimentally. To an infusion of madder in distilled water add muriate of lime:
no ‘change ‘takes place.” Then add phosphate of soda in solution. By double. elec-
tive affinity, phosphate of lime and muriate of soda are formed. The phospha,te 1s
insoluble, and subsides in union With the colouring matter as a crimson lake. When
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others, have performed multiplied experiments of this kind. In the
Museum of' King’s College are some good preparations ¢f bones so
acted upon.

It is found that, in very young animals, a single day suffices to

colour the entire skeleton, apparently in an uniform manner; in these
there is no osseous material far from the vascular surface. But, if we
make a transverse section of one of the long bones so treated, we
observe the deepest, or even the only colour, to be really on the vascular
surface ; the Haversian canals are each encircled by a crimson ring.
This beautiful illustration is due, as far as we know, to Mr. Tomes,
who has long possessed some very elegant specimens prepared in this
way. .
I);] full-grown animals the bones are very slowly tinged; because
the great mass of the bone is not in contact with blood-vessels ; each
Haversian system, for example, has only its small innermost lamella
in contact with them ; and, besides, the osseous matter is altogether
more consolidated and less permeable by fluids than at a very early
period of life. In the bones of half-grown animals a part of the bone
is nearly in the perfect condition, while a part is new and easily
coloured. Hence, it is easy in them to distinguish the new from the
old by means of madder.

Now, madder given to half-grown animals colours the long bones
most deeply in the interval between the shaft and extremities, and
on the surface of the shaft.: 'When madder is given at intervals, the
tints in the bone are interrupted ; the layers in course of formation
during its administration are coloured, while those formed during the
intervening periods are colourless. The long period during which
bones retain the madder tinge, shows that the colouring matter is not
readily resumed by the blood, from its combination with the phosphate
of lime; and it seems also to indicate a sluggishness of the nutrient
process in bone.

Perhaps few questions have more divided the minds of physiolo-
gists than that regarding the share taken by the periosteum in the
growth and regeneration of bone; for these last are essentially the
same process. We now see that bone does not grow on its exterior
because the periosteum is there; and that the only part this membrane
takes in the deposit of new bone is by the vascular network mingled
with ‘its fibrous tissue, and which does not differ from that on other
portions of the osseous surface. _.

The limited expansibility of the bone already formed is the remote
cause to which the growth by new deposit on the exterior is to be
referred ; and, in this respect, the superficial growth is strictly analo-
gous to the exogenous mode of growth in vegetable structures.

A third mode in which increase of size is provided for, appears
to be by the dilatation of the primary cancelli and Haversian canals
in the central parts of the bone. In early life the cancelli are small,

madder is given as food, its colouring prineiple is absorbed, and circulates with the
blood; and it colours first that part of the bone which is in course of formation
from that fluid, or which has been last formed, 7. e. which is nearest the vascular
surface.
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and there is no medullary cavity. Gradually the cancelli enlarge,
and those within the shaft'blend more and more with one another, by
the removal to a greater or less extent of the intervening ossebus
walls; until at length a medullary canal is formed, around which the
cancelli are very open, large and irregular. - This augmentation of
the vascular cavities of bone is attended with a development of adi-
pose vesicles and their capillaries in the new space, while the proper
vessels of the osseous tissue remain pretty much as before. The fat
contained in the medullary canal gradually accumulates so much, that
a special artery becomes enlarged to supply it, assuming the very
inappropriate title of ¢“fke nutrient artery of the bome.”” Duhamel
placed a ring of silver round a bone of a young pigeon, without in-
juring the periosteum.” After some time, during which the bone had
increased in diameter, he found the ring in the medullary canal, which
had acquired a capacity equal to the previous diameter of the whole
shaft.

This enlargement of the diameter of a long bone by the dilatation
of its interior, is attended by two consequences, equally important.
The shell of compact tissue is thus adapted to offer greater resistance
to injurious mechanical forces, while the disadvantage of a corre-
sponding increase of weight is obviated.

Reparation of Bone.—The great importance of this subject to the
surgeon has led to many very interesting researches from the time of
Duhamel to the present day, and by these the several steps of the
process by which new bone 1s deposited have been ably elucidated in
all that relates to their more obvious characters. When a fracture
occuris, blood is, of course, effused into the wound, both from the
ruptured vessels of the bone itself, and from those of the surrounding
structures participating in the injury. At a short period subsequently,
a semi-transparent lymph is found mingled with the coagulum, and
covering the surfaces of the hard and soft parts exposed. - This
lymph. in all probability is the same as that by which the adhesive
process in other wounds is effected. In the second and third weeks
a gradual ‘condensation of this takes place, accompanied with an in-
terstitial change, converting it into a substance resembling temporary
cartilage, , i
+ Ossification takes place throughout this in a nearly uniform manner,
until towards the fourth or sixth week, the whole is transformed into
a spongy, but firm osseous mass, investing the exterior of the broken
extremities, and ‘extending between them in the form of a case, by
which they are firmly held together. If the medullary canal has been
broken across, and the broken ends evenly adjusted, there will be
likewise an interior stem of new bone connecting the medullary canal
of the fragments in the axis of the bone ; the opposed surfaces of the
compact tissue being as yet ununited. The callus, or new bone, thus
formed, was termed by Dupuytren provisional, as it is gradually ab-
sorbed during the succeeding months, while the permanent callus is
being slowly deposited between the conti‘guou§ surfaces of the ‘com-
pact tissue. It would appear that new bone is formed more exube-
rantly in the situations of the provisional callus because of their greater
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vascularity ; just as we may suppose the function-of ordinary nutrition
to be more active in those parts, than in the compact tissue of the
bone. The permanent callus has all the characters of true bone.
When the reparative process in bone is interfered with, either by
mal-apposition of the fragments, or by constitutional fault, a spurious
union may occur by the medium of a ligamentous substance, or even
a diarthrodial joint may be formed at the seat of fracture. The ends
of the bones become altered in form, and adapted to one another; a
kind of false capsular ligament is developed, and sometimes even
an imperfect cartilage, and a lining membrane furnishing a lubricating

fluid.

The following works may be consuited on Bone:—The systems of General Ana-
tomy already quoted (p. 95); Meckel, Anat. Générale Descript. et Patholog., tom. i.;
Dr. Bostock’s Physiology, where will be found an excellent and learned summary of
the observations of preceding physiologists on the structure and growth of bone ; Mr.
Paget’s paper on the influence of Madder on the Bones of growing Animals, Lond.
Med. Gazette. vol. xxv; Deutsch, de penitiori Ossium structura observationes; 1834:
Miescher, de inflammatione Ossium eorumgue anatome generali; 1836 : Miiller'’s Phy-
siology by Baly, vol. i. M. Flourens bas lately published a handsome volume on the
growth of bone, illustrated with figures.

CHAPTER VI.

SYNOVIAL MEMBRANES.—SEROUS MEMBRANES.—VARIETIES OF JOINTS,—
MECHANISM OF THE SKELETON.

Tue different forms of bones, when united according to various
mechanical contrivances, constitute the skeleton. The framework
of the body, being thus formed of several pieces jointed together, is
admirably arranged for extended, or for minute and nicely adjusted
motions, and for distributing concussions over a large surface. The
interposition of discs, or laminz, of elastic cartilage, or fibro-carti-
lage, between some bones, contributes to the latter object, by inter-
rupting the medium through which the shock would be conducted,
as well as by the elasticity of the intervening substances; and, at
the same time, these discs, by their intimate adhesion to the opposed
osseous surfaces, serve as powerful bonds of union between them.
Joints of this kind (synarthrodial) enjoy a‘very limited degree of
motion, which is entirely due to the yielding and elastic nature of
the interposed material. When a greater range of motion is re-
quired than can be obtained in this way, the surfaces of the osseous
segments are constructed so as to glide the one upon the other in
certain directions, which are determined by the form of the articular
surfaces, and by the positions at which the connecting ligaments are
placed. Here the bond of union consists of the ligaments and the
surrounding muscles ; the osseous segments are not, as in the former
instance, continuous with each other through the interposed texture,
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but are separated by 3 space which is called the cavity of the joint.
Each osseous surface .is encrusted by a layer of articular cartilage
adapted to its form, and the cavity of the joint is lined by a delicate
membrane which, secretes a peculjar viscid matter, synovia, admi-
rably suited to lubricate the surface. This membrane is termed
synovial, and is constantly present in the diarthrodial joints.

The articular synovial membrane forms a closed bag, placed be-
tween the articular surfaces of the bones. Its free surface is smooth
and moist ; its attached suiface’ adheres by very fine areolar tissue to
the ligaments of the joint, and to the cartilages encrusting the ex-
tremities of the bones. From the ligaments it may be readily detached,
and traced to the edge of the cartilage; to this it is very intimately
adherent for some little distance, beyond which it cannot be followed
where the cartilage has been exposed to pressure during the motions
of the joint. In the feetus it is continued over the whole cartilage

s Tk
(pIn some of the more complex joints the synovial membrane forms
folds, which project more or less into the articular cavities, and contain
fat, which Clopton Havers and other anatomists erroneously imagined
to perform a glandular office, and to secrete the synovia. The knee
affords some remarkable examples of these folds, in what are known
as the alar ligaments.

A great number of blood-vessels are distributed in the areolar
tissue upon the attached surface of the synovial membrane. In in-
flammation, the membrane acquires a red hue by the repletion of
these vessels, and in a minute injection also it becomes coloured.
Excepting in very rare cases, the vessels cannot be traced beyond
the edge of the cartilage, where they form a series of loops. (See
p. 99—100).

. Burse.—A very simple form of synovial membrane is employed
to facilitate the gliding of a tendon, or of the integument, over an
osseous projection. It consists of a bag, generally closed at every
point, connected by areolar tissue with the neighbouring parts, and
secreting into its interior a fluid, which lubricates its free surface.
Sometimes, when one of these bursz exists in the neighbourhood of
a large joint, it communicates freely with the cavity of its synovial
membrane, as in the bursa behind the rectus femoris above the knee-
joint, and that near the hip-joint behind the tendon of the psoas and
iliacus muscles. These synovial sacs are found in great numbers
‘throughout the body : some are superficial, or subcufaneous, such as
that between the skin and the patella, or that over the great trochan-
ter of the femur, or that over the olecranon: the deep-seated bursa,
however, constitute the largest proportion of them ; these are almost
always connected with tendons, and interposed between them and the
bones over which they play. On opening a bursa, we often find its
cavity traversed by bands which are either congenital and approaching
to the cellular or areolar disposition, or, as seems not unlikely, of the
nature of adhesions, and consequently a morbid production tending
to the obliteration of its cavity. )

Synovial sheaths.—These are synovial bags prolonged into the



128 ORGANS OF LOCOMOTION.

form of sheaths, and surrounding long tendons, such as those of the
flexor or extensor muscles of the fingers and toes, as they lie in their
osseo-fibrous sheaths in the hand or foot. One layer of the synovial
sheath adheres to the wall of the osseo-fibrous canal ; the other, to the
contained tendon ; and, the free surface being lubricated by synovia,
the tendon plays freely within the canal. In deep-seated whitlow,
when the inflammation extends to one of these synovial sheaths, and
gives rise to the formation of adhesions within its cavity, the motion
of the tendon within is completely destroyed, and a stiff finger is the
result. Similar sheaths on a larger scale envelop the tendons which
pass beneath the annular ligaments of the wrist and ankle,

Synovia.—The synovial membranes, in health, contain only suffi-
cient fluid to keep their free surfaces moist. It is, therefore, diffi-
cult to collect the synovia in sufficient quantity for examination.
It is a transparent, yellowish-white fluid, viscid like the white of an
egg, whence its name (ovs, cum ; wov, ovum). Lassaigne and Boissel,
who have published an analysis of human synovia, state -that it does
not coagulate spontaneously ; that it is an alkaline fluid, containing
albumen and salts, such as are found in the serum of the blood.: and
M. L’Heritier has lately analyzed two specimens of this fluid, and
completely confirmed the statement of those chenists.*

It is plain, from the description above given, that synovial mem-
branes contribute to the locomotive function by lubricating the articu-
lar surfaces, so that they may glide smoothly on one another with the
least possible friction, and also by facilitating the play of some tendons
over prominent surfaces, and of others within sheaths.

Serous membranes.—The movements of the viscera within the
great cavities of the trunk are provided for by an arrangement similar
to that described in the joints. Between the wall of the cavity and
the surface of the contained viscus (the thorax and the lungs, for
example,) a closed sac is placed, one layer of which is parietal, and
the other visceral. These are respectively attached to the wall of the
cavity and to the surface of the viscus by fine areolar tissue ; and their
continuity is shown at certain reflections, where the one passes into
the other. The free surface, as in the synovial membranes, is con-
tinually moistened by the proper secretion, which,.containing a larger
proportion of water than synovia does, resembles serum: of blood.
The serous membranes are, the arachnoid, in the head and spine ; the
pleura and pericardium, in the thorax ; the pericardium, in the abdo-
men; and the tunica vaginalis testis, in the scrotum. These are all
closed at every point; so that their secretion, if morbidly increased,
is retained within the cavity, and can only be removed by absorption,
or by an opening through the membrane. In the healthy state, the
surfaces are only moistened ; and, when more fluid exists, it is the
product of disease, or of post-mortem change. If the surfaces be
dry, or a viscid adherent matter be effused upon them, the move-
ments of the contained organ become impeded, and are accompanied
by a peculiar sound of friction, and a vibration sensible to the hand

* Berzelius, Chemie Organ. t. vii,
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both of which are well known to physicians in' the pericardium,
pleura, and peritoneum, and may frequently be noticed by the patients
themselves. ;s

- \The peritonedm of the female affords a remarkable exception to
the closed character of serous sacs. At two points this membrane is
open, where it communicates with the canal of each Fallopian tube
at its dilated extremity. .

The blood-vessels of serous membranes are distributed in con-
siderable numbers in the areolar tissue which is connected with their
attached surface. We infer that nerves exist freely in the same
tissue, from the intense pain which accompanies inflammation of these
membranes. * There is good reason to believe that lymphatics also are
freely distributed in their areolér tissue. ‘ <

‘The serous membranes connect the viscera contained in the cavities
to which they respectively belong, by the folds they form as they pass
from each viscus to the wall of the cavity. As the viscera in the
abdomen are so many, and the folds proportionately numerous, the
peritoneum is more complicated in its disposition than any other
serous membrane ; and it is part of the study of the descriptive ana-
tomist to show, that the remarkable complication of folds which this
membrane exhibits is not inconsistent with its adherence to the chief
morphological character of serous membranes.

Microscopic characters of synovial and serous membranes.—These
membranes appear to be essentially alike in their minute structure.
On their free surface is a single layer of :
epithelium, the particles of which are poly- Fig. 34.
gonal in shape, and of transparent texture.
A small fragment of this pavement, from
the peritoneum of the rabbit, is represented
in fig. 34. This was discovered by Henle. -
We have found this epithelium to rest
immediately on a continuous transparent
basement membrane of excessive tenuity,
apparently identical with that which sup-
ports the epithelium of mucous membranes.
Beneath this is a lamina, of areolar fissue,
which constitutes the chief thickness of the
membrane; and confers on it its strength
and elasticity. This areolar tissue is tra-
versed by a network of capillary vessels, ,Epithelam of soros o ied,
the ‘meshes of which are large and of thetwo dark edges of which exhibit

_ . . . the thickness of the particles, and of
rather unequal size, and by lymphatics iheirniclei. 5. Oneof theoval nuclei.

and nervous filaments in varying number. L oime o o e,
It is of close texture, and continuous with . o
that laxer variety by which the membrane is attached to the parts 1t
lines, - : - '
The most favourable position for examining the areolar tissue- of
serous membrane, is the transparent part of the mesentery, or of any
of the duplicatures of the peritoneum in small animals. '
Here we observe the yellow fibrous element assuming a very beau-
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tiful arrangement (fig. 35). Its filaments interlace and inosculate
chiefly in a plane beneath the basement membrane, in such a manner
as to confer equal elasticity in every direction. The intermediate
' space is occupied by the white-
fibrous element, disposed in
wavy bands, variously intersect-
ing, and which become straight
only when the elastic threadsare
stretched.

Physical and vital properties.
—These are precisely those of
areolar tissue : the elasticity of
the serous membranes is very
considerable, owing to the ad-
mixture of the yellow fibrous
element in the layer which forms
the chief substance of the mem-
.brane. These tissues are en-
tirely devoid of vital contract-
ility and- their sensibility is low,

Yellow fibrous element of the areolar tissue of se- except in a state of acute in-
rous membrane. From the mesentery of the Rabbit, 3
treated with acetic acid —Magnified 300 diameters. flammation.

These membranes exhibit, in
their inflamed state, a remarkable tendency to throw out lymph on
their interior, so as to cause adhesion of their opposed surfaces.
Hence a frequent result of inflammation of a serous membrane is the
obliteration, to a greater or less extent, of its cavity. Synovial mem-
branes are not so prone to the adhesive inflammation as the serous
are, which seems more to be accounted for by the nature of their
secretion, than by any difference of their structure. The proneness of
these membranes to the effusion of coagulable lymph seems to be due
to the extreme tenuity of the layer of epithelium which separates the
nutrient blood-vessels from the cavity of the serous membrane. The
lymph effused becomes gradually converted into areolar tissue and
vessels usually constituting what are termed adhesions, but some-
times forming merely a thickened condition of the membrane.

Of the joints.—A joint, or articulation, may be defined to be the
union of any two segments of an animal body, through the interven-
tion of a structure or structures different from both.

The most perfect and elaborate forms of the articulations are those
which are seen in animals that possess a fully developed internal
skeleton, and in none may they be studied with more advantage than
in man. Inthe human subject, and in the vertebrated animals gene-
rally, we have indeed, particular occasion to admire the articulations
as ‘““mirabiles commissuras, et ad stabilitatem aptas et ad artus fini-
endos accommodatas, et ad motum, et ad omnem corporis actionem.”’

The textures which form the joints, are bone, cartilage, fibro-carti-
lage, ligaments, synovial membrane. Bone constitutes the funda-
mental part of all joints; ligament variously modified is employed in
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all as a bond of union ; but the three¢ remaining textures are present
chiefly in those joints which enjoy a free gliding motion.

In addition to the structures already named as entering intrin-
sically into the formation of joints, we find that the tendons and mus-
cles, which lie in the immediate vicinity of or which surround the
joints, contribute much to their strength and security. In joints of
the hinge kind we generally see the anterior and posterior parts pro-
tected more or less by the tendons of muscles, and even by muscles
themselves passing from one segment of a limb to another ; and here
it frequently happens that the tendon is bound down on the bones
which form the member, by a fibrous expansion of great strength,
lined by a synavial membrane of the same characters as the articular,
but adapted in its form to the osseo-fibrous canal in which the tendon
is placed, e. g., the tendons of the fingers. The protection and
strength. afforded by muscles is particularly evinced in the case of the
shoulder-joint, where the capsular ligament is closely embraced by
four muscles, whose tendons become identified with the fibrous cap-
sule as they go to be inserted into the bone. A muscular capsule is
thus provided for the joint, by which the bones are maintained much
more firmly and powerfully in apposition than they would be if kept
together by an uncontractile ligamentous capsule alone; hence the
elongation of the arm that occurs as a consequence of paralysis, and
hence also the greater liability to luxation which exists in a debili-
tated state of the system. Articular or capsular muscles, thus placed,
have also the effect, as it is said, of preventing the pinching of the
capsule or synovial membrane between the articular extremities of
the bones in the different motions of the joint.

Atmospheric pressure, exerting as it does a force of nearly fifteen
pounds on the square inch, is a powerful agent in maintaining the
contact of articular surfaces. This is well illustrated by the diffi-
culty of separating the surfaces composing the hip and shoulder
joints, when the surrounding ligaments are air-tight; while, on the
other hand, these surfaces may be separated by the mere weight of
either bone, if one of these joints be suspended in the exhausted
receiver of an air-pump. In exhibiting this experiment, we find
the shoulder joint shows the effects of atmospheric pressure more
strikingly than the hip, for its capsule being loose, and the osseous
cavity for the reception of the head of the humerus small, the pres-
sure of the atmosphere pushes in the capsule so that it fits closely
to the head of the bone. When this pressure has been removed by
exhausting the receiver, the head of the humerus falls rapidly from
the socket, and the ligament becomes stretched by the weight of the
bone.

The joints are supplied copiously with blood, and are remark-
able for the arterial anastomoses which take place about them. The
best examples of these inosculations are met with around the large
joints of the extremities. The parts supplied with blood are the
synovial membranes, the ligaments, the fat, and the extremities of
the bones ; but the cartilages certainly do not contain blood-vessels.

Of the forms and classification of the joints—It 1s not difficult,
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by passing in review the various motions which take place between
any two segments of a limb, to form an idea, & priori, as to the
kinds and shapes of the articulations by which the segments will
be united ; it is only necessary not to lose sight of the fact, that in
the construction of a joint regard is had not to its mobility alone,
but to its security, its durability, and the safety of the neighbouring
parts. We may expect to find joints varying in the degree of motion,
from the slightest perceptible, to the freest that is compatible with
the maintenance of the segments in their proper relation with each
other; and also in exfent of motion, from that which is so slight as
to admit of almost no appreciable change in the position of the parts,
to that which allows of the most ample variety of movement between
the segments, consistent with the integrity of the articulation.

It will appear, then, that the most simple kind of articulation is
that by which two parts are so united as that only the slightest ap-
preciable degree of motion shall exist between them. This consti-
tutes the first great division of joints—the Synarthrosis, where the
parts are continuous, ¢. e., not separated from each other by an inter-
vening synovial cavity. Some anatomists consider all synarthrodial
joints to be immovable ; which, although not far from the truth, cannot
be said to be strictly accurate. Had immobility been the object to
be attained, that might have been more effectually accomplished
})y the fusion of the extremities of the segments together, asin anchy-
osis.

In the second class of joints, motion is enjoyed freely and fully:
this class is designated by the term Diarthrosis: the segments are
interrupted completely in their continuity : the extremities of the bones
can only be said to be contiguous.

Synarthrosis.—The general characters of the articulations belong-
ing to this class are, 1, that they are very limited in their motion,
insomuch as to be considered by some as immovable; 2, that their
surfaces are continuous, 7. e., without the intervention of a synovial
cavity, but with that of some structure different from bone. The
following varieties may be noticed among synarthrodial articulations.

a. Suture.—When the margins of two bones exhibit a series of
processes and indentations (dovetailing) which are received and
receive reciprocally, with a very thin cartilaginous lamina interposed,
this is the ordinary kind of suture, sutura vera, of which three kinds
are distinguished : sutura dentatq, where the processes are long and
dentiform, as in the interparietal suture of the human skull; sufura
serrata, when the indentations and processes are small and fine like
the teeth of a saw, as in the suture between the two portions of the
frontal bone ; sutura limbosa, when there is along with the dentated
margins a degree of beveling of one, so that one bone rests on the
other, as in the occipito-parietal suture.

When the two bones are in juxtaposition by plane but rough
surfaces, the articulation is likewise said to be by suture, and this is
the false suture, sutura notha, of which there are two kinds; sutura
squamosa, where the beveled edge of one bone overlaps and rests
upon the other, as in the temporo-parietal suture, and harmonia
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(agw, adapto), where there is simple apposition: this last kind of
articulation is met with, as Bichat observes, wherever the mecha-
nism of the parts is alone sufficient to maintain them in their proper
situation, as may be seen in the union of most of the bones of the
face. ‘

The sutures have a considerable tendency to become obliterated by
age, the intervening cartilage becoming ossified ; it rarely happens
that the’ sutures are all manifest in a human skull past fifty years of
age, and sometimes the obliteration takes place at a much earlier
period. The frontal suture is by no means permanent; it is not often
found at puberty. In birds and fishes this tendency to the obliteration
of the sutures is particularly manifest.

b. Schindylesis (oxwdvanors, fissio; oxlw, diffindo).—This form of
articulation is where a thin plate of bone is received into a space or
cleft formed by the separation of two lamine of another, as is seen
in the insertion of the azygos process of the sphenoid bone into the
fissure on the superior margin of the vomer; and in the articulation
of the lachrymal bone with the ascending process of the superior
maxillary.

¢. Gomphosis (yopgos, clavus. Clavatio, conclavatiol. When a
bone is inserted into a cavity in another, as a nail is driven into a
board, or as a tree is inserted into the earth by its roots, the articula-
tion is by gomphosis. The only example we have of it in the human
subject or in quadrupeds is in the insertion of the téeth into the
alveoli.

d. Amphiarthrosis.—This is a form of articulation where two plane,
or mutually adapted surfaces are held together by a cartilaginous or
fibro-cartilaginous lamina of considerable . thickness, as well as by
external ligaments. In virtue of the elasticity of the interposed car-
tilaginous or fibro-cartilaginous lamina, the amphiarthrosis possesses
a manifest, although certainly a very limited degree of motion, and
hence most systematic writers class it with the diarthrodial articu-
lations. But it appears much more consistent to place it among the
synarthrodial joints, for, 1, its anatomical characters agree precisely
with those of synarthrosis; 2, the surfaces in amphiarthrosis being
continuous, it would make an exception in diarthrosis were we to
place it there; and, 3, its degree of motion is greater than that of
suture, only because of the greater development of the interosseous
substance.

The examples of this form of joint in the human body are the
articulation between the bodies of the vertebrz, that between the two
ossa pubis at what is called the symphysis, and that between the ilium
and sacrum. Like the sutures, the amphiarthroses are liable to be-
come obliterated in old age, by the ossification of the interosseous
lamina. This is not uncommon in the interpubic, and occurs’ now
and then in the intervertebral and sacro-iliac joints. o )

Diarthrosis.—Mobility is the distinguishing characteristic of this
class of joints; the articular surfaces are contiguous, each covered by
a lamina of cartilage (diarthrodial cartilage), having a synovial sac
interposed, and in some cases two, separated by a meniscus. The
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integrity of the articulation is maintained by ligaments which pass
from one bone to the other. Their mechanism is much more com-
plicated than that of synarthrodial joints, being intended not only for
Security, but also to give a certain direction to the motions of which
they are the centre.

Before proceeding to the enumeration of the varieties of joints that
come under this head, it will not be amiss to describe briefly the
various motions which may take place between any two segments of
a limb, and which it is the object of these joints to admit of. It is
obvious that the most simple kind of motion which can exist between
two-plane or contiguous surfaces, is that of gliding : one surface glides
over the other, limited by the ligaments which extend between' the
bones. This motion, however, is not confined to plane surfaces; it
may exist evidently between contiguous surfaces, whatever their form.
When two segments of a limb, placed in a direct line, or nearly so,
can be brought to form an angle with each other, the motion is that
of flexion, the restoration to the direct line is extension. These two
motions belong to what Bichat calls limited opposition ; the flexion and
extension of the fore-arm on the arm illustrate it. Sometimes a
motion of this kind takes place in four directions, indicated by two
lines which cut at right angles. This is best understood by a refer-
ence to the motions which take place at the hip-joint: there it will be
seen that the thigh-bone may be brought forward so as to form an
angle with the trunk, flexion—or it may be restored, exfension ; it may
be separated from the middle line of the body so as to form an angle
with the lateral surface of the trunk, abduction—or it may be restored
and made to approximate the middle line, adduction. It is evident
that a joint, which is susceptible of these four motions, may also
move in the intermediate directions. When these motions are per-
formed rapidly, one after the other, one continuous motion appears
in which the distal extremity of the bone describes a circle indi-
cating the base of a cone whose apex is the articular extremity
moving in the joint; this motion is called circumduction.

Rotation is simply the revolving of a bone around its axis. Itis
important to bear this definition in mind : through losing sight of it
many anatomists have attributed rotation to a joint which really does
not possess 1t.

The varieties of the diarthrodial joint are as follows:

a. Arthrodia.—In this species the surfaces are plane, or one is
slightly concave, and the other slightly convex : the motion is that
of gliding, limited in extent and direction only by the ligaments of
the joint, or by some process or processes connected with the bones.
The examples in men are, the articular processes of the vertebra,
the radio-carpal, carpal, carpo-metacarpal, inferior radio-ulnar, supe-
rior tibio-fibular, tarsal and tarso-metatarsal, temporo-maxillary, acro-
mio-clavicular, and sterno-clavicular joints. This last articulation and
the wrist-joint possess a greater latitude of motion than the others;
the former, in consequence of the shape of its articular surfaces; each
surface is convex in one diameter and coneave in the other, so that the
gliding that takes place in this joint is in the direction of the long and
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short diameters, which intersect each other at right angles. It is
capable, therefore, of vague opposition in those lines, but certainly
not in the intermediate directions, the nature of the surfaces being
calculated to prevent this. The wrist owes its mobility to the laxity
of its ligaments, which permit it.to move as well in its transverse as
in its antero-posterior diameters, as also in the intermediate direc-
tions; it consequently admits of vague opposition and circumduction,
The articulation of the metacarpal bone of the thumb with the trape-
zium is also-an arthrodia very similar to the sterno-clavicular, but with
a greater degree of motion.  Arthrodial joints are generally provided
with ligaments, placed at the extremities of the lines in the direction
of which the gliding motion takes place.

b. Enarthrosis.—This is a highly developed arthrodia. The convex
surface assumes a globular shape, and the concavity is so much deep-
ened as to be cup-like ; hence the appellation ball and socket. The
ball is kept in apposition with the socket by means of a capsular liga-
ment, which is sometimes strengthened by accessory fibres at certain
parts that are likely to be much pressed upon. The best example of
enarthrosis is the hip-joint, and next to it the shoulder: in the latter
the cavity is but imperfectly developed. All the quadrupeds have
their shoulder and hip joints on this construction, and the same com-
mon plan is observed in the vertebrata generally whose extremities
are developed. In birds and reptiles the bodies of the vertebrz are
articulated by enarthrosis.

This species of joint is capable of motion of allkinds, opposition and
circumduction being the most perfect, but rotation limited. Indeed,
what is- called rotation at the hip-joint, is effected by a gliding of the
head of the femur from before backwards, and vice versd, in the
acetabulum ; it is not a rotation of ‘the head and neck, but of the shaft,
of the femur.

¢. Ginglymus (ywyyavpos, cardo).—The articular surfaces in the
hinge-joint are marked with elevations and depressions which exactly
fit into each other, so as to restrict motion in all but one direction.
They are always provided with strong lateral ligaments, which are the
chief bonds of union of the articular surfaces.

The elbow and ankle joints in man are perfect ginglymi ; the knee
also belongs to this class, but is by no meansa perfect specimen,
for, in a certain position of the bones of this joint, the ligaments are
so relaxed as to allow a slight rotation to take place. The phalangeal
articulations, both of the fingers and toes, are ginglymi. This form
of joint is most extensively employed among the lower animals. In
quadrupeds, most of the joints of the extremities come under this
head. In amphibia and reptiles, too, there are many examples of the
hinge-joint. ~ The bivalve shells of conchiferous mollusca are united
by a very perfect hinge, and a great number of the joints of crustacea
and insects are of this form. N

The true ginglymus is only susceptible of limited opposition : hence
the knee-joint cannot be regarded as a perfect example; in fact, in
the perfect ginglymus there 1s every possible provision against lateral
motion.
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d. Diarthrosis rotatorius.—A pivot and a ring constitute the me-
chanism of this form of joint. The ring is generally formed partly
of bone and partly of ligament, and sometimes moves on_the pivot,
sometimes the pivot moves in it, The motion is evidently confined
to rotation, the axis of which is the axis of the pivot.

In the human subject the best example of this articulation is that
between the atlas and odontoid process of the axis or vertebra den-
tata. The ring is formed by a portion of the anterior arch of the
atlas, completed behind by a transverse ligament. Here the atlas
rotates round the odontoid process, which is the axis of motion.
Another example is the superior radio-ulnar articulation : here one-
fourth of the ring is formed by bone, namely, the lesser sigmoid cavity
of the ulna, and the remaining three-fourths by the round ligament
called the coronaryligament of the radius. In this case there 1s rota-
tion as perfect as 1n that just mentioned; but the head of the radius
rolls in the ring, and the axis of motion is the axis of the head and
neck of the bone. Some anatomists consider this joint a species of
ginglymus, which they designate lateral.

The terms Symphysis, Synchondrosis, Synneurosis, Syssarcosis,
Meningosis, have been employed by anatomists to designate certain
kinds of articulation, chiefly in reference to the nature of the con-
necting media. Symphysis, although originally employed with great
extent of meaning, seems to have been in later days applied exclu-
sivelyto denote the articulations of the pelvis, which we have classed
under Amphiarthrosis. We pass over the other terms because they
ought to be discarded from use, as only tending to encumber a voca-
bulary already too much crowded with difficult and unnecessary
terms.

Mechanism of the skeleton.—We shall conclude this chapter with
some remarks upon the mechanical disposition of the various parts
of the skeleton, and their adaptation to the purposes they were des-
tined to fulfil.

The skeleton consists of the head, trunk, and extremities.

The head is composed of a cavity, surrounded by osseous walls
(crantum), destined to contain and protect the brain; and of an ex-
panded portion (the face), with which some of the organs of the
senses are connected, and upon which the features are formed. The
size of the cranium affords a good clue to determine the absolute size
of the brain ; and the proportion of the face to it, offers a not inexact
index of the relation which the intellectual faculties and the animal
propensities bear to each other.*

The spheroidal form of the cranium admirably adapts it for pro-
tecting the organ which it contains against external violence. The
arched form is that which possesses most strength, and offers the
greatest resistance. When, says Dr. Arnott, we reflect on the strength
displayed by the arched film of an egg-shell, we need not wonder at
the severity of the blows which the cranium can withstand. And he
adds, in reference to the former, ¢ what hard blows of the spoon or

* See a good account of the comparative mensuration of the skull in Mr. Ward’s
Outlines of Human Osteology.



THE CRANIUM.—THE SPINE. 137

knife are often required to penetrate this wonderful defence of a dor-
mant life!””  And this form, which gives so much strength to the
skull, favors the transmission of vibrations along its walls, and thus
saves the delicate viscus enclosed by -them. Thus blows inflicted
upon the cranium become diffused ; and sometimes the violence ap-
plied directly to the vertex is spent upon the base of the skull, and
causes a fracture there. (

The compound structure of the cranial bones is an important ele-
ment in the architecture of the skull as a protecting case to the brain.
Most of these bones are formed of two tables: the outer one is
tough, strong, and fibrous; the internal table is dense and brittle, and
hence called {abula vifrea ; and there is interposed between them a
spongy texture, the diploé, in which blood-vessels are freely distributed
(fig. 20, p. 111). The varying density of these three layers evidently
diminishes their power of conducting vibrations to the parts within,
whilst it does not oppose the propagation of those vibrations in the
direction of the layers themselves.

The manner in which the bones of the skull are united together
has an evident reference to the physical properties of their inner and
outer tables. The sutures are formed by the dovetailing of the outer
table; the inner being cut straight, and simply placed in apposition (a
layer of cartilage intervening), forming a. sort of harmonia. The
inner table, which is the brittle one, is not dovetailed, because its
teeth would break readily; but the toughness and elasticity of the
outer table fit it well for such a mechanism. On the same principle,
Sir C. Bell remarks, a carpenter joins wood, which is tough and
elastic, by tenon and mortise or by dovetailing ; but, if pieces of glass
or marble are to be joined, cement is employed for that purpose.

The principal part of the vault of the cranium is formed by the
parietal bones, which rest upon the wings of the sphenoid, and upon
the temporal bones: these overlap the lower borders of the parietal
bones in such a way as to prevent them from starting outwards.
They act on the principle of the tiebeam in the roofs of houses.

At certain exposed situations the bones experience a thickening of
their structure, causing tuberosities, which are familiar to descriptive
anatomists. These contribute to the strength of the roof of the skull:
in front, in the frontal bone on each side of the middle line ; laterally,
in the parietal bones, and, behind, in the centre of the occipital bone.
At this last situation two, ribs, analogous to groinings in architecture,
intersect each other : one extends from the centre of the frontal bone to
the most projecting part of the occipital foramen ; the other passes hori-
zontally across the occipital bone, and terminates immediately behind
the wedge-like processes which are formed by the petrous portions of
the temporal bones. The occipital protuberance, which is the point
of intersection of these groinings, is the  thickest and strongest part
of the skull; and it is the most exposed, since it is the part of the
head which would strike upon the ground when a man falls back-
wards.” (Sir C. Bell.) ) . .

Of the Spine.—The spinal column, in man, 1s a vertical, elastic

10
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pillar, expanded inferiorly where it rests upon the sacrum. It is
composed of a series of light and spongy bones, between each pair
of which (except the first) a compressible and elastic disc of fibro-
cartilage is placed. It has a three-fold office in the human subject:
first, it is the great bond of connection between all the parts of the
skeleton ; secondly, it forms a canal for the lodgment and protection
of the spinal cord; and thirdly, it is a column of support for the head.
For these purposes the spinal column requires considerable strength,
as'the central pillar of the trunk: it needs mobility, to adapt itself to
the various attitudes and movements of the body, and elasticity, to
guard the tender organ contained within it, as well as the brain, from
concussion.

The strength of the spinal column is abundantly provided for in
the powerful ligament which binds the bodies of the vertebre toge-
ther in front (enterior common ligament), and in the strong and elastic
intervertebral dises, which at once connect and separate them. The
degree of motion which may take place between any two vertebra
is regulated partly by the thickness of the intervertebral disc, and
partly by the disposition of the joints of the articular processes.
‘When the latter are vertical in their direction, the vertebre are so
locked in, that their movements are very much impeded; but when
they approach the horizontal direction, as in the neck, the range of
motion 1s greater. The mobility of the spine may be compared to
that of a chain; between any two links of which there is but little
motion, while the whole chain is abundantly pliant. This restriction
of motion between each pair of vertebree enhances the strength of the
column, and affords complete protection to the spinal cord, which
would speedily suffer, did any vertebra pass beyond its prescribed
limits.

In the flexuous form of the spinal column, and in the connection of
the vertebral lamine by broad bands of yellow elastic ligament, we
see further provision for its elasticity, in addition to that afforded by
the dises of fibro-cartilage which lie between the bodies of the ver-
tebree. The concavity in the region of the back is doubtless intended
to give full scope to the play of the important organs within the tho-
rax; and the cervical and lumbar curves necessarily result from this,
in order that the relation of the whole column to the line of gravita-
tion of the body may be duly preserved. The triple curvature of the
spine enables it to yield with less jerk than if it were a straight
spring, or one that could bend only in a single direction. ¢ It yields
in the direction of its curves, and recoils, and so forms the most per-
fect spring, admirably calculated to carry the head without jar or in-
jury of any kind.”

The pliancy of the spinal column favours its flexion in various
directions, in obedience to the action of the numerous muscles which
are inserted into the vertebral processes. Nothing is more common
than to see 2 misshapen and crooked spine produced by the predomi-
nance of action given to certain sets of muscles, through the habitual
assumption of awkward attitudes: most of the curved spines which
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occur in weakly females may be traced to uncorrected bad habits as
their origin.*

The spine, gradually expanding at its lower part, rests upon the
base of the sacrum ; and the last lumbar vertebra is separated from
that bone by a fibro-cartilaginous disc. The sacrum forms a wedge
separating the pelvic bones, and is adinirably adapted to transmit the
weight of the spine to them.

Of the pelvis.—*‘ The spinal column,” to use the words of Mr.
Mayo, ¢ rests on an elastic hoop, in the extreme circumference of
which on either side the deep cups are wrought which receive the
heads of either thigh-bone. But this elastic hoop is not disposed
vertically, but slants in such a manner, that, when we alight upon
our feet, the force of the arrested motion tells in great measure on
the extensor muscles of the hip.”

In the articulation of the sacrum with the ossa innominata we see
remarkable provision against its displacement backwards, by a force
acting from above downward, the direction in which the superin-
cumbent weight bears, or even by one acting from before back-
wards. This security is obtained not only by the strong ilio-sacral
ligaments, which tie the bones together behind, and the cartilage,
which intervenes between the ilium and sacrum, and adheres firmly
to both, but also by the double wedge-like shape of the sacrum itself:
for this bone is wider above than below, so that it can thereby resist
the downward pressure ; and it has a greater width before than be-
hind, which -enables it to oppose the pressure in front. And Mr.
Ward has shown that the sacrum is also well secured against dis-
placement forwards, not only by the general compactness which the
sacro-iliac joints derive from their ligaments and cartilages,-but also
by the cuneiform character which the bone assumes about the middle
of the articular surface, where the base of the wedge is turned in the
opposite direction to that which it occupies either at the upper or the
lower part of the articular surface.t

These provisions for the strength and security of the sacrum are of
great importance to the general mechanism of the pelvis, whether we
regard it as a bony girdle constructed for the transmission of the
weight of the trunk to the thigh-bones, or as an osseous cavity de-
stined to contain and- protect certain important viscera.

Viewing the pelvis in the former light, we must notice the thick-
ening of the iliac bones along either side of its upper outlet. The
groinings, thus formed, terminate opposite the acetabula, and trans-
mit the superincumbent weight, which they share with the sacrum,
to each of those cavities, whence it is again transferred to the heads
of the thigh-bones; they are formed of dense compact substance,
which contrasts strikingly with the thin lamellated structure of the
surrounding osseous tissue. . _

‘The obliquity of the pelvishas a twofold object ; first, with refer-
ence to the weight from above ; and, secondly, with respect to con-

* Dr, Arnott’s remarks bearing upon this subject deserve a careful perusal.—See

his Elements of Physics. ,
+ We refer for further details on this subject to Mr. Ward’s excellent work, p. 256.
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cussions transmitted upwards by the lower limbs, in leaps, or other
rapid movements. In both instances, the shock is distributed over
a greater extent of surface, and is participated in by a greater number
of joints, than if the pelvis were placed directly beneath the spine:;
for it is obvious, that, were the axis of the pelvis vertical, and the
femora placed perpendicularly under it, the weight from above would
bear its chief force upon the sacrum, and the concussion from below
would be felt in the hip-joints alone.

In progression, the whole pelvis receives the concussions, when
they proceed from above or from below. Hence the ossa pubis are
united by an intervening elastic fibro-cartilage; and any disturbance
of this joint during pregnancy, or in the act of parturition, occasions
great difficulty to the patient in walking, or even in maintaining the
erect posture,

Of the Thorax.—The thorax is a conoidal cavity, slightly flattened
on its anterior aspect. It is constructed with obvious reference to
lightness, elasticity, and mobility; all these qualities being requisite
for its adaptation to the ever-varying movements of the organs it
contains.

The walls of the chest are formed behind by the dorsal vertebra, to
which twelve ribs are articulated on each side: seven of these, the true
ribs, are connected to either margin of the sternum by pieces of cartilage,
which are of the same shape and breadth as the ribs themselves. The
ribs are articulated by their heads and tubercles with the bodies, as well
as with the transverse processes of the vertebre, and enjoy at these
points a limited gliding motion in the upward or downward direction.
The direction of the true ribs is forwards, sloping downwards; the
obliquity being greatest in the lowest ribs, least in the first rib. The
mobility which each rib enjoys at its vertebral articulation, permits
this direction to be altered by muscular action ; and the ribs, inder
the influence of their elevator muscles, pass from the sloping to the
horizontal position. By this change the dimensions of the chest are
enlarged in the transverse as well as in the antero-posterior direction,
for the middle curved portions of the ribs are carried outwards, and
therefore brought further apart from each other; and their sternal ex-
tremities are moved forwards, accompanied by the sternum, the dis-
tance of which from the dorsal vertebra is thereby increased. The
forces, which depress the ribs, restore their planes of position to their
previous oblique direction, and the two diameters of the chest to their
former dimensions. It is scarcely needful to add that the elevation
of the ribs accompanies inspiration, and their depression expiration.

~'The.following happy comparison between the thorax and the pelvis
is from the pen of Mr. Mayo.

“ When we compare together the several regions of the trunk, we
observe that it is laid out in corresponding organs, or pairs of organs,
on either side of a centre, which is formed by the five lumbar verte-
bre. Above the lumbar vertebra are the dorsal ; above these, the
cervical: below the lumbar vertebrz are the sacral bones ; below
these, the coccygeal. To the dorsal vertebre and to the sacrum,
bones are articulated, which have the double office of forming a vis-
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ceral cavity, and of throwing to a convenient distance from the me-
sial plane the bones of the extremities, The ribs and sternum, the
clavicles and scapul, form, with the dorsal vertebra, an organ strictly
analogous to that formed by the ossa innominata and the sacrum.
But the chest for the function of respiration requires to be continually
altering its dimensions, and the upper extremity is characterized by
the extent and velocity of its movements, rather than by strength :
to suit both these objects, the chest and shoulder are formed of many
bones, that are movable in various senses; the ribs are capable both
of rotating upon their sternal and vertebral joints, and of being raised
or depressed upon their vertebral joints, carrying with them the ster-
num : the clavicle again rolls upon the sternum, and the seapula rolls
upon the convexity of the ribs. On the other hand, the pelvis, as
regards the' viscera, is intended merely for their support; and if,
during labor, a temporary enlargement of its lower aperture is re-
quisite, the flexibility of the joints of the os coccygis in the female
skeleton, with the temporary yielding of the ligaments, affords a suf-
ficient provision for this object : the inferior extremities again require
to be articulated to a solid, unyielding platform, upon which they
may poise the incumbent weight of the trunk and head. The bones
of the pelvis are for these reasons few, weighty, massive, and knit
together immovably. Thus accurately do the points, in which a
resemblance is wanting between the chest and pelvis, preserve the
analogy between these parts.”

Of the Extremities.—In no part of the skeleton is the adaptation of
anatomical disposition and structure to function more strikingly ob-
vious than in the bones of the extremities.

The lower extremities form powerful pillars of support for the trunk
in the erect posture. The great strength of the femur and tibia,
which form the principal portion of each pillar, fit them admirably
for this office ; and it is interesting to notice that dense osseous tissue
in each of these bones is most abundant in those situations where the
greatest strain of the pressure from above is felt. This may be seen
in a transverse section of either, when a dense spine of bone is found
corresponding to the concave surface of each; this is wost distinct
in the femur, where the dense bone alluded to constitutes the linea
aspera.

The femur is curved forward, and this incurvation gives elasticity
to the. bone, and aids in distributing the force of concussions. Its
shaft is inclined downwards and inwards, so that the opposite femora
approach each other inferiorly at the knee-joints, while they are sepa-
rated by a considerable interval above. And this interval is increased
by the head and neck of each femur being united to the shaft at an
obtuse angle ; this angle is one of about 135 degrees in the male; it
1s somewhat smaller in the female.

It is evident that the femur must suffer in point of strength from
this mode of junction of its neck and shaft, for a bone without any
bend in its axis must necessarily be more capable of resisting down-
ward compression, than one consisting of two pieces united at an
angle. But we observe here, as in other parts of the mechanism of
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the human body, that the disadvantage in one respect is more than
counterbalanced by certain advantages which this peculiar arrange-
ment offers, and which could be attained in no other way ; for the
junction of the neck with the shaft throws the thigh-bone outwards to
a certain distance, and leaves abundant room for the play of the ad-
ductor muscles : this could only be attained otherwise by greatly
enlarging the pelvis in the transverse direction. And again, in the
movements of the femur, much is gained ; for rotation can be per-
formed with little muscular effort by reason of the favourable leverage
afforded by the neck of the bone and the trochanter major. The.
increased power thus given to the rotator muscles has considerable
effect in walking, which is on that account performed more lightly,
and without any circumduction of the limb.

It is owing to this disposition of the neck of the thigh-bone, that,
when its lower extremity advances in the vertical plane, its head and
neck turn on a horizontal ‘axis; in other words, that the angular
motion of its shaft is converted into a'rofafory movement at the hip-
joint. And from such an arrangement this great advantage results,
that in the various motions or states of the joints, as extreme or par-
tial flexion, extension, &c., the same, or very nearly the same, extent
of the articulating surfaces is exposed to pressure : for, as Mr. Ward
expresses it, the rotation of a hemispherical head within a socket of
the same form involves no diminution of the extent of the contiguous
articulating surfaces; but the angular motion of a joint of this kind
throws part of the ball out of the socket, and leaves part of the socket
without bearings to rest upon, so that the weight, instead of being
distributed equally over the whole surface of the head, is concentrated
upon that portion which remains within the cavity. (Ward, loc. cit.)

Moreover, the joint gains as regards the extent of flexion by this
conversion of angular into rotatory motion, for an angular motion in
the acetabulum would be readily checked by the edge of the cavity
coming in contact with the neck of the bone; ‘¢ whereas rotation
meets no such check in the conformation of the joint itself, but may
be continued indefinitely, until opposed by the tension of ligaments,
or some other adventitious obstacle.”

In the structure of the extremities of the femur, we find evidence
of much beautiful mechanical contrivance, in the disposition of the
compact tissue, and of the rods or fibres of the cancellous texture,
having an obvlous reference to the direction of the weight to be sus-
tained as well as to the dispersion of concussions. The neck of the
thigh-bone, having to bear considerable superincumbent weight, is
strengthened on its inferior surface by an arch of compact tissue,
gradually increasing in thickness as it proceeds from above down-
wards, and well suited by its rigidity to oppose bending ; but on its
upper surface the compact tissue is thin, and the reticular texture
consists of somewhat arched fibres freely interwoven, running parallel
to that surface, and disposed so as to present a surface to resist the
direct influence of pressure (fig. 18, p. 106). The direction of the
fibres of the reticular texture of the inferior part of the neck is
chiefly downwards to the trochanter minor, and it seems to establish
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a communication between the osseous tissue of the head of the bone,
and the dense structure which forms the lower part of the neck.

The lower extremity of the femur is almost entirely composed of
cancellated texture, and affords a broad surface, for articulation with
the head of the tibia to form the knee-joint. As the tibia is placed
vertically under it, it not only transfers the weight from above to that
bone, but it is particularly exposed to suffer from concussions con-
veyed upwards by the tibia. Its structure seems disposed so as to
facilitate the dispersion of such concussions, the sides of the condyles
projecting considerably beyond the surface of the shaft of the bone,
and there being but little continuity of tissue between it and the
lower end of the bone. ‘

Of the bones of the leg, the tibia, from its strength and size, is
evidently that which is destined to support the thigh ; the fibula must
be regarded as entirely accessory in its office, affording attachment to
the interosseous ligament, and forming a greater extent of surface for
the origin of muscles. . By its lower extremity it supports the ankle-
joint on the outside.

The tibia rests upon the astragalus, and through that bone trans-
mits the weight to the foot. The length of this organ, its breadth,
and its arched form, adapt it as a basis of support for the body in
the erect posture, and as an instrument of locomotion. It obtains
elasticity, and a certain amount of mobility, from its being composed
of several small and light bones articulated together. These bones,
although almost entirely composed of reticular texture, possess con-
siderable power of resistance to direct pressure in those directions in
which the strain would chiefly bear in the movements of the organ,
and this is to be attributed to the direction of the fibres of their
cancellous tissue. The principal elasticity of the foot is longitudinal,
by reason of its arch being in that direction, resting upon the heel
behind, and on the toes in front; but it also yields somewhat in the
transverse direction, or that of the arch formed by the cuneiform bones.
The extension of the os calcis backwards not only adds to the length
of the longitudinal arch, but it also affords a considerable leverage to
the muscles of the calf of the leg.

Upper Extremity.—The disposition and structure of the bones of
the upper extremity afford a marked contrast to those of the lower.
The latter are organs of support, and therefore are solid, firm, strong,
and, withal, elastic. The former are destined to perform extended
motions, as well as minute and nicely adjusted ones; and, therefore,
while they possess all the requisite strength, they are light, present
little expanse of surface, and are articulated by numerous very mov-
able articulations.

The scapula and clavicle are the media through which the bones
of the arm are united to the trunk. The former bone is remarkably
thin and light, and seems little more than a surface of attachment for
various muscles, on whose actions the extensive movements of the
arm depend. By the clavicle it is connected to the sternum, through
the sterno-clavicular articulation, the movements of which, although
occurring only in two planes, intersecting each other at right angles,
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are such as to favour a wide range of motion in the shoulder. 'So
necessary is this joint to the general movements of the shoulder, that
any injury or-disease of it, or of the bone itself, shows itself speedily
in the impediment offered to those movements. And the law of the
development of this bone in the lower animals is clearly connected
with a necessity for a wide range of motion in the anterior extremity.
In those animals that employ the anterior extremity only as an instru-
ment of progressive motion, there is no clavicle ; hence this bone is
absent from the skeletons of Pachydermata, Ruminantia, Solipeda,
and the motions of the shoulder are only such as may be required for
the flexion and extension of the limb. In the Carnivora, where there
is a slight increase in the range of motion of the anterior extremities,
a rudimentary clavicle exists; and in this class we observe that the
size of the bone bears a direct relation to the extent of motion enjoyed
by the limb. Thus it is smallest in the dogs, and largest in the cats:
in these animals it has no attachment to either the sternum or the
scapula, but is enclosed in the flesh, and does not occupy much more
than half the space between the two bones last named. *““But how-
ever imperfect,”” says Sir C. Bell, ¢“it marks a correspondence in the
bones of the shoulder to those of the arm and paw, and the extent
of the motion enjoyed. When the bear stands up, we perceive, by
his ungainly attitude, and the motion of his paws, that there must be
a wide difference in the bones of his upper extremity from those of
the ruminant or soliped ; he can take the keeper’s hat from his head,
and hold it; he can hug an animalto death. The ant-bear, especially,
as he is deficient in teeth, possesses extraordinary power of hugging
with his-great paws;. and, although harmless in disposition, he can
squeeze his enemy, the jaguar, to death. These actions, and the
powers of climbing, result from the structure of the shoulder, or from
possgssing a collar bone, however imperfect.” (Bridgewater Treatise,
p. 48.)

In those Mammalia that dig and burrow in the ground, or whose
anterior extremities are so modified as to aid them in flight, or which
are skillful in seizing upon and holding objects with their paws, the
clavicle is fully developed, and extends the whole way from the sca-
pula to the sternum. Thus in the Rodentia this bone 1s very perfect,
as, for example, the squirrel, the beaver, the rabbit, the rat, &c. The
bat affords an example of a very strong and long clavicle, as also do
the mole and the hedgehog among the Insectivora.

Among the Edentata those tribes possess a clavicle whose habits
are fossorial, as the ant-eater, the armadillo, and even the gigantic
extinet megatherium. In the Quadrumana the clavicles are strong,
and cuarved, as in the human subject.

The clavicle possesses considerable elasticity by reason of its curves
a property obviously of the greatest importance to it, because, as the
bond of connection of the shoulder to the trunk, it is liable to partici-
pate in the many concussions to which the upper extremity is exposed.
This point has been put to the test of direct experiment by Mr, Ward,
He employed the clavicle of a well-developed male subject, of the
middle age: this was placed upon a smooth surface, with its shaft
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perpendicular to the plane of a wall, against which its inner extremity
rested; a smart blow was then struck with a hammer on the outer
extremity of the bone in the direction of its long axis; the hammer
rebounded from the end of the bone, which sprang to a distance of
nearly two feet from the wall.

The humerus is the principal lever of the upper extremity: in man
it is light, and its articular extremities are constructed to contribute
to the formation of very movable joints. The bones of the fore-arm
are also remarkable for their lightness and elasticity ; and they move
freely, not only on the humerus, but on each other. The movements
of pronation and supination, which are necessary to the free and full
use of the hand, are performed by the rotation of the radius round an
axis passing through its head and neck ; the slight curve in the shaft
of the radius causes its carpal extremity to pass through a considera-
ble space during the rotation of the forearm. .

The contrast between the solidity and elastic firmness of the foot,
and the lightness, flexibility and mobility of the hand, is most striking.
The analogy between the anatomical elements of both organs is com-
plete: but they are modified to suit the office for which each is de-
stined ; the foot as a basis of support, the hand as a prehensile organ.
The hand is modified remarkably from the form of the foot by the
divergence of the outer metacarpal bone, to form the thumb: this
bone at its articulation with the carpus enjoys a considerable degree
of mobility, in virtue of which exists the opposable faculty of the
thumb ; a power which, in a state of perfection, is peculiar to the
human hand.

While the hand is so remarkably mobile, it is well protected
against the effects of compression, or concussion, by the number of
its joints, and the interposed cartilages and fibro-cartilages, and the
soft covering of fat which lies beneath the skin of the palm; and its
strength is abundantly provided for in the strong ligaments which
connect the bones to each other, and the fibrous expansions which
cover them.

One of the most wonderful circumstances in the construction of the
hand, is its adaptability to an infinite number of offices. A powerful
organ of prehension, it is yet capable of adjusting the finest pieces of
mechanism, or of exposing to view the minutest wonders of nature :
an admirable and most delicate instrument of touch, it may neverthe-
less be employed as a fearful and deadly weapon of offence: at one
time it may be used to lift great weights, to pull at the cable, or to
turn the windlass; and, again, it will execute the most varied and
rapid movements, in the performance of works or artifices which
human talent has invented. .

The hand is the obedient minister of man’s volition and of his
genius, and, too often, the blind slave of his emotions and his pas-
sions.

The following references are subjoined :—The various treatises on General An'c,l-
tomy; the article Articulation, in the Cyclopzdia of Anatomy and Physiology ; Mayo’s
Physiology, chap. xi.; Bell’s Animal Mechanics; Arnot’s Elements of Physics, vol.
i p. 218; Anatomie Dgscriptive, par Bichat, t. i.; Outlines of Human Osteology, by
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F. 0. Ward, a work to be strongly recommended, as well for its exact and clear de-
scriptions, as for the excellent and original views on the mechanism of the skeleton,
with which it abounds. We shall be glad to see it published in a form more suitable
to its great merit.

CHAPTER VIL

ACTIVE ORGANS OF LOCOMOTION.—OF MUSCLE.—MUSCLE WITH STRIPED
FIBRES—MUSCLE WITH UNSTRIPED FIBRES.—MUSCULAR ACTION.,—
ATTITUDES AND MOVEMENTS OF THE FRAME.

Tue principal movements of the body, and all those by which
locomotion 1s effected, are performed by means of a tissue termed
muscle, endowed with the power of contracting, and consisting,
chemically, of fibrine. This substance is arranged in the form of
unbranched fibres of definite size and structure, and which, when
examined under a high magnifying power, are found to be of two
kinds, distinguishable from one another by the presence or absence
of very close and minute transverse bars or stripes.  The fibres of the
voluntary muscles, (or those whose movements can be either excited
or controlled by volition,) as well as the fibres of the heart, and some
of those of the csophagus, are striped; while all other muscles, in-
cluding those of the alimentary canal, the uterus, and bladder, all of
which are tnvoluntary, are unstriped.

The elementary fibres of the voluntary muscles are connected to
one another by areolar tissue, and -arranged in sets parallel to one
another. They are supplied with vessels and nerves, which lie in
the intervals between them; and are attached, by their extremities,
through the medium of tendon, aponeurosis, or some form of the
fibrous tissue, to the parts which they are destined to move. They
form organs, for the most part solid and elongated, but which are
sometimes expanded into a membranous shape.

The sets of fibres of the involuntary muscles, on the other hand,
usually cross each other at various angles, and interlace, and they are
always arranged as membranous organs enclosing a cavity, which
their contraction serves to constrict. The heart, besides being inde-
pendent of the will, agrees in both these anatomical characters with
the involuntary muscles, and is only allied to the voluntary by the
presence in its fibres of the transverse stripes.

We shall commence with a description of the two forms of fibre.

Of the striped fibres.—The length of these is usually about that of
the muscle to which they belong, but occasionally they are interrupted
by tendinous intersections, as in the rectus abdominis and semiten-
dinosus ; and 1t is very common for them to fall short of the length of
the whole organ, in consequence of an oblique disposition, as seen in
penniform muscles. In the sartorius they often exceed two feet in
length, while in the stapedius they are not two lines. They vary in
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diameter from g% to ,3%% of an inch, being
largest in crustacea, fish and reptiles, where
their irritability is enduring; and smallest in
birds, where it is most evanescent. The in-
dividual fibres, however, vary considerably
in thickness in the members of the several
tribes, and even in the same animal and
muscle. Their average width in man is
about g3 of an inch. They are not cylin-
drical, but flattened more or less, by being
closely packed together. This may be ascer-
tained in the recent state, gr still better by
a transverse section of a dried muscle. Small
interspaces are left, however, for the passage
of the capillary blood-vessels along the angles
of junction, and sometimes between the con-
tiguous sides. (Fig. 36.)

Internal structure.—The beautiful cross-
markings on the voluntary fibre have been
known from the early days of microscopical
research, and have given occasion to a
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Transverse sections of striped
muscle that had heen injected
and dried, magnified 70 diame-
ters :—a. From the Frog. 8. From
the Dog. b. b. Section of elemen-
tary fibres, showing their angular
form and various size. a. a. Sec-
tions of the injected capillaries,
showing the position they occupy
among the fibres. &’ Transverse
branch between two longitudinal
capillaries. These figures show
the greater vascularity of the
muscle, with the narrower ele-
mentary fibres.

variety of hypothetical and generally me-

chanical solutions of the problem of contraction; which, by warping
the minds of observers, have had the effect of greatly complicating
an already difficult subject, that of the internal anatomy of the fibre,
which can only be determined by pure observation. Fontana alone
among the older anatomists abstained from vague speculation ; and he
arrived nearest to the truth. He found that the fibre was apt to split
up into fine fibrille, each of which was a series of particles; and he
imagined that the transverse lines were caused by the regular apposi-
tion side by side of the particles of the contiguous fibrillee. It was
customary both before and since his timne, as at the present day, to
regard the fibre as a bundle of smaller ones, whence the term prim:-
tive fasciculus, first given to it by him and adopted by Miller: but
this view of the subject is imperfect. The fibre always presents, upon
and within it, longitudinal dark lines, along which it will generally
split up into fibrille ; but it is by a fracture alone that such fibrille
are obtained. They do not exist as such in the fibre. And, further,
it occasionally happens that no disposition whatever is shown to this
longitudinal cleavage ; but that, on the contrary, violence causes a
separation along the transverse dark lines, which- always intersect the
fibre in a plane perpendicular to its axis. By such a cleavage, discs,
and not fibrille, are obtained ; and this cleavage is just as natural,
though less frequent than the former. Hence it 1s as proper to say
that the fibre is a pile of discs, as that it is a bundle of fibrill : but,
in fact, it is neither the one nor the other, but a mass in whose struc-
ture there is an intimation of the existence of both, and a tendency
to cleave in the two directions. If there were a general dlsmtegr.atlonh
along all the lines in both directions, there would result a series of
particles, which may be termed primitive particles or sarcous elements,
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the union of which constitutes the mass of the fibre. These element-
ary particles are arranged and united together in the two directions.

Fragments of striped elementary fibres, showing a cleavage in opposite directions; magnificd
300 diameters:—1, Longitudinal eleavage. The longitudinal and transverse lines are both scen.
Some longitudinal lines are darker and wider than the rest, and are not continuous from end to ¢nd:
this results from partial separation of the fibrillce. 6. Fibrille, separated from one another by violence
at the broken end of the fibre, and marked by transverse lines equal in width to those on the hbre
7. & represent two appearanees commonly presented by the separated single fibrillee. (More highty
magnified.) At 7, the borders and transverse lines are all perfeetly rectilinear, and the included
spaees perfeetly rectangular. At 8, the borders are scalloped, the spaees bead-like. VWhen most
distinet and definite, the fibrilla presents the former of these appearanees.~—2. Transverse clcavage.,
‘The longitudinal lines are scareely visible. 3. Ineomplete fraeture following the opposite surface of
a dise, whieh stretches aeross the interval and retains the two fragments in connection. The edges
and surface of this disc are seen to be minutely granular, the granules eorresponding in size to the
thickness of the dise, and to the distance between the faint longitudinal lines. 4. Another disc nearly
detached. 5. Detached disc more highly magnified, showing the sarcous elements

All the resulting discs as well as fibrille are equal to one another in size,
and contain an equal number of particles. The same particles compose
both. To detach an entire fibrilla is to abstract a particle of every disc,
and vice versd. The width of the fibre is therefore uniform, and is
equal to the diameter of any one of the discs. Its length is the length
of any one of its fibrille, and is liable to the greatest variety.

Mauller, Schwann, Lauth, and others, consider, with us, that the
cross stripes of the fibre are formed by the apposition side by side of
the dark points seen on the separated fibrille ; but some believe these
stripes to be present only on the surface of the fibre, and to be formed
by the spiral windings of a filament. Considerable diversity of opin-
ion also exists as to the nature of the alternate light and dark points
seen on the individual fibrille ; some conceiving them.to indicate 2
single spiral, others a double spiral arrangement; some imagining
them to be minute zigzag bendings, others indentations, and others
still that they depend on the alteration of two kinds of substance.
On this account we shall explain in a few words our reason for
adopting the view above summarily given. A soft mass made up of
an immense congeries of highly refracting particles cannot but exhibhit
many deceptive appearances when viewed by transmitted light, and
through glasses of bad defining power.  The slightest disturbance of
its interior structure will affect the refractions, which will thus be rea-
dily made to disguise and modify the true form and arrangement of ifs
integrant parts ; on which account great care and circumspection, and
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a total freedom from bias, are requisite for,an observer who would
not be misled to mistake appearances for realities.

That the stripes are not caused by a structure distinet from the
fibrille, and present only on the surface of the fibre, is evident from
the following facts: .

1. That a transverse section of a fibre Fig. 38.
shows it to be solid, and not hollow;
and that the ends of fibrille, as seen
on the section, exist throughout its inte-
rior just as on its surface (fig. 38).

2. That fibrillee taken from any part
of a fibre are marked with light and
dark points, corresponding in distance
and force with the transverse stripes of
the fibre. Transverse section of three elementary

3. That with a high magnifying forscl i dred pocoralmusclecr t
power, apphed to a thick ﬁbre, we weak citric acid ; showing the round re-

1 X B g . fracting particles separated from one an-
may brmg all parts of 1ts 1nterior into other. The cutedge of the tubular sheath

. 5 . of each fibre isalso seen, as well as the
focus in succession, and perceive capillary vessels, o, in the intervals.
throughout the same kind of stripes.

The occasional appearance, therefore, of these stripes being con-
fined to the surface is deceptive. They are sometimes more strongly
marked there, partly because there is a greater condensation of the
tissue there, and partly from the circumstance of the fibre being usu-
ally immersed, when examined, in a fluid of less density than itself.
This appearance is always greatly diminished by placing the fibre in
syrup. But the point of greatest interest is as to the nature of the
markings on the individual fibrille or dises. It is unsafe to come to
a conclusion on this question from any appearances seen on the entire
fibre ; for it is clear that the relative position of the particles may be
very easily deranged, and their regularity broken, by the slightest
injury to the mass.

Two appedrances commonly present themselves in examining the
striped fibres : in somé parts the cross stripes are perfectly rectilinear,
or, if curvilinear, parallel in their course ; in other parts, these stripes
do not extend across the fibre, but are more or less interrupted,
forming zigzags and enclosing spaces of a great variety of shape and
size, in concert with the longitudinal stripes. In such specimens we
see the semblance of spirals in almost infinite number and variety.
The former of these appearances is most seen in large fibres, and
where great care has been used not to drag the tissue; the latter
under the reverse circumstances. The former seems on a primd _facie
view an unmutilated, the latter a deranged condition ; and they may
be proved to be so by a further examination. o

For this purpose we should make choice of a fresh fibre which is
prone to separate into its individual fibrillee, and which exhibits their
outline in the greatest distinctness and beauty.* If fibrille entirely

* The fibres of fishes will generally prove better than those of mammalia, because

they usually cleave into fibrillee having very sharp and clear outlines; and those of
the salmon, for example, will seldom fail to do so.
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isolated be now inspected, they will be found to present alternate
light and dark points, when the part is a little out of focus. The
light points are the centres of highly refracting particles, acting as
lenses ; the dark points, the intervals between them (fig. 37, 8). If
now the focus be carefully adjusted, and the achromatic condenser
be employed for the purpose of defining the outline with the utmost
precision, each dark interspace between the refracting points will be
found to be reduced to two very slender straight lines, crossing the
fibrilla in a perfectly fransverse direction, and giving the light spaces,
as now seen, a rectangular figure (fig. 37, 7). Now, it is absolutely
certain that no spiral arrangement could produce, or even co-exist
with, these unequivocal appearances; but itis not difficult to compre-
hend how a derangement of ‘the lateral parallelism of
these refracting particles should produce an appear-
ance of spirals in the fibre, or how two fibrille running
together, but with their particles slightly deranged,
should wear the same very deceptive aspect.

In fig. 39 is represented the border of some fibres,
from which several of the sarcous elements have been
removed accidentally by maceration in weak spirit.
The remaining ones project in lateral series, evincing
their adhesion to one another in that direction, and
the non-existence of any spiral arrangement.

The size of the particles composing the fibre may
be measured in one direction by the transverse stripes
formed by their union.

The following average, deduced from numerous
observations, shows great uniformity in this respect.

Eng. In. No. of Observations.
In the Human subject 97005 27
“ Mammalia generally S ITYTT 15
¢ Birds . e I 7
¢ Reptiles “TTo5 - 7
“ Fish ‘rrlow - 20
¢ Insects . - 3550 8

In the opposite direction, or that marked by the distance between
the longitudinal dark lines of the fibre, their diameter is less, often by
one half. It is important to remark, that these measurements are
taken from uncontracted specifnens, since during contraction the
relative diameters of the particles are changed.

Of the sarcolemma.—The striped fibre is enclosed in a tubular
sheath or sarcolemma, adapted to its surface, and adhering to it.
This consists of a transparent, very delicate, but tough and elastic
membrane, which isolates the fibre from all other tissues. In gene-
ral, it has no appearance of any kind of structure; but in the case of
bulky fibres, where it is strong in proportion, faint indications may
be detected of a complex interweaving of filaments far too minute to
be individually recognized. It occasionally has small corpuscles,
the remains of cell-nuclei, in contact with it.
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This membrane may be sometimes seen forming a transparent
border to the fibre beyond the limit of the cross stripes; or it may
be seen stretching between the separated fragments of a fibre which
has been broken within it, for its toughness will often resist a force

Fig. 40.

Fig. 41.

Fragments of an elementary fibre of the Part of an elementary fibre from the Skate,
Skate, held together by the untorn but twist- treated with liq. potasse; showing a protrusion
ed sarcolemma. through the sarcolemma:—Corpusecles are seen

scattered throughout the mass, and some de-
tached ones are represented ; their average di-
ameter is one-thousandth of an English inch.

before which its brittle contents give way. If the fibre be immersed
in acid, it swells, often so suddenly as to burst the sheath at nume-
rous places, and protrude in the form of small herniz. These her-
nie are very peculiar and illustrate the account already given of the
internal composition of the fibre ; for the particles of the protruded
mass are necessarily deranged, and their lateral parallelism deéstroyed.
Now, the result of this is the production of the most beautiful and
varied curves, intersecting one another, very similar to those already
spoken of on the injured fibre, and wearing a very plausible aspect
of spirals (fig. 41). Again, the sarcolemma may be seen raised in
the form of vesicles from the surface of the fibre, in certain states of
contraction in water, which will be reverted to. By one or more of
these modes of demonstration, we know that this isolator of the
sarcous tissue invests the striped elementary fibre of voluntary muscle
in all animals. Its existence is as yet doubtful in the heart.

Every fibre is attached by its extremities to fibrous tissue, or to
some fissue analogous to it; but an accurate examination of this
difficult subject lends no countenance to the ordinarily received
opinion, that this tissue is prolonged over the whole fibre from end to

Fig. 42.

Elementary fibre from %he leg of the large Meat-fly (Musca vomitoria): a. a. Line of termination
of the fibre, along which the tendon, ¢, is attached to it. . Central series of corpuscles.—Along the
margin, the sarcolemma.is elevated by water, (which has beer absorbed,) and 1s thereby shown to
be adherent to the margin of the discs.
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end, as its cellular sheath; nor is this view reconcilable with the
physical requirements of the case. It is extremely difficult to iso-
late a muscular fibre, with the tendinous fibrillee pertaining to it,
either in mammalia or birds; but this may be occasionally accom-

plished in fishes, and in certain muscles of insects. In these exam-
ples, the minute detachment of the

Fig. 43. fibrous tissue 1nay be seen to pass,
b, and to become attached to the
SEs : truncated extremity of the fibre,

The fibre ends by a perfect disc,
gn1 and with the whole surface of
g this disc the tendon is connected
and continuous. The sarcolemma
ceases abruptly at the circumfer-
ence of the terminal disc, and here
% some small part of the tendineus
pebusehmentoftendon o an somenry flre - material appears to be joined to:it,
deeper portions of the specimen into focus, In other cases, where the muscle
along the line of union, a. a., fresh tendinous . )
wavy filaments and striated museular parts 18 fixed _OblquEIY to a membranous
Same o view together. & Tendon. 7 gy pface  each fibre is obliquely
truncated at its extremity, at an
angle determined by the inclination of its axis; instances of which
may be seen among the crustacea, and elsewhere.

The researches of Valentin and Schwann have shown that a muscle
consists, in the earliest stage, of a mass of nucleated cells, which first
arrange themselves in a linear series, with more or less regularity, and
then unite to constitute the elementary fibres. As this process of the

Fig. 44.

n
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= -

Stages of the development of'striped muscular fibre.

1. Arrangement of the primiuve eells in alinear scries,— After Schwann,

2. The eells united.  The nuclei separated, and sonte broken up ; longitudinal lines becoming ap-
parent.— From a feetal colf tlirec imehes long.

3. 4. Transverse stripes apparent. In 3, the nuclei are internal, and bulge the fibre. In 4, they
are prominent on the surface.—From a fetal calf of two months old.

5. Transverse stripes. fully formed and dark ; nuelei disappearing from view.—From the human
imfant at birth.
308. d].:‘,lementary fibre from the adult, treated with. acid; showing the nuelei.—Magnified about

jam,

union of the cells is going forward, a deposit of contractile material
gradually takes place within them, commencing on the inner surface,
and advancing towards the centre, till the whole is solidified. The
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deposition occurs in granules, which, as they come into view, are
seen to be disposed in the utmost order, according to the two direc-
tions already specified. These granules, or sarcous elements, being
of the same size as in the perfect muscle, the transverse stripes
resulting from their opposition are of the same width as in the adult;
but, as they are very few in number, the fibres which they compose
are of corresponding tenuity. From the very first moment of their
formation, these granules are parts of a mass, and not independent of
one another; for, as soon as solid matter is deposited in the cells, faint
indications of a regular arrangement in granules are usually to be met
with. It is common for the longitudinal lines to become well-defined
before the transverse ones. When both are become strongly marked,
as is always the case at birth, the nuclei of the cells, which were be-
fore visible, disappear from view, being shrouded by the dark shadows
caused by the multitudinous refractions of the light transmitted through
the mass of granules: but they can still be shown to exist in the per-
fect fibre, in all animals, and at all periods of life, by immersion in a
weak acid: which, while it swells the fibrous material of the granules,
and obliterates their intervening lines, has no action on the nuclei.
These nuclei in insects are arranged, in the early con-
dition of the fibre, as a single or double series along the
axis (fig. 45); and, in the adult state, they retain the
same position (fig. 42). In vertebrate animals they are
scattered more irregularly, but at pretty equal distances
throughout the mass in both feetal and adult conditions. .
In the fully formed fibre, if it be large, they lie at various
depths within it; but, if small, they are at or near the sur-
face. They are oval and flat, and of so little substance,
that though many times larger than the sarcous elements,
and lying amongst them, they do not interfere with their
mutual apposition and union. These corpuscles are fre-
quently the cause of irregular longitudinal dark streaks, gFrementary
seen In the fibre by transmlFted light. They usually con- fﬁ;‘ﬁhﬁ; e
tain some central granules or nucleoli. It is doubtful anearlystage

A " . e P : of develop-
whether the identical corpuscles, originally present, remain ment; show-

through life, or whether successive crops advance and 7§ e cen
decay during the progress of growth and nutrition: but it gorpuselien
is certain, that as development proceeds, fresh corpuscles diam.

are deposited, since their absolute number is far greaterin

the adult than in the feetus, while their number relatively to the bulk
of the fibre, at these two epochs, remains nearly the same.

Muscles grow by an increase, not of the number, but of the bulk
of their elementary fibres: there is reason to believe that the number
of fibres remains through life as it was in the feetus, and that the
spare or muscular build of the individual is determined by the mould
in which his body was originally cast. ‘

Qf the unstriped fibres.—This variety possesses less interest than
the other, in consequence of the apparent simplicity of its structure.
The fibres consist of flattened bands, generally of a pale colour,
bulged at frequent interyals by elongated corpuscles, similar to thosg

11
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of striped muscle and capable of being:
displayed by the same process.” The
texture of these fibres seems to be ho-
mogeneous. By transmitted light, they
have usually a soft, very finely mottled
aspect, and without a darkly-shaded
‘border. Sometimes the mottling 1s so
decided as to appear granular, and oc-
casionally these granules are arranged
in a linear series for some distance.
This condition is probably an approach
towards the structure of the striped fibre,
for these granules are about the size of
the sarcous elements already described.
It is generally to be seen more or less
distinetly in the gizzards of birds; and
may be now and then met with in the
fresh muscle of the stomach, intestinal
canal, urinary bladder, and uterus of
Fibres of unsiriped musele:—c. In mammalia. The ordinary diameter of
their natural state. a. Trcated with . .

acetic acid, showing the corpuscles. b. the unstrlped fibre 1s from 50“0‘0‘ to '2'610'0'

Corpuscles, or nuclei, detached, show- e
ing their various appearances. of an inch.

It might be expected, from this ac-
count of the appearance of these fibres, that their discrimination from
other tissues would be often difficult.. The peculiar texture, however,
the size, the soft margin, and, above all, the presence of numerous
elongated oval corpuscles with two or three granules near their centre,
are characters which, when united, will seldom be mistaken. Asa
number of fibres commonly take a parallel course together, the bulg-
ings occasioned by the corpuscles give rise to partial longitudinal
shadows, extending for some way beyond the corpuscles in the inter-
vals of the fibres. As these irregular longitudinal shadows occur
pretty uniformly throughout a bundle of fibres, and as some of them
are necessarily out of focus, while others are in focus, the whole
mass commonly presents a confused reticulated appearance, which
has given rise to an almost universal notion that the fibres interlace
one with another. This idea, however, is, in most cases erroneous.
It is doubtful whether these fibres are invested by a sarcolemma: none
has hitherto been detected in an unequivocal manner. It is also still
a matter of speculation how they terminate, or whether they in all
instances have a termination. In the case of the transverse fibres of
the intestine, for example, it is uncertain whether each fibre sur-
rounds the canal once, returning into itself as a ring, or more than
once, as a spiral; or whether it passes only partially round it, the
circle being completed by others. Whether the areolar tissue (the
representative of the fibrous), that is found in connection with these
fibres, serves to give them an attachment, by union with their extre-
mities, or by involving them in its meshes, Is also altogether unknown.

* In some specimens, however, of both varieties of fibre, they Jmay be discerned
without the addition of an acid.
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In the gizzard of the bird, the ends of the fibres are united to white
fibrous tissue, thus making an approximation to the striped fibre, as
they do in colour. But'we have not been able, after diligent search,
to detect the true transverse stripes, which Ficinus describes to exist
in this organ.

Of the distribution of the two varieties of fibre in the body.—The
striped fibre is met with in all muscles of the body whose action can
be directly influenced by the will, and also in those of the pharynx,
the cesophagus, and the heart. In the esophagus it seems to be min-
gled with the other variety to a somewhat uncertain extent. In some
specimens from the human subject we have failed in detecting any
in the lower half of that tube, either in the circular or longitudinal
layer; but in another example we have found them to within an inch
of the stomach.* It is still unknown in what manner the two kinds
of fibre -are arranged at their point of junction: some supposing them
to be intermingled ; others, that they pass into one another by imper-
ceptible gradations of structure. The former of these views is the more.
accordant with our own observations; and Mr. Mayo mentions a fact,
which seems to corroborateit: ¢ When the nervi vagi are pinched, one
sudden action of the fibres of the cesophagus ensues, and, presently
after, a second, of a slower character, may be observed to take place.”
(Physiology, 3d ed. p. 41.) The characters of these movements
would appear to indicate the existence of both varieties of fibre.

The cross stripes on the fibres of the heart are not usually. so
regular, or distinct, as in those of the voluntary muscles. They are
often interrupted, or even not visible at all. In some of the lower
animals their sarcous elements never form transverse stripes. These
fibres are usually smaller than the average diameter of those of the
voluntary muscles of the same subject by two-thirds, as stated by
Mr. Skey; and in most parts of the parietes of this viscus they are
not aggregated in parallel sets, but twine and change their relative
position. This may be seen in a well-boiled heart. Striped fibres
have been found in the iris, in the small muscles of the ear, and in
those muscular fasciculi that surround the urethra immediately in
front of the prostate. They are also found inthe sphincters of the
anus and vagina. .

The unstriped fibre is met with in the alimentary canal, and con-
stitutes the double layer investing that tube. It also forms the mus-
cular coat of the bladder, and that of the uterus. The dartos owes
its contractility to the presence of fibres of this variety; which, in
consequence of their admixture with a great abundance of areolar
tissue, have been often overlooked. But they may be detected by
the addition of acetic acid, which, by bringing into view the peculiar
corpuscles they contafn, distinguishes them from both the white and
yellow fibrous’ elements of the areolar tissue. A very distinct peri-
staltic contraction may be often discerned in the dartos, extending
across the raphé of the scrotum, and too similar to the contraction of
unstriped muscle to be mistaken.

* Among the lower animals, Mr. Gulliver has pointed out similar varieties. (Pro-
ceed. of Zool. Soc., No. 81.) (See also Lancet, Aug. 1842.)
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The fibres which have been described as peculiar to the dartos
seem to be nothing more than a certain modification of the areolar
tissue in that region. The erection of the penis may be, in part,
owing to the compression exerted on the superficial veins of the
organ by a continuation of a structure analogous to the dartos, which
is continued over the base of the penis under the skin. The erection
of the nipple also occurs, on any mechanical irritation, with a motion
so very like muscular contraction, that a layer of these might per-
haps be found under the skin of that region. And it may be matter
of question how far the general contractility of the skin may be de-
pendent on a diffusion of this tissue, in small quantities, throughout its
areolar structure. The excretory ducts of all the larger glands seem
to possess a covering of fibres pertaining to this variety: such 1s the
case with the ductus choledochus in birds,and probably in mammalia,
and with the ureters and vasa deferentia. The bronchial tubes may
be here alluded to in their capacity of an excretory apparatus, as
furnishing the best marked example of this arrangement. 'The
trachealis muscle consists evidently of the unstriped fibres, and the
same may be traced down the bronchial ramifications as far as the
air-cells themselves, though not into them. The distinctive charac-
ters of this form of muscle may here be unequivocally discerned ; and,
if anatomists had been better acquainted with them, there would not
have been room for those disputes regarding the muscularity of the
bronchial tubes which have so long attracted the interest of practical
physicians. Recently, indeed, there has been added to the satisfac-
tory evidence of anatomy the fact, that these fibres may be excited to
contraction by the galvanic stimulus. (Dr. C. J. Williams, on Dis-
eases of the Chest. Last edit. Appendix.) In the case of other
glands, it is still unknown how far the muscular coat invests the
ramifications of the duct: it'1s most likely that it gradually ceases a
short way within the organ, and at least it seems clear that no portion
of the secreting membrane itself is ever invested by it.

Distribution of the two kinds of fibre in the animal scale.

The striped fibres have been found in all vertebrated animals, and in insects,
crustacea, cirropods, and arachnida; and future researches will probably show
them to be even more extensively diffused. But in the lower animals we find
that the distinctive characters of the two varieties begin to merge together and be
lost; especially where the fibres are of diminutive size. The transverse siripes
grow irregular, not parallel, interrupted; a fibre will, perhaps, possess them only
near its centre, where its development is most advanced, and its contractile
energy greatest. Even the peculiarities of the unstriped fibre are sometimes no
longer to be met with in parts which are undoubtedly muscular, as the alimentary
canal of small insects. It is evident that fibres of the usual bulk would be greatly
too large for the requirements of the case; and they consequently seem to be
reduced within limits which deprive them of those anatomical characters by
which alone we ean elsewhere positively aver their existence. It is possible that
a tissue identical in nature and properties with that of striped muscle, may be the
effective agent to which are due those wonderfully vivacious movements witnessed
in the bodies of many of the minutest infusoria, where the best microscope can
hardly discern even the organs pat in motion.
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Each one of the elementary fibres now described may be properly
regarded as a distinct and perfect organ. In some of the smaller
forms of animal life, we have examples of a striped muscle consisting
of a single fibre; and not only so, but this fibre reduced to a single
series of sarcous elements, or a fibrilla. But in all the larger animals,
and in the human body, with which we are specially concerned, soli-
tary fibres never occur: they are always aggregated in parallel series
of greater or smaller size, and associated with other tissues, which
minister to their nutrition, or to their nechanical connection either to
one another or to neighbouring parts. Thus the compound organs
termed muscles are formed.

In these, the angular figure of the fibres results from their contact.
The sets in which they are packed usually contain ten, twenty, thirty,
or more; these again being united into larger sets, and so on, so as to
form the variously sized fasciculi and lacerti of Prochaska and others,
until the whole muscle 1s formed, consisting, it may be, of very many
thousands. Though the fibres of a small set are always parallel, and
‘the primary sets usually so, it often happens that the larger sets are
placed obliquely to one another, and therefore do not act in the same
direction ; and, even when all are parallel to one another, they are often
oblique to the cord or tendon their force acts upon. Such muscles
are styled doubly or singly penniform, from their resemblance to the
plume on a writing-quill. All such arrangements, infinitely varied,
are mechanical contrivances by which symmetry of form, or extent of
motion, is obtained at the expense of power.

White fibrous tissue reaching from the end of a muscular fibre to
some structure which is to serve as a fixed attachment for it, or which
it is intended to -move, is called a fendon. The fibrous tissue thus
running from many contiguous fibres (as those of a whole muscle) is
usnally united into a single tendon. -This may be lamellated, cordi-
form, &c., according to the arrangement of the muscular fibres them-
selves (see p. 81).

Tendinous fibres are much less bulky than the muscular fibres of
which they are the prolongation; and from this result many conse-
quences. Tendons are employed for symmetry, and where muscular
structure would be useless, from the mechanical impossibility of more
than a certain amount of motion in a part. Moreover, where a muscle
consisting of a large number of fibres hasto be attached to a large sur-
face, the tendinous fibres are diffused; but, if the same muscular sub-
stance has to be fixed to a small point of bone, the tendon must be
collected- into a cord. Now, it would be impossible for all these
muscular fibres to be attached to the tendinous ones on the same
level, on account of the great difference in bulk between the two
structures. Hence, in such cases, we find the muscular fibres to end
in tendon in regular progression one after the other, and the tendon
at its muscular extremity to be expanded,-some of its fibres being,
long, others short. And yet the inconvenience which would ensue
from the muscular fibres being of unequal length in the same organ,
is counteracted by the tendon at their other extremity having its fibres
precisely reversed ; as in the rectus of the thigh, and numerous other
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instances. Where muscular fibres are really of different lengths in a
muscle, it is because, from the direction in which they act, they have
to shorten to different degrees. Thus, in the square pronator of the
fore-arm, the deeper and shorter fibres are attached to a part of the
radius, which in pronation passes through a much smaller space than
that to which the superficial and longer fibres are fixed : and under the
innumerable modifications of muscular form in man and animals, how-
ever force is sacrificed to mechanical exigencies, or other causes, it
is invariably accomplished with the utmost economy of power con-
sistently with the end in view ; there is never any waste, never any
force provided which is not wanted.

Where a great mass of fibrous tissue runs into a muscle, the num-
ber and obliquity of the muscular fibres are very much increased,
while the length of each is diminished ; and, as a general result, the
power of such a muscle is great, the extent of its contractions com-
paratively limited.

A given mass of contractile material may be arranged as a few long
fibres (as in the sartorius), or as many short ones (as in the masseter);
its contractions would, in the former case, be characterized by their
extent ; in the latter, by their power: for, celeris paribus, the extent
is as the length, the power as the thickness.

The terms origin and insertion are employed with great convenience
in ordinary language to denote the more fixed and the more movable
attachments of muscles. In human anatomy general consent has
sanctioned their use, and even with few exceptions their particular
application to each muscle in the body ; although this assignment is
1n many cases arbitrary, in consequence of its being impossible to de-
termine which attachment is the more frequently the fixed one.

The arrangement of the fibres in the feart is very peculiar. With-
out attempting a particular account of their course, we may state that
they do not preserve the same parallelism, nor extend straight be-
tween two points, as in the voluntary muscles, but twine round one
another, and around the organ, in a very intricate and more or less
spiral figure. Most of them come from the tendinous cord encircling
the orifices of the ventricles, and, after winding through their walls,
return either to some part of the same circle of tendon, or end as one
sort of columna carnez in the ventricles by union with the chorda
tendinez. .

In the muscular coat of the alimentary canal, of the bladder and
uterus, the unstriped fibres are disposed, as in the heart, so as to
enclose a cavity, but without having, as in that organ, any point at
which they can be said to commence or terminate. In the alimentary
tube they are arranged in two lamine, the respective fibres of which
take a course at.right angles to each other. 1In the bladder the ar-
rangement is reticulate. The elementary fibres form sets of variable
thickness, which at numerous points send off detachments to join
neighbouring bundles, whence has sprung the notion that the fibres
are branched. It is manifestly, however, the sets of them only that
are branched ; the unstriped, like the striped fibres, being invariably
simple from end to end. In the uterus the disposition of the fibres is
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essentially similar, calculated to allow of great variety in the capacity
of the cavity they encircle.

Of the areolar tissue of muscles.—This tissue is much more abun-
dant in the voluntary than in the involuntary muscles. To the
former it gives an external investment, which sends septa into the
intervals between the larger and smaller packets of fibres, and thus
enables them to move in some degree independently of one another.
The density of these general and partial sheaths is proportioned to
the amount of pressure to which the organ may be subject, as is ex-
emplified in the superficial muscles of the back, and in those super-
ficial muscles generally where a fibrous aponeurosis does not exist.
The areolar tissue does not usually clothe every individual fibre from
end to.end, giving it a cellular sheath, except in cases where the
elementary fibres are of large dimensions. The areolar tissue, besides
affording protection to the muscular fibres, admits of motions between
them; and, by forming a connecting bond between neighbouring
bundles, it must also serve the important office of limiting undue
motions of one part of a muscle on another part. But a principal use
of it appears to be that of furnishing a resisting nidus in which the
delicate vessels and nerves can traverse the interstices of the fibres,
and by which they can be protected from hurtful dragging during the
unequal and oscillating movements of the fibres of a voluntary muscle
in its state of activity. This idea is supported by the fact that scarcely
any areolar tissue exists in the heart, or in the unstriped muscles
generally. In the heart, though the contraction is powerful, it is
instantaneous, or nearlyso, and therefore probably more uniformly dif-
fused, so that neighbouring fibres must be less moved on one another
than in the more sustained contraction of a voluntary muscle. More-
over, the mutual intertwining of even the elementary fibres in this
organ Is in many parts of it so intricate, as to contribute much to their
mutual support; and, in the other involuntary muscles, the contrac-
tions are. slowly and evenly progressive along the fibres of the same
set.

Qf the blood-vessels of muscles.—The arteries and veins of muscles
commonly run together; and most of the arterial branches, to within
two removes from the capillaries, are accompanied by two vene
comifes. They invariably pass more or less across the direction of
the fibres, divide and subdivide, first in the intervals between the
larger sets, then between the smaller sets, till the ultimate twigs in-
sinuate themselves between the fibres composing the smallest bundles,
and break up into their capillary terminations. In this course the
vessels supply the areolar tissue, their own coats, and the attendant
nerves. 'The capillary plexus of the areolar membrane consists of
irregular but pretty equal-sized meshes, and contrasts strongly with
that of the muscular tissue itself. o )

The proper capillaries of muscle are quite characteristic in their
arrangement, so that a person, who has once seen them, can never
afterwards mistake them. They consist of longitudinal and transverse
vessels: the longitudinal always following the course of the element-
ary fibres, and lying in the intervals between them; the transverse
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being short communications placed at nearly. equal distances between
the longitudinal ones, and crossing nearly, or quite, transversely over
or under the fibres. The manner in which the longitudinal vessels
are placed in relation to the fibres, is seen in fig. 36, represented
as they are seen on a transverse section. They usually occupy the
interstice between three or more fibres, but sometimes also the space
between the contiguous surfaces of two fibres. The length of the longi-
tudinal vessels does not usually exceed the twentieth of an inch; in
other words, the terminal twigs of the artery and vein pertaining to
the same capillary are seldom further than that apart. The length of
the transverse anastomosing capillaries necessarily varies with the
thickness of the fibres over which they pass (fig. 36, B, a).

The diameter of the capillaries of muscle varies, like that of others,
with the size of the blood-particles of the animal. It is, however,
only just sufficient to allow of the particles to pass. If a fragment of

a frog’s muscle, perfectly fresh, be examined,
Fig. 47. series of blood-particles will be seen in the
e longitudinal capillaries. These particles are
compressed and elongated, sometimes te a
great extent, evidently by the narrowness of
the canal which contains them. It may seem
at first sight not doubtful that in the living
creature these elastic blood-discs are similarly
elongated in their passage through the vessels
of muscle, but the admirable researches of
Poiseuille will perhaps serve to explain this
appearance without our being driven to sup-
pose the presence of so formidablean obsta-
cle to the capillary circulation through these
organs. It is more probable that the con-
traction of the vessels, and the compression
of the blood-discs, occur on the.escape of
some of their contents being permitted by
the cutting ofl’ of the fragment for microsco-
pic examination. The coats of the capillaries
of muscle consist of a simple diaphanous
membrane, in which a few irregular-shaped
cytoblasts occur at infrequent intervals.

It results from this description of the capil-
laries of muscle, that their number must cor-
respond nearly to that of the elementary fibres;

e consequently, that the same amount of mus-
Ius of museular fibres from the cular tissue, a”aﬂgEd as a large number of
nccicof the Dozi—a. Termmal - small fibres, would be supplied with a larger
twig of the vein. p. Plexusof absolute number of capillaries than if ar-
capillaries e Elementary fibre,
to show the relative si7: and -Tanged as a small number of large fibres.
f;fl'{ﬁ]‘:‘f’r’}‘ﬁfjf o I?L;vr}(uc}lll”ld This difference of vascular supply is exceed-
ate distributed. ingly remarkable, and will be reverted to in

: considering the contractility of muscle,
Of the nerves of muscle.—Nerves being the appropriate channel
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through Wwhich muscles are excited to contraction, we have now to
inquire into the manner in which the two tissues communicate
together. As far asis at present known, all muscles in the larger
animals have nerves distributed to them, and, if we extend the in-
quiry to those extremely simple and minute muscles which have been
already alluded to as existing in the smallest of living creatures,
though we can no longer trace nerves, yet our inability to do so pro-
bably depends more on a correspondmg simplicity of the nervous sub-
stance itself, so that it ceases to be anatomically recognizable, than
on its entire absence. - So general is the connection of the two tissues,
and so apparently indispensable for the subjection of the muscles ‘to
the purposes of the organism of which they constitute a part that we
may regard it as constant and necessary.

The distribution of the nerves through muscular structures has
always been a subject of great interest to those who looked to this
line of i 1nqu1ry for some clue to the explanation, either of that won-
derful active connection subsisting between them, or of the nature of
the contractile act itself. But though the anatomical results aceruing
from this inquiry are of a highly satisfactory kind, considered in them-
selves alone, yet they cannot be said to have hitherto contributed in
any great degree to the elucidation of these mysterious questions.
The best mode of inspeeting the arrangement of the ultimate nervous
twigs is, to select a very thin muscle, as one of the abdominal mus-
cles of any small animal, or one of the muscles of the eye of a small
bird, to steep it in weak acetic acid,

and then to thin it out under the Fig. 48.
compressorium. The primitive tu- | L
bules of the nerve may then be & 1( RO
readily distinguished with a mode- TS

rately high power. They separate N

from one another at first in sets,
afterwards in twos, threes, or fours ;
and, if these be followed, they will

be found ultimately separating from \
one another, forming arches, and \\\\
- returning either to the same bundle =T

from which they set out, or to some
neighbouring one (fig. 48).

In this loop-like course they ac- = 1
company to some extent the minute
blood-vessels, but do not accurately
follow them in their last windings,
since their distribution is in a differ-
ent figure. They pass among the

fibres of the muscle, and touch the |
sarcolemma as theypass; b.Ut’ as far Loop-like termination of the nerves in vo-
as present researches have informed luntary muscle.— After Burdach.

us, they are entirely precluded by

this structure from all contact with the contractile material, and from
all immediate intercourse with it. How then shall we explaln the

7
W _
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transmission of the nervous influence to a material thus enclosed ? If
it were wise or safe to go a single step in advance of pure observa-
tion on so abstruse a question, we might suggest, resting. on the
seemingly sure ground of exact anatomy, that this influence must be
of a nature capable of emanating beyond the limits of the organ which
furnishes it. But further than this, as to how, or to what extent this
influence may so emanate, or as to what may be its nature, it would,
perhaps, in the present state of knowledge, be hardly warrantable
even to speculate.

. The number of fibres in a muscle is always exactly proportioned to
the power demanded, and their length to the amount of shortening
required of them; but, these circumstances being secured, muscular
parts are subject to great variety of forin, being short, thick, or
rounded, long, slender, or flat, according to their position relatively
to particular bones, joints, other muscles, or the like. Thus, all are
compactly knit and adapted to work in concert, without any mechani-
cal interference with one another ; and perfect symmetry, both of shape
and action, is provided for.

We notice that the muscles are arranged on the skeleton in a great
measure in sets, having opposite actions ; as, for example, the flexors
and extensors, pronators and supinators of the fore-arm. It is evident
that the action of every muscle depends solely on its mechanical at-
tachments, and that a tendon running round to a different side of a
limb might quite reverse a given action. But we find that in general
the muscles of the same set are designed to act together, not only by
their attachment on the same side of a joint, but by a supply of nerves
from the same source (congeneres). Yet even this can confer uo
special action of extension or flexion, but only an association of ac-
tion which may be both at once ; for example, the flexors of the toes
extend the ankle, and the extensors of the toes bend it. Even a
single muscle, the rectus femoris, flexes the thigh, and by the same
action extends the leg. Muscles opposed in action are termed an-
tagonists. 'This antagonism is in most cases required by the neces-
sity there is for an active moving power in opposite directions ; but
it serves the important accessory purpose of elongating muscles when
they cease to be contracted, as we see illustrated by the presence of
elastic or some other force for the same purpose, when there is no
antagonist muscle. When antagonists act together, the part is fixed.

The locomotive framework may be regarded as a series of levers,
of which the fulcrum is for the most part in a joint, . e. at one ex-
tremity, the resistance at the further end, and the power (or the
muscle) in the intermediate portion. In most cases the muscles are
attached very near the fulcrum, as in the familiar instance of the
biceps, inserted into the tubercle of the radius. By this disposition,
a contraction of a single inch in the muscle moves the hand in the
same time through the extent of a foot, but then the hand moves
through every inch with only the twelfth part of the power exerted in
the muscle; 4. e. a resistance at the hand equal to one-twelfth of the
force of the muscle would stop its motion. Thus, force is converted
into extent and velocity of movement, at the same time that the great
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inconvenience is avoided of having the muscles extended like bow-
strings between- the distant ends of jointed continuous levers. By
the junction of two or more levers in one direction, as in the dif-
ferent segments of the extremities, the extent and velocity of their
united actions are given to the extreme one. A blow of the fist may
be made to include the force of all the muscles engaged in extending
the shoulder, elbow, and wrist.

In the conspicuous example of the tendo-Achillis, inserted into
the os calcis, the resistance (or the weight of the body) rests on the
astragalus, intermediate between the power and the fulcrum, which
is here the ground, pressed by the ball of the foot. The extent and
velocity of motion are here converted into power. If the tendo
Achillis draws on the heel when the foot is off' the ground, the front
part of the foot is extended on the lower end of the tibia as a ful-
crum, and exhibits an instance of the other of the three varieties of
lever.

Of the function of muscles.—The great property of muscular tissue
1s that of shortening in a particular direction, and this property is
called contractility. It is not that mechanical power which elastic
substances possess of shortening themselves on the removal of some
force which has stretched them, but it is an endowment, responsive
to appropriate stimuli, and diminishingor disappearing with the healthy
state of the tissue (p. 69-70).

The distinction between the contractility, the elasticity, and the
physical tenacity of a muscle may be illustrated by the following imag-
inary experiment: Suppose the leg of an animal so severed from
the trunk as to hang by a single muscle, which, after retaining its
contractility for some time, were gradually to lose it. The limb
would at first be borne up by the contractile power: 'but, as that
ceased, the muscle would elongate under the weight, and the limb
would remain suspended simply by the tenacity of the part. If, now,
the muscle were stretched between the hands, we should find it to
possess some slight elasticity. The elasticity and much of the tena-
city of muscles are attributable to the sarcolemma, and to the ca-
pillary and areolar tissues. It does not appear that elasticity is in
any degree a property of the sarcous elements, and their tenacity must
be comparatively slight: but it is the sarcous tissue alone that pos-
sesses contractility. .

Although it is universally allowed that the muscular tissue is the
contractile substance, yet the strange question has been raised, and is
still warmly debated, whether it possesses this power in itself, and in-
dependently of all other tissues: some contending that nerve 1s neces-
sary to confer contractility on muscle,—to charge it, as it were, with
this property ; others, that nerve is only necessary to call it into action;
and others, that the property is the essential attribute of the tissue,
and totally independent of all nerves. The time is past when the
intricacies of this keen contest can be threaded with any benefit to
the student, and we therefore refrain from attempting to follow them.
We shall prefer offering him a view of the facts of the subject, as at
Ppresent known, drawing our conclusions as they arise.
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The contractility of muscle is exhibited in two varieties of contrac-
tion, passive and active.

Passive contraction is that which every muscle is continually prone
to undergo, by the mere quality of its tissue, as long as it remains in
its natural situation in the body. The muscles are ever kept on the
stretch by the nature of their position and attachinents, and cannot
have their ends so approximated, by attitude or otherwise, that
their tendency to shorten themselves shall cease. If, for example,
the rectus muscle of the thigh have its extremities brought as near
together as can be effected artificially by posture, they would yet be
found to approach still nearer on being freed from their attachment to
the bones. The stunulus to this contraction may be therefore con-
sidered to be that of extension. Infractures and dislocations attended
with shortening of the limb, the muscles adapt themselves permanently
to their shortened state by virtue of this property. This tendency to
contract has been distinguished by the term refractility, fromn its being
manifested by the retraction that occurs when the belly of a muscle is
cut across. But, in this instance, the retraction would appear to be
in part caused by an active contraction excited by the stimulus of the
injury. It has been also styled fonicity. It is well exemplified inall
those contracted states of muscles which follow paralysis of their
antagonists, as when the features are drawn towards the healthy side
in hemiplegia. The passive contraction of muscles is continually op-
posed to theirelongation by the active or passive contraction of antago-
nists, and restores them when that subsides. By it they are accom-
modated to an attitude artificially given, when no muscular effort is
required to maintain it. When no active contraction is present in a
limb, the passive contraction remains; and being brought to a state
of equilibrium in all the muscles, by their mutual antagonism, the
limb is said to be at rest. This is the general condition during sleep,
in which the posture assumed by the limbs is determined by the re-
lative power of antagonist muscles: the flexors overcome the exten-
sors, and hence the limbs are bent.

Active contraction is attended with those striking manifestations of
powerthat specially characterize muscle. It is always excited bya local
or partial stimulus, and is always exerted in opposition to another force
within the body, which it is able more or less completely to master.
The. opposing force is generally the passive contraction of antagonist
muscles, as well as the weight or resistance of some part upon which
the muscle acts directly; but it may be the elasticity of parts, or, in
the case of hollow muscles, the resistance of their own contents.
Active contractions are also frequently opposed to one another in the
maintenance of a fixed posture.  Active contraction is partial and in-
terrupted, both in extent and duration. It requires intervals of rest,
being attended with exhaustion of the power which produces it; which
exhaustion, in the voluntary muscles, is attended with the sensation
called muscular fatigue.

The contractility of muscles, therefore, is being ever exerted, in
obedience to the equable stimulus of tension, without fatigue, in the
production of what we have termed passive contraction; when it is
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affected by a powerful, partially-applied stimulus, active contraction
results, inducing the necessity for subsequent rest. But there seems
no good ground for supposing the contractile force to differ in its
nature, when exhibited under these different modes of action.

Stimuli to muscular contraction.—Whatever is capable of inducing
contraction in the muscles, when either naturally or unnaturally ap-
plied to them, is termed a stimulus. In the living body, the muscu-
lar fibres are in most instances made to contract by the immediate
influence of the nervous tubules distributed among them; and this
influence, however called into play, should be styled the nervous
stimulus, or the vis nervosa. This nervous stimulus, then, is simply the
effect of such acondition of the motor nerves as enables them to induce
contraction in muscular fibres which are in the due relation to their
terminal loops. Of the nature of this condition, and of the mode of its.
production, we are as completely ignorant as we are of the nature of all
those other conditions of the nervous system on which the manifestation
of its various phenomena depends; but we know some little of the
agents by which the nerves are thrown into this state. The chief of
them -are volition, emotion and impressions carried by the afferent
nerves to the nervous centres, and there affecting the efferent, or motor
nerves, independently of volition or consciousness ; but to these are to
be added various impressions from diseases and injuries of the motor
nerves, either at their origin or in their course, together with pressure,
heat, chemical substances, electricity, &c., applied to' their texture.
The former are the natural excitants of the nervous stimulus in the living
body; the latter may be proved to possess this property by observation,
and by experiments on nerves distributed to muscles, eitherin the body,
or soon after their removal from it. 'The power of inducing contraction
in the muscles is an endowment of those nerves only which have a
certain organic connection with the muscles; and these nerves are,
therefore, distinguished as motor. -

There are other stimuli of muscle besides the vis nervosa, which
occasion contraction in the living body ; but, in general, these affect
only the hollow muscles. Experiment has, indeed, shown these mus-
cles to be under the influence of motor nerves derived from the spinal
marrow ; but it seems probable that some of them, at least, are nor-
mally excited to contract by the stimulus of stretching or distension,
to which they are peculiarly liable from their arrangement as invest-
ments to hollow viscera. Muscles have not the capacity of elongating
themselves that has sometimes been ascribed to them : when once
contracted, they remain shortened, notwithstanding the contractile
force have subsided, unless their ends be drawn apart by some ex-
traneous force. This force is that which has been already specified
as being always exerted in opposition 'to active contraction in the
living body. In the case of the voluntary muscles, this force always
continues to act after the active contraction has ceased ; but in the
case of the hollow muscles, where it consists of the resistance of their
contents, it sometimes happens that these, when removed, are not at
once replaced ; and hence an enduring contraction, though the active
contractile force is no longer exerted. Thus an empty intestine 1s
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reduced to the size of a tobacco-pipe, and the sphincters of the anus
and bladder are kept contracted, without any tetanic spasm, or per-
manent expenditure of contractile force, as has been sometimes sup-
posed.

Now, the stimulus of distension is, in the first instance, nothing
more than the elongating force which calls into play the contractility
of a muscle under 1its passive form: and there is this peculiar to it,
that it affects equally every point of the substance of each fibre, which
no other stimulus can do: and hence would result the uniformity
which will presently be shown to characterize passive contraction,
for contraction is an answer to a stimulus. This consideration tends
strongly to confirm the view which we have taken of the identity of
the forces displayed in passive and active contraction, of fonicity and
contractility.

Other stimuli may be mentioned as capable of causing muscular
contraction by their direct agency on the tissue; but it is important
to observe that these take no share in the production of natural
contraction in the healthy body. It was long supposed impossible to
observe the effect of stimuli on the muscular tissue when isolated
from the nervous; and the fact, that the artificial stimuli which in-
duced contraction when applied to a muscle itself, were the same
with those which induced it when applied to the motor nerves, was
considered sufficient proof that in the former case the effect was pro-
duced through the medium of nervous tissue still mingled with the
muscular,

But this question has been brought to an issue by the positive ob-
servation that fragments of the fibre of voluntary muscle, entirely
isolated from every extraneous tissue, whether nerve or vessel, may
be made to contract in obedience to a stimulus topically applied to
them. When such fragments are examined, they are found to con-
tract first of all where they have sustained mechanical injury, viz.
at their broken extremities; and, if water be brought into contact
with them, it is absorbed, and thereby excites them to contractions,
which commence at their surface.* The same thing is frequently
to be observed under a different form. A particle of foreign matter,
as a hair or a piece of dust, may be included by design or accident
in the field of the microscope, so as to touch the side of a fibre at a
single point. 'When this happens, the fibre will often exhibit a con-
traction, so plainly limited to the point touched, as to give unequivo-
cal proof of its being the result of the irritation of the pressure. Che-
mical substances may be seen to act similarly, if they be not so
powerful as to destroy the texture of the part : and it is probable that
electricity has a like agency. These interesting phenomena may be

* Water has Jong been known as a rapid exhauster of the contractility of mus-
cles. “Rigidity is produced almost instantaneously if warm water be injected into
the arteries of a muscle. The flesh, under these circumstances, becomes pale, in-
creased in bulk, and suddenly hardens. The operation of crimping fish ‘consistx
in dividing the muscular fibre before it has become rigid, and immersing it in
spring water. A small part treated in this manner contracts and hardens within
five minutes.”—Mayo, Physiol,, p. 38. It exhausts contractility by inducing vio-
lent contraction, by whieh the fibre is ofien disorganized.
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observed more or less satisfactorily in all animals whose fibres retain
their contractility for a sufficient length of time after removal from the
body; and the crab and lobster will be found very favourably adapted
for the purpose. In many repliles, and fish also, the steps occur
slowly enough to be adequately scrutinized.

The facts in question can admit only of one explanation, if it be
conceded that the muscular tissue has been here separated from the
nervous: and certainly that separation has been effected, unless the
nervous tubules send off from their terminal loops a set of fibrils
,which penetrate the sarcolemma, and diffuse themselves through the
contractile material within; a supposition for which there exists, at
present, no foundation in the observations of the most diligent investi-
gators of this subject. They will, therefore, probably, be regarded
as conclusive proof that contractility is a property inherent in the very
structure of muscle, and capable of being excited to action independ-
ently of the instrumentality of nerves.

An interesting phenomenon has been pointed out by Dr. Stokes,
which, when illustrated by the foregoing observations, we may safely
consider as an example of contraction in the living body in answer to
a physical stimulus. In various cases of phthisis, and, indeed, in
all cases attended with emaciation, a sharp tap with the fingers on
any muscular part is instantly followed by a contraction, and by
the rise of a defined firm swelling, at the point struck, enduring
several seconds before it gradually subsides. This is often so pro-
minent as to throw a shadow along the skin, and for. the moment it
might almost be mistaken for a solid tumour. That it is limited to
the point struck is full proof of its being a direct effect of the irrita-
tion, and not produced through the medium of nerves; for a contrac-
tion excited in the latter mode would be diffused over the parts to
which the nervous twigs irritated were supplied, and would therefore
frequently occur in parts at some distance.

Haying premised these words respecting the stimuli of muscle, we
proceed to consider what is known of the phénomena which attend:
the act of contraction. It is evident that the subject we are now
approaching is one of primary importance, because on the positive
information regarding it must chiefly depend our means of judging of
the conflicting hypotheses of the nature and laws of action of the con-
tractile force.

A muscle, when contracted, is firmer than before ; but this rigidity
is proportioned rather to the intensity of the contractile force exerted,
than to the amount of shortening occasioned by it. The circumstance,
however, has led to the belief, that the act is accompanied with a
compression of the substance of the muscle into a smaller compass ;
but 1t is, on the contrary, well ascertained that it gains in thickness
what it has lost in length. The experiments by which this fact is
attested have been often repeated, and their general results accord
well together. If a muscular mass be made to contract by means of
galvanism in a vessel of water furnished with a very delicate tube,
the slightest diminution of bulk would be at once indicated by the
fall of the water within the tube ; but the water, under these circum-
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stances, is found to retain its level. Mr. Mayo varied this experi-
ment by selecting the heart of a dog, (Anat. and Phys. Comment. vol.
1. p. 12,) which, continuing to beat during some time, was in this
way distinctly seen to undergo no change of size.

The familiar practice of accelerating the flow from the vein at the
elbow by desiring the patient to contract the muscles of the fore-arm,
does not, as 1s sometimes imagined, show any diminution of their
bulk, but only a forcible increase of their lateral dimensions, by which
the deep veins are compressed within the inelastic sheath of fascia,
and the blood diverted 1nto the superficial channels. In those mus-
cles which have a bulging centre or belly, as the biceps of the arm,
the fibres are arranged in a curved form, and during contraction must
tend towards a straight line in the direction of the axis of the muscle.
In such instances the blood-vessels that traverse their interstices must
be in some degree compressed.

If we examine under the microscope the contracted state of a mor-
sel of the sarcous tissue, we find 1t to present essentially the same
characters as that of the entire organ, a shortening in length, with a
corresponding increase in thickness ; and this 1s true, however minute
the fragment may happen to be. This is all that can be said in gene-
ral of the visible features of this remarkable phenomenon. Late
investigations, instead of explaining the manner in which contraction
is effected, by showing its dependence on forces previously under-
stood, have only served to display the inadequacy of the coarse and
mechanical hypothesis, that physiologists have been so prone to con-
fide in, and to make it more than probable that they must ever be
content to repose upon the fact above stated, as the simplest which
the most refined microscopical analysis will ever disclose,

All muscle retains its contractility for a longer or shorter period
after its separation from the body, or after death. During this period
contractions may be excited by the nervous, and all other stimuli,
which we can apply to it ; and 1t is certain that these contractions are
the same in their nature with those occurring in the living body under
natural influences. Being also easy of inspection, they are admirably
suited to the display of the minute changes occurring in muscle during
its active state.

The muscle with striped fibres is peculiarly adapted for the display
of these changes ; for, its texture not being homogeneous, but marked
throughout with perfect regularity into spaces or particles so minute
as to require to be very highly magnified before they can be even
seen at all, the anatomist is provided with the means of detecting
movements, which, without this circumstance, must have remained
concealed.

When a piece, refaining its_contractility, is torn up into its ele-
mentary fibres, the fragments of these, when placed in water, are seen
to undergo a slow movement at certain points, especially where they
have suffered violence, as at their broken extremities. This move-
ment consists of a shortening and thickening of the material com-
posing the fibre, as is shown by the general outline of the part, but
especially by the appearances visible in its interior. The transverse
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stripes, both light and dark, become longer and thinner: in other
words, the discs expand in circumference, flatten, and approximate
to one another; or, to use another form of expression, the fibrille
become shorter and thicker, both in the particles composing them and
the material connecting those particles (fig. 49).

- These changes are always local, or partial ; and it is most evident,
from the characters they constantly present, that they are not limited
to any determinate regions, points, or segments, but occur indifferently
wherever the exciting cause may chance to be exerted. Neither discs
nor fibrille appear to have the smallest share, as aggregations of par-
ticles bearing those particular forms, in producing the phenomena of
contraction. A contraction is never bounded to a particular number
of discs or fibrille, and is never accurately limited by the interval
between two discs. It constantly happens, that at the edge of the
contracted part, several discs are only partially engaged in it. A
contraction generally, when commencing at the broken end of a fibre,
occupies its whole width there ; but, when it commences at thie border
of the fibre, it may be confined to a portion of many discs: and, fur-
ther, the contractile force is never exerted along the whole length
of a fibre or fibrilla at once. A contraction excited in an elementaty
fibre by the contact of a hair extends into the mass equally in all
directions, as we might suppose it would do, if the mass were homo-
geneous.

An attentive study of these interesting phenomena will lead to the
conviction, that, in the bare fact of contraction, the build of the fibre
is an item of no importance whatever: the exquisite symmetry dis-
played in the apposition of its component particles is, as it were, dis-
regarded and overlooked; while the whole process is to be referred
to the material itself, the ultimate tissue, whose property is contract-
tlity. This property appears to reside both in the ‘particles and the
substance connecting them.

The ultimate movements, therefore, on which contraction depends,
whatever they may consist in, are molecular, and far beyond the reach
of sense. )

It will be perceived that this view of the subject is the only one
which can harmonize the fact of contraction in voluntary muscle with
the same phenomenon in structures which have no complicated internal
arrangement of particles, as, for example, in the unstriped fibre; and
the contractility manifested by fibrine, immediately after coagulation,
is a property too nearly allied to the contractility of muscle (a form of
fibrine) not to give it additional credibility. o

In regarding contractility, therefore, as a property of the living
muscular fibre in general, it is meant that it resides in itas a property
without which it would not be muscle ; and in such a manner, that no
particle, however microscopic, can be detached from muscle which
does not of itself, and independently of the rest, possess this property
as long as it possesses vitality.

12
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Of the differences between the minute movements of Muscle in passive
and active contraction.

In passive contraction.—It is perhaps impossible in the higher ani-
mals to observe the nature of the microscopic movements occurring
in muscle in its ordinary state or during its passive shortening; but,
in the lower and smaller forms of life, this may sometimes be accom-
plished. It may always appear doubtful, however, whether any con-
traction that may be here witnessed be entirely of the passive kind,
and consequently the movements here noticed are not worthy of -im-
plicit reliance. But it is more easy, and quite as satisfactory, to bring
a muscle underinspection, which is still iz situ and in equilibrium with
its antagonists : in such, contractile force is being still exerted, though
its full effects are prevented from taking place. This may be donein
various small animals : perhaps the tail of small fish, or of the tadpole
of the common frog, is the best adapted for the purpose. In the latter,
deprived of its integument, we have obtained such a view, and have
found the contraction to be quite uniform throughout, the transverse
stripes being stationary and equidistant. This is nothing more than
might have been expected on & priori grounds. The contraction,
being the effect of the passive exercise of the property shared equally
by all parts of the tissue, would be equal in equal masses; and, as
the elementary fibres are of precisely equal width and substance from
end to end, no part of them could predominate in action as long as
only the equable stimulus coincident with their natural state of tension
were applied.. It may be concluded, therefore, that passive contrac-
tion is attended by a movement absolutely uniform throughout the
whole mass of an elementary fibre, or of a muscle.

In active contraction, the case is far otherwise, as may now be con-
sidered proved by a considerable body of evidence.

It might be argued, prior to direct proof, that active contraction
must be partial, at least at its commencement ; because the stimuli
which occasion it cannot, in their very nature, be applied to every
particle of the fibre at one and the same instant of time.

_ Certain features of the phenomena witnessed under the microscope
in fragments removed from the body, and contracting in water, have
- a close bearing on the present

Fig. 49. question. It has been already

said, that such contractions are
uniformly partial ; but they pre-
sent two further varieties, either
remaining in the part where they
first occur, or leaving it as they
advance to others in the neigh-
Frafment of an elementary fibre (from the Eel) bourhood. The accidental cir-
partially eontracted in water. Magnified 300 dia- cumstances under which the frag.

meters.—a. Uneontraeted part. b Contracted

part, along the border of whieh the sarcolemma Iments are placed explain these
18 raised from the surfaece by the water that has. . e 4
been absorbed, that has thereby eau-cd the con- varieties. In the former case,

traetion. and by it has been expelled from t) -
b =l o) pe theeot™ the ends of the fragments happen
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to be freely movable, and are drawn towards each other, according to
the amount of contraction occurring in particular spots; and, as the
contractile force leaves these spots and engages others, the ends con-
tinue to approximate, the parts once contracted remaining so, because
there isno force to extend them. Hence the contraction appears per-
manent.

In the latter case, certain parts of the fibre (as its broken extre-

mities) are fixed more or less firmly, so as to offer a resistance to the
contraction that takes plaee ; this resistance enabling the contractile
force advancing to new parts to obliterate the traces of contraction in
the parts in which it is subsiding, by stretching them. The ends
usually become fixed in consequence of their being the first to thicken
from contraction, and from their thus receiving the pressure of the
lamina of mica or glass with which it is requisite to cover the object ;
and they are the first to contract, because irritated by being broken,
and by the water, which is absorbed soonest where the sheath is de-
ficient. This fixing of the ends brings the fibres in question nearly
into the condition under which they exist in the living body, where
it has already been explained that there is always a resistance to be
_overcome in active contraction. This particular variety of the phe-
nomenon, therefore, deserves special study. Those animals whose
muscles are most tenacious of their contractility are the best suited
for examination ; and, among these, the young crab or lobster may
be most easily obtained. .

In an elementary fibre from the claw, laid out on glass, and then
covered with a wet lamina of mica, the following phenomena are
always to be observed. The ends become first contracted and fixed.
Then contractions commence at isolated spots along the margin of the
fibre, which they cause to bulge. At first they only engage a very
limited amount of the mass, spreading into its interior equally in all
directions, and being marked by a close approximation of the trans-
verse stripes. These contractions pull upon the remainder of the fibre
only in the'direction of its length, so that along its edge the transverse
stripes in the intervals are very much widened and distorted. These
contractions are never stationary, but oscillate from end to end, relin-
quishing on the one hand what they gain on the other. - When they
are numerous along the same margin, they interfere most irregularly
with one another, dragging one another as though striving for the
mastery, the larger ones con-
tinually overcoming the smaller;
then subsiding as though spent,
stretched again by new spots of
contraction; and again, after a
short period of repose, engaged
in their turn by some advancing
wave : this is the first stage of
the .phenomenon (fig. 50). At

a subsequent stage, the ends of S ——— T —

to be showing aspot of contraction, and the sarcolemma
the ﬁbre commonly -y ilé):;lzréﬁ 'mpthe form of bulfaa by the expressed

ﬁxed, in Consequence of the in- water.—Magnified 300 diameters.
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termediate portions, by their contraction receiving some of the pres-
sure of the glass. The contractions, therefore, increasing in number
and extent, gradually engage the whole substance of the fibre, which
then is reduced to at least one-third of its original length.
The muscular tissue in these animals is comparatively tough; but
where it is more fragile, as in the frog, it may give way in the inter-
vals between spots of contraction, and be-

Fig. 51. come ruptured and disorganized in various
A I degrees. (Phil. Trans., 1840, p. 490, pl.

ESSEES

xix. fig. 75.) In fishes we have seen a
succession of phenomena similar to what
has been described in the crab; waves of
contraction advancing and receding, but
gradually augmenting in bulk, till the
whole fibre was finally contracted (fig. 51).

In all these examples, as long as the
ends of the fragment are fixed, and will
not yield to the convellent force, that force
is seen to be exerted in a momentary man-

Stages of contraction seen on one
oceasion in an elementary fibre of
the Skate. The uppermost state is
that previous to the commencement
ol aetive contraetion.

a. a. a. Successive “waves” of
contraction seen moving along one
margin ofthe fibre, marked by abulg-
ng of the margin, by an approxima-
tion of the transverse stripes. and by
a conscquent darkening of the spots.

b. b. b. Ninnlar “waves” still mov-
mg-along the fibre, but engaging its

ner in successive portions of the mass.
In proportion as theyyield to it, the re-
sistance which enabled the contraction of
new parts to stretch those from which it
was receding is removed, and the appear-
ances of contraction remain. A distinc-
tion is required between the contractile
force and the contraction resulting from

its exercise. The latter will be perma-
nent, if no force from without be exerted
to obliterate it by stretching ; for a contracted muscle has no power
of extending itself ; there is no repellent force between its molecules.
From these phenomena, therefore, it is possible to eliminate the
appearances resulting from a subsided force and to judge of the mode
and duration of action of the force itself. Thus sifted, they prove
that, even when directly stimulated by water after removal from the
body, a muscle contracts in successive portions, never in its totality
at once ; and that no particle of it is capable of exhibiting an active
contraction for more than an instant of time.
~ The appearances presented by muscle that has been ruptured by
its own inordinate contraction in fatal tetanus, in the human subject,
will supply the link wanting to connect the foregoing phenomena with
those occurring in healthy contraction during life: for tetanic spasm
differs from sustained voluntary contraction, only in its amount and
protracted duration, and in its being independent of the will; none of
which circumstancesare of essential importance in regard to the nature
of the act of contraction itself. =

The muscles are so arranged in the body, that no amount of con-
traction which the mechanism of the bony and ligamentous frame-
work will permit one of them to undergo, can by possibility occasion
the rupture of an antagonist, provided it remain relaxed: to be rup-

whole thickness.
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tured, the antagonist must be itself contracted. But a muscle, if
contracted beyond its natural amount, may be so resisted by mechani-
cal powers, in or out of the body, as to rupture itself. Hence, the
contraction of a muscle is a necessary condition, and generally the
essential cause of its own rupture: the other condition being a force
greater than the tenacity of the ruptured part, holding its ends
asunder ; which latter may be either the a¢tive or passive contraction
of antagonists, or mere mechanical resistance: but it is évident, that,
for a muscle to be ruptured by its own contraction, that contraction
must be partial, as is shown in the case of the frog’s muscle, already
mentioned.

An examination of muscle ruptured in tetanus is found to bear out
these observations in the fullest manner. (Phil. Trans., 1841, p. 69.)
The elementary fibres present numerous bulges of a fusiform shape,
in which the transverse stripes are very close together. These swell-
ings, or contracted parts, are separated from one another by intervals
of various lengths, in which the fibre has either entirely given way,
omis more or less stretched and disorganized. These appearances
are ynet with after all contractility has departed ; they are the vestiges
of the spasm during life. Yet in other muscles, which have been
likewise convulsed, but not ruptured, they are not found. Their
presence is, therefore, the resnlt of the rupture. They admit only of
the following explanation: the contractile force has operated at the
points found contracted, and, by its excess, the intermediate portions
have been stretched to laceration. Having once given way, the con-
tracted parts have become isolated, and can no longer have been
extended after the subsidence of contractile force ; they consequently
retain the form and appearances they possessed, when surprised, as
it were, by the rupture they have themselves produced of the inter-
vening parts.

Supposing, for a moment, that active contraction were an univer-
sal and-equable act, and that, by the superior power of an antagonist,
a weak muscle had been ruptured, the appearances resulting would
manifestly be entirely different from those now detailed. The fibres
beyond the ruptured point would have their transverse stripes uniformly
approximated.

It may be concluded from the preceding facts,—1st. That active
contraction never occurs in the entire mass of a muscle at once, nor
in the whole of any one elementary fibre, but is always partial at any
one instant of time:—2d. That no active contraction of a muscle,
however apparently prolonged, is more than instantaneous in_any
one of its parts or particles:—and therefore, 3d. That the sustained
active contraction of a muscle is an act compounded of an infinite
number of partial and momentary contractions, incessantly changing
their place, and engaging new parts in succession ; for every portion
of the tissue must take its due share in the act. o

Two phenomena yet remain to be mentioned, which, by admitting
of a satisfactory explanation on this view of the subject, give strong:
testimony to its correctness. )

The first is the muscular sound, heard on applying the ear toa
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muscle in action. It resembles, according to the apt simile of Dr.
Wollaston, (Phil. Trans., 1811,) the distant rumbling of carriage-
wheels ; or rather, perhaps, an exceedingly rapid and faint tremulous
vibration, which, when well marked, has a metallic tone. It is the
sound of friction, and appears to be occasioned by those movements
of the neighbouring fibres upon one another, with which the partial
contractions must be attended in their incessant oscillations.

The other phenomenon is one whose existence has been recently
ascertained by MM. Becquerel and Breschet, (Recherches sur la
Chaleur Animale. Archiv. du Muséum, tom. i. p. 402,) viz., that a
muscle, during contraction, augments in temperature. They have found
this increase to be usually more than 1° Fahr.; but sometimes, when
the exertion has been continued for five minutes, (as the biceps of
the arm, in sawing a piece of wood,) it has been double that amount.
This development of heat may be in a great measure attributable to,
and even a necessary consequence of, the friction just alluded to.

Thus it would appear, that in active contraction there is a disturb-
ance of the state of equilibrium, or rest, by the application of a speci
stimulus to certain portions only of each fibre ; by which first these
portions, then others in succession, are made to contract strongly, and
to pull on the extremities of the fibre through the medium of the parts
not so contracted. The contractions undulate along the fibre from
the point stimulated, and there is always a considerable part of each
fibre uncontracted. This will account for the remarkable fact, that
detached fragments of the voluntary fibre will contract by two-thirds
of their length ; though an entire muscle, in its natural situation, can-
not shorten by more than one-third. This great capacity of contrac-
tion in the tissue would be without a purpose, if it were not that it
only admits of momentary exertion, and therefore requires that in the
organ successive parts should take up the act, and by so doing,
render it, as a whole, continuous. In an active fibre the contracting
parts are continually dragging on those in which the contractile force
has just subsided, and which intervene between them and the extre-
mities of the fibre. These are thereby instantly stretched, and cotne
to serve the temporary purpose of a tendon; but one which resists
extension more by its passive contractility than by its mere tenacity.
It is these parts which in tetanic spasm suffer laceration ; which hap-
pens In consequence of the contraction excited by the vis nervosa
being then too powerful to be resisted by the passive contractility.

The preceding account of the minute changes occurring during
contraction rests on data furnished by the striped form of muscular
fibre; but there is nothing contained in it which seems at variance
with the little that is positively known regarding the contractions of
the other forn. The differences between the contractions of the two
varieties are almost certainly confined to the manner of exercise, and
do not extend to the essential nature of the act. Though the un-
striped fibre has not been studied by the microscope, during its active
state, with the same success as the other, yet the similarity of the
gross changes obscrved in it by the naked eye, to those seen in volun-
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tary muscle, forbids us to doubt the identity of the phenomenon in all
that is -essential to it as an act of contraction.

From the knowledge we possess, we are perhaps entitled to hazard
some further conjectures respecting the differences in the mode of
exercise of the contractile power in different cases.. In whatever
that mysterious power may consist, it would appear that the structu-
ral modifications of the two kinds of fibres are intimately connected
with the manuer in which it is capable of being exerted. Wherever
the striated structure occurs, we witness an aptitude for quick,
energetic, and rapidly repeated mnovements; while, where it is defi-
cient, they are sluggish, progressive, and more sustained.

The varieties in the character of contractions performed by striated:
muscles are very striking, especially that of the heart, as compared
with the prolonged action of the voluntary muscles. In both, there
is an alternate momentary action and repose of every contractile
particle : but in the heart the contraction is universal at one instant,
and the repose equally universal at the next; while, in the prolonged
action of the voluntary muscles, contractions of certain parts of each
fibre always co-exist with repose of other parts.”

The contractions of voluntary muscles differ greatly from one another
in duration, energy, and extent. Dr. Wollaston (Philos. Trans., 1811),
was of opinion, that the phenomenon of the muscular sound affords a
proof that the duration of a muscle’s contraction depends on the appli-
cation to it of a succession of distinct impulses; and this idea, accord-
ing very nearly, as it does, with the later evidence of observation,
appears, on the whole, the most satisfactory that has been advanced
on this abstruse subject. He also thought that the intensity of a con-
traction corresponds with the rapidity with which these imnpulses are
transmitted to it ; and this likewise may be, in part, true. But there
is, in addition to this, in all probability, a difference in the intensity
of the stimulus itself in different cases, producing a difference in the
size of each wave, a difference in the amount of contractile energy
exerted in each, and a difference in the rapidity with which the waves
oscillate along the fibre. 'The exfent of the contraction (the duration
and intensity being the same) will manifestly depend on the amount
of the length of the fibre which is contracted at once; but we are
ignorant whether this variation in amount is effected by a variety in
the number of ‘'waves, or in the extent of the fibre engaged by each
of them.

In describing the white fibrous tissue, we remarked the facility
with which its fibres are thrown into a wavy or zigzag course when
their ends are brought near together. The same thing occurs in the
nerves, and may be observed in almost any flexible non-elastic cord.
The muscular fibre easily assumes this zigzag course, when its ends
are approximated by any other force than its own contractility. It
may thus be at any time thrown into zigzag, long after it is quite
dead, and has lost all its contractility : and, 1n general, such zigzags

* By the expression “universal at one instant,” we do not mean absolutely so;
forobservation, and the presence of the museular sound, both declare that the contrac-
tion, even of 1he heart, though so apparently momentary, 1s progressive.
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occur at pretty regular intervals, determined by the force employed
and the flexibility of the tissue; and, when several fibres are lying in
contact, their zigzags usually correspond.

Now, such zigzags have been frequently observed in the living
fibre, of course accompanied with an approximation of its extremi-
ties; and some physiologists, mistaking the effect for the cause, have
concluded the zigzags to have occasioned the shortening. Dr. Hales,
and, long after him, Prevost and Dumas, examined this appearance
in the flat abdominal muscle of a frog, laid on glass, and made to
contract by a galvanic shock; and, noticing that the angles of the
zigzags corresponded in many places with the transit of nerves across
the fibres, they concluded that an electrical current, passing from one
to the other, occasioned the flexion of the fibres at the points of
contact,

This hypothesis, when first proposed, attracted great regard, from
its appearance of simplicity, and from its falling in with the then
favorite notion of the identity of the nervous influence with some
form of electrieity ; and without sufficient caution it was very generally
adopted. The facts previously stated, however, completely over-
throw it, and render an explanation of the causes of the error scarcely
more than historically interesting. It would appear that the galvanic
shock, when passed through a mass of fibres, affects them unequally,
some only being contracted by it: but these, by their cellular and
vascular union with others, draw towards each other the ends of the
uncontracted ones, and, of course, throw them into zigzag; and it is
most natural that the passage of nerves or vessels across them should
determine the flexures to take place at this or that particular point.
When some fibres are straight and others zigzag, and yet the ends of
all equidistant, it is clear that the straight ones are the short or con-
tracted ; the zigzag, the long or relaxed. So, also, when a living
muscle is laid bare in sifu, the air excites tremors and a zigzag appear-
ance on its surface, by the different fibres taking on non-simultaneous
contractions.

Schwann (Miiller’s Physiology, by Baly, p. 905), contrived an
apparatus by which he could estimate the varying foree of contraction
which a musele could evince under the same stimulus, (an electric
shock of a given power applied to the nerve,) when its length was
varied, by its passive contractility being balanced by different weights.
He sought to discover whether the contractile force was increased as
the contracting parts approached each other more nearly. If he had
found it so augmented, there would have been some reason for con-
necting contractility with the other forces of attraction with which we
are acquainted, the power of which increases with the nearness of the
points attracted, in the ratio of the square of the distance. But the
results of several ingenious experiments were quite opposed to this
notion; proving that, within certain limits, the power of a muscle to
contract under a stimulus is greater in proportion as it is less con-
tracted, and that it diminishes as the amount of contraction in-
creases.

Considering, as we are perhaps entitled to do, that an equal mass
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of each fibre, say one-third, was in contraction at any one instant by
each application of the stimulus, we may reduce the result of these
experiments to an estimate of the passive contractile power under
different amounts of stretching ; for then the varying amount of aggre-
gate shortening under the same stimulus would indicate the varying
amount of resistance to elongation afforded by the intermediate two-
thirds to the same amount of active contractile force in the one-third.

It is clear, from that which precedes, that contractility is a property
residing in the sarcous tissue by virtue of its chemical constitution,
and that it is capable of being called into action by other stimuli be-
sides the nervous. That it departs with life, is a proof that those
actions of waste and nutrition, concomitant with the flux of life, are
essential for its integrity. 'We know that contractility is exhausted
both by disuse of a muscle, and by over-use consequent on over-
stimulation ; and in no other way can these opposite causes act than
by their both interfering with healthy nutrition. That they do thus
act, is rendered probable by other proofs. It has long been known
that cutting off’ the supply of blood from a muscle destroys its con-
tractility ; that unnatural temperature has the same effect; and, in
general, that all causes affecting nutrition affect also contractility in
the same degree.

The ¢ontractility of a muscle has also invariably a certain com-
plexion or character connected, we might almost say, with the vigor,
but at least with the character, of the nutrient process in the particu-
lar muscle. This fact has been ably illustrated by Dr. Marshall Hall,
(see article * Irritability,”” Cyclop. of /inat. and Phys.,) who never-
theless is opposed to the great conclusion which we consider to flow
from 1it, that contractility is proportioned to the activity and perfection
of the nutrient function.

If we suddenly check the supply of nutrient material to the mus-
cles of various animals, in the same state as regards previous stimu-
lation, and in such a manner as not to stimulate the muscles in so
doing, we shall find that their contractility, as evidenced by their
contracting under a given stimulus, endures through very unequal
periods of time. Thus, in the bird it is very evanescent; in the
insect, also, it is very evanescent; in the mammal less so; in the
reptile it lingers longer; while in the fish and crustacean it is in gene-
ral very enduring.

~ The degree in which oxygen is admitted to the tissues in these ani-
mals, corresponds in the main with the scale thus designated by the
relative endurance of the contractility of their muscles. Nothing is
more probable than that the amount of oxygen admitted to the tis-
sues may be taken as a fair estimate of the activity in them of the
processes of waste and assimilation. Now, we know that the vitality
of the tissues does not cease immediately on their supply of nutriment
being cut off; that death of the whole animal, as an individual, is not
necessarily attended with simultaneous death of every part; that so-
matic death generally follows systemic death from the functions being
no longer concatenated in mutual dependence ; and it is entirely
consonant with facts to suppose that the endurance of the vital func-
tions in the tissues after systemic death is proportionate to the slow-
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ness with which they are ordinarily performed. The close corre-
spondence, therefore, between the duration of contractility and the
slowness of the nutrient function in various animals, is a strong evi-
dence of the dependence of the one on the other. d

And it is extremely interesting to observe, that not only does a less
arterial character of the blood co-exist with a more enduring contrac-
tility, but also that there is less of it supplied to the muscles, for the
above scale corresponds also with that in which animals are ranged
in regard to the size of the elementary fibres; and we have already
seen that the vascularity of a muscle is inversely as the thickness of
its fibres.

Thus we have animals ranged in the same series, whether we esti-
mate it by the duration of contractility, the degree of the oxygena-
tion of the blood and tissues, or the quantity of blood sent to the
muscles, viz., birds, insects, mammalia, reptiles, fish, and crustacea.
The meaning of this correspondence may be further illustrated by the
phenomena of hybernation, in which all the functions are held en-
chained, and we are certain that nutrition proceeds with extreme lan-
guor. In the hybernating animal, contractility is very enduring, as
compared with that property in the very same organs when in a state
of greater vital activity.

Nor must the evident relation subsisting between fibrinc and the
sarcous tissue, in respect of their vital properties, be passed over in
silence. In chemical constitution they may be said to be identical;
and there seems no doubt that muscle 1s formed by the direct deposi-
tion in a solid form of the fluid fibrine of the blood, under the elective
attraction of the previously existing tissue. Now, in birds, the blood,
1. e, its fibrine, coagulates, or assumes the solid form, very quickly
when it is withdrawn from the vessels, in maminalia less so, and 1n
reptiles and fishes very tardily, if in these several cases it be placed
in similar circumstances. A fatal stroke of lightning, which instanta-
neously destroys contractility in the muscles, prevents also the coagu-
lation of the blood. In the same person, under health and disease,
the blood may vary much in the speed with which it coagulates,
according to its chemical constitution, the amount of oxygen accu-
mulated in it, and the activity of the vital processes: and, after death,
the coagulability of the blood, and the contractility of the muscles,
have a general correspondence, which has been even made the basis
of an hypothesis, ascribing the rigor mortis, or the dying act of contrac-
tion, to coagulation of the blood.* It will be subsequently explained
(see chapter on the Blood), that the fibrine of the blood, on becoming
solid, acquires for a brief period the property of contractility ; and
this in very different degrees, according to varieties in the same
causes which affect the speed of its coagulation. No one will pre-
tend that this is not as much a property of living fibrine when solid,
as that of coagulating is of the same substance when fluid; and the
correspondence between the coagulated living fibrine of the blood and
the living sarcous tissues in chemical constitation, in thc possession

Orfila, Béclard, and Treviranus hold this view, which Miiller seems to recard as
not untenable, °
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of contractility, and in the modes in which that vital property in both
is affected by similar causes, adds strong confirmation to the opinion
we have expressed, that contractility is a property of the living mus-
cular substance as such.

But contractility does not vary in its durability alone; it also pre-
sents great differences in regard to its aptness to excitation by stimuli:
and it would appear that these characters are always, caterts paribus,
in an‘inverse relation to one another. In birds and insects, which
have for the most part to sustain themselves by very gnergetic and
rapid muscular movements in the air, the excitability is extreme ;
and certainly the motions performed by these creatures far exceed in
precision, regularity, and frequency those of any other animals.

The rigor mortis, or stiffening of the body after death, is due to a
contraction of the muscles. If the contractility of a muscle be endur-
ing, the rigor comes on late and lasts long; but if it be evanescent
and its character excitable, the rigor begins very soon and quickly
terminates. Thisis true in different individuals and classes of animals,
and corresponds entirely with what we have already said of the varie-
ties of this property. Its cause is obscure, and may be complex; but
its resemblance to the contraction of fibrine after recent coagulation
is too obvious to be overlooked. Its nature is shown by the preceding
observations (p. 170). :

We have the power, at will, under certain limitations, of produc-
ing, checking, and regulating the amount of contraction in the volun-
tary muscles; and, as a necessary part of this power, we are able to
appreciate, by certain sensations originating in the muscles, what pre-
cise degree of contraction is present in each. This latter is only that
modification of common sensibility which belongs to muscle. It has
been termed the muscular sense. In it we possess a most important
aid to the sense of touch, being able accurately to vary the posi-
tion and amount of pressure on external objects in voluntary accord-
ance with the impressions these communicate to the sensorium through
the tactile nerves; and by it we are able to estimate with nicety the
amount of muscular power required to balance various resistances, as
weight, &c. In general, these resistances must be brought into rela-
tion with the muscular sense through the organ of touch, which is
adapted to this purpose by its superficial position on the body. But
the powers of the muscular sense, isolated from tact, are exhibited,
in its enabling one to estimate the weight of a tumour developed in
the interior of the limb, and in general the resistance afforded by the
weight of one part of the body, or the action of one muscle or set of
muscles to that of another. Hence a principal source of the marvel-
lous power which all animals possess of associating the various parts
of their bodies in numberless combinations of harmonious movement.

Of some varieties of muscular movement.—Having described the
differences between the movements of active and passive contrac-
tion, we shall' now be more able to refer to their proper causes those
varieties of movement by which certain muscles or classes of mus-
cles are distinguished. In briefly adverting to these, we shall have
to glance at some collateral considerations regarding the mode of their
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connection with the nervous system, which cannot be fully under-
stood without reference to what will be afterwards said under that
head.

The action of the sphincters of the anus and bladder seems, at first,
peculiar. They are constantly contracted, except during the passage
of the contents; and yet no fatigue attends this persistent action. The
explanation is very simple. They renrain contracted unless the con-
tained matters are forced within them by a superior power. Now,
their mass, and therefore their contractility, is superior to that of the
wall of the cavity above ; consequently their passive contraction en-
dures while that of the parts above is being gradually mastered by
the accumulation of the feces or urine. Bat, when these excretions
at length excite active contraction in the walls of the cavity contain-
ing them, this overcomes the passive contraction of the sphincters,
and the evacuation occars. The sphincters have striped fibres and
voluntary nerves, by means of which we can for a time add active to
passive contraction, and thus retard the expulsion ; but, as the accu-
mulation proceeds, this power is diminished or lost, and the sphinc-
ters yield. The levator and sphincter ani frequently aid the accumu-
lation of the feces by temporary active contractions, by which the
feces tending to dilate the sphincter are pushed backwards for a while.
The rectum is thus preserved empty until the period immediately pre-
ceding defecation.

In paralysis of the lower part of the body from disease or injury
of the spine, the voluntary power of the sphincters is lost, and the
feces and urine pass involuntarily. But this is no proof, as is com-
monly imagined, that the ordinary contraction of the sphincter is
an active one, performed in obedience to a continuous nervous stimu-
lus. The difference is, that it can now induce no active contrac-
tion through the nerves, to counteract temporarily, and in obedience
to the will, the active contractions of the parts above, which are not
under the influence of volition, and are not paralyzed. Hence, when-
ever the feces are driven against it, it gives way, against the patient’s
will, and (if the sensitive nerves are also paralyzed), without his
knowledge. '

Contractions are called peristaltic or vermicular, which advance
through a muscle in a slow and progressive manner. When analyzed
closely, we shall find that they are only a variety of the active con-
traction already described. If a number of striped fibres are arranged
in a long series, and are contracted in succession (as in caterpillars),
the resulting movement is vermicular ; but in the higher animals it
is only in the hollow unstriped muscles that this variety of contraction
occurs ; and the best example of it is in the alimentary canal. On
laying bare the intestines of an animal just killed, we observe suc-
cessive waves of contraction advancing down the tube, and urging
its contents along. They appear to be rendered more active by the
contact of the cold air ; but may be re-excited, when they have almost
subsided, by irritation of the sympathetic ganglia, from which the
muscles are supplied with nerves. If a single point of the intestine
be touched, a contraction presently occurs there, which moves on-
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wards to a considerable distance, and is often succeeded by others
spontaneously arising.

It is impossible not to remark the close similitude between these
contractions and those visible by the microscope in the striped ele-
mentary fibre. 'We have here on a large scale the wave-like charac-
ter there exhibited. A contracting voluntary muscle exposed to view
exhibits a tremilous motion, and it may be a question how far this
may depend on numerous contractions strictly vermicular, affecting
successive sets of fibres, but prevented, by their irregularity and
want of coincidence threugh the whole muscle, from abpearing so to
the eye. When the pectoral muscle is struck, a knot-like contraction
often moves off in a slow manner in the direction of the fibres, Peri-
staltic contraction is coincident in a large number of contiguous
fibres ; and its progressive character is more easily perceived in con-
sequence of the arrangement of the fibres around a compressible cav-
ity. The contraction appears more sluggish than other forms; but,
as we are ignorant of the length-of each unstriped fibre, we cannot
say whether this slowness is in advance along each one, or merely
from one to another.

The contraction exhibited by the muscles in question is always of
the peristaltic character, by whatever stimulus excited; and its type
is therefore probably derived from some peculiarity in the fibres them-
selves, as in their arrangement. But it is remarkable that the stimuli
which usually excite it, are applied in succession to different parts,
and are thus entirely suited to the production of the peristaltic con-
traction. We have a striking example of this in the cesophagus,
which is simply a tube of transmission, and not intended to delay the
food. The pellet, when thrust into it by the muscles of the pharynx,
distends its fibres, which, then contracting upon. it, propel it into a
fresh portion ready to receive it. This in its turn contracts, and urges
‘it along; and so on, until it is conducted to the stomach.

In this instancey 1t is evident that the propelled substance is itself
the stimulus to the successive contractions. This it may be, either
by distending the fibres, and so acting locally upon them; or else by
impressing the nerves of the membrane touched, in such a way as to
excite a nervous stimulus to the muscular coat at each particular part,
at the proper moment. As the food is not propelled if the nerves
are divided, there can be little doubt that the latter is the true expla-
nation. ,

The contraction of the bladder occurs after a gradual distension,
and, though very temporary, is probably of the true peristaltic kind.
The more protracted action of the uferus is undeniably so. In preg-
nant animals this may be as distinctly perceived as in the intestines,
and it probably occurs.during the gradual development of the muscu-
lar structure as pregnancy advances; but at length a very powerful
impulse occasions the expulsion of the young, and the uterus sub‘se-
quently remains contracted, because no force distends its fibres. The
after-pains mark the final efforts of active contraction. Atrophy of
the tissue then occurs, as its development had done, in accordance

with other laws.



182 ORGANS OF LOCOMOTION.

Rhythmical contractions are those which succeed one another after
regular intervals of repose. The muscles of respiration and the heart
exhibit them through life, which would cease if they were intermitted
even for a brief period ; for the oxygenation of the blood, and the
dispersion of that fluid through the substance of the various organs,
must incessantly proceed. Hence neither is an act of the will re-
quired for their production, nor could it under any circumstances pre-
vent them. The heart beats independently of our consciousness or
control; but the respiratory actions may be hastened, or retarded, at
will, though not stopped. This voluntary power is given because
these muscles are required in various movements of the body, either
alone, or in aid of others; they minister to other functions besides
that of respiration. The voluntary, or irregular action, however, is
entirely subordinate to the involuntary and rhythmical.

The rhythmical character of the respiratory act is to be explained by
reference to the stimulus by which it is ordinarily excited. This is an
impression made on the internal surface of the lungs by the deterio-
rated air, and recurs periodically from the change induced in the
inspired air by its contact with the blood in the air-cells.

Though the heart is in no respect under voluntary influence, yet
emotional and instinctive impulses easily affect it: its action is throb-
bing, tumultuous, or feeble. These impulses act through the cardiac
nerves, which, if stimulated mechanically, will excite contractions in
a heart removed from the body, and which has almost ceased to beat:
but, under all circumstances, the action of the heart is rhythmical.
The cause of the rhythm it is exceedingly difficult to resolve. This
variety of contraction is coincident with periodic distension of the
cavities, and impressions on their lining membrane. But it continues
long after the heart is empty, and its nerves cut. Hence, whatever
share these circumstances may have in givingthe rhythmical character
in the natural condition of the parts, they are certainly not essential
to each individual pulse. It is singular that a mechanical stimulus
applied once to the heart will often excite a series of contractions
after they had ceased, or modify the rhythm of those previously exist-
ing; its effects being thus prolonged through many beats.

In reviewing the actions of the voluntary muscles we may remark
the following interesting circumstances :

1. Js to association of movements.—By the mechanical arrange-
ments of the muscles on the bony framework, and by the peculianty
of their several nervous connections, they are rendered capable of
conspiring in those combined actions which produce the various atti-
tudes and general movements of the body. There are few muscular
actions, indeed, of an entirely solitary kind. In the animation of the
features under the passions, in articulation, in deglatition, in respira-
tion, and in numberless other cases, we have examples of this asso-
ciation of many actions to the production of one effect. Lven the
consent of the fibres of a single muscle in contraction is an instance
of this fact. Among innumerable other proofs of harmonious design
in the construction of the animal body, this might be singled out as
a most convincing one, that not only are the hard levers, and their
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joints and motive engines, so built up as to be entirely proportioned
and-adapted to one another in shape, strength, and position, and a
system of nervous communications established, by which the motor
power can be at once excited, prolonged, or controlled in any particu-
lar muscle ; but that the mere will, an emotion, an excitement of sense,
or even ohe unconsciously received, is able, by the correspondence
existing between the different parts of the nervous system, to pro-
duce associated actions in precisely those parts mechanically adapted
to move in concert, and this Wwith exquisite exactitude as well as va-
riety.

Such is the nature of the nervous communications between certain

muscles, that, in numerous instances, one cannot be stimulated to
contraction without others contracting of necessity at the same time.
This depends very generally on the mechanical disposition of mus-
cles, obliging certain of them to fix a point from which others may
act. Thus the scapula is continually being fixed by the muscles
connecting it with the trunk, in order thatthe arm may be wielded
upon it. Thus, also, the brow cannot be elevated by the frontalis
without the occipitalis fixing the intermediate tendon. But, in other
instances, this necessary consent is dependent on the symmetrical
arrangement of similar parts on the two sides of the body. Some
persons cannot close one eye, keeping the other open ; or dilate one
nostril without the other : we cannot look up with one eye, and down
with the other; nor compress the abdominal cavity by the muscles of
one side without those of the other. There is, indeed, a general tend-
ency to symmetrical movement, which it is the part of education
and habit to overcome within certain limits. The movements of the
hands—those wonderfully versatile instruments of man’s intellect—
are, in his state of infancy, generally symmetrical. The unsymme-
trical actions of walking are a slow acquisition. Most motions that
are symmetrical are also harmonious ; but there is one example in
‘which symmetry gives way to harmony of movement, viz., in the
lateral motions of the eyes, where symmetry would produce a squint,
-and derange the consent of the images on the two retine. Here,
therefore, by the distribution of the nerves, non-symmetrical muscles
are*made to produce a harmonious movement.

The various attitudes of man may here be briefly explained. Mus-
cular actions associated to produce an attitude are styled co-ordinate.
They conspire in obedience to the particular organization of the nerv-
ous and muscular systems; and the resulting postures are natural,
and perfectly accordant with the wants and habits of the species.
Most attitudes, if perfectly natural, are graceful, just as external fig-
ure is graceful ; unnatural attitudes are more or less constrained, or
awkward. The co-ordinate, like other movements of the voluntary
muscles, are liable to be influenced by passions and affections -of the
mind. Hence the internal commotions of the soul betray themselves
in the attitudes of the body as surely asin the lineaments of the coun-
tenance. '

In considering the different attitudes, it is to be remembered - that
the human body is not withdrawn, either by its organization or vital
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endowments, from the operation of the general laws of matter ; and,
accordingly, that the muscular actions occurring within it are all adapt-
ed to act upon its several parts, as upon masses of certain shapes,
sizes and weights. In all attitudes the centre of gravity must be
maintained within the base of support.

In standing, the base of support is the space included between the
extreme points of the feet. The feet are separated, and the toes
turned-outwards to increase it. If the body be pushed aside, the foot
isinstantly carried under it, or it falls ; and if motion be unexpectedly
given to the feet, while the body remains at rest by its inertia, (as
when a boat in which we are standing is suddenly shoved off from the
shore,) the body falls. In standing upright, both legs are kept ex-
tended, and the spine and head erect: if the muscles that effect this
be suddenly paralyzed, as when a man is shot dead, the head droops
on the chest, the curves of the spine are increased by the pressure
of the superincumbent weight, and the whole trunk approaches the
ground by bending the joints that were before extended.

The muscular action required to maintain the erect posture of the
body is very great. This is shown by the fatigue that ensues on an
attempt to remain perfectly still in the erect posture, even for a very
short time. In fact, though we can stand long at a time, it is only
by frequently relieving one set of muscles, and bringing another into
play, as every one may convince himself by attention to his own case.
We throw the weight of the body first on one leg, then on the other;
we change the position of the feet, and of the ankle, knee, and hip
joints, as well as of the rest of the body.

Under all these movements, the centre of gravity has to be kept
within the basis of support; and, to effect this object, the different
muscular actions on which the erect posture depends must be ex-
quisitely balanced against one another, and, when one is altered, the
rest must be re-adjusted in harmony with it. In the practised tum-
bler, balancing himself on a point, or the opera-dancer, poised on a
single toe, we have the most beautiful examples of the precision of
this adjusting power. 'Where the basis of support is ampler, it is less
apparent, but not less real.

The various parts of the body are weights, and, in the muscular
adjustments, are treated as such. By their symmetrical develop-
ment on the two sides, they are naturally balanced, and thereby car-
ried with less muscular effort. When two equal artificial weights
are fixed on opposite sides of the body, equidistant from the centre of
gravity, (as when buckets are suspended from a bar passing across
the shoulders,) the mere weight is all that the muscles have to ‘sup-
port: but, if one be removed, a corresponding inclination of the body
must instantly be made towards that side to counterpoise the other;
and for this a sustained mgscular effort must be made in addition to
that required for the support of the remaining weight. Now, a part
of the body on one side (say, an arm), by being carried from the cen-
tre of gravity, may disturb the equilibrium of weight, just as moving
the weight on a scale-beam disturbs it : that side of the body becomes
relatively heavier, and an inclination towards the opposite is rendered
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necessary. In all the changes of attitudes, similar adjustments are
being constantly made; and, in general, the more accurately they are
effected, and the more economically in regard to the outlay of mus-
cular power, the more graceful and pleasing are the movements and
postures themselves. -

In the associated movements of progression, or locomotion, the same
circumstances are observed : walking, running, and leaping are but
different modes in which the body is repeatedly inclined by muscular
effort beyond the basis of support; and this basis brought again and
again, by muscular effort, under the centre of gravity.

The movements of ordinary walking may be readily analyzed.
Suppose we commence by advancing the left leg. We first slightly
raise the left heel, and bend the left knee, to disengage the limb from
the ground ; throwing the weight of the body on the right limb, and,
therefore, inclining the body towards the right side. The body is
now raised by an extension of the right ankle-joint, effected chiefly
by the calf ; the ball of the foot resting on the ground, which serves
as a fulecrum. At the same time the body is thrown in advance of
this fulcrum, and would fall, were it not that the left leg is now
brought under it, and receives its weight, by which the body is in
turn inclined to the left. The right leg, which had been extended,
1s then bent, raised from the ground, and swung forwards, ready
again to sustain and project the body, when the left leg has gone
through a similar movement. In running, the muscular actions” are
performed 1n a similar succession, but more rapidly and more vigor-
ously. The body is more bent forwards, and its weight made more
effectually to aid progression. In leaping, the body is projected by a
sudden extension of both the lower limbs, and raised, for a brief
time, entirely from the ground, the feet being advanced again in time
to receive its weight as it descends.

2. Jsto the manner in which movements of the voluntary muscles are
excited.—These muscles are subject, through the motor nerves, to
the influence of several remote stimuli, already enumerated, and the
chief of which, volition, gives its name to the class. These stimuli,
in the healthy body, impress the motor nerve in the nervous centre,
and the effectis a contraction of the muscle. By an exertion of the
will we can contract more or fewer muscles at once, and to any de-
gree, within certain limits : we can contract antagonist muscles toge-
ther, or alternately, and through a longer or shorter period.

But every voluntary muscle is subject to other influences more
certain and more powerful in their operation than the will, and to
which the will has often to yield. The wonderful and characteristic
movements of the body, and especially of the features under .the
impulses of passions and emotions, are all involuntary, of which the
best proof is to be found in the very partial power the will has' of
restraining them. To imitate the movements of passion is a task of
extreme difficulty ; and those actors succeed the best who lose them-
selves the most in their characters, that is, who the most cowpletely
assume for the time the passion they design to portray. Without
this quality the most elaborate imitation is cold, and fails to touch our

13
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sympathies. The genius of the histrionic artist consists chiefly in this
power.

Many movements ensue involuntarily when certain impressions are
made on the surface of the body, or in any part of its interior, either
by external or internal causes. Such impressions are usually attended
with consciousness, but sometimes not; so that there is no reason to
believe that perception of the impression is in any way essential to
the production of the movement. All such movements are termed
refler.  'The contraction of the esophagus in swallowing is an exam-
ple of them without consciousness. The sudden inspiration that fol-
Iows a dash of cold water on the skin, and the writhings produced
by tickling, aré instances attended with consciousness. All muscular
actions consequent on pain, and which are not the immediate act of
the will, are similar in kind, though the stimulus producing them is
unnatural.

Reflected movements are sometimes called instinctive ; but this term
is better limited to actions resulting from a propensity in the mind, of
the meaning of which we are ignorant, but which we follow blindly
without reference to consequences. Such propensities are developed in
animals much more than in man; and in man more during hisinfancy
than in his mature state, when reason asserts her domination over in-
stinct. Instinct exhibits foresight ; but it is the foresight of the Creator,
and not of the creature. It is the reason of God working with the mate-
rial instruments of the creature’s reason, independently of the crea-
ture’s will. Hence the movements consequent on its impulses have
all the concatenation and character of movements impelled by reason
through the will; while they are altogether independent of the will.
Instinctive movements approach the most nearly to voluntary ones.

Thus passion, emotion, reflected stimulation, and instinctive im-
pulses will all excite involuntary movements of the voluntary mus-
cles; but, in the natural state of the body, all these causes are found
acting in harmony with one another, often conspiring to produce the
same movement. 'The power of the will to control them is but slight,
and in some cases null. It differs with the original strength of that
faculty, with the temperament of the individual, and especially with
the degree in which it has been affected by habit. The power of this
law is in nothing more conspicuous than in its influence over the
human will. A frequent and energetic repetition of voluntary acts
of control over the involuntary movements of passion, emotion, and
instinet, 1s invariably followed by an increased power of control, and
vice versd. This also extends (but in & less degrec) to those move-
ments of voluntary muscles, consequent on reflex stimulation, which
are not essential to life.

When movements, which have been at first voluntary, come to be
performed more or less unconsciously, they are styled mechanical. A
thousand instances of them might be given; all voluntary ones becom-
ing more or less so by habit. The nervous paths through which the
mandates of the will pass to the muscles grow more aceessible and
open by use ; and less and less effort of volition becomes necessary
to thread them, every time that eflort is made. In the early periods



INNERVATION.. 187

of life the will is exercised in tutoring its corporeal instruments to
give prompt and ready obedience to its commands; every day new
lessons are acquired, and old ones confirmed ; and, having at length
a practised body at its beck, it is able to execute numerous and com-
plicated movements with as much precision as those of the most deli-
cate and subtile kind, and all, or any of them, without being itself
distracted with the business of their immediate supervision. Like
the general of a disciplined army, the will issues mandates of action
or control ; but is not cognizant, without a special effort of attention,
of anything beyond the general result of the various movements that
its orders produce. And the body, that executes them, is constantly
performing other movements, of a routine nature, connected with its
safety, comforts, or ordinary functions ; which, though at first théy had
demanded the general’s attention, and might again attract it, yet hav-
ing been learnt by drilling, are now executed without his anxiety or
even co-operation. They are the working of a practised organiza-
tion. Thus many particular moveinents are included in general ones,
without the will having the smallest immediate share in their produc-
tion. The countenance takes its expression from the prevailing action
of its muscles, often in spite of our efforts to the contrary; and, in
general, the attitude and bearing wear a corresponding character. And
thus several general movements, which naturally (or by an act of the
untutored will) are impossible because incompatible, are rendered
capable of being simultaneously performed.

The following works may be consulted in reference to Muscle and Muscular Ac-
tion :—Prochaska, de carne musculari; 1778: Fontana, sur le venin de la vipére;
1781: John Hunter’s Croonian Lectures, works by Palmer, vol. iv.; Blane, on Mus-
cular Motion, in his select dissertations; the various works on General Anatomy
quoted in former chapters; Barclay on Muscular Motion; Mayo’s Physiology; Mul-
ler’s Physiology, by Baly; the Articles Muscle and Muscular Action, in the Cyclop.
Anat. and Phys. For greater details on the Motions and Attitudes of the body than
would be consistent with the plan of this work, we refer to the Article Motion in the
Cyclop. Anat. and Phys.,; and to Weber’s Mechanik der Menschlichen Gehewerk-
zeuge.

CHAPTER VIIL

INNERVATION.~——EXAMPLES OF NERVOUS ACTIONS.—NERVOUS MATTER, ITS
CHEMICAL AND ANATOMICAL ANALYSIS.—THE FIBROUS AND VESICULAR
NERVOUS MATTER.—THE NERVOUS SYSTEM.—THE NERVES, CEREBRO~
SPINAL AND SYMPATHETIC.—THE NERVOUS CENTRES.—NERVES AND
NERVOUS CENTRES IN INVERTEBRATA.—DEVELOPMENT AND REPRO-
DUCTION OF NERVES,

Tue function of innervation is effected through the medium of the
nervous system, which, ramified throughout the body, and connected
with and passing between its various organs, serves them as a bond
of union with each other, as well as with the sentient principle of the
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animal. The mind of man influences his corporeal organs through
the instrumentality of this system, as when volition or emotion excites
them to action; and, on the other hand, certain changes in the organs
or textures of the body may affect the mind through the same channel,
as when impressions made upon them excite mental perceptions. In
this way the nervous system becomes the main agent of what has been
called the life of relation; for without some channel for the trans-
mission of the mandates of the will to the organs of motion, or some
provision for the reception of those impressions which external ob-
jects are capable of exciting, the mind, thus completely isolated, could
hold no communion with the external world.

The nervous system, however, can act independently of mental
influence. A material or physical change in the nervous substance,
unconnected with any affection of the mind, is capable of exciting the
action of nerves, and consequently of those organs which are sub-
ject to their influence. Some kind of molecular change in the nerv-
ous mafter is all that is at any time required for the development of
its peculiar power; and it is as easy to conceive that this alteration
may result from some organic cause, as from mental influence. Of
this kind, no doubt, are all those nervous actions with which are
associated the functions of the life of the individuals, or, in the lan-
guage of Bichat, of organic life ; an essential character of which is,
that they are completely removed fromn the influence of the will.

In every ordinary voluntary action, the first step is a mental change,
in which consists the act of volition. The mind is perfectly able to
induce this change in itself, without any reference to the body: but
if it direct its influence upon certain muscles, the contraction of those
muscles immediately ensues, in a combined and regular manner, so
as to produce the predetermined voluntary action. But the influence
of the mind cannot be brought to bear upon the muscles, save through
the intervention of the nerves, as is amply proved by the destruction
of certain voluntary movements, which is consequent upon the de-
struction of certain nerves.

Again, in all cases of common or of special sensation, that state
of the mind, in which the sensation consists, is induced by an impres-
sion made upon certain bodily organs, and conveyed to the mind
through the instrumentality of the nerves. For there is abundant
evidence to prove, that, while the mind is of itself capable of enter-
ing that state, it cannot do so in obedience to bodily change, if cer-
tain nerves be destroyed or impaired ; that, in short, the nerves are
the only corporeal channel through which sensations can be excited.
If the skin be forcibly irritated or compressed, instantly pain is felt;
but, were the nerves of the skin destroyed, no degree of irritation or
pressure would make the mind cognizant of the injury. Light is
admitted to the eye, and forthwith a corresponding affection of the
mind ensues; but, for the production of this, the integrity of the optic
nerve is a necessary condition.

In these examples of nervous action, it will be observed that, in
the former instance, mental change produces bodily action; and, in
viic latter, an impression upon some part of the body precedes and
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gives rise to an affection of the mind. In both cases nervous power
1s called forth: in the one, it acts in the direction from mind to body;
in the other, from body to mind. In both cases, destruction of the
nervous matter would prevent the development of the force. The
muscles may be sound, and the will may be vigorous; but without
perfect nerves the latter cannot impartits mandates to the former. Or
the eye may be perfect in all its optical adjustments, and the mental
sensibilities keen and quick ; and yet, if the optic nerve be diseased,
the light which falls upon the retina produces no impression upon the
mind.

¢ Of the nature of the connection of this great sensorial organ,”
(the nervous system,) says Dr. Brown, ‘‘ with the sentient mind, we
never shall be able to understand more than is involved in the sim-
ple fact, that a certain affection of the nervous system precedes im-
mediately a certain affection of the mind. But though we are ac-
customed to regard this species of succession of bodily and mental
changes as peculiarly inexplicable, from the very different nature of
the substances which are reciprocally affected, it is truly not more
so than any other case of succession of events, where the phenomena
occur in substances that are not different in their properties, but ana-
logous, or even absolutely similar ; since, in no one instance of this
kind, can we perceive more than the uniform order of the succession
itself; and of changes, the successions of which are all absolutely
inexplicable, none can be said to be more or less so than another.
[That a peculiar state of the mere particles of the brain should be fol-
lowed by a change of state of the sentient mind, is truly wonderful ;
but, if we copsider it strictly, we shall find it to -be by no means
more wonderful than that the arrival of the moon at a certain point of
the heavens should render the state of a body on the surface of our
earth different from what it otherwise would naturally be ; or that the
state of every particle of our globe, in its relative tendencies of gra-
vitation, should be instantly changed, as it unquestionably would be,
by the destruction of the most distant satellite of the most distant
planet of our system, or, probably too, by the destruction even of one
of those remotest of stars which areilluminating their own systems of
planets, so far in the depth of infinity that their light—to borrow a
well-known illustration of sidereal distance—may never yet have
reached our earth since the moment at which they darted forth their
first beams on the creation of the universe. We believe, indeed,
with as much confidence, that one event will uniformly have for its
consequent another event, which we have observed to follow it, as
we believe the simple fact, that it has preceded it in the particular
case observed. But the knowledge of the present sequence, as a
mere fact to be remembered, and the expectation of future similar
sequences, as the result of an original law of our belief, are.premse}y
of the same kind, whether the sequence of changes be in mind or In
matter, singly, or reciprocally in both.”” (Philosophy of the Human
Mind.” Lect. xix.) ) .

It is not merely through voluntary effort that the mind can excite
the action of nerves. The involuntary, and often uncontrollable, in-
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fluence of emotion is likewise able to give rise to certain movements,
and even to produce certain sensations, through the nerves. How
quickly the expression of the countenance changes under the varying
phases of mental emotion; and how faithfully does it naturally por-
tray the working of the mind within! And fear, joy, disgust, horror,
are each accompanied with sensations so peculiar, as to leave an in-
delible impression on the minds of those who have once experienced
them.

There are many actions of the living frame, however, in which the
play of the nervous system is unconnected with mental change, which
are therefore wholly physical, in origin, as well as in nature. The
movement of the esophagus in propelling food onwards to the sto-
mach is dependent mainly, if not solely, upon the physical stimulus of
the food acting upon the nerves of the organ, which in their turn
provoke its muscular fibres to contract. 'The slightest touch, even of
a feather, to the mucous membrane of the fauces causes the muscles
of deglutition to contract forcibly, as in the act of swallowing ; nor
can the will control or prevent their action. When the edge of the
eyelid is touched, the orbicular muscle contracts forcibly, and in im-
mediate response to the stimulus applied. When light is suddenly
admitted to the eye, the pupil may be observed to contract to a de-
gree proportionate to the intensity of the stimulus. - Of this action of
the iris the individual is quite unconscious, although perfectly sensi-
ble of the admission of light to the eye ; nor can he, by any direct
influence of volition, modify or oppose it. '

We remark, in reference to these actions, that the mind has no
share in their production. In some of them, indeed, it is conscious
of the application of the stimulus, as well as of the muscular act
which follows. But no effort of the will, however great, could in-
terrupt the uniform and natural sequence of the phenomena. And it
1s well known to medical men that actions of this kind may take
place in coma, when all mental manifestations are completely in abey-
ance.

These facts afford abundant evidence of a class of nervous actions,
which, in respect of their exciting cause, as well as in their intrinsic
nature, are independent of mental influence, and which ought on this
account to be distinguished from those of volition, sensation and
emotion. Their mechanism is more complex than that of the mental
nervous actions; for, while in the latter the change in the nerves is
propagated in only one direction, in the former it passes first to some
central part of the nervous system, and thence it travels in an oppo-
site course to the motor organs. Hence two nerves are necessary for
such actions ; the one as an excitor, the other as a motor nerve; and,
on this account, Dr. Marshall Hall has distinguished these actions by
the name of excifo-motory.

That a physical change may excite nervous action quite independ-
ently of mental influence, is further proved by instances of convuls-
ive movements, more or less violent, which are produced by a morbid
irritation of the brain or spinal cord. ’

The peculiar animal matter, through the agency of which all these
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phenomena take place, the nervous matter, is found in two forms, the
vesicular and the fibrous. Thewesicular nervous matter is gray or cine-
ritious in colour, and granular in texture ; it contains nucleated nerve-
vesicles, and is largely supplied with blood ; it is more immediately
associated with the mind, and is the seat in which originates the force
manifested in nervous actions. The fibrous nervous matter, on the
other hand, is in most situations white, and composed of tubular fibres,
though in some parts it is gray, and consists of solid fibres: it is less
vascular than the other, and 1s simply the propagator of impressions
made upon it.

When these two kinds of nervous matter are united together in a
mass of variable shape or size, the body so formed is called a nervous
centre, and the threads of fibrous matter which pass to or from it are
called nerves. The latter are infernuncial in their office ; they estab-
lish a communication between the nervous centres and the various
parts of the body, and wice versa ; they conduct the impulses of the
centres to the periphery, and communicate the impressions made upon
the peripheral nervous ramifications to the centres. The centresare the
great sources of hervous power, the laboratories in which the nervous
force is generated: the mind is more immediately connected with one
of them, the brain, which, on that account, possesses greater physical
development and acquires pre-eminence over the others. The smaller
nervous centres are called ganglions ; the larger ones are the brain
and spinal cord. All of these are found in the human subject, and in
the vertebrate animals. In the invertebrate classes, the centres are
‘ganglia variously disposed, according to the shape and actions of the
animals. y

The brain and spinal cord, and the system of nerves connected with
them, constitute the cerebro-spinal portion of the nervous system,
which Bichat distinguished as the nervous sysfem of animal life.
The nerves of the senses, and those of volition and common sensation,
are connected with it, as well as those which are concerned in many
of those purely physical nervous actions with which the mind has no
connection. There are very numerous ganglions connected with this
system which are conveniently comprehended . under the same title.
These are, the ganglions on the posterior roots of the spinal nerves,
the ganglion of the fifth pair, those of the glosso-pharyngeal and of the
vagus.

The remainder of the nervous system is made up entirely of gan-
glions, with their connecting cords and nerves, which ramify in a
plexiform manner among various internal viscera, and upon the coats
of blood-vessels. . In the higher vertebrate animals, it is disposed as
a chain of ganglia on each side of the vertebral column, and at the
base of the skull near the foramina through which the spinal and en-
cephalic nerves pass out; and at all these situations it forms a very
intimate connection with the brain and spinal cord. This portion of
the nervous system possesses many peculiarities, both 1n 1ts compo-
sition, in its arrangement, and in its connection with the organs among
which its nerves ramify, which, at least, entitle it to be considered
apart from the cerebro-spinal system. How far it can be regarded
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as independent of that system, is a question which must be reserved
for future examination. This is the sympathetic or ganglionic system,
formerly known and described as the grea$ intercostal nerve, and by
Bichat as the nervous system of organic life : it has also been called
the visceral nerve. All these titles are liable to objection, inasmuch
as each involves to a greater or less extent some theory of the uses
or actions of these nerves; but the two first-mentioned are preferable,
as those which are best known, and most confirmed by use.

The nervous system, then, in man and the vertebrate series, con-
sists of the brain, spinal cord, and the nerves associated therewith,
the cerebro-spinal system ; and that double chain of ganglia, with their
nerves, situate along the spinal column, the sympathetic or ganglionic
system. Among the invertebrata, although the arrangement of the
nervous system differs very materially from that in the vertebrata, an
analogous subdivision of it may be made in a large proportion of those
classes, the anatomy of which has been satisfactorily made out.

Physical and Chemical properties of the Nervous Matter.—The nerv-
ous matter of both kinds 1s a soft, unctuous substance, easily dis-
turbed by slight mechanical force. Were it not associated with other
tissues, and supported, to a certain extent, by the blood-vessels
which ramify among its elements, its physical tenacity would be very
feeble.

Its great softness is due, in part, to the admixture of a large quan-
tity of water with it, which constitutes three-fourths, or four-fths,
and, in many instances, seven-eighths, of its weight. According to
Vauquelin, whose analysis was made in 1812, the brain is an emul-
sive mixture of albumen, fatty matter, and water ; the last holding in
solution certain saline and other ingredients common to the brain
with other parts of the body. By solution in boiling. alcohol, Vau-
quelin was enabled to resolve the fatty matter into elaine and stear-
ine (margarine ?) The following table gives the result of his analysis:

Albumen 7:00

étearine 4'--53
Cerebral fat {,Elaine 0-70 } 523

Phosphorus 1:50
Osmazome 1-12
Acids, Salts, Sulphur 515
Water 80-00

100-00

Vauquelin remarked that the medulla oblongata, and medulla spinalis,
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