












s*s, S?t --tsft*. <- -***S*f<^ fr

THE

PHYSIOLOGICAL ANATOMY
AND PHYSIOLOGY

OF MAN,

BY

ROBERT BENTLEY TODD, M.D., F.R.S.

FELLOW OF THE COLLEGE OF PHYSICIANS, PHYSICIAN TO KING'S COLLEGE HOSPITAL,

AND PROFESSOR OF PHYSIOLOGY IN KING'S COLLEGE, LONDON;

WILLIAM BOWMAN, F.R.S.

FELLOW OF THE COLLEGE OF SURGEONS, ASSISTANT SURGEON TO KING'S

COLLEGE HOSPITAL, AND DEMONSTRATOR OF ANATOMY
IN KING'S COLLEGE, LONDON.

IN TWO VOLUMES.

VOL. I.

SECOND EDITION.
.

LONDON:
JOHN W. PARKER AND SON, WEST STRAND.

1856.



LONDON:
PRINTED BY J. WERTHEIMER AND CO.,

CIRCUS PLACE. FINSBURY CIRC'JS.



ADVERTISEMENT.

THE following work is intended to furnish the Student and

Practitioner in Medicine and Surgery with a plain and accurate

view of the intimate structure and functions of the human body,

and is accommodated, in its plan and arrangement, to the phy-

siological lectures delivered in King's College, London. The

authors have had a joint share in its composition, and are

equally responsible for all it contains.

Incorporated in various parts of the work, the reader will find

opinions expressed, relating both to the structure and functions

of parts, more or less at variance with those generally received.

To these the authors for the most part have been led during

their anxious attempts to render their descriptions direct and

faithful transcripts from nature.

Historical details, conflicting statements, and intricate discus-

sions of doubtful physiological questions, have been almost wholly

avoided, as being inconsistent with the end in view.

The authors desire to acknowledge their obligations to Mr.

Vasey, the able and intelligent artist, by whom the engravings

have been executed on wood.

They have likewise to express their regret at the delay which

has occurred in the progress of their work. When the First

Part was published in February, 1843, it was thought that the

remainder might appear in two more Parts in the course of

the following year. As their labours proceeded, however, it

became necessary in some measure to modify the original plan,

and to produce the work in two Volumes, of which the First is

now complete. The remaining Volume will follow, in two Parts,

at an early period.

KING'S COLLEGE, LONDON,

April, 1845.
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THE

PHYSIOLOGICAL ANATOMY
AND

PHYSIOLOGY OF MAN.

INTRODUCTION.

THE 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 com-

ponent strata, the treasures hidden in its womb, the abundant

vegetation that grows upon its surface, or beneath its waters, and

the numberless hosts of animals that dwell upon the land, or in the

rivers, lakes, and seas, form separate branches of scientific investi-

gation, between which a sufficiently distinct line of demarcation

is established by the nature of the objects of inquiry peculiar to

each. But, in all departments of science, the same general rules,

for conducting the investigation, 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 analyse them, with a view to ascertain the simpler ones,
of which they are composed. By this analysis, and by the elimina-

tion of such as are merely collateral, we arrive at a phenomenon,
VOL. I. B
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uncomplicated, incapable of further subdivision, and fundamental ;

and this we are contented to receive as an ultimate fact ,
the result

of a law in constant and universal operation. 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 operation of

one common Cause, and we are thus led to the expression 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

imperfect light upon the phenomena which are the subjects of

investigation ; 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 ob-

scure, and point darkly, or not at all, to ultimate facts ; they

present little or no general resemblance, 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 observations, aided by previous

knowledge of general laws, we can frame a 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 observa-

tion 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.

Subsequently, however, by the labours of Lavoisier, Davy, and

others, this complex phenomenon has been observed in all its

phases ;
it has been carefully analysed, and has been proved to

occur in all cases, where substances possessed of strong chemical

attractions, or different electrical relations, are brought within mu-

tual influence. The ultimate fact, thus arrived at, is, that intense

chemical combination always gives rise to the evolution of heat,

and, in many instances, to that of light also.

Again, a great number of observations have shewn that bodies
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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 ultimate fact, ascertained by numerous

experiments, and indicates the law, which is so important in che-

mistry, that bodies unite with each other in their combining pro-

portions only, or in multiples of them, and in no intermediate

proportions. And this, again, has led to the beautiful generaliza-

tion of Dalton, that the ultimate atoms of bodies are their respective

combining quantities, and bear to each other the same proportion
as their combining equivalents do.

Or, to take an example from the science which is to form the

subject of the following pages. The function of respiration in

animals 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 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 shewn that car-

bonic acid is held in solution in venous blood, no theory of respira-

tion 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 pulmonary 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 impor-
tant 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 resem-

blance between them ;
and as both owe their origin to the same

Creative mandate, 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 accord-

ing to the same principles of philosophical inquiry.

We propose, in the first place, to compare living or organized

bodies, with inanimate, mineral, or unorganized bodies, and to ex-

plain what is meant by the term Life. Secondly, to review briefly,

and with reference to their leading distinctions, 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.

B2
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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 or-

ganized being, or organism, is termed organic matter, and is obtained

by its proximate analysis. The ultimate analysis of this matter

resolves it into elementary principles,, such as constitute other objects

of the universe.

The various bodies that compose the mineral kingdom, do not

exhibit the same distinctness and variety of structure in their com-

ponent parts, nor is there any adaptation of their parts to separate

functions ; they are therefore called unorganized or inorganic, and

chemical analysis resolves them into those simple elements which

admit of no further 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 death, is one in which all vital action has ceased, and to

which the disintegration of the organized body succeeds as a natural

consequence.
An organized body in a state of active life exhibits certain 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 develop-

ment, and to preserve the integrity of the body itself. The sim-

plest 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

conditions, vital activity will soon beconle manifest. Of this, we

have familiar examples in a seed, and in an egg. It is 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

wdthin 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
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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

Oxygen, Hydrogen, Nitrogen, Carbon, and about fifty other sub-

stances, 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 de-

finite proportions 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 + oxygen) with soda (sodium + 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 di-

rectly with one equivalent of oxygen. But when one equivalent of

one element is united with two or more of the other, to form the

compound substance, the mode of combination is not so evident.

Peroxide 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 -f oxygen) with sulphuric acid (sulphur +
oxygen) 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 salt is supposed to undergo decom-

position, 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
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called sulphate of soda, this view supposes that the soda yields its

oxygen to the sulphuric acid, and that a compound is formed of

sulphuric acid, plus an additional equivalent of oxygen, which may
be represented by SO4 , 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 relation to the metal sodium.

This latter theory, of the binary constitution of salts hitherto

regarded as oxygen salts, is of great interest in reference to the

composition of organic substances, as will appear in a future para-

graph. It has been supported by Professor Graham, and, subse-

quently, by Professor Daniell, whose opinion has been grounded on

the phenomena of electrical decompositions.

Organized bodies are capable of being resolved, by chemical

analysis, into the inorganic simple elements
; but the list of simple

substances which may be obtained from this source comprises only
about seventeen.

Of the four widely-spread elements, oxygen, hydrogen, nitrogen,

and carbon, two, at 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 incidental ele-

ments. They are sulphur, phosphorus, chlorine, sodium, potassium,

calcium, magnesium, silicon, aluminum, iron, manganese, iodine,

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

proximate 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 fibrine,

a proximate principle, which is its chief constituent ; and, subse-

quently, by the analysis of fibrine, we get the simple elements,

oxygen, hydrogen, carbon, nitrogen, and sulphur, in certain pro-

portions. On the other hand, by synthesis, the combination of

certain inorganic elements (which hitherto has been effected only in
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the living body) will produce the organic compound, fibrine
; from

which, again, the organized structure, muscle, is formed. And so

in other cases.

In the organized body the constituent particles are, as it were,

artfully arranged, so as to form peculiar textures, destined to serve

special 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

oeconomy 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 incontestable 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,

fibrine, caseine, from the animal ones. From these again a great

variety of compounds has been obtained by various processes,

owing to the tendency which their elements have to form new
combinations. By boiling starch in dilute acids, it becomes con-

verted into a kind of gum, and starch-sugar. By placing yeast
in contact with sugar, the latter is converted into alcohol and car-

bonic acid, without the yeast affording it any of its chemical con-

stituents
; and, in the germination of barley, or of the potato, a

peculiar substance is formed, the contact of which with the starch

of the barley or potato converts it into sugar. Innumerable ex-

amples might be quoted from various vegetable compounds, shewing
that the affinity, which holds together the elements of organic sub-

stances, 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 analysing 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
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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 prin-

ciples themselves as ternary or quaternary compounds of them.

But others have suggested a mode of combination more analogous
to that of inorganic substances (see page 5) ; namely, that two or

three of the elements form a compound radicle, with which the

remaining one unites to form a binary compound. In a body, for

example, consisting of three elements, two would form the com-

pound radicle, or, in one composed of four elements, three would

constitute it. This mode of composition has been rendered more

probable in the secondary organic products than in the true proxi-

mate 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 C4H5 + 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 inorganic 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 shew

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

combination of the simple 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
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lias succeeded in the synthesis of any of the true proximate prin-

ciples ; 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 or-

ganic compound, has been effected by Wohler from the cyanate of

ammonia, by depriving it of a little ammonia through the action 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.* Allan-

toin, an analogous compound to urea, and formic acid, have like-

wise been artificially produced.

We proceed from this review of the chemical constitution of

organic and inorganic substances, to compare them together in

other respects.

In examining an organic substance which is organised, i. e. so

constructed as to form part of a living organism, we find it to

possess very distinctive characters. It generally contains water in

considerable 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, in an animal,
is an indication of a high degree of organiza- p .

l

tion. Among the lowest organized creatures

there is much uniformity of structure, although

variety of parts or organs. Still these creatures

by their actions shew that materials of dif-

ferent properties must exist throughout their

bodies.

The simplest and most elementary organic

form, with which we are acquainted, is that of Primary organic ceii, shew-
* inp the cell-membrane, the

a cell (Fig. 1), containing another within it nucleus, and the nucieoiu3 .

(nucleus), which again contains a granular body (nucleolus}.
* Graham's Chemistry, p. 709.
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This appears, from the 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,

consist at first of nucleated cells, which are afterwards metamor-

phosed 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 decom-

position into simpler and more stable combinations of the inorganic
elements.

In their origin, organized bodies are generally, if not always,

derived from similar ones. Some have supposed that out of de-

caying vegetable or animal matter minute animals or plants of other

kinds may be formed : but it seems most probable that in those

cases in 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 experiments throw considerable doubt upon this doctrine of

the spontaneous generation of organized bodies, by shewing 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 develop-

ment 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 conspi-

cuous forms of vegetable and animal life ; and thus the doctrine,

which supposes that living objects may arise by a sort of conjunction
of the elements of decomposing organic matter, becomes more and

more improbable.
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How beautiful is the provision which this power, 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 fulfilment.

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

organized 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

developed 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 Duges, 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

antennae, 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, can be restored, and in salamanders the same phe-
nomenon has been frequently witnessed.

Organized bodies can appropriate and assimilate to their own
textures 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 ap-

propriate their nutriment from the inorganic kingdom, as well as

from decaying organic matter ; animals, chiefly from organic mat-

ters, whether animal or vegetable. Both possess the wonderful
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power of rearranging 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 con-

siderable 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 phenomenon which has been compared to the perspira-
tion of animals ; and various other excretions, which are sometimes

made to serve an additional purpose in the ceconomy of the vege-

table, besides that of getting rid of superfluous matter, are doubtless

formed by the secondary combinations of the effete particles of

their textures.

These two processes, excretion, or the expulsion of effete particles,

and assimilation of substances from without, are necessarily mu-

tually dependent. As long as new matter is being appropriated,
old particles must be thrown off, otherwise growth would be un-

limited 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 con-

ditions. 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,
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it need not excite surprise that a great variety of products results

from the decomposition of animal and vegetable matter. This de-

composition 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 azotised matters. The products of vegetable mat-

ter in fermentation, by the action of yeast, are carbonic acid and

alcohol ; those of azotised matters, whether animal or vegetable,

are carbonic acid, hydrogen, phosphuretted and carburetted hydro-

gen, 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 aeriform, liquid, or solid : they are prone to

assume the crystalline 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 frag-

ment 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 duration : they will continue for ages without augmentation
or waste, provided no mechanical violence nor chemical agent be

brought to act upon them.

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,
without 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 succes-

sion of actions, in which the organised being is ever organizing and

disorganizing. This constant round of actions, which is the more

diversified as the organism is more complex, we call LIFE. 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,
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chemical affinity, 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 he manifested without their co-operation.
Yet we cannot say that Life is produced by, or is the result of,

these agencies. It is 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 occurs, and it has already
been shewn that the organization of 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 de-

velopment of vital phenomena.
The term Life, then, may be regarded as denoting an ultimate

fact in science, which may be thus expressed ;
that certain com-

pounds of matter which, as being artfully arranged in a particular
form for a special end, and associated together by a certain me-

chanism, are called organized do, by their co-operation with phy-
sical and chemical 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 organised

substances, capable of thus co-operating with the other natural

agencies, are called living ; and, although they may not be posi-

tively 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 action ; but, immediately
it is brought into contact with moisture 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 unchanged. 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 inde-

pendent 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
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a race upwards, through generations innumerable, to that which

first flourished on the earth, we find the true source of vital ac-

tion 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 con-

trolling 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 influence of the vital stimuli withdrawn, than

action ceases, the organism dies, and the organic matter yields up
its elements to form new compounds, 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 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 a 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 fancy,

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 principle, 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 advocates of this doctrine, this power is supposed to be superin-

tended and controlled by the Deity himself, and, by this supposi-

tion, they have screened themselves against the accusation of attri-

buting to a creature the powers of the Creator.

A little examination of this doctrine will shew that it has no

pretensions to the title of a theory.

Aristotle attributed the organization of animals and vegetables,
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and the vital actions exhibited by them, to a series of animating

principles (^rv%<u), differing according to the nature of the organized
bodies constructed by them, and acting under the direction of the

Supreme animating principle (c^ucrt?)
. He supposes that eaCh par-

ticular kind of organized body had its proper animating principle,

or ^L%77, 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

appropriate species of body.

Harvey, likewise, assumes the existence of an animating prin-

ciple, by which every organism is moulded into shape, out of mate-

rials furnished 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 advances 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 (he principle of life itself.

So completely biassed 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 some-

what 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 atmosphere, while an unfecundated

one will putrefy. The views of Hunter have been received with

very general favour by English physiologists.

Hunter ascribes the phenomena of life to a materia vita, diffused

throughout the solids and the fluids of the body. This materia

vitce he considers to be " similar to the materials of the brain ;

" he

distinguishes it from the brain by the title
" materia vitce diffusa"

while he calls that organ
" materia vita, coacervata," and sup-

poses that it communicates with the former through the nerves,

the chorda internuncia. And Mr. Abernethy, in commenting

upon these views, explains Mr. Hunter's materia vita to be a sub-

tile substance, of a quickly and powerfully mobile nature, which is

superadded to organization and pervades organized bodies ;
and this

he regards as, at least, of a nature similar to electricity.
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Miiller 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

intimate nature of which is unknown, but to which very extra-

ordinary powers are ascribed. It is superior to those agents whose

operations we witness in the inorganic world : it possesses the power
of controlling 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
; for the existence of one only is quite inadequate to explain

the infinite diversity among plants and animals" " In all cases it

must be considered an ultimate principle, endowed by the Creator

with a faculty little short of intelligence, by means of which it is

enabled to construct 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 subser-

vient to its use."

The hypothesis of Aristotle, Miiller, and Prout, and the earlier

of those proposed by Harvey, seem all alike; they assume that

organization and life are directed and controlled by an Entity, or

Power,
" endowed with a faculty little short of intelligence," the

tyvxy of Aristotle, the animating principle of Harvey, the organic
force of Miiller, and the organic agent of Prout. What the me-
chanism may be by which this entity acts, they do not determine ;

but it is evidently such as bears no analogy to any known natural

agency. Its existence is independent of the organism, for it has di-

rected both the organizing process and the living actions of the being.
AV hence then is it derived? According to Miiller, from the parent,
for it exists in the germ, it derives its powers from the same

source, and its pedigree may therefore be traced to the first created

individual of each species of animal or plant. Are we to conclude,

then, that organic agents generate organic agents, and transmit

their powers to their offspring? Or must we assume, that, for

each newly generated animal or plant, a special organic agent is

VOL. i. c
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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 could be formed
;
and Dr. Prout has been espe-

cially staggered by the fact, that carbon and water, which contri-

bute so largely to the formation of various organisms, have never,

although aided by heat, light, and electricity, when out of an

organized body, and left entirely to themselves, been able to unite,

either in virtue of their own properties or from accident, so as to

form any plant or animal, however insignificant.

In the first place, let it be observed, that many of the phenomena
of life may be accounted for on physical 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. It is in the highest

degree probable that many of the actions of the nervous system are

due to physical changes in the two kinds of nervous matter, sub-

stances 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 phenomenon as will give rise to it in the inorganic world ;

and electricity is also similarly developed within the body. How
entirely 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 which 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 shewn that modern chemical research tends to

prove a similarity as regards the mode of combination of the

elements in both ;
and the labours of chemists have been crowned
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with success in forming some organic products by artificial means.

(See p. 9).

And let it not be forgotten that the living laboratory of the ani-

mal and plant is one well stored with means for analysis and syn-
thesis : the continual introduction of new material gives full scope
to the play of chemical affinity, and at every point the constant

attendants of 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 be-

tween 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 species, 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

animals 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-

c 2
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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 be-

tween 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 case its offspring assumes the cha-

racter 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 maintained that a mixed organic agent is produced from

the conjunction 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 affirms

that cattle transported from the temperate zones of Europe (Hol-
land or England), to the East Indies, become considerably smaller

in their succeeding generations.

The theory of organic agents affords no more satisfactory expla-

nation 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, affecting the substance of which the body is composed,

may so alter and modify the affinities of its particles as to occasion

a material disturbance 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.
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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. It is clear that this materia vitce can-

not be, as Mr. Abernethy suggested, electricity, or anything akin to

it. Electricity requires for its development the reciprocal action of

different kinds of matter, and it is 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 Hunter ; if

he had added, that organized bodies acted on by, and co-operating

with, certain vital stimuli developed vital actions, there would have

been no need for the assumption of a materia vitas. 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. But this is no more than a case familiar to chemists, viz. the

influence 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,

in 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 is destroyed, the latter comes into

play. Whether is 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. It is 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
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to the true location of some species. The common sponge, for in-

stance, 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 two-fold object : the preservation of the individual, and the pro-

pagation 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 ani-

mals, is to form a fluid, which contains all the elements necessary
to nourish the various textures, and to supply materials for the se-

cretions. This fluid is, in plants, the sap ; in animals, the blood.

In both classes of beings a process of absorption precedes the full

developement of the nutritive fluid : it is by this means that mate-

rial is 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 experiences 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

supposed to exist in the vegetable kingdom, are to be found in those

remarkable modifications of leaves, called pitchers (ascidia] in Ne-

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 Sarracenia, 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 into the plant.

On the other hand, the animal kingdom affords some exceptions
to the presence of a stomach. In such animals, the absorption of
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nutrient fluid takes place by a general surface. The Volvox globa-

tor has no inlet to its interior but through the pores in its walls.

A parasite of the human body, the Acephalocyst, also derives its

nutriment by imbibition through its walls. A familiar example is

the Acephalocystis endogena, or pill-box hydatid of Hunter. It con-

sists 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 it 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 is to

generate matter adapted for the nutrition of animals out of inor-

ganic 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 in-

strument in the distribution 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 communicating with that of the adjacent ones,
or to pass up from the spongioles in an ascending current, and to

descend in another set of vessels.

But in many simple animals, some entozoa, for example, and
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polygastrica, 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

developed in their interior. The function, by which the fluids are

thus aerated, is called Respiration. In plants, the introduction of

atmospheric 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 sup-

ply of atmospheric air. As the agent in the decomposition of the

carbonic acid is light, it is evident that the generation and the evo-

lution 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

circulation
; and, when the atmosphere is brought to bear upon the

capillary vessels containing the blood charged with this gas, a

mixture takes place through the delicate walls of the vessels, the

atmospheric 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

characteristic 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 ele-

ment which, if suffered to accumulate beyond certain bounds, would

prove destructive to animal life.

From the fluids of animals and plants, certain materials are se-

parated by a singular process, nearly allied in its mechanism to

nutrition, and called the function of Secretion. The secreted matters

are various, and have very different ends : in some cases being des-

tined for some ulterior purpose in the ceconomy ; in others, forming
an excrement, the continuance of which in the organism would be

prejudicial to it.

The function, which has for its object the propagation of the

species, Generation, presents many points of resemblance in plants
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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 necessary to the development of fertile ova. In the

cryptogamic and non-sexual generation, the new individual is de-

veloped by a separation of particles from the body of the parent,

by which the new formation is 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

Volition or Will, which implies necessarily the possession of Con-

sciousness. 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 performed by the lower creatures, with all the marks

of a purpose, it 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 : arid 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 which we learn that the will stimu-

lates our muscles through the nerves, we can ascertain that the

nerves are the channels through which our sensations also are ex-

cited. " Certain states of our bodily organs are directly followed

by certain states or affections of our mind
; certain states or affec-
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tions 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 follow

it."*

And in all the inferior 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 manyofthem, indeed, the sense of sight,

hearing, or smell seems much more acute than in man, and affords

examples of a beautiful 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

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

general 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 asso-

ciated, namely, a nervous system, serves as a characteristic distinc-

tion from plants.

A power of perception, and a power of volition, together consti-

tute 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 de-

velopment, 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 pheno-
mena of living bodies. Although associated with the body by
some unknown connecting link, the mind works quite independently

* Dr. Brown. Philosophy of the Human Mind, p. 106.
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of it ; and, on the other hand, a large proportion of the bodily acts

are independent of the mind. The immortal soul of man, divina

particula aura, is the seat of those thoughts and reasonings, hopes
and fears, joys and sorrows, which, whether as springs of action

or motions excited by passing events, must ever accompany him

through the chequered 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 it," 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, cer-

tainly, 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

comprehended, in order that the action of renewing the fire may be

suggested by what is properly called an effort of reason."

Yet animals are guided by Instinct to the performance of cer-

tain acts which have reference to a determinate end : they con-

struct various mechanical contrivances, and adopt measures of pru-
dent foresight to provide for a season of want and difficulty. None
of these -acts could be effected by man without antecedent reasoning,

experience, or instruction. But animals do them without previous
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 manner,
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 phe-

nomena. The motions of plants correspond in some degree with

those movements of animals in which neither consciousness nor ner-

vous influence participate. Such movements are strictly organic,
and result from physical changes produced directly iii the part
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moved. Amongst the most interesting examples of these move-

ments are those of the Mimosa pudica, the Dionaa muscipula, and

the Berberis.

III. It is 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 shews 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 disco-

very of that structure opens the most direct road to the deter-

mination 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

medicine. 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 there-

fore 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 situated (diagnosis). Without a know-

ledge of the offices which various parts fulfil in the animal O3conomy,
our search to determine what organ or function is deranged must be

most vague and indefinite. Pathology is the physiology of disease ;

and it is obvious, that no pathological doctrines can command con-

fidence, 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 physiology has conferred

upon the healing art. The great advance which has been made of

late years in the pathology of nervous diseases, is mainly owing to

the discoveries of Bell, and many others, in the functions of vari-

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 douloureux, and section of it has been

performed for the relief of the patient. It is now known that this
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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

victims, laryngismus stridulus or crowing inspiration, although ad-

mirably described by practical physicians, was never properly un-

derstood 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 stimu-

lus reflected from the nervous centre. It is 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 within 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

improvement 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 oscoiiomy, substituted for a dangerous and unscientific

operation, an improvement founded upon a knowledge of those laws

which influence 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 physiolo-

gist cannot do better than follow the instructions laid down by
Haller in the preface to his invaluable work,

" Elementa Physio-

logiae Corporis Humani."
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The first and most important step towards the attainment of

physiological knowledge, is, the study of the fabric of the human

body. "Et primum," says Haller, "cognoscenda est fabrica cor-

poris humani, cujus pene infinitse partes sunt. Qui physiologiam
ab anatome avellere studuerunt, ii certe mihi videntur, cum ma-
thematicis posse comparari qui machinse alicujus vires et fimc-

tiones calculo exprimere suscipiunt, cujus neque rotas cognitas

habent, neque tympana, neque mensuras, neque materiam."

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 functions of

most parts of living bodies, Haller says, that the construction of the

same part must be examined and compared in man, in various qua-

drupeds, in birds, in fishes, and even in insects. And, in proof of the

value which attaches to this knowledge of comparative anatomy, he

shews 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 is 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 adeo," he adds,

" bilem hepate egere, in quo paretur, vesi-

cula non egere, non ergo in vesicula nasci, ex hepate verb in

vesiculam transire."

And Cuvier has happily compared the examination of the com-

parative anatomy of an organ, in its gradation from its most complex
to its simplest state, to an experiment which consists in removing
successive 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

fundamental 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 increasing perceptive powers of the animals rendered 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 is connected with, and presides over, the other

parts. This organ, the brain, is always situate at the anterior or
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cephalic extremity of the animal, and with it are immediately con-

nected the organs of the senses, the inlets to perception. We soon

find that the hrain exhibits a subdivision into distinct parts ; and

of the relative importance of these parts, and their connexion 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

progress of physiology; but the best physiologists are ever reluc-

tant to interrogate nature in this way, knowing that replies elicited

by torture are rarely to be depended upon. Very useful know-

ledge 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

artificial, 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 in

health. If, for example, as Haller remarks, a particular function

be ascribed to a certain part, how can there be a more favourable

opportunity of testing the accuracy of such a doctrine than by the

examination of a body in which that part was affected with a

disease, of which the previous history was known ? If the func-

tion in question had been vitiated, or destroyed, it may be fairly

presumed to have had its 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 condi-

tion.

For exploring the minute structure of various textures, the ana-

tomical elements of the body, Haller advises the use of the Micro-

scope. The great improvements which modern opticians have

accomplished, 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

following pages to refer to anatomical analyses, effected by the

microscope, of the utmost value to the knowledge of function.

It may, however, be remarked, that, as the sources of fallacy

aro numerous even with the best instruments, more depends upon
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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 particular pursuits.

To make microscopical observation really beneficial to physiolo-

gical science, it should be done by those who possess two requi-

sites : 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 detect-

ing sources of fallacy, and of understanding the changes which

manipulation, chemical reagents, and other disturbing causes may
produce in the arrangement of the elementary parts of various

textures.

To these we will add another requisite not more important for

microscopical than for other inquiries ; namely, a freedom from

preconceived views or notions of particular forms of structure, and

an absence of bias in favour of certain theories, or strained analo-

gies. The history of science affords but too many instances of the

baneful influence of the idola specus upon the ablest minds ;
and it

seems reasonable to expect that such creatures of the fancy would

be especially prone to pervert both the bodily and the mental

vision, 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 atten-

tion 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 it, 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
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we can arrive at an exact knowledge of the chemical composition
of the various substances which are employed in them.

Henceforward, in physiological research, anatomical and che-

mical analysis must go hand in hand : the former to ascertain the

minute mechanism of the various processes ;
the latter, to deter-

mine 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 Physio-

logise Corporis Human!
; Barclay on Life and Organization ;

Koberton on
Life and Mind

;
Prichard on the Doctrine of a Vital Principle ;

Dr. Carpenter's
article Life, and Dr. Alison's article Instinct, in the Cyclopaedia of Anatomy
and Physiology ; Remarks on Scepticism, by the Rev. Thomas Rennell

;

Daniell's Chemistry ;
Graham's Chemistry.

VOL. I.
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CHAPTER I.

SOLID AND FLUID CONSTITUENTS OF ANIMAL BODIES. PROXIMATE

PRINCIPLES. 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 blood,

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 solid matter,

the rest is water. The great shrinking which they experience, when

dried, shews how much of their bulk they owe to this combination ;

and parts thus shrunken swell out again, and assume their natural

condition on the addition of water. The mummy of a large man
is of a very trifling weight. Blumenbach possessed the entire per-

fectly dry mummy of a Guanche or aboriginal inhabitant of Tene-

riffe, presented 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 shewn 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.

It is a solvent of many organic matters
; some also are suspended

in it : it is, therefore, a valuable medium for conveying these sub-

stances to the several textures and organs. It plays a most im-

portant 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.



CHAP. I.]
PROXIMATE PRINCIPLES. ALBUMEN. 35

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 mate-

rial 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 particularise

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 prin-

ciples, through the affinities of various 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. SECONDARY ORGANIC COMPOUNDS.

Albumen. \ Urea
;

)

in the Urine
Fibrine. > Compounds of Proteine. Uric or Lithic acid ; )

Caseine. ) Cholesterine
;
in the Bile,

Gelatine. Biliary matters.

Chondrine. Pepsine ;
in the Gastric juice.

Elaine. Sugar of milk.

Stearine. Lactic acid.

Margarine.
Hsematosine.

Globuline.

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.

D 2
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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 in-

soluble 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 albu-

men dissolved 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. Bi-

chloride of mercury exercises a similar influence, and is a delicate

test for albumen. 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. According 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 potas-

sium, which will precipitate it from solution, provided a little acetic

acid have been previously added, in order to neutralise the soda in

combination 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 ofthe means above-mentioned,
its 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 coagula-

tion of albumen by heat. Hence it is a good rule, in testing for

this substance, to employ both heat and nitric acid.

Albumen is soluble in caustic alkalies.

The existence of sulphur as a constituent of albumen, is shewn

by the blackening of silver that has remained long in 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 . . . 21-23

Phosphorus. . . . 0'33

Sulphur.... 0-68

100-00

2. Fibrine. This proximate principle forms the basis of the

muscles; 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 sanguinis of Dr. Babington, in the lymph, and in the chyle.

It is a constituent 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 portion, the crassamentum or clot, and a fluid portion, the

serum. The former consists of fibrine, with the red particles en-

tangled 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 sur-

face 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 is an example of

nearly colourless fibrine, but contains also peculiar globules.

We may obtain fibrine in a state of considerable purity, by cut-

ting 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

coagulates upon the twigs in small portions, which, being washed,
afford good specimens of colourless fibrine; by digesting after-

wards 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 frog's blood, the red particles of which

being too large to permeate the pores of the filter, the liquor san-

guinis passes through in a colourless state, and its fibrine coagulates
free from colouring matter. Sometimes we obtain masses of fibrine,
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great part of which is colourless, from the cavities of the heart,

and from the large arteries, after death. It is also accumulated,
and disposed in a peculiar lamellar form, in the sacs of old

aneurisms.

Pure fibrine is white, tasteless, and inodorous; it tears into

thin laminae, which are transparent, and it is remarkably elastic ;

by drying, 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-continued boiling in water, its composition is changed, and

it becomes soluble. Strong acetic acid converts it into a jelly-like

mass, which is sparingly soluble in water. All the alkalies dis-

solve 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 ac-

quires an indigo-blue colour. Albumen, similarly treated, assumes

a violet colour.

Caustic potash, common salt, carbonate of potash, and many
neutral 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. . . . 22-13

Phosphorus. . . . O33

Sulphur . . . 0-36

100-00

3. Caserne. This principle has many properties in common with

albumen and fibrine. It is found abundantly in milk
;

its occur-

rence 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-

* See further observations on the results of the examination of fibrine by
the microscope, in the chapter on the Blood.
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tate occurs, which is 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 principle (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

oeconomy for the manufacture of cheese, which consists of the curd

mixed with butter, compressed and dried. So perfect is the coagu-

lating power of rennet, that not a particle of caseine in milk sub-

mitted to its action will remain uncoagulated.
Caseine comports itself with reagents in a manner very similar

to albumen. In the coagulated state it is insoluble in water, but

soluble in liquor potassae. It is not precipitated by heat alone, in

which respect it differs from albumen. Acetic acid, which will

not precipitate 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 .... 15-95

Carbon . . . . 55-10

Hydrogen .... 6*97

Oxygen. . . . 21-62

Sulphur .... 0-36

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 temperature, it becomes decomposed; and if acetic acid

be now added, a precipitate takes place of a gelatinous trans-

lucent matter. This substance was discovered by Mulder, and

named by him Proteine (from the Greek verb Trpwreva), I am first),

as being the radicle of these proximate principles ; or, in the lan-

guage of Liebig, the commencement and starting-point of all the

tissues: so that it appears that each of these principles is com-

posed 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
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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 moistened. It is soluble in all acids, when diluted; and

forms combinations 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 analysis of proteine, according to Mulder, from one

hundred parts gives as follows :

Nitrogen .... 16-01

Carbon.... 55-29

Hydrogen.... 7-00

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 -f 1 eqt. Phosph. + 2 eqts. Sulph.
Albumen of Egg = 10 eqts. Proteine + 1 eqt. Phosph. + 1 eqt. Sulph.
Fibrine = 10 eqts. Proteine -j- 1 eqt. Phosph. + 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, phosphate of lime;
and in caseine, the same salt, in the proportion of 6*24 per cent.

As the phosphate of lime is the same as bone-earth, the existence

of it in 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 vegetable fibrine ; the same substance coagulates

spontaneously in the newly expressed juice of vegetables. From
the clarified juices of cauliflower, asparagus, mangel-wurzel, or

turnips, when made to boil, a coagulum is formed, which cannot be

distinguished from the coagulated albumen ofserum or the egg. This
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is vegetable albumen. And in peas, beans, lentils, and similar legu-

minous seeds, we find a substance similar to caseine. It is vegetable

caseine, which, like the animal principle of the same name, does not

coagulate by heat alone, but yields a coagulum on the addition of

an acid, as in milk. " The chemical analysis of these three sub-

stances," says Liebig,
" has led to the very interesting result, that

they contain the same organic elements, united in the same pro-

portions by weight ; and, what is still more remarkable, that they
are identical in composition with the chief constituents of blood,

animal fibrine, and albumen. They all three dissolve in concen-

trated muriatic acid with the same deep purple colour
; and, even in

their physical characters, animal fibrine and albumen are in no

respect different from vegetable fibrine and albumen. It is especi-

ally to be noticed, that by the phrase, identity of composition, we
do not here imply mere similarity ;

but that, even in regard to the

presence and relative amount of sulphur, phosphorus, and phosphate
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 con-

tained in it is less. The textures which yield gelatine are, the

white fibrous tissue, areolar tissue, skin, serous membranes, bone.

Glue prepared from hides, &c.
; size, from parchment, skin, &c. ;

and isinglass from the swimming-bladder of the sturgeon, are various

forms of gelatine used in commerce.

Gelatine, obtained by boiling, is in combination with a consider-

able quantity of water : by a slow and gentle heat this may be

driven off, and the gelatine obtained in a dry state. Dry gela-

tine is hard, transparent, colourless, without smell or taste, of

neutral reaction
;
in cold water it softens and swells up, and dis-

solves 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.

The process of tanning leather results from the affinity of gelatine
for tannin. The skins of the animals having been first freed from
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cuticle and hairs by soaking in lime-water, are tanned by sub-

mitting them to the action of infusion of oak-bark, the strength of

which is gradually increased until a complete combination has taken

place. An insoluble compound is thus formed, capable of resisting

putrefaction.

According to Mulder, gelatine contains in one hundred parts,

Nitrogen.... 18-350

Carbon . . . 50.048

Hydrogen . . . 6*477

Oxygen . . . 25125

100-000

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

Dr. Prout remarks, that gelatine in animals may be said to be

the counterpart of the saccharine principles of plants ;
it being dis-

tinguished from all other animal substances by its ready conver-

tibility into a sort of sugar, by a process similar to that by which

starch may be so converted. If a solution of gelatine in concen-

trated sulphuric acid be diluted with water and 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

glycicott. The latter product crystallizes in pretty large rhomboidal

prisms ; is colourless, inodorous, and very sweet.* It differs from

sugar, however, in the important particular, that it contains nitro-

gen ; and Mulder assigns to it the following formula, C8 H7 N2 O5

+ 2 HO.
Proteine cannot be obtained from gelatine ; but it seems reason-

able to infer, that it or its compounds must have contributed to

the formation of the latter substance, for, in the egg, the gelatine

of the chick cannot be derived from any other material than a

compound of proteine. Scherer has shewn 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

permanent cartilages and from the cornea; also from the temporary

cartilage prior to ossification ;
it gelatinizes on cooling, and when

* Graham's Chemistry, p. 1039.
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dry assumes the appearance of glue. It differs from gelatine, in not

being precipitated by tannin, and in yielding precipitates to 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.... 49-96

Hydrogen .... 6'63

Oxygen.... 28-59

Sulphur 0-38

100-00

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, Slearine, and Margarine are proximate principles of fat,

and are found also in the brain and nerves. Stearine exists but

sparingly, or not at all, in human fat.

Hamatosine 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 described in the pre-

ceding paragraphs are constituents of the animal food, upon which

the human race, and the inferior creatures, to a great extent sub-

sist
; and the discovery that similar principles exist in the vege-

table kingdom, also adapted for food, is of the highest interest,

as proving that both kingdoms of organized nature are capable
of affording the materials which are suited to supply the waste

in the animal tissues which is the necessary result of their vital

actions. The blood is the immediate pabulum of the tissues
; its

composition is nearly or entirely identical with them
;

it is, indeed,

as Bordeu long ago expressed it, liquid flesh
; it contains the ele-

ments 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 nutrition

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 assimilated to that of their elementary parts.
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It is necessary to the support of nutrition,, that these proxi-

mate principles should be supplied in proper quantity 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, differ-

ing 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 experiments on the nutritive power of different sub-

stances, 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 ascertained respecting gelatine ;

but a commission 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 superintend the adminis-

tration of food to a number of human beings congregated in prisons,

workhouses, or other public institutions. A complex machine,

made up of many different kinds of substances, requires for its

repair a corresponding variety of materials. The fabric of man's

body is a piece of mechanism compounded of divers parts, de-

rived 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 suffi-

cient nourishment that attention should be paid to the quality than

to the quantity of the food administered.

By the function of digestion, a fluid (the 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 fibrinous. These two principles have already

appeared in the chyle, and pass with it into the blood-vessels, in

which all the changes necessary to nutrition take place. It is pro-

bable that gelatine is formed in the blood, but is attracted from it

by its proper tissues immediately upon its formation, so that it
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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 do^s

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 import-

ant to the well-being of the animal oeconomy. As certain 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 unknown chemical agency, undergo certain trans-

formations, and the secondary compounds are formed, to be ex-

creted 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 forma-

tion. 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 for-

mation of certain secondary compounds. Dr. Prout has expressed
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 con-

stituents of the bile.

As each of these secondary organic compounds forms a compo-
nent 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.

Classifications and Properties of the Tissues. From the proximate

principles, the various textures are produced by the development
of particular organic forms. It has already been stated, that the
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simplest form which animal matter assumes in its organization is

that of a nucleated cell. Such cells exist in vast numbers, free

and isolated, floating in the blood, but having occasionally a re-

markable 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 tissue*, as appears from the serious

results consequent upon a great deficiency of them. They may be

considered to be among the simplest products of organization.

In the embryonic state all the tissues are composed of cells,

analogous in structure to the corpuscles of the blood. These

are united together by a more or less abundant intercellular sub-

stance, which is either homogeneous (hyaline), minutely granular,

or indistinctly fibrous. Some tissues retain, as their permanent

character, this cellular structure; whilst in others the cells un-

dergo certain metamorphoses by which they are converted into

other forms, which constitute the anatomical 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

presenting to the reader a general view of the various tissues, the

anatomical characters of which will be discussed in subsequent

TABULAR VIEW OF THE TISSUES OF THE HUMAN BODY.

1. Simple membrane, homogeneous, or Examples. Posterior layer ofthe

nearly so, employed alone, or in the cornea. Capsule of the lens.

formation of compound membranes. Sarcolemma of muscle, &c.

2. Filamentous tissues, the elements of White and yellow fibrous tissues.

which are real or apparent filaments. Areolar tissue.

3. Compound membranes, composed of Mucous membrane. Skin.

simple membrane, and a layer of True or secreting glands.

cells, of various forms (epithelium or Serous and synovial mem-

epidermis), or of areolar tissue and branes.

epithelium.
4. Tissues which retain the primitive eel- Adipose tissue. Cartilage.

lular structure as their permanent Grey nervous matter,

character.

5. Sclerous or hard tissue. Bone. Teeth.

6. Compound tissues.

a. Composed of tubes of homogeneous Muscle. Nerve.

membrane, containing a peculiar

substance.

b. Composed of white fibrous tissues Fibro-cartilage.

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

simplest form of membrane. Its principal character is extension ;

but as to the arrangement of its ultimate particles nothing is

known ; for, under the highest powers in the microscope it appears

homogeneous, that is, without visible limits to its particles, or,

at most, irregularly and very indistinctly granular. The capsule

of the lens, the 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 membranes we include those expan-

sions, which form the external integument of the body, and are

continued into the various internal passages, which, by their invo-

lutions, contribute to form the various secreting organs or glands.

These are composed of the simple homogeneous membrane, covered

by epidermis or epithelium, and resting upon a layer of vessels,

nerves, and areolar 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 em-

ployed as mechanical aids to motion. These are the serous mem-
branes which line the great cavities of the body, and the synovial

membranes, which are interposed between the articular extremities

of the bones in certain joints, or are connected with and facilitate

the motions of tendons.

The tissues which compose the fourth class have no common

character, except their adherence, in the adult state, to the primitive
cellular structure, and their analogy in that particular with the

vegetable tissue. Although a certain agreement, in morphological

characters, 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 their cells : in

cartilage there is generally a firm and resisting intercellular sub-

stance ; in adipose tissue, the interval between the cells is occupied
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by areolar tissue and blood-vessels, which are foreign to the true

adipose cells ; and, in the grey nervous matter, vessels and nerve

tubes exist between the cells.

The sclerous tissue (cr/c\,r)pos, 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-

cartilage, which, as regards hardness, might be classed with it.

The compound tissues are those, the elementary parts of which

are made up of two distinct tissues. Thus both muscle and nerve

are composed of parallel fibres or threads, each fibre being com-

pound ;
in muscle, it is composed of homogeneous membrane, dis-

posed like a tube, containing a fleshy (sarcous) substance, arranged

in a particular manner, which is the seat of the vital properties of

the tissue ; and, in nerve, the fibres are composed of similar tubes

of homogeneous membrane containing an oleo-albuminous sub-

stance, neurine. Fibro-cartilage is also properly a compound tex-

ture, being made up of white fibrous tissue and cartilage ;
it is

employed almost exclusively in the mechanism of the joints of

the skeleton, in which it is associated with bone, cartilage, and

ligaments.

Of theDevelopment 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. It is of that form

which, in a former page (p. 9, fig. 1), has been described and

delineated as the simplest which organization produces. It con-

sists of a vesicular body filled by a fluid, and enclosing 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 composed of homogeneous
membrane : 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 spot, 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 nucleolus

or germinal spot to the nucleus has not yet been satisfactorily
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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 t^he formation of the embryo.
At this period the embryo consists of an aggregate of cells, and

its further growth takes 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

each, which then becomes the 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 cytoblasts, because they appear to form

the cells (KVTOS, cell
; /SXacrreo), to produce) ;

and the granular de-

posit in which these changes take place is called the cytoblastema.

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 ele-

mentary 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 that occur, and the probable
office which each part of the cell performs 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, consisting 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 com-

municate, so that they together form a tube, or sheath, in which

the deposit of the proper muscular or nervous 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

VOL. i. E
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pointed processes, which unite arid 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 to shew that the nuclei are still per-

sistent 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, distinct, in anatomical and chemical cha-

racters, from the proper fibres of the tissue : he designates the

latter Zellenfasern, 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 homogeneous simple membrane
which forms the basement of the skin and mucous membrane, may
be ascribed to 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

deposition 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 arrangement of particles, which, as far as we know at pre-

sent, is not preceded by the development of cells. In cartilage,

which in its simplest state is only an aggregate of cells, this sub-

stance assumes a fibrous form. In most textures, it is not im-

probable 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 lacunae 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 foetal into

the perfect tissues, both the elements of the cells take a part. In

no instance does there appear to be an actual conversion of either
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cell-wall or nucleus into the ultimate elements of the tissues. The

cell-walls may be changed into a part, accessory to the complete

texture, as the sarcolemma 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,

which 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 pro-

cess, which occurs simultaneously with the changes of the cell, a

chemical alteration takes place; for the cells of cartilage some-

times 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 exist-

ence. By them the secretions are separated; and it is not im-

probable that they contribute largely to those changes in which

nutrition immediately consists. They are found floating in im-

mense numbers in the blood, as well as in the chyle and lymph ;

and, even in diseased secretions, as pus, they exist in great quan-

tity. In the inflammatory process, they are formed in great abun-

dance ;
and in the malignant growths, which infest the body, so as

to manifest themselves at different parts of it, such as the various

forms of cancer, the same organic forms are to be found.

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 pa-

rent, to the development, growth, and nutrition of the adult

individual.

Properties of the Tissues. The fully grown tissues manifest

differences among themselves, not merely by their anatomical

characters, but by their properties. These may be conveniently
sub-divided into physical and vital. Strictly speaking, this is a

distinction without a difference ;
for doubtless all the properties of

animal tissues maybe ascribed to the peculiar arrangement of their

particles, and arc, therefore, physical. Our reasons for adopting the

di\ision will appear in explaining the nature of these properties.
E 2
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The physical properties of the tissues are those which are de-

pendent simply on the peculiar arrangement or mode of cohesion

of their constituent particles, as well as upon their chemical con-

stitution, and will manifest themselves in the dead, as distinctly as

in the living, texture. The elasticity of yellow ligament, for in-

stance, is as evident in a specimen 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 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 mani-

fest, is that of elasticity, in virtue of which the tissue reacts, after a

stretching or a compressing force has been withdrawn. The yellow

ligament, which constitutes the ligamenta subflava of the vertebral

laminae, is as elastic as India-rubber; the middle coat of arteries

manifests quite as much elasticity. Cartilage is flexible and elastic ;

and is extensively employed, in consequence of this property, to

encrust the articular extremities of the bones, for their protection in

the movements 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 a long-continued

extending force ; and, in the healthy state, they are capable of re-

sisting 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 soft 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 axilla be soaked in water, it will imbibe

it as freely as a sponge. Serous membranes, being chiefly com-

posed 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 is 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
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the water of the contained blood, which transudes into the sur-

rounding areolar tissue, and gives rise to that dropsical effusion,

which is commonly called Anasarca. In the minute capillary ves-

sels, 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 gravitation favoured its accumulation. The progress of

decomposition, by disintegrating the tissues, also favours the occur-

rence of transudation.

It is probable that certain vital processes consist solely in transu-

dation. 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 kidney, 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 explicable on the same principle.

The process, which was first described by Dutrochet, under the

name Endosmose and Exosmose, is intimately connected with the

porosity of animal tissues. It is a process,
" in which the mutual

attraction of two liquids is called into action, one of which is more

capable than the other of freely wetting a porous solid which forms

part of the combination." *

If an animal bladder, the caecum 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 (Exosmose).
Or the phenomenon may be illustrated by the following experi-
ment : Take a funnel, and tie over its broad end (of three or four

inches' diameter) a piece of bladder, 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 be observed to rise in the tube, and it will ultimately

* Daniell's Chemistry.
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reach the top and flow over. " The first moving power here," says
Professor Daniell,

"
is the force of adhesion between the water and

the bladder; the former penetrates the pores of the latter, and

comes in contact, upon its npper 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 mea-

sure of the force thus called into action." The purely physical
nature of this process is shewn by the fact that it will equally
take place through porous inorganic substances, as through organic
membranes. 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 shew that the

nature of the septum exerts an important influence upon the direc-

tion of the predominant current. If the attraction of the septum
for the exterior fluid be the greater, the endosmotic current will

prevail, and vice versa.

Endosmose is a more important agent in the vital phenomena
of plants than in those of animals. It is supposed, by some phy-

siologists, to be brought into play in the processes of secretion and

absorption.

The animal membranes exercise the property of porosity in re-

ference to gases, as well as to liquids; and the tendency of dis-

similar gases to become diffused among each other manifests itself

even through compound textures. As in the case of liquids, there

is a double current, when two dissimilar gases are separated by a

porous septum, and the predominant current is that which has the

strongest attraction for the septum. The following experiments
illustrate this phenomenon: Confine some common air in a jar, by
tying tightly over it a piece of sheet-caoutchouc, and then place the

jar under a large bell-glass filled with hydrogen gas ; the hydro-

gen will gradually penetrate the partition, distend the caoutchouc,
and ultimately burst it. Or, suspend a membranous bag, the sto-

mach of a rabbit filled with common air, in an atmosphere of

carbonic acid ; the latter will penetrate to the former and burst

the bag. In both instances there is an exosmose greatly inferior

in the quantity of gas to the endosrnose. In respiration, this phe-
nomenon occurs at every inspiration through the walls of the pul-

monary air-cells and the plexus of capillary vessels distributed

upon them.*

Although in the manifestation of these phenomena there is no

* Dauiell's Chemistry.
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direct exercise of vital force, the tissues are not the less dependent
on healthy vital action for the preservation of their peculiar pro-

perties 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 improv-

ing the physical properties of the tissues.

The vital 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 tissues stimulated ; or it may shew

itself through a secondary influence exerted upon some other

texture or organ, with which the stimulated tissue may be in

connexion.

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

contracting, in obedience to a stimulus, is characteristic of muscle,

and probably occurs in no other kind of animal texture. The

stimulus may be direct irritation by mechanical means, or by gal-

vanism, or by some chemical substance; but the natural one,

during life, is propagated by the nerves.

In nerve, the vital changes are unaccompanied by any altera-

tion 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 con-

traction, will produce these effects in nerves; and the will, and

other emotions of the mind, are capable of stimulating 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

necessary that it shall be in connexion with the brain. The bodily

feelings of pain or pleasure are thus produced, through the medium
of what are called sensitive nerves, or nerves of common sensation ;

and we say that the sensibility of any tissue is great or small,

according as it is supplied with such nerves in more or less quantity.

Tendon, in which probably few nerves exist, is a tissue of low
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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
sensations 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 me-

chanically 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 produced. 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 Hitter 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

circuit, 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.*" These peculiarities of the nerves of proper sensation are

due to the fact, that at their periphery they are so organized as

to be admirably adapted for receiving the impressions 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

reception of luminous impressions, and the auditory nerve is beau-

tifully 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 congestions of blood affecting the respective nerves of these

senses, and producing mechanical irritation of them.

In the manifestation of the vital properties, under the influence

of appropriate stimuli, it cannot be doubted that an organic mole-

cular change is produced in nerve as well as in 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 sub-

stances by which they may be rendered mutually attractive or

repulsive. In 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 shewn by the rapidity with

* Muller's Physiology, translated by Baly.
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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 analogous state.

As these phenomena occur in tissues, whose chemical composi-
tion is more complex than that of any others in the body, and

which are the seat of continual changes, they are subject to many
disturbing causes, and are easily affected by slight modifications in

the general state of the system. Many substances quickly exert

an influence upon them, as opium, strychnine, and various seda-

tives, narcotics, or stimulants. Those properties are therefore en-

tirely dependent on the nutrition 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 chapter we refer to

the following sources : Henle, Algemeine Anatomic
; Berzelius. Chimie Or-

ganique, Fr. edit. 1833 ; Prout on Stomach and Urinary Diseases
; Liebig's

Animal Chemistry, by Gregory ;
Graham's Chemistry ; Daniell's Chemistry ;

Schwann, Mikroskopische Untersuchungen iiber die Uebereiustimmung in

der Struktur und deni Wachsthum der Thiere und Pflanzen
; Dutrochet, ar-

ticle Endosmose, in the Cyclopaedia of Anatomy and Physiology.
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CHAPTER II.

FUNCTIONS. ANIMAL MOTIONS. MOLECULAR MOTION. ORGANIC

MOLECULAR MOTION. MUSCULAR MOTION. CILIARY MOTION.

MOTIONS OF SPERMATOZOA.

THE 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 locomotion and innervation. The organic functions are pre-

sent in both kingdoms, \nth certain modifications. They are diges-

tion, 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 con-

venient 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 connexion 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 ner-

vous 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 par-

ticles 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 application of an appropriate stimulus. All these

movements may be called molecular, on account of the minuteness

of the particles concerned in them.

1. The term molecular motion was used many years ago by Mr.

Robert Brown, to denote a phenomenon which he had witnessed
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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 consisted in more or less rapid oscillations and rotations of

the particles themselves. He found them in the pollen of plants,

in many mineral and metallic substances, in various animal matters,

reduced to a subtle powder, consisting of particles that ranged in

diameter between the y^^- g-
and

-^-Q^-^Q
of an inch. The move-

ments are clearly not peculiar to living or organic parts, for they
occur in inanimate ones : they never occur excepting when the par-

ticles are suspended in water, or some liquid ; and they are attri-

butable 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 not, therefore, inherent in the particles themselves, which only

obey the impulse communicated 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 microscope,

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 par-

ticles 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 shew 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 sometimes exhibit a molecular motion, when sepa-

rated 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 producing force is developed by
the processes inseparable from life. Such motions are not in gene-
ral visible, yet some have been seen, which clearly indicate that

forces are developed, during life, capable of producing them. The
movements of particles within cells afford an example : such

motions are cither of a uniform rhythmical kind, or they are
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apparently irregular and oscillating. Those of the former kind are

familiarly known in the vegetable kingdom 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 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 en-

dosmotic 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 yolk, on the surface of which

they lie. Here the contained particles are passive, and the motion

in them is only the index of the currents which give rise to it. A
molecular motion 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 ex-

ample of the kind of motion under consideration. The circulation

of this fluid may be readily followed in transparent parts ; and

certain particles, 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, becoming now swollen, and now flattened ;

and this

might be attributed to the alternate predominance of endosmose

or exosmose. But the statement, that they possess an inherent

power of contraction of their own, stands greatly in need of con-

firmation.

Organic Molecular Action occurs in nearly all the internal pro-
cesses. The introduction of new matter from without into the

blood ; the removal 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, cannot take place without a movement of molecules in

the textures concerned 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 certain forms of matter. These motions of the
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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 muscle 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 con-

stitution, 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 necessarily on certain peculiarities of the organic

elements when in a nascent or changing state.

In muscular movement there is a visible approximation of the

ultimate particles of the tissue in a determinate direction, as will be

further explained in the proper place; and in this consists the

whole value of muscular tissue as a part of the mechanism 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 themselves to their contents ; the heart propels the

vital fluid
;
the digestive canal transmits the ingesta from one part

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 same category with the molecular mo-
tions of the living body we would place that singular phenomenon,
now well ascertained by multiplied observations, which is called

Ciliary motion.

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 structure and minuteness of size.

These are called cilia, from cilium, an eye-lash. 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 point ; 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 human subject. They vary
in length from the ToW to the T2 Ju f an inch. They are dis-
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Fig. 2.

posed 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 portion of the surface, of the particles of the epithe-

lium, preferring the columnar variety of them.

During life, and for a certain period after death, these filaments

exhibit a remarkable move-

ment, of a fanning or lash-

ing kind, so that each cilium

bends rapidly in one direc-

tion, and returns again to

the quiescent state. The

motion, when viewed under

a high magnifying power,
is singularly beautiful, pre-

senting an appearance some-

what resembling that of a

field of corn agitated by
a steady breeze. Any mi-

nute objects coming in con-

tact with the free extre-

mities of the cilia are hur-

ried rapidly along in the di-

rection of the predominant movement
;
one or more blood-discs,

accidentally present, will sometimes pass rapidly across the field,

propelled in this way, and very minute particles of powdered char-

coal may be conveniently used to exhibit this phenomenon, and to

indicate the direction of the movement. The action of the cilia

produces a current in the surrounding fluid, the direction of which

is shewn by the course which the propelled particles take.

An easy way to observe this phenomenon is to detach by scrap-

ing with a knife a few scales of epithelium from the back of the

throat of a living frog. These, moistened with water or scrum,
will continue to exhibit the movement of their adherent cilia for a

very considerable 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 evapo-
rated. However, Purkinje and Valentin have observed it to last

for a much longer time than this in connexion with the body of the

animal. In the turtle, after death by decapitation, they found it

lasted, in the mouth, nine days ; in the trachea and the lungs thir-

teen days ; and, in the oesophagus, nineteen days. In frogs, from

Examples of Cilia : a. Portion of a bar of the gill of the

Sea-mussel, Mytilus edulis, shewing cilia at rest and in

motion, d. Ciliated epithelium particles from the frog's
mouth, e. Ciliated epithelium particle from inner surface
of human membrane tympani. /. Ditto, ditto: from the
human bronchial mucous membrane, g. Leitcophryspa-
tula, a polygastric infusory animalcule : to shew its surface
covered with cilia, and the mouth surrounded by them.
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which the brain had been removed, it lasted from four to five days.

The longest time they observed it to continue in man and mam-
malia was two days ; but in general it did not last nearly 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 or by the pro-

gress of putrefaction, the cilia immediately cease to play.

From these facts we learn two important points in connexion

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 connexion with the subjacent textures ex-

cepting such as may arise from simple adhesion. And, secondly, we

perceive, 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 contractility of muscle ; a cir-

cumstance 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 shews this

independence. 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 cili-

ated surface is not affected at all in its movements, though the sup-

ply of blood to the subjacent tissues be completely cut off. Again,

hydrocyanic acid, opium, strychnine, belladonna, substances which

exert a powerful effect 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 cords in frogs, by which all muscular movements are de-

stroyed, 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 action of minute muscles ; for, although
muscles may be excited to contract without nerves, we have no in-

stances in the higher animals in which they habitually act without
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the interference of the nervous system ;
nor is it likely that a move-

ment existing over so extended a surface, as that by the cilia, would,
if effected by muscles, be independent of nervous influence.

Alterations of temperature affect the ciliary motion, owing, doubt-

less, to the physical change they induce in the epithelial particles.

In warm-blooded animals it ceases on a 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 vertebrata 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 classes ;

and in the inverte-

brata likewise, with the exception of the Crustacea, arachnida, and

insects. It is the agent by which the remarkable rotation of the

embryo in the ova of mollusca is effected
;
and it occurs 011 the surface

of the ova of polypes and sponges. The bodies of some of the infu-

soria are covered with cilia, which are apparently employed by them
as organs of locomotion and for the prehension of food (fig. 2, g).

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 a

level with the atlas, on the upper and posterior part of the soft

palate and in the immediate neighbourhood of the Eustachian tube,

extending 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 lacrymal sac and lacrymal canal. 5. On the 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 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 movement, namely, to promote the expulsion
of the fluid secreted by the surfaces on which the cilia exist.

i
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Wherever the direction of the motion has been ascertained, it is

that which would be favourable to such a purpose. In the bron-

chial tubes and trachea, the direction of the motion is towards the

larynx, so that the cilia may be regarded 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 to pass
towards the back part of the cavity, where its opening is situated.

In the Fallopian tube, the direction is stated by Purldnje and

Valentin to be from the fim-

briated extremity towards

the vagina. It seems very

probable that ciliary motion

exists in the kidney, at the

narrow neck of each urinifer-

ous tube, as it passes off from

the capsule ofthe Malphigian

body. This has not been ac-

tually observed in the human

subject. It was discovered,

and has been frequently seen

in the frog,"* and is shewn

in the annexed drawing (fig.

3). The movement is here

directed towards the uri-

iiiferous tube, and it doubt-

less 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 simi-

lar end to that in man.

They exist extensively on

respiratory surfaces, and in

connexion with the genera-
n A lc,^ 1,tlVC OrgailS; and also, but

tn n loec rl^o-ron -wn'fli +Vo) a leSS tlegiee, With, the

organs of digestion. But in pighian capsule> m '

some situations, both in man and in the inferior creatures, it is

difficult to determine what functions the ciliary motion can per-
form. Such are, in man, the ventricles of the brain ; and, in the

*
Bowman, Phil. Trans. 1842.

VOL. i. F

Urmiferous tube of Frog's kidney, arising from capsule
of Malpighian body : a. Cavity of the tube. b. Epithelium.
c. Basement membrane, b'. Ciliated epithelium at the
neck of the tube. b". Detached ciliated particle, c. Mai-
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frog, the closed cavities of the pericardium and peritoneum. Here

there are no excretory orifices, toward which the current might set.

What is the cause of ciliary motion? "We have shewn it to

be independent of the blood and of the nerves, and to resist those

depressing causes which usually put a stop to the action of con-

tractile 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 Schwamr'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 move-

ment of their internal granules may be seen under certain circum-

stances. If ciliated epithelium cells exert an attraction of endos-

mose upon the surrounding 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 testicle, which prevails most exten-

sively throughout the animal series, and is even found among plants.

From the regularity of these movements, and their resemblance to

those of minute animals, a place had been assigned by naturalists

to the particles in question, in their zoological classifications, under

the name "
Cercarice, seminis" Spermatozoa, or Spermatic ani-

malcules, and Ehrenberg refers them to the Haustellate Entozoa.

These particles consist chiefly of a long filament or tail, which is

sometimes swollen at one extremity, to form the body of the sup-

posed animalcule. The motions consist in a sculling action of the

tail, or a slight lateral vibration of it. In many of its conditions

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 particles 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

shewn 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 subjects treated of in this chapter reference is made to the follow-

ing sources of information : Eob. Brown, A Brief Account of Microscopical
Observations on the particles contained in the pollen of plants, and on the

general existence of active molecules in organic and inorganic substances ;

Purkinje and Valentin, Commentatio Physiologica de phenomeno motus vibra-

torii continui
;
article Cilia, by Dr. Sharpey, in the Cyclopaedia of Anatomy

and Physiology ; Valentin's article Flimmer-bewegung in Wagner's Hand-
worterbuch cler Physiologic.
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CHAPTER III.

LOCOMOTION. PASSIVE AND ACTIVE ORGANS OF LOCOMOTION. FI-

BROUS TISSUE, WHITE AND YELLOW. AREOLAR TISSUE. ADIPOSE

TISSUE AND FAT.

LOCOMOTION is that function by which an animal is able to

transport 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 function. Many of them are fixed in their places through-
out 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 mecha-

nism of the locomotive acts. In a large quadruped, the horse, for

example, standing is effected with a trifling expenditure of mus-

cular force, because the animal's body is maintained on four pillars

of support, which resist the attraction of gravity acting upon it.

Man has to maintain the erect attitude, and to counteract by mus-

cular action the tendency of his body to gravitate forwards. The
mechanical adjustments of his frame are less favourable to preserve
the standing posture than in the four-footed animal. 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 connect -

F 2
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ing the muscles to the bones; 2. Areolar tissue, which is so

extensively diffused throughout the body, at once separating and

uniting neighbouring parts ;
3. Cartilage, fibro-cartilage, and bone,

which enter immediately into the construction of the skeleton
; and,

lastly, synovial and serous membranes, being peculiar arrangements
of tissue admirably suited to facilitate motion.

FIBROUS TISSUE.

Under this head anatomists range two kinds of texture, resem-

bling each other only in the fact that they present to the naked

eye a fibrous aspect, as if they were compounded of a series of

bundles of threads or fibres. They differ, however, very materially
in colour, in physical properties, in ultimate structure : the general

purposes which they serve in the animal oeconomy are pretty much
the same ; for both are used in connexion with the skeleton, and

are concerned in the mechanism 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, either to bind

parts of the skeleton together, to cover and protect organs of deli-

cate texture^ to unite muscles to bone, or other parts, to compress
the muscles of a limb, or strengthen the walls of a cavity, we
find white fibrous tissue called into requisition for these purposes.

Hence we observe it to assume a great variety of forms, according
to the various uses to which it is applied. It occurs, 1, as liga-

ments, connected with joints ; 2, as tendons, connecting muscles

to bones ; 3, in a membranous form, covering and protecting cer-

tain organs, as the dura mater of the head and spine, 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 perichondrium of

cartilage, the aponeuroses of the limbs, as the fascia lata, &c.

When we examine a portion of fibrous tissue taken from any
of these sources, we find connected with it a greater or less quan-

tity of areolar tissue, which adheres to its outer surface like a

sheath. This is the case in all fibrous structures, except those

which have a serous membrane connected 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
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only serves the purpose of a nidus for conducting vessels to its

surface, but it accompanies them sparingly into its substance.

When the areolar tissue has been dissected 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, or cross in different directions. On placing a very
thin piece of the fibrous tissue under a high power of the micro-

scope, we observe what may be considered the characteristic feature

of this texture.

The piece under examination seems to be composed of a leash

of exceedingly delicate fibrilla?, running parallel to one another, and,

if not stretched, disposed to take a wavy course, Fig. 4.

like a skein of silk. But, on more accurate

inspection, it is found impossible to distinguish

threads of a determinate size; they seem, indeed,

to be of various sizes, according to the degree
of splitting to which the whole has been sub-

mitted, 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 filiform fragments ;
so that it would ap-

pear incorrect to describe this tissue as a bundle

of threads. It is rather a mass, with longitu-
dinal parallel streaks, (many of which are creas-

ings,) and which has a tendency to slit up al-

most ad infinitum in the longitudinal direction.

The correctness of this view is further shewn white fibrous tissue -.a.

Straight appearance of the

by the action of acid, which obliterates, for the tissue when stretched, b.c.

>'. Various wavy appearances
most part, all appearance of fibrillaB. and swells which the tissue exhibits

. when not stretched. Mag-
it lip as an entire maSS. nlAed 320 diameters.

Physical and vital Properties. White fibrous tissue is inelastic,

and, under ordinary circumstances, inextensible ; though it cbex

admit of being somewhat stretched by the influence of long-con-
tinued 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 fascia. Its force of cohesion is

the most valuable and characteristic quality of the white fibrous

tissue, and to this its various important uses are chiefly due. Masr

cagni calculates the force requisite to rupture the tendo Achillis ns

equal to 1,000 pounds' weight. Instances are constantly seen where
muscles are torn, or bones fractured, while the tendons or ligaments,
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through which the force has acted, have escaped. Thus, the malleoli

are often dragged off hy twists of the foot acting on those processes
of bone through the lateral ligaments of the joint. It is entirely

devoid of contractility or irritability; and its sensibility is very

low, so much so that tendons hanging out of a wound have been

cut without the patient being aware of it.

Vessels and Nerves. White fibrous tissue contains few vessels ;

they are small, and follow for the most part the course of the bun-

dles 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 disease.

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 hard 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 ap-

pearance of wavy fibres, and displays some broken elongated

corpuscles, which are probably the remains of the nuclei of the

development-cells. Gelatine may be extracted in considerable

quantity from white fibrous tissue by boiling, and it would appear
to constitute its chief proximate principle.

Of the different Forms 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-

ments of the joint, while they permit others. They, therefore, con-

stitute an extremely important part of the articular mechanism in

preserving the integrity of the joint in its various movements.

There are three principal kinds of articular ligaments. 1. Funi-

cular, rounded cords of white fibrous tissue, of which we may give

as examples the external lateral ligament of the knee-joint, the

perpendicular ligament of the ankle-joint, &c. : 2. Fascicular,

flattened bands, more or less expanded ; ex. internal lateral liga-

ment of the knee-joint, lateral ligaments of the elbow-joint, an-

terior 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 around the

margin of the articular surfaces composing 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.
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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 form of articulation, namely, the shoulder and

hip joints.

B. Tendons. Tendons serve to attach muscle to bone, or some

other part of the sclerous system. We may enumerate three

varieties of tendon, as regards form: 1. Funicular, e.g. long ten-

don of the biceps cubiti ; 2. Fascicular, short tendon of the same

muscle, and most of the tendons of the body ; 3. Aponeurotic, ten-

dinous expansions, sometimes of considerable extent, and very

useful in protecting the walls of cavities. The tendons of the

abdominal muscles afford good examples of this variety.

The tendons are for the most part implanted by separate fascicles

into distinct depressions in the bones, and are also closely incor-

porated 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 is 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 be seen

on the sternum, in front of which the tendinous fibres of the oppo-

site pectoral muscles meet and decussate, and thus form the super-

ficial layer of the periosteum covering that bone. The length of

the tendons is beautifully adapted to the quantity of contractile fibre

required to perform a certain movement ; thus, in the biceps cubiti,

were the whole length between the scapula and radius occupied by
muscular fibre, there would be a great waste of that contractile

tissue, as there would be much more than is wanted to produce the

required motion ; tendon is, therefore, made to take the place of

the superfluous muscle : in this way we may explain the differences

in length of the tendons even in the same limb.

C. Membranous. In the form 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

external covering to them, but that it sends in processes or septa,

which 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 muscles from each other
; and the dura mater

of the cranium sends in processes by which certain portions of the

encephalon are separated from one another.
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Fig 5.

Reparation and Reproduction. When a solution of continuity

takes place in white fibrous tissue, it readily heals by the interposi-

tion of a new substance, every way similar to the original tissue,,

excepting that it wants its peculiar glistening aspect, and is more

bulky and transparent.*

2. Yellow Fibrous Tissue. In colour, and in the possession of

elasticity to a remarkable extent, this tissue differs manifestly from

that last described.

It is yellow : disposed 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 fascicular, funicular, and membranous
forms.

Under the microscope we observe it to consist

of fibres, round in some, flattened in other spe-

cimens. These fibres are very variable in diameter,

usually from 3-oVo * Toooo f an ^ncn ^n diameter.

They bifurcate, or even divide into three ; and the

sum of the diameters of the branches considerably
exceeds the diameter of the trunk. They anasto-

mose freely with each other. They are prone to

break under manipulation, and the broken ex-

tremities are abrupt and disposed to curl up :

when maiiv of these broken ends exist together in
Yellow fibrous tissue.

shewing the curiy and the same piece, they give it a very peculiar and
branched disposition of J * J J

its nbriiise, their definite characteristic appearance.
outline, and abruptmode L "

of fracture. At , the In the human subject, we find this tissue em-
structure is not disturb-

ed, as in the rest of the

specimen. Magnified
320 diameters.

ployed in the spine, as the ligamenta subflava,

extended between the laminae of the vertebrse ; in

the larynx, forming the thyro-hyoid and crico-thyroid membranes,
and the chordae vocales ;

and in the trachea, forming the longitudi-

nal or elastic bands of that tube, and of its branches. The internal

lateral ligament of the lower jaw, the stylo-hyoid ligament, and the

transversalis fascia of the abdomen, are also, in a great measure,

composed of it. Among the lower animals it is very extensively

used for mechanical purposes, of which there is a familiar instance

in the ligamentum nucha 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
* We have ascertained this in the case of a divided tendo Achillis.
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the proper coat of the arteries, and it will be described with the

blood-vessels.

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

during 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 penetrate sparingly among its fibres, and cannot be sepa-

rated by dissection.

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 occur in isolated masses ; but their distribution through the

body is far more extensive than this description would imply. In

a diffused form, blended with one another in very varying propor-

tions, and each one of them presenting a variety of modifications,

they compose the areolar tissue, which may now be conveniently

considered 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 contributes largely to the formation

of membranes conferring protection by their toughness, resistance,

and elasticity.

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 visible in them, not usually parallel with

the border, though taking a general longitudinal direction. These

streaks, like the bands themselves, have a wavy character, but

they are rendered straight by being stretched. The streaks seem



74 LOCOMOTION. [CHAP. in.

more 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 determinate size, although it manifests a decided

tendency to tear lengthwise. The larger of these bands are often

as wide as
^-J-^.

of an inch
; they branch, or unite with others, here

Fig. 6. Fig.*J.

The two elements of Areolar tissue, in their natural rela-

tions to one another : a. The white fibrous element, with cell-

nuclei, i, sparingly visible on it. 6. The yellow fibrous ele-

ment, shewing the branching or anastomosing character of its

fibrillae. c. Fibrillae of the yellow element, far finer than the

rest, but having a similar curly character, d. Nucleolated
cell-nuclei, often seen apparently loose. From the areolar
tissue under the pectoral muscle, magnified 320 diameters.

Development of the Areolar tissue

(white fibrous element) : e. Nucleated

cells, of a rounded form. /. g. h. The
same, elongated in different degrees, and

branching. At h, the elongated extre-

mities have joined others, and are al-

ready assuming a distinctly fibrous

character. After Schwann.

and there. The smaller ones are often too minute to be visible,

except with a good instrument. These are the white fibrous element.

The others are long, single, elastic, branched filaments, with a

dark, decided border, and disposed to curl when not put on the

stretch. These interlace with the others, but appear to have no

continuity of substance with them. They are for the most part

about the -Q&Q-Q
of an inch in thickness ;

but we often see, in the

same specimen, others, of much greater density. These form the

yellow fibrous element (fig. 6).

These two tissues may be most easily discriminated by the addi-

tion of a drop of dilute acetic acid, which at once swells up the

former, and renders it transparent, while it produces no change in
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the latter. The wavy bands of the white fibrous part, on being
touched by the acid, may be seen to expand en masse, and not as

though they consisted 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 muscle. 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, send-

ing offsets on the opposite sides, and connecting themselves with

others in the vicinity. The threads thus formed are at first homo-

geneous ; the longitudinal streaks and the wavy character appear

subsequently (fig. 7). His description is drawn from the white

fibrous element; but it may be extended to the yellow also.

We have observed frequently among the threads of areolar tissue

taken from adult subjects a number of corpuscles (fig. 6, d), either

isolated, or having very delicate prolongations among the neigh-

bouring threads. These seem with great probability to be either

advancing or receding stages of the tissue.

It is not known whether the ultimate elements of the areolar

tissue have any immediate 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 twining of these microscopic fila-

ments, and of fasciculi of them, among one another, a web of

amazing intricacy results, of which the interstices are most irre-

gular in size and shape, and all necessarily 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
Dr. 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 interstices are not cavities possessed of definite limits, be-

cause they are open on all sides, and ultimately constituted out of a
mass of tangled threads. The application of the term, cell, to them,
is therefore inappropriate ;

and it cannot be wondered at, that it

should have led to much confusion. In certain situations, how-
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ever, where this tissue is in great

abundance, and where it first at-

tracted attention at the time when

elementary tissues began to be se-

parately studied, the meshes thus

formed are disposed so as to con-

stitute secondary cavities, having
a somewhat determinate shape

and size, and which are visible to

the naked eye. These generally

contain fat, and may be admirably
studied in most parts of the sub-

cutaneous tissue. They are better

deserving the name of cells than
Portion of Areolar tissue, inflated and dried, , . _, , , , n

shewing the general character of its larger meshes, the interstlCCS formed by the first
Each lamina and filament here represented con- . PIT
tains numerous smaller ones matted together by interlacement OI the elementary
the mode of preparation. Magnified twenty dia- _.
meters. filaments. J3ut they communicate

freely, as the smaller interstices do, their walls being everywhere

cribriform, and capable of giving passage to air or fluids.

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 more or less lax, more or less

abundant, according to the particular exigency of the part. It

is by means of this tissue, as well as by the complexity of its own

web, that almost every part of the vascular system is fixed in its

position, and allowed to undergo the movements impressed 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 is 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 one office of the former is

not to envelope and protect the latter. But the statements that

have been made of its universal presence 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 vessels two or three removes

from the capillaries.

In the muscles it connects the elementary fibres to one another,
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and preserves them from undue separation during contraction ; but

even here it is bound within the same limits as the capillaries, not

penetrating the sarcolemma to touch 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 nervous system, contains this tissue in

very small proportion ; one reason of which seems to be, that its

fibres differ from the parallel fibres of other muscles, by twining

among one another, and thus are enabled to dispense with an ex-

traneous bond of connexion.

Besides penetrating between the fibres of the muscles, whose

minute parts are in continual movement upon one another during

contraction, it generally invests their exterior, in a profusion pro-

portioned to the extent to which these organs move as a whole

upon neighbouring parts, of which the best examples may be seen,

between the great muscles of the extremities ; between these and

their enveloping fasciae (not their fasciae of origin); under the

occipito-frontalis muscle and its tendon
;
and in the upper eye-

lids.

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 move-

ments 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 their functions, and which are wholly or partially

without a free surface, as the pharynx, oesophagus, lumbar colon,

bladder, &c., this tissue is abundant, and its filaments so long,

tortuous, 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 membranes in 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 its 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 the formation of this numerous class

of organs 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 the vessels ; but wherever, either
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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 firm contexture of the

whole is provided for, while little or no motion is required between

its parts, this interstitial filamentary tissue will be found to be

confined to the larger blood-vessels, and to the surface of the

natural subdivisions of the organ.

For the present, it may be sufficient to illustrate this remark

by contrasting two important glands, in reference to this point.

The liver is well screened from injury by its position ;
it is liable to

no change of bulk ; it consists throughout of a continuous and close

network of capillaries, the interstices of which are filled by the

nucleated secretion-particles. The lobules resulting from the dis-

tribution of the vessels and ducts blend together at numerous

points, and have no motion on one another. Here the areolar

tissue is in very small quantity, and is limited to the ramifications

of the vessels and ducts. The mamma, on the other hand, is, by its

situation, peculiarly obnoxious to external injury. It is broken up
into numerous subdivisions, which move with the utmost freedom

on one another, and it is, moreover, liable to temporary augmenta-
tions of bulk. In this important gland not only is there a common
investment of peculiar density, but an extraordinary abundance of

areolar tissue disseminated throughout its interior.

Thus, this tissue, so widely spread throughout the 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 union 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 it binds

together; and it accomplishes this double purpose in a manner

suited to the necessities of diverse parts, by a variety so simple in

the number, 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 prepon-

derates ;
while the white fibrous element abounds in parts demand-

ing tenacity and power of resistance. In all cases the openness of

the network is proportioned to the extent of mobility required.

Where the meshes are small, the threads composing them branch
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and anastomose with one another with much greater frequency.
The texture of the cutis affords the most characteristic example of

this condition.

Physical Properties. These have only been studied hitherto in

those situations where the tissue exists in great abundance, as in

the subcutaneous fascia, the sheaths of muscles, &c. It has here a

whitish hue, especially when steeped in water. It is extensible in

all directions, and is very elastic, returning to its original disposition
after stretching. It possesses no contractility beyond that attri-

butable to the vessels which are everywhere found in connexion

with it, and in such situations in great profusion. Its sensibility

is usually stated to be low ; but it may be doubted whether the

nerves can in any case be said to be distributed to this tissue,

which has been already shewn to be an appendage and protector
to these and other organs. Its asserted powers of absorption and
secretion appertain to the capillary blood-vessels, rather than to the

threads of the areolar tissue.

This tissue, like all other soft solids, contains a large quantity of

water. This keeps the filaments moist, without being so abundant

as to be free in their interstices. A morbid increase of this fluid

in the subcutaneous areolar tissue occasions the condition called ana-

sarca, and which may be known by the skin pitting under the pres-
sure of the finger.

When dried, out of the body, areolar tissue becomes hard and

transparent, but resumes its former state if moistened. It under-

goes the putrefactive process slowly. It is one of that class of tis-

sues which yields gelatine by boiling, the gelatine being derived

from the white fibrous element only.

The great value of areolar tissue, in facilitating the motion of

parts between which it is situate, is shewn by the effects of inflam-

mation, or other diseases which injure its physical properties. It is

well known, that, when the subcutaneous tissue is the seat of phleg-
monous inflammation, 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 elasticity in the areolar

tissue. When this tissue becomes indurated by an effusion of

coagulable material, the movements of the diseased limb are simi-

larly impaired.
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OF THE ADIPOSE TISSUE, AND OF FAT.

This tissue has no alliance either of structure or function with

the areolar tissue; it is, however, usually deposited in connexion

with that tissue, and therefore we find it convenient to notice it

here. Malpighi, W. Hunter, Monro, and, more recently, other

distinguished anatomists, pointed out the distinctness of these two

tissues; but such has been the influence of the term cellular, ap-

plied to both, that they are still usually classed together. Now,

however, that microscopes, on which reliance can be placed, declare

their totally distinct nature, it is full time that they be treated of

as altogether distinct and independent 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 com,-

monly closely associated with the areolar tissue ; but the connexion

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, be-

tween the rectum and bladder, under the mucous 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 dis-

carded, as leading to much misconception.

A distinction is to be drawn between fat and the adipose tissue.

The tissue is a membrane 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
2 ooo~o ^

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 -j^ to the -g^ of an inch

in diameter, when fully developed ;
and is supplied on its exterior

with capillary blood-vessels, having a special disposition.

The fat vesicles are usually deposited in great numbers together,

and they then become flattened on their contiguous aspects, and
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assume a polyhedral figure more or less

regular (fig. 9). But, if isolated, their

form is rounded, as may be seen in emi-

nent beauty in the double series of them

which frequently accompanies the minute

vessels traversing membranous expansions
of the areolar tissue, and other lamellar

structures, as the mesentery of small

animals. The vessels are thus attended

by fat vesicles, for the manifest purpose
of protection from the pressure to which

they would be exposed in their open

course, and they throw around each ve- JUt*

side a capillary loop.
tum : magllified about 30 diameters '

Where the fat is in considerable quantity, it is commonly sub-

divided into a number of small fragments or lobules, fitted accu-

rately to one another and invested with areolar tissue, for the pur-

pose, chiefly, of permitting motion between the parts of the mass,

but, also, for the convenience of the distribution of its blood-vessels.

Fig. 10.

r>

Blood-vessels of Fat: A. Minute flattened fat-lobule, in which the ve:-sels only are repre-
sented, a. The Terminal Artery, v. The Primitive vein. 6. The fat-vesicles of one border
of the lobule, separately represented. Magnified 100 diameters. B. Plan of the arrange-
ment of the capillaries on the exterior of the vesicles : more highly magnified.

The blood-vessels enter the chinks between the lobules (fig. 1 0,

A. B.), 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 anasto-

mose with one another at the points where these angles meet. This

VOL. i. G
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is one of those situations where the capillary vessels can be most un-

equivocally proved to possess distinct membranous parietes.

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, stearine 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 both, 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 F. 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 proxi-

mate elements of fat are regarded by modern chemists as natural

compounds 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 prin-

ciples are, respectively, a stearate, a margarate, 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 re-

mains 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 spot on the inner surface of the cell-mem-

brane, and looks like a small star (fig. 11, b. b. b). The elaine

Fitj , ,
occupies the remainder of the vesicle, except
when the quantity of fat in the cell is smaller

than usual; in which case we may often

discern a little aqueous fluid between the

elaine and the cell-membrane on the side

farthest from the star (fig. 11, .
.) ;

a con-

dition, by the way, which is very favourabl

for the observation of this membrane itself.

The softer kinds of fat were denominat

by the older anatomists pinguedo, lard ;
an<



CHAP, in.] ADIPOSE TISSUE AND FAT. 83

the more solid sebum or sevum suet, tallow. Hunter distinguishes
four varieties as to fluidity ; oil, lard, tallow, and spermaceti. 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. In lard,

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,
consists of

Hydrogen 11-416

Carbon 79-000

Oxygen 9'584

100-000

Distribution. The adipose tissue is found very extensively in

the animal kingdom. It is found in larvae 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 rep-
tiles it exists chiefly in the abdomen. In the frog, toad, &c. it

is found in the form of long appendages, like the appendices epi-

ploicse, situated on each side of the spine. In birds, it exists chiefly

between the peritoneum 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. Jn mam-
malia it is very generally diffused. This class, as a whole, has the

greatest quantity under the skin, and about certain of the abdo-

minal 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 hybernating animals, which, during
their dormant state, absorb it into the system.

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

Among mankind many remarkable varieties exist in regard to

tliis tissue. Thus, in general, women are fatter than men. The

healthy human foetus, after the middle of the period of gestation,
accumulates fat in considerable quantities : towards middle age,
there is a similar disposition, which has not escaped ordinary
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observation,
"
Fat, fair, and forty :

" in old age and decrepitude, the

adipose deposit greatly diminishes.

Differences are also constantly seen in individuals, which can be

referred only to an original constitutional bent. Thus young
children are occasionally so overloaded with this tissue as to be

unable to follow 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 accumu-

lated over the abdomen, and between the layers of the epiploon and

mesentery. Instances where it attains the thickness of three or

four inches under the skin of the belly are not unfrequent in corpu-
lent persons. A similar abundance occasions the " double chin."

It is perhaps possible for the body to grow 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

pronenesss to accumulate fat : M. Blainville remarks, with naivete,
" We have seen many individuals of the English nation whom

embonpoint had rendered almost monstrous
;
and I remember among

others, a man exhibited at the Palais Royal who weighed five

hundred pounds. He was literally as broad as he was long."

Among the Hottentot women, the fat is apt to gather in the

buttocks, and is considered a prominent mark of beauty ; but this

does not usually occur till after the first pregnancy. A somewhat

analogous formation exists in a variety of sheep,* reared by the

pastoral tribes of Asia, in which a large mass of fat covers the

buttocks and takes the place of the tail, appearing when viewed

from behind as a double hemisphere, in the notch of which the

coccyx is buried, but is just perceptible to the touch. These pro-

tuberances, when very large, fluctuate from side to side, and some-

times attain the weight of thirty or forty pounds.
The quantity of fat in a moderately fat man is estimated by

Beclard at about the twentieth of the weight of the body.
Fat is found in the following situations in the human body : in

the orbits, in the cheeks, the palms of the hands and soles of the

feet, at the flexures of the joints, and between the folds of thf

synovial membranes of joints, around the kidneys, in the mesentery

* Ovis steatopyga, fat-buttocked sheep. Pallas.
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and omenturn, in the appendices epiploicse, on the heart, in the

subcutaneous layer of areolar tissue, but especially that of the

abdomen, and of the mammary region, and in the cancelli and

canals of the bones forming the medulla. It never occurs in the

areolar tissue of the scrotum and penis, or of the nymphse, nor in

that between the rectum and bladder, nor along the median line

beneath the skin, nor in sundry other situations.

Fat is found in the liver, and in the brain and nerves, and occa-

sionally in other organs. In these organs it is not enclosed in

vesicles of adipose membrane, but in the elementary parts of the

tissues themselves, as in the epithelium cells of the liver, and in

the tubes and globules of the nervous substance.

Development of Adipose Tissue. The vesicles Fis-

of the adipose tissue are originally furnished with

nuclei, with a central granule or nucleolus. The
nucleus is situated on the inner surface of the cell-

membrane, or, if this be thick, in its substance.

The nucleus is speedily absorbed, and never after-

wards appears. Thus it is probable that the ori-ri A fat-cell, to shew the

ginal development-cell assumes a permanent form nucleus; from scuwann:
c. The adipose mem-m the adipose Vesicle. brane. <* The nucleus.

Formation of Fat. Many facts prove that the elements of fat are

derived from the blood. All the most recent analyses of that fluid

assign to it a certain proportion of both the crystallizable and the

oily portion of the fat
; according to Lecanu, about four parts in

a thousand. In some instances, the fatty matter accumulates in

the blood
; cases of which have been recorded by Morgagni, Hew-

son, Marcet, Traill, and Babington. In such cases the serum is

opaque and nearly as white 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 dissolved, and the serum loses its opacity.
M. Blainville relates, that, in dissecting the last elephant that 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 consider-

able quantity of a fine fatty matter, which on analysis he found to

have exactly the composition of ordinary fat.

From what source is this fatty material furnished to the blood?

From fatty matters introduced into the system in the food, whether
in animal or vegetable substances ; probably, also, from those parts
of the food which, in composition, resemble fat most nearly, such as

the non-nitrogenised articles of diet, starch, gum, sugar, alcohol,
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beer, &c. Liebig states, that, by the separation of a small propor-
tion 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 equivalents of oxygen.

If, then, the system be imperfectly supplied with oxygen, while

organic compounds containing carbon are furnished to it in con-

siderable quantity, the most favourable conditions will exist for

the development of fat. The oxygen required will be abstracted

from the carbonised 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 indispensable 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 traveller his lean, muscular, sinewy
limbs altogether free from fat : but in prisons and jails 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.*

A good illustration of these views is afforded by the carnivorous

animals. In the wild state, living entirely on azotised food, and

enjoying abundance of air and exercise, they are lean; but, when

domesticated, living on a mixed diet, devouring a highly carbo-

naceous food, taking little exercise, and being imperfectly supplied
with oxygen, they grow fat.

In animals that hybernate, 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 respiratory process. These facts were clearly ascer-

tained in hedgehogs, by the celebrated Dr. Jenner.

Liebig supposes that the formation of fat is attended with the

development 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 whe-

ther the temperature of the body is thereby elevated, since the

*
Liebig's Organic Chemistry of Physiology.
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separation of the oxygen would be doubtless attended by a degree
of cooling sufficient to neutralize the heat developed in the forma-

tion 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 little

hair on their skins, have the greatest quantity of subcutaneous fat.

This is remarkably 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 treatise on General Anatomy by Bichat, Beclard, Craigie, and
Henle

; Hildebrandt's Anatomy, by Weber ; Blainville, Logons de Physiologic ;

Liebig's Organic Chemistry ; Hunter's remarks on Fat, in the Catalogue of

the Hunterian Museum, vol. iii. p. 2.
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CHAPTER IV.

PASSIVE ORGANS OF LOCOMOTION, CONTINUED. OF CARTILAGE

AND FIBRO-CARTILAGE.

CARTILAGE is extensively used in the animal frame, and is one of

the simplest of the textures. Like the adipose tissue, it approaches

very closely in its intimate structure to the cellular tissue of

vegetables.

In the development of the embryo, it is one of the first tissues

to appear as a distinct structure, and it constitutes the internal

skeleton in its earliest condition in the animal scale. The rudi-

mentary skeleton of the cephalopoda consists of it; and in one class

of fishes (hence termed cartilaginous, as the shark, ray, lamprey)
the skeleton is entirely composed of it.

In man, and the higher animals, cartilage is employed tempora-

rily, as a nidus for bone, in the early stages of life, and is then

called temporary cartilage. This, at a certain period, begins to

ossify, and finally disappears by being converted into bone. At one

time, the greatest part, not the whole, of the skeleton is cartila-

ginous ; and for a considerable period after birth the extremities of

the long bones are chiefly composed of cartilage, and the larger pro-

cesses are connected to the shaft of the bone by this substance.

For other purposes, however, a cartilage is employed which is not

prone to ossify, viz. permanent cartilage, and this is used either in

joints (articular cartilage), or in the walls of cavities (membrani-

form cartilage). The articular variety is either disposed as a thin

layer between two articular surfaces, and equally adherent to both,

as in the synarthrodial joints (the cranial sutures, the sacro-iliac

symphyses, &c.); 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 the

orifices of canals or passages, or to form tubes, that require to be

kept permanently open ; the elasticity of the material effecting this
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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.

Elasticity, flexibility, and considerable cohesive power, are the

chief physical properties of this texture ; and in these qualities, and

especially in the first, consists its great value, both in contributing

to the perfection of the locomotive apparatus, and in its adaptation

to other purposes. Cartilage is not brittle; a thin piece may be

broken across by being suddenly bent at a very acute angle ; but,

in general, cartilage will bend easily without the occurrence of

fracture, and will speedily resume its former direction on the

bending force being removed.

Structure. The simplest kind of cartilage consists merely of

nucleated cells, and exceedingly resembles the cellular tissue of

plants. The cells are very large, roundish or ovoidal, and more or

less flattened by their mutual contact. Each has a diminutive

transparent nucleus attached to the inner surface of the cell-mem-

brane, and containing within it a minute granule, or nucleolus.

We have also met 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 dis-

tance among the more superficial of them, which are smaller and

more densely packed than the rest.

This kind of cartilage is found in the Fig. IB.

chorda dorsalis, or rudimentary spinal column

of the early embryo : it also exists in the per-

manent chorda dorsalis of the cartilaginous

fishes, and may be well seen in a thin piece
of that structure from the lamprey (fig. 13).

But, in other kinds of cartilage, the cells

are imbedded in an intercellular substance,
or matrix, more or less abundant in the dif-

ferent 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

intercellular substance ; this may often be determined at a broken
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fl-

edge, the cell-membrane 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 not abundant. The cells vary in shape and size, but most are

round or oval. Their nuclei are for the most part minutely granu-
lar ; 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 dis-

posed in small sets of 2, 3, or 4, irregularly disseminated through

Fig. 14. a nearly homogeneous matrix, which is more

abundant than in the last-named variety;

fig. 1 4, A. The cells measure from T^W to

of an inch. The nuclei are for the

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-

tion, and pointing towards the surface; fig. 14,

B. This arrangement is probably connected

with a corresponding peculiarity of texture

of the intercellular substance, but which it is

more difficult to distinguish ; for these spe-

cimens have a disposition to fracture in a

regular manner along planes vertical to the

surface, and the broken surface is striated in

the same direction.

Near its deep or attached surface, articular

cartilage blends gradually with the bone it

invests. The cells in the neighbourhood, as

well as their nuclei, are surrounded with a

sprinkling of fine opaque granules, which seem to be a rudimentary

deposit of bone. The true bone dips unevenly into the substance

of the cartilage.

A pavement of nucleated epithelial particles has been described

by Henle to exist on the free surface of articular cartilage. In the

foetus this may be readily seen ; but in the adult we have often

failed to detect it, even in perfectly fresh specimens, and notwith-

standing great care. An irregularity of surface, like that repre--

Articular cartilage, from the
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sented in fig. 14, a, often exists, and seems to shew that this cover-

ing ceases when the part becomes subject to friction and pressure.

Cells, too, are often seen close to this surface, and even partly pro-

jecting from it; appearances indicative of attrition.

In the cartilages of the ribs, which occupy an intermediate place

between the articular and membraniform varieties, the cells are

larger than in any other cartilage in the body, being from ^^ t TSO

of an inch in diameter. Many of them contain two or more nuclei,

which are clear and transparent; arid some seem to contain a few oil-

globules, a condition occasionally met with in other varieties. The

cells often affect a linear arrange- Ftg.is.

ment. The rows of them are
^-ST

turned in all directions, and have

the appearance of having been

formed by the division of one cell,

and the separation of its parts from JB/JH!
each other. It is probable that V^"
the splitting of the nucleus may mPJS&a k!ral
be the first step in this process, as, ^ >

for example, in fig. 15, a.

The intercellular substance is

very abundant in these cartilages; ^? "

and though it usually presents, on

a Section, a Very finely mottled Cartilage of the Ribs. Section shewing the cells,

i
, i their nuclei and nucleoli. The transparent spaces

aspect, SUCh as IS Very Correctly result from the removal of the cells by the knife,
I ,i n t their cavities remaining. Magnified 320 diameters.

pourtrayed in the figure, yet we

may often discern 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 disintegration, for they are aggregated into

a solid mass in the unmutilated structure. They have very little

resemblance to the white fibrous tissue. Fig.it.

It is not known whether they take any
constant direction.

In the true membraniform cartilages, the

cells are very numerous in proportion to

the surrounding substance, which is conse-

quently in small quantity. This intercel-

lular matrix is very distinctly fibrous to- >T \* c^1
??

6 '- 111 section '

Magnified 320 diameters.

wards the exterior of these cartilages, and

often in their interior, but with considerable variety. The thyroid
and rricoid cartilages, and the rings of the trachea, seem chiefly
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composed of clearly defined and roundish nucleated cells, huddled

together, as it were, in a promiscuous manner, fig. 16. In spe-

cimens from persons of adult age, the cells have frequently a fine

granular opaque matter sprinkled on their exterior ;
and these, in

older subjects, are seen to have become minute centres of a spurious

ossification.

In the cartilage of the ear the cells are small, and very close to

each other; in shape they are very uniform, and vary in size from

fsVo to TOO f an "lck- A piece f tnis 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

intercellular 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-

ment corresponds with the periosteum of bone, and in the tempo-

rary cartilages is indeed the very same structure. It is a nidus for

the nutrient vessels of cartilage, and often serves to give attachment

to muscles. It is best examined on the cartilages of the ribs. Its

great toughness is 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-

vascular, 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 blood flows. If the

quantity of vessels be large in proportion to the tissue, or if the two

are mingled in an intimate manner, we term the part very vascular.

If, on the other hand, there be a considerable mass of tissue, among
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,
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used, it 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, it contains canals

in its interior, for the transmission of vessels. These canals are

somewhat tortuous, and contain a delicate extension of the peri-

chondrium. They may be 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.

Nothing is more certain than that articular cartilage, in man, is

not penetrated by blood-vessels. Coloured fluids injected into the

vessels cannot 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 than this, in the examination of thin

slices of the tissue under a high power. This brings no vessels into

view : on the contrary, it proves their non-existence beyond dis-

pute. In some diseased states, however, the presence of a few

vessels seems to have been established.

Mr. Toynbee* 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 minute vessels, on

approaching this lamella seem to dilate, and then, forming arches,

they run back into the cancelli of the bone. Such an arrange-

ment must, of course, be attended with a retardation of the blood

near the " articular lamella." The vessels of the synovial membrane
advance with it a little way upon the articular surface of the car-

tilage, but only over those parts which are not subject to pressure

during the natural movements of the joint. These likewise ter-

minate in loops. In diseased states they often advance far upon
the cartilage as they do naturally, according to Mr. Toynbee's

observations, during the middle period of foetal life.

*
Phil. Trans. 1841.
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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 nbro-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, yielding, and almost pulpy.
When 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 fibrous

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 Vital 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

in immediate connexion. Nothing is known respecting its nerves,

if indeed it possess them.

Chemical Composition. Fibro-cartilage contains water
;
when

deprived of it by drying, it shrivels up, and becomes hard and

yellow. It yields gelatine in abundance on boiling.

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 ad-

herent to both, of which the intervertebral discs and the inter-

pubic fibro-cartilage are instances, b. As laminae, free on both
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Fig. 17.

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 andlunar, and lunar and cunei-

form bones, c. As triangular edges to the glenoidandcotyloid 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 consists of concentric layers of white

fibrous tissue, placed vertically between the surfaces of the vertebrae:

although the layers are vertical,

the fibres of which each layer is

composed, are directed obliquely
from above downwards, 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 lamina

of cartilage. This arrangement

belongs to rather more than

the outer third of the disc: the

central portion is occupied by
a soft, yielding, pulpy matter,

which, when a disc is cut horizon-

tally, rises up considerably above

the surrounding level. This soft

mass consists of a few bundles of

wliifr filvrrma ticnp (wttiTir -fihrvasA Elementary structures from an intervertebral>SUe (^Wavy nOieSj, ^^^^ cartilage-cells lying amongst the

with numerous nucleated

very variable in shape and size,

loosely interspersed. It is girt by
the surrounding vertical fibrous

layers arid their interposed cartilaginous lamellae, and also com-

pressed by the vertebrae between which it is placed j the pulpy
matter being separated from immediate contact with the surfaces

of the vertebrae by the interposition of thin layers of cartilage.
In the menisci the white fibrous tissue predominates considerably

at their circumferences, while the cartilage chiefly abounds in the

centre. Those of the knee joint and temporo-maxillary joint are

the densest ; that of the sterno-clavicular is softer and more carti-

laginous.

Oplls wnite fibrous tissue. The remaining objects area
.> from the central pulpy substance, and exhibit

various forms of cell. In several of these there is

an appearance of multiplication by subdivision of
the nucleus, and some seem attached by a fibrous
tissue. The full meaning of this does not yet
appear.
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The circumferential nbro-cartilages contain a considerable pre-

dominance of fibrous tissue.

The non-articular form of nbro-cartilage is found deposited on

the surfaces of the grooves in bones, which lodge tendons ; as, for

example, the groove for the lodgement of the tibialis posticus. In

intimate structure it resembles the articular forms.

Reparation and Reproduction. Fibro-cartilage heals by a new
substance 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 Miiller's Physiology, by Baly, p. 390 ;
the articles

Cartilage and Fibro-cartilage, in the Cyclopaedia of Anatomy ;
and Mr.

Toynbee's paper on Non-vascular Tissues, in Phil. Trans. 1841.
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CHAPTER V.

PASSIVE ORGANS OP LOCOMOTION, CONTINUED. OF HONE.

THE distinction of animal textures into hard and soft prevails

very extensively throughout the animal series. The former are

characterized by containing a proportion of inorganic material, in

combination 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 them, and affording a

surface of attachment for the muscles of the animal; thus playing
an important part in its locomotion, or in its ordinary movements.

To this category we may refer the earthy support to the soft fleshy

mass, whether as an internal stem or axis, or as an external cover-

ing, which is to be found among the polypifera, performing a func-

tion 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 covering of insects, the hard external

integuments of Crustacea, and the infinitely various shells of the

gasteropoda 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 internal ; 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
VOL. I. H
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of support, or levers for motion, or it encloses cavities, affording

protection to soft arid vital organs.
To a superficial examination bone presents the following proper-

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 car-

tilaginous 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 sub-

stance. A preparation of this kind dried, and afterwards preserved
in spirits of turpentine, serves beautifully to exhibit the disposition

of the vessels 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 the

bone retains its form, but the cohesion between the earthy particles

is extremely slight, so that the least touch will destroy its con-

tinuity ; 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 due 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 por-

tion shall be healthy, and in proper quantity; for the cohesion of

the particles of the former is secured entirely by it. A due pro-

portion of the animal part gives bone a certain degree of elasticity;

and, were it not for the earthy matter, bones wrould be exceedingly

flexible, as may be shewn in a bone deprived of its calcareous mat-

ter by acid. Hence old bones, in which the animal matter is less
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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, in whom the organic processes are active, and

whose animal matter is fully adequate in quantity 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 co-

hesive force of the bones being sometimes so considerable, that they
will bend to a great degree before yielding.

The following table from Schreger illustrates the relative pro-

portions of the two constituents, at three periods of life, in 100

parts of bone :

Child. Adult. Old.

Animal matter . . 47'20 . 20-18 . 12-2

Earthy matter . . 4848 . 74'84 . 84'1

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

it is equal to four fifths, and in the old subject to seven eighths; a

conclusion 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 shewn by

Davy to owe its stony hardness to a large proportion of earthy mat-

ter. 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'

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 ver-

tebrae, 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 foetus the same law prevails as regards the relative quan-

tity 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,

H2
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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,

?nd the direction in which they become bent is evidently influenced

by J\e superimposed weight ; the bend almost always appears as

an aggravation of the natural curves of the bones. The rickety

femur has always its convexity directed forwards : the tibia is con-

vex forwards and outwards, and the fibula follows the same direc-

tion. 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 hardness. 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 79' 75 animal,

and 20-25 earthy.

The brittleness of the bones in 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. But this

state cannot be looked upon as morbid; it is the natural result of

the feeble condition of the powers of nutrition, which ensues in the

advance of years ;
and it will vary, in different individuals, accord-

ing 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 mollities ossium, results from the dissemi-

nation 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 considerable quantity of oil.

Bones possess a remarkable power of resisting decomposition.
Even the animal part seems to acquire this power through its coi

bination with the earthy. This is manifest from analysing bon<

which have been long kept, or fossil bones. Cuvier states thj

the latter bones exhibit a considerable cartilaginous portion ; an<
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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 Koman frontal bone, dug up from Pompeii, Dr. Davy found

35-5 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

composed of three atoms of lime with one of phosphoric acid

(a tribasic 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 crystallize, and is readily

soluble in acids.

The existence of fluoride of calcium in bone was announced

many years ago by Berzelius
;
but the observations of our friend,

Dr. G. O. Rees, throw considerable doubt upon this assertion.

Dr. Rees attributes the action of the supposed fluoric acid upon glass

to phosphoric 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
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Fig. 18.

of carbonic acid. Filter the acid liquid after diluting it 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 cha-

racteristic crystalline structure.

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 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 magnesia will be left behind in a pure form.

In examining a section of almost any bone, we observe two

varieties of osseous substance : 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

otherloose, reticular,spongy,

enclosing spaces or cells,

which communicate freely
Avith each other, an*d which,

being called cancelli, give to

this kind ofosseous tissue the

name cancellated. These cells

are formed by an interlace-

mentofnumerousbony fibres

and laminae, which, although
to a superficial observation

exhibiting an indefinite ar-

rangement, have neverthe-

less, in those bones which

have to support weight, a

more or less perpendicular

Vertical section of the upper end of the Femur, shewing direction. The Cancellated

structure of bone is always
situated in its interior, enclosed and protected 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 extremities,

the cancellated texture is accumulated, invested by a thin lamella of
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compact tissue, giving expansion and lightness to those parts of the

bone. In the intermediate portion, or shaft, 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 periosteum,

which, like the perichoiidrium 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, called 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 medullary canal. Here the

medullary membrane lines the compact 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 importance 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, through the medium of these, rendered continuous with one

another.

The great variety of uses to which the bones are applied in the

construction of the skeleton, occasions much difference of shape as

well as of size. The following 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 principal levers of the body; their

length greatly exceeds their breadth and thickness. In descriptive

anatomy, a long bone is divided into a shaft, or central part, and
two extremities. The shaft is never perfectly straight, 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, it had received a twist,

and its extremities had been turned in opposite directions. This is

very manifest in the femur and humerus
; more especially in the

latter, where the groove, in which the radial nerve runs, is just what
one might fancifully suppose to have resulted from such a cause as

that above named.
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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 com-

posed of compact tissue, of thickness proportionate to the length of

the bone, and the bore of the medullary canal. In the curved bones,

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 sub-

jects 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 cancellated 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 attach-

ment to ligaments and tendons. The cancellated tissue is admirably

adapted to attain this object; for, while by the looseness of its tex-

ture it readily affords an extent of surface, its lightness is such, that

even a considerable 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

characters of the long bones, except that of length ; they may,
therefore, be grouped together in a class under the name of short

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 bones 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
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os innominatum, all of which will be found to possess the same

essential characters.

The cranial bones present one or two peculiarities which demand

a special notice. The layers of compact tissue in them are fami-

liarly known as the tables of the skull : the outer one is stouter and

tougher; the inner one denser and much thinner, and therefore

more brittle. The intervening structure is called the diploe ;
in

some places it is absent, leaving a vacant space produced by the

separation of the tables, and which communicates with the external

air, as in the frontal sinuses; the diploe is 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 diploe 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

certain characters proper to themselves. They exhibit much irre-

gularity of shape and size; and, on this account, are called irregular

bones. The vertebrse, the tarsal and carpal bones, certain bones of

the head and face, belong to this group. Lightness, with extent of

surface, are their principal characters. 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 connexion of some process to the main part of the bone; as

the pedicles, uniting the laminae to the bodies of the vertebrse.

In examining the surfaces of these different groups of bones, we
are struck with the variety of projections or eminences, and of

depressions, which are found upon them. These are of two kinds :

articular, and non-articular. The former are destined for the

formation of joints : as the head of the thigh-bone, an articular

eminence ; and the acetabulum, an articular depression.
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,

cristae, &c. The non-articular depressions serve a similar purpose,
and are equally various in form, being described as fossae, 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 muscu-
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larity of the subject. In the female, for instance, they are less dis-

tinct than in the male ; in the powerfully muscular man they are

at the maximum of development. As Sir Charles Bell has re-

marked, 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. It is 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 much animal matter, and needing a constant supply of

inorganic material likewise, must necessarily be largely 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
tissue through a distinct canal, known as that for the nutritious

artery. This vessel divides into two immediately 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 extremities of the bone, derived from the arteries

that penetrate there. From the copious vascular network thus

formed within the bone, the innermost part of the compact sub-

stance 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 maybe 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 cancellated texture.

The vascular canals of the compact tissue are styled Haversian,

after their discoverer, Clopton Havers. They are disseminated
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Fig. 19.

pretty uniformly through the tissue, and inosculate everywhere with
one another. In the long and short bones they follow the same

general direction as the axis ofthebone, and
are joined at intervals by cross branches.

The meshes thus formed are more or less

oblong (fig. 19). The deeper ones open
into the contiguous cancelli, with the ca-

vities of which they are continuous.

The arteries and veins of bone usually

occupy distinct Haversian canals. Of
these the venous are the larger, and com-

monly present at irregular intervals, and

especially where two or more branches

meet, pouch-like dilatations, calculated to

serve as reservoirs for the blood, and to

delay its escape from the tissue. In many
of the large bones, particularly in the flat

and irregular ones, the veins are exceed-

ingly capacious, and occupy a series of

tortuous canals ofremarkable size and very
characteristic appearance. These are well

described by Breschet in his elaborate
e - Dilatation of another venous canal -

work on the venous system ;
from which 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 ofcompact tissue, whicl i

itself often contains minute

Haversian canals. The veins

they contain discharge them-

selves separately on the sur-

face.

The Haversian canals vary
in diameter from -^^ to

*ne
S-ol)

Of an inch, Or more. Venous canals in the diploe of the cranium.- After
1 * Breschet.
the average being about ^L_.
Their ordinary distance from one another is about T^ of an inch.

They may be regarded as involutions of the surface of the bone,
for the purpose of allowing vessels to come into contact with it
in greater abundance. It is evident that the cancelli, and even the

Firj. 20.
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great medullary canal itself, are likewise involutions of the osseous

surface, though for a partly different end. These larger and more

irregular cavities in bone may be considered as a dilated form of

Haversian canals. They contain vessels not only for the nutrition

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 immediate contact with the blood-vessels. We have

already seen that considerable masses of cartilage derive their nu-

triment from vessels placed on their exterior only, apparently by a

kind of imbibition, perhaps 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 arrange-

ments already detailed; and, in addition to this, the osseous tissue

itself 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 ef-

fected by blood-vessels alone, consistently with the compactness and

density required in the tissue. The study of this delicate appa-

ratus will now demand attention
; but a few words must be pre-

mised on the ultimate structure of the osseous tissue.

It appears from the researches of Mr. Tomes, about to be pub-
lished in the Cyclopaedia of Anatomy, that the ultimate structure of

the osseous tissue is yranular. The granules of bone are often very

distinctly visible, without any artificial preparation, in the substance

of the delicate spiculoe of the cancelli, viewed with a high power,

and in various sections of all forms of bone. They may be gene-

Fi 21 rally obtained in calcined bone, either by bruising

a fragment of it, or by steeping it in dilute muri-

atic 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 ---
5-
to 3-4 QQT

of an inch. In shape they are oval or oblong,

bone!

in
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a
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e

atS
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m!d
8

[ and often angular. They cohere firmly together,

possibly by the medium of some second substance.

In some few instances, Mr. Tomes has met with

a very minute network, which seems adapted to receive them in
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Fig. 22.

its interstices; but this lie considers to require confirmation.

frequent apperance of

the granular texture is

well represented in fig.

22.

Where bone exists

naturally in an exceed-

ingly attenuated form,

it may consist of a

mere aggregation of

these granules, impe-
netrated by any per-

ceptible pores. This
r

. Two lacunae of osseous tissue, seen on their surfaces, shewing
Constitutesthe Simplest the disposition of their pores. The granular aspect of the tissue

,. , , both on their walls and around them is well represented. Ma^ni-
lOrm Under Which the fied 1200 diameters. Drawn from a preparation of the cancelli of

the Femur made by Mr. Tomes.

tissue can present itselt.

But all the osseous tissue with which the human anatomist is con-

cerned is of such bulk as to contain the series of pores and cavities

already alluded to for the conveyance of fluid from and to its vas-

cular surface. These pores always advance into the bone from

open orifices on its surface. They soon arrange themselves in sets,

each of which, after anastomosing 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 pro-

ceed from its opposite surface to pene-
trate still deeper into the tissue. These

pour themselves into another lacuna, or

divide themselves between two or three,

which are connected in like manner by
lateral channels. From these again

pass others, which pursue an onward

course from the surface; and so on, un-

til the whole substance of the bone is

TlPrfnrntpfl

the flirtllpr

Fig. 23.

tTipm Thp nnrp frnm Transverse sectionmem. 11C pOl Om bone surround g an
of a part of the
HaverMun canal,

nf thp PYtrpTnp lnpnTi shewing the pores commencing at the
L llie exire .e lacunae surfacei a , anastomosing ami passing from

PltVlPr nnpn rm rlip nrfipp nf tViA Vrmo avity to cavity. Magniried about 300
[ tne Done diameters. From a preparation made by

which they may now have reached, or
*** Tome8 '

else take a recurved direction back into the tissue.

When this beautiful system of microscopic pores and cavities

was first seen, it was not recognised as such. The lacunae were
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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 suffi-

ciently 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 them with fluid. If a dry section of

bone, in which they are very apparent, be moistened with oil of

turpentine while in the field of the microscope, the course of this

penetrating material can be witnessed, as it advances into the tissue,

It is seen to run quickly along the pores from the Haversian canals,

and from the surface of the specimen, where they have been cut

across. Having entered a lacuna, it suddenly extends along the

pores radiating from it, and, through these, reaches other lacunae ;

rendering the tissue transparent by filling up its vacuities. In parts

where air has previously occupied the vacant spaces, and the tur-

pentine cannot displace it, the characteristic appearance of minute

bubbles is often present.

The lacunae 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 fusi-

form dilatations ;
at other times large and bulky, and forming the

point of junction of a great multitude of pores. Mr. Tomes has

allowed us to represent the principal varieties which he has met

Fig. 24.

d,'

Form of various Lacunae, and their pores : a. Simple irregular cavities, without pores ; from

an ossification of the pleura : 6. from healthy bone of the human subject. 6'. One of the outer

lacunae of an Haversian system, with the pores all tending down towards the H. canal, c. Other

forms from human hone, shewing the lateral connecting pores.
d. From the Boa. External lacuna1, of an H. system, with unusually large pores dipping to-

wards the vascular surface, d'. Cavity intermediate between a lacuna and a pore. e. Another

variety from the same reptile. From Mr. Tomes.
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with in the human subject; and some remarkable ones from the

lower animals are appended from the same source (fig. 24) . In the

true dental substance, which is a kind of bone, the lacunae are

almost entirely deficient, and the pores attain a very singular deve-

lopment, 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 lacunae 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 lacunae, it follows that by far

the greater number pass to or from the surface of the bone; an ar-

rangement admirably adapted for the transmission of the nutritious

fluids. The pores passing from the edge principally serve to con-

nect together those lacunae that lie at nearly the same distance from

the surface. In fig. 22, the lacunae are seen on their surface ;
in

fig. 23, on their upper edge.

The lacunae have an average length of ^-gVo f an mcn>
an^ they

are usually about half as wide, and one third as thick. The dia-

meter of the pores is from 20 ^ 00 to j-^-oT f an inch.

The osseous tissue, thus studded by thousands of flattened

lacunae, which lie for the most part in planes parallel to the surface,

has a decided disposition to split up into lamina, following the same

direction. 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 lacunae numerous. It is pro-
bable 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 nutritive process within it.

It will now be easy to comprehend the apparently complex

arrangement of the osseous tissue in the interior of bones. Let us

tiike, for example, one of the long bones. The entire vascular sur-

face consists of, 1, the outer surface, covered by the periosteum;
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 -p^- of an inch from the vessels that ramify upon them.

There is a layer of tissue on the exterior of the bone deriving its
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nourishment from the periosteum, and which may be called the

periosteal layer. The lacunae 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 lacunae, in like manner, face this

cavity; and the pores of the inner ones open upon it. This layer

becomes variously folded to form the plates and fibres of the can-

celli ; and all the lacunae 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 from the exterior, it carries with it

a sheath of bone from the periosteal layer. The lacunae 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. Where-

ever the vessel penetrates, whatever direction it takes, and however

it branches, it is everywhere accompanied by this sheath from the

periosteal layer, or by offsets from it; and, when it enters the

medullary canal, its sheath expands into the medullary layer.

The vessels of the compact tissue are so close together that the

osseous sheaths respectively surrounding them come into contact

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 com-

fig,25. Pact 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 Haversian

canals cut across. Each hole appears as the

centre of a roundish area, which is the sec-

tion of an involuted periosteal layer now
become a vertical rod, containing a vessel in

its axis. The Haversian canals vary consi-

derably in size, and do not maintain a very
close relation to the thickness of their re-

spective osseous walls. They are frequently
Transverse section of the com-

'

,
.

,*,
. 11 v i

pact
tissue of a long bone; shew- eccentric, owing to their wall bulging more

ing, a. The periosteal layer, b. -\- , .-t i r>

The medullary layer, and the in- m OU6 direction than another, to fit in
termediate Haversian systems of , ,1 , -i , / ,-1

lamellae, each perforated by an tW66n Others in the VICimty : tor tnOUgJ
about 15

the rods of bone, containing the vessels, affe
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the cylindrical form, they often present an oval, or even a very irre-

gular, figure, on a section
;

their close package having modified

their form. The periosteal and medullary layers are also well seen

on the same section, the latter curving inwards to constitute the

walls of the cancelli. These two layers are of very irregular thick-

ness, as the Haversian rods encroach on them unequally (fig. 25).

On a further examination of such a section, with a sufficient mag-

nifying power, we observe the lacunae of the periosteal and medul-

lary layers facing those surfaces, and their pores opening upon them;
while the lacuna? of each Haversian layer all face the corresponding

canal, and their pores radiate from it (fig. 26, and the previous fig.

23, more highly magnified) . The
Fig 2G

Iacuna3 facing the Haversian sur-

face are generally curved concen-

trically with it. They are more

numerous, and their pores more

abundant, on the side where there

is most osseous substance, and

where it consequently extends

furthest from the source of nutri-

ment, the Haversian vessel. The

reason of the want of proportion
between the width of the canals

V'r'jjj^ .

'" '

--''' J

and the thickness of their re- ^ t/^^'
% '

vX".*^''

spective osseous walls, appears to

be this, that the larger Canals Part of the preparation represented in the last

trjiYiermt vpepl +r rkfTiAi* rnrf figure, more highly magnified: shewing the pnc-k-transmit vessels to otner parts, age of the Haversian systems, and also the light

Vp<iirlpi prmtfnniTur flnno wVnfli spaces between neighbouring ones. The system,
> Containing tnOSC WniCn

a>appcarsto flll up an interval between the-others.

nnnriili flipir nwn ImrAr Tiilp Tne laciuiso are seen facing the I lavcrshm canals,
LSI! tlieir OW. laer Willie and their pores taking a general radiating direction.

nf fhpm nrn nn rlrmlvf- in n At 5 an irregular lacuna communicates with then are, n LDt, m a
poresof three contiguous systems.

great measure channels for veins.

The outer lacunae belonging to an Haversian canal sometimes

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 lacunse of all of them ; but, in general,
the outermost pores of the extreme lacunse droop back on all sides

(fig. 24, b
1

', d), and re-enter the penultimate series of their own rod.

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

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

VOL. i. i
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remarkable 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 Haversian layers ; and, in general,

wherever several successive series of lacunae exist. The Haversian

rods, however, are remarkably prone to exhibit this appearance,

Fig. 27. especially under the condi-

tions previously mentioned

(p. 111). Their lamellae, how-

ever, are not concentric, as

commonly described. The
fissures which disclose them

are indeed concentric, but

they are always incomplete,
never extending completely
round the canal

;
so that the

Transverse section of the compact tissue of a tibia from in , ,1

an aged subject, treated with acid; shewing the appearance Iamell83 run into OUC anotlier
of lamellae surrounding the Haversian canals. Portions of , mi
several systems of lamella are seen. The appearance of the at VariOUS points. llllS re-
lacunse, when their pores are filled with fluid, is also seen, -i, /> ,-1 / , ,-t , ,-1

as well as the radiation from the canals which then remains. SUltS ITOm TIlC laCt, tnat me
From Mr. Tomes. i T

lacunae are not arranged in

sets equidistant" from the centre, but are scattered, as it were, inde-

pendently 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 lacunae, seem 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 description, as an

Haversian system of lamella.

In a longitudinal section of the compact tissue of a long bone

(fig. 19, p. 107) 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 lamellae, the

lacunae of which directly over it are seen in face, while the

lamellae dipping in on either side, in their course round the canal,

present the thin edges of their lacunae to the observer. In the

former part those pores alone are seen that proceed from the edge
of the lacunae ; while in the latter those from both surfaces are seen,

and of course appear much more numerous.

The description now given of the intimate texture of the com-

pact tissue of long and short bones will apply, in all essenti-
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respects, to every other example of the compact tissue ; the chief

difference consisting 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;

while in 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

systems in the compact tissue, that we need not smile at the de-

scriptions 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 Haversian systems are true fibres or pins, all con-

nected with one another by direct continuity of tissue, and most

artfully arranged for the mechanical 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 nutrition of the tissue.

In the ordinary cancellated texture, each cancellus must be

regarded 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 lamellae, among which lacunae,

with their pores, are scattered ;
and they sometimes, when thick,

contain Haversian canals. Usually, however, the pores of these

laminae communicate directly with the cavity of the cancellus to

which they belong.
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

matter has yet been proved. Yet there is little doubt that the

vascular surface of bones is furnished with nerves; the painful-
ness 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 cartilage. These increase in number and in density, and become
surrounded and held together by an intercellular substance in small

quantity ; thus forming the temporary cartilage, which subsequently
becomes converted into bone. The temporary cartilages have the

i 2
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same general 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, humeris, tibia, and upper jaw. The vertebrae 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.

Fig, 28. 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, and the others

succeed it at a variable interval.

The central part is termed the

diaphysis, and for a long period
after birth there remains a layer

of unossified cartilage between

this and the epiphyses, as the ex-

tremities are then styled. Pro-

cesses of bone have usually th<

own centres of ossification, an(

are termed epiphyses until they

are finally joined to the main

Im^f Partj after which they receive the

King's college. name of apophyses.

Ossification generally extends in the direction that the future

laminae and Haversian rods are to assume, and which corresponds ii

Vertical section of the knee-joint of an infant;
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Scapula of a foetus at the seventh month ; shew-
ing the progress of ossification. Natural size.

The light parts are epiphyses as yet cartilaginous
From the Museum of King's College, London.

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 al-

ways a very decided radiation from

the most prominent part of the

convexity of each. In the scapula
this direction is indicated by the

lines of shading in the accompany-

ing figure. The outline marks

the limits of the temporary carti-

lage, in which no other points of bone have yet appeared.

The minute history of the F!fJ- 30 -

process by which temporary

cartilage is converted into

bone, is of extreme interest, a

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 tem-

porary cartilage are small,

and pretty uniformly scat-

tered through a sparing,

homogenous intercellular

substance. The nuclei are

granular, and large com-

pared with the cells, which

are distinguished from the

surrounding substance

Fig. 30. Vertical section of cartilage C
near the surface of ossification : a. Ordi-
nary appearance of the temporary carti-

a'. Portion of the same more highly
mamiified. 6. The cells beginning to

:c the linear direction. 6'. Portion
more magnified. Opposite c, the ossifica-
tion is extending i,, the intercellular spaces,
and the rows of cells are seen resting in the
cavities so formed ; the nuclei being more

ted than above, c'. Portion of the
same more highly magnified. From a new-
born rabbit which had been preserved in
spirit.

'*'
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Fig.z\,

principally by their transparency around each nucleus (fig. 30,

a. a).

In the vicinity of the point of ossification for example, in

one of the long bones), 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 present on a vertical section is represented in

fig. 30. At first their aggregation is irregular, and the series

small (b.b'.^j 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 their nuclei seem in many in-

stances to touch: the nuclei themselves are also flattened, and

expanded laterally.

The lowest row dip into, and rest in

deep narrow cups of bone, formed by the

osseous transformation of the intercellular

substance between the rows. These cups
are seen by a vertical section in fig. 30, c. c .,

and by a transverse section on the level of

the ossifying surface in fig. 31. As ossifi-

cation advances between the rows, these

cups are of course converted into closed are-

olse of bone, the walls of which are lamelli-

form, and at first extremely thin.

Immediately upon the ossifying surface,

the nuclei, which were before closely com-

pressed, separate considerably from one

another by the increase of material within

the cells. The nuclei likewise often enlarge

and become more transparent ;
a condition

first pointed out to us by Mr. Tomes, but not present in fig. 31,

which was taken from a preparation that had been immersed in

spirit. The changes now enumerated may be conveniently con-

sidered to constitute the first 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 areolse 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

Horizontal section at the ossi-
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Vertical section from the same specimen as fig. 30, but deeper
in the bone, shewing the cancell! with blastema and a few
cartilage-cells, and also the osseous laminae containing lacunae,
Sjmiiar to the nuclei of thecells: d. Seen by a low power.
&. Portion of d more highly magnified. /. Blastema around
lhe cartilage-cells, e. Cartilage-cell apposed to the wall, and

fig. 30. If the specimen
be examined deeper in

the bone, even at a depth
of

-jL
or Y

1

^ of an inch,

other appearances are met
with. The lamellae of

bone enclosing the can-

celli are no longer simply

homogenous or finely

granular in texture, but

have acquired more the

aspect of perfect bone.

They are also thicker, and
its nucleus ready to become similar to the otlier lacuna3 ' as *

include in their substance elongated oval spaces, which, excepting
that they are of a roughly granular nature, exactly resemble the

lacuna of bone already described. They are evidently the nuclei

of the cells of the temporary cartilage. They are scattered at pretty
uniform distances apart, and they all follow Fig.s3.

the direction of the lamellae to which they

belong (fig. 32, d, g). The curvilinear out-

line of their now ossified cells can often be

partially discerned (fig. 32, e) .

Within the cancelli, only a few cells can be

detected, these cavities being chiefly occupied

by a quantity of new substance, consisting of

granules, and resembling a formative blastema

or basis, like that out of which all the tissues

are evolved (fig. 32, /, and fig. 33, ).
The

cells that are met with are in apposition with

the wall; and sometimes (as in fig. 32, e)one
of them seems half ossified, and its nucleus

about to become a lacuna. The nuclei of

these cells have now always the same direc-

tion as the neighbouring lacunas.

In fig. 33, taken from a little deeper in

the bone, we have portions of three cancelli,
1. 1. 1., together with the osseous material, now f^r'S:
of considerable thickness, that intervenes be-

tween them. In the centre of this last is

seen a lamella, /, of a peculiar kind, contain-

ing no lacunae, and quite distinct from the Pearance oftcn seen7
"

layers, h. h., between which it lies. These consist of nucleated

Another portion from the same

BWtt?
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cells corresponding in size with those of the temporary cartilage,

and having their nuclei disposed vertically, and of the same shape
and dimensions as the lacunae of bone. They are still granular,

however, and no pores can be seen emerging from them. The cells

are united together, and the lines of their junction have for the most

part disappeared. The curvilinear border of each can be still seen,

however, at its union with the central lamina, /. In the cancelli,

i. i. i., the granular blastema exists in great abundance.

It hence appears, that, after the ossification of the intercellular

substance the rows of cartilage-cells arrange themselves on the

inner surface of the newly formed cancelli, and become ossified,

with the exception of their nuclei, which remain granular, and sub-

sequently form the lacunae 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

proceed.

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 essen-

tially 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 lacunae, 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 lacunae. These increase with the consolidation of the

tissue, and 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

lacunae 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
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accounted for, as well as the facility with which the rods themselves

may be made to separate from one another. As for the lacunae,

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

is once deposited in a certain form, it thenceforward permanently
maintains its size and shape. Though a lamella be completely

ossified, its particles are in constant course of change, during which

the most important and extensive 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

succeeding ones, and also acquire a concomitant augmentation of

mass; and as, in general terms, the number of lacunae 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 they had 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 only that we can explain the great expansion which

the primary intercellular osseous network must undergo, to form

that which intervenes between the Haversian systems.
Bone when first formed, 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 active 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 laminae 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 ossifica-

tion 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 conti-

nually going on in the cartilage, especially near the ossifying surface,

by the multiplication of the cells
; and, in the latter situation, by
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the increase in their dimensions, occasioning that separation of their

nuclei, already described (p. 118, and fig. 30, c). 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 distance apart; and found, after an interval of time, that the

distance between them remained the 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 dimension by an accession of new
osseous substance on their exterior ;

this new substance consisting
not merely of new laminae, but of new systems of laminae, and of

new involutions of the vascular surface to form new Haversian

canals, so that the earlier systems of laminae are covered over by
the more recent ones. This has been best proved by the experi-

ments with madder.

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

researches on the growth of bone.* Duhamel, Hunter, and many
others, have performed multiplied experiments of this kind. In the

Museum of King's College are some good preparations of bones so

acted upon.
It is found that, in very young animals, a single day sufiices 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

* The colouring of bone by madder results from an affinity of the colouring

principle 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 shewed it experimentally. To an infusion of madder in distilled water add

muriate of lime : no change takes place. Then add phosphate of soda in solu-

tion. By double elective affinity, phosphate of lime and muriate of soda are

formed. The phosphate is insoluble, and subsides in union with the coloiu

ing matter as a crimson lake. When madder is given as food, its colouring

principle 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, i. e. which is nearest the vascular surface.
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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.
In 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 forma-

tion during its administration are coloured, while those formed

during the intervening periods are colourless. The long period

during which bones retain the madder tinge, shews that the colour-

ing matter is not readily resumed by the blood, from its combina-

tion 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 mem-
brane 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

analogous to the exogenous mode of growth in vegetable struc-

tures.

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, 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 interven-

ing osseous walls, until at length a medullary canal is formed,
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around which the cancelli are very open, large,, and irregular. This

augmentation of the vascular cavities of bone is attended with a

development of adipose 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 gradu-

ally accumulates so much, that a special artery becomes enlarged to

supply it, assuming the very inappropriate title of " the nutrient

artery of the bone." Duhamel placed a ring of silver round a bone

of a young pigeon, without injuring 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 dilata-

tion of its interior, is attended by two consequences, equally im-

portant. The shell of compact tissue is thus adapted to offer

greater resistance to injurious mechanical forces, while the dis-

advantage of a corresponding 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 is deposited have been ably eluci-

dated in all that relates to their more obvious characters. When
a fracture occurs, 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 interstitial change, converting it into a

substance resembling temporary cartilage.

Ossification takes place throughout this in a nearly uniform man-

ner, 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. Th<

callus, or new bone, thus formed, was termed by Dupuytren
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sional, as it is gradually absorbed during the succeeding months,
while the permanent callus is being slowly deposited between the

contiguous surfaces of the compact tissue. It would appear that

new bone is formed more exuberantly in the situations of the provi-
sional callus because of their greater 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 perma-
nent 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 spuri-

ous 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 some-

times even an imperfect cartilage, and a lining membrane furnish-

ing a lubricating fluid.

The following works may be consulted on Bone : The systems of General

Anatomy already quoted (p. 87) ; Meckel, Anat. Generate 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 structure, observationes

; 1834: Miescher, de inflammatione Ossium

eorumque anatome generali ; 1836 : Miiller's Physiology by Baly, vol. i. M.
Flourens has lately published a handsome volume on the growth of bone,
illustrated with figures.
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CHAPTER VI.

SVNOVIAL MEMBRANES. SEROUS MEMBRANES. VARIETIES OF JOINTS

MECHANISM OF THE SKELETON.

THE 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 laminae, 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 inter-

posed texture, but are separated by a 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 peculiar viscid

matter, synovia, admirably suited to lubricate the surface. This

membrane is termed synovial,
and is constantly present in the diar-

throdial joints.

The articular synovial membrane forms a closed bag, placed
between the articular surfaces of the bones. Its free surface is

smooth and moist
; its attached surface adheres by very fine areolar

, tissue to the ligaments of the joint, and to the cartilages encrusting
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the extremities 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 pres-

sure during the motions of the joint. In the foetus it is continued

over the whole cartilage (p. 90).

In some of the more complex joints the synovial membrane forms

folds, which project more or less into the articular cavities, and con-

tain 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

inflammation, 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

page 93).

Burses. 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 fluid, which lubricates its free surface.

Sometimes, when one of these bursse 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 subcutaneous,

such as that between the skin and the patella, or that over the

great trochanter of the femur, or that over the olecranon : the

deep-seated bursae, however, constitute the largest proportion of

them
; these are almost always connected with tendons, and inter-

posed 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 dis-

position, or, as seems not unlikely, of the nature of adhesions, and con-

sequently a morbid production tending tothe obliteration of its cavity.
Synovial Sheaths. These are synovial bags prolonged into the

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



128 LOCOMOTION. [CHAP. vi.

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

envelope 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 (<rvv, cum ; u>ov, 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. I/Heritier has lately analysed two speci-

mens of this fluid, and completely confirmed the statement of those

chemists.'34
'

It is plain, from the description above given, that synovial mem-
branes contribute to the locomotive function by lubricating the

articular 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 areo-

lar tissue ; and their continuity is shewn at certain reflections where

the one passes into the other. The free surface, as in the synovial

membranes, is continually moistened by the proper secretion, which,

containing a larger proportion of water than synovia does, resem-

bles serum of blood. The serous membranes are, the arachnoid, in

the head and spine ; the pleura and pericardium, in the thorax : the

peritoneum, in the abdomen ; and the tunica vaginalis testis, in the

* Berzelius Chemie Organ, t. vii.
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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 movements of the contained organ become

impeded, and are accompanied by a peculiar sound of friction, and

a vibration sensible to the hand ; both of which are well known
to physicians in the pericardium, pleura, and peritoneum, and may
frequently be noticed by the patients themselves.

The peritoneum 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 consi-

derable 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 areolar 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 com-
Fig M

plicated in its disposition than any other

serous membrane ; and it is part of the

study of the descriptive anatomist to shew,

that the remarkable complication of folds

which this membrane exhibits is not in-

consistent with its adherence to the chief

morphological character of serous mem-
branes.

Microscopic Characters of Synovial and

Serous Membranes. These membranes ap-

pear to be essentially alike in their mi-

nute structure. On their free surface is a

Single layer Of epithelium, the particles Epithelium of serous membrane :-

of which are polygonal in shape, and of

transparent texture. A small fragment
of this pavement, from the peritoneum^

VOL. I. K
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Fig. 35.

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 te-

nuity, apparently identical with that which supports the epithe-

lium of mucous membranes. Beneath this is a lamina of areolar

tissue, which constitutes the chief thickness of the membrane,
and confers on it its strength and elasticity. This areolar tissue

is traversed by a network of capillary vessels, the meshes of which

are large and of rather unequal size, and by lymphatics and ner-

vous filaments in varying number. It is of close texture, and

continuous with that laxer variety by which the membrane is

attached to the parts it 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 dirplicatures of the peritoneum, in small animals.

Here we observe the yellow
fibrous element assuming avery

beautiful arrangement (fig. 35).

Its filaments interlace and in-

osculate chiefly in a plane be-

neath the basement membrane,
in such a manner as to confer

equal elasticity in every direc-

tion. The intermediate space

is occupied by the white fibrous

element disposed in wavy
bands, variously intersecting,

and which become straight only
when the elastic threads are

Yellow fibrous element of the areolar tissue of serous , ,

membrane. From the mesentery of the Rabbit, treated Stretched.
with acetic acid. Magnified 300 diameters. 7-17-7 7 - i n

Physical and vital Proper-
ties. These are precisely those of areolar tissue : the elasticity of

the serous membranes is very considerable, owing to the admixture

of the yellow fibrous element in the layer which forms the chief

substance of the membrane. These tissues are entirely devoid of

vital contractility ;
and their sensibility is low, except in a state of

acute inflammation.

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 in-

flammation of a serous membrane is the obliteration, to a greater or

less extent, of its cavity. Synovial membranes are not so prone
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the adhesive inflammation as the serous are, which seems more to

be accounted for by the nature of their secretion, than by any dif-

ference 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 sometimes

forming merely a thickened condition of the membrane.

Of the Joints. A joint, or articulation, may be denned to be the

union of any two segments of an animal body, through the inter-

vention 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 in-

ternal skeleton, and in none may they be studied with more advan-

tage than in man. In the human subject, and in the vertebrated

animals generally, we have, indeed, particular occasion to admire

the articulations as " mirabiles commissuras, et ad stabilitatem aptas
et ad artus finiendos accommodatas, et ad motum, et ad omnem

corporis actionem/'

The textures which form the joints, are bone, cartilage, fibro-

cartilage, ligaments, synovial membrane. Bone constitutes the

fundamental part of all joints ; ligament variously modified is em-

ployed in 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 intrinsi-

cally into the formation of joints, we find that the tendons and

muscles, 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 protected 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 synovial 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 capsule as they go to be inserted into the bone.*
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A muscular capsule is thus provided for the joint, by which the

bones are maintained much more firmly and powerfully in appo-
sition 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 debilitated 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 mem-
brane 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 shews 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 bone; but the cartilages certainly do not contain blood-

vessels.

Of the Forms and Classification of the Joints. It is not difficult,

by passing in review the various motions which take place between

any two segments of a limb, to form an idea, a priori, as to the

kinds and shapes of the articulations by which these 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 neigh-

bouring parts. We may expect to find joints varying in the de

gree of motion, from the slightest perceptible, to the freest that i
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compatible with the maintenance of the segments in their proper re-

lation with each other and also in extent of motion, from that which

is so slight as to admit of almost no appreciable change in the po-

sition 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 Sijnarthrosis, where the

parts are continuous, i.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 accom-

plished by the fusion of the extremities of the segments together, as

in anchylosis.

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, i. 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 articula-

tions.

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 dentata, where the processes are long and

dentiform, as in the interparietal suture of the human skull ; sutura

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 deutated

margins a degree of bevelling of one, so that one bone rests on the

other, as in the occipito-parietal suture.

When the two bones are in juxta-position by plain but rough sur-

faces, the articulation is likewise said to be by suture, and this is the

false suture, sutura notha, of which there are two kinds; sutura
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squamosa, where the bevelled edge of one bone overlaps and rests

upon the other, as in the temporo-parietal suture, and harmonia

(ap(o, adapto), where there is a 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 (o-^vSv\rjcr^} fissio ; <r^&>, 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 laminae 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 articu-

lation of the lachrymal bone with the ascending process of the

superior maxillary.

c. Gomphosis (70/^09, claws. Clavatio, conclavatio) . 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 articu-

lation is by gomphosis. The only example we have of it in the

human subject, or in quadrupeds, is in the insertion of the teeth into

the alveoli.

d. Amphiarthrosis. This is a form of articulation where two

plane, or mutually adapted surfaces are held together by a carti-

laginous or fibro-cartilaginous lamina of considerable thickness, as

well as by external ligaments. In virtue of the elasticity of the in-

terposed cartilaginous or fibro-cartilaginous lamina, the amphiar-
throsis possesses a manifest, although certainly a very limited degree
of motion, and hence most systematic writers class it with the diar-

throdial articulations. 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 amphi-
arthrosis 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
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articulation between the bodies of the vertebrae, 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 become obliterated in old age, by the ossification of the

interosseous lamina. This is not common in the interpubic, and

occurs now and then in the intervertebral and sacro-iliac joints.

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 integrity of the articulation is maintained by ligaments which

pass from one bone to the other. Their mechanism is much more

complicated 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 seg-

ments 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 sur-

faces, 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 offlexion, 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 reference 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, extension ; it may be separated from the

middle line of the body so as to form an angle with the lateral sur-

face 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 in-

termediate directions. When these motions are performed rapidly,
one after the other, one continuous motion appears, in which the

distal extremity of the bone describes a circle indicating the base of
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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. It is

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 it.

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 man are, the articular processes of the vertebrae,

the radio- carpal, carpal, carpo-metacarpal, inferior radio-ulnar, supe-

rior tibio-fibular, tarsal and tarso-metatarsal, temporo-maxillary,

acromio-clavicular, and sterno-clavicular joints. This last articula-

tion 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 concave in the

other, so that the gliding that takes place in this joint is in the

direction of the long and 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 directions ;
it consequently admits of

vague opposition and circumduction. The articulation of the meta-

carpal bone of the thumb with the trapezium 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 deepened as to be cup-like ; hence the appellation ball and

socket. The ball is kept in apposition wtih the socket by means of

a capsular ligament, 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 con-

struction, and the same common plan is observed in the vertebrata
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generally whose extremities are developed. In birds and reptiles

the bodies of the vertebrae are articulated by enarthrosis.

This species of joint is capable of motion of all kinds, opposition

and circumduction being the most perfect, but rotation limited.

Indeed, what is called rotation at the hip-joint, is effected by a glid-

ing of the head of the femur from before backwards, and vice versa,

in the acetabulum ;
it is not a rotation of the head and neck, but of

the shaft, of the femur.

c. Ginglymus (7677X1^09, 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 means a perfect speci-

men, for, in a certain position of the bones of this joint, the liga-

ments 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 extre-

mities come under this head. In amphibia and reptiles, too, there

are many examples of the hinge-joint. The bivalve shells of conchi-

ferous mollusca are united by a very perfect hinge, and a great
number of the joints of Crustacea and insects are of this form.

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 is every possible provision

against lateral motion.

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

dentata. 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 coronary ligament of the radius. In this
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case there is rotation as perfect as in 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

exclusively to 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 vocabulary 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

destined to fulfil.

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

The head is composed of a cavity, surrounded by osseous walls

(cranium), destined to contain and protect the brain; and of an

expanded 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 abso-

lute size of the brain ; and the proportion of the face to it, offers a

not inexact index of the relation which the intellectual faculties an(

the animal propensities bear to each other.*

The spheroidal form of the cranium admirably adapts it for pi

tecting the organ which it contains against external violence. Th<

arched form is that which possesses most strength, and offers th<

greatest resistance. When, says Dr. Arnott, we reflect on th<

strength displayed by the arched film of an egg-shell, we need nol

wonder at the severity of the blows which the cranium can witl

stand. And he adds, in reference to the former,
" what hard bloi

of the spoon or knife are often required to penetrate this wondei

defence of a dormant life !

" And this form, which gives so mu<

strength to the skull, favours the transmission of vibrations along it

walls, and thus saves the delicate viscus enclosed by them. Thi

blows inflicted upon the cranium become diffused; and sometime

* See a good account of the comparative mensuration of the skull in Mr.

"Ward's Outlines of Human Osteology.
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the violence applied 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
element 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 tabula vitrea ; and there is interposed

between them a spongy texture, the diploe, in which blood-vessels

are freely distributed (fig. 20, p.107). The varying density of these

three layers evidently diminishes their power of conducting vibra-

tions 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 appo-

sition (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 descrip-
tive anatomists. These contribute to the strength of the roof of

the skull : in front, in the frontal bone on each side of the middle
Hue

; laterally, in the parietal bones; and, behind, in the centre ofthe

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 fora-

men
; the other passes horizontally across the occipital bone, and

terminates immediately behind the wedge-like processes which are

formed by the petrous portions of the temporal bones. The occipi-
tal protuberance, which is the point of intersection of these groin-

ings, is the " thickest and strongest part of the skull ; and it is the
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most exposed, since it is the part of the head which would strike

upon the ground when a man falls backwards."*

Of the Spine. The spinal column, in man, is a vertical, elastic

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 connexion between all the parts of the

skeleton
; secondly, it forms a canal for the lodgement and protec-

tion of the spinal cord; and, thirdly, it is a column of support
for the head. For these purposes, the spinal column requires consi-

derable strength, as the central pillar of the trunk : it needs mobi-

lity, 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 vertebrae toge-

ther in front (anterior common ligament}, and in the strong and

elastic intervertebral discs, which at once connect and separate

them. The degree of motion which may take place between

any two vertebrae 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 direc-

tion, the vertebras 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 is 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 abund-

antly pliant. This restriction of motion between each pair of ver-

tebrae 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 connexion

of the vertebral laminae by broad bands of yellow elastic ligament,
we see further provision for its elasticity, in addition to that

afforded by the discs of fibro- cartilage which lie between the bodies

of the vertebrae. The concavity in the region of the back is doubt-

less intended to give full scope to the play of the important organs

within the thorax ; and the cervical and lumbar curves necessarily

result from this, in order that the relation of the whole column

the line of gravitation of the body may be duly preserved. T]

* Sir C. BeU.
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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 perfect spring, admirably calculated to carry the

head without jar or injury 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 a misshapen and crooked spine produced

by the predominance of action given to certain sets of muscles,

through the habitual assumption of awkward attitudes : most of

the curved spines which 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 fibre-cartilaginous disc. The sacrum forms a wedge

separating the pelvic bones, and is admirably 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 downwrard pressure ; and it has a greater width

before than behind, which enables it to oppose the pressure in front.

And Mr. Ward has shewn that the sacrum is also well secured

against displacement forwards, not only by the general compact-
ness which the sacro-iliac joints derive from their ligaments and

cartilages, but also by the cuneiform character which the bone
* Dr. Arnott's remarks bearing upon this subject deserve a careful perusal.
See his Elements of Physics, vol. i. p. 223, et seqq.
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assumes about the middle of the articular surface, where the base of

the wedge is turned in the opposite direction to that which it occu-

pies either at the upper or the lower part of the articular surface.*

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

destined 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 pelvis has a two-fold object : first, with

reference to the weight from above : and, secondly, with respect to

concussions 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 verti<

and the femora placed perpendicularly under it, the weight from

above would bear its chief force upon the sacrum, and the concus-

sion from below would be felt in the hip-joints alone.

In progression, the whole pelvis receives the concussions, whei

they proceed from above or from below. Hence the ossa pubis
united by an intervening elastic fibre-cartilage ;

and any disturban<

of this joint during pregnancy, or in the act of parturition, occasioi

great difficulty to the patient in walking, or even in maintaining the

erect posture.

Of the Thorax. The thorax is a conoidal cavity, slightly flal

tened on its anterior aspect. It is constructed with obvious refer-

ence to lightness, elasticity, and mobility ; all these qualities bein^

requisite for its adaptation to the ever-varying movements of tl

organs it contains.

The walls of the chest are formed behind by the dorsal vertebi

to which twelve ribs are articulated on each side
; seven of the*

the true ribs, are connected to either margin of the sternum

* We refer for further details on this subject to Mr. Ward's excellent worl

p. 256.
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pieces of cartilage, which are of the same shape and breadth as the

ribs themselves. The ribs are articulated by their heads and tuber-

cles with the bodies, as well as with the transverse processes of the

vertebrae, 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, under the influence of

their elevator muscles, pass from the sloping to the horizontal po-
sition. 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 there-

fore 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 vertebrae 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 lum-

bar vertebrae. Above the lumbar vertebrae are the dorsal ; above

these, the cervical: below the lumbar vertebrae are the sacral

bones
; below these, the coccygeal. To the dorsal vertebrae and to

the sacrum, bones are articulated, which have the double office of

forming a visceral cavity, and of throwing to a convenient distance

from the mesial plane the bones of the extremities. The ribs and

sternum, the clavicles and scapulae, form, with the dorsal vertebrae,
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 move-

ments, rather than by strength : to suit both these objects, the

chest and shoulder are formed of many bones, that are moveable 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 sternum; .the clavicle
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again rolls upon the sternum, and the scapula rolls upon the con-

vexity of the ribs. On the other hand, the pelvis, as regards the

viscera, is intended merely for their support ;
and if, during labour,

a temporary enlargement of its lower aperture is requisite, the flexi-

bility of the joints of the os coccygis in the female skeleton, with

the temporary yielding of the ligaments, affords a sufficient pro-

vision 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

obvious 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 admi-

rably 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 most distinct in the femur, where the dense bone alluded to con-

stitutes 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

separated 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 is 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

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 t
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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

adductor 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 lever-

age afforded by the neck of the bone and the trochanter major.

The increased power thus given to the rotator muscles has consider-

able 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 rotatory 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 con-

centrated upon that portion which remains within the cavity.*

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 liga-

ments, 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 obvious 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-

*
Ward, loc. cit.

VOL. i. i.
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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. 102). 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

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

conveyed 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 at-

tachment to the interosseous ligament, and forming a greater ex-

tent 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

their cancellous tissue. The principal elasticity of the foot is lon-

gitudinal, by reason of its arch being in that direction, resting upoi

the heel behind, and on the toes in front ; but it also yields som<

what in the transverse direction, or that of the arch formed by tl

cuneiform bones. The extension of the os calcis backwards m
only adds to the length of the longitudinal arch, but it also afford:

a considerable leverage to the muscles of the calf of the leg.
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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 movable articulations.

The scapula and clavicle are the media through which the bones

of the arm are united to the trunk. The former bone is remark-

ably thin and light, and seems little more than a surface of attach-

ment for various muscles, on whose actions the extensive movements

of the arm depend. By the clavicle it is connected to the ster-

num, through the sterno-clavicular articulation, the movements of

which, although occurring only in two planes, intersecting each

other at right angles, 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,

shews itself speedily in the impediment offered to those move-

ments. 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 instrument of progressive

motion, there is no clavicle ;
hence this bone is absent from the

skeletons of Pachydermata, Kuminantia, 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 rudi-

mentary 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
however 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 per-

ceive, 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
hnt from his head, and hold it; he can hug an animal to

death. The ant-bear, especially, as he is deficient in teeth, pos-
L 2
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sesses 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, re-

sult from the structure of the shoulder, or from possessing a collar-

bone, however imperfect."
*

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 skilful in seizing upon and holding objects with their

paws, the clavicle is fully developed, and extends the whole way
from the scapula to the sternum. Thus in the Rodentia this bone

is 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 hedge-hog among the Insec-

tivora.

Among the Edentata those tribes possess a clavicle whose habits

are fossorial, as the ant-eater, the armadillo, and even the gigan-

tic extinct megatherium. In the Quadrumana the clavicles are

strong and curved, as in the human subject.

The clavicle possesses considerable elasticity by reason of its

curves ;
a property obviously of the greatest importance to it, be-

cause, as the bond of connexion of the shoulder to the trunk, it is

liable to participate 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 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 con-

tribute to the formation of very moveable 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 pronatioii 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

*
Bridgewater Treatise, p. 49.
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pass through a considerable space during the rotation of the fore-

arm.

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 complete : but they are modified to suit the office for

which each is destined; the foot as a basis of support, the hand as

a prehensible 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 nevertheless 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 per-
formance 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

passions.

The following references are subjoined: The various treatises on General

Anatomy ; the article Articulation, in the Cyclopaedia of Anatomy and Phy-
siology ; Mayo's Physiology, chap. xi.

; Bell's Animal Mechanics
; Arnott's

Elements of Physics, vol. i. p. 218 ;
Anatomic Descriptive, par Bichat, t i. ;

Outlines of Human Osteology, by F. 0. Ward, a work to be strongly recom-

mended, as well for its exact and clear descriptions, as for the excellent and

original views on the mechanism of the skeleton, with which it abounds.
AVo shall be glad to see it published in a form more suitable to its great
merit.
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CHAPTER VII.

ACTIVE ORGANS OF LOCOMOTION. OF MUSCLE. MUSCLE WITH

STRIPED FIBRES. MUSCLE WITH UNSTRIPED FIBRES. MUSCULAR

ACTION. ATTITUDES AND MOVEMENTS OF THE FRAME.

THE principal movements of the body, and all those by which

locomotion is 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 tranverse bars or stripes. The fibres

of the voluntary muscles (or those whose movements can be

either excited or controuled by volition), as well as the fibres of the

heart, and some of those of the oesophagus, are striped ; while all

other muscles, including those of the alimentary canal, the uterus,

and bladder, all of which are involuntary, 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 extre-

mities, 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

independent 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
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and semitendinosus ;
and it is very common for them to fall short of

the length of the whole organ, in consequence of an oblique dispo-

sition, as seen in penniform muscles. In the sartorius they often

exceed two feet in length, while in the sta-
/y^.so.

pedius they are not two lines. They vary in

diameter from -^ to
j yVo f an incn

; "being

largest in Crustacea, fish, and reptiles, where

their irritability is enduring; and smallest in'

birds, where it is mpst 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 -^I-Q 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, or 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.)
rower elementary fibres -

Internal Structure. The beautiful cross-markings on the volun-

tary fibre have been known from the early days of microscopical

research, and have given occasion to a variety of hypothetical
and generally mechanical 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 obser-

vation. 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 fibrillse, each of which

was a scries of particles; and he imagined that the transverse lines

were caused by the regular apposition side by side of the parti-

cles of the contiguous fibrillse. It was customary both before and

since his time, as at the present day, to regard the fibre as a bundle

of smaller ones, whence the term primitive fasciculus, first given to

it by him and adopted byMiiller: but this view of the subject
is imperfect. The fibre always presents, upon and within it, longi-
tudinal dark lines, along which it will generally split up into fibrilhe;

but it is by n fracture alone that such fibrillse are obtained. They
do not exist as such in the fibre. And, further, it occasionally
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happens that no disposition whatever is shewn 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

fibrillse, are obtained ;
and this cleavage is just as natural, though

Fig. 37.

Fragments of striped elementary fibres, shewing a cleavage in opposite directions ; magnified 300 dia-

meters ; A. Longitudinal cleavage. The longitudinal and transverse lines are both seen. Some longi-
tudinal lines are darker and wider than the rest, and are not continuous from end to end ; this results

from partial separation of the fibrillse. c. Fibrillee, 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 fibre, c', c". represent
two appearances commonly presented by the separated single fibrillse. (More highly magnified.) At c.

the borders and transverse lines are all perfectly rectilinear, and the included spaces perfectly rectangular.
At c". the borders are scalloped, the (-paces bead-like. When most distinct and definite, the fibrilla

presents the former ofthese appearances. B. Transverse cleavage. The longitudinal lines are scarcely
visible, a. Incomplete fracture following the opposite surfaces of a disc, which stretches across the
interval and retains the two surfaces in connexion. The edge and surface of this disc are seen to be

minutely granular, the granules corresponding in size to the thickness of the disc, and to the distance

between the faint longitudinal lines. 6. Another disc nearly detached, b'. Detached disc more highly
magnified, shewing the sarcous elements.

less frequent than the former. Hence it is as proper to say that

the fibre is a pile of discs, as that it is a bundle of fibrillse ; but,

in fact, it is neither the one nor the other, but a mass in whose

structure there is an intimation of the existence of both, and a ten-

dency to cleave in the two directions. If there were a general dis-

integration along all the lines in both directions, there would result

a series of particles, which may be termed primitive particles or

sarcous elements, the union of which constitutes the mass of the

fibre. These elementary particles are arranged and united together

in the two directions. All the resulting discs as wr
ell as fibrillse are

equal to one another in size, and contain an equal number of par-

ticles. The same particles compose both. To detach an entire

fibrilla is to abstract a particle of every disc, and vice versa. 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

fibrillse, and is liable to the greatest variety.

Miiller, Schwann, Lauth, and others, consider, with us, that

the cross stripes of the fibre are formed by the apposition side by



CHAP. VII.] STEIPED MUSCLE. 153

side of the dark points seen on the separated fibrillae ; 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. Consider-

able diversity of opinion also exists as to the nature of the alternate

light and dark points seen on the individual fibrillse ; some con-

ceiving them to indicate a 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 alter-

nation of two kinds of substance. On this account we shall explain

in a few words our reasons for adopting the view above sum-

marily given. A soft mass made up of an immense congeries

of highly refracting particles cannot but exhibit 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 readily

made to disguise and modify the true form and arrangement of its

integrant parts ;
on which account .great care and circumspection,

and 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 distinct from the

fibrilla?, and present only on the surface of the fibre, is evident from

the following facts :

1. That a transverse section of a fibre

shews it to be solid, and not hollow ;

and that the ends of fibrillse, as seen

on the section, exist throughout its

interior just as on its surface (fig. 38).

2. That fibrillae taken from any part
of a fibre are marked with light and

dark points, corresponding in distance

nrirl fnrpp with flip trjin<ivpr!P <sfrinp<s rvf Transverse section of three elementarye witn tne transverse stripe^ 01
fibres of the dried pectoral musc]e of

.

th
*

flip fihrp Teal (Querquedula crecca), treated with
weak citric acid; showing the round re-

3. That with a high magnifying

power, applied to a thick fibre, we may ^%*Z&%% the

bring all parts of its interior into focus

in succession, and perceive 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
usually immersed, when examined, in a fluid of less density than
itself. This appearance is always greatly diminished by placing
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the fibre in syrup. But the point of greatest interest is as to the

nature of the markings on the individual fibrillse or discs. 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 appearances commonly present themselves in examining the

striped fibres : in some 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 vafiety.

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 prima

facie view un unmutilated, the latter a deranged condition ; and

they may be proved to be so by a further examination.

For this purpose we should make choice of a fresh fibre which is

prone to separate into its individual fibrillse, and which exhibits

their outline in the greatest distinctness and beauty.* If fibrillse

entirely 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 parts are the centres of highly refracting par-

ticles, acting as lenses ; the dark points, the intervals between them

(fig. 3 7, c"). If now the focus be carefully adjusted, and the achro-

matic condenser be employed for the purpose of defining the outline

with the utmost precision, each dark interspace between the refract-

ing points will be found to be reduced to two very slender straight

lines, crossing the fibrilla in a perfectly transverse direction, and

giving the light spaces, as now seen, a rectangular figure (fig. 37, c').

Now, it is absolutely certain that no spiral arrangement could

produce, or even co-exist with, these unequivocal appearances ;
but

it is not difficult to comprehend how a derangement of the lateral

parallelism of these refracting particles should produce an appear-
ance of spirals in the fibre, or how two fibrillee running together,

but with their particles slightly deranged, should wear the same

very deceptive aspect.

* The fibres of fishes will generally prove better than those of mammalia,
because they usually cleave into fibrillae having very sharp and clear outlines ;

and those of the salmon, for example, will seldom fail to do so.

,
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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 trans-

verse stripes formed by their union.

The following average, deduced from nume-

rous observations, shews great uniformity in this

respect.

Eng. In.

In the Human subject 5355

Mammalia generally TOSM

Birds T5755

Keptiles TTi(5o

Fish Tnjjg

Insects gs'sa

Fig. 39.

No. of

Observations.

...27

7

7

20

8

In the opposite direction, or that marked by the distance be-

tween the longitudinal dark lines of the fibre, their diameter is less,

often by one half. It is important to remark, that these measure-

ments are taken from uncontracted specimens, since during con-

traction 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

general, it has no appearance of any kind of structure ; but in the

case of bulky fibres, where it is strong in proportion, faint indica-

tions may be detected of a com-

plex interweaving of filaments far

too minute to be individually re-

cognised. It occasionally has

small corpuscles, the remains of

cell-nuclei, in contact with it.

This membrane may be

Fig. 40.

Seen forming a transparent - Fragments of an elementary fibre of the Skateii ,i f\ -i 1,1 '1C ' (1 together by the untorn but twisted sarco-
border to the fibre beyond the lemma
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scattered throughout the mass, and some detached
ones are represented ; their average diameter is

one thousandth of an English inch.

limit ofthe cross-stripes; or it may
be seen stretching between the se-

parated fragments of a fibre which

has been broken within it, for its

toughness will often resist a force

before which its brittle contents

give way. If the fibre be im-

:UuWii mersed in acid, it swells, often so

Part of an elementary fibre from the Skate, Suddenly as to burst the sheath

at numerous Places >
and Protrude

in the form of small herniae.

These hernise 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 destroyed. 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 con-

traction 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 tissue 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

Fig. 42.

Elementary fibre from the leg of the large Meat-fly (Musca vomitori<i):a. a. Line of termina-
tion of the fibre, along which the tendon, t, is attached to it. m. Central series of corpuscles.
Along the margin, the sarcolemma is elevated by water (which has been absorbed), and is thereby
shewn to be adherent to the margin of the discs.

to end, as its cellular sheath
; nor is this view reconcilable with the

physical requirements of the case. It is extremely difficult to

!
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Fig. 43.

isolate a muscular fibre, with the tendinous fibrillae 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 fibrous tissue may be seen to

pass, and to become attached to

the truncated extremity of the

fibre. The fibre ends by a per-

fect disc, and with the whole

surface of this disc the tendon is

connected and continuous. The

sarcolemma ceases abruptly at the

Circumference ofthe terminal disc, Attachment of tendon to an elementary fibre

, , ,, e , from the Skate : On bringing deeper and deeper
and here SOme Small part Ot tne portions of the specimen into focus, along the line

, . . ,
-, of union, a. a., fresh tendinous wavy filaments and

tendmOUS material appears tO DC striated muscular parts came into view together.
. . T .. -r .-, t. Tendon, m. Muscle.

joined to it. In other cases,

where the muscle is fixed obliquely to a membranous surface, 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 shewn 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 union of the cells is going forward, a deposit of

Fig. 44.

Stages of the development of striped muscular fibre.
a. ArrangciiH-nt of tin-, primitive cells in a linear series. After Schwann.
b. The cells united. The nuclei separated, and some broken up; longitudinal lines becoming appa-

rent. From a foetal calf three inches long.
c. d. Transverse stripes apparent. In c, the nuclei are internal, and bulge the fibre. In d, they are

prominent on the surface. From a foetal calf of two months old.
e. Transverse stripes, fully formed and dark ; nuclei disappearing from view. From the human infant

at birth.

/. Elementary fibre from the adult, treated with acid; shewing the nuclei. Magnified about 300
diameters.
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contractile material gradually takes place with them, commencing
on the inner surface, and advancing towards the centre, till the

whole is solidified. The deposition occurs in granules, which, as

they come into view, are seen to be disposed in the utmost order,

according to the two directions already specified. These granules,

or sarcous elements, being of the same size as in the perfect muscle,

the transverse stripes resulting from their apposition 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 ar-

rangement in granules are usually to be met with. It is common
for the longitudinal lines to become well-defined before the trans-

verse ones. When both are become strongly marked, as is always
the case at birth, the nuclei of the cells, which were before 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 shewn to exist in the

perfect fibre, in all animals, and at all periods of life, by immersion

in a weak acid
; which, while it swells the fibrous materials 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 foetal 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 interfere with their

m,r
en
from mutual apposition and union. These corpuscles are fre-

the Libeiiu- quently the cause of irregular longitudinal dark streaks,

eariy

m
stage seen in the fibre by transmitted light. They usually con-

- tain some central granules or nucleoli. It is doubtful

row
6

of whether the identical corpuscles, originally present, remain

agnmed through life, or whether successive crops advance and decay

during the progress of growth and nutrition : but it is

certain that, as development proceeds, fresh corpuscles are de-
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Fig. 46.

posited, since their absolute number is far greater in the adult than

in the foetus, 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 num-

ber of fibres remains through life as it was in the foetus, and that

the spare or muscular build of the individual is determined by the

mould in which his body was originally cast.

Of the Unstriped Fibres. This variety

possesses less interest than the other, in

consequence of the apparent simplicity of

its structure. The fibres consist of flat-

tened bands, generally of a pale colour,

bulged at frequent intervals by elongated

corpuscles, similar to those of striped mus-

cle, and capable of being displayed by the

same process.* The texture of these fibres w
seems to be homogeneous. By transmitted

light, they have usually a soft, very finely
*

mottled aspect, and without a darkly-
shaded border. Sometimes the mottling
is so decided as to appear granular,
and occasionally these granules are ar-

ranged 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
J
00

^ acid) 8howine
b. Corpuscles, or

generally to be seen more or less distinctly
shewins their various appearances.

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 mammalia. The ordinary
diameter of the unstriped fibre is from W^ to -r-xW of an inch.

*- o O O I) 2000
It might be expected, from this account 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 cor-

puscles with two or three granules near their centre, are characters

which, when united, will seldom be mistaken. As a number of fibres

* In some specimens, however, of both varieties of fibre, they may be dis-
1

without tin- addition of an acid.
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commonly take a parallel course together, the bulgings occasioned by
the corpuscles give rise to partial longitudinal shadows, extending
for some way beyond the corpuscles in the intervals 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

surrounds the canal once, returning unto 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 extremities, or by involving them in its meshes, is also

altogether unknown. In the gizzard of the bird, the ends of the

fibres are united to white fibrous tissue, thus making an approxi-
mation 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 oesophagus, and the heart. In the oesophagus it

seems to be mingled with the other variety to a somewhat uncer-

tain 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 other examples 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 ofjunction: some supposing them to be intermingled; others,

that they pass into one another by imperceptible gradations of struc-

ture. The former of these views is the more accordant with our

own observations ; and Mr. Mayo mentions a fact, which seems to

* Among the lower animals, Mr. Gulliver has pointed out similar varieties.

(Proceed, of Zool. Soc., No. 81.) (See also Lancet, Aug., 1842.)
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corroborate it :

" When the nervi vagi are pinched, one sudden

action of the fibres of the oesophagus ensues, and, presently after,

a second, of a slower character, may be observed to take place."*

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 parieties of this viscus they

are not aggregated in parallel sets, but twine and change their re-

lative 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 imme-

diately in front of the prostate; They are also found in the

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

muscular 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 pecu-
liar corpuscles they contain, distinguishes them from both the white

and yellow fibrous elements of the areolar tissue. A very distinct

peristaltic contraction may be often discerned in the dartos, ex-

tending across the raphe of the scrotum, and too similar to the con-

traction of unstriped muscles to be mistaken.

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 perhaps be found under the skin of that region. And it

may be matter of question how far the general contractility of

*
Physiology, 3d ed. p. 41.

VOL. I. M
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the skin may be dependent 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 pertain-

ing to this variety : such is 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 evi-

dently 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 characters 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 satisfactory evidence

of anatomy the fact, that these fibres may be excited to contraction

by the galvanic stimulus.* In the case of other glands, it is still

unknown how far the muscular coat invests the ramifications of the

duct : it is most likely that it gradually ceases a short way within

the organ, and at least it seems clear that no portion of the secret-

ing 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 shew

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 anc

be lost
; especially where the fibres are of diminutive size. The transver

stripes grow irregular, not parallel, interrupted ;
a fibre will, perhaps, posses

them only near its centre, where its development is most advanced, and il

contractile energy greatest. Even the peculiarities of the unstriped fibre

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 usi

bulk would be greatly too large for the requirements of the case ; and they coi

sequently seemed to be reduced within limits which deprive them of the

anatomical characters by which alone we can elsewhere positively aver thei]

existence. It is possible that a tissue identical in nature and properties witl

that of striped muscle, may be the effective agent to which are due th<

wonderfully vivacious movements witnessed in the bodies of many of

minutest infusoria, where the best microscope can hardly discern even

organs put in motion.

Dr. C. J. Williams, on Diseases of the Chest. Last edit. Appendix.
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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 consist-

ing 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, solitary 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 mechanical

connexion 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 is 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 there-

fore 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 penni-

form, 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 tendon. The fibrous tissue

thus running from many contiguous fibres (as those of a whole

muscle) is usually united into a single tendon. This may be

lamellated, cordiform, &c., according to the arrangement of the

muscular fibres themselves (see p. 71) .

Tendinous fibres are much less bulky than the muscular fibres of

which they are the prolongation; arid 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 has to be attached to

a large surface, the tendinous fibres are diffused ; but, if the same
muscular substance has to be fixed to a small point of bone, the

tendon must be collected into a cord. Now, it would be impossible
M 2
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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 ex-

tremity having its fibres precisely reversed ; as in the rectus of the

thigh, and numerous other instances. "Where muscular fibres are

really of different lengths in a muscle, it is because, from the direc-

tion 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 apart 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 modifica-

tions of muscular form in man and animals, however force is sacri-

ficed to mechanical exigencies, or other causes, it is invariably

accomplished with the utmost ceconomy of power consistently 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

comparatively 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 charac-

terized by their extent ;
in the latter, by their power ; for, cceteris

paribus, the extent is as the length, the power as the thickness.

The terms origin and insertion are employed with great conve-

nience in ordinary language, to denote the more fixed and the more

moveable attachments of muscles. In human anatomy general con-

sent has sanctioned their use, and even with few exceptions their

particular application to each muscle in the body ; although this

assignment is in many cases arbitrary, in consequence of its being

impossible to determine which attachment is the more frequently
the fixed one.

The arrangement of the fibres in the heart is very peculiar.

Without attempting a particular account of their course, we may
state that they do not preserve the same parallelism, nor extenc
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straight between two points, as in the voluntary muscles, hut 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 columnar carneae in the ventricles

by union with the chordae tendinese.

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 alimen-

tary tube they are arranged in two laminae, the respective fibres

of which take a course at right angles to each other. In the

bladder the arrangement is reticulate. The elementary fibres form

sets of variable thickness, which at numerous points send off de-

tachments 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 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

abundant 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 pro-

portioned to the amount of pressure to which the organ may be

subject, as is exemplified in the superficial muscles of the back,
and in those superficial muscles generally where a fibrous aponcu-
rosis 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 con-

necting 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 fur-

nishing 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 oscillat-

ing movements of the fibres of a voluntary muscle in its state of
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activity. This idea is supported by the fact that scarcely any
areolar tissue exists in the heart, or in the unstriped muscles gene-

rally. In the heart, though the contraction is powerful, it is instan-

taneous, or nearly so, 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. Moreover, the mutual intertwining of even the elemen-

tary fibres in this organ is in many parts of it so intricate, as to

contribute much to their mutual support; and, in the other invo-

luntary muscles, the contractions are slowly and evenly progressive

along the fibres of the same set.

Of the Blood-vessels of Muscles. The arteries and veins of mus-

cles commonly run together : and most of the arterial branches, to

within two removes from the capillaries, are accompanied by two

vena comites. They invariably pass more or less across the direc-

tion of the fibres, divide and subdivide, first in the intervals between

the larger sets, then between the smaller sets, till the ultimate

twigs insinuate 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.

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 trans-

verse vessels ; the longitudinal always following the course of the

elementary fibres, and lying in the intervals between them
;
the

transverse being short communications placed at nearly equal dis-

tances between the longitudinal ones, and crossing nearly, or quite,

transversely over or under the fibres. The manner in which th(

longitudinal vessels are placed in relation to the fibres, is seen ii

fig. 36, represented as they are seen on a transverse section.

usually occupy the interstice between three or more fibres, but

sometimes also the space between the contiguous surfaces of twc

fibres. The length of the longitudinal vessels does not usually ex-

ceed the twentieth of an inch ;
in other words, the terminal twij

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 ove

which they pass (fig. 36, B, a 1

}
.
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Fig. 47.

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, a series of blood-particles will be

seen in the longitudinal capillaries. These

particles are compressed and elongated,

sometimes to a great extent, evidently by
the narrowness of the canal which contains

them. It may seem at first sight not doubt-

ful 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 suppose the pre-

sence of so formidable an obstacle to the

capillary circulation through these organs.

It is more probable that the contraction of

the vessels, and the compression of the

blood-discs, occur on the escape of some of

their contents being permitted by the cutting
off of the fragment for microscopic examina-

tion. The coats of the capillaries of muscle

consist of a simple diaphanous membrane,
in which a few irregular-shaped cyto-blasts Capillaries of asmaii fasciculus

* of muscular fibres from the neck

occur at infrequent intervals.

It results from this description of the

Capillaries Of muscle, that their number must relative size and direction ofthose

to which the capillaries, here re-

correspond nearly to that of the elementary presented, are distributed.

fibres; consequently, that the same amount of muscular tissue,

arranged as a large number of small fibres, would be supplied with

a larger absolute number of capillaries than if arranged as a small

number of large fibres. This difference of vascular supply is ex-

ceedingly remarkable, and will be reverted to in considering the

contractility of muscle.

Of the Nerves of Muscle. Nerves being the appropriate channel

through which muscles are excited to contraction, we have now
to inquire into the manner in which the two tissues communicate

together. As far as is at present known, all muscles in the larger

animals have nerves distributed to them
; and, if we extend the

of the Dog : a. Terminal twig of

the artery, v. Terminal twig of

the vein. p. Plexus of capillaries.
e. Elementary fibre, to shew the
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inquiry to those extremely simple and minute muscles which have

been already alluded to as existing in the smallest of living crea-

tures, though we can no longer trace nerves, yet our inability to do

so more probably depends on a corresponding simplicity of the ner-

vous substance itself, so that it ceases to be anatomically recogniz-

able, than on its entire absence. So general is the connexion of

the two tissues, and so apparently indispensable for the subjection

of the muscles to the purposes of the organism of which they con-

stitute 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 with those who looked to

this line of inquiry for some cluetothe explanation, either of thatwon-

derful active connexion subsisting between them, or of the nature of

the contractile act itself. But though the anatomical results accruing
from this inquiry are of a highly satisfactory kind, considered in

themselves alone, yet they cannot be said to have hitherto con-

tributed in any great degree to the elucidation of these mysterious

questions. The best mode of inspecting the arrangement of the

ultimate nervous twigs is, to select a very thin muscle, as one of

the abdominal muscles 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 compressorium. The primi-
tive tubules of the nerve may then be

readily distinguished with a moderately

high power. They separate from one

another at first in sets, afterwards in

twos, threes, or fours ; and, if these

be followed, they will be found ulti-

mately separating from one another,

forming arches, and returning either

to the same bundle from which they
set out, or to some neighbouring one

(fig. 48).

In this ^Op-like COUTS6 they aCCOm-

pany ^O SOme extent the minute blood-

vessels, but do not accurately follow them to their last windings,
since their distribution is in a different figure. They pass among
the fibres of the muscle, and touch the sarcolemma as they pass ;

but, as far as present researches have informed us, they are entirely

precluded by this structure from all contact with the contractile

Fig. 48.

Loop-like termination of the nerves in

voluntary muscle.-After Burdach.
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material, and from all immediate intercourse with it. How then

shall we explain the transmission of the nervous influence to a ma-

terial thus enclosed ? If it were wise or safe to go a single step in

advance of pure observation 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 form, 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 me-
chanical 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 attachments, and that a tendon running round to a dif-

ferent 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 no special action of extension or flexion,

but only an association of action 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. Mus-
cles opposed in action are termed antagonists. This antagonism is

in most cases required by the necessity 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 con-

tracted, 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,
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of which the fulcrum is for the most part in a joint, i. e. at one

extremity, 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 dis-

position, 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 ; *. 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 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 different 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

fulcrum, and exhibits an instance of the other of the three varieties

of lever.

Of the Function of Muscles. The great property of muscular

tissue is that of shortening in a particular direction, and this pro-

perty 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 diminishing or disappearing
with the healthy state of the tissue (p. 57).

The distinction between the contractility, the elasticity, and the

physical tenacity of a muscle may be illustrated by the following

imaginary experiment : Suppose the leg of an animal so severed

from the trunk as to hang by a single muscle, which, after re-

taining its contractility for some time, were gradually to lose it.

The limb would at first be borne up by the contractile power ;
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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 tenacity of muscles are attributable to the sarcolemma,

and to the capillary 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 possesses 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 independently of all other tissues: some contending that

nerve is necessary to confer contractility on muscle, to charge it, as

it were, with this property j 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 present known, drawing
our conclusions as they arise.

The contractility of muscle is exhibited in two varieties of con-

traction, 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 attachments,
and cannot have their ends so approximated, by attitude or other-

wise, as 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 stimulus to this contrac-

tion may be therefore considered to be that of extension. In frac-

tures 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 dis-

tinguished by the term retractility, from 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
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caused by an active contraction excited by the stimulus of the

injury. It has been also styled tonicity. It is well exemplified in

all 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 continu-

ally opposed to their elongation by the active or passive contrac-

tion of antagonists, and restores them when that subsides. By it

they are accommodated to an attitude artificially given, when no

muscular effort is required to maintain it. When no active con-

traction 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 relative power of antagonist muscles :

the flexors overcome the extensors, and hence the limbs are bent.

Active Contraction is attended with those striking manifestations

of power that specially characterize muscle. It is always excited

by a local or partial stimulus, arid is always exerted in opposition

to another force within the body, which it is able more or less com-

pletely to master. The opposing force is generally the passive con-

traction of antagonist muscles, as well as the weight or resistance of

some part upon which the muscles act 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 interrupted, both in extent and

duration. It requires intervals of rest, being attended with exhaus-

tion 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

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 in-

ducing contraction in the muscles, when either naturally or un-

naturally applied to them, is termed a stimulus. In the living

body, the muscular fibres are in most instances made to con-
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tract by the immediate influence of the nervous tubules distri-

buted 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 a condition

of the motor nerves as enables them to induce contraction in mus-

cular 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 affer-

ent 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 distri-

buted to muscles, either in 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 con-

nexion with the muscles; and these nerves are, therefore, distin-

guished 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, shewn these

muscles to be under the influence of motor nerves derived from the

spinal marrow ; but it seems probable that some of them, at least,

are normally excited to contract by the stimulus of stretching or

distension, to which they are peculiarly liable from their arrange-
ment as investments to hollow viscera. Muscles have not the

capacity of elongating themselves that has sometimes been ascribed

to them : when once contracted, they remain shortened, notwith-

standing the contractile force have subsided, unless their ends be
drawn apart by some extraneous 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 contrac-

tion has ceased ; but in the case of the hollow muscles, where it
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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 is reduced to the size of a to-

bacco-pipe, and the sphincters of the anus and bladder are kept

contracted, without any tetanic spasm, or permanent expenditure
of contractile force, as has been sometimes supposed.

Now, the stimulus of distension is, in the first instance, nothing
more than the elongating force which calls into play the contrac-

tility of a muscle under its 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 shewn to characterize pas-

sive 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 tonicity 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

induced 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

produced through the medium of nervous tissue still mingled with

the muscular.

But this question has been brought to an issue by the positive

observation that fragments of the fibre of voluntary muscle, entirely

isolated from every extraneous tissue, whether nerve or vessel, m
be made to contract in obedience to a stimulus topically applied
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 conl

with them, it is absorbed, and thereby excites them to contractions,

which commence at their surface.* The same thing is frequently

* Water has long been known as a rapid exhauster of the contractility

muscles. "
Rigidity is produced almost instantaneously if warm water be i]

jected into the arteries of a muscle. The flesh, under these circumstances-

becomes pale, increased in bulk, and suddenly hardens. The operation of
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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 touch the side of a fibre at a

single point. When this happens, the fibre will often exhibit a

contraction, so plainly limited to the point touched, as to give un-

equivocal proof of its being the result of the irritation of pressure.

Chemical 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 observed more or less satisfactorily in all animals whose

fibres retain their contractility for a sufficient length of time after re-

moval from the body ; and the crab and lobster will be found very

favourably adapted for the purpose. In many reptiles, 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

investigators of this subject. They will, therefore, probably, be re-

garded as conclusive proof that contractility is a property inherent

in the very structure of muscle, and capable of being excited to

action independently 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, en-

during several seconds before it gradually subsides. This is often

so prominent 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 irritation, and not produced through the medium of nerves ; for

crimping fish consists 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 ex-
hausts contractility by inducing violent contraction, by which the fibre is

often disorganized.
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a contraction 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.

Having premised these words respecting the stimuli of muscle,
we proceed to consider what is known of the phenomena 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

udging of the conflicting hypotheses of the nature and laws of

action of the contractile 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 it 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 circumstances, is found to retain its level. Mr.

Mayo varied this experiment by selecting the heart of a dog,*

which, continuing to beat during some time, was in this way dis-

tinctly 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 is sometimes imagined, shew 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 into the superficial channels. In

those muscles which have a bulging centre, or belly, as the biceps of

the arm, the fibres are arranged in a curved form, and during con-

traction must tend towards a straight line in the direction of the

axis of the muscle. In such instances, the blood-vessels that tra-

verse their interstices must be in some degree compressed.

If we examine under the microscope the contracted state of a

morsel of the sarcous tissue, we find it to present essentially the

same characters as that of the entire organ, a shortening in length,

with a corresponding increase in thickness ;
and this is true, how-

* Anat. and Phys. Comment., vol. i. p. 12.

:
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ever minute the fragment may happen to be. This is all that can

be said in general of the visible features of this remarkable phe-

nomenon. Late investigations, instead of explaining the manner

in which contraction is effected, by shewing its dependence on

forces previously understood, have only served to display the in-

adequacy of the coarse and mechanical hypothesis that physiologists

have been so pione to confide in, and to make it more than pro-

bable 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 it is certain that these con-

tractions 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 dis-

play of these changes ; for, its texture not being homogeneous, but

marked throughout with perfect regularity into spaces of 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, retaining its contractility, is torn up into its

elementary 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

movement consists of a shortening and thickening of the material

composing the fibre, as is shewn by the general outline of the part,
but especially by the appearances visible in its interior. The trans-

verse stripes, both light and dark, become longer and thinner : in

other words, the discs expand in circumference, flatten, and ap-

proximate to one another ; or, to use another form of expression,
the fibrillae become shorter and thicker, both in the particles com-

posing 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 fibrillse appear to have the smallest share, as

VOL. i. N
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aggregations of particles bearing those particular forms, in pro-

ducing the phenomena of contraction. A contraction is never

limited to a particular number of discs or fibrillse, and is never

accurately bounded 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 com-

mencing at the broken end of a fibre, occupies its whole width

there ; but, when it commences at the border of the fibre, it may be

confined to a portion of many discs: and, further, the contractile

force is never exerted along the whole length of a fibre or fibrilla at

once. A contraction excited in an elementary 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 homogeneous.
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

displayed in the apposition of its component particles is, as it were,

disregarded and overlooked; while the whole process is to be referred

to the material itself, the ultimate tissue, whose property is con-

tractility. This property appears to reside both in the particles and

the substance connecting them.

The ultimate movements, therefore, on which contraction de-

pends, whatever they may consist in, are molecula, 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 con-

tractility of muscle (a form of fibrine) not to give it additional

credibility.

In regarding contractility, therefore, as a property of the living

muscular fibre in general, it is meant that it resides in it as a pro-

perty 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.
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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

animals, to observe the nature of the microscopic movements occur-

ring in muscle in its ordinary state or during its passive shortening ;

but, in the lower and smaller forms of life, this may sometimes be ac-

complished. It may always appear doubtful, however, whether any
contraction that may be here witnessed be entirely of the passive

kind, and consequently the movements here noticed are not worthy
of implicit reliance. But it is more easy, and quite as satisfactory,

to bring a muscle under inspection, which is still in 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 done in 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 a priori grounds. The contraction, being the effect of the pas-
sive 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 contraction

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
considered proved by a considerable body of evidence.

It might be argued, prior to direct proof, that active contraction

must 1)0 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 micro-

scope in fragments removed from the body, and contracting in

water, have a close bearing on the present question. It has been

already said, that such contractions are uniformly partial : but they
present two further varieties, either remaining in the part where

they first occur, or leaving it as they advance to others in the

N 2
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neighbourhood. The accidental circumstances under which the

fragments are placed, explain these varieties. In the former case,

Fig. 49. the ends of the fragments hap-

pen to be freely moveable, and

are drawn towards each other,

according to the amount of con-

traction occurring in particular

spots; and, as the contractile

force leaves these spots and en-

Fragment of an elementary fibre {from the Eel) par- o-asres Others, the ends Continue
tially contracted in water. Magnified 300 diameters.

~

a. Uncontracted part. b. Contracted part, along the to approximate, the parts OUCC
border of which the sarcolemma is raised from the sur-
face by the water that has been absorbed, and has contracted remaining; SO, be-
thereby caused the contraction, and by it has been
expelled from the contractile mass. Cause there IS UO force to CX-

tend them. Hence the contraction appears permanent.
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 place; 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 deficient. 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 phenomenon, 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 approxima-
tion of the transverse 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 mu.,



CHAP. VII.] MUSCULAR ACTION. 181

widened and distorted. These contractions are never stationary,
but oscillate from end to end, relinquishing 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-

tinuallyovercomingthe smaller; Fig. 50.

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 Border of an elementary fibre of a young Crab.shew-
Pnd< of thp fihrp rnmrnnnlv ing a spot of contraction, and the sarcolemma elevated

nmoniy m the form of bulle by the expressed water._Magni.

cease to be fixed, in conse- fied 30 ^raeters -

quence of the intermediate portions, by their contraction receiving
some of the pressure 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 intervals

between spots of contraction, and be-

come ruptured and disorganized in va-

rious degrees.* 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
pnrk nf tliP frno-mnnf HVA flvprl on/I

iragmeilt are fixed, ana
will not viplfl to thp rnnvpllpnt fnrrp1 J 1L ^OnVCl.ent lOrce,

that force is seen to be exerted in a

momentary manner in successive por-
tionsofthcmass. In proportion as they
yield to it, the resistance which enabled

the contraction of new parts to stretch

*
Phil. Trans. 1840, p. 490, pi. xix. fig. 75.

.

StaSes of contraction seen on one occa
8ion in an elementary fibre of the Skate.

1he uPPermost state is tna* previous to
the commencement of active contrac-
tlo

a
n
a . a . successive -waves

similar -waves- stm moving
fibre ' but engaging its whole
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those from which it was receding is removed, and the appearances
of contraction remain. A distinction is required between the con-

tractile force and the contraction resulting from its exercise. The

latter will be permanent, 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 exhibit-

ing 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 sub-

ject, will supply the link wanting to connect the foregoing pheno-
mena 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 circumstances are of essential import-

ance 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

ruptured, the antagonist must be itself contracted. But a muscle, if

contracted beyond its natural amount, may be so resisted by me-

chanical 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 active or passive

contraction of antagonists, or mere mechanical resistance : but it is

evident, that, for a muscle to be ruptured by its own contraction,

that contraction must be partial, as is shewn 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.* The elementary fibres

present numerous bulges of a fusiform shape, in which the trans-

verse stripes are very close together. These swellings, or contracted

*
Phil. Trans. 1841, p. 69.
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parts, are separated from one another by intervals of various lengths,
in which the fibre has either entirely given way, or is more or less

stretched and disorganized. These appearances are met with after

all contractility has departed ; they are the vestiges of the spasm
during life. Yet in other muscles, which have been likewise con-

vulsed, but not ruptured, they are not found. Their presence is,

therefore, the result of the rupture. They admit only of the fol-

lowing 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 conse-

quently retain the form and appearances they possessed, when sur-

prised, as it were, by the rupture, they have themselves produced,
of the intervening parts.

Supposing, for a moment, that active contraction were an univer-

sal and equable act, and that, by the superior power of an antago-

nist, 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 : 2nd. That no active con-

traction of a muscle, however apparently prolonged, is more than
instantaneous in any one of its parts or particles : and therefore,
3rd. That the sustained active contraction of a muscle is an act

compounded of an infinite number of partial and momentary con-

tractions, incessantly changing their place, and engaging new parts
in succession ; for every portion of the tissue must take its due
share in the act.

Two phenomena yet remain to be mentioned, which, by admit-

ting 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 to a
muscle in action. It resembles, according to the apt simile of Dr.

Wollaston,* 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,

* Phil. Trans. 1811.
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and appears to be occasioned by those movements of the neighbour-

ing 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,* 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 dis-

turbance of the state of equilibrium, or rest, by the application of a

special 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 con-

siderable 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, cannot shorten by more than one-third. This

great capacity of contraction in the tissue would be without a pur-

pose, 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 j
ust subsided, and which intervene

between them and the extremities of the fibre. These are thereby

instantly stretched, and come to serve the temporary purpose of a

tendon ;
but one which resists extension more by its passive con-

tractility than by its mere tenacity. It is these parts which in

tetanic spasm suffer laceration ;
which happens 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

* Recherches sur la Chaleur Animale. Archiv. du Mus6uin, torn. i. p. 402.
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the other form. The differences between the contractions of the

two varieties are almost certainly confined to the manner of exer-

cise, and do not extend to the essential nature of the act. Though
the unstriped fibre has not been studied by the microscope,, during
its active state, with the same success as the other, yet the simila-

rity of the gross changes observed in it by the naked eye, to those

seen in voluntary muscle, forbid 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 structural modifications of the two kinds of fibres are intimately
connected with the manner in which it is capable of being exerted.

Whenever the striated structure occur, we witness an aptitude for

quick, energetic, and rapidly repeated movements ; while, where it

is deficient, they are sluggish, progressive, and more sustained.

The varieties in the character of contractions performed by
striated muscles are very striking, especally 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. Wollastonf was of

opinion, that the phenomenon of the muscular sound affords a proof
that the duration of a muscle's contraction depends on the applica-
tion to it of a succession of distinct impulses ;

and this idea, accord-

ing very nearly, as it does, with the latter 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

contraction corresponds with the rapidity with which these impulses
arc 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

By the expression
" universal at one instant," we do not mean absolutely so ;

for observation, and the presence of the muscular sound, both declare that the

contraction, even of the heart, though so apparently momentary, is progressive.
t Philos. Trans. 1811.
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difference in the size of each wave, a difference in the amount of con-

tractile energy exerted in each, and a difference in the rapidity with

which the waves oscillate along the fibre. The extent of the con-

traction (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 zig-zag course, when

its ends are approximated by any other force than its own contrac-

tility. It may thus be at any time thrown into zigzags, long after

it is quite dead, and has lost all its contractility : and, in general,

such zigzags 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

favourite notion of the identity of the nervous influence with some

form of electricity ;
and without sufficient caution it was very gene-

rally adopted. The facts previously stated, however, completely
overthrow 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
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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 contracted ; the zig-zag, the long or

relaxed. So, also, when a living muscle is laid bare in situ, the

air excites tremors and a zigzag appearance on its surface, by
the different fibres taking on non-simultaneous contractions.

Schwann* contrived an apparatus by which he could estimate the ,

varying force of contraction which a muscle 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 whe-

ther the contractile force was increased as the contracting parts

approached each other more nearly. If he had found it so aug-

mented, there would have been some reason for connecting contrac-

tility with the other forces of attraction with which we are ac-

quainted, the power of which increases with the nearness of the

points attracted, in the ratio of the square of the distance. But the

result 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

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 aggregate 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 pro-

perty residing in the sarcous tissue by virtue of its chemical constitu-

tion, and that it is capable of being called into action by other stimuli

besides 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

* Mailer's Physiology, by Baly, p. 905.
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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

contractility ; that unnatural temperature has the same effect ; and,

in general, that all causes affecting nutrition affect also contrac-

tility in the same degree.

The contractility of a muscle has also invariably a certain com-

plexion or character connected, we might almost say, with the vigour,

but at least with the character, of the nutrient process in the parti-

cular muscle. This fact has been ably illustrated by Dr. Marshall

Hall,* who nevertheless is opposed to the great conclusion which

we consider to flow from it, 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

general very enduring.
The degree in which oxygen is admitted to the tissues in these

animals, corresponds in the main with the scale thus designated by
the relative endurance of the contractility of their muscles. No-

thing is more probable than that the amount of oxygen admitted to

the tissues 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 indi-

vidual, is not necessarily attended with simultaneous death of every

part ; that somatic death gradually follows systemic death, from the

functions being no longer concatenated in mutual dependence :

and it is entirely consonant with facts, to suppose that the endur-

ance of the vital functions in the tissues after systemic death is pro-

portionate to the slowness with which they are ordinarily performed.
The close correspondence, therefore, between the duration of con-

tractility and the slowness of the nutrient function in various

animals, is a strong evidence of the dependence of the one on the

other.

See article
"
Irritability," Cyclop, of Anat. and Phys.
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And it is extremely interesting to observe, that not only does a

less arterial character of the blood co-exist with a more enduring

contractility, 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
estimate it by the duration of contractility, the degree of the

oxygenation 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 func-

tions are held enchained, and we are certain that nutrition proceeds
with extreme languor. 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 fibrine and the

sarcous tissue, in respect of their vital properties, be passed over in

silence. In chemical constitution they maybe said to be identical;

and there seems no doubt that muscle is formed by the direct depo-
sition 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, i.e., its fibrine, coagulates, or assumes the solid form, very

quickly when it is withdrawn from the vessels, in mammalia less so,

and in reptiles and fishes very tardily, if in these several cases it be

placed in similar circumstances. A fatal stroke of lightning, which

instantaneously destroys contractility in the muscles, prevents also

the coagulation 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 accumulated in it, and the activity of the vital processes :

and, after death, the coagulability of the blood, and the contracti-

lity 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 contraction, to coagulation of the blood.* It will

be subsequently explained! that the fibrine of the blood, on becom-

ing solid, acquires for a brief period the property of contractility;

*
Orfila, BSclard, and Treviranus hold this view, which Miiller seems to

regard a,s not untenable,

t See chapter on the Blood.
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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 constitution, in the posses-

sion 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 muscular substance as such.

But contractility does not vary in its durability alone ;
it also

presents great differences in regard to its aptness to excitation by
stimuli: and it would appear that these characters are always

cateris paribus, in an inverse relation to one another. In birds and

insects, which have for the most part to sustain themselves by very

energetic 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 en-

during, 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. This is true in different individuals and classes of ani-

mals, and corresponds entirely with what we have already said of the

varieties of this property. Its cause is obscure, and may be com-

plex; but its resemblance to the contraction of fibrine after recent

coagulation is too obvious to be overlooked. Its nature is shewn

by the preceding observations (p. 180).
We have the power, at will, under certain limitations, of pro-

ducing, checking, and regulating the amount of contraction in tl

voluntary muscles ; and, as a necessary part of this power, we
able to appreciate, by certain sensations originating in the muscle

what precise degree of contraction is present in each. This Iat1

is only that modification of common sensibility which belongs
muscle. It has been termed the muscular sense. In it we
a most important aid to the sense of touch, being able accurately

vary the position and amount of pressure on external objects

voluntary accordance with the impressions these communicate

the sensorium through the tactile nerves
; and by it we are able

estimate with nicety the amount of muscular power required
balance various resistances, as weights, &c. In general, th(
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resistances must be brought into relation 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 mus-

cles, to that of another. Hence a principal source of the marvellous

power which all animals possess of associating the various parts

of their bodies in numberless combinations of harmonious move-

ment.

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 muscles are distinguished. In briefly adverting to these, we
shall have to glance at some collateral considerations regarding
the mode of their connexion with the nervous system, which can-

not be fully understood without reference to what will be after-

wards 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 remain contracted

unless the contained matters are forced within them by a superior

power. Now, their mass, and therefore their contractility, is supe-
rior to that of the wall of the cavity above

; consequently their

passive contraction endures while that of the parts above is being

gradually mastered by the accumulation of the faeces or urine. But,
when these excretions at length excite active contraction in the

walls of the cavity containing them, this overcomes the passive

contraction of the sphincters, and the evacuation occurs. 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 accumulation proceeds, this

power is diminished or lost, and the sphincters yield. The levator

and sphincter ani frequently aid the accumulation of the faeces

by temporary active contractions, by which the faeces tending to

dilate the sphincter are pushed backwards for a while. The rectum
is thus preserved empty until the period immediately preceding
defaecation.

In paralysis of the lower part of the body from disease or injury
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of the spine, the voluntary power of the sphincters is lost, and the

faeces and urine pass involuntarily. But this is no proof, as is

commonly imagined, that the ordinary contraction of the sphincter
is an active one,, performed in obedience to a continuous nervous

stimulus. The difference is, that it can now induce no active con-

traction 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 paralysed.

Hence, whenever the faeces are driven against it, it gives way,

against the patient's will, and (if the sensitive nerves are also para-

lysed) without his knowledge.
Contractions are called peristaltic or vermicular, which advance

through a muscle in a slow and progressive manner. When ana-

lysed closely, we shall find that they are only a variety of the active

contraction 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 isvermicular : 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 alimen-

tary canal. On laying bare the intestines of an animal just killed,

we observe successive 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 onwards to a considerable distance, and

is often succeeded by others spontaneously arising.

It is impossible not to remark the close similitude between these

contractions andthose visibleby the microscope inthe striped element-

ary fibre. We have here on a large scale the wave-like character

there exhibited. A contracting voluntary muscle exposed to view

exhibits a tremulous 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 through the whole muscle, from appearing so

to the eye. When the pectoral muscle is struck, a knot-like con-

traction often moves off in a slow manner in the direction of the

fibres. Peristaltic contraction is coincident in a large number of

contiguous fibres ; and its progressive character is more easily per-

ceived in consequence of the arrangement of the fibres around a

compressible cavity. The contraction appears more sluggish th
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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 themselves, 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 contraction. We have a striking example of this in the

03sophagus, 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 instance, it 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 cf 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 explanation.

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 uterus is undeniably so. In

pregnant animals this may be as distinctly perceived as in the

intestines, and it probably occurs during the gradual development
of the muscular structure as pregnancy advances; but at length
a very powerful impulse occasions the expulsion of the young, and
the uterus subsequently remains contracted, because no force dis-

tends its fibres. The after-pains mark the final efforts of active

contraction. Atrophy of the tissue then occurs, as its develop-
ment had done, in accordance with other laws.

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 required for their production, nor could it under any
VOL. i. o
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circumstances prevent them. The heart beats independently of our

consciousness or controul ; but the respiratory action may be has-

tened, or retarded, at will, though not stopped. This voluntary

power is given because these muscles are required in various move-

ments 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 ex-

plained 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 deteriorated 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

throbbing, tumultuous, or feeble. These impulses act through the

cardiac nerves, which, if stimulated mechanically, will excite con-

tractions 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 giving the

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 existing ;
its effects being thus prolonged through

many beats.

In reviewing the actions of the voluntry muscles, we may remark

the following interesting circumstances :

1 . As to Association of Movements. By the mechanical arrange-

ments of the muscles on the bony framework, and by the pecu-

liarity of their several nervous connexions, they are rendered capa-

ble of conspiring in those combined actions which produce the

various attitudes 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

deglutition, in respiration, and in numberless other cases, we have

examples of this association of many actions to the production of
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one effect. Even 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 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 one excited, pro-

longed, or controuled in any particular muscle ; but that the mere

will, an emotion, an excitement of sense, or even one unconsciously

received, is able, by the correspondence existing between the dif-

ferent parts of the nervous system, to produce associated actions in

precisely those parts mechanically adapted to move in concert, and

this with exquisite exactitude as well as variety.

Such is the nature of the nervous communications between cer-

tain muscles, that in numerous instances, one cannot be stimulated to

contraction without others contracting ofnecessity at the same time.

This depends very generally on the mechanical dispositions 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 that the 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 symme-
trical 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 tendency 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 instru-

ments of man's intellect are, in his state of infancy, generally

symmetrical. The unsymmetrical actions of walking are a slow

acquisition. Most motions that are symmetrical are also harmo-
nious

; 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 retinae. Here, therefore, by the distribu-

tion of the nerves, non-symmetrical muscles are made to produce a

harmonious movement.

The various attitudes of man may here be briefly explained.
o 2



LOCOMOTION. [CHAP. vn.

Muscular actions associated to produce an attitude are styled co-

ordinate. They conspire in obedience to the particular organization
of the nervous arid 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 figure 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 as in the

lineaments of the countenance.

In considering the different attitudes, it is to be remembered that

the human body is not withdrawn, either by its organization or vital

endowments, from the operation of the general laws of matter ; and,

accordingly, that the muscular actions occurring within it are all

adapted 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 is instantly 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 from off the shore), the body falls. In standing upright,

both legs are kept extended, and the spine and head erect ;
if the

muscles that effect this be suddenly paralysed, 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 shewn 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*ent
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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 readjusted in harmony with it. In the practised

tumbler, 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
carried with less muscular effort. When two equal artificial weights
are fixed on opposite sides of the body, equidistant from the cen-

tre of gravity, (as when buckets are suspended from a bar pass-

ing across the shoulders,) the mere weight is all that the muscles

have to support: but, if one be removed, a corresponding inclination

of the body must instantly be made towards that side to counter-

poise the other and for this a sustained muscular 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 centre of gravity, may disturb the equili-

brium of weight, just as moving the weight on a scale-beam dis-

turbs it
; that side of the body becomes relatively heavier, and an

inclination towards the opposite is rendered 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 ceconomically in regard to the outlay of muscular 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 fulcrum. At the same time the body is

thrown in advance of this fulcrum, and would fall, were it not that
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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, is 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 in a similar succession, but more

rapidly and more vigorously. 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. As to 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 ner-

vous centre, and the effect is a contraction of the muscle. By an

exertion of the will we can contract more or fewer muscles at once,

and to any degree, within certain limits : we can contract anta-

gonist muscles together, 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 characteris-

tic 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

themselves the most in their characters, that is, who the most com-

pletely assume for the time the passion they design to pourtray.

Without this quality the most elaborate imitation is cold, and fails

to touch our sympathies. The genius of the histrionic artist con-

sists chiefly in this power.

Many movements ensue involuntary, 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 reflex. The contraction of the oesophagus in swallowin

is an example of them without consciousness. The sudden inspira-

:
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tion that follows a dash of cold water on the skin, and the writhings

produced by tickling, are 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.

Reflective 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 propensi-

ties are developed in animals much more than in man; arid in man

more during his infancy than in his mature state, when reason

asserts her domination over instinct. 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 material instruments of the

creature's reason, independently of the creature'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 controul

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 con-

spicuous than in its influence over the human will. A frequent

and energetic repetition of voluntary acts of controul over the in-

voluntary movements of passion, emotion, and instinct, is invariably

followed by an increased power of controul, and vice versd. This

also extends (but in a less degree) to those movements of voluntary

muscles, consequent on reflex stimulation, which are not essential

to life.

AY hen 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

becoming more or less so by habit. The nervous paths through
which the mandates of the will pass to the muscles grow more
accessible and open by use; and less and less effort of volition

becomes necessary to thread them, every time that effort is made.
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In the early periods 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 con-

firmed ; and, having at length a practised body at its beck, it is able

to execute numerous and complicated movements with as much

precision as those of the most delicate and subtle 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 controul ; 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 they had demanded
the general's attention, and might again attract it, yet, having been

learnt by drilling, are now executed without his anxiety or even

co-operation. They are the working of a practised organization.

Thus many particular movements are included in general ones,

without the will having the smallest immediate share in their pro-
duction. 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 cha-

racter. And thus several general movements, which naturally (or

by an act of the untutored will) are impossible because incom-

patible, are rendered capable of being simultaneously performed.

The following works may be consulted in reference to Muscle and Muscular

Action: Prochaska, de carne musculari
;
1778: Fontana, sur le venin de la

vipere ; 1781 : John Hunter's Croonian Lectures, works by Palmer, vol. iv. ;

Blane, on Muscular Motion, in his select dissertations
;
the various works on

General Anatomy quoted in former chapters ; Barclay on Muscular Motion ;

Mayo's Physiology ;
Muller's Physiology, by Bayly ;

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 Gehwerkzeuge.
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CHAPTER VIII.

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 CEN-

TRES. NERVES AND NERVOUS CENTRES IN INVERTEBRATA.

DEVELOPMENT AND REPRODUCTION OF NERVES.

THE 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 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 transmission of the

mandates of the will to the organs of motion, or some provision for

the reception of those impressions which external objects are capable
of exciting, the mind, thus completely isolated, could hold no com-

munion 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

subject to their influence. Some kind of molecular change in the

nervous matter is all that is at any time required for the deve-

lopment 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 individual,

or, in the language of Bichat, of organic life; an essential charac-

ter of which is, that they are completely removed from the influence

of the will.
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In every ordinary voluntary action, the first step is a mental

change, in which consists the act of volition. The mind is per-

fectly 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 destruction 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 im-

pression 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 entering that state, it cannot do so in obedience to bodily change,
if certain 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 cor-

responding 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 the latter, an impression upon some part of the body precedes
and gives rise to an affection of the mind. In both cases nervous

power is called forth : in the one, it acts in the direction from mind

to body ;
in the other, from body to mind. In both cases, destruc-

tion 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 impart its mandates to

the former. Or the eye may be perfect in all its optical adjust-

ments, 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 connexion 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

simple fact, that a certain affection of the nervous system precedes

immediately a certain affection of the mind. But though we are
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accustomed 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

analogous, 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 followed by a change of state of the sentient mind, is

truly wonderful ; but, if we consider 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 gravitation, 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 are

illuminating their own system 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 crea-

tion 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 remem-

bered, and the expectation of future similar sequences, as the result

of an original law of our belief, are precisely of the same kind,
whether the sequence of changes be in mind or in matter, singly,
or reciprocally in both." *

It is not merely through voluntary effort that the mind can
excite the action of nerves. The involuntary, and often uncontrol-

lable, influence 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 pourtray the working of the mind within ! And.

*
Brown, Philosophy of the Human Mind. Loot. xix.
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fear, joy, disgust, horror, are each accompanied with sensations so

peculiar, as to leave an indelible 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 oesophagus in propelling food onwards to the

stomach 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 controul or prevent their action.

When the edge of the eyelid is touched, the prbicular muscle con-

tracts forcibly, and in immediate response to the stimulus applied.

When light is suddenly admitted to the eye, the pupil may be

observed to contract, to a degree proportionate to the intensity of

the stimulus. Of this action of the iris the individual is quite

unconscious, although perfectly sensible 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 interrupt

the uniform and natural sequence of the phenomena. And it is

well known to medical men that actions of this kind may take place

in coma, when all mental manifestations are completely in 'abeyance.

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 opposite 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

excito-motory .

That a physical change may excite nervous action quite indepen-
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dently of mental influence, is further proved by instances of con-

vulsive 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 phenomena take place, the nervous matter, is found in two

forms, the vesicular and the fibrous. The vesicular nervous matter

is gray or cineritious 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

fbrous 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 is 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 ner-

vous centre, and the threads of fibrous matter which pass to or from
it are called nerves. The latter are internuncial in their office :

they establish a communication between the nervous centres and
the various parts of the body, and vice versa ; they conduct the

impulses of the centres to the periphery, and communicate the im-

pressions made upon the peripheral nervous ramifications to the

centres. The centres are the great sources of nervous 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 ani-

mals. In the invertebrate classes, the centres are ganglia variously

disposed, according to the shape and actions of the animals.

The brain and spinal cord, and the system of nerves connected
with them, constitute the cerebro-spinal portion of the nervous sys-

tem, which Bichat distinguished as the nervous system of animal life.

The nerves of the senses, and those of volition and common sensa-

tion, 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 connexion. 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.
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The remainder of the nervous system is made up entirely of

ganglions, 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 dis-

posed 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 encephalic nerves pass out ; and at all these situations it

forms a very intimate connexion with the brain and spinal cord.

This portion of the nervous system possesses many peculiarities,

both in its composition, in its arrangement, and in its connexion

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 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 great 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 ]ess 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 arrange-

ment 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 satisfac-

torily made out.

Physical and Chemical Properties of the Nervovs Matter. The

nervous matter of both kinds is a soft, unctuous substance, easily

disturbed 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

quantity of water with it, which constitutes three-fourths, or four-

fifths, and, in many instances, seven-eighths, of its weight. Ac-

cording to Vauquelin, whose analysis was made in 1812, the brain

is an emulsive mixture of albumen, fatty matter, and water : the

last holding in solution certain saline and other ingredients commo
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to the brain with other parts of the body. By solution in boiling

alcohol, Vauquelin was enabled to resolve the fatty matter into elaine

and stearine (margarine?). The following table gives the result of

his analysis e

Albumen

(
Stearine

Cerebral fat 1

( Elaine

Phosphorus
Osmazome .

Acids, Salts, Sulphur .

Water

100-00

Vauquelin remarked that the medulla oblongata, and medulla

spinalis, have the same composition as the brain, but contain a

much larger proportion of cerebral fat, with less albumen, osma-

zome, and water.

These results are confirmed, t
in the main, by the analysis of

Fremy, which was published in the Annales de Chimie for 1841.

M. Fremy states, that the three principal constituents previously

detected by Vauquelin, exist in the following proportions in one

hundred parts ;
seven parts of albumen, five parts of fatty matter,

and eighty parts of water.

From the fatty matter of the brain M. Fremy extracts various

secondary organic compounds; namely, 1, Cerebric acid; a white

substance in the form of crystalline grains, abounding in carbon,

and containing a minute proportion of phosphorus. 2. Cholesterine,

the same as that which is obtained from bile. In preparations
of the brain preserved in spirits, a substance of crystalline cha-

racter resembling cholesterine is apt to form round the piece.

3. Oleophosphoric acid ; a peculiar fatty acid, containing from

1*9 to 2 per cent, of phosphorus in the condition of phosphoric
acid. Fremy regards it as analogous to the compound of sul-

phuric acid and elaine, or sulph-oleic acid. 4. Traces of elaine,

margarine, and fatty acids. These principles do not always exist in

an insolated state
;

for the cerebric acid is often combined with soda,
or phosphate of lime, and the oleophosphoric acid is commonly
found in union with soda.

The quantity of phosphorus which may be found in the nervous
matter varies considerably at different periods of life, and is very
small in idiotcy. According to L'Heritier's analyses, the minimum
of this element is found in infancy, in old age, and in idiotcy ; and
the maximum of water exists in the infant. The following is a

tuble of his comparative analyses :
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Albumen
Cerebral fat

Phosphorus
Osmazome and Salts

Water

Infants.
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Within the edge of the tubular membrane, on each side, are seen

two thicker and darker lines (A, c, c, b), which appear to mark the

outer and inner limits of an inner ^.52.

layer of different composition and

refracting power, and which is
^

generally known as the white sub-

stance of Schwann. This forms

a tube within the tubular mem-

brane. Within the white sub-

stance of Schwann is a transpa-

rent material, occupying the axis

of the nerve-tube (A, a). This

has been called by Remak the

flattened band; but a better name

for it is that of axis cylinder, em-

ployed by Rosenthal and Pur-

kinje.

It is evident, that the whole of

the matter contained in the tubu-

lar membrane is extremely soft,

for it is found to yield under very

slight pressure, and may be rea-

dily made to pass from one part

of the tube to another. When

pressed out (B, h to /),
it is apt to

assume more or less the appear-

and form of globules, which

\

d 6 h c d

. Diagram of tubular fibre of a spinal nerve :

ln

Tubular membrane. B. Tubular fibres; e,

natural state, shewing the parts as in

,
-i f , /. The white substance and axis cylinder inter-

the Same Characters OI OUt- rupted by pressure, wlule the tubular membrane
i . i ,1 n ,-1 remains, a, The same, with varicosities. h. Va-

Which they possessed in the rious appearances of the white substance and axis

, -i . , , -I -i cylinder forced out of the tubular membrane by
nerve-tube : that IS, they have a pressure, i. Broken end of a tubular fibre, with

, , -i j j v the white substance closed over it. k. Lateral

transparent interior, bounded by bulging of white substance and axis cylinder from
0,1 -i 4 pressure. /. The same more complete, g'. Vari-

a layer OI tllC White Substance Cose fibres of various sizes, from the cerebellum.
/ o i 1 i i

.
3 c. Gelatinous fibres from the solar plexus, treated

Ot bchwanil, marked by its dOU- wlth acetic acid to exhibit their cell-nuclei. Band

blc contour. It would appear
c

that the latter structure is particularly apt to form a coating or

film over the central material, and thus to isolate it from sur-

rounding tissues. This tendency may be understood by a reference

to fig. 52, h to /.

When the nerve-tube is placed in aether, the white substance

is in part immediately dissolved, and a number of oil-like globules

appear both within and without the tubular membrane (fig. 53, b).

Probably its margarine is dissolved, and the elaine set free in the

VOL. i. p
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Fig. 53.

form of oil-globules. The interior of the tube is also rendered

decidely granular. In water the white substance of Schwann

remains undissolved, while the interior of

the fibre is frequently, though not always,

rendered granular.

The tubular membrane presents the

same general characters wherever it is met

with. But the white substance of Schwann

exhibits much variety as regards its thick-

ness in different parts of the nervous sys-

tem. In the nerves it is more developed

than in the centres ;
but even in the for-

mer it differs a good deal as to thick-

ness. We find it most developed in the

ordinary spinal nerves; in those of pure

sense it exists in small quantity. Both
Nerve-tubes of the common eel .

a. In water. The delicate line on its tllCSC elements of the tubular fibre 6VI-
exterior indicates the tubular mem-
brane. The dark, double edged in- dcntlv afford mechanical protection to the
ner one is the white substance of ^ x

Schwann, slightly wrinkled. A. The substance which forms its aXIS; but doubt-
same in cether. Several oil-globules
have coalesced in the interior, and }ess One Or both of them maV have a further
others have accumulated around the

*
exterior of the tube. The white sub- phvsioloffical office, in insulating the aXIS,
stance has in part disappeared. Mag- * >

. . . /,

nined 300 diameters. andkeepmgit distinct from any interference

with constituents of neighbouring fibres. The chemical composi-

tion of the white substance, being obviously different from that of

the axis, sufficiently denotes a difference of function in these tw(

portions of the nerve-tube. The axis cylinder of the nerve-tul

though in general soft and pulpy, is in some instances of firm tex-

ture, and when broken projects beyond the wrhite substan*

(fig. 56, c). It then occasionally exhibits a well marked fibroi

character, and may even split into filaments.

W'hen the tubes are quite fresh, and have been but little dis

turbed by manipulation, their form is that of a perfect cylinder.

Pressure, or separation, is apt to alter their shape by disturbing tl

position of the contained pulp, pushing more than is natural inl

some parts of the tube, and consequently diminishing the bulk oft!

contents in the adjacent parts ; so that the latter collapse, whi]

the former become distended, enlarged ,
and even varicose (fig. 52,

Nerve-tubes, that have been thus affected, sometimes present merely

a slight waviness of one or both margins, but more frequently a seric

of distinct swellings or varicosities separated by constricted portions

These swellings are found at very irregular distances from eacl

other, and vary extremely in shape and size. They are much moi
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apt to form upon some nerve-tubes than upon others; and this is

apparently owing to a feebleness of the tubular membrane, and per-

haps, also, to a less degree of consistence of the contained nervous

pulp. In the nerves of special sensation the tubes are very deli-

cate in structure, and very apt to exhibit this change ; and in the

fibres of the brain and spinal cord the same tendency is observable.

It was formerly supposed by Ehrenberg, that these varicosities

were natural, and existed during life; and that they afforded a

valuable morphological character of the nerves of pure sense, and of

the cerebro-spinal centre. Many circumstances,however, oppose this

view; thus, the irregularies in the shape, size, and number of the

varicosities appear very unlike a natural disposition : in a piece of

the brain or spinal cord, which has not been much pressed or torn,

the nerve-tubes often exhibit a cylindrical figure, and even in the

manipulated specimen the varicose tubes form only a portion. In

some nerves, such as those of muscles, the tubes, although not

prone to become varicose, may be made so by firm pressure and

violence in manipulation ; and in the nerve-tubes of young animals,

the tissues of which are more tender, and contain more abundant

water, this change is particularly apt to take place.

The nerve-tubes, for the most part, lie parallel to each other,

always without branching, and, if we except their terminal looping
in other textures, without any inosculation. This very interesting
and important feature in the anatomy of the nerve-tubes was re-

cognised long ago by Fontana, and has been confirmed by nearly

every subsequent observer. It may be seen in the nervous centres,

as well as in the nerves themselves. In the latter it may be well

demonstrated by examining a piece of nerve on a dark ground as

an opaque object. The primitive fibres, viewed in this way, appear
as so many transparent tubes, containing an exquisitely delicate,

soft, pearly-white material. The tubular fibres vary in diameter

from T5-L^ to even 10 00 of an inch ; but their average width is

from ToVo to 4inro of an incn -

2. Of the Gelatinous Nerve-fibre. This term is applied by Henle
to certain fibres found principally in the sympathetic nerve. They
are flattened, soft, and homogeneous in appearance; contain-

ing numerous cell-nuclei, some of which are round, others oval ;

some situated in the centre of the fibre, others adhering to either

edge; their longest diameter being generally parallel to the longitu-
dinal axis of the nerve. These nuclei are arranged at nearly equal
distances, and frequently exhibit distinct nucleoli (fig. 52, c). Some-
times these fibres show a disposition to split into very delicate

p 2
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fibrillse. Acetic acid dissolves the fibre, leaving the nuclei un-

changed. These fibres, containing nothing analogous to the white

substance of Schwann, are devoid of that whiteness which charac-

terises the tubular fibre ; and it would seem that the gray colour of

certain nerves depends chiefly upon the presence of a large propor-
tion of the gelatinous fibres. Hence they are sometimes called

gray fibres.

The mode of connexion of the gelatinous fibres with the elements

of the nervous centres is, as yet, quite unknown. They are found,

in considerable numbers, in what are called the roots of the sym-

pathetic, or the communications of that nerve with the spinal

nerves : it has been supposed by Valentin that they are continuous

with certain elements of the vesicular nervous matter.

These fibres are smaller, in general, than the tubular fibres
;

their diameter ranges between the -g^Vo an^ ^ne ~*~o^o
f an mcn -

They resemble very much the fibres of unstriped muscle.

Of the Vesicular Nervous Matter. This is distinguished by its

dark reddish gray colour, and soft consistence : it is found in the

nervous centres, but never in nerves, properly so-called, and it is

always supplied by a considerable plexus of blood-vessels.

The essential elements of the

gray nervous matter are vesicles

or cells, containing nuclei and

nucleoli. They have been also

called nerve or ganglion globules.

The wall of each vesicle consists

of an exceedingly delicate mem-

brane, containing a soft but te-

nacious finely granular mass. The

nucleus of the cell is generally

, eccentric, much smaller than the
Nerve-vesicles from the Gassenan ganglion of

. .

the human subject: a. A globular one with de- containing VCSlclC. and adherent
fined border ; b. its nucleus ; c. its nucleolus. d. ...
Caudate vesicle, e. Elongated vesicle, with two to SOmC part of its interior. Its
groups of pigment particles. /. Vesicle surround-
ed by its sheath, or capsule, of nucleated particles, structure IS apparently the same
g. The same, the sheath only being in focus. *

, ..

Magnified 300 diameters. as that of the Outer VCSlcle. The

nucleolus is a minute, remarkably clear, and brilliant body, also

vesicular, inclosed within the nucleus. It forms a most character-

istic and often conspicuous part of the nerve-vesicle.

The ordinary or prevailing form of these elements is that of

a globular vesicle. So soft and compressible are they, how-

ever, that a good deal of diversity of shape is manifest in them,

by reason of the compression they suffer as they lie packed
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together in situ. Hence some are spherical, others ovoidal, or

ellipsoidal. In some vesicles we find, external to the nucleus,

particles ofa coarser kind , Fig 55

which are accumulated in

a mass, frequently of a se-

milunar form. These are

pigment granules; their

presence gives a dark co-

lour to a portion of the

vesicle. Sometimes we

find two groups of pig- (

ment granules in one ve- g)

side. They are usually /

of a reddish or yellowish
'

brown colour.

Another form of nerve-

vesicle is characterized

by one or more tail-like

processes extended from

it, and to such nerve-

vesicles we may apply the

term caudate. They pos-

sess thenucleus and nude- tions of the cerebellum. The larger processes are directed to-

wards the surface of the organ, b. Another, from the cerebellum.

OlllS. as in the more Sim- c. d. Others from the post, horn of gray matter of the dorsal

region of the cord. These contain pigment, which surrounds

plC form; and Contain One the nucleus in c. In all these specimens the processes are

n . more or less broken. Magnified 200 diameters.

or more masses ot pigment
which are often of very considerable size. Both the vesicles

and their caudate processes vary greatly in size and shape. The

largest nerve-vesicles are found among those of this kind. Some-

times there is but a single process from a vesicle ; or there

may be two, proceeding from opposite sides; or there may be

several, extending in various directions. There is great difference

in the shape of these caudate vesicles, as may be observed in figs.

55 and 56, where different varieties of them have been repre-
sented. In point of structure, the caudate processes are exceedingly

delicate, and finely granular, like the interior of the vesicle, with

which they distinctly seem to be continuous. Such is the delicacy
of these processes, that they readily break off; in general, very close

to the vesicle. Sometimes, however, one or more of them may be

traced to a considerable distance, and will be found to divide into

two or into three branches, which undergo a further subdivision, and

give off some extremely fine transparent fibres (fig. 56, b), the con-

Ganglion globules, with their processes, nuclei, and nucleoli;
a. a. From the deeper part of the gray matter of the convolu-
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nexion of which with the other elements of the nervous tissue has

yet to be ascertained. It is most probable, however, that they either

serve to connect distant vesicles, or else that they become conti-

nuous with the axis cylinders of the tubular fibres. In the cerebro-

spinal centre, we have found the tissue in the vicinity of the caudate

vesicles freely traversed in all directions by numerous very delicate

filaments, which seem to be the ramifications of the caudate pro-

cesses. These often exhibit considerable tenacity and elasticity.

The situations from which we may obtain such caudate vesicles as

are best suited for examination, are the locus niger in the crus

cerebri, and the gray matter of the cerebellum and spinal cord.

. A large caudate nerve-vesicle, with diverging and branching processes, some of which, b,

are seen 10 pass off into extremely minute filaments. These seem to bear a very close resem-
blance to the central part of a tubular fibre, c, which is prolonged some way beyond the broken

edge of its tubular membrane and white substance, d. At e, are some small nerve-vesicles, stel-

late in form, doubtless from numerous processes given off from them : /, several extremely
small nerve-tubes, some of which are varicose. This figure exhibits the great variety of size of

the vesicles and tubes, a, is from the posterior horn of the gray matter of the spinal marrow,
and is magnified only 120 diameters, while the vesicles and tubes at e, from the gray matter of

the lower end of the cord, are magnified 300 diameters, d, is also from the spinal marrow, and
is magnified 200 diameters.

The nerve-vesicles do not lie in immediate contact with each

other. They are either imbedded in a soft, granular matrix, as

in the brain, or enveloped in a capsule of nucleated cells, as in

the ganglia (fig. 54, /, g). The intimate connexion of this gran-

ular sheath to the vesicle, and to its processes when they exist,

increases greatly the difficulty of examining them. It is not easy

to detach them from this investment. This is generally effected

by accident more than by skill in manipulation, and it is along the

broken margin of the piece under examination that we shall succeed

in detecting the most perfect vesicles.
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Fig.

In most situations where vesicular matter is found in the nervous

centres, tubular fibres of small though variable size mingle with its

elements in greater or less

number, and in some places

both varieties of fibre are

found (figs. 57 & 58). To de-

termine the precise connex-

ion which these respective

elementary parts form with

each other is a problem of

the deepest interest. No
more, however, can be said

respecting it at present,

than that the relation of

nerve- fibres to nerve-vesicles

in the centres is most inti-

mate, and that the latter are
nn4- ^"k '4-1^^ 4-

A - Blending of the vesicular and fibrous nervous matter
larely met With WlthOUt One in the dentate body of the cerebellum : a. Ganglion glo-

ov T-rrvt*r r\f fVc fr\i*rmav> in bule, with its nucleus and nucleolus. 6. Nerve-tube, slight-m
ly varicose, in close contact with the ganglion globule. &'.

iTYiTnorlintp pnnnpvinn wifVi Smaller nerve-tubes. These parts all lie in a finely granularuauc ^uiiiiCAiUJO. vviLU. matrix interspersed with nuclei, c. B. Vesicular and fibrous

4.}lpTn matter of the lamina* of the cerebellum, a. Ganglion glo-
bule. 6. Very minute nerve-tubes traversing a finely gra-

Having premised this ge-
nular matrix '

iu which are numerous loimded lluclei ' '

neral account of the anato-

mical elements of the two
kinds of nervous matter, we

may now consider separately
the two leading subdivi-

sions of the nervous system ;

namely, the nerves and the

centres.

Of Nerves. A bundle of

nerve-fibres, surrounded and

connected by areolar tissue,

constitutes a nerve.

The nerves of the cere-

bro-spinal system differ in

several important particulars

Fig. 58.

,.

From
,

the
,

Gasserian ganglion of an adult: a. a. Gan-
glion globules with their nucleus, nucleated capsule, and

from tllOSe Of the SVmDatlie- pig
11 *- * Tubular fibres running among the globules

\
* In contact with their capsule, g. Gelatinous fibres also in

tlC, aild they Should, there- contilct with the ganglion globules. Magnified 320 dia-

fore, be examined separately.

Of the Cercbro-spinal Nerves. The areolar tissue which invests

the nerve-fibres is called the neurilemma. It is analogous to the
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sheath of the same membrane which surrounds the elementary
fibre of striped muscle. From its deep surface thin layers of

areolar tissue pass, forming so many partitions between the smaller

bundles, or the individual fibres, of which the nervous trunk is

composed. The office of this structure is evidently to give protec-

tion to the delicate nerve-tubes, and to support the plexus of minute

capillary vessels from which they derive their nutriment.

The neurilemma is composed of fibres of white fibrous tissue,

and presents to the naked eye the silvery aspect of that texture.

Some persistent cell-nuclei are scattered throughout it. That por-

tion of it which forms the partition between the fibres contains a

little yellow fibrous tissue of the finest description.

The blood-vessels are distributed upon the external investing

sheath, and upon the septa. They are disposed similarly to those

of muscles, and run parallel to the fibres of the nerve. The capil-

laries are among the smallest in the body : they form oblong meshes

of considerable length, completed at long intervals by vessels which

cross the fibres of the nerve more or less transversely. These

blood-vessels are generally derived from neighbouring arterial

branches ; sometimes a special vessel accompanies a nervous trunk,

and even perforates it, passing along its axis, as in the great

sciatic and the optic nerves.

The composition of a cerebro-spinal nerve may be shown by
removing the neurilemma, and separating the fibres by needles.

These fibres are chiefly of the tubular kind. In diameter they

vary considerably, but do not exceed the 15
1

00 of an inch in man
and the mammalia. They lie within the sheath in simple juxta-

position, and parallel to each other ; excepting where a branch is

about to separate, when a bundle of nerve-tubes gradually deviates

from its previous course, and forms a very acute angle with the

truck, still, however, preserving the parallelism of its constituent

fibres.

Nerves are said to arise or have their origin in the nervous centre

to which they are on the one hand attached, and to terminate or be

distributed among the elements of the various textures on the other

hand. It is best to continue the use of so definite and simple a

meaning to these terms. Attempts to alter their signification in

accordance with opinions of the functions of the constituent fibres

can at present do little but confuse descriptions. We call a nerve

cerebral or encephalic, if it be connected at its origin with some part

of the nervous mass within the cranium ; and spinal, if its apparent

origin be from the spinal cord.
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Origin. The fibres of nerves may be traced into the nervous

centres, the white or fibrous part of which they contribute to

form. As they enter the centre, the fibres diverge slightly either

singly or in separate bundles, and pass on to form a connexion with

vesicular matter, in the immediate vicinity of the point of immer-

gence or at a more remote situation. How the fibres comport

themselves with respect to the elements of the vesicular matter is

not exactly known. It is certain, however, that nerve-tubes fre-

quently adhere to the sheaths of nerve-vesicles, and that many of

them pass between the nerve-vesicles, probably to form a connexion

with more distant ones. This may be well seen in the vesicular

matter of any of the centres. It is very distinct in the ganglions,

and also sufficiently manifest in the spinal cord or brain. In the

last-named centres some of the tubes which are found in the vesi-

cular matter are reduced to an extremely minute size (figs. 56, /;
57, A, b' and B, b)} and exhibit small varicosities, sometimes at

very regular distances from each other.

Valentin describes a looped and plexiform arrangement of the

fibres in the vesicular matter of the centres. Hitherto, such an

arrangement has eluded our observation so completely, that, but for

the high authority on which this statement rests, we should not

have deemed it necessary to allude to it. The only confirmation

of this view with which we have met is derived from a highly inter-

esting dissection, by Mr. Lonsdale of Edinburgh, of a monstrosity,
in which the spinal cord, medulla oblongata, and cerebellum were

absent, but the hemispheres of the brain were present. Several of

the encephalic and spinal nerves hung as " loose threads " in the

cavity of the cranium or spine. On examining the free or central

extremities of these nerves, their constituent fibres were found to

form distinct loops, convex towards the cranial or spinal cavity.
These loops were imbedded in granular matter, supposed to be ve-

sicular matter in an early stage of formation. Similar loops were
observed by the same anatomist in the cranial nerves of an anen-

cephalous foetus which had been preserved in spirits."*

Branching. As a nerve passes from centre to periphery, it breaks

up into a number of small bundles, which form so many branches
destined for the organs or tissues among which they are placed.
These branches generally separate from the parent trunk at an
acute angle, and soon plunge into the muscles or other parts to

which they tend, dividing and subdividing among them. Some

*
Dr. Lunsdale's case of Monstrosity. Ed. Med. and Surg. Journ., No. 157.
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exceptions to this rule, however, are occasionally met with, in

which the branch forms a right or an obtuse angle with the trunk.

Before a branch separates, the parent nerve seems wider for some

distance above the point of visible separation. This is owing to a

divergence of the fibres within the trunk before they actually leave

it, and not to any increase in the number of the nervous elements.

A good example may be seen in the auricular nerve of the neck, as

it winds upwards over the sterno-mastoid muscle.

Anastomosis. In their branchings nerves subdivide, not only to

pass immediately to their distribution in muscles or other parts, but

also to form a connexion, by some of their filaments, with other

nerves, and to follow the course of the latter, whether to the peri-

phery, or back again to the centre, instead of passing to the desti-

nation of the primary trunk. By these means nervous filaments

connected with very different parts of the brain and spinal cord

become bound together in the same neurilemma, and a nerve is

formed compounded of nerve-tubes possessing different functions.

The anastomosis of nerves thus formed differs from the more cor-

rectly-named anastomosis of blood-vessels ; for in the latter case the

canals of the anastomosing vessels communicate, and their contents

are mingled; but in the former the nerve-tubes simply lie in juxta-

position, without any coalescence of their walls, or any admixture

of the material contained within them.

The simplest kind of anastomosis is that which occurs in almost

every spinal nerve. The anterior and the posterior roots of these

nerves, emerging from different parts of the spinal

cord, and possessing, as is now proved, very dif-

ferent endowments, are united after passing through
the dura mater, and are bound together as one

nerve ; the respective tubules being so completely
intermixed that the ramifications, which pass off

in the subsequent course of the nerve, for the most

part contain tubules from both roots, and therefore

possess the functions of both.

And even in a nervous trunk, thus formed, there

is an interchange of place between the component
filaments, so that those which were at first on the

surface of the nerve pass into its centre, and are

replaced by others which had been deep-seated ;
a

decussation of the fibres occurring as they change

places (fig. 59). Hence it is often difficult to fol-

a
low a bundle for any distance in a nervous trunk.

Fig. 59.
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According to Kronenberg, this kind of interchange is more frequent

in some nerves than in others ; and it is stated by this author that

in the external cutaneous nerve of the arm he found some bundles,

which passed through a distance of six inches without uniting with

neighbouring ones.

By anotherform of anastomosis nervous loops or arches are formed,

the convexities of which are directed towards the periphery, and give

off filaments to the neighbouring parts. The well-known anastomosis

between the ninth or hypoglossal nerve, and the cervical plexus, in

front of the carotid artery, may be quoted as a good example.

Certain fibres, which come from the medulla oblongata as part of

the ninth nerve, leave that nerve as it crosses over the carotid

artery, pass down in front of the artery, and apply themselves to a

descending branch of the cervical plexus, forming in front of the

carotid artery and jugular vein an arch with the concavity directed

upwards, several nerves passing from the convexity to neighbouring
muscles. Some of the filaments which are given off from this arch,

are derived from the ninth nerve, and others from the cervical

plexus; whilst others seem to form a complete arch, and to be

equally connected with both nerves ; and, if we trace these latter

fibres from the ninth nerve, we find them passing upwards and

backwards into the descending branch of the cervical plexus, and

so returning to the spinal cord. The nervous loop, thus formed,
must evidently establish a communication between the cervical

region of the spinal cord and that portion of the medulla oblongata
whence the ninth nerve appears to derive its origin.

Similar nervous loops, leaving the nervous centre as a constituent

of one nerve, and returning to it at some distance in company with

a different nerve, are found in various parts of the nervous system.
The commissural fibres of the optic tracts may be quoted as an

example. These fibres leave the centre by one tract, and return to

it by the other. It is probably owing to an anastomosis of this

kind, between the posterior and anterior roots of the spinal nerves,
that the latter enjoy a slight degree of sensibility. Other instances

of a similar kind have been described by Volkmann. In the calf

he found an anastomosis between the fourth pair of nerves and the
first branch of the fifth pair, forming an arch, from the convexity
of which several branches passed off in the peripheral direction.

By far the greater part of these, on microscopic examination, ap-
pt'invd to receive their fibres from the fourth; while those fibres

of the fifth, which contributed to the formation of the arch, passed

centripetally to the brain, bound up in the sheath of the fourth
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nerve. There is a similar nervous arch formed between the second

or third cervical nerve and the accessory nerve. Certain fibres,

when traced from the former, appear to pass back to the centre

in the sheath of the latter. This anastomosis Volkmann found

in the human subject, and in several of the lower animals.*

According to Gerber, similar loops are found in the sheaths of

spinal nerves. Certain fibres emerge from and return to the nervous

centre, forming a loop with the convexity directed towards the peri-

phery, without connecting themselves with any peripheral organ
or texture, or going beyond the nerve-sheath. To these loops this

anatomist has given the fanciful title, nervi nervorum.

Plexuses. When several neighbouring nerves freely interchange
their fibres, a complicated form of anastomosis is produced, which

is called a plexus. Four or five nerves, for example, proceed from

the spinal cord, for a certain distance without any communication

with each other. A division of each then takes place, and from

the conjunction of their neighbouring branches new nerves result,

which again subdivide and interchange fibres; and by the free

communication which is thus established, a network is sometimes

formed, (as in the cervical plexus) ,
in the meshes of which areolar

tissue, and sometimes fat, are deposited. Finally, certain nerves

emerge from the plexus thus formed, which are composed of fibres

derived from several of the original trunks. Examples of this kind

of anastomosis are found in connexion with the anterior branches

of the spinal nerves in the neck, the axilla, the loins, and the sacral

region; and there are also plexuses formed in the course of the

fifth nerve, the portio dura of the seventh, the glosso-pharyngeal,

and the par vagum.
The fibres, which pass through a plexus, notwithstanding the ap-

parent intricacy of their communication, preserve their individuality.

This may be proved by irritating a single nerve before it has broken

up in the plexus. Such irritation will produce contraction of cer-

tain muscles only ; of those, namely, to which the fibres of that

nerve are distributed. It is probable that, owing to the frequent

change of place which the fibres undergo within the plexus, they

are brought into communication with a greater number of muscles

than if no such subdivision had taken place. Kronenberg's expe-

riments shewed that the irritation of certain nerves of the plexus

before their subdivision caused the contraction of those muscles only

which received filaments from them.t

* Miiller's Archiv., 1840.

t Plexuum nervorum structura et virtutes. Berol. 1830.
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Fig. 60.

Termination of Nerves. The connexion which the terminal fila-

ments of nerves form with the proximate constituents of the striped

muscle has been already described (p. 168). From that descrip-
tion it will appear that the nervous fibres do not come into imme-
diate communication with the sarcous substance, unless we have

recourse to the supposition that some minute elements proceed from

those fibres, and penetrate the sarcolemma. Such a supposition
has no foundation in anatomy, so far as our present knowledge
extends. It is a curious subject of investigation to determine

what becomes of the nerve-tubes, which, after the formation of

the loops which cross the muscular fibres, take a retrograde
course towards the nervous centre. Do they, for instance, return

to the spinal cord? and can it be their office to form a second

connexion with the vesicular matter of the cerebro-spinal centre, the

descending fibre coming from the brain, and the returning one

being implanted in the gray matter of the cord ?

In the skin the arrangement is plexiform ; but this is reducible

to loopings, as will be explained in the chapter on Touch.

The arrangement of the primitive
fibres in loops has been also seen by
Henle on some parts of mucous mem-

brane; in the membrana nictitans of

the frog, for example, and in the

mucous membrane of the throat in the

same animal. A similar disposition has

been described and delineated by Va-
lentin in the pulps of the teeth (fig. 60),

and we have seen it in the papillae of

the tongue.
The so-called nerves of pure sense,

the olfactory, optic, and auditory

nerves, may more properly be regard-
ed as portions of the brain itself than

as mere nerves, for they possess most
of the anatomical characters of nervous

centres. The intra-cranial portion of

the first is as distinctly compounded of

vesicular and fibrous matter as a con-
i ,. n ,1 i -r i Terminal nerves on the sac of the se-

VOIUtlOn OI the brain. In the peripheral co d molar tooth of the lower jaw in the

r -L- sheep, shewing the arrangement in loops.

expansion of the optic nerve, the retina, (After Valentin).

it will be hereafter shown that the vesicular elements of a nervous
centre are as unequivocally present as in the olfactory bulb. As
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Fig. 61.

regards the auditory nerve, there are also some grounds for the

statement that the vesicles of gray matter are deposited at its peri-

pheral expansion in the internal ear."*

Of the Ganglionic or Sympathetic Nerves. The composition of

these nerves is essentially similar to that of the cerebro-spinal

nerves. They consist of a series of nerve-fibres bound together by
areolar tissue which forms their neurilemma. This sheath is, how-

ever, denser than in the cerebro-spinal nerves, so that the nerve-

fibres are more difficult of separation, and the fasciculated character

is not so obvious. It consists almost entirely of white fibrous tissue

longitudinally disposed, which are crossed by some fine circular

fibres of yellow tissue, surrounding the nerves at various distances

from each other. When a nerve is torn up by needles, and treated

by acetic acid, numerous small oval cell-nuclei are seen lying in and

among the fibres, with their long axes parallel to the latter.

The sympathetic nerves

contain the fibres of both

kinds, the tubular and the

gelatinous, in very variable

quantity in different nerves.

Thus, the former are nume-

rous in the ramifications of

the solar plexus and in the

cardiac nerves ;
and the lat-

ter almost exclusively com-

pose one of the fascicles by
which the sympathetic com-

municates with the spinal

nerves (fig. 61, e) : they are

also numerous, while the tu-

bular fibres are few, in the

sympathetic cordinthe neck.

In some nerves, the tubular

fibres are quite on the sur-

face ; and in others, they are

enclosed in the axis of the

nervous trunk. It is pro-

bable that the same change
Roots of a dorsal spinal nerve, and its union with /. _i ono l^+w n ffop fihrPS

sympathetic : c, c. Anterior fissure of the spinal cord. 01 piaCC DetWCt
a. Anterior root. p. Posterior root, with its ganglion. _,__ 4-"U oco -ncvr>v> n<a flint
a'. Anterior branch, p'. Posterior branch, s. Sympathetic.

OCCUTS HI these nerVCS as

e. Its double junction with the anterior branch of the
.-.-U'^-u wp hoVp nntippH 111 the

spinal nerve by a white and a gray filament. WHICH WC naVC

* See further on these points the chapters on Smell, Vision, and Hearing.
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cerebro-spinal nerves
;
so that those fibres which at one part of the

nerve were superficial, would at another be deep-seated, and vice

versa.

The mode of branching of these nerves is essentially the same

as that of the cerebro-spinal. But the frequent formation of ganglia

in the course of the trunks, and of their ramifications, constitutes

a remarkable feature. The branches attach themselves to the ex-

terior of arteries, forming very intricate plexuses, which entwine

around them, "hederse ad modum" (Scarpa). Along these vessels

the nerves are conveyed to the tissues ; but of the mode in which

their filaments connect themselves immediately with those textures

we are at present entirely ignorant. The ramifications of the sym-

pathetic seem to be limited to the trunk and head ; it has probably
no connexion, or at most a very limited one, with the extremities.

The connexion of the sympathetic system with the brain and

spinal cord appears to take place through the cerebro-spinal nerves.

Certain filaments connect each spinal nerve to some portion of the

ganglionic chain which lies on each side of the spinal column. And
a similar connexion takes place between ganglia of the cephalic

portion of the sympathetic and the encephalic nerves, of which the

following may be cited as well-known instances : The third nerve is

connected with the ophthalmic ganglion ; the sixth with the superior

cervical ganglion the fifth nerve with the spheno-palatine and otic

ganglia. These connecting filaments have been called the roots of

the sympathetic ; and thus this nerve has been represented as taking
an extended origin from numerous points of the cerebro-spinal centre.

This is true : but, in dissecting the connexion between the sympa-
thetic and the spinal nerves, we find that, for the most part, two dis-

tinct fascicles connect them, one of which is white, being composed of

tubular fibres ; the other is gray, and consists of gelatinous fibres.

The former seem evidently cerebro-spinal fibres, which pass to or

from the periphery conjoined with the other elements of the sympa-
thetic : but, in the present state of our knowledge, it is difficult to

form a correct idea as to the precise object of the latter bundles, or

as to the central connexion which they form, whether with the gan-

glion onthe posterior root of each spinal nerve, or with the spinal cord.

That the sympathetic has intimate and extensive connexions with

the brain and spinal cord, is abundantly proved, not only by the ana-

tomical statements above detailed, but by the circumstance of which

every one is conscious, that pain may be excited in parts supplied
from this system of nerves alone, as in the intestines ; as well as by
the fact that irritation of the spinal cord may produce contraction of
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muscles which derive their nerves from this source, and that destruc-

tive disease of that organ may occasion paralysis of those muscles.

Of the Nervous Centres. The nervous centres exhibit to us the

union of the vesicular and the nervous fibrous matter. Indeed

the association of these two forms of nervous sutatance in a mass of

variable shape or size is the main anatomical condition for the

formation of a nervous centre. The former is never met with in

nerves properly so-called, and when a true nerve has a grayish ap-

pearance, we find that it is owing to a paucity of the tubular, and

an excess of the gelatinous fibres.

All nervous centres are provided with a proper covering which

serves to isolate them from adjacent textures and to protect them,
as well as to support their nutrient blood-vessels. In the ganglia

this covering is continuous and identical with the neurilemma of the

nerves which are connected with them, and it is in every respect of

the same structure as the latter membrane.

In the larger centres, the brain and spinal cord, the coverings are

of a more complicated kind. They are called meninges, membranes.

Three of them are enumerated : The dura mater, which is external ;

the pia mater, which is in immediate connexion with the nervous

matter of the centre; and the arachnoid membrane, a serous sac

intermediate to the two tunics just mentioned, which is evidently

destined to facilitate the movements of these organs within their pro-

per cavities. These will be more particularly described further on.

In examining the ganglia, we obtain a good
idea of the minute structure of nervous centres

in general. A thin slice of one of the larger

ganglia, torn up by needles, or a small ganglion
from some small animal, serves to shew the dis-

position of the vesicular and fibrous matter in

these bodies.

A ganglion may be compared to a plexus,
with nerve-vesicles deposited in its meshes (figs.

62, 63). In tracing a nerve into a ganglion,
its component fibres appear to separate, and

to pass through the ganglion in different direc-

tions; some maintaining their original course,

others diverging from it for a short way and

afterwards returning to it, and others taking

altogether a new direction and passing out of

the ganglion in combination with other fibres,

to form an emerging nerve. A certain degree

Fi C2

6 5

Second abdominal ganglion

*
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of interlacement of the fibres thus takes Fig - 63
-

place within the ganglion, and in its

interstices are lodged the nerve-vesi-

cles enveloped by their proper sheaths.

A great number of nerve-fibres may
be traced through the ganglion, so

that the emerging nerves may be re-

garded as resulting from a new com-

bination of the fibres that compose
the nerves which entered the ganglion.

These, however, are possibly not the

only constituent fibres of the emerging
. _ , . , A small piece of the otic ganglion of the

nerves, tor it has yet tO be ascertained, sheep, slightly compressed; shewing the
,

* IT- interlacement of the internal fibres, and
Whether SOme fibres may UOt take their the vesicular matter. (After Valentin).

rise from the vesicular matter of the

ganglion, and it is a not less interesting object of inquiry whether

some of the entering fibres may not terminate in it. That the

nerve-tubes have an intimate connexion with the elements of the

vesicular matter is apparent, from the fact that they lie in close

apposition with them, and appear to indent their sheaths of nucle-

ated corpuscles (fig. 57). Sometimes the sheath seems to taper off

from the nerve-vesicles, and to become continuous with the nerve-

tubes. It is a conjecture by no means devoid of probability, that

the processes of the caudate vesicle may, after passing some way,
become invested by the tubular membrane and by the white sub-

stance of Schwann, and we have seen some appearances to warrant

this view (see fig. 56, c, d). Yet it should be stated, as opposed to

this view, that in the gray matter of the cerebellum the caudate

vesicles are so placed that their processes pass toward the free

surface of the cortical layer, and not into the white matter.

Besides the tubular fibres, the ganglia contain likewise gelatinous

ones, which, however, are more abundant in the sympathetic than in

the cerebro-spinal ganglia (fig. 58, g). These fibres are, doubtless,

continuous with those of the same kind which may exist in the

entering or emerging nerves. We may also add, that the vesicular

matter does not appear to be confined to the interstices between

the fibres, but is likewise . found at the surface of the ganglia,

lying in immediate contact with their investing tunic.

In the brain and spinal cord, there is a greater separation of the

vesicular and fibrous matter than in the ganglia. The former very

complicated organ, indeed, consists of various masses which are in

all essential points very similar to the ganglia in structure, and
VOL. i. Q
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doubtless also in function but its hemispheres are larger masses,

of which the interior substance is composed exclusively of fibrous

matter, surrounded by a layer of vesicular, which forms a rind or

cortex to it. The fibres of the former, however, are prolonged
into this cortical layer, and the intermixture of the two forms of

nervous substance is thereby effected (fig. 57).

The spinal cord is composed of certain columns of fibrous sub-

stance, in which a large number of the fibres take a longitudinal

direction. These, in a great degree, enclose a distinct arrange-

ment of vesicular matter, into which, however, as in the cortical

layer of the cerebral hemispheres, some, at least, of the fibres of

the external white matter are continued, intermingling with its

elements. It may, therefore, be stated generally that in the brain

the vesicular matter is external and cortical, and in the spinal cord

it is internal and almost completely surrounded by the white fibrous

matter. This difference of arrangement is probably to be ascribed

to the fact, that throughout the whole course of the spinal cord

nerves are being given off, whilst from the encephaloii they come

only from certain regions. In these regions the white matter is

superficial ;
but in the hemispheres, from which no nerves proceed,

it is deep-seated. We shall describe more minutely the disposi-

tion of the two kinds of nervous matter in the cerebro-spinal

centre at a future page.

Of the Nerves and Nervous Centres in Invertebrate Animals.

Fig. 64.

Nervous fibres of in:-cct.s : o. Transparent
sheath, b. Nerve- fibres, with oval nuclei, c.

Shews the bifurcation of the shea tit.

The description above given applies to

the human subject, and to the vertebrate

classes generally. In all essential points,

so far as the present state of our know-

ledge enables us to judge, the structural ar-

rangement of the nerves and nervous cen-

tres of the invertebrate classes accords

with this. Some differences, however, exist

which require to be noticed here. In the

lobster, the nerve-tubes are large ;
the tu-

bular membrane has the same transparent,

homogeneous appearance, which we have

noticed in the vertebrata. But it incloses

many delicate nuclei at various intervals.

Within the tubular membrane, there is a

very thin layer of the white substance of

Schwann. The nerve-tubes are very trans-

parent, and are much larger than the ave-

rage size in vertebrata. Respecting the

existence or structure of the gelatinous
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fibres, we can offer no remark. In insects and myriapoda, the nerve-tubes

vary considerably in size ; they are collected into bundles, and are surrounded

by a transparent sheath of homogeneous membrane, which accompanies the

larger ramifications of the nerve-trunks. The white substance of Schwann is

not so obvious nor so constant in these nerves as in those of the lobster, and

the existence of nuclei (fig. 64) makes them resemble closely the gelatinous

fibres of the vertebrata. The anatomical characters of the vesicular nervous

matter of invertebrata do not essentially differ from those of the same sub-

stance in the vertebrate classes, so far as our observation enables us to judge.

The nerve-vesicles with nuclei and nucleoli are equally apparent in both,

though in the former they are more transparent, and contain less pigment.

Of the Development of Nerve-fibres. We can add nothing to

the account given by Schwann of the development of nerve. The

following is quoted from Dr. Willis's translation of Wagner's Phy-

siology :

" The nerves appear to be formed after the same manner as the

muscles, viz. by the fusion of a number of primary cells arranged
in rows into a secondary cell. The primary nervous cell, however,

has not yet been seen with *& G5 -

perfect precision, by reason

of the difficulty of distin-

guishing nervous cells whilst a

yet in their primary state,

from the indifferent cells out

of which entire organs are

evolved. When first a nerve
f? "*fcjk

can be distinguished as such,

it presents itself as a pale*
. Various stages of the development of nerve : .. ^cm.^oi

COrd With a longitudinal stage, ft. Detached fibre, c. Nucleated fibre in the lower
. . . n part of which, d, the white substance of Schwann has begun

fibrillation, and 111 thlS COrd to be deported, e. Nucleus in a more fully-formed fibre

.. . .. _
, . between the white substance and tubular membrane.

a multitude OI nuclei are / Displays the tubular membrane, the contained matter
. ._. . having given way. (After Schwann.)

apparent (fig. 60, a). It is

easy to detach individual filaments from a cord of this kind, as the

figure just referred to shews, in the interior of which many nuclei

are included, similar to those of the primitive muscular fasciculus,

but at a greater distance from one another. The filaments are pale,

granulated, and (as appears by their farther development) hollow.

At this period, as in muscle, a secondary deposit takes place upon
the inner aspect of the cell-membrane of the secondary nervous cell.

This secondary deposit is a fatty white-coloured substance, and it is

through this that the nerve acquires its opacity. This is seen

in fig. f,5 superiorly, at c, the fibril is still pale; inferiorly, at d,

the deposition of the white substance has occurred, and its

Q 2

Earliest
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in rendering the fibril dark is obvious. With the advance of the

secondary deposit, the fibrils become so thick, that the double

outline of their parietes comes into view, and they acquire a tubu-

lar appearance. On the occurrence of this secondary deposit the

nuclei of the cells are generally absorbed ; yet a few may still be

found to remain for some time longer, when they are observed lying

outwardly between the deposited substance and the cell-membrane,
as in the muscles (e). The remaining cavity appears to be filled

by a pretty consistent substance, the band of Remak, and dis-

covered by him. In the adult a nerve, consequently, consists,

1st, of an outer pale thin cell-membrane, the membrane of the

original constituent cells, which becomes visible, when the white

substance is destroyed by degrees ; 2nd, of a white fatty substance

deposited on the inner aspect of the cell-membrane, and of greater
or less thickness

; 3rd, of a substance, which is frequently firm or

consistent, included within the cells, the band of Remak."
The fully-formed vesicular matter exhibits the persistent state of

the cells of primitive development. According to Schwann, the only

change which the full-grown cell exhibits consists in an increase of

size, and in the development of the pigmentary granules within.

According to Valentin's description, the following is the process of

development of the nerve-vesicles. In the very young embryos of

mammalia, as the sheep or calf, the cerebral mass in the course of

formation contains, in the midst of a liquid and transparent blas-

tema, transparent cells of great delicacy with a reddish-yellow

nucleus. Around these primitive cells, which we find likewise

formed after the same type in the spinal cord, a finely granular
mass becomes deposited, which probably is not at first surrounded

by an enveloping cell-membrane. At this early period of formation

the primitive cell still preserves its first delicacy to such a degree,

that the action of water causes it to burst immediately. In propor-

tion as the granular mass contracts itself within certain limits, a cell-

membrane probably is developed around it, so that the vesicle gra-

dually acquires the exact form and size, and its contents the proper

characters, which belong to the fully-formed nervous corpuscle.

Of the Regeneration of Nervous Matter. Our chief knowledge
on this subject is with respect to the regeneration of the tubular

fibres. Many years ago our countryman, Dr. Haighton. in making

experiments to determine the functions of the vagus nerve, shewed

that when a nerve is simply divided, without removing any portion

of it, union would take place, and the nerve resume its proper

office. If a considerable piece were excised, so as to leave much
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interval between the cut ends, there would be union after the lapse
of some time, but not by true nervous fibres, nor in such a way as

to restore the action of the nerve. It appears, however, from

recent observations, of which those of Schwann, Steinruch, and
Nasse are the most interesting, that true nerve-fibres may be deve-

loped in this uniting substance, but apparently in smaller numbers
than in the nerve itself. The proof of the regeneration of the true

nerve-fibres depends upon the restoration of the nerve's function,

and the demonstration of the presence of proper nerve-tubes by

microscopical examination. Perfect restoration of the action of the

nerve does not generally take place, owing, most probably, to the

fact that the central and peripheral portions of the same fibres do

not always meet again. The central portion of a motor fibre might
unite with the peripheral segment of a sensitive one, and thus the

action of each would be neutralized.

Nothing satisfactory is known respecting the regeneration of the

nervous matter of the brain or spinal cord after a loss of substance

from injury or disease. When a portion of the brain is removed in

animals, its place is supplied by new matter; but, whether this

becomes true cerebral substance, future research with good micro-

scopes must determine.

We refer, on the subjects of this chapter, to the various works on General

Anatomy quoted in former chapters, especially to that of Henle
; to Miiller's,

and Wagner's Physiology ;
to the articles Nerve, and Nervous Centres, in the

Cyclop. Anat. and Phys. ; to the fourth vol. of Soemmering's Anat. by Valentin

(German and French) ;
to Valentin, iiber den Verlauf und die letzten Enden

der Nerven; and to Bidder and Volkniann, Die Selbstandigkeit des sym-
pathetischen Nervensystem. Leipzig, 1842. The researches of Bidder and
Volkmann on the sympathetic system are of great interest, if further obser-

vation shall confirm them. These authors describe the peculiar fibres of the

sympathetic as originating independently of the spinal cord or brain. Their

description of these fibres does not exactly accord with what we have seen of
the gelatinous fibres, nor are we at present prepared to express any decided

opinion respecting the accuracy of their observations, which are very favour-
able to the theory of the independence of the sympathetic system,
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CHAPTER IX.

VITAL PROPERTIES OF NERVES AND NERVOUS CENTRES. CLASSIFI-

CATION OF NERVES ACCORDING TO THE VITAL ENDOWMENTS OF

THEIR FIBRES. STIMULI OF NERVOUS ACTION, MENTAL AND PHY-

SICAL. VIS NERVOSA ITS NATURE; IS IT ELECTRICAL?

Of the Vital Properties of Nerves and Nervous Centres. There

are no textures which exhibit such proneness to molecular change,

under the influence of their proper stimuli, as nerve and muscle.

It has already been stated in the first chapter (p. 56), that each of

these tissues manifests its vital action in a different, although a very

analogous way. Muscles, while they are capable of responding to

other stimuli, almost invariably act in obedience to that of nerve;

and the changes which muscular contraction produces are obvious

to our unaided senses in the shortening of the muscle, and in its

greater thickness and hardness. Even the alterations in the con-

dition of its sarcous elements may be discerned by the microscope,

and have been described at page 179.

The changes, however, which take place in nerve, when in ac-

tion, are known to us only by the effects which they produce on

the sentient mind or on muscular parts. There is no alteration

in the physical appearance of the nerve or its fibres, which can

be detected by our aided or unaided vision. Yet, from the ra-

pidity with which stimuli applied to nerves produce their effects

on distant muscular parts, from the instantaneous cessation of these

effects on the removal of the stimulus, and the speedy renewal of

them on its reapplication, we can refer the phenomena to nothing
so well as to a molecular change, rapidly propagated along the

course of the nerve from the point of application of the stimulus.

And in the instantaneousness of its production, and the velo-

city of its propagation, we may compare it to that remarkable

change in the particles of a piece of soft iron, in virtue of which

it acquires the properties of a magnet so long as it is maintained

in a certain relation to a galvanic current; these properties being

instantaneously communicated when the circuit is completed, and

as instantaneously removed when it is broken. A state ofpolarity
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is induced in the particles of the nerve by the action of the

stimulus, which is capable of exciting an analogous change in other

particles, whether muscular or nervous ;
whence results the pecu-

liar effect of the nerve's influence.

Thus, if a nerve be distributed among muscular fibres in the

manner described at a former page, it will be capable of exciting

muscular contraction, and is properly a muscular or motor nerve;

and it is so connected, at its origin, with the nervous centre, that a

change there, whether induced by mental or by physical influence,

may be readily communicated to it. When a nerve is distributed

upon an expanded surface, as upon the skin or mucous membrane,
or is otherwise favourably disposed for the reception of any physical

stimulus from without, it will propagate the change induced by such

stimulus to the nervous centre ; and this change in the centre may
produce an impression upon the mind, giving rise to a sensation; or

it may affect a motor nerve connected with the excited one or

arising from the nervous centre adjacent to it, and thus may in-

directly excite muscular movement. When a nerve is capable of

acting in the former way, it is called a nerve of sensation, or sensi-

tive ; when in the latter, it is an excitor of a motor nerve.

It is not necessary to suppose any intrinsic difference of structure

in the nerves which are thus capable of producing effects so mani-

festly different. The action of a nerve depends upon the nature of

its central and peripheral connexions. It cannot be motor, unless it

be intimately connected with muscles ; nor sentient, if its relation

to the nervous centre be not such as will enable it to affect the sen-

sorium commune. The terms efferent and afferent are only so far

applicable to certain nerves, as they refer to the direction in which

such nerves appear to propagate the change produced in them, or

to the position at which the effects of the stimulation become

manifest, that direction having reference to the point at which the

stimulus is destined to act. In a motor nerve, the ordinary stimu-

lus acts from the nervous centre ; but a mechanical or electrical

stimulus affecting such a nerve at any part of its course will

cause contraction of the muscles supplied by it below the point of

irritation. In the sensitive or excitor nerves, the usual situation

from which the stimulus acts is at their peripheral distribution;
but at whatever point a sentient nerve be stimulated, a sensation

will be produced, which will be referred to those parts, and to

those only, to which the fibres irritated are distributed ; and wher-

ever the stimulus be applied to an excitor nerve, it will, with

equal effect, rouse its corresponding motor nerve to action. There
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are no good grounds for supposing that the molecular change conse-

quent upon the stimulation of a nerve is limited to that part of

the nerve which is included between the point stimulated and the

centre, or the muscles, where the effect of the stimulation appears :

on the contrary, it is not improbable, that, at whatever point the

stimulus be applied, the whole length of the nerve-fibre participates
in the change. This is not unlikely in the case of motor nerves.

For a continued or violent irritation of a motor nerve in some part
of its course, causing spasm or convulsive movement of the muscles

it supplies, maybe propagated along its whole leDgth to the centre,

and may there give rise to irritation of neighbouring fibres, whether

motor or sensitive, exciting more convulsion and pain. The pheno-
mena of many cases of epilepsy, in which the fit begins with irrita-

tion of a few muscles, may be referred to in illustration of this posi-
tion. And it is equally probable as regards sensitive nerves. If the

ulnar nerve be irritated where it passes behind the internal condyle,
a sensation of tingling is excited, which is referred to the sentient

surface of the ring and little fingers; and if the irritation be kept

up, the skin of those fingers becomes tender to the touch, its sen-

bility being very much exalted. This fact cannot be explained un-

less upon the supposition that the molecular change in the nerve

fibres, produced by the irritation, extends peripherad as well as

centrad, exalting the excitability of their distal extremities.

At whatever part of their course sensitive fibres be irritated, the

same sensation will be produced, whether the seat of irritation be

the centre, the periphery, or the middle of their course, provided only
the same fibres are irritated in the same degree. Nothing is more cer-

tain than that an affection of the central extremity of the nerve-fibres

is sufficient to excite sensations precisely similar to those which the

excitation of the peripheral portion of the same fibres would produce.
Hence it is that a morbid irritation at the centre is frequently referred

to the periphery; and that the sensation of tingling or formication,
in the band or foot, leg or arm, becomes an indication of cerebral or

spinal disease. The remarkable fact, that persons who have suffered

amputation will continue to feel a consciousness of the presence of

the amputated limb long after its removal, derives some explanation
from this doctrine. Two cases have lately come before us, in one of

which the arm, in the other the leg, was amputated, so long before

as forty years ; yet each person had the sensation of his fingers or

toes as distinctly as immediately after the operation. And not

only is there, in such cases, the consciousness above referred to,

but likewise, when the principal nerve of the limb is irritated, the
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patient complains of pains or tingling, which he refers to the am-

putated fingers or toes.

It may be stated, in confirmation of the view above taken, that

in many cases of complete paralysis of a limb from cerebral disease,

the patient is not conscious of its presence, and really feels as if it

did not exist. We have known instances in which this unconscious-

ness has been so great, that when the paralyzed part came in contact

with some sensitive portion of his body, the patient for a time be-

lieved it to belong to another person, or imagined it some entirely

foreign substance. In such cases the affection of brain necessary to

create the feeling cannot be produced in consequence of the morbid

state of that organ.

The distinction which has been made between nerves of common

and of special sensation, is indicated by the fact, that while a sti-

mulus to the former causes pain, that to the latter gives rise to a

peculiar or special sensation, as of light, sound, or taste. These nerves

are so organized at their periphery as to be peculiarly adapted to re-

ceive impressions from the agents to which they specially respond :

and in this, as well as in their connexion with some special part of

the great centre of sensibility, consist their main anatomical pecu-

liarities (see p. 56).

The same law of nervous action applies to these nerves as to those

of common sensation. Thus, their ordinary mode of action is to

propagate to the centre impressions made at the periphery; but

irritation at any part of them may give rise to their peculiar sen-

sation
;
and if the brain be stimulated at the part whence these

nerves arise, similar sensations are produced. Such phenomena of

vision and hearing, to which the term subjective has been applied,

are familiarly known to practitioners, as not unfrequent forerunners

of more serious symptoms of cerebral disease. Muscae volitantes,

ocular spectra, tinnitus aurium, are instances of these phenomena,

which, although of every~day occurrence, ought always to excite the

attention of the medical man, as indicating some departure from the

normal state of the optic or auditory nervous apparatus. Pressure

on the eyeball, a galvanic current passed through it,* rotation of

the body, are capable of giving rise to similar phenomena, by
exciting the retina, or the central connexions of the optic nerve.

A sense of giddiness, similar to that produced by the means last

named, is also a very common symptom of cerebral affection arising
from a disturbed circulation, or from the blood being defective in

* A strong sensation of a flash of light may be produced by passing a gal-
vanic current in the close vicinity of the eyeball.
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one or more of its staminal principles, or vitiated by some morbid

element.

The nervous trunks as they exist in different regions are usually

compound; that is, they contain fibres of different endowments.
In some situations, it is true, the fibres of one kind predominate
so much as to give the trunk the physiological character which

belongs to them; but it likewise enjoys, in a proportionate degree,
the functions of those fibres, which are few in number. For exam-

ple, the facial nerve, or portio dura of the seventh pair, is called

motor, because it is almost wholly composed of motor fibres ; but it

contains, besides, in very much smaller number, some sensitive fila-

ments, which it probably derives from anastomoses with neighbour-

ing nerves. The third, fourth, and sixth pairs of nerves may be

quoted as of similar constitution to the facial. In the ramifications

of the fifth nerve, on the other hand, the filaments of sensation are

predominant; those of motion being much fewer, and confined to

the branches of its inferior maxillary division.

It is at the points of emergence of the roots of the nerves from

the nervous centres that we find the most complete isolation of

function. This is well exemplified in the spinal nerves and in the

fifth pair. These nerves emerge from their respective centres by
two bundles of fibres, of which one is sensitive, the other motor ;

the former having almost always the distinctive features of greater
size than the latter, and of having a ganglion formed upon it. But,

even in these instances, it has lately been made a matter of question
whether the smaller root, which experiment has satisfactorily shewn

to be motor in its function, does not also contain a very slight pro-

portion of sensitive filaments.

The stimuli by which the action of nerves is ordinarily pro-
voked are of two kinds, mental and physical. In all voluntary

actions, an act of the mind is the excitant of the nerve. Sensa-

tions are caused by the influence of physical agents upon nerves,

which communicate with the sensorium commune. The change in

the nerve, by reason of this communication, gives rise to a corre-

sponding affection of the mind. It is wonderful how quickly such

changes are propagated, and with what precision they are perceived

by the mind, although the physical excitant may itself be a fine

point invisible to the naked eye, applied with the slightest force,

and coming in contact with a spot equally difficult of apprecia-
tion. If the communication between the nerve and the centre be

cut off, the will can exert no influence upon the muscles supplied

by the nerve below the section ; nor will the mind perceive any
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stimulus applied to parts which derive their nerves from it below

the separation. And the reason is obvious ; the solution of conti-

nuity of the nerve interrupts the propagation of the change which

the mental or physical stimulus excites in it. In the case of the

voluntary nerve, the mental stimulus is propagated no further

peripherad than the point of section ; and in that of the sensitive

nerve, the change travels no further centrad than the same point.

That the interruption is caused solely by the solution of continuity,

and not by any alteration in the properties of the nerve, is proved by
the fact that the lower segment of the motor nerve will still continue

to respond to a physical stimulus. Mechanical or chemical irri-

tion, or the passage of an electric current across it, will cause its

muscles to contract. Such a degree of injury to a nerve as will

destroy the continuity of the nervous matter within the tubular

fibres is likewise sufficient to destroy its power as a propagator
of nervous change. This effect will be produced by tying a liga-

ture very tightly round a nerve, or by pressing it very forcibly

between the blades of a forceps, The paralysis which results

from the compression of a nerve by a tumor, or in any other

way, is no doubt due to a similar solution of continuity in the

nervous matter.

From these facts we draw the important inference that, in propa-

gating the influence of a stimulus, either from periphery to centre,

or vice versa, nerves are not mere passive conductors. The whole

extent of the fibre between the point stimulated and its peripheral
or central connexion is the seat of change. How necessary, then,
to the normal action of nerves must it be to preserve their physical
condition in a healthy state ! A morbid fluid impregnating a

nerve at any point may irritate it, or may suspend or destroy its

inherent property by modifying its nutrition. It is thus, likewise,
that nerves may be paralysed by soaking them in a solution of

opium, or of belladonna, aconite, tobacco, or other powerfully seda-

tive or narcotic substances, or that they may be unduly excited by
applying a solution of strychnia. The contact of a solid body with
a nerve may irritate and keep up a continual state of excitement, if

it do not destroy its properties. A spicula of bone in contact with
nervous fibres is often the cause of the severest forms of neuralgia.
That alteration of nutrition which we call inflammation may pro-
duce like effects. Various physical agents are followed by similar

consequences. The benumbing influence of cold is explained in this

way. Exposure to a continuous draught of cold air is a frequent
cause of facial paralysis. How instantaneously will the giving
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way of a carious tooth occasion toothache, by exposing the nerves

of its pulp to the irritating action of the air, or of the fluids of the

mouth ! And heat is equally injurious to the physical constitution,

and, consequently, to the action, of nerves.

The organic change, whatever be its intrinsic nature, which sti-

muli, whether mental or physical, produce in a nerve, developes
that wonderful power long known to physiologists by the name vis

nervosa, the nervous force. This force is more or less engaged in

the play of all the vital functions, whether organic or animal. In

the former its office is to regulate, control, and harmonize, as will be

hereafter explained ; in the latter, it is the main-spring of action,

without which none of the phenomena can take place. It is the

natural excitant of muscular motion, and the display of that won-

drous power depends upon its energy. Unless there were vigour
in the development and application of the nervous force, a well-

formed muscular system would be of little avail, for it would

quickly suffer in its nutrition if deprived of that exercise which is

so necessary to it.

Although the workings of the mind are doubtless independent of

the body, experience convinces us that in those combinations of

thought which take place in the exercise of the intellect, the nervous

force is called into play in many a devious track throughout the in-

tricate structure of the brain. How else can we explain the bodily
exhaustion which mental labour induces? The brain often gives way,
like an overwrought machine, under the long-sustained exercise of a

vigorous intellectual effort ; and many a master-mind of the present
or a former age has, from this cause, ended his days

" a driveller

and a show." A frequent indication of commencing disease in the

brain is the difficulty which the individual feels in "
collecting his

thoughts," the loss of the power of combining his ideas, or im-

pairment of memory. How many might have been saved from

an early grave or the madhouse, had they taken in good time the

warning of impending danger which such symptoms afford ! The

delicate mechanism of the brain cannot bear up long against the

incessant wear and tear to which men of great intellectual powers

expose it, without frequent and prolonged periods of repose. The

precocious exercise of the intellect in childhood is frequently

prejudicial to its acquiring vigour in manhood, for the too early

employment of the brain impairs its organization and favours the

development of disease. Emotion, when suddenly or strongly excited

or unduly prolonged, is most destructive to the proper texture of

the brain, and to the operations of the mind. Our lunatic hospitals
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afford many examples of men the working of whose minds has been

wholly or partially destroyed by the shock which a sudden reverse

of fortune, or the loss of some near and dear relative, may have

occasioned. Constant or frequent excesses in the use of ardent spirits

may probably be thus injurious in two ways ; first,, by the direct

influence of the alcohol on the cerebral fibre itself, producing a chem-

ical alteration in the nervous substance; and secondly, by the fre-

quent mental excitement which the use of such a stimulus induces.

Can we form any conception of the nature of this wonderful

power, which is so intimately connected with the functions of our

bodies and with the working of our minds ? That it presents many
points of resemblance to electricity, a comparison of the laws of

these two forces leaves no room to doubt ; although there are

abundant reasons for questioning their identity. The comparison

may be best instituted between the nervous power and the force

of voltaic electricity, or current affinity, as it has lately been called,

which is developed in the galvanic battery. For the production of

this force the ordinary requisites are two dissimilar metals, and an

interposed compound liquid. When the metals are brought into

contact with each other, a chemical action immediately commences,
and an electric current sets in a definite direction, namely, from the

metal which exerts the greatest affinity for one of the elements of

the interposed liquid towards the other metal. Thus if zinc, pla-

tinum, and dilute sulphuric acid be used, the fluid is decomposed ;

its oxygen is attracted to the zinc, which being oxidised and uniting
with sulphuric acid, sulphate of zinc is rapidly formed, and dissolved

as quickly as formed, in the liquid ; its hydrogen is evolved at

the platinum. So long as there is fluid for decomposition, and so

long as contact between the metals is maintained, these phenomena
will continue. During the continuance of these chemical actions,

the metals as well as the interposed fluid are supposed to be in a

peculiar molecular condition, upon which the development of force

in a current form depends. Commencing from the immersed portion
of the zinc, each particle, whether of metal or fluid, communicates its

peculiar state to that which succeeds it, until the whole circuit, from
the zinc through the fluid to the platinum, and back again to the

zinc, is in the same state, one, namely, of polarity or electrical ten-

sion. A similar state may be induced in glass, sealing-wax, &c.

by friction
; or in two dissimilar metals in intimate contact, by heat-

ing them at the place of junction ; or in one metal, as a coil of

platinum wire, by heating it unequally (thermo-electricity) . The

simple contact, indeed, of two plates of different metals with
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perfectly clean surfaces is sufficient to excite a state of polarity
in each.

In the development of the galvanic current in the battery, one

plate or metal may be regarded in the light of the generator of

force, the other as its propagator or conductor. The former has

therefore been called the positive, the latter the negative pole. The

absolute contact of the metallic plates themselves is not necessary.

It will suffice if they be connected by any material which is itself

capable of serving as a conductor. A piece of platinum wire, for

instance, extended between the two plates, although it actually

connects only a very small portion of the surface of each, will

answer the purpose. From such an arrangement it may be con-

cluded that, during the development of the galvanic current, the

conducting metal is in a state similar to that of the generating plate,

for the temperature of the conducting wire is raised considerably ;

and, when there is much energy of action, the wire is melted.

The existence of a galvanic current is readily detected, even when

of feeble intensity, by certain phenomena, which are now familiar

to those who conduct such investigations. If the poles of a battery

be connected by conducting wires with a delicate galvanometer

(electro-dynamic multiplier), the needle is obviously deflected during
the passage of the current, and returns to its previous position

whenever the current is interrupted. By making and breaking the

connexion, in rapid succession, the needle moves to and fro with

corresponding rapidity and energy. So delicate is this test of gal-

vanic action, that it will detect even the very feeble current which

results from the heating of two dissimilar metals, or from the par-

tial heating of a coil of platinum wire. As this is the most delicate

test, so is it also the most constant, and it has the additional ad-

vantage of enabling the observer to judge of the direction of the

current, from the position which the needle assumes under the

electric influence.

When a galvanic current is made to pass through certain liquids,

as dilute sulphuric acid, solution of iodide of potassium, of sulphate
of copper, &c., it induces such an amount of disturbance of the

attractions existing in them as to cause their decomposition, and

give rise to chemical actions of a similar kind to those which take

place in the generation qf the current (electrolysis) . This, there-

fore, becomes a test of the presence of galvanic action. The decom-

position of iodide of potassium will detect the existence of a current

developed by a single pair of plates, and iodine will be set free at

the positive pole.
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Further tests of the presence of galvanic action are found in

the magnetization of a steel needle placed within a coil of wire

through which the current is made to pass ;
and in the evolution of

heat and light, which takes place when the circuit is completed or

broken. This latter effect, however, does not occur from currents

of very feeble intensity.

Let us inquire how far the phenomena of the nervous force cor-

respond with those of this current electricity, and whether it will

respond to any of the tests just described.

It has already been remarked, that the instantaneousness with

which nervous power is developed, when a mental or physical

stimulus is applied to a nerve, resembles remarkably the rapid evolu-

tion of the galvanic force throughout the whole circuit, the instant

the necessary contacts are completed. And both cease with equal

rapidity when the conditions for their production are destroyed.

Some analogy is apparent in the conditions which are requisite

for the development of both forces. The dissimilar metals and

the interposed fluid, which we have seen to be necessary for the pro-
duction of the galvanic force, may have as analogues for the develop-
ment of the polarity of nerves, the two kinds of nervous matter (the

vesicular and fibrous), and the blood. Nervous power is never

developed from a centre without the conjoint action of these two

kinds of nervous matter. The analogy fails, however, when we

compare the relation of the metals in the battery with that of the

gray and white matter in the nervous centre. The former need

not have any connexion but such as a conducting wire of ever so

minute dimensions passing from one to the other is capable of

effecting ;
that is to say, union of a few points of one metal with

as many of the other, is sufficient for the generation and transmis-

sion of the polar state. In the nervous centres, however, the points
of contact are probably most numerous. The vesicles of the gray
matter certainly are brought most extensively into connexion with

the nerve-fibres ; and there is much to justify and confirm the

opinion that each fibre is connected with a vesicle, and that each

vesicle, at least of the caudate kind, may be regarded as the point
of departure of one or more fibres. If such an arrangement exist,

we may regard each nerve-vesicle, and the fibres emerging from

it, with the blood-vessels which play around it, as a distinct appa-
ratus for the development of nervous polarity.

There appears to be a provision for the insulation of the central

axis of each nerve-fibre in the white substance of Schwann ; but

there is no such arrangement for insulating the vesicles, In like
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manner, we can insulate the galvanic current by covering the

conducting wire with silk, or some other non-conductor, and thus

cause it to pass through an indefinite length of wire disposed in

coils, or through any number of separate wires disposed parallel to

each other, which may be brought into connexion with the metals.

These remarks are clearly most applicable to those nervous ac-

tions which emanate from a centre. But in those in which the

nervous force is propagated to a centre, as when pain is excited

by touching a nerve, or in the excitation of the motor nerve of an

amputated limb by artificial stimuli, the analogy of the mode of its

development with that of the galvanic force is not so obvious.

Still, when we remember how easily thermo-electric currents may be

excited by the disturbance of the equilibrium of heat in a wire of

even a single metal, it seems not unreasonable to refer this excita-

bility of nerve to some similar proneness to change in it.

Nothing is more certain than that a very slight mechanical or

chemical stimulus to a nerve, whatever be its proper vital endow-

ment, is capable of producing in it that state of polarity on which

we suppose the manifestation of nervous force to depend : and it

seems not incorrect to imagine that, in the battery, the point of

departure of the galvanic action may either be at the poles or at

the battery itself, according to the place at which the completion of

the circuit takes place ;
thus affording a more marked analogy to

the two kinds of nervous actions above referred to. Thus the con-

ducting wires may be in contact with each other, and with their

respective metals ; bat, if there be no fluid interposed, there is no

action. The instant the fluid is added, the current begins ;
and

in this case its point of departure may be regarded to be from the

battery in analogy with those nervous actions which proceed from

the centre. On the other hand, the arrangements of the battery
itself may be perfect, but action will not begin until the circuit

is completed by bringing the conducting wires into contact. In

this case, the polar change may be said to commence at this

point of contact, and to travel to the battery, in a manner analo-

gous to that in which nervous action is propagated from the peri-

phery to the centre. In both cases, moreover, so long as galvanic
action continues, the whole apparatus is in the polar state : and so

long as nervous action continues, the particular nervous apparatus
involved (vesicular matter and nerve-fibre) must be considered to be

in a state of polarity through its whole extent.

Thus far we remark unquestionable analogy in the mode of

development and of propagation of the electrical and nervous
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forces. We must not, however, omit to notice the following points,

in which the analogy does not hold good. In the development of

nervous power,, there is nothing, so far as our present anatomical

knowledge enables us to decide, resembling that completion of the

circuit, which is the necessary prelude to galvanic action, or the

interruption of it, which is followed by the cessation of that action.

The mental or physical stimulus, which must be regarded as a

necessary element in every nervous action, stands in lieu of the

former
;
but how could it accomplish the completion of a nervous

circuit is a question at present involved in the greatest obscurity. It

is, indeed, a favourite notion with some, that the looped arrange-
ment of the peripheral nerve-fibres, in muscles and on some sentient

surfaces, forms part of a nervous arc, which is completed at the

centre ;
nor is it impossible to conceive a mechanism by which the

completion or interruption necessary for the development or the

stoppage of the nervous power might be accomplished. But it

would be hazardous to speculate on such a subject until anatomical

research has revealed to us more information respecting the exact

disposition of the elements of the vesicular matter.

The gelatinous fibres appear to want the provision which we have

noticed in those of the tubular kind for insulating the nervous

power. They supply the unstriped muscular fibres, which probably

require a stimulus less definite, as well as of less intensity, than that

necessary to excite and regulate the action of the striped fibres.

This difference of character in the conducting fibres is worthy of

note in making comparison between the respective modes of action

of the nervous and electric forces.

"We come now to inquire whether, by means of the ordinary tests

for electricity mentioned in a former page, we can obtain any evi-

dence of the identity of the nervous and electrical forces. The
results of experiment certainly afford no support to the advocates

of the electrical theory ; and indeed it will be seen that there are

difficulties in the way of obtaining the necessary conditions for a

satisfactory result, which of themselves invalidate the experiments
which have been reported to prove favourable to that theory.

Attempts have been made to affect the galvanometer by bringing
the nerves of living animals into connexion with it. This is done

by inserting wires into the exposed nerve, and attaching their oppo-
site extremities to the galvanometer. When the nervous power is

excited so as to cause muscular contraction, the needle, it is said, is

deflected.* The experiment, however, has failed in the hands of
*

David, quoted by Miiller, p. 685.

VOL. I. R
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Prevost and Dumas, who are advocates of the electrical theory, as

well as in those of Person, of Miiller, and of Matteucci ; and on

several trials we have been unable to observe the slightest move-

ment of the needle. Person connected the wires of a galvanometer
with the surfaces of the spinal cord in kittens and rabbits, in which

spasmodic action of the muscles had been excited by the influence

of nux vomica, and could not discover any evidence of electrical

action. It has also been affirmed that needles introduced into the

nerves of a living animal become magnetic, so as to attract iron

filings. No such result, however, could be obtained by Miiller, or

by Matteucci, from their repetition of these experiments. The latter

philosopher took the precaution of employing astatic needles for the

purpose, but could discover no trace of magnetization. He also

introduced the prepared limbs of a frog into the interior of a spiral

covered on its inside with varnish : the extremities of this spiral

were united to those of another smaller spiral, into which he intro-

duced a wire of soft iron. The nerves of the frog were irritated to

excite muscular action, and at the same time Matteucci sought to

ascertain if an induced current would traverse the spirals, and mag-
netize the wire. But, he adds, all his endeavours were useless.

No one has tried to obtain a spark from a nerve during its action,

as a test of the electrical nature of the nervous power. Nor have

any experiments been devised with a view to ascertain whether

decompositions similar to those which occur in electrolysis may be

effected by it. The separation of certain elements from the blood,

in the various secretions, has, indeed, been attributed to a kind of

electrolytic influence of the nerves upon the secerning organs. But

it has been proved that the secretions may go on to a considerable

extent independently of nervous influence, and it seems highly pro-

bable that the nervous system can affect the act of secretion only

through its influence upon the blood-vessels of the secreting organ.

But even were it certain, that an electrical current passes along

the nerve-fibres during nervous action, it does not seem likely that

the required evidence of such a current could be obtained from any
of the experiments above detailed. For if the nerve-tubes are to be

regarded as insulated conductors, of which the central axis is the

active portion, and the white substance of Schwann merely the insu-

lator, sinking a needle between these fibres will not obtain that con-

tact with the true conducting material which is necessary to affect

the galvanometer. Let it be remembered, that these nerve-fibres

are of microscopic size; and that, when a needle is sunk into a bundle

of them, it does not pierce the nerve-tubes, but passes in between
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them, and is separated from their central axes by the insulating

structure. And were the electric current, passing through such

minute conductors as nerve-fibres, of sufficient intensity to magnetize
a needle, it is scarcely possible to conceive that it would be com-

pletely or perfectly insulated by the delicate membranes which

invest the central axis. Yet, without some provision for very com-

plete insulation of the several conductors in such a bundle as a

nervous trunk, it is obvious that disturbances must continually arise

from the secondary currents induced in neighbouring fibres by the

electricity passing through those in action.

The proofs, therefore, of the passage ofan electric current through
the nerve-fibres during nervous action must be held to be altogether

defective. Not only is experimental evidence wanting to support
the electrical theory, but certain facts are admitted which greatly

invalidate it. Of these, a very important one has been adduced in

the preceding paragraph. The following may be added, some of

which have already been adduced by Miiller.

1. The firm application of a ligature to a nerve stops the propa-

gation of the nervous power below the points of application, but not

of electricity. The nervous trunk is as good a conductor of electri-

city after the application of the ligature as before it.

2. If a small piece of a nervous trunk be cut out, and be re-

placed by an electric conductor, electricity will still pass along the

nerve, but no nervous force, excited by stimulus above the section,

will be propagated through the conductor to the parts below.

3. Nervous fibre is not a better conductor of electricity than

other tissues. Matteucci assigns to muscle a conducting power
four times greater than that of nerve or cerebral matter; and

Weber states that no substance in the human body is so good a

conductor as the metals. From our own observations on this sub-

ject, made with the most delicate instruments, we are led to state

that both nerve and muscle are infinitely worse conductors than

copper, and that we have failed in detecting any appreciable
difference in the conducting power of these two animal sub-

stances. In fact, their power of conduction does not rank

above that of water holding in solution a small quantity of saline

matter.

From the preceding review of the arguments for and against the

theory of the identity of the nervous force and electricity, we are

lod rather to reject than to adopt it. The same reasons induce us

to regard the nervous force as a power developed in the nervous

structure under the influence of appropriate stimuli
;
as muscular
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force is developed in muscle under similar influence. Both tissues

are characterized by their tendency to assume a polar state, dif-

ferent in each, although analogous, in obedience to certain exci-

tants. That this polarity bears a remarkable analogy to that

which may be produced in inorganic matter is evident. Further

observation and research conducted with a full knowledge of the

details of anatomy, as well as of the laws of the polar forces as

displayed in inorganic substances, will doubtless throw great light

on this intricate subject ; for, as Faraday remarks, if there be

reasons for supposing that magnetism is a higher relation of force

than electricity, so it may well be imagined that the nervous

power may be of a still more exalted character, and yet within the

reach of experiment.*

Of the Electrical Fishes. The fact that some fishes possess a

peculiar electrical apparatus, which they are enabled to discharge

under voluntary influence, is supposed by the adherents of the

electrical theory to favour their views. The torpedo, the gymnotus

electricus, or electrical eel, and the silurus electricus, are the best

known of the electrical fishes. From the two former, the most

unequivocal evidence has been obtained by Walshe, Davy, Linari,

Matteucci, and recently by Faraday, that electricity is discharged.

Conductors or non-conductors are affected by the electrical apparatus

of these fishes just as by ordinary electricity : a chain of several per-

sons, of whom those at the extremities touch the fish, feel the shock

as they would that of a Leyden jar. The sensation produced by the

shock from the fish is exactly that which is caused by accumulated

electricity as developed by the ordinary machine. A spark has been

obtained during the discharge : chemical decomposition or electro-

lysis has been effected by it. The galvanometer is also readily dis-

turbed, and indicates that the current passes from the anterior to the

posterior part ofthe animal. And a needle has been made a magnet
when placed in a helix through which the current passes. These

effects have been obtained from the torpedo and the gymnotus.
It is further shewn, that the electricity cannot be developed in

these animals if the organ be removed, or if its communication

with the brain be cut off. If the nerves of the organ of one side be

cut, it will cease to develop electricity ; but the opposite organ

will continue to act perfectly. When the organ is partially cut

away, the remaining portion continues to discharge; or, if some of

its nerves be cut, that portion of which the nerves are entire will

continue to develop electricity. The nerves excite some change in

*
Phil. Trans. 1839.
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the organ which causes the development or discharge of electricity,

but no traces of an electrical current can be detected in the nerves

themselves. If the nerves of an electrical organ be cut, irritation of

those segments of them which adhere to the organ will excite dis-

charges, just as the irritation of muscular nerves under similar

circumstances will cause contractions ; or direct irritation of por-
tions of the organ itself will produce discharges (Matteucci) . Any
general excitation of the nervous system will cause discharges;
thus strychnine, while it throws the muscular system into spasms,

provokes frequent and violent discharges of the electrical organs.
From these observations, it seems impossible to adopt any other

conclusion than that the electrical organ is the generator of the elec-

tricity; or, at least, that it may collect and accumulate the electri-

city generated all over the body in the ordinary nutritive processes.
This latter opinion, however, is rendered unlikely from the imper-
fect conducting power of animal substances, unless further research

should develop some channels by which electricity generated at a

distance might be conveyed to the electrical organ. Whatever view

of the case be adopted, it is difficult to discover in the facts above

stated respecting the electrical fishes any support to the electrical

theory of nervous power. On the contrary, the very existence of a

peculiar organ for the specific purpose of generating electricity

would appear adverse to such a doctrine. Were the nervous cen-

tres the source of electricity, surely an arrangement of a less com-

plex character, and deviating to a less extent from the natural

structure of other fishes of the same genus, would have sufficed for

the manifestation of the peculiar power of the electrical fishes.

Some insects (the glow-worm for instance), and other creatures,

possess the faculty of generating light. The power resides in a

particular organ, and is regulated by the nervous system. It is

strikingly analogous to that by which electricity is developed.
Yet no one would assign the nervous system as the source of the

luminous emission. Nor are we justified in affirming from the one

instance that the nervous power is electricity, any more than we

should, from the other, be authorized in asserting that the nervous

power is light.

On the subjects discussed in this chapter, reference is made to Miiller's

Physiology by Baly ;
Daniell's Chemistry ; the articles "Animal Electricity"

and " Animal Luminousness," in the Cyclop. Anat. et Physiol. ; Matteucci,
Traito des Phenoinenes -Electrophysiologiques des Auimaux.



246

CHAPTER X.

ARRANGEMENT OF THE NERVOUS SYSTEM IN VERTEBRATA. IN INVER-

TEBRATA. NERVOUS CENTRES IN MAN. THEIR COVERINGS OR

MENINGES. THEIR VENOUS SINUSES. THE SPINAL CORD. THE

ENCEPHALON. THE CIRCULATION WITHIN THE CRANIUM.

THE leading subdivision of the animal kingdom into Vertebrate

and Invertebrate animals is so obviously sanctioned by the dis-

position of the nervous system peculiar to each, that no natu-

ralist hesitates to adopt it. In the vertebrate animals, an osse-

ous or cartilaginous column, composed of separate pieces united

by amphiarthrosis, forms the principal support and bond of con-

nexion for the other parts of the trunk. This column encloses a

canal, within which is placed that portion of the nervous centres

called the spinal cord, or marrow, with some of its nerves. At its

anterior or upper extremity, the component pieces of the column are

so modified as to form a dilated cavity, the cranium, in which

another portion of the central nervous system, the brain, or ence-

phalon, with part of the nerves connected with it, is contained.

In the invertebrate animals generally there is no internal skeleton,

if we except the slight traces which exist in the cephalopodous
mollusks ; but in many of them a modification of the external

integument affords the requisite amount of protection and support
to the soft tissues and organs. The nervous system, the central

part of which is disposed either in detached masses, or in a series

along the abdominal surface of the animal, receives no special

protection from this external skeleton.

The brain and spinal cord, in the vertebrate classes, form a cen-

tral axis with which all other parts of the nervous system are

connected. The former is evidently an aggregate of gangliform

swellings, each possessing the characters of a nervous centre, but so

connected with the others, that their functions are in no small

degree mutually dependent. The latter has, throughout its entire

length, all the characters ofone uniform nervous centre, of cylindrical

shape; but experiment has shewn that, if divided into segments,
in animals tenacious of vitality, each portion may exert an inde-

pendent influence on that segment of the body whose nerves are

connected with it. From this fact we may properly regard the cord
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also in the light of a ganglion compounded of smaller ones, which

have been, as it were,, fused together. And certain anatomical indi-

cations in the lower animals, as well as in man, favour this view;

thus, in the common gurnard (trigla lyra), there is a series of gan-

gliform swellings situate on the posterior surface of the cervical

portion of the cord at its upper part, from which large nerves pass
off to the feelers

; and in all animals the cord exhibits a distinct

enlargement, at each segment with which large nerves are connected,

or a contraction, if the nerves be of small size and of comparatively
little physiological importance.
The cerebro-spinal axis, with the nerves pertaining to it, consti-

tutes the greatest portion of the nervous system of the human sub-

ject and of the vertebrate animals. The sympathetic system, how-

ever, is connected with a large number of those parts on which the

principal organic functions depend. This portion of the nervous

system always bears a direct relation in point of development to

that of the cerebro-spinal portion, with every part of which it is

very intimately associated. If we except the olfactory, optic, and

auditory nerves, there is no nerve with the origin of -which it does

not form a connexion. Its segments remain separate, as distinct

ganglia, connected, however, by intercommunicating cords passing
from one to the other, by which the continuity of the chain on
either side of the vertebral column is maintained. In mammals and

birds the sympathetic is fully developed ; but in some reptiles and

fishes it is partly deficient, and its anterior part, which is wanting,
is supplied by the vagus nerve. In the cyclostomatous fishes, as

the lamprey, it is wanting altogether ;
and the vagus seems to supply

its place. In no animal is it so fully developed as in man.

Arrangement of the Nervous System in Invertelrata.

It is foreign to the purpose of this work to enter into details of comparative

anatomy. The following paragraphs are merely intended to call the reader's

attention to the general plan of the nervous system in the Invertebrata. The

arrangement adopted is that suggested by Professor Owen.
The Invertebrate animals may be classed in three groups, according to the

prevailing type of arrangement of the nervous system. 1. The first, or Nema-

toneurose, exhibits no other trace of nervous system than is to be found in

simple threads or filaments. In the asterias, one thread surrounds the mouth,
and others pass from it to the rays ; and in the strongylus gigas, a slender

nervous ring surrounds the upper part of the gullet, and from it a single
thread is continued along the ventral surface to the opposite extremity, where
another nervous loop is found surrounding the anus. No distinct evidence of

the existence of ganglia in animals included in this group has been obtained.

It would be premature, however, to suppose that the absence of gangliforin

Swellings implies that of vesicular nervous matter.

2. The second group of animals is designated Heterogangliate, from the
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unsymmetrical disposition of the nervous system. The principal portion of it

coDsists in a ring surrounding the gullet, on which one or more ganglia are

placed. In the ascidia mamillata there is but a solitary ganglion, which regu-
lates the orifices of ingestion and egestion by nerves which it sends to their

respective sphincter muscles. And in all the other classes of mollusks the

nervous system is the more complex, as the kind and number of the vital

actions demand a higher degree of organization. In conchifera, for instance,

ingestion of the food, respiration, and locomotion have distinct organs assigned
to them, and accordingly the nervous system is so disposed that there is a

nervous centre or ganglion in immediate relation to the principal organs con-

nected with each of these functions. Thus, in the more perfect animals of this

class we find, 1. two cesophageal ganglia situate near the mouth, connected to

each other by nervous filaments, which form a ring round the gullet. These

ganglia are connected with all the rest, and probably exercise an influence upon
them, as the principal centre of the nervous system or the brain. 2. There is

a branchial ganglion, which presides over the function of respiration. When
there is but one respiratory organ, this ganglion is single ;

but it is double

when there are two branchiae. From this source are supplied not only the

organs of respiration themselves, but also the muscles upon which the respi-

ratory movements depend. The posterior adductor muscle, the mantle, and

intestine, derive nerves from it. 3. We find & pedal ganglion, which is imme-

diately connected with the locomotive function. This ganglion exists only in

those genera in which a muscular organ called the foot is developed, and its

size is always in direct proportion to the muscular power of that organ : it is

situated at its base, and imbedded in it. We find it, therefore, in the mussel

(mytilus), but not in the oyster. The development of organs of sense in the

higher animals of this group demands an increased development of the cere-

bral ganglion, as is the case in the gasteropod and cephalopod mollusks. And
the great powers of locomotion enjoyed by the latter animals require a high

development of the pedal ganglion, and a multiplication of smaller ganglia in

connexion with the muscular apparatus of their arms or tentacles. These

organs are supplied with nerves from the suboesophageal ganglion ; and, where

suckers exist upon the arms, an additional series of ganglia is provided, which

seem to exert an especial influence in the exercise and the maintenance of

their suction power.
3. The third, or Homogangliate group, is distinguished by the symmetrical

arrangement of the nervous system. The articulate classes furnish examples
of this type. A bilobed ganglion is situated above the oesophagus, and is con-

nected with the organs of sense when they are present. From this there pro-
ceeds on each side of the oesophagus a nervous cord to a pair of ganglia beneath

that canal, and therefore on the ventral surface. To these succeed, in most of

the articulata, and likewise on the ventral surface, a pair of ganglia for each

segment, from which are supplied the nerves to that segment. The ganglia
are connected throughout, however, by cords of communication from the

cephalic to the caudal segment. The number of pairs of ganglia is always in

accordance with the number of segments of the animal
; and, if some of these

segments be fused together, a similar coalescence of the ganglia takes place.

This is observed in insects in the change from the larva to the perfect state ;

and, in some genera of Crustacea, the permanent form of the nervous system
has obvious relation to peculiarity in the shape of the body. The annular

arrangement of the ganglia in the body of the common crab (cancer), and of
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the king-crab (limulus), is evidently explained by reference to the compressed
form of the body, and the articulation of the legs around it.

Some additional ganglia are met with in a few animals of the homogangliate

group, which seem to represent rudimentary conditions of the sympathetic

system. These have been best observed in insects, and they are described

under the name of stomatogastric ganglia. They are two or more in number,
connected by delicate filaments with the cephalic ganglia ;

and they give off

long nerves, which supply the digestive organs and the dorsal vessel, or heart,

and which, in some instances, unite with small ganglia in the abdomen to be

distributed on the viscera of that cavity.

Of the Spinal Cord and Brain. The cerebro-spinal centre is en-

closed in certain membranes or meninyes, which are three in num-
ber : the dura mater, the arachnoid, and the pia mater.

The dura mater consists of white fibrous tissue. It is thick,

very strong, and flexible, without being elastic. Its fibres are dis-

posed on different planes, but freely intermingle. At certain situ-

ations, it separates into two layers to form the venous canals,

which are called sinuses. The inner surface of the cranial cavity
is covered by dura mater, which adheres closely to the bones,
and serves as an internal periosteum to them ;

and certain pro-
cesses of the dura mater pass into the interior of the cranial cavity,

dividing it into compartments, which contain certain segments of

the encephalon. These processes are, 1. The/a/# cerebri, which ex-

tends from the crista galli to the occiput along the line of the

sagittal suture, and forms a vertical septum between the hemispheres
of the brain. 2. The tentorium cerebelli, which is attached to the

occipital bone along the groove for the lateral sinus, and to the

posterior superior edge of the petrous bone. This process forms a

vaulted roof to the compartment which contains the cerebellum,
and extends between the upper surface of that organ and the

inferior surface of the posterior cerebral lobes. In some animals,
the cat, for instance, it is partially replaced by bone. 3. The/z?
cerebelli, a small nearly vertical process which descends from the

internal occipital protuberance, and occupies the notch between the

hemispheres of the cerebellum.

In the spinal canal, the dura mater does not adhere to the inner

surface of the spinal bones as a periosteum. On the contrary, it is

separated from it by a soft unctuous fat mixed with very numerous
veins. It adheres pretty closely to the anterior common ligament
which intervenes between it and the bodies of the vertebrae, and
seems to be continued from the cranial dura mater at the foramen

magnum as a funnel-shaped process of that membrane adapted to

the shape of the spinal canal. It ends in a blunted extremity in



*2 50 INNEEVATION. [CHAP. x.

the sacral canal, and is tied down in that situation by certain fili-

form processes, of which the central one is attached to the coccyx.

The spinal dura mater is evidently much more capacious than is

necessary merely to contain the spinal cord, and therefore it gene-

rally has a loose and flaccid appearance. During life it is kept
tense by the fluid which surrounds the cord. The dimensions of

the canal of the dura mater vary with those of the spinal canal.

It is wider, therefore, in the neck and loins, and narrow in the

back. In the lumbar and sacral regions it forms a wide sac around

the leash of nerves called cauda equina.

The dura mater, in both cranium and spine, exhibits numerous

perforations for the transit of nerves from the contained centre to

the peripheral parts. In the spinal region each of these per-

forations is subdivided, by a vertical slip of the membrane, into

two foramina, which correspond to the anterior and posterior roots

of the spinal nerves, and extend on each side down to the lower

part of the sacral region.

The blood-vessels of the dura mater are very numerous. Those

of the cranial membrane communicate freely with those of the bones.

Hence, when separated from the cranium, the external surface of

the dura mater has a rough appearance, from the number of blood-

vessels which have been torn. This membrane derives its supply of

arterial blood from the ophthalmic and ethmoidal arteries in front ;

in the middle, from the internal maxillary artery by the middle

meningeal, which enters the cranium by the foramen spinosuin,

and by small branches from the internal carotid, called the inferu

meningeal arteries. Posteriorly the vertebral, the occipital, and the

ascending pharyngeal supply branches which go by the name

posterior meningeal arteries. The arteries of the spinal dura mater

come from the deep cervical, the occipital, and the vertebral, in the

cervical region, from the intercostals in the back, and from the

lumbar arteries in the loins. These vessels pass in at the vertebral

foramina, and send branches to the bones as well as to the spii

membranes.

The veins of the dura mater in the cranium constitute a remark-

able portion of the vascular system of that cavity. The venous

radicles collect the blood from the dura mater, and from the bones

of the skull ; large veins are formed on the former membrane, and

distinct canals in the osseous diploe, figured at page 107. These all

tend to certain venous channels, rigid canals, formed by the separa-

tion of two layers of the dura mater, which are lined by processes

of the inner membrane of the venous system, and are so placed as
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collect the blood from all parts of the cranium. These canals, sinuses

of the dura mater, receive likewise the venous blood of the brain. The

largest sinuses are the superior longitudinal and the lateral sinuses.

The former extends along the convex edge of the falx cerebri, com-

mencing very small by receiving veins from the ethmoid and frontal

bones, and terminates in a reservoir common to it and other sinuses

at the internal occipital protuberance (torcular Herophili). It thus

serves to collect blood from the superior and lateral parts of the

dura mater, from the vault of the cranium, and from the hemi-

spheres of the brain ; the veins of the latter entering it obliquely

forwards. The lateral sinuses are lodged in tortuous furrows, which

mark the occipital, the parietal, and the temporal bones. They
are two in number, and extend on each side from the torcular

Herophili to the jugular foramen, where they are continued into

the internal jugular veins. These sinuses serve not only to carry
into the jugular veins all the blood which is poured into the tor-

cular, but likewise to receive blood from the lateral and posterior

parts of the dura mater and cranium, from the inferior surface

of the posterior lobes of the brain, and from the cerebellum. A
short sinus, also of considerable width, is lodged in the tentorium

cerebelli. This is the straight sinus ; it passes from before back-

wards, occupying about the middle of the vault of the tentorium,

and opening behind into the torcular. It receives blood from the in-

terior of the brain by two large veins, the vena mayna Galeni. The
cavernous sinuses, two in number, lie one on each side of the sella

Turcica, from which the internal carotid arteries separate them.

Their irregular shape is rather that of reservoirs than of canals

They receive the ophthalmic veins from the orbit, as well as nume-
rous small veins from the cranial bones, the dura mater, and the

anterior and middle lobes of the brain.

Other small sinuses are met with which serve chiefly to establish

a communication between those above-mentioned, while at the same
time they receive some blood from the neighbouring textures. The

petrosal sinuses, two on each side, superior and inferior, pass between
the cavernous and lateral sinuses : the transvwse sinus runs between
the petrosal and cavernous sinuses of opposite sides ; and the cir-

cular or coronary sinus, while it receives blood from the pituitary

body and from the sphenoid bone, connects together the cavernous

sinuses in front, and thus completes the venous circle around the

sella Turcica.

We see, in this arrangement of venous canals, a beautiful pro-
vision agaiiist the effects of undue venous congestion within the
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cranium, insured not merely by the inextensible nature of the

principal venous canals, but also by the free anastomosis that exists

between them, and by the numerous points at which they commu-
nicate with the veins of the cranium, and through these with the

superficial veins of the scalp.

The spinal veins are extremely numerous and complicated. A
very intricate venous plexus surrounds the dura mater on its lateral

and posterior surfaces, embedded among the lobules of soft fat by
which the exterior of that membrane is invested. This plexus, less

intricate in the dorsal than in the cervical and lumbar regions, com-

municates very freely with a plexus of veins which surrounds the

exterior of the vertebral larninse and processes (the dorsi-spinal veins

of Dupuytren) . In front of the dura mater and situate between

the outer edge of the posterior common vertebral ligament and

the pedicles of the vertebrae, we find two remarkable venous si-

nuses which extend the whole length of the vertebral column from

the occipital foramen to the sacrum. They are the longitudinal

spinal sinuses of Willis. In calibre they present many inequalities,

being dilated at one part and constricted at another, according to

the number and size of the vessels which communicate immediately
with them. The sinuses of opposite sides are parallel to each other,

and communicate by transverse branches, which pass beneath the

posterior common ligament. These transverse branches are of va-

riable calibre, like the sinuses themselves, and are dilated at their

middle ; at which point they receive veins which emerge from the

spongy texture of the bodies of the vertebrae (basi-vertebral veins

of Breschet*). At the highest part of the vertebral canal, the

spinal sinuses communicate with the internal jugular veins
;
in the

neck, they communicate with the deep and superficial vertebral

veins ; with the intercostal veins in the dorsal region, and with the

lumbar ones in the loins.

The arachnoid is the serous membrane of the cranio-spinal cavity.

By its parietal layer it adheres to the dura mater, both of the cra-

nium and spine, and by its visceral layer to the brain and spinal

cord, with the intervention of the pia mater. The space between

these two layers is the arachnoid cavity. In most regions, an intei
1-

val exists between the visceral layer of the arachnoid and the pia

mater, which is called the sub-arachnoid cavity. This space may be

demonstrated by driving air or coloured liquid beneath the visceral

layer of the arachnoid. In the spine the connexion of the arachnoid

and pia mater is very loose, being effected by some long filaments

* See his very beautiful illustrations of the venous system.
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of fibrous tissue, which interlace slightly, and are most abundant

in the cervical region. Along the posterior surface of the spinal

cord, in the middle line, the sub-arachnoid space is divided by means

of a septum, which is probably only a modified portion of the tissue

of the pia mater. This septum is most perfect in the dorsal region,

but in the lumbar and cervical regions it is cribriform, and in some

parts is very difficult of demonstration. Dr. Sharpey regards it as

the reflection along the median line of a serous membrane, which

he supposes to line the sub-arachnoid cavity. Did such a mem-
brane exist, we should find an epithelium, which, however, we have

sought for in vain.

The connexion of the arachnoid to the subjacent pia mater is

not so loose in the head as in the spine. On the superior and

lateral surfaces of the brain, where the convolutions are most pro-

minent, the adhesion is very close, but opposite the sulci between

the convolutions the pia mater recedes from the arachnoid and sinks

to the bottom of each fissure, leaving large areolse in which fluid

may accumulate. Along the fissure of Sylvius, at the base of the

brain, between the cerebellum and the posterior surface of the me-

dulla oblongata, and between the posterior edge of the corpus
callosum and the superior surface of the cerebellum, the arachnoid

and pia mater are very loosely connected, so that at these situa-

tions spaces are found which are favourable for the accumulation

of fluid.

The Cerebro-spinal Fluid. This fluid, which fills the sub-arach-

noid space during life, keeps the opposed surfaces of the arachnoid

membrane in intimate contact. Its quantity, which varies between

two and ten ounces, is in the inverse ratio of the bulk of the

brain and spinal cord. Thus it is most abundant in old persons in

whom these organs have shrunk, and it accumulates in cases of de-

ficiency of any portion of them from malformation or disease. Its

presence seems necessary to the healthy action of the nervous cen-

tres, for the removal of it in dogs by Majendie caused considerable

disturbance of their functions, probably by favouring distension of

the blood-vessels. It is, however, capable of being regenerated as

quickly as the aqueous humour of the eye, and its reproduction re-

stores the nervous centres to their natural state. When removed
from the body a few moments after death, this fluid is, according to

Majendie, remarkably limpid ; it has a sickly odour and a saltish

taste, and is alkaline, restoring the colour of reddened litmus.

The cerebro-spinal fluid is most probably secreted by the pia

mater, since it is found wherever that membrane and sufficient
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space exist. The ventricles of the brain contain a secretion of

very similar, if not identical characters, which Majendie describes

as communicating with that of the sub-arachnoid space through
an orifice at the inferior extremity of the fourth ventricle. This,

however, is extremely doubtful, as the fluid of the ventricles is

enclosed by a proper membrane which lines their cavity.

The cerebro-spinal fluid obviously affords mechanical protection

to the nervous centres which it surrounds. The interposition of a

fluid medium between them and the walls of the cavities is well

adapted to guard the former against shocks communicated from

without. Its accumulation at the base of the brain is highly favour-

able for the protection of the large vessels and nerves situate there.

The pia mater is the immediate investing membrane of the brain

and spinal cord. It is composed of white fibrous tissue and blood-

vessels. The former is most abundant in the pia mater of the cord,

the latter are most numerous in that of the brain. The principal

distinction, therefore, between the spinal and cerebral pia mater

is as regards strength and thickness ; the spinal being dense and

strong, the cerebral being very delicate, almost wholly composed
of minute blood-vessels, which are accompanied by white fibrous

tissue in small quantity. The spinal membrane forms a complete
sheath to the cord, and sends in processes which dip into its anterior

and posterior median fissures. It is continuous with the neurilemma

of the roots of the nerves on each side. At the inferior extremity
of the cord it tapers and terminates in a thread-like process (filum

terminate) which is inserted into the inferior extremity of the dura

mater. Superiorly it gradually diminishes in density as it passes

over the medulla oblongata to the cerebral and cerebellar hemi-

spheres. To the surface of these it adheres closely, and innu-

merable minute blood-vessels pass from it into the nervous sub-

stance. It sinks into all the sulci and fissures, and passes into the

lateral, the third and fourth ventricles. In the lateral and fourtli

ventricles it forms projecting processes or folds, somewhat fringed,

highly vascular, and invested by epithelium derived from the mem-
brane which lines the ventricles. These processes are called the

chorold plexuses. Into the third ventricle, it sends a lamellar fold

of triangular shape (velum interpositum) ,
which forms a roof to that

cavity and supports the fornix.

Attention has lately been directed to some minute sandy particles,

globular in shape, which are frequently connected with the minute

vascular ramifications of the internal pia mater. They are found

chiefly in the choroid plexuses, and in that portion of the velum
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which invests the pineal gland. This sabulous matter is composed
of phosphate of lime, with a small proportion of phosphate of mag-
nesia, a trace of carbonate of lime, and a little animal matter."*

Of the Ligamentum dentatum. This remarkable structure, found

in the sub-arachnoid space, requires a brief notice. It seems to be

a process of the pia mater, which exhibits more of the glistening

appearance of white fibrous tissue than the rest of that mem-
brane. It extends from the occipital foramen to the filiform termin-

ation of the pia mater, adhering by its inner straight border to that

membrane, and attached on the other hand to the dura mater by a

series of dentated processes which penetrate the visceral and parietal

layers of arachnoid, pinning them, as it were, down to the fibrous

membrane. They form a vertical septum between the anterior and

posterior roots of the spinal nerves. The dentated processes vary
in number from eighteen to twenty-two. The first is attached to

the dura mater which covers the occipital foramen just behind the

vertebral artery ;
the rest are inserted between the orifices for the

exit of the spinal nerves, and the last is on a level with the first or

second lumbar vertebra. A considerable quantity of yellow fibrous

tissue exists in this structure, especially in its dentated processes.

The Pacchionian glands or bodies are whitish granules, com-

posed of an albuminous material, which are found among the vessels

of the pia mater, on the edges of the cerebral hemispheres, which

push the arachnoid before them, and even project into the longitu-
dinal sinus. They do not occur in the earliest periods of life, and

are frequently absent even at the more advanced ages; but they are

so often met with in the brains of adult and old persons that many
anatomists regard them as normal structures.

Of the Spinal Cord. The spinal cord is somewhat cylindrical in

shape, slightly flattened on the anterior and posterior surfaces. Its

anatomical limits are, the occipital plane above, and a point rang-

ing in different subjects between the last dorsal and second lum-

bar vertebra below. It tapers to its exterior extremity, which lies

concealed among the leash of nerves which comes offfrom its lumbar

region, the cauda equina. Superiorly the spinal cord is separated
from the medulla oblongata by the decussating fibres of the anterior

pyramids.
In the cervical and lumbar regions the cord exhibits distinct

swellings, of which the cervical is the larger. The cervical swelling
extends from the third cervical to the third dorsal vertebra, the

lumbar one commencing about the ninth or tenth dorsal vertebra,
* Van Ghert, de plexibus choroideis.
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and not extending beyond the space corresponding to two vertebra?.

These enlargements correspond to the situations at which the large

nerves to the extremities emerge, in conformity with a law that the

physical development of any portion of the cord is in the direct

ratio of the sensitive and motor power of the parts which it supplies

with nerves.

The spinal cord is divided along the median plane by an anterior

and posterior fissure into two equal and symmetrical portions, of

which one may be called the right, the other the left spinal cord.

A transverse bilaminate partition, extending throughout the entire

length of the cord, separates these fissures, and serves to unite its

lateral portions. This partition is composed of a vesicular or gray

and a white or fibrous lamina or commissure, the gray being situate

posteriorly. When examined in a transverse section, the anterior

fissure appears evidently wider but of less depth than the posterior;

it is penetrated by a distinct fold of pia mater ; its floor is formed

by the white commissure, which has a cribriform appearance, from

being perforated by numerous blood-vessels. The posterior fissure

is much more delicate than the anterior, and about the middle of

the cord its existence may be doubted; its depth, in the upper

part of its course, is equal to fully one half of the thickness of the

cord. A single, very delicate layer of pia mater enters it and pene-

trates to its floor, which is formed by the gray commissure.

On further examination of a transverse section of the cord, we

observe that the interior of each half of it is occupied by vesicular

matter, disposed somewhat in a crescentic form. The concavity of

this crescent is directed outwards: its anterior extremity, or horn, is

thick, but its margin has a dentated or stellate appearance, which

is very distinct in some situations. The gray matter is prolonged

backwards in the form of a narrow horn, which reaches quite

the surface of the cord, near which it experiences a slight enlarge-

ment. This enlargement appears to consist of a gray matter, paler

and softer than that of the remainder of the crescent, which has

been distinguished by Rolando as substantia cinerea gdatinosa, sur-

rounded by a layer of reddish-brown substance (see fig. 66, D, where

the central part of the posterior horn is pale). An exact symmetry
exists between the gray crescents of opposite sides, so that the

description of one is applicable to the other.

The prolongation of the posterior horn of each gray crescent

to the surface divides each half of the cord into two portions.

All that is anterior to the posterior horn is called the antero-

lateral column: and this comprehends the white matter forming
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the sides and front of that half of the cord, limited in front by the

anterior fissure, and posteriorly by the posterior horn. The pos-

terior column is situated behind the posterior horn of gray matter,

and is separated from its felloAV of the opposite side by the posterior

fissure. The antero-lateral columns are united across the middle

line by the anterior or white commissure ;
the gray crescents, by the

posterior or gray commissure ; while the pos- ~
66

terior columns are not connected, except where

the posterior fissure is imperfect or deficient.

In the different regions of the cord great va-

riety exists as regards the quantity of gray and

white matter, and the disposition of the lateral

portions of the former. There seems to be a

much greater proportion of gray matter to white

in the lumbar, than in the cervical or dorsal

region of the cord. In the cervical region the

crescentic portions are small, and the white mat-

ter is abundant. That portion of the white sub-

stance which is placed between the posterior gray

horns, is augmented by the existence of two

small columns (posterior pyramids) , which ex-

tend from the medulla oblongata into this re-

gion. In the dorsal region the gray matter is at

its minimum of development, and the white

matter is likewise small in quantity. The dimi-

nution in the quantity of the latter appears more

striking as effects the antero-lateral, than the

posterior columns. In the lumbar region both

the horns of the gray matter are manifestly

thicker, and the stellate character of the anterior

horn is well marked. Towards the inferior ex-

tremity of the cord the white matter appears

gradually to cease, leaving the gray to form the
Transverse sections the

principal constituent, until, in the commence- *&?*}
ccr(i = A - immediate-

ly below the decussation of

rnentofthefiliformprocess.it is found alone the pyramids. B. At middle
of cervical bulb. c. Midway

(llff . 66 ).
between cervical and lumbar

yL bulbs. D. Lumbar bulb. E.

Ine roots of the spinal nerves emerge from An inch lower, p. very near

.^ the lower end. a. Anterior
the cord on each side along; two lines which are surface - P. Posterior surface.

The points of emergence of

separated bv the ligamentum dentatum. The the anterior and posterior
. roots of the nerves are also

posterior line corresponds to the margin of the seen -

posterior horn of gray matter, the anterior one is placed about

midway between it and the anterior fissure. When the roots of
VOL.I. s

E
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the nerves have been carefully removed, their points of emergence
are indicated by two series of foramina in linear sequence on each

side
;
but there is no appearance of fissures in those situations. The

roots of the nerves penetrate the substance of the cord, and are

chiefly, if not entirely, connected with the antero-lateral columns.

The fibrous matter of the cord consists of some fibres which pass

in a longitudinal direction, which are chiefly superficial or contained

in the posterior columns, and of others which are oblique or trans-

verse, and are found in the antero-lateral columns, or in the white

commissure, which is wholly composed of such fibres. Among the

elements of the gray matter fibres are found in great numbers, the

direction of which is probably for the most part oblique or trans-

verse, as considerable portions of them may be seen so running,

when a piece of gray matter, cut transversely, is examined under

the microscope. The gray matter of the cord is disposed in two

longitudinal columns, the shape of which in the several regions of

the cord is represented in the above transverse sections (fig. 66).

These columns extend from the lower part of the medulla oblon-

gata, with the gray matter of which they are continuous. The

aspect of their surfaces is outwards and inwards. That which

looks inwards is convex, and is united to the corresponding sur-

face of the opposite side by the gray commissure, which is a ver-

tical plane, with surfaces looking directly forwards and backwards.

At the inferior extremity of the cord these columns gradually

per to a point, and coale

as the white matter dimi-

nishes.

Caudate and spherical vesi-

cles, imbedded in their usi

granular matrix, exist in the

gray matter of the cord at

situations, inthe horns as we

as in the commissure,

caudate vesicles are m<

numerous and distinct in tl

anterior horn, and at the

root of the posterior one
Transverse section of human spinal cord, close to the rnr, /? , -i

third and fourth cervical nerves ; magnified ten diameters, ine TCSt OI tnC pOSterN
(from Stilling) :/. Posterior columns, i i. Gelatinous sub- i ,r i ,

stance of the posterior horn. k. Posterior root 1. Sup- nom and trie gClatmOl
posed anterior roots, a. Anterior fissure, c. Posterior

, r^j. 11
fissure. 6. Gray commissure, in which a canal is contained, SUDStanCC resemble VC1

which, according to these writers, extends through the _i__-i_ -,<-., nj.,,, lrt l,

length of the cord. g. Anterior horn of gray matter con- ClOSCly in Structure the graj
taining caudate vesicles, e. Antero-lateral column (from ^^ Qf ^ convoluti()1
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of the brain. When very thin transverse sections are examined

with low powers, a good general view of the relative disposition

of the gray and white columns is obtained, but we gain no satis-

factory information as regards the relation of the elements of these

columns (fig. 67). Stilling and Wallaces plates accord generally

with the results of our own examinations ; but we cannot admit

the accuracy of their interpretation of some of the appearances
which they have witnessed and delineated.

In such a section as that just described, the distinction of gray
and white matter is very obvious. From the surface of each horn

of the former several lines, of the same colour and general appear-
ance as the central mass, pass, in a radiating manner, towards the

surface of the cord and to the surface of the fissures (fig. 67).

These lines, according to Stilling and Wallach, are continuous with

the roots of the nerves, and are nerve-tubes proceeding from the

gray matter to form these roots. Their existence, however, in sec-

tions made in situations intermediate to the points of emergence of

the nerves, shews that this explanation cannot be the true one.

Moreover, they radiate over a surface much more extensive than

that from which the roots take their rise, and several pass to that

part of the surface of the cord which bounds the fissures, and from

which it is impossible that they could reach the point of emergence
of either root to contribute to its formation. It is not improbable,

however, that they may be processes of the gray matter prolonged
toward the surface, to which blood-vessels may pass from the pia

mater.*

"We observe in the gray matter numerous nerve-tubes of various

size passing among its elements in different directions. Besides

these, the branching processes from the caudate vesicles are found

here : these processes differ from the nerve-tubes in the absence

of the white substance of Schwann, in their grayish colour, in their

branching, and in a certain minutely granular texture. Numerous

extremely minute fibres, perfectly transparent in texture, may be

traced to be continuous with the finer subdivisions of these

processes (fig. 56, p. 214). Fibres of the same appearance are

occasionally found among the tubes of the white substance of the

spinal cord; their connexion with those of the gray matter is

unknown.

Capillary blood-vessels are met with in great numbers ramifying
in the gray matter. They are much more numerous in this than

* Mr. Smee has lately exhibited to us some well-injected preparations, in

which thcso lines are shewn to contain vessels.

s 2
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in the white matter, and the observer should be careful not to con-

found the most minute of them with some of the fibrous elements

above described.

So far as our present knowledge of the minute anatomy of the

spinal cord extends, it is favourable to the supposition that the spinal

nerves derive their origin, at least partly, from the gray matter.

The longitudinal fibres of the cord may consist in part of fibres

continuous with those of the brain or cerebellum, and in part of

commissural fibres, serving to unite various segments of the cord

with each other, or to connect some part or parts of the encephalon
with them. Those fibres which may be regarded as strictly spinal

are probably oblique in their course, forming their connexion with

gray matter at a point higher up in the cord than that at which

they emerge from its surface, and may be readily confounded with

the longitudinal fibres when their course is long. Other oblique

or transverse fibres probably do not emerge from the cord, but

connect the segments of opposite sides, forming a transverse com-

missure. So that four classes of fibres, each different in function,

may be considered to exist in the cord. 1. Spinal fibres, oblique

or transverse, which propagate nervous power to or from the seg-

ments of the cord itself. 2. Encephalic fibres, longitudinal, the

paths of volition and sensation, which connect the spinal cord with

the various segments of the encephalon. 3. Longitudinal commis-

sural fibres. 4. Transverse commissural fibres.

Of the Encephalon. The brain or encephalon is the mass which

is contained within the cranial cavity. The plane of the occipital

foramen separates it from the spinal cord, inasmuch as that plane

would about pass through the inferior extremity of the medulla

oblongata.

Four segments are obviously distinguished in the encephalon.

1. The medulla oblongata. 2. The cerebrum. 3. The cerebellum.

Some fibres of the medulla oblongata extend to the cerebrum, and

some to the cerebellum. The fourth segment, which is called the

mesocephale, contains fibres passing between all the rest, as well

as some connecting opposite sides. This constitutes a sort of

conflux to the segments above named, and may be compared to

a railway terminus, at which several lines meet and pass each

other.

The brain of the adult man weighs about 50 oz. or a little

more than 3 Ibs. avoirdupois.* This great weight depends mainly
* See Reid's Tables. Lond. and Edinb. Monthly Journal of Med. Science.

Ap. 1843.
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upon the cerebrum and cerebellum, the medulla oblongata and

mesocephale forming not more than one-tenth of the whole weight.
These parts exist in their highest state of development in man.
Their size does not appear to be regulated by the physical de-

velopment of the body, either in man or in the lower animals.

Thus the horse, although greatly exceeding the human subject in

the size of his body, has a brain considerably inferior. The largest
brain of a horse weighs, according to Scemmering, 1 Ib. 7 oz , but

the smallest adult human brain may be estimated at 2 Ibs. 5| oz.

Many other instances might be cited, of animals of great bulk,

with brains weighing considerably less than that of man. The
brains of the elephant and the whale, however, although inferior

to it in general organization, are absolutely heavier than that of

man. That of an elephant, dissected by Sir Astley Cooper, had a

weight of 8 Ibs. 1 oz.
; and Rudolphi found the brain of a whale,

75 feet long, (Balana mysticetus,) to weigh 5 Ibs. 10J oz. Yet
how inferior must be the development of the brain in these stu-

pendous animals relatively to the whole body, if, with their enor-

mous superiority of bulk, their brains exhibit so little excess of

weight over that of man !

Even among men there does not appear to be any fixed relation

between the bulk of the body and that of the brain. A large man
has by no means necessarily a large brain, and it oftens happens
that persons of small stature have the brain above the average size.

In women the brain is generally lighter than in men. Dr. John
Reid assigns an average difference of 5 oz. 1 1 dr.. in favour of

the male brain. Yet this difference is scarcely proportionate to

the general inferiority of organization and of size of the female

to the male.

It is impossible to explain the great superiority of the human
brain, both in organization and in the absolute quantity of nervous

matter which it contains, without admitting its connexion with the

mind, and the influence exerted upon its nutrition and growth by
that immaterial principle. The men of greatest intellectual power
are those who possess the largest brains. Cuvier's brain, as stated

by Tiedemann, weighed 4 Ibs. 11 oz. 4 dr. 30 grs. troy; and that of

Dupuytren 1 oz. 4 dr. 30 grs. less. On the other hand, the brain of an
idiot weighs scarcely more than that of the horse mentioned above.

Tiedemann found the brain of an idiot, fifty years old, to weigh
1 Ib. 8oz.4drs.

; and that of another, forty years old, 1 Ib. 11 oz.

4 drs. In advanced age, when the mental faculties have declined,
the brain generally experiences a decrease of size; there are many
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however, who preserve their intellectual vigour to a very advanced

period of life, and in such persons, doubtless, the brain does not ex-

hibit any evidence of shrinking. It is during the period of greatest
mental activity and power that the brain acquires arid maintains its

highest point of development, that is, between the ages of twenty
and sixty.

Whilst there is an evident connexion between a large quantity

of. cerebral matter, and a highly developed intellect, the quality of

the mind and that of the brain substance may also be supposed to

have a close relation to each other. For great power of action a

large muscle is needed, but for vigorous and well-adjusted muscular

movement a certain quality of fibre is also necessary to give full

scope to the nervous power (see pp. 1858 90). It is impossible
to determine what this peculiarity in quality is, but some idea of

the great influence which it may possess in the exercise of the two

great vital forces, the muscular and nervous, may be gained from

comparing the energy and action of a well-bred horse with those

of one which, in the language of the turf, shews little or no breed-

ing. The actual amount of muscular or nervous fibre may be the

same in both, or it may be less in the horse of good breeding
than in the other, yet the former does his work and endures fatigue
better.

The nature of the connexion between the mind and nervous mat-

ter has ever been, and must continue to be, the deepest mystery in

physiology ; and they who study the laws of Nature, as ordinances

of God, will regard it as one of those secrets of His counsels
" which angels desire to look into."* The individual experience
of every thoughtful person, in addition to the inferences deducible

from revealed Truth, affords convincing evidence that the mind
can work apart from matter, and we have many proofs to shew

that the neglect of mental cultivation may lead to an impaired
state of cerebral nutrition ; or on the other hand, that diseased

action of the brain may injure or destroy the powers of the

mind. These are fundamental truths of vast importance to the

student of mental pathology as well as of physiology. It may
be readily understood that mental and physical development
should go hand in hand together, and mutually assist each other ;

but we are not, therefore, authorized to conclude that mental

action results from the physical working of the brain. The strings

of the harp, set in motion by a skilful performer, will produce
* The admirable chapter in Bp. Butler's Analogy,

" Of a Future Life," can-

not be too attentively studied in reference to this subject.
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harmonious music if they have been previously duly attuned. But
if the instrument be out of order, although the player strike the

same notes, and evince equal skill in the movements of his fingers,

nothing but the harshest discord will ensue. As, then, sweet

melody results from skilful playing on a well-tuned instrument of

good construction, so a sound mind, and a brain of good develop-
ment and quality, are the necessary conditions of healthy and

vigorous mental action.

Medulla Oblongata. Of the segments of the encephalon above

enumerated, the medulla oblongata is that which is more immedi-

ately connected with the spinal cord, and through which the brain

is brought into communication with the other vital organs and

with most of the peripheral parts. It is, therefore, truly
f; the link

which binds us to life/' In form and general anatomical charac-

ters, it very much resembles the spinal cord, with which it is con-

tinuous, standing in the same relation to it, as the capital to the

shaft of a column.

In the sense in which we here speak of it, the medulla oblongata
is limited above by the mesocephale ; but its constituent fibres ex-

tend beyond that segment, and form important connexions with the

rest of the brain. It is completely contained within the cranial

cavity, its lowest part being just above the level of the plane of

the occipital foramen.

The size of the medulla oblongata is in the direct ratio of that of

the nerves which proceed from it. Hence it is very much larger,

both absolutely and relatively, in some of the lower animals than in

man : in many of them it forms the largest of all the segments
of the encephalon, while in man it is much the smallest.

In the medulla oblongata there is the same symmetry of arrange-
ment which we have noticed in the cord. An anterior and poste-
rior fissure divide it into two equal and symmetrical portions. The

posterior fissure is deep and narrow, and is continuous with that of

the cord. The anterior fissure is wider and less deep, and sepa-
rated from the same fissure of the cord by certain fibres which cross

obliquely from each side in its lower third, decussating each other.

These fibres are called the decussating fibres of the anterior pyra-

mids, and form, very fitly, an anatomical demarcation between the

medulla oblongata and the spinal cord.

The floor of the anterior fissure is formed by a layer of fibrous

matter which is rendered cribriform by the orifices of the numerous
blood-vessels which penetrate it. This constitutes a commissure of

transverse fibres, similar to that described in the spinal cord. The
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Fig. 68.

posterior fissure extends to the posterior surface of this commissure,
there being no such transverse lamina of vesicular matter in the

medulla as in the cord.

When the pia mater has been carefully removed from the surface

of the medulla oblongata, certain grooves are seen which indicate a

subdivision of the organ, which is convenient for the purposes of de-

scription. In front are the anterior pyramids (corpora pyramidalia

antica] separated from each other along the middle line by the ante-

rior fissure. External to each anterior pyramid there is an oval

prominence surrounded by a superficial groove, which in some in-

stances is partially interrupted by some arciform fibres which cross

it at its lower part. These projections are the olivary bodies.

External to these, and forming the lateral and a great part of the

posterior region of the medulla oblongata, are the restiform bodies,

two thick columns of fibrous matter, which are separated from each

other along the middle line by two slender columns, the posterior

pyramids. These last bound the posterior fissure.

The anterior pyramids are bundles of

fibrous matter which extend between the

antero-lateral columns of the cord and

the cerebral hemispheres. Below the me-

socephale the fibres are compactly applied

to each other so as to form on each side of

the median line a column of white matter,

the transverse section of which has more

or less of a triangular outline. Traced up-

wards, the pyramids are found to pass into

the mesocephale above its inferior layer of

transverse fibres, the pons Varolii. At its

entrance into this part of the brain each

pyramid experiences a slight but well-

marked constriction, but immediately ex-

pands again ; and its fibres in their further

course upwards gradually diverge, and

contribute to form the inferior lamina of

the crus cerebri.

In their ascent through the mesocephale the fibres of the pyra-

mids are crossed at right angles by some deep transverse fibres on

different planes which belong to the same system as those which con-

stitute the pons. With these fibres those of the pyramids interlace.

Vesicular matter is deposited in the intervals between the more deep-

ly seated fibres, from which probably some fibres take their origin, and

Front view of the medulla oblon-

gata: p, p. Pyramidal bodies, de-

cussating at d. o. o. Olivary bodies.

r, r. Restiform bodies, a, a. Arciform
filnvs. v. Lower fibres of the Pons.
Varolii,
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join the pyramids at their emergence from the pons, to form the

inferior layers of the crus cerebri.

Traced downwards, the fibres of each anterior pyramid pass in

greater part backwards as well as downwards, sinking into the

autero-lateral column of the cord of the opposite side (fig. 68, d),

whilst a small portion of them, those, namely, which constitute the

outer margin of each pyramid, pass to the column of the same side.

Other fibres of these bodies do not pass down into the spinal cord

at all, but taking a curved course around the inferior extremity of

each olivary body they ascend towards the cerebellum, forming the

arciform fibres. Or, if the description be pursued in an opposite

direction, each pyramid may be stated to be composed of some
fibres from the antero-lateral spinal column of its own side, and of

others which greatly exceed the latter in number, from the antero-

lateral column of the opposite side, and it is connected with the

restiform body of the same side by the arciform fibres.

The decussation takes place by from three to five bundles of

fibres from each pyramidal body. In separating the margins of the

anterior fissure, these fibres are found to interrupt its continuity
with the anterior fissure of the medulla oblongata, and, therefore,

may be conveniently referred to as a boundary between the

medulla oblongata and the spinal cord.

This decussation has great interest in reference to the explanation
of the phenomena of diseased brain. It is well known that lesion

of one hemisphere of the brain, when sufficiently extensive to cause

paralysis, will induce that paralysis on the opposite side of the body.

And, although a very few exceptions have been recorded, this is so

constant that it must be regarded as a law, that the influence of each

hemisphere is rather upon the opposite half of the body than on
that of its own side. It is not, however, meant that the hemi-

sphere has no influence on the same side of the body. On the con-

trary, it is most probable that it does exert some influence from the

partial connexion of each anterior pyramid with the antero-lateral

column of the spinal cord on the same side. Now the decussation,

above described, obviously suggests an explanation of this phenome-
non, which is among the most interesting that anatomy can offer.

In confirmation of this statement it may be remarked, that lesion

of one side of the cord, below the decussation, affects the same
side of the body, and that alone ; whilst disease of a paralysing

influence, wherever it occurs above the decussation, affects the oppo-
site half of the body. The exceptions to this rule are too anoma-
lous and few to invalidate the explanation so long adopted.
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The restiform bodies form the lateral

i and posterior part of the medulla ob-

longata. They are cylindrical in form.

I a Below they are distinctly continuous

with the antero-lateral and posterior

columns of the cord. As they ascend,

they diverge and leave a considerable

space between them, which is the fourth

ventricle. Each restiform body passes
into the corresponding hemisphere of

the cerebellum, forming a considerable

portion of the crus, the stalk of fibrous

matter around which the hemisphere is

formed. These bodies are, therefore,

the bond of connexion between the

cerebellum and the spinal cord, for
Posterior view of the medulla oblon- 1-1 .-i i r

gata -.-pp. Posterior pyramids, separated which reason they have been appro-
by the posterior fissure, rr. Restiform , i j j z. 77-

bodies, composed of cc, posterior columns, priately designated processus cerebelli
and dd. lateral part of the antero-lateral j j n ij j.

columns of the cord. aa. Olivary columns, tW meduUam OOlOngCltum.

The posterior median fissure is
f ""' bounded on each side by a small co-

luinn, not exceeding one-eighth of an inch in breadth. These

columns are called the posterior pyramidal bodies. Their outer limit

and line of demarcation from the restiform bodies is indicated by
a superficial groove, along which a separation of the two struc-

tures readily takes place, in a preparation previously hardened in

spirit.

The olivary bodies are oval projections on each side of the ante-

rior pyramids. When the latter have been carefully removed, it

may be demonstrated that these bodies are continuous with the

central part of the medulla oblongata. They are coated on the

outside with fibrous matter, within which is a folded lamella or

capsule of vesicular substance, enclosing a white nucleus. By
slicing off a layer of this body even with the surface of the medulla,

the capsule may be seen disposed as a wavy line, surrounding an

oval space of white matter. If examined in transverse section,

this wavy line of vesicular matter is still apparent, but it is incom-

plete behind and within; and the same may be observed on a

vertical section of the olivary body. This lamina is called the

corpus dentatum.

When the pyramids are very largely developed, these oval pro-

jections on the surface of the medulla oblongata do not appear.
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Hence the olivary eminences are peculiar to the human subject,

and some of the monkeys.
On tracing the olivary bodies downwards, they are found to

approximate towards each other, the anterior pyramids which sepa-

rate them gradually diminishing in breadth, and they apparently

terminate by becoming continuous with the antero-lateral columns

of the spinal cord.

The olivary bodies, though separated from the margin of the

pons Varolii by a distinct depression, may be traced upwards

through the mesocephale along with the central substance of the
'

medulla oblongata (fasciculi innominati of Cruveilhier), forming a

considerable portion of the superior layer of each crus cerebri, and

apparently becoming continuous with the optic thalamus and quad-

rigeminal bodies.

The olivary bodies and the central substance of the medulla

oblongata may be described as connecting the spinal cord with the

quadrigeminal bodies and the optic thalami.

It seems highly probable, that the olivary bodies constitute the

essential portion or nucleus of the medulla oblongata; that on

which its power as an independent centre depends. Strong support
to this view is derived from the important fact, that these bodies

and the central portion of the medulla oblongata, with which they
are directly continuous, contain that intermixture of vesicular and

fibrous matter which constitutes the main character of a nervous

centre.

If this be correct, the anterior and posterior pyramids, and the

restiform bodies, must be regarded as consisting chiefly of fibres

which pass from the spinal cord to the cerebrum, or cerebellum,
and not essentially concerned in the formation of the medulla

oblongata. The fibres of these bodies are in fact mainly commis-

sural
; the anterior pyramids serving to connect the cerebral hemi-

spheres to the spinal cord, the restiform bodies connecting the

cerebellum to it, and the posterior pyramids being the means of

connexion posteriorly between the medulla oblongata and the cer-

vical and dorsal regions of the spinal cord. But the olivary bodies

and the central matter of the medulla are directly continuous with

certain principal gangliform masses of the brain, the optic thalami

and quadrigeminal bodies, and by their prolongation upwards form
a large portion of the crura of the brain.

From the description of the minute structure of the medulla

oblongata by Stilling, founded upon investigations conducted in

the same way as those on the spinal cord, it would appear that
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numerous transverse fibres pass into the central and posterior part
of the medulla. It is not unlikely that many of these so called

fibres may be bundles of nerve tubes, but it is also highly probable
that many of them are bloodvessels, which pass in great numbers
into the central substance of the medulla. The same mode of

connexion which exists between the roots of the nerves and the

Fig. 70.

Transverse section of the medulla oblongata through the lower third of the olivary bodies. (From
Stilling.) Magnified 4 diameters.

a. Anterior fissure, b. Fissure of the calamus scriptorius. c. Raphe*. d. Anterior columns.
e. Lateral columns. /. Posterior columns, g. Nucleus of the hypoglossal nerve, containing large
vesicles, h. Nucleus of the vagus nerve. , i. Gelatinous substance. kt k. Roots of the vagus
nerve. I. Roots of the hypoglossal, or ninth nerve, m. A thick bundle of white longitudinal fibres

connected with the root of the vagus, n. Soft column (Zartstrang, Stilling), o. Wedge-like column
(Keelstrang, Stilling), p. Transverse and arciform fibres, q. Nucleus of the olivary bodies, r. The
large nucleus of the pyramid, s, s, s. The small nuclei of the pyramid, u. A mass of gray sub-

stance near the nucleus of the olives (Oliven-Nebenkerri) . u, q, r, are traversed by numerous fibres

passing in a transverse semicircular direction, v, w. Arciform fibres, x. Gray fibres.

spinal cord, whatever that may be, will no doubt be found to pre-

vail in the medulla
; and as several important nerves emerge from

this portion of the encephalon, it seems very likely that their

fibres should penetrate to its central part to form a connexion with

its gray matter. This question, however, is not to be decided

by the use of low powers of the microscope, such as Stilling

employs; nor have our trials with higher ones as yet led to any
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information sufficiently specific to enable us to make a positive

statement respecting the points in question. There is nothing in

the results of Stilling's researches which does not confirm that

which previous dissections, by coarser means of observation, had

pointed out namely, that the restiform and pyramidal bodies are

composed in great part of fibres, taking a longitudinal course,

while the central portion contains both the vesicular and fibrous

nervous elements. The fibres of the latter, according to Stilling,

taking chiefly, if not exclusively, a transverse direction.

There is no evidence of any interchange of fibres between the

restiform bodies, nor between the posterior pyramids of the right
and left sides, such as has been noticed between the anterior pyra-
mids in the description of their decussating fibres. The central or

olivary columns of the medulla oblongata, however, have a very in-

timate connexion with each other, along the mesial plane, apparently

by fibres passing from one to the other.

When the medulla oblongata is divided vertically along the me-
dian plane, a series of fibres is seen to form a septum between its

rig-ht and left half. These fibres take a direction from before

backwards, and appear to connect themselves with the posterior

olivary columns. They are limited inferiorly by the decussating
fibres. Cruveilhier proposes for them the name antero-posterior

fibres ; they appear to belong to the same system as the arciform

fibres.

Of the Cerebellum. This segment of the encephaloii is situated

above and behind the medulla oblongata in a distinct compartment
of the cranium, which has for its roof the tentorium cerebelli. It

bears to the cerebrum in point of weight about the proportion 1 : 8,

and to the entire encephalon, 1 : 10.

The cerebellum consists of a central and of two lateral portions.
The former, also called the median lobe, is the primary part ; it is

the only part of the organ which exists in fishes and reptiles ; the

lateral portions or hemispheres are additions to this, and denote an
advance in development. It is in birds that these are first found;
they are most highly developed in mammals, and attain their max-
imum in man.

Upon removing the pia mater from the surface of the cere-

bellum, we observe its arrangement in numerous thin lamellae,
which are attached to a central column of fibrous matter. A vertical

section of either hemispheres serves well to display their structure.

A series of planes of fibrous matter become detached from the
('(Mitral white column, each plane separating from it at a different
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angle. These planes are in number about ten, counting those on the

upper as well as the under surface. Those situated in front are de-

tached at a right angle, the posterior ones at an acute angle. Each

plane forms the centre of a lobule, and as it proceeds outwards

secondary planes are detached from it, and from these again others

separate. These secondary and tertiary planes are clothed by a

layer of vesicular matter, which also invests the primary planes at

the angles of separation from the principal central column.

We have described each primary plane as forming the central

portion, or stem of a lobule. Each lobule is circumscribed and

separated from those in immediate relation to it, by a fissure which

extends to the principal column. The lobules are composed of

laminae which derive their fibrous matter from the central stem.

Thus the substance of each hemisphere of the cerebellum is

penetrated by a number of fissures, easily traced by following the

pia mater, which lines them. These fissures are divisible into two

classes, primary and secondary. The primary penetrate to the

principal central column, and isolate the lobules; the secondary

separate the lamellae of which each lobule is composed. The deep-
est and most remarkable of the former corresponds to the posterior

margin of each hemisphere, passing in the horizontal plane for-

wards, and separating the posterior laminae into a superior and

inferior set.

The structure of the median lobe is essentially the same as that

of the hemispheres. A stem of fibrous matter, continuous with the

processus cerebelli ad testes, constitutes the central column, and

planes radiate from it in the same manner as in the hemispheres.
Lobules are formed around these planes, and the aggregate of

those on the superior surface of the median lobe constitutes what is

called the superior vermiform process ; and that of the inferior ones,

the inferior vermiform process. The lobules of the median lobe

have a distinct continuity of substance with those of the hemis-

pheres on each side, and thus the entire lobe becomes a medium of

connexion, or a commissure between the hemispheres ; neverthe-

less, the similarity of its structure to that of the hemispheres,
and its existence in the animal series without the lateral portions,

denote that it exercises an independent function.

Within the central stem of each hemisphere of the cerebellum,

the fibrous matter is partially interrupted by a peculiar arrangement
of the vesicular substance, called by Vicq d'Azyr corpus dentatum

(fig. 71, d). This is only found in the inner half of the stem, at

about a quarter of an inch from the origin of the crus. It may be
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Analytical diagram of the encephalon in a vertical section. (After Mayo.)
.v. Spinal cord. >: l;r<tiiorm bodies passing to, c, the cerebellum, d. Corpus dentatum of the

ffivU'lluni. o. Olivary body. /. Columns continuous with the olivary bodies and central part of
thr medulla oblongata, *nd ascending to the tubercular quadrigemina and optic thalami. p. An-
terior pyramids, v. Fons Varolii. ra, ft. Tubercula quadrigemina. g. Geniculate body of the optic
thalanuis. t. Trocessus cerebelli ad testes. . Anterior lobe of the brain, q. Posterior lobe of the
brain.

demonstrated by making a vertical section through the cerebellar

hemisphere, leaving two-thirds of its substance to the outside of the

section. The surface of the section presents at the situation above

described a remarkable layer or capsule of gray matter, surrounding
in great part an oval space ; the gray layer has an undulating dis-

position, and is convex towards the surface ; but open towards the

crus. The precise object of this remarkable structure is not known ;

but the microscopic investigation of it shews that in it there is a

mingling of the elements of the vesicular and fibrous substances.

The central stem, or crus, around which each hemisphere of the

cerebellum is developed, is formed by three bundles of fibres, each
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on a different plane. These are called its peduncles. Through
them the cerebellum forms a connexion with other parts of the

encephalon. The superior layer or peduncle is a bundle of fibres

which extends to the corpora quadrigemina, processus cerebelli ad

testes ; the middle layer passes to the medulla oblongata, the resti-

form bodies ; and the inferior peduncle consists of transverse fibres,

(Pom Varolii), which pass to the opposite side, and also form a

considerable portion of the mesocephale.
Lesions of the cerebellum, when so deep-seated as to affect the

primary planes of fibrous matter or the central stem, have the same

crossed effect as those of the cerebrum. This is not so obviously

explicable as the similar instance of the cerebrum, for the cerebellar

fibres of the medulla oblongata (restiform bodies) do not appear to

decussate. Yet it seems scarcely necessary, in order to explain
the phenomenon, to have recourse to the supposition that they do

decussate. The close connexion between the restiform bodies and

the pyramids, by means of the arciform fibres, renders the latter ex-

ceedingly liable to sympathise with the condition of the former, and,

therefore, prone to propagate the morbid influence to the opposite
half of the spinal cord, and through that to the opposite half of the

body. It must be borne in mind that some of the fibres of the an-

terior pyramids very probably derive their origin from the central

gray matter of the medulla oblongata, as well as of the mesoce-

phale, and that some, at least, of those which affect the right half

of the cord, probably derive their origin from the left side of either

or both of those segments of the encephalon. That lesion of one

hemisphere of the cerebellum may influence the corresponding half

of the medulla oblongata, is likely, from the connexion which the

restiform fibres establish between them. The connexion of the

cerebellum with the mesocephale is most clearly established by
means of the transverse fibres which constitute the Pom Varolii.

Respecting the intimate structure of the cerebellum, little is known
of a very exact nature. The white stems and plates are fibrous,

and consist of multitudes of nerve-tubes of all sizes, which follow

the general direction of each stem or plate. These fibres doubtless

tend principally to propagate the peculiar influence of the cerebel-

lum to the spinal cord and the mesocephale. Some probably are

commissural, as the processus cerebelli ad testes (or cerebro-cere-

bellar commissures), the fibres of the pons, and some of those of the

median lobe. Mr. Mayo supposes that others pass between the

laminae, but their existence is extremely doubtful.

The vesicular matter which covers the plates contains the ordi-

i
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nary elements, of which, however, the caudate vesicles constitute a

principal portion (p. 213). These are so disposed that their processes

pass off chiefly towards the circumference, their obtuse extremities

being directed towards the laminae. Besides these, there is in each

layer of vesicular matter a thin lamina composed of round clear

nucleus-like particles, which cohere to each other without the in-

tervention of any matrix or other connecting substance. Pine

nerve-tubes and blood-vessels pass through it. This lamina is in-

termediate to two which contain nerve-vesicles one of which is

in immediate connexion with the fibrous matter of the cerebellum,

the other with the pia mater.

Of the fourth Ventricle. The divergence of the restiform bodies

in their ascent to the hemispheres of the cerebellum leaves a con-

siderable space, which is of a lozenge shape, having its superior

angle towards the brain, its lateral angles towards the cerebellar

hemispheres, and its inferior angle at the point of separation of

the restiform bodies. Along its floor are seen the central or olivary

columns of the medulla oblongata, extending upwards to the optic

thalami. A fissure, continuous with the posterior median fissure,

separates these columns. Some bundles of white fibres, which may
be traced to the soft portion of the seventh pair of nerves, cross

these bundles nearly at right angles to them and to the fissure

(p. 266), and form with the latter the calamus scriptorius, the white

fibres constituting the barbs of the pen. The roof of this ventricle

is formed in front by the anterior laminae of the superior vermiform

process, which constitute the valve of Vieussens; and behind by
the inferior vermiform process. A process of pia mater enters

it at its inferior angle, just as the choroid plexus penetrates the

inferior cornu of the lateral ventricles of the brain. The reflexion

of the lining membrane on the process of pia mater seems to close

up the ventricle below, and cut off its direct communication with

the subarachnoid space. A canal, which passes through the meso-

cephale, establishes the communication of this with the third

ventricle, iter a tertio ad quartum ventriculum.

The fourth ventricle properly belongs to the medulla oblongata.
It is, therefore, present in all the vertebrate classes, and is, in point
of size, directly proportionate to the medulla itself.

Of the Mesoccphale. This term, suggested by Chaussier, denotes

that this portion of encephalon is the bond of union to the rest,

the cerebrum above, the medulla oblongata below, and the cere-

bellum behind.

The inferior surface of the mcsocephale, the pons Varolii, con-

VOL. I. T



274 INNERVATION. [CHAP. x.

sists of a series of curved fibres, which pass from one cms cerebelli

to the other. When the brain lies with its base uppermost, these

fibres appear to cross over the upward continuations of the anterior

pyramids, as a bridge over a stream. Hence the term pans was

applied to them by Varolius.^ The fibres form a series of curves,

convex forwards, concave towards the medulla oblongata, the pos-

terior being much less curved than the anterior. At either side

they become more closely packed, taper, and form the inferior

layer of each crus cerebelli. Along the middle line a groove
traverses the surface of the pons from its posterior to its anterior

margin, in which the basilar artery usually lies.

The fibres of the pons are always developed in the direct ratio

of the hemispheres of the cerebellum. In animals which have only
the median lobe, there is no pons ;

and when the hemispheres are

small, the pons is small likewise. Hence these fibres must be

regarded as especially belonging to the cerebellum, and as serving,

whatever other office they may perform, to connect the hemi-

spheres of opposite sides. They constitute, therefore, the great

transverse commissure of the cerebellum, and are to the hemispheres
of that organ what the corpus callosum is to those of the brain.

These transverse fibres do not form merely a superficial plane,

which covers the pyramids in their upward passage : on the con-

trary, they extend to more than one half of the depth of the meso-

cephale, as is apparent on a transverse section of it. The more

superficial fibres simply cross from one side to the other; the

deeper-seated ones interlace with those of the pyramids. The

fibres are irregularly disposed in planes, and vesicular matter is

interposed between the more deeply-seated ones. From this gray
matter it is not improbable that some of the fibres of the pyramids

may take origin.

On the superior surface of the mesocephale are the quadrigemi-
nal bodies (nates and testes\ and beneath these the olivary columns.

A slight longitudinal groove separates the quadrigeminal bodies

into a right and left pair, and a transverse groove indicates their

division into an anterior and posterior pair. They are gangliform

bodies, of a grayish white colour, containing fibrous and vesicular

matter. The anterior (nates) are somewhat elliptical in shape;

they are the larger in man. The posterior (testes) are hemi-

spherical, and somewhat lighter in colour. These bodies are much
more developed in the lower animals than in man. In mammalia

* The terms annular protuberance, isthmus encepfiali, nodus encephali, are

also frequently used.
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only do they exist as four. In birds,, reptiles, and fishes, they are

only two in number, and are called optic lobes, from their con-

nexion with the optic nerves. They are hollow in these classes,

but in mammalia they are solid.

Between each testis and the corresponding hemisphere of the

cerebellum, a band of fibrous matter extends processus cerebelli

ad testem. Each band may be traced into the crus cerebelli of the

same side, of which it forms the superior layer, so that its fibres are

doubtless continuous with some of those which form the white

plates of the median and lateral lobes. The connexion of these

processes with the testes is more apparent than real. They seem

rather to pass beneath them to the optic thalami ; and, therefore,

it has been justly remarked, they might be more appropriatelynamed

processus cerebelli ad cerebrum. The valve of Vieussens occupies the

interval between these processes. This layer evidently results from

the spreading out of some of the anterior lamella of the superior

vermiform process.

From the preceding description it will appear, as before stated,

that the stem of fibrous matter which forms the crus cerebelli

derives its fibres from, or is continuous with, three planes of fibrous

matter: the highest, or most superficial, being the processus cerebelli

ad testem
; the second, or middle, the restiform body; and the infe-

rior the fibres of the pons. By the first, the cerebellum and cere-

brum are connected ; by the second the cerebellum is connected

with the medulla oblongata; and by the third, each hemisphere is

brought into union with its fellow, and with the mesocephale.
Foville assigns other fibres as constituents of the crura cerebelli,

which he describes as expansions connected with the fifth and

auditory nerves.

The crura cerebelli seem to emerge from the posterior angles
of the mesocephale. From its anterior part there proceed up-

wards, with a slight divergence, two similar processes, of consider-

able thickness, which enter each hemisphere of the brain, and

upon which each of those masses rests, as a mushroom upon its

stalk.

A septum of a similar kind to that described in the medulla

oblongata is found in the mesocephale. The fibres derived from
the superficial layer of the pons pass backwards from the median

groove to the posterior and superior part of the mesocephale.

Of the Cerebrum. The constitution of each crus cerebri may be

best understood by examining a transverse section made a little

beyond its emergence from the mesocephale. Upon the surface

T 2
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of sucli a section three planes of nervous matter may be distinctly

observed. The inferior one is composed of fibrous matter, con-

tinuous below with that of the mesocephale and the anterior

pyramids, and which passes upwards to the corpus striatum.

Immediately above it is a remarkable mass of a peculiarly dark,

almost black, matter, which constitutes the well-known locus niger

of the crus cerebri. It contains large caudate vesicles, abounding
in pigment, with nerve fibres passing among them, or originating
from them. This black layer does not extend beyond the crus. It

forms a partition between the interior or fibrous layer, and a supe-
rior one, which composes the principal portion of the crus. This

consists of a grayish matter, continuous with the central portion of

the medulla oblongata, or the olivary columns, and passes into the

optic thalalami.

The optic thalamus and corpus striatum are large ganglia formed

upon the anterior and upper extremity of each crus, and with which

the nervous matter of its upper and lower planes appears to be in-

timately connected. The optic thalamus is manifestly continuous

with the superior plane, or olivary columns : its colour and texture

are quite of the same nature with those of that plane ; and when a

longitudinal section of it is carried down through the mesocephale
and medulla oblongata, no distinction is apparent between the

ganglion and the olivary column, so complete is the continuity of

texture. The colour of these bodies has been not inaccurately

compared to that of coffee largely diluted with milk (cafe au lait).

This arises from the intermixture of vesicular matter with a very
close interlacement of fibres.

The corpus striatum has a much darker colour than the optic

thalamus. When a section of it is made in an oblique direction,

upwards and outwards, it exhibits the striated appearance whence

its name is derived. This arises from the passage of the fibres

of the inferior layer of the crus into the vesicular matter of the

ganglion. The fibres do not at first blend with the vesicular

matter, as in the thalamus, but are collected into bundles, which

are large at their entrance from the crus, but subdivide into much
smaller ones, diverging from each other, and radiating through the

ganglion in various directions, upwards, forwards, outwards, and

backwards.

When thin sections of the corpus striatum are examined by
transmitted light, the smallest bundles of fibres observable in them

appear to consist of tubules reduced to their minutest dimensions,

and closely united to each other. So compactly applied are they,
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that very little light passes through or between them. Hence they

appear to be dark masses lying in the substance of the ganglion,

and, from their opacity, it is very difficult to determine their exact

relation to the elements of the vesicular matter. Many of the bun-

dles, however, appear to us to attach themselves, at different parts of

the ganglion, as if around a large vesicle of which, with its nucleus,

we have sometimes seen indications at one extremity of the dark

mass of aggregated fibres. Other bundles of fibres appear to

emerge from the corpus striatum, and to contribute to form the

fibrous matter of the hemisphere.
If this view of the structure of the corpus striatum be correct,

it would appear, that, while a large proportion of the fibres which

constitute the inferior layer of the crus penetrate that ganglion,

many of them do not pass beyond it. They may be described as

terminating in it, or, more properly, if traced from above, as

taking their origin or point of departure from it. Many of the

fibres which seem to pass from the corpus striatum into the white

matter of the hemisphere are doubtless similarly related to the

former body, t. e., take their rise from the vesicular matter, or, to

speak more exactly, pass between the vesicular matter of the hemi-

sphere and that of the corpus striatum. It is also highly probable
that some fibres pass completely through the corpus striatum.

Thus, three sets of fibres may be described as existing in the

corpus striatum
; 1st, those which below enter into the formation

of the crus, and above are connected with that ganglion; 2ndly,
those which are connected inferiorly with the corpus striatum, and

above with the cerebral convolutions ;
and lastly, those which pass

from the white substance of the hemispheres through the corpus
striatum to the crus cerebri. And of these three sets of fibres,

the first serves to connect the corpora striata with the mesocephale
and medulla oblongata ; the second to connect the cerebral convo-

lutions with the corpora striata
;
and the third to connect the con-

volutions with the mesocephale and medulla oblongata. It must
be confessed, however, that the evidence upon which the existence

of the third class of fibres rests is less satisfactory than that for

the first and second, although most of those anatomists who are

contented with coarse dissection seem to recognize only the third

class.

The fibres of the optic thalamus are doubtless, also, continuous

with some of those which form the white matter of the hemi-

spheres ; and from the intimate manner in which this body is

embraced by the corpus striatum, and the close connexion which
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exists between them, there can be but little doubt that fibres pass
from the one to the other.

Projecting from the external and posterior part of each optic

thalamus, there are two small gangliform masses, similar in colour

and in structure to that body. These are the corpora geniculata,

externum and internum (fig. 71, g). Some fibres of the optic tracts

appear to form a connexion with them. By a transverse section

through either geniculate body into the substance of the thalanius,

the distinctness of the former may be demonstrated.

A fissure which exists between the optic thalami is called the

third ventricle. Its roof is formed by the velum interpositum, one

of the principal internal processes of the pia mater. It contains

a bridge of soft grayish matter, extending from one optic thala-

mus to the other. This is called the middle or soft commis-

sure.

The free and continuous surface of the optic thalamus and corpus

striatum, which projects into the anterior and middle part of each

lateral ventricle, is covered by a delicate epithelium, which is con-

tinuous with, and of the same nature as, that which lines the whole

interior of the ventricles. This epithelium is, probably, ciliated.

Beneath it we find a layer of nucleus-like particles, which also

extend over the whole internal surface of the ventricles.

The pineal body, or gland as it has been miscalled, is placed

immediately behind the posterior extremity of the third ventricle.

It is a cone-shaped body, of a dark gray colour, intimately con-

nected with the deep surface of the velum interpositum, a process

of which encloses it and adheres closely to it. It rests in a groove
between the nates : its base is turned forwards towards the third

ventricle, and its apex is directed downwards and backwards.

No part of its base is contained in the third ventricle ; but it is

connected to the inner surfaces of the thalami by some fibres which

pass forwards from each angle of its base. These are called the

peduncles, or habence, of the pineal gland. A cord of transverse

fibres, some of which appear to be continuous with the peduncles,
is situated beneath the base of the body : most of these fibres are

connected with the posterior extremity of each thalamus, and

constitute what is called the posterior commissure.

The pineal body consists principally of large nucleated vesicles,

and contains some tubular fibres. In a cavity which is formed

towards its base, is contained a mass of sabulous matter, which

is composed of phosphate and carbonate of lime. To this Scem-

mering gave the name acervulus. It is found only in subjects
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after seven years of age, and is in a great degree peculiar to the

human subject.

The structure of the pineal body is very imperfectly known;
and although its office has been a theme for some of the wildest

speculators in physiological theories, we are still utterly in the dark

respecting it.

Of the Cerebral Hemispheres. The hemispheres of the brain are

ovoid masses, which in man constitute by far the largest portion

of the encephalon. All that mass of nervous matter which is

external and superficial to the optic thalami and corpora striata

constitutes the hemispheres properly so called. A vertical fissure

separates the right and left hemispheres, which, although not per-

fectly symmetrical, very closely resemble each other. This fissure

contains the great falciform process of the dura mater, which thus

forms a septum between the cerebral hemispheres.
When a horizontal section is made through either hemisphere,

an oval surface is exposed (centrum ovale of Vieussens), which

consists of an area of white or .fibrous matter, bounded by a

waving margin of gray. The latter is about an eighth of an inch

in thickness: it is covered on its exterior by pia mater, from which

innumerable minute vessels penetrate it; and within it adheres

intimately to the white matter, the fibres of which extend into it,

and mingle with its elements.

In examining the surface of a hemisphere from which the pia

mater has been stripped, the peculiar folded arrangement of it

is manifest. These folds, commonly known as the convolutions of

the brain, resemble the rugse which are produced in the mucous
membrane of the stomach when its muscular coat is very much
contracted. They are evidently destined to pack into a small

compass a large surface of vesicular matter. A sulcus separates

each convolution from the neighbouring one. The gray matter

is found at the bottom of the sulci, as well as upon the promi-
nences of the folds, and its union with the fibrous matter takes

place equally in the one as in the other situation. A sulcus,

therefore, contains the gray (vesicular) and white (fibrous) ele-

ments as distinctly as a fold or convolution. It is evident, that if

the surface of gray did not exceed that of the white matter, folds

or convolutions would not be necessary, but a simple expanse of

the former would suffice to cover the surface of the latter. The
convoluted arrangement increases the vesicular surface to an im-

mense extent, without occupying much additional space ; and, by
the prolongation of the fibres, which correspond to the concavities
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of the convolutions, some distance beyond those which penetrate
the gray matter of the sulci, the fibrous matter is adapted to it.

The existence of convolutions on the surface of the hemispheres
affords evidence of a large relative amount of the dynamic or vesicu-

lar nervous matter in those segments of the brain, and their number
and complexity are a measure of the extent to which the vesicular

surface is increased. Of two brains, equal as regards bulk, and occu-

pying the same space, that which has the more numerous convolu-

tions on its surface has the greater quantity of vesicular matter,

and must be regarded as physiologically the more potential.

A remarkable gradation is observable as regards the number of

the cerebral convolutions from the lowest mammalia up to man.

Some of the Rodentia, Cheiroptera, and Insectivora, occupy the

lowest place; and monkeys, the elephant, and the whale, rank

next to Man, in whom the convolutions reach their highest point

of development. In the rat, mole, &c., the surface of the brain is

perfectly smooth : and the only tendency to complication which it

exhibits is to be found in the convolution of the gray matter at the

fissure of Sylvius. The brains of these animals resemble, in this

respect, to a striking degree, those of birds, which are equally des-

titute of all semblance of a convolution. But in the rabbit, guinea-

pig, beaver, &c., the occurrence of certain fissures on the surface of

the hemispheres, and the greater depth of the fissure of Sylvius,

denote the first steps in the development of convolutions.

A further stage of development is indicated by the existence of

certain rounded folds which generally take a direct course parallel

to the long axis of the hemispheres. These folds are but few in

number, and quite simple, but may be readily distinguished from

the rest of the cerebral surface, by the fissures which bound them.

However complicated and numerous the convolutions of the most

highly developed brains may be, it cannot be supposed that their

arrangement is accidental, or has reference merely to the space

within which the brain is enclosed. On the contrary, there seems

no doubt that the position, size, and connexion of certain primary
folds influence mainly the number and variety of those which

occupy the intervening spaces. This interesting point has been

strongly insisted upon by M. Leuret, who shews, by comparison
of the most completely convoluted brain with those in which the

folds are few and simple, that the convolutions of the latter, which

are, as it were, the original landmarks in this intricate arrange-

ment of the cerebral surface, may be demonstrated in each succes-

sive group of brains which form a stage in the ascending series.
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Taking the brain of the fox as the standard of comparison,

M. Leuret* describes in it six obvious convolutions, prominently
marked on the surface of its hemispheres. Four of these are ex-

ternal, the uppermost of which occupies also the principal portion

of the superior surface; one is internal, and situate immediately
above and parallel to the corpus callosum ; while the sixth is on the

inferior surface of the anterior lobe, and rests upon the orbit,

whence it is named supra-orbitar. Of the four external, the in-

ferior one bounds the fissure of Sylvius above, in front, and behind ;

and its relation to that fissure enables the observer to distinguish

it very readily. The three remaining ones, curved similarly and

parallel to the first, and to each other, occupy the remainder of the

external, and, in pari, the superior surface of the hemisphere.
M. Leuret distinctly traces these convolutions in other groups of

animals in which the general organization of the brain has mani-

festly acquired a considerable increase. Some of them, however,

are fissured, or exhibit a tortuous appearance; or one or more

small folds unite neighbouring convolutions at one or more points ;

or a fissure may be of such depth as to divide a convolution at

one extremity into two, either or both of which may form a junc-
ture with others. Thus, from a few primary or fundamental con-

volutions, a highly complicated surface of the brain may be formed,

by their subdivision, by their tortuosity, and by their junction
at various points, through the intervention of straight or tortuous

secondary folds.

In some animals, however, the primary convolutions may even

be less numerous than those above mentioned ; and yet the surface

of the brain may appear more complex, owing to the tortuosity

of those which do exist, and their subdivision into, or junction

with, numerous secondary folds. This is the case in that group of

which the sheep forms the type. There are but two primary
convolutions on the external surface, one of which corresponds to

that of the fissure of Sylvius in the fox, the other to the one imme-

diately above it
; and there are the internal convolution and the

supra-orbitar one, making in all only four primary convolutions.

Yet the surface of the sheep's brain exhibits a much greater num-
ber of folds than that of the fox.

On the other hand, when the brain ha's acquired an enormous
increase of size, as in the elephant and in man, new convolutions

* Professor Owen has pursued the same subject extensively, and has given
his results in his lectures at the Royal College of Surgeons ;

but we believe

these have not yet been published.
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seem to be added to the primary ones met with in inferior groups,
and the secondary folds are greatly increased in number. The
additional convolutions are found chiefly at the superior and an-

terior part of the hemisphere.
In the human brain the following convolutions are constantly

present, and resemble the primitive ones, which have been

already referred to in the brains of the inferior animals. The
internal one is always well marked

;
it lies parallel to the corpus

callosum, overlapping it slightly on either side. In front it winds

round the anterior margin of the corpus callosum, and is con-

nected with the convolutions of the anterior lobe ; posteriorly it

divides, appears to be continuous with some posterior convolu-

tions, and passes into the middle lobe, forming the hippocampus

major. Numerous small folds pass from its upper edge to the

superior convolutions. The supra-orbitar convolution is well de-

veloped, and bears a constant relation to the fissure for the olfactory

process. The fissure of Sylvius is bounded by a tortuous external

convolution, which forms numerous connexions with others on the

external surface of the brain. In this fissure is found constantly a

group of shallow convolutions, which forms what is been called by

Reil, the island, insula, from their isolated position, having only

deep-seated connexions in the vicinity of the corpus striatum.

Some longitudinal convolutions are found on the superior and on

the inner surfaces of the hemispheres, uniting with neighbouring
ones by means of numerous transverse folds.

According to Leuret, that only can be properly called a convo-

lution which is primary; and these, for the most part, take a

direction in the length of the brain. Those which form angles
with the primary convolutions are, in his estimation, mere folds

derived from them, and connecting them to others. When the

convolutions are very highly developed, as in man and the ele-

phant, their numerous undulations obscure in a great degree their

real direction. Hence many of the primary convolutions in the

human brain seem to take a vertical direction.

There are, however, other differences in the convolutions, whether

of the brains of the same or of different groups, besides those de-

pendent on form and degree of undulation. These are referrible

to their depth and their thickness. Animals, even of the same

group, or of the same species, exhibit much variety with respect

to these points. The wolf has precisely the same convolutions

as the fox; but those of the former are deeper, and thicker,

as well as more undulating than those of the latter. Much
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difference is also observable in these respects in the human
brain. The convolutions of the female brain are not so deep

nor so thick as those of the male. Age, too, causes a marked

difference. The convolutions of the child just born, besides being
much more simple, and having fewer undulations, are less deep
and less thick than those of the adult ;

and in old age, when

the brain has shrunk, the mental faculties being less vigorous

and active, the convolutions have become much smaller in every

dimension, and water is apt to accumulate in the intergyral

spaces.

In man, the convolutions of the right and left hemispheres do

not present a perfect symmetry. It is important, however, to

notice, that careful examination will invariably display the same

essential convolutions on each side, although they present such

striking differences in detail that it is at times difficult to recog-

nize the likeness; and it is not a little remarkable, that, in

general, the lower the development of a brain, the more exact

will be the symmetry of its convolutions. Thus the brains

of all the inferior mammalia, even of those which make the

nearest approach to man, are exactly symmetrical. The imper-

fectly developed brain of the child exhibits a similar symmetry ;

and that of the inferior races of mankind, in whom the neglect
of mental culture, and habits approaching those of the brute, are

opposed to the growth of the brain, also presents a symmetrical

disposition of the convolutions.

A convolution consists of a fold of the gray, or vesicular matter,

enclosing a process of the fibrous. The gray matter of neighbouring
convolutions is obviously continuous throughout at the bottoms of

the sulci, so that it forms one unbroken although undulating sheet

over the whole convoluted surface of the brain. That portion
of the gray layer which is in contact with the pia mater is purely

vesicular, i. e. unmixed with nerve-tubes, with the exception of a

few stray ones on the surface ; but blood-vessels penetrate it in

very great numbers. The more deeply seated portion, however,
contains very numerous tubular fibres, which become larger as

they approach the white matter. It is very plain, that a large

proportion of the constituent fibres of the white matter of the

convolutions penetrate the gray matter : these appear to enter it

more or less at right angles to that portion of the gray surface

with which they are more immediately in relation ; and, on the

other hand, they converge inwards towards the central parts of

the brain, the corpora striata and optic thalami. A large pro-
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portion, therefore, of the white substance of the hemispheres, the

centrum ovale, consists of fibres which establish a communication

between the gray undulating surface and these central garigliform

bodies.

We are unable, however, to state that all the fibres of the

convolutions take this inward direction. Some of them, it has

been asserted, pass from convolution to convolution, uniting those

immediately adjacent, as well as the more remote. Such fibres, did

they exist, would pass at right angles to those above described,

and parallel to the gray surface. They would constitute intergyral

commissures. But the existence of such a series of fibres rests

on a foundation too uncertain to warrant us in speaking confidently

respecting it. When a brain which has been hardened by long
immersion in alcohol is torn along the surface of the convolutions,

the torn surfaces take on a fibrous appearance. But nothing of

the kind can be shewn in the fresh brain, in which the direction

of the fibres which converge to the corpora striata may be as easily

demonstrated as upon the hardened one.

The gray matter of the convolutions does not exhibit an uniform

colour throughout its entire thickness. Much depends, as regards

the depth of colour of the whole layer, upon the quantity of blood

in its vessels. Compare the gray matter of an anaemic brain with

that of a healthy one, or, still more, of a congested one, and the

difference cannot fail to strike the most superficial observer. The

external portion has the darkest colour, and the internal in general

the lightest. In some convolutions, however, the intermediate

layer is white, and appears on the section like a white line sepa-

rating the inner from the outer layers. This is very obvious in

the convolutions forming the exterior of the descending horn of the

lateral ventricles. This white layer contains fine nucleus-like par-

ticles, similar to those which form the intermediate layer of the

gray matter of the cerebellum ; a coincidence of structure between

certain convolutions of the brain, and the gray matter of the cere-

bellum, which, doubtless, is not without some physiological sig-

nificance.

Certain systems of fibres exist in the cerebrum, which seem

very evidently to unite portions of the same, or of opposite hemi-

spheres. The most obvious of these commissures are, the corpus

callosum, the anterior commissure, the posterior commissure, the soft

commissure, the superior longitudinal commissure, and the fornix. All,

except the two last, are transverse, and unite parts of the hemi-

spheres of opposite sides.
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The corpus callosum is a thick stratum of transverse fibres, bent

at its anterior and posterior extremities, situate between the hemi-

spheres, and forming a floor to a portion of the great median

fissure which separates them. Its fibrous structure is very appa-

rent to the naked eye, the fibres being collected in coarse bundles.

On each side it penetrates into the hemisphere, under cover of the

internal convolution already mentioned, which overhangs it in its

entire length. It thus connects the anterior, middle, and part ofthe

posterior lobes of each hemisphere; at least, its fibres penetrate the

hemisphere at these parts. Foville describes the fibres of this com-

missure as being derived partly from the posterior columns of the

medulla oblongata, from the optic thalami, from the corpora striata,

and, lastly, from the fibrous matter of the hemispheres; and although
the demonstration of these numerous sources of origin of these

fibres is attended with much difficulty, it nevertheless seems highly

probable that the numerous fibres, of which so extensive a stratum

is formed, would derive their orgin from several sources.

The corpus callosum is crossed from before backwards along the

median line by two stripes of longitudinal fibres, which, although

easily separable, generally lie in close apposition with each other,

and form a kind of raphe, dividing the upper surface of the corpus
callosum into two equal and symmetrical portions. These fibres

seem to be commissural in their office.

The anterior commissure is a remarkable bundle of transverse

fibres, which passes from one hemisphere to the other. It is in its

centre a cylinder of fibrous matter, a little thicker than a crow-

quill, but becoming very much flattened and expanded at its extre-

mities. Its central part is seen at the anterior extremity of the

third ventricle, in front of the anterior pillars of the fornix, crossing
from side to side, quite free, and unconnected with nervous matter.

It plunges on either side into the anterior extremity of the corpus

striatum, and, passing through it, its fibres diverge and spread out

into the white matter at the floor of the Sylvian fissure, and near

the anterior perforated space.

The posterior commissure crosses the posterior extremity of the
third ventricle, and passes transversely between the optic thalami.

It is a slender cylinder of fibrous matter, which lies immediately
above the anterior orifice of the aqueduct of Sylvius. On each side

it seems to sink into the posterior part of the optic thalamus. The
base of the pineal body rests upon it, and is connected with it by
fibrous matter, which is continuous with the peduncles.
The soft commissure is a soft pale-gray layer consisting of
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vesicular matter with nerve-tubes -which, stretches from one optic

thalamus to the other, having no other connexion, and being free on

its upper as well as its under surface. This layer, thus extended

horizontally between the thalami, divides the third ventricle into a

superior and an inferior portion. As it comprises vesicular matter,

it is not a commissure in the same sense as the others, which

contain none.

The superior longitudinal commissure is enclosed in the internal

convolution overhanging the corpus callosum. Posteriorly it passes

over the posterior border of the corpus callosum, to the under part
of the middle lobe, where it is chiefly connected with the hippocam-

pus major. Anteriorly it winds over the front border of the corpus
callosum to join the lower convolutions of the anterior lobe in front

of the fissure of Sylvius. Thus it takes a course similar to that of

the fornix, though more extensive and superficial.

Thefornix or vault is the most extensive, and in every way the

most remarkable of the cerebral commissures. It is placed imme-

diately beneath the corpus callosum, with the posterior half of which

it is intimately connected, and from which it is with difficulty sepa-

rated. A principal portion of the fornix consists of a horizontal

lamella of fibrous matter, parallel to the corpus callosum, of a trian-

gular shape, with the apex forwards (corpus fornicis). The base is

enclosed by the posterior reflection of the corpus callosum, the ter-

minal transverse fibres of which are seen on its interior surface,

forming the appearance which has been designated lyra.

The fornix may be divided along the middle line into two equal

and symmetrical portions, one belonging to each hemisphere. Suf-

ficient indication of its double form is evinced by the prolongation
from its apex of two cylindrical cords, which curve forwards and

downwards, then backwards, with their convexities touching the

posterior border of the anterior commissure. These are the ante-

rior pillars of the fornix. In their descent they diverge slightly

from each other, leaving an interval between them, through which

the anterior commissure appears. These pillars form the anterior

boundary of the foramen commune anterius, through which the

lateral ventricles communicate with the third, and with each other.

Each anterior pillar of the fornix in its descent penetrates the

anterior and inner part of the optic thalamus. Here it is sur-

rounded by vesicular matter, which may be readily scraped away
from it. Numerous striae of fibrous matter join the pillar as it

passes through the vesicular matter
; their constituent fibres, doubt-

less, being derived from the thalamus. Finally, each pillar ter-
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minates in a small spherical body at the base of the brain. These

bodies, called corpora mamillaria, are white outside, but, when

cut into, exhibit a reddish-gray colour, like that of the optic tha-

lami. They contain nerve-tubes and vesicular matter in consider-

able quantity, and therefore resemble ganglia in structure. A
considerable fasciculus of fibres connects each mamillary body with

the optic thalamus.

From each angle of the base of the fornix a broad band of

fibrous matter passes outwards, and spreads partly into the poste-

rior horn of the lateral ventricle, and partly into its descending
horn. These bands constitute the posterior pillars of the fornix.

They connect themselves with certain convolutions which project

into the posterior and inferior cornua of the lateral ventricles ;
in

the latter with the hippocampus minor, and in the former with the

hippocampus major.
The fornix consists of longitudinal fibres, unmixed with vesi-

cular matter, save in the optic thalami and corpora mamillaria.

The superior surface of the body of the fornix is connected to the

inferior surface of the corpus callosum, at its base apparently by
the direct adhesion of the fibres of the two planes; but towards

its apex by the septum lucidum, which extends vertically from the

middle line of the inferior surface of the corpus callosum to that of

the superior surface of the fornix.

From the great extent of the fornix, and the numerous con-

nexions which its pillars form, it is plain that it must serve as

a commissure to many and distant parts. Each half of it is a

longitudinal or antero-posterior commissure for the hemisphere of

its own side. It is not improbable that some of the convolutions

contain antero-posterior commissures for the superficial part of the

hemisphere ; such is certainly the case with the longitudinal con-

volution above the corpus callosum. The fornix, however, con-

nects deep-seated parts, for it passes between the optic thalamus

and the deep convolutions of the posterior and middle lobes.

Tlie septum lucidum consists of two layers of fibrous matter,
which enclose a space or cavity called the fifth ventricle. The
fibrrs of this layer radiate upwards and forwards, and connect the

anterior pillars of the fornix with the corpus callosum. Each
fibrous layer is covered on its outside by a layer of nuclear parti-

cles, which again is covered by the membrane of the lateral

ventricle.

A band of fibrous matter, which belongs to the same system
of commissural fibres as the fornix, is found, on each side, in the
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groove between the corpus striatum and optic thalarnus. This is

called tcenia semicircularis. It may be described as connected with

the corpus mamillare, in much the same way as the anterior pillar

of the fornix. Traced from this point, it is found to penetrate the

optic thalamus, following the general course of the anterior pillar

of the fornix, but slightly diverging from it, and to emerge from

the thalamus in the anterior part of the groove between it and the

corpus striatum, whence it passes backwards, outwards, and down-

wards into the inferior cornu of the lateral ventricle.

Other structures exist in the brain, which seem likewise to act

as commissures to the parts between which they are placed.

Thus, between the crura cerebri a layer of fibrous matter, mingled
with a few vesicles, is placed, which fills up the angle formed at

their divergence ; this layer is remarkable for being perforated by
numerous foramina, which give passage to the blood-vessels of the

locus niger. It is called the pans Tarini ; it probably connects the

gray matter of the crura.

The innermost fibres of the optic tracts are evidently commissural.

These fibres form an arch, which crosses the tuber cinereum. In

the mole, they are the only fibres of the optic tracts existing :

those which form the optic nerves are not present. These fibres

connect the quadrigeminal tubercles and the geniculate bodies of

opposite sides.

The tuber cinereum is a remarkable layer of vesicular matter,

with which nerve-tubes freely intermingle, which extends from the

mamillary bodies forwards to the posterior reflection of the

corpus callosum, and has intimate connexions with the anterior

pillars of the fornix, the optic tracts, the septum lucidum, and, at

the floor of the third ventricle, with the optic thalami. An infun-

dibuliform tube passes from it down towards the pituitary gland,

which is situate in the sella Turcica.

It is curious how few are the fibres which seem to connect the

cerebrum and cerebellum. The only ones to which this office

can be assigned are those which form the processus cerebelli ad

testes. Hence these structures may more fitly be denominated

cerebro-cerebellar commissures. They extend between the cere-

bellum on the one hand, and the optic tubercles and thalami on

the other.

Of the manner in which the commissures connect the various

parts between which they are placed, it is difficult to form an

exact opinion. Are the commissural fibres directly continuous

with those of the segments which they unite ? or do they inter-
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mingle or interlace with them in some intricate way, so that they

may come into intimate or frequent contact ? Or, do they, like

other fibres, blend with the gray matter, and thus connect the

really dynamic portion of the segments ? This latter view seems

to be the most probable.

The pituitary body or hypophysis is a glandiform mass lodged in

the sella Turcica, and surrounded by the coronary sinus. It is

connected with the brain by the infundibular process, the small

extremity of which is attached to its superior concave surface.

This body consists of two lobes, of which the anterior is much
the larger ; and which also differ in point of colour, the anterior

being of a yellowish gray, the posterior more similar to the gray
matter of the brain. The former is considerably denser and firmer

than the latter, which does not differ in consistence from the cere-

bral gray matter. The infundibulum is chiefly connected with the

posterior lobe.

In point of structure, this body resembles somewhat the vesicular

matter of the brain. We find in it large vesicles with distinct

nuclei and nucleoli lodged in a granular matrix, and between them

numerous bundles of white fibrous tissue. These are most nume-

rous in the anterior lobe. Its use is quite unknown.

Of the Ventricles of the Brain. By the apposition of the two

hemispheres of the brain along the median plane, a fissure-like

space is enclosed beneath the corpus callosum and foruix, limited

in front by the anterior pillars of the latter, and behind by the

posterior commissure ; this is the middle or third ventricle. This

fissure is closed inferiorly by the pons Tarini, mamillary tubercles,

and tuber cinereum ; its roof is formed by the velum interpositum, a

process of pia mater, which separates it from the body of the fornix.

It communicates posteriorly with the fourth ventricle through the

aqueduct of Sylvius (iter a tertio ad quartum ventriculum) 3 and imme-

diately behind the anterior pillars of the fornix it freely opens into

each lateral ventricle. At the same situation, the velum interposi-
tum and the choroid plexuses communicate with each other. The

optic thalami form the lateral boundaries of the third ventricle,
and its cavity is crossed by the soft commissure.
The lateral ventricles result from the folding of the convoluted

surface inwards and downwards. By their extension inwards, and
tlu-ir junction along the median line by the corpus callosum, the

horizontal portion of each ventricle is enclosed ; and by the folding
inwards of the inferior convolutions, posterior to the fissure of

Sylvius, the inferior horn is formed. The horizontal portion
VOL. i. u
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extends into the anterior lobe (anterior or frontal horn), and into

the posterior lobe (posterior or occipital horn). The central part of

the horizontal portion is separated from the third ventricle by the

body of the fornix. In this portion of the ventricle are seen the

npper surfaces of the corpus striatum and optic thalamus, with the

tsenia semicircularis between them, covered by the lamina cornea.

The thalamus is partly concealed by the choroid plexns. The

descending or inferior horn (sphenoidal horn) communicates with

the body of the ventricle just behind the corpus striatum, and from

that point passes downwards and outwards, and then forwards and

inwards. It contains a remarkable convolution, the hippocampus

major, which projects into it, and is a continuation of that enclosing
the superior longitudinal commissure ;

this is covered by an expan-
sion of fibrous matter continuous with the posterior pillars of the

fornix. The posterior horn contains a similar but smaller convo-

lution, called hippocampus minor.

The inferior horn of the lateral ventricle contains a considerable

portion of the choroid plexus. This enters at its inferior extremity
between the hippocampus major and the crus cerebri, and passes

upwards into the horizontal portion of the ventricle.

The fourth and the fifth ventricles have been already described.

All the ventricles are lined by a very delicate membrane, similar

in structure to serous membrane. It is covered by a fine epithe-

lium consisting of polygonal scales, and provided with cilia, which

were first observed by Purkinje and Valentin. This epithelium
is found covering the surface not only of the wall of the ventricle,

but also of the pia mater within it, the choroid plexuses, and the

deep surface of the velum interpositum. It is by means of the

reflection of this membrane upon the intraventricular processes

of pia mater, that the ventricles are closed at those points where

nervous matter does not exist, such as the inferior cornua of the

lateral ventricles, and the inferior extremity of the fourth ventricle.

There is, therefore, no direct communication of these cavities at

these points with the subarachnoid space ; and, if fluid pass from

one to the other, it must be by filtration through the delicate

ventricular membrane.

In a state of health, there is little or no fluid in the lateral or

other ventricles of the brain. Their inner surfaces are doubtless in

contact, but lubricated with a moisture, as all serous surfaces are.

When fluid is found in them, it results either from changes which

take place after death, or from some morbid process during life.

A state of anseinia, or an impoverished condition of the blood, in
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which its colouring matter and its fibrine are found in small

quantity, is very favourable to the effusion of fluid into the ven-

tricles.

It may serve, in some degree, to convey a clearer general idea of

the anatomy of the brain, if, in conclusion, we explain the course

which the nervous force might, and probably does follow, when

developed in any particular segment of this complex organ.
If we suppose the source of power to be the convolutions 011

either side, the nervous force would be propagated by the fibres of

the hemisphere to the vesicular matter of the corpus striatum ;

from which it would pass along the fibres of the inferior layer of

the crus cerebri, through the mesocephale, to the anterior pyramids
of the medulla oblongata ; along which it would be conveyed to

the opposite half of the spinal cord, exciting the nerves which

spring from that segment. Supposing this to be the route in which

the impulse of volition is propagated to the muscles, it becomes

very easy to understand why a state of paralysis must ensue, when
an apoplectic clot, or other morbid deposit in any part of the

course above described, compresses or ruptures the fibres, or when
a state of softening destroys their vital powers, or causes a solu-

tion of their continuity. If the seat of disease be in the white

matter, the channels along which the nervous power travels will

be interrupted ;
if it be in the gray matter, the sources of nervous

power are impaired. In all cases the extent of the paralysis will

be proportioned to that of the lesion, and for the most obvious

reasons.

If the cerebellum be the source of power, the nervous force will

travel from either hemisphere along the fibres of the crus, and by
those of the restiform body to the spinal cord, and from the conti-

nuity of the former with the posterior column of the latter it is

probable that this column would be more immediately excited.

So little is known of the precise channels through which im-

pressions created at the periphery are propagated in the central

organ, that we can hardly do more than speculate on the subject.

We may, however, fairly conclude, that those segments with which

nerves admitted to be sensitive are in close connexion, must be

instrumental in the propagation of the nervous power, when excited

by sensitive impressions ; and hence we are led to assign to the

olivary columns of the medulla oblongata, and their continuations

in the mesocephale, with the optic tubercles and the thalami, a

considerable share in this office, inasmuch as the auditory, the

fifth, and the optic nerves, are intimately connected with them.

u 2
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And admitting, For the present, that the hemispheres are the com-

mon centre of sensitive impressions, it is easy to understand how
nervous power, excited by the impulse of sound upon the ear, for

example, may be propagated along the auditory nerves to the olivary

columns in the fourth ventricle, and thence to the optic thalami, in

which are found many fibres which are continuous with those of

the hemispheres, and capable of propagating the nervous force to

the convolutions.

To this it may, however, be objected, that perfect sensation is

frequently coexistent with a cerebral lesion, sufficient to produce

very complete paralysis of motion, and that an enduring paralysis

of sensation is a rare accompaniment of cerebral disease. But such

facts do not so much militate against these views, as they serve

to denote that the channels of sensation are more numerous than

those of motion ; and that, if one route be interrupted, another is

easily opened. It may be, that the commissures are valuable

instruments for this purpose ; and it is highly worthy of notice,

that no segment of the cerebrum has so many commissures, either

with the opposite or its own side, as the optic thalamus.

It should be borne in mind that the foregoing remarks are partly

conjectural, and that they are introduced rather as a convenient

form of illustration, than as implying more than a probability of

their general correctness and accordance with the best established

views.

Of the Circulation in the Brain. An organ of such great size, of

such high vital endowments, so active, and which exerts so consi-

derable an influence upon all other parts of the body, must neces-

sarily require a large supply of the vital fluid. Hence we find that

the blood-vessels of the brain are numerous and capacious. Four

large arteries carry blood to it ; namely, the two internal carotids,

and the two vertebrals. Each carotid penetrates the cranium at the

foramen on the side of the sella Turcica, and almost immediately
divides into three branches, the anterior and the middle cerebral

arteries, and the posterior communicating artery.

The anterior cerebral arteries supply the inner sides of the ante-

rior lobes of the brain : they ascend through the great longitudinal

fissure, and pass along the upper surface of the corpus callosum,

giving off branches to the inner convolutions of both hemispheres
of the brain. These arteries anastomose with each other just

beneath the anterior margin of the corpus callosum by a transverse

branch, called the anterior communicating artery. The middle cere-

bral arteries, the largest branches of the carotids, pass outwards
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in the fissures of Sylvius, and supply the outer convolutions of the

anterior lobes, and the principal portion of the middle lobes.

At the inner extremity of each fissure of Sylvius numerous small

branches of these arteries penetrate, to be distributed to the corpus

striatum. The choroid arteries which supply the choroid plexus

sometimes arise from these arteries, but also occasionally come from

the carotid itself. The posterior communicating artery is an ana-

stomotic vessel, which passes backward along the inner margin
of the middle lobe on the base of the brain, and communicates

with the posterior cerebral artery, a branch of the basilar.

The vertebral arteries having passed through the canals in the

transverse processes of the cervical vertebrae, enter the cranium

through the occipital foramen towards its anterior part. In their

ascent they incline towards each other in front of the medulla

oblongata, and at the posterior margin of the pons they coalesce

to form a single vessel, the basilar, which extends the whole length
of the pons.

The vertebral arteries furnish the anterior and posterior spinal

arteries, and the inferior cerebellar arteries. These last vessels

arise from the vertebrals very near their coalescence, and pass

round the medulla oblongata to reach the inferior surface of the

cerebellum, to which they are principally distributed.

The basilar artery sends numerous small vessels to penetrate
the pons, and at its anterior extremity divides into four arteries,

two on each side : these are, the two superior cerebellar, and the

two posterior cerebral arteries.

The superior cerebellar arteries pass backwards round the crus

cerebri, parallel to the fourth nerve, and divide into numerous

branches on the upper surface of the cerebellum, some of which

anastomose with branches of the inferior cerebellar artery over the

posterior margin of the cerebellum. Some branches of these ar-

teries are distributed to the velum interpositum.

The posterior cerebral arteries are the largest branches of the

basilar. They diverge and pass upwards and backwards round

the crus cerebri, and reach the inferior surface of the posterior lobe,

anastomosing in the median fissure with ramifications of the anterior

cerebral, and on the outside with branches of the middle cerebral

arteries. Numerous small vessels pass from this artery at its

origin, and penetrate the interpeduncular space, and one or two
are distributed to the velum. Shortly after its origin, the artery
receives the posterior communicating branch from the carotid.

A remarkable freedom of anastomosis exists between the arteries
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of the brain. This takes place not only between the smaller rami-

fications, but likewise between the primary trunks. The former

is evident all over the surface of the cerebrum and cerebellum.

The latter constitutes the well-known circle of Willis. This ana-

stomosis encloses a space, somewhat of an oval figure, within which

are found the optic nerves, the tuber cinerum, the infundibulum,
the corpora mamillaria, and the interpeduncular space. The
anterior communicating artery, between the anterior cerebral arte-

ries, completes the circle in front. The lateral portion of the circle

is formed by the posterior communicating artery, and it is com-

pleted behind by the bifurcation of the basilar into the two pos-

terior cerebral arteries. Thus, a stoppage in either carotid, or in

either vertebral, would speedily be remedied. The coalescence of

the vertebrals to form the basilar, affords considerable security to

the brain against an impediment in one vertebral ; and, should the

basilar be the seat of obstacle, the anastomoses of the inferior cere-

bellar arteries with the superior ones would ensure a sufficient

supply of blood to that organ. If either or both carotids be stopped

up, the posterior communicating arteries will supply a considerable

quantity of blood to the intracranial portions of them
; or, if one

carotid be interrupted, the anterior communicating branch will be

called into requisition to supply blood from the opposite side.

Obstruction to the circulation in both carotids and both verte-

brals is productive of a complete cessation of cerebral action, and

death immediately ensues, unless the circulation can be quickly
restored. This was proved clearly by Sir A. Cooper's experiments
on rabbits. The circulation may, however, be interrupted in both

carotids, or in both vertebrals, without permanent bad effect ; or

in one carotid or in one vertebral, provided the condition of the

remaining vessels be such as not to impede the circulation in them.

In cases where the neighbouring anastomotic branches are not

sufficient to restore the circulation to a part from which it has been

cut off by the obliteration of its proper vessel, the cerebral

substance of that region is apt to experience a peculiar form of

softening or wasting, which is distinguished by the absence of any
discoloration by the effusion of blood, and of any new matter.

The four great channels of sanguineous supply to the brain are

continued up straight from the aorta itself, or from an early stage

of the subclavian. The contained columns are propelled very

directly towards the base of the brain, through wide canals.

Were such columns to strike directly upon the base of the brain,

there can be no doubt it would suffer materially. Considerable
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Fig, 72.

protection, however, is afforded to the brain ; first, by the blood

ascending against gravity, during at least a great portion of life ;

secondly, by a tortuous arrangement of both carotids and verte-

brals before they enter the cranial cavity, the carotid being curved

like the letter S in and above the carotid canal, and the vertebral

being slightly bent between the atlas and axis, then taking a hori-

zontal sweep above the atlas, and after it has pierced the occipito-

atlantal ligament, inclining obliquely upwards and inwards ; thirdly,

by the breaking up of the carotids into three branches, by the

inclined position of the vertebrals, and by their junction into a

single vessel, which takes a course obliquely upwards, and after-

wards subdivides into smaller branches. Such arrangements most

effectually break the force of the two columns, and, as it were,

scatter it in different directions.

A further conservative provision is found in the manner in which

the blood-vessels penetrate the brain. The larger arterial branches

run in sulci between convolutions, or at the base of the organ ;

smaller branches come off from them, and ramify on the pia mater,

breaking up into extremely fine terminal arteries, which penetrate
the brain ;

or these lattter vessels spring di-

rectly from the larger branches, and enter the

cerebral substance. As a general rule, no

vessel penetrates the cortical layer of the

brain, which, in point of size, is more than two

removes from the capillaries ; and, whenever

any vessel of greater size does pierce the cere-

bral substance, it is at a situation where the

fibrous matter is external, and the part

perforated by foramina for the transmission

of the vessels. Such places are the locus

perforatus, the interpeduncular space, &c.

The accompanying figure shews the manner
in which the terminal arterial twigs dip ver-

tically into the cerebral substance, and break

up into a solid plexus of capillaries in the

stratum of vesicular matter. The capillary

plexus of the fibrous or white matter has
similar characters, only its meshes are much
wider (fig. 72). The capillaries of the
cerebral substance are easily seen to possess
an independent diaphanous wall, with cell-

nuclei disposed at intervals. The smaller



296 INNERVATION. [CHAP. X.

arteries and veins can also be admirably studied in the pia mater
of the brain.

The venous blood is collected into small veins, which are formed
in the pia mater at various parts of the surface, and in the interior

of the brain. The superficial veins open by short trunks into veins

of the dura mater, or into the neighbouring sinuses
; the superior

longitudinal, the lateral, and the strait sinuses receiving the greatest
number. Those from the interior form two trunks, vena magnet

Galenij which pass out from the ventricles between the layers of the

velum interpositum. The cerebral veins are devoid of valves.

We remark here, that the venous blood of the brain is returned

to the centre of the circulation through the same channels as that

of the dura mater, of the cranial bones, and of the eyeball : the

deep jugular veins are the outlets by which the venous blood of

the cranium is discharged. An obstacle, therefore, in both or

either of these trunks must affect the entire venous system of

the brain, or at least that of the corresponding hemisphere. A
ligature tied tightly round the neck impedes the circulation, and

may cause congestion of the brain. The bodies of criminals who
have died by hanging exhibit great venous congestion, both of the

walls and the contents of the cranium, in consequence of the strong

compression to which the veins have been submitted.

We have seen, that, when the blood of one carotid artery is cut

off, the parts usually supplied by it are apt to become exsangueous
and softened ; and this is more especially the case if the vertebral

be also impacted, or the circulation in it impeded. And it has been

remarked, that these effects will follow the application of a ligature
to either common carotid artery.

Notwithstanding these facts, a doctrine has received very general

assent, and the support of men of high reputation, which affirms

that the absolute quantity of blood in the brain cannot vary, be-

cause that organ is incompressible, and is enclosed in a spheroidal
case of bone, by which it is completely exempted from the pressure
of the atmosphere.
The cranium, however, although spheroidal, is not a perfectly

solid case, but is perforated by very numerous foramina, both ex-

ternal and internal, by which large venous canals in the diploe

of the bones communicate with the circulation of the integumentsO
of the head as well as with that of the brain; so that the one

cannot be materially affected without the other suffering likewise.

And as the circulation in the integuments is not removed from

atmospheric pressure, neither can that which is so closely connected
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and continuous with it, be said to be free from the same influence.

Still it must be admitted, that the deep position of the central

vessels, and the complicated series of channels through which they

communicate with the superficial ones, protect them in some degree

from the pressure of the air, and render them less amenable to its

influence than the vascular system of the surface.

If it were essential to the integrity of the brain that the fluid in

its blood-vessels should be protected from atmospheric pressure (as

the advocates of this doctrine would have us to believe), a breach

in the cranial wall would necessarily lead to the most injurious con-

sequences ; yet, how frequently has the surgeon removed a large

piece of the cranium by the trephine without any untoward result !

We have watched for several weeks a case in which nearly
the whole of the upper part of the cranium had been removed by
a process of necrosis, exposing a very large surface to the imme-
diate pressure of the atmosphere; yet in this case no disturbance

of the cerebral circulation existed. In the large and open fonta-

nelles of infants we have a state analogous to that which art or

disease produces in the adult : yet the vast majority of infants are

free from cerebral disease for the whole period during which their

crania remain incomplete ;
and in infinitely the greatest number of

cases in which children suffer under cerebral disease, the primary
source of irritation is in some distant organ, and not in the brain

itself.

Neither can it be said that the brain is incompressible. That

only is incompressible, the particles of which will not admit of

being more closely packed together under the influence of pressure.
That the brain is not a substance of this kind, is proved by the fact

that, while it is always undergoing a certain degree of pressure,
as essential to the integrity of its functions, a slight increase of

pressure is sufficient to produce such an amount of physical change
in it as at once to interfere with its healthy action. Too much
blood distributed among its elements, and too much serum effused

upon its surface, are equally capable of producing such an effect.

Majcndie's experiments, alluded to at p. 253, shew that the

brain and spinal cord are surrounded by fluid, the pressure of

which, probably, antagonises that which must be exerted through
the blood-vessels. The removal of this fluid disturbs the func-

tions of these centres apparently by allowing the vessels to be-

come too full. The pressure exerted by the former we shall call

the fluid-pressure from without the brain
; that by the blood, the

pressure from within. As long as these two are balanced, the
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brain enjoys a healthy state of function, supposing its texture

to be normal. If either prevail, more or less of disturbance

will ensue. Their relative quantities, if not in just proportion, will

bear an inverse ratio to each other. If there be much blood, the

surrounding fluid will be totally, or in a great measure, deficient ;

if the brain be anaemic, the quantity of surrounding fluid will be

large.

The existence of these two antagonising forces may be taken as

a proof that either of them may prevail; and therefore, from

the existence of the cerebro-spinal fluid we may infer that the

actual quantity of blood circulating in the brain is liable to

variation.

This fluid is a valuable regulator of vascular fulness within the

cranium, and a protector of the brain against too much pressure

from within. So long as it exists in normal quantity, it resists

the entrance of more than a certain proportion of blood into the

vessels. Under the influence of an unusual force of the heart,

an undue quantity of blood may be forced into the brain; the

effects of which will be, first, the displacement of a part, or of the

whole surrounding fluid, and, secondly, the compression of the

brain.

On the other hand, the brain may receive two little blood. In

such a case, if the surrounding fluid do not increase too rapidly,

the requisite degree of pressure will be maintained, and the healthy

action of the brain preserved. But, if the brain be deprived of

its due proportion of blood by some sudden depression of the

heart's power, there is no time nor source for the pouring out of

new fluid, and a state of syncope, or of delirium, will ensue. Such

seems to be the explanation of those cases of delirium which ensue

upon haemorrhages, large bleedings, or the sudden supervention of

inflammation of the pericardium or endocardium. In many of these

cases, however, it is important to notice, that the blood is more or

less damaged in quality, deficient in soine of its staminal prin-

ciples, or charged with some morbid matter; and this vitiated

state of the vital fluid has, no doubt, a considerable share in the

production of the morbid phenomena.
The following inferences, which are of practical application, will

form a suitable conclusion to these remarks on the circulation

within the cranium.

1. That the brain, although not so amenable to the influence of

atmospheric pressure as more superficial parts, is sufficiently so to

admit of variations in the quantity of its circulating fluid.
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2. That, consequently, general or local bleeding will exert the

same kind of influence upon the circulation in the brain, as in other

organs, so far as relates to diminishing the quantity of blood in it.

3. But that the brain is liable to suffer from the loss of blood in

a different way from other viscera, inasmuch as copious bleeding

may occasion serious disturbance in the functions of the brain by
lessening the force of the heart's action, and thereby depriving the

brain of that amount of pressure on its vascular surface which

seems essential to its healthy action.

4. That the depression of the heart's force, from any other cause,

is capable of producing similar cerebral disturbance for the same

reasons.

The following works may be consulted upon the subjects treated of in this

chapter.

Cruveilhier's Anat. Descr. t. iv. Meckel, Anat. G6n. Descr. et Pathoi. t. ii.

Reil's Essays, translated in Mayo's Anat. and Phys. Commentaries. The
article Nervous Centres in the Cyclopaedia of Anatomy. Mayo's Plates of the

Brain. Stilling und Wallach, Untersuchungen uber die Textur des Riicken-

marks. Leipz. 1842. Stilling, liber die Textur und Function der Medulla

oblongata. Erlang. 1843. Foville, Anat. du Syst. Nerveux. Par. 1844. Leuret,

Anat. compare du Syst. Nerveux. Par. 1839.

The subject of the circulation in the brain has been treated with great

acuteness and learning by Dr. George Burrows, in the Lumleian Lectures for

1843, Lond. Med. Gazette, vol. xxxii.
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CHAPTER XI.

OF THE SPINAL NERVES. OF THE ENCEPHALIC NERVES. METIK

OF DETERMINING THE FUNCTIONS OF NERVES. OF THE FUN<

TIONS OF THE SPINAL CORD AND ENCEPHALON.

BEFORE we can satisfactorily investigate the functions of the cei

bro-spinal centre, or of its various segments, it will be necessary to

give some account of the nerves which are connected with them.

These nerves are described in two classes, the spinal and the en-

cephalic. The former class consists of all those which arise from

the spinal cord, and emerge from the spinal canal through orifices

in its wall. The latter consists of those which are connected with

the encephalon.

Of the Spinal Nerves. There is a pair of spinal nerves for each

pair of intervertebral foramina on the same level, and for those be-

tween the atlas and occiput. We can thus enumerate in all thirty-

one pair ofnerves having their origin from the spinal cord, exclusive

of the spinal accessory nerve, which is connected with the upper

part of the cervical region.

The spinal nerves have the following very constant characters.

Each has its origin by two roots, of which the anterior is distinctly

inferior in size to the posterior (fig. 61, p, a, p. 222). The ligamen-
tum denticulatum is placed between these roots. Each root passes

out by a distinct opening in the dura mater. Immediately after

its emergence a ganglion is formed on the posterior root, and the

anterior root lies imbedded in the anterior surface of the ganglion,

and inclosed in the same sheath, but without mingling its fibres

with those of the ganglion. Beyond it, the nervous fibres of both

roots intermingle, and a compound spinal nerve results. The trunk

thus formed passes immediately through the intervertebral canal,

and divides into an anterior and posterior branch (fig. 61, ', p')>

The former is in general considerably the larger. The latter passes

backwards, and sinks in among the muscles of the posterior regions

of the trunk. The anterior branches in the cervical, lumbar, and

sacral regions form large and intricate plexuses, (cervical, axillary,
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lumbar, and sacral), from which nerves are furnished to the extre-

mities and the anterior part of the trunk.

The first spinal nerve, called by Winslow the suboccipital, offers

an exception to this arrangement. Generally it arises by two roots,

of which, however, the anterior is the larger. Sometimes it has

only one root, corresponding to the anterior.

The spinal nerves are arranged naturally in classes, according to

the regions of the spine in which they take their rise. We number

eight in the cervical region, the suboccipital included; twelve in

the dorsal region; five in the lumbar, and six in the sacral regions.

All the nerves after the second pass obliquely outwards and down-

wards, from their emergence from the spinal cord to their exit

from the vertebral canal; and this obliquity gradually increases

from the higher to the lower nerves, so that the inferior ones

are nearly perpendicular; and, as their intra-spinal course is of

some length, they are collected into a leash, which constitutes the

cauda equina.

All the spinal nerves arise from the cord by separate fasciculi of

filaments, which, as they approach the dura mater, converge to each

other, and are united together to constitute the anterior or the

posterior roots. The posterior roots arise at a pretty uniform dis-

tance from the posterior median fissure in all regions of the cord,

indicating but a very trifling change in the thickness of the pos-
terior columns throughout their entire course. Not so the anterior

ones : they are farthest from the anterior median fissure in the

neck, but very near it in the dorsal region ;
this difference being due

to the variation in the thickness of the antero-lateral columns in the

different regions. The ganglia on the posterior roots are always

proportionate in size to the roots themselves.

In tracing the mode of connexion of the roots of the spinal

nerves with the cord, great care is required, from the sudden change
of consistence which their fascicles experience on penetrating the

substance of the cord. They lose the sheath of pia mater which

gave firmness to that part which is external to the cord, and soon

break up into their component fibrillaB. For this reason, the speci-

men employed for the dissection should be quite recent, and slightly

hardened by previous immersion in spirit.

The anterior roots penetrate the lateral part of the antero-lateral

columns. Their fibres soon radiate, some passing upwards and in-

wards, others horizontally inwards towards the centre of the cord,

mingling, no doubt, with the elements of the vesicular matter com-

posing the anterior horn. It is a matter of uncertainty, whether the
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fibres which take an upward course pass into the gray matter, or

simply merge into the longitudinal fibres of the cord and pass

upwards to the brain. Mr. Grainger's researches lead him to sup-

pose that each root consists of a double set of fibres one which

penetrates, and has its origin from, the gray matter, and the other

which is continuous with the longitudinal fibres. This view is con-

sidered to derive probability from the hypothesis which ascribes the

voluntary and involuntary actions of the cord to two distinct series

of fibres, of which one is under cerebral influence, and the other

merely excito-motory ; and it might be acknowledged to do so, if

the necessity of distinct fibres for the two kinds of action were first

proved. It is possible, however, that all the fibres penetrate and

arise from the gray matter. But we have seen nothing to justify

Stilling and Wallaces assertion, that the anterior and posterior
roots coalesce in the gray matter, forming loops, the convexities of

which are directed to the centre of the cord
;
and we have already

stated our reasons (p. 2'59) for doubting the fibrous nature of the

lines which these writers represent as radiating between the gray
matter and the surface of the cord.

The posterior roots adhere to the posterior part of the antero-

lateral column, and are doubtless closely connected with the poste-

rior horns of gray matter. In separating the columns of the cord

along the line of sequence of the fascicles of the posterior roots, we

have always found these roots to remain with the antero-lateral

columns, and to have little or no connexion with the posterior

ones. We would therefore refer the origin of these nerves to the

posterior horns of gray matter, and to the posterior part of the

antero-lateral columns.

Of the Encephalic Nerves. The arrangement of these nerves,

originally proposed by Willis, although open to many objections,

has nevertheless been so long adopted in this country and on the

Continent, and is so constantly used by scientific as well as prac-

tical writers, that to abandon it would be productive of great

inconvenience, and would be of no advantage, unless some other

arrangement of unexceptionable kind could be substituted for it.

In the absence of any such new mode of arrangement, we propose
to adhere to that of Willis; at the same time remarking, that

much of the imperfection of it is obviated by naming each pair

of nerves from some prominent feature either of its function or its

anatomical connexions.

Twelve pairs of nerves are found connected with the base of the

encephalon. Five pairs have been so classed by Willis as to form
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two in his arrangement ;
three pairs being allotted to his eighth

pair of nerves, and two to his seventh. Willis' arrangement, there-

fore, comprises the following nine pairs of nerves, which he enume-

rates in passing from the anterior to the posterior part of the base ;

the first pair, or olfactory nerves; the second pair, or optic; the

third pair, motores oculorum; the fourth pair, pathetici; the fifth

pair ;
the sixth pair, abducentes oculum ; the seventh pair, including

the portio mollis or auditory nerve, and the portio dura or facial nerve;

the eighth pair, including the glosso-pharyngeal, the pneumo-gastric,

and the spinal accessory; the ninth pair, or hypoglossal. Willis

included among his encephalic nerves the first cervical nerve or

sub-occipital, which he therefore numbered as the tenth pair.

As the cranium may be shewn to be composed of the elements

of three vertebra, it has been attempted to prove that among these

nerves some may be classed with the vertebral or spinal nerves.

The fifth is obviously of this kind, from its anatomical characters,

namely, two roots : one small, ganglionless ; the other large, gan-

glionic : and with the former, the analogue of the anterior spinal

root, the third, fourth, and sixth nerves maybe conjoined from

their similarity in structure and distribution. Thus one cranio-

vertebral nerve is formed, the anterior or motor root of which con-

sists of the smaller portion of the fifth, the third, fourth, and sixth

nerves, and the posterior or sensitive root of the larger portion of

the fifth. A second cranio-vertebral nerve consists of the eighth

pair, to which might be added the facial, contributing to its motor

portion. A third is formed by the hypoglossal,^ but the analogy,
in the latter case, is certainly far from obvious.

How to determine the Function of a Nerve. It has been stated, in a

former chapter, that nerves evince special properties, depending on
the connexions which they form at the periphery, or at the centre;

that they may be divided into motor, sensitive, and, according to

one view, excito-motor, according to the manner in which they re-

spond to particular stimuli ;
and that fibres possessing each of these

endowments may be bound together in a common sheath as one

nerve. To determine with precision the office which each nerve per-

forms, is a problem of great importance, not only from its bearing upon
the physiology of the nervous centres, but from its great practical
valr.o in the diagnosis and treatment of disease. (Introd. p. 28.)
The following are the means on which we should rely, in order

to determine the function of a nerve.

* Miiller's Physiology, by Baly, vol.i. p. 841.
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First, its anatomy in man. The origin by a double root denotes

a double function. Its peripheral distribution, however, gives more

valuable assistance. If distributed to muscles only, it clearly must

be motor: if to sentient surfaces only, sensitive and perhaps
excitor ; if to both, motor, and sentient, or excito-motor.

Secondly, its anatomy in animals. The comparison of the origin

and distribution in the lower animals with those in man often

throws light on the function, by confirming the result of anatomical

investigation in the human subject, or by displaying either a pecu-
liar development of the nerve, in reference to some special function

proper to particular animals ; or, on the other hand, the noii-devc-

lopment of a nerve, or of a part of one, where some function may
be deficient. The enormous development of a branch of the fifth

nerve in animals with proboscides, or highly tactile snouts, of a

branch of the facial, where such an organ is very moveable, the

small size of the latter nerve where the muscles of the face are few,

are instances quite in point.

Thirdly, experiment on animals just dead, or on those living.

The irritation of a motor nerve in an animal recently dead, causes

contraction of the muscles to which it is distributed. The section

of one in a living animal paralyses its muscles; but irritation of the

portion below the section causes contraction of those muscles which

that segment of the nerve supplies. The simplest way of applying
a stimulus for experimental purposes, is by passing a galvanic cur-

rent from a small battery. If the current be directed through a

nerve so that it shall pass along the smallest portion of it, by

placing one pole on one side of it, and the other on the opposite,

but a little lower down or higher up, we may gain a strong indica-

tion of the motor power of the nerve, if contractions are thereby
excited. This indication becomes certain if the same effect be

produced by galvanizing the nerve in this way, after it has been

separated from all connexion with the spinal cord or brain. Such

an experiment on a sensitive nerve would produce no motor effect.

Matteucci has shewn, that to produce the motor effect in a motor

nerve, the current must pass along some portion of the nerve-fibre,

however small ;
and that a current directed precisely at right angles

to the fibres will not excite nervous power.*
MM. Longet and Matteucci affirm, that a motor nerve may be

distinguished from a compound one by the different effect of open-

ing or closing an electric current on each under certain circum-

* See an account of Matteucci's observations on the different effects of

electricity on nerves, in the appendix to this chapter,
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stances. It had already been ascertained by Lehot, Bellinger!,

Nobili, and Marianini, that compound nerves, the sciatic for in-

stance, are at first excited equally on closing and on opening the

electric circuit, whether the current be direct (. e. from the brain

or cord to the nerves), or inverse (from the nerves to the brain or

cord) ; but after a time they are excitable, as shewn by the contrac-

tion of the muscles below the point of the nerve stimulated, only on

closing the direct current or opening the inverse. With a purely
motor nerve, however, such as the anterior root of a spinal nerve, a

different result is obtained ; inasmuch as the contractions of the

muscles can only be excited on opening the direct current or closing

the inverse.*

Sometimes we find that, if the trunk of a nerve be divided at some

distance from its origin, irritation of the central segment will excite

contractions, whilst that of the peripher alone will fail to do so.

Such a nerve has been called an excitor ; for it causes muscular

movement, not by its direct influence upon muscles, but by excit-

ing the centre, which in its turn stimulates motor nerves arising

from it. We judge a nerve to be sensitive, if, when irritated in

man or the lower animals during life, a peculiar sensation or pain
be excited ; or if section of it destroys the sensibility of the parts
to which it is distributed.

Fourthly. Clinical observation furnishes most valuable opportuni-
ties of testing the true function of nerves. We observe a particular

form of paralysis, and we inquire what nerve is diseased
;
we

find pain felt in particular regions, and we ascertain that this is in

consequence of a morbid state of particular nerves ;
certain func-

tions are impaired or suspended, if certain nerves be affected with

disease. A woman, lately in King's College Hospital, had a sin-

gular train of symptoms, which were at first referred to hysteria.

However, in a little time they became so confirmed, that no

doubt could be entertained of organic lesion. There were ptosis

of the upper lids, paralysis of the muscles of the eyeball sup-

plied by the third nerve, paralysis of the pharynx, so that the

power of deglutition was destroyed, paralysis of the trapezii

muscles, and of those on the back of the neck, a great feeble-

ness of voice. She died like one asphyxiated. After death, the

following nerves were found involved in a thickened neurilemma,
with altered nerve tubes, the third pair, the fourth pair on the left

side, the glossopharyngeal, the vagus, the spinal accessory ;
each of

* Matteucci et Longet, sur la relation qui existe entro le sens clu courant

61ectrique et les contractions musculaires dues k ce courant. Paris, 1844.

VOL. T. X
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which contribute more or less to supply with nerves the parts

paralysed.

Functions of the Roots of Spinal Nerves. The application of

anatomical investigation, and of experiment, to determine the func-

tions of the anterior and posterior roots of spinal nerves respec-

tively, was the first important step towards a right understanding
in the physiology of the nervous system. This was undoubtedly
taken by Sir C. Bell

; and, although there were other labourers

in the same field not unworthy claimants of some share in the

merit of this important investigation, it cannot be denied that the

endowments of the roots were discovered by Bell.

The original experiments of Bell, in which he was assisted by the

late Mr. John Shaw, consisted in laying open the spinal canal in

rabbits, and irritating or dividing the roots of the spinal nerves. .

Bell distinctly affirmed that irritation of the anterior roots caused

muscular movement, and that the posterior roots might be irritated

without giving rise to any muscular action. Destruction of the

posterior roots did not impair the voluntary power over the

muscles. Hence it was inferred that the anterior roots were mo-

tor, and the posterior roots not motor ; but, from the violence of

the operation, and the pain produced in performing it, the experi-

ments having been tried on rabbits, it was impossible to deter-

mine what degree of sensibility remained in parts supplied from the

divided roots.

Numerous subsequent experimenters arrived at similar results to

those of Bell ; but no one obtained such satisfactory conclusions as

Miiller, who adopted the expedient of experimenting on frogs in-

stead of mammalia, with which latter the experiments involved the

necessity of a tedious and painful operation, and much bloodshed.

In frogs, on the contrary, from the great width of the lower part of

the spinal canal, the roots of the nerves can be exposed with facility,

and their excitability lasts sufficiently long to yield every result.

These experiments we have repeated frequently, with results pre-

cisely similar to those which Miiller obtained.

In the experiments on frogs, irritation, mechanical or galvanic, of

the anterior root always provokes muscular contraction. No such

effect follows irritation of the posterior root. Section of the anterior

root causes paralysis of motion ; that of the posterior, paralysis of

sensation. This latter effect is evinced by the utter insensibility to

pain shewn on pinching a toe, whilst in the limb in which the poste-

rior root is entire such an irritation is evidently acutely felt. If the

anterior roots of the nerves to the lower extremity be cut on one
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side, and the posterior roots on the other, voluntary power without

sensation will remain in the latter, and sensation without voluntary

power in the former.

Valentin, Seubert, Panizza, and Longet have performed similar

experiments upon mammiferous animals with precisely the same

effects.

The conclusion to be derived from these experiments is as fol-

lows : that the anterior root of each spinal nerve is motor, and the

posterior sensitive.

Comparative anatomy confirms this conclusion, by shewing that

a similar arrangement of the spinal roots prevails among all classes

of vertebrate animals, and that, if in any particular class of animals

either the motor or sensitive power predominate, there is in cor-

respondence with it a marked development of the anterior or pos-
terior roots

;
and the frequent occurrence of paralysis of sensation

and motion, as a consequence of disease within the spinal canal,

also tends to the same inference.

Magendie affirms that the anterior root is slightly sensitive,

owing, as Kronenburg has shewn, to an anastomotic filament

which it derives from the posterior root.

Functions of the Spinal Cord. Since nerves of sensation and mo-
tion have their origin from the cord, it cannot be doubted that this

organ is the medium for the reception and propagation, first, of

sensitive impressions made upon those surfaces on which its nerves

are distributed, and secondly, of those impulses which are the

ordinary excitants of muscular movements.

Experiments and clinical observation, however, shew that sensa-

tion and voluntary motion are not connected with, or dependent on,

the spinal cord alone. If the connexion of this organ with the

encephalon be perfect, and uninterrupted by any solution of con-

tinuity, morbid deposit in it, or morbid growth causing compression,
then the essential condition for the full play of the nervous force,

whether for sensation or voluntary motion, is fulfilled. But if the

cord be severed just below the plane of the occipital foramen as when
an animal is pithed, all voluntary power over the parts supplied by
spinal nerves ceases, and all sensation in those parts disappears at

the same time. Here the cord itself is uninjured; but its con-

tinuity with the encephalon is destroyed.
In cases of injury to the vertebral column, causing fracture and

displacement of the vertebrae, and destruction of the cord, the parts

supplied from that portion of the cord which is below the seat of

injury arc paralysed as regards voluntary motion and sensation.

x 2
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The higher the seat of injury, the more extensive will be the para-

lysis. A man who has received extensive injury of the spinal cord

in the neck, is like a living head and a dead trunk, dead to its

own sensations, and to all voluntary control over its movements.

Similar remarks may be made respecting those cases in which

disease, or compression of the cord by some intra-spinal growth, has

interruped its continuity in some region. The extent of the para-

lysed parts always affords a correct indication of the seat of the

solution of continuity.

If the spinal cord be divided partially in the transverse direction

there will be paralysis of parts on the same side with the injury

inflicted. A longitudinal section of the cord along the median line

does not cause any paralysis ; a temporary disturbance of its func-

tions, however, ensues, which soon subsides.

So long, then, as the spinal cord and encephalon are continuous

and in their normal state, the former organ must be regarded as

specially adapted to receive and propagate sensitive impressions
from the trunk and extremities, or to convey the stimulus of volition

to their muscular nerves.

There is nothing, however, in these facts to denote that the

spinal cord does not share, in some degree, in the function of sensa-

tion and voluntary motion. All that we are justified in inferring

from them is, that the union of the encephalon with the spinal coi

is necessary for voluntary motion and for sensation.

Indeed, the recent discovery of the amphioxus lanceolatus, a smj

fish found in the Archipelago, makes it probable that voluntary me

tion and sensation may exist where there is a well-developed spin?

cord, the anterior extremity of which tapers to a fine point, and is

far from exhibiting the ordinary characteristics even of a brain

inferior in organization as that of fishes.

In most instances where the spinal cord has been divided, whether

by design or accident, it has been found that, although the

cannot move the paralysed parts, movements do occur in them

which the individual is unconscious, and which he is wholly unablt

to prevent. These take place sometimes as if spontaneously,

other times as the effect of the application of a stimulus to some

surface supplied by spinal nerves. The apparently spontaneoi

movements frequently resemble voluntary actions so closely, thai

it is almost impossible to distinguish them.

These phenomena occur in all classes of animals, warm-blood<

*
Goodsir, in Ed. Philos. Transactions, and Cyclop, of Anat. vol. iii. p. 615.



CHAP. XI.] FUNCTIONS OF THE CORD. 309

as well as cold-blooded. In the latter, however, they are much
more marked

; the nervous force endures much longer in these ani-

mals than in the higher classes of mammalia and birds, just as we

have already seen that the muscular power does, although we have

no reason to suppose that either force is more energetic, because it

is more enduring. On this account, cold-blooded animals must be

selected for exhibiting the phenomena; and accordingly hosts of

frogs, salamanders, snakes, turtles, and fishes have fallen a prey to

the experimental researches of the numerous physiologists who have

devoted themselves to these investigations.

The following experiments serve to illustrate these actions :

If a frog be pithed by dividing the spinal cord between the occi-

pital hole and the first vertebra, an universal convulsion takes place

while the knife is passing through the nervous centre. This, how-

ever, quickly subsides ; and, if the animal be placed on a table, he

will assume his ordinary position of rest. In some exceptional

cases, however, frequent combined movements of the lower extre-

mities will take place for a longer or shorter time after the opera-
tion. When all such disturbance has ceased, the animal remains

perfectly quiet, and as if in repose, nor does there appear to be the

slightest expression of pain or suffering. He is quite unable to

move by any voluntary effort. However one may try to frighten

him, he remains in the same place and posture. If now a toe be

pinched, instantly the limb is drawn up, or he seems to push away
the irritating agent, and then draws up the leg again into its old

position. Sometimes a stimulus of this kind causes both limbs to

be violently moved backwards. A similar movement follows sti-

mulation of the anus. If the skin be pinched at any part, some

neighbouring muscle or muscles will be thrown into action. Irrita-

tion of the anterior extremities will occasion movements in them ;

but it is worthy of note, that these movements are seldom so ener-

getic as those of the lower extremities.

It is not out of place to state here, that phenomena of this kind

are not confined to the trunk and extremities which are supplied by

spinal nerves only. The head and face with which the encephalon
remains in connexion exhibit similar actions. The slightest touch

to the margin of either eyelid, or to the surface of the conjunctiva,
causes instantaneous winking; the attempt to depress the lower

jaw, for the purpose of opening the mouth, is resisted; and the act

of deglutition is provoked by applying a mechanical stimulus to the

back of the throat.

The stimuli which excite these movements are those ordinary
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ones which are capable of calling nervous power in to play,, such as

mechanical irritation, heat, cold, galvanism, chemical irritants.

There can be no grounds for supposing that the will has any-

thing to do with these movements. An animal pithed, which is to

all intents and purposes in the same condition as one decapitated,

shews no sign of voluntary action, excepting perhaps for a short

time after the operation, whilst the irritation caused by the division

of the cord remains. He maintains one and the same position,

without evincing any sign of sense or motion, unless a stimulus be

applied to some part of the surface; and, after the movement which

such a stimulus excited has ceased, he resumes the same state of

inactivity.

Comparing this state of a pithed or decapitated animal with the

phenomena which we know to take place in the human subject in

effect of particular forms of accident or disease, it is impossible to

regard these actions in any other light than as involuntary ones.

To refer once more to such a case as that cited in a former paragraph,

when, from the destruction of the cervical part of the cord, the trunk

appears as if dead, while the head lives, we find in many instances,

if the stunning effect have not been too great, that similar motions

to those described in the frog may be produced by the application

of mechanical or other stimuli to the surface. Tickling the soles of

the feet causes movements of the lower extremities : the intro-

duction of a catheter into the urethra, which is not felt by tl

patient, excites the penis to erection. Over these acts not only
have the patients no control, but they are absolutely unconscious of

their occurrence, as well as of the application of the stimuli by
which they were provoked. It is plain, then, that these move-

ments take place without the concurrence or even the cognizance of

the mind, whether as the recipient of stimuli, or as the source of

voluntary impulses.
In hemiplegia, the result of diseased brain, when the paralysis i*

complete, the influence of the will over the paralysed side is alto-

gether cut off. In such cases, movements may be excited in the

palsied leg very rarely in the arm by stimuli applied to the sole

of the foot, or elsewhere ;
and we often astonish the patient him-

self, who expresses his utter inability, by any effort of his will, to

move his leg, by exciting active movement of it on touching the

sole of the foot very lightly with a feather. It is proper to add,

that there is much variety as regards the extent to which these

actions take place in hemiplegic cases, owing to causes which are

not yet fully understood. Still, they do occur in a large proper-
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tion of instances, and in the most marked way. In most of the
cases of hemiplegia the surface retains its sensibility; but in most
of those of paraplegia sensibility is much diminished or completely

destroyed.

In the anencephalic foetus, in which all the encephalon but part
of the medulla oblongata is wanting by congenital defect, actions

take place in obedience to stimuli propagated to the cord from some

surface, or applied directly to it; but no movements are seen which
can be supposed to originate in an effort of the will, nor is there

any proof of the existence of sensibility.

Other facts may be adduced in evidence of the involuntary na-

ture of these movements.

It is remarkable that actions of this kind will continue to be
manifested after decapitation, not only in the trunk, but also in

segments of it with which a portion of the spinal cord remains in

connexion. If the body of a snake or an eel be divided into

several segments, each one will exhibit movements for some time,

upon the application of a stimulus. The same thing may be

observed in frogs, salamanders, turtles, and other cold-blooded

creatures. In birds and mammalia, however, they are less con-

^^picuous, because in them the nervous power is so soon extinct.

These facts suggest an obvious comparison between the spinal
cord of vertebrate animals and the abdominal ganglionic chain of

articulate irivertebrata. In the latter, each segment of the body has

its proper ganglionic centres, and is, therefore, to a certain extent

independent of the rest. Every schoolboy has witnessed the writhings
of an earthworm, which his mischievous propensity has prompted
him to divide into several pieces. Movements will continue in each

piece so long as the irritation produced by the subdivision re-

mains ; and, after that has ceased, movements may be excited in

any segment by stimulating its surface. These movements seem

precisely analogous to those which may be excited in the sub-

divisions of the trunk of a vertebrate animal. The spinal cord,

then, may be viewed as one continuous centre, made up of a number
of segments fused together at their extremities. In the articu-

late ganglionic chain the centres of the segments remain distinct,

although connected by fibres which pass from one to the other.

When the spinal cord is divided about its middle, a remarkable

difference may be noticed in the effects of irritation on the anterior

and the posterior segment, as shewn in some of Flouren's experi-

ments. When the anterior segment (that which still retains its

connexion with the brain) is irritated, not only are movements of
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the anterior extremities produced, but the animal evinces unequi-
vocal signs of pain: but, when the posterior segment is irritated,

the animal seems not only insensible to pain, but unconscious even

of the movements that have been excited in the posterior extre-

mities.

Nothing can be more conclusive than such an experiment, in

illustration of the fact that connexion with the encephalon is neces-

sary to sensation : and that movements, not only without volition,

but even without consciousness, may be excited by stimulating the

posterior segments.
Direct irritation of the spinal cord is capable of exciting these

movements as much as when the stimulus is applied to the skin.

When the spinal cord is removed, all these motions cease ; no

movement of any kind, voluntary or involuntary, can then be ex-

cited, except by directly stimulating the muscles, or the motor

nerves by which the muscles are supplied. Division of all the roots

of the nerves at their emergence from the cord produces precisely
the same effect. Under such circumstances no motion can be ex-

cited by stimulation of the surface, nor by stimulation of the cord

itself; and this fact may be regarded as an unequivocal proof that

the nerves, in ordinary actions, are propagators of the change pro-

duced by impressions to or from the centres; and that in the

physical nervous actions the stimulus acts not from one nerve to

another directly, but through the afferent nerve upon the centre,

by which the motor nerve is excited.

From these details we may draw the following conclusions : 1,

that the spinal cord, (we use the term in its simple anatomical

sense, the intra-spinal nervous mass), in union with the brain, is

the instrument of sensation and voluntary motion to the trunk and

extremities ; 2, that the spinal cord may be the medium for the

excitation of movements, independently of volition or sensation,

either by direct irritation of its substance, or by the influence of a

stimulus conveyed to it from some surface of the trunk or ex-

tremities by its nerves distributed upon that surface.

This latter office of the cord, although recognized by Whytt,
Prochaska, Blane, and Flourens, had not attracted all the notice

which its great importance merits, until the reseaches of Dr. Mar-
shall Hall and Professor Mliller drew attention to them ; and to

these physiologists, but especially to the former, much praise is due

for the zealous and efficient manner in which they have investigated

the subject.

The class of actions which take place in virtue of this power of
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the cord are so independent of all mental influence, and so purely

physical in their cause, as well as in their nature, being provoked

by a physical stimulus, and consisting essentially in a physical

change in the centre, as well as in its afferent and efferent nerves,

that they may be distinguished from those of volition and sensa-

tion, in which the mind has a necessary share, by being designated
"
physical." It has been already stated, that Dr. Marshall Hall

uses the not unobjectionable title of "excito-motory" in reference

to these actions.

In general, when a stimulus is applied to the spinal cord, the

actions which are excited by it are confined to a part which derives

its nerves from that segment of the cord on which the stimulus falls.

In some instances, however, parts supplied from other and even

distant segments are thrown into action. Thus irritation of one leg
will cause movements of one or both of the upper extremities ; the

introduction of a catheter into the urethra will sometimes cause

forcible contractions of the muscles of all the limbs. No doubt

these effects are due to the extension of the irritation in the cord

beyond the point first stimulated ; and they may be regarded as

proofs that that peculiar state of physical change which nervous

irritation can excite in a centre may be propagated in the spinal

cord, upwards, downwards, or sideways from the seat of the primary
stimulation.

Disease affords some striking instances in confirmation of this

remark.

A wound in the sole of the foot, or the ball of the thumb, or in

some other situation favourable to the maintenance of prolonged

irritation, is capable of exciting a particular region of the cord, from

which the state of excitement spreads so as to involve not only the

whole cord, but part of the medulla oblongata also ; and in this

state a large proportion of the motor nerves participate, so as to

induce tonic contraction of the muscles they supply. This is the

rationale of the development of that fearful malady called tetanus.

It consists not in an inflammatory affection of the cord, or of its

membranes, nor in congestion of them, but simply in a state of

prolonged physical excitement, the natural polar force of the centre

being greatly exalted, and kept so by the constant irritation propa-

gated to it by the nerves of the wounded part.

In cases of paraplegia from disease of the spinal cord, even when
the paralysis of sensation and of motion is complete, patients are

tormented with involuntary movements of the lower extremities

at night, which not only prevent sleep, but occasion considerable
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pain and distress. Thus, parts which in their quiescent state are

insensible, become painful in the state of excitement. The cause of

this is no doubt to be found in a periodical exacerbation of the

primary disease of the cord, and the extension of the state of

excitement from the seat of the lesion to the whole cord ;
to that

portion which is in connexion with the brain, as well as to that

which is below the lesion.

The rigid and contracted state of the muscles of paralysed limbs,

which frequently accompanies red softening of the brain, arises

from the propagation of the excited state of the diseased part of the

brain to that portion of the spinal cord which is connected with it,

and from which the nerves of the paralysed parts arise. These

nerves likewise participate in the irritation of the cord, and thus

keep the muscles in a continual state of active contraction. There,

is no organic lesion of the cord in these cases ;
its state of excite-

ment is dependent on the cerebral irritation.

The convulsions of epilepsy arise from a similar cause, namely,
irritation of the brain, involving the whole or a part of the spinal

cord, and the nerves arising from it. In many instances the con-

vulsions are limited to one half of the body : in such cases there

is generally lesion of the brain on one side, and the cerebral excite-

ment is propagated only to one half (the opposite) of the cord.

Some substances exert a peculiar influence upon the spinal

cord, and throw it into a state of considerable polar excitement.

Strychnine is the most energetic substance of this class. If a certain

quantity of this drug be injected into the blood, or taken into the

stomach of an animal, a state of general tetanus will quickly ensue,

sensibility remaining unimpaired. The slightest touch upon any

part of the surface, even a breath of wind blown upon it, will

cause a general or partial convulsive movement. The whole extent

of the cord is thrown into this polar state, and even the medulla

oblongata is involved in it; whence the closed jaws, the spasmodic
state of the facial muscles, the difficult deglutition. In this re-

markable state of excitement, it is curious to observe that the

spinal cord is perfectly natural in point of structure, as far as our

means of observation enable us to judge. We have examined some

spinal cords of animals which have died exhausted by the effects

of the strychnine, but have always found the nerve-tubes and other

elements of the cord exhibiting their natural appearance.

Opium is capable of creating a similar state of polarity in the

cord. This is most conspicuous in cold-blooded animals ;
but no

doubt it produces, in a much less degree, a similar effect in the
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warm-blooded classes. Hence there is an objection to the use of

opium in large doses in cases of tetanus ;
and experience has shewn

its utter inefficacy when administered to a large amount.

This polar state of the cord, at least of a part of it, is sometimes

developed naturally. The most remarkable example of this with

which we are acquainted is in the case of the male frog, in the

spring of the year, the season of copulation ; the thumb on each

hand becoming at this season considerably enlarged, as is well

known to naturalists. This enlargement is caused principally by a

considerable development of the papillary structure of the skin

which covers it, so that large papillae are formed all over it. A
male frog at this season has an irresistible propensity to cling

to any object by seizing it between his anterior extremities. It is

in this way he seizes upon and clings to the female, fixing his

thumbs to each side of her abdomen, and remaining there for weeks,

until the ova have been completely expelled. An effort of the

will alone could not keep up such a grasp uninterruptedly for so

long a time
; yet so firm is the hold, that it can with difficulty be

relaxed. Whatever is brought in the way of the thumbs will

be caught by the forcible contraction of the anterior limbs ; and

hence we often find frogs clinging blindly to a piece of wood, or a

dead fish, or some other substance which they may chance to meet

with. If the finger be placed between the anterior extremities,

they will grasp it firmly ;
nor will they relax their grasp until they

are separated by force. If the animal be decapitated whilst the

finger is within the grasp of its anterior extremities, they still con-

tinue to hold on firmly. The posterior half of the body may
be cut away, and yet the anterior extremities will still cling to the

finger ; but immediately that segment of the cord from which the

anterior extremities derive their nerves has been removed, all

their motion ceases. This curious instinct, then, of the male frog,

which naturalists have long noticed, is evidently connected with

an exalted polarity of the cord, which is most manifest in the

anterior extremities by reason of the enlargement of the thumb.

It only exists during the period of sexual excitement ; for at other

periods the excitability of the anterior extremities is considerably
less than that of the posterior.

Nothing seems to control this polar state of the cord so effect-

ually as cold. Ice applied along the spine, or the cold douche,

may be frequently employed with great advantage in cases of

muscular disturbance dependent on this polar state of the cord.

AVe know of no substance which, when introduced into the blood,
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effectually calms this excited state. Conium and belladonna have

been, in our hands, very useful in relieving the cramps and start-

ings in paraplegic cases. We have seen no marked benefit from

hydrocyanic acid, although we have administered it freely : on the

contrary, we fear that both it and the two former substances might,
if given in large doses, have the contrary effect, and increase the

polarity of the cord. Certain it is, that animals poisoned by large

doses of these drugs always die in a state of general convulsion,

and that in the instances where they have acted as poisons on the

human subject, general convulsions have come on a longer or

shorter time before death.

Functions of the Columns of the Cord. Having so far determined

the functions of the entire cord, the next question which demands

our attention is, whether its columns have special functions, in

accordance with those of the separate roots of the nerves. Could

it be proved that the anterior or motor roots were exclusively

connected with the antero-lateral columns, and that the posterior

or sensitive ones arose exclusively from the posterior columns,

then there would be good anatomical grounds for the doctrine

so long erroneously prevalent, that the functions of these columns

coincided with those of the roots, that the posterior columns were

sensitive, and the anterior motor: but nothing is more certain,

than that both roots are connected with the antero-lateral columns;

and it is a matter of some doubt, whether the posterior roots have

any connexion at all with the posterior columns. Hence, all that

anatomy warrants us in stating is, that the antero-lateral columns

are probably compound in function, both motor and sensitive.

Respecting the office of the posterior columns, little can be said.

Are they sensitive ? Were they so, it might be expected that they

would exhibit an obvious enlargement at the situations which cor-

respond to the origins of the largest sensitive nerves; but it is

remarkable that the posterior columns exhibit little variation of

size throughout the entire length of the cord. And it is not likely

they can be motor, inasmuch as the apparent origin of the motor

roots is so distinctly remote from them.

Comparative anatomy throws no light on this question. New
and careful researches are much needed to determine the develop-

ment of the posterior columns, and the exact relation which the

posterior roots bear to them in different classes of animals.

Nor do we derive much positive knowledge from the researches

of the morbid anatomist. Cases, indeed, are on record, which shew

that disease of the posterior columns does not necessarily destroy
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sensibility ; that perfect sensibility is compatible with total destruc-

tion of the posterior columns in some particular region, the posterior

roots remaining intact : and others have occurred in which sensi-

bility has been impaired or destroyed, while the posterior columns

remained perfectly healthy. In a remarkable case, related by Dr.

Webster, there was complete paralysis of motion in the lower

extremities, but sensibility remained;* yet there was complete
destruction of the posterior columns in the lower part of the cervi-

cal region. Similar cases have been put on record by Mr. Stanley
and by Dr. W. Budd. Dr. Nasse, of Bonn, refers to several cases

of the same kind, observed by himself or others.f We have our-

selves seen two cases in which the prominent symptom was great

impairment of the motor power without injury to the sensitive ;

yet the seat of organic lesion in both was in the posterior columns

of the cord. Such a case as that of Dr. Webster* s appears to us to

be conclusive, so far as the following proposition extends, namely,
that sensation may be enjoyed in the inferior extremities indepen-

dently of the posterior columns; and that, even if those columns be

sensitive, there must be some other channel for the transmission of

sensitive impressions besides them.

We are not aware of any well-observed case in which the motor

power persisted after extensive lesion of the antero-lateral columns;
on the contrary, we believe it may be laid down as the general

rule, that lesion of those columns always impairs both the motor

and the sensitive functions to an extent proportionate to the amount
of morbid structure.

Pathological observations, then, appear to warrant the conclusion

that the antero-lateral columns are compound in function, both

sensitive and motor; but they do not justify us in attributing

sensitive power to the posterior columns.

Direct experiments on the anterior and posterior columns of the

cord are surrounded by difficulties, which embarrass the experi-

menter, and weaken the force of his inferences. The depth at

which the cord is situate in most vertebrate animals, its extreme

excitability, the intimate connexion of its various columns with

each other, so that one can scarcely be irritated without the partici-

pation of the others, the proximity of the roots of its nerves to each

other, and the difficulty of irritating any portion of the cord itself

without affecting either the anterior or the posterior roots, are great

* Med. Chir. Trans., vol. xxvi.

t Untersuchungen zur Physiologie und Pathologie. Bonn, 1835-36.
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impediments to accurate experiments, and sufficiently explain the

discrepancies which are apparent in the results of the various ex-

periments which have been published. Moreover, the resultant

phenomena, after experiments of this kind, are extremely difficult

of interpretation, especially with reference to sensation.
" The

gradations of sensibility," remarks Dr. Nasse,
" are almost imper-

ceptible ; the shades are so delicately and so intimately blended,
that every attempt to determine the line of transition proves inad-

equate. There is a great deal of truth in an expression of Calmeil,

that it is much easier to appreciate a hemiparalysis of motion

than a hemiparalysis of sensation. If the anterior fasciculi of the

cord possesses sensibility, but only in a slight degree, the mere open-

ing of the vertebral canal and laying bare the cord must cause sucl

a degree of pain as would weaken or destroy the manifestatioi

of sensibility in the anterior fasciculi. This has not been suffi-

ciently attended to by experimenters. Again, the practice of first

irritating the posterior fasciculi, and afterwards the anterior, musl

have had considerable effect in producing the same alteration. II

is plain that, in this way, the relations which the anterior fasciculi

bear to sensation must be greatly obscured ; yet, with the exception
of some few experiments, this has been the order of proceeding

generally adopted."*"

All those who have made experiments with the view of ascer-

taining the function of the columns of the cord, agree in stating

that irritation of the anterior columns was attended with more or

less movement. The results of stimulation of the posterior columns,

however, have been differently stated by various observers : many
found that it was attended with the excitation of motion ; am

others, that the least irritation of the posterior columns excif

pain. M. Longet, who is among the latest experimenters on this

subject, observes, that motions result from irritation of the posterioi

columns only when the experiment has been made immediately
after the transverse division of the cord, and he refers such motions

to the excitability of the cord itself. After a little time, however,

this subsides; and then M. Longet has been able to pass the gal-

vanic current through each or both of the posterior columns, without

exciting any motions when the lower segment of the cord was acted

upon, but causing pain, as evinced by loud cries and writhing of the

body, when the upper segment was tried. Dr. Baly's experiments
on tortoises showed that movements might be excited whether the

* Loc. cit.
; quoted from an abstract in the Brit, and For. Med. Review, vol. iv.
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anterior or posterior columns were irritated,* much stronger mo-

tions being excited by the posterior than by the anterior columns.

It is clear, then, that we must not draw any other conclusion from

experiment than that the antero-lateral columns appear to be motor

in their function. Respecting their sensitive power we gain no infor-

mation from this source; and it must be confessed that our knowledge
is no more advanced by it as regards the posterior columns.

We are much disposed to think that the antero-lateral columns

are the centres of the main actions of the cord, whether mental or

physical. Both roots of the nerves are connected with these

columns, and therefore fibres of sensation and of motion must be

found in them. These columns are always proportionate to the

nerves which arise from them. : they enlarge when the nerves are

large, and contract when the nerves diminish in size. The poste-
rior columns, on the other hand, are of uniform dimension

throughout nearly the entire length of the cord, although the pos-
terior roots of the nerves exhibit considerable difference in point
of size in different regions.

We venture to suggest that the posterior columns may have a

function different from any hitherto assigned to them. They may
be in part commissural between the various segments of the cord,

and in part subservient to the function of the cerebellum in

regulating and co-ordinating the movements necessary for perfect

locomotion.

The analogy of the brain, in which the various segments are

connected by longitudinal commissures, suggests the probable ex-

istence of fibres similar in office for the spinal cord. If we admit

such fibres to be necessary to ensure harmony of action between the

several segments of the encephalon, there are as good grounds for

supposing their existence in the cord, which in reality may be

regarded as consisting of a number of ganglia, each a centre of

innervation to its proper segment of the body, and therefore

requiring some special connecting fibres to secure consentaneous

action with the rest.

The attribute of locomotive power rests upon the connexion of

the posterior columns with the cerebellum, and the probable in-

fluence of that organ over locomotion. If the cerebellum be the

regulator of locomotive actions, it seems reasonable to suppose that

those columns of the cord which mainly pass into it, should enjoy a

similar function
; that, as they are the principal medium through

which the cerebellum is brought into connexion with the cord, it

* See his translation of Muller's Physiology, Second Edit., p. 796*.
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must be through their constituent fibres that the cerebellum exerts

its influence on the nerves of the lower extremities, and of other

parts concerned in the locomotive function.

The nearly uniform size of the posterior columns in the different

regions of the cord has been already remarked as unfavourable to

their being channels of sensation. But this anatomical fact may be

adduced as a good argument in support of the hypothesis which we
are now discussing. It is worthy of notice that these columns

experience no marked diminution in size until the large sacral

nerves, which furnish the principal nerves of the lower extremities,

begin to come off.

In examining a transverse section of the lumbar region of the

cord we observe a great predominance of its central gray matter
;

the posterior columns appear large, and the antero-lateral columns

inadequate in proportion to the large roots of nerves which emerge
from it. Now, an analysis of the locomotive actions renders it

highly probable, that they are partly of a volitional character and

partly dependent on the inherent power of that segment of the cord

from which the lower extremities derive ther nerves. In progression
there are two objects to be attained, to support the centre of

gravity of the body, and to propel it onward; the former object

requiring, first, that the muscles of the lower extremities, the pillars

of support to the trunk, should be well contracted, in a degree

proportionate to the weight they have to sustain. Those actions

by which the trunk is balanced upon the limbs, and by which the

movements of progression are effected, are subsequently called into

play through mental influence. The contraction of the muscles of

the limbs seems well provided for in an arrangement for the de-

velopment of nervous power by a stimulus propagated to the centre.

This stimulus is afforded by the application of the soles of the feet

to the ground ; it is therefore proportionate to the weight which

presses them downwards. It is well known that physical nervous

actions are more developed in the lower than the upper extremities,

and the surface of the sole of the foot is well adapted for the

reception of sensitive impressions. No object can be assigned for

this peculiarity, unless it have reference to the locomotive actions ;

and the great development of the vesicular matter in this region
betokens the frequent and energetic evolution of the nervous force.

All the structural arrangements necessary for this purpose are

found in the antero-lateral columns. The posterior columns come

into play in balancing the trunk, and in harmonizing its movements

with those of the lower extremities.
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Experiment, while it fails to elucidate the function of the pos-

terior column,, exhibits nothing in opposition to the views we have

expressed. It is not to be expected that commissural and co-

ordinating fibres should react with stimuli similarly to fibres of

voluntary motion.

We think that the phenomena of disease may be referred to in

support of our view. In many cases where the principal symptom
has been a gradually increasing difficulty of walking, the posterior

columns have been the seat of disease. We may notice two kinds

of paralysis of motion, distinguished respectively by impairment or

loss of voluntary motion, and of the power of co-ordinating move-

ments. In the latter form, while the voluntary powers are con-

siderable, the patient walks with great difficulty, and a gait so

tottering that his centre of gravity is easily displaced. These cases

are generally of the most chronic kind, and many of them go on

from day to day without any increase of the disease or improve-
ment in their condition. In two examples of this variety we ven-

tured to predict disease of the posterior columns of the cord : and

this was found to exist on a post-mortem inspection. All cases on

record, which we have had the opportunity of examining, in which

the posterior columns were the seat of disease, began by evincing
more or less disturbance of the locomotive powers ;

and it seems to

us that the degree to which sensibility may become affected will

greatly depend upon the extent to which the posterior roots of the

nerves are involved in the disease.

The hypothesis, then, which we are most disposed to adopt, is the

following: That the antero-lateral columns of the spinal cord with

the gray matter are, in connexion with the brain, the recipients of

sensitive impressions and volitional impulses, and that they are

the centres of the independent or physical nervous actions of

the cord; and that the posterior columns propagate the influence

of that part of the encephalon which combines with the nerves

of volition to regulate the locomotive powers, and serve as

commissures in harmonizing the actions of the several segments of

the cord.

What is the mechanism of these actions of the spinal cord

mental, physical, locomotive ? This is a problem of the highest

interest, bearing upon the mechanism by which nervous power

developed in any nervous centre, as well as in the cord, is capable
of affecting peripheral parts ;

and it is on that account well deserv-

ing the most patient investigation.
Wo assume, as necessary postulates, preliminary to the discussion

VOL. i. Y
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of this question, the two following propositions: 1. That the

brain, or some part of it, is the sensorium commune; or, in other

words, that mental nervous actions (acts of volition and sensation)

cannot take place without the brain. 2. That the vesicular is the

truly dynamic nervous matter, the source of all nervous power.*
The following hypothesis have been proposed in explanation of

these actions.

1 . The various muscles and sentient surfaces of the body are

connected with the brain by nerve-fibres, which pass from the one

to the other. Those fibres destined for, or proceeding from, the

trunk to the brain, pass along the spinal cord, so that that organ is

in great part no more than a bundle of nerve-fibres going to and

from the brain. These fibres are specially for sensation and volun-

tary motion.

But, in addition to these, there is another class of fibres proper to

the spinal cord and to its intra-cranial continuation, which form a

connexion with the gray matter of the cord. Of these fibres, some

are afferent or incident, others efferent or reflex, and these two

kinds have an immediate but unknown relation to each other, so

* The first of these postulates will be considered farther on in this chapter.

The second appears to us to have a sufficiently firm foundation to warrrant us

in assuming its correctness, for the sake of arguing the important question re-

ferred to in the text. We shall state briefly here the proofs that the associa-

tion of the vesicular and fibrous matter is necessary to the development of

nervous force.

1. Nerves, when separated for a time from the nervous centre, lose all power
of stimulating their muscles to contraction. No irritation, mechanical or elec-

trical, is sufficient to excite them. If a nerve be divided some distance from

the centre, the peripheral portion will, after a time, waste, and lose all power of

developing nervous force ;
but the central portion, which remains in connexion

with the centre, retains its nutrition and its vital properties unimpaired.

2. All nervous centres contain vesicular matter, with which nervous fibre

freely intermix.

3. The power of a nervous centre appears to be proportionate to the quantity

of its vesicular matter. This is well exemplified in the cerebral convolutions,

the vesicular surface of which is always in the direct proportion of the de-

velopment of mental power ; or, in general terms, the gray matter increases in

the exact ratio of the nervous energy. (Grainger).

4. All nerves appear to rise from vesicular matter. Stilling represents

special accumulations of vesicular matter at the origins of the nerves of the

medulla oblongata.

5. Nerves, whose power is exalted for some special purpose, have an increased

quantity of gray matter at their origin, of which the electric lobe in the torpedo,

connected with the origins of the fifth and eighth pairs of nerves, is an extraor-

dinary instance. See Mr. Grainger's excellent work on the spinal cord, pp. 18-21-
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that each afferent nerve has its proper efferent one, the former being

excitor, the latter motor. The aggregate of these fibres together with

the gray matter constitutes the true spinal cord of Dr. Marshall

Hall, which is not limited to the spinal canal, but passes up into

the cranium as far as the crura cerebri. These fibres are quite

independent of those of sensation and volition, and of the sensorium

commune. Although bound up with sensitive and motor fibres,

they are not affected by them, and they maintain their separate

course in the nerves as well as in the centres. Such is the hypo-
thesis of an excito-motory system of nerves, and of a true spinal cord,

the centre of all physical nervous actions, which has been proposed
and most ably advocated by Dr. Marshall Hall.

2. The fibres of sensation and volition proceed to and from some

part or parts of the intra-cranial mass. Those which are distributed

to the trunk pass along the spinal cord, separating from it with the

various roots of the nerves, and in their course within the spine

they mingle more or less with the gray matter. There are no other

fibres but these (save the commissural) , and they are sufficient

to manifest the physical as well as the mental acts. Nerves of sen-

sation are capable of exciting nerves of motion which are in their

vicinity ;
and they may produce this effect even when the spinal

cord has been severed from the brain, for their relation to the gray
matter of the cord is such that their state of excitement is readily

conveyed to it. This explanation tallies with the views of

Whytt, Prochaska, and the other physiologists who had recognized
the existence of a class of actions produced by the influence of

sensitive upon motor nerves.

3. According to a third hypothesis, it is assumed that all the

spinal and encephalic nerves, of whatever function, are implanted
in the gray matter of the segments of the cerebro-spinal centre with

which they are severally connected, and do not pass beyond them.

The segments are connected with each other through the continuity
of the gray matter from one to another, and through the medium
of commissural fibres which pass between them. Through these

means, motor or sensitive impulses are propagated from segment to

segment ; and a stimulus conveyed to any segment from the peri-

phery may either simultaneously affect the brain and cause a sen-

sation, or be reflected upon the motor nerves of that segment and

stimulate their muscles to contract.

The first hypothesis, which assumes the existence of a distinct

series of incident and reflex nerves for the physical nervous action,

offers a very beautiful explanation of those cases in which, while

Y2
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sensation is entirely destroyed,, movements may yet be excited

without the consciousness of the individual. In such cases it is

supposed that the fibres of sensation and volition are alone para-

lysed, but that those of the true spinal cord remain free from injury

or disease, and therefore competent to perform their functions.

Sometimes, however, these fibres participate in the general shock

which the spinal cord or brain experiences at the onset of disease or

accident, and therefore reflex movements are not to be excited in

all cases in which the influence of the brain has been cut off by
disease of that organ, or of the cord itself.

This hypothesis has very much to commend it
;
and not the least

argument in its favour is that drawn from the compound nature of

spinal nerves, as proved by Bell, in which filaments of very different

endowments are bound together in the same sheath. If it be proved

that filaments of sensation and of motion may be thus tied together,

it is not going too far to conjecture the existence of another series

of fibres of distinct function.

The movements of decapitated animals, of parts in connexion

with small segments of the spinal cord, of limbs paralysed to sensa-

tion and voluntary motion from diseased brain or spinal cord, are

satisfactorily explained by this hypothesis. But there are two phe-

nomena familiar to those who observe disease with a knowledge
the many interesting discussions now going on upon the nervous

system, which are not explained by it : these are, the movemenl

which may be excited by mental emotion in limbs paralysed to

the influence of the will, and the total paralysis of the sphincter

ani, which frequently accompanies diseased brain, whilst, at the

same time, the limbs are only affected to a partial degree.

Cases occur sometimes in which hemiplegia arises from an apo-

pletic clot or other destructive lesion in one hemisphere of the brain.

The arnfand leg, or either of them are completely removed froi

the influence of the will ; yet, occasionally, under the influence

some sudden emotion, fear, joy, surprise, the palsied limb is rais

involuntarily with considerable force.* Mental emotions probabb
affect some part of the brain : if the only communication betweei

the brain and the limbs be by the fibres of sensation and volition,

it is impossible to understand how, in such a case, the emotional

influence could be conveyed through a channel which has long been

* Even so slight a cause as yawning, which is an action of emotional charac-

ter, will excite a palsied limb. In the case of a patient now in King's College

Hospital with very complete hemiplegia, the arm is raised involuntarily every

time he yawns.
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stopped. If we are to adopt Dr. HalPs theory, it will be necessary
to suppose, with Dr. Carpenter, the existence of certain emotional

fibres to explain the phenomena of this particular case. But it

is difficult to admit the existence of three orders of fibres in each

muscle, which, to be effective, must have the same relation to the

component elements of the muscle. It is impossible to imagine
how each order of fibre should comport itself with reference to the

other two, so that their actions may not interfere. Nor can any
one fail to perceive that the emotional fibres must be infinitely less

frequently employed than the others, and in some individuals, so

little called into action, as to expose the fibres greatly to the risk

of atrophy for want of use.

Paralysis of the sphincter ani is most frequently produced by dis-

ease of the spinal cord ; but it is by no means a rare accompaniment
of diseased brain, and generally indicates a lesion of grave import.

Now, such a lesion is always accompanied with paralysis, chiefly

of the hemiplegic kind, but not necessarily complete ; on the con-

trary, in several such cases we have seen distinct reflex movements,

indicating, that although the brain's influence was withheld from the

limbs, that of the cord was not. If then the cord be sufficiently

free from morbid depression to allow of reflex movements taking

place in the inferior limbs, why is the sphincter so completely

paralysed that it offers not the slightest resistance to the introduc-

tion of the finger into the anus ? It is admitted that the sphincter
is under the influence of the will ; according to Dr. HalFs theory,
this must be through special fibres of volition distributed to it : but

it is also under the influence of the spinal cord, as the limbs are
;

yet, if the cerebral fibres be diseased, there seems no reason why
the influence of the cord upon it should be at the same time

destroyed. A cerebral lesion ought not to affect the sphincter

further than to destroy the control of the will upon it, unless its

depressing influence extend to the whole cord, and in such a case

there ought to be complete paralysis of the limbs likewise.

These are not unimportant pathological objections to this theory :

to them we must add the fact, that this view wants the support of

anatomy. However disposed we may be to admit the existence of

fibre implanted solely in the gray matter of the cord, it must be

confessed that it is as yet far from being proved that either such

fibres, or those which are continued up into the brain, exist in the

cord of vertebrata, or in its analogue of the invertebrata. Dr. Car-

penter and Mr. Newport, it is true, affirm that they have demon-

strated the two sets of fibres in insects the sensori-voHtional, and the



326 INNEKVATION. [CHAP. xi.

Fig. 73.

excito-motory. The former author describes the nerves of articulata

as consisting of fibres derived from two sources namely, the ante-

rior or cerebral ganglion, and the ganglion of that segment of the

body to which they belong. Those fibres which are connected with

the brain, he states, pass down along the dorsal surface of the gan-

glionic chain, and are fibres of sensation and voluntary motion ;

those which are immediately implanted in the ganglia are excito-

motory. Mr. Newport, in his recent able and elaborate description
of the nervous system of Myriapoda, thinks that he shews a some-

what similar arrangement in those animals. The ganglionic chain

has on its dorsal surface a pair of columns, superior longitudinal

fibres, which pass over the ganglia, sending a few fibres to mingle
with them, or with an inferior

pair of longitudinal columns.

These latter, the inferior longi-

tudinal fibres, are placed along
the abdominal surface of the

ganglionic chain, and are inti-

mately connected with the gan-

glia. In the intervals between

the ganglia these two columns

lie in close juxtaposition, sepa-

rated only by some transverse

fibres. The inferior columns

appear, as Mr. Newport states,

to receive fibres from the supe-
rior columns, and probably to

send some to them,
" thus de-

cussating each other in the

middle substance of the cord,

where these two longitudinal
series are in close apposition ;

since it is almost impossible,

Upper and under surfaces of a portion of the cord in 6V6n in the large nervOUS COrd
Spirostreptus. After Newport. /? ct i i

A. Under surface. B. Upper surface. Ol bCOlOpendra, to Separate
a. Inferior longitudinal fibres, e. Superior longitu- , -_ ~

dinal fibres. /. Fibres of reinforcement, also seen at tlieSC TWO tracts ITOm CaCll
ftandc. g. Commissural fibres, also seen at d, A. ,-, -i.-i T ,-, ->- ,-

other, although their distinct-

ness is evinced in their relative size and longitudinal line of separa-

tion."* The ganglia, then, are placed between these two columns

the inferior pair being intimately connected with them. Almost the

Phil. Trans. 1844.
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whole of the fibres of the inferior longitudinal series are traceable,

says Mr. Newport, in the lulidae, directly through each enlargement
of the cord which they mainly assist to form. Two other sets of

fibres are distinguished by this anatomist in these animals, which do

not take a longitudinal course. These are, first, the cummissural

fibres, which pass transversely between corresponding nerves of

opposite sides of the body; and secondly, the fibres of reinforcement of
the cord, which communicate between nerves of the same side of the

body, passing from a nerve which arises from a superior ganglion to

one that comes from an inferior one. These nerves do not appear
to penetrate the cord : judging from Mr.Newport's description, they

merely pass from nerve to nerve, forming loops which are convex to-

wards the cord, and constitute the lateral portion of the cord in the

intervals between the points of emergence of the nerves with which

they are connected. These two sets of transverse and lateral fibres

agree in the fact that they do not pass upwards to the brain ; but

of their connexion with the cord nothing is known. Indeed it is by
no means apparent that the lateral fibres form any junction with the

vesicular matter of the cord, or with any other than peripheral por-
tions of the nervous system ; Mr. Newport's researches shew only
that they are in juxtaposition with the margins of the cord, but we
cannot infer from them that they mingle with its elements. More-

over it is far from being proved that the longitudinal fibres pass up
to the brain. The brain, indeed, is not necessarily the largest of

the ganglia, and it must be admitted to bear a most inadequate pro-

portion to the number of longitudinal fibres. Let any one compare
the size of the cerebral ganglia of the scorpion (as figured by Mr.

Newport) with the size of the animal and that of its cord, and it

will be evident to him how disproportionately small such a centre is

to the number of sensori-volitional fibres which must be distributed

over so large a surface, and to so many muscles. When, too, it is

stated that the observations of these physiologists were made with low

powers of the microscope, it must be confessed that there is as

much obscurity as to the origin of the nerves in invertebrata as in

vertebrata
; and that we are not yet entitled to conclude that the

existence of two orders of fibres has been actually demonstrated in

the former class. Anatomy offers no objection to the hypothesis
that the roots of the nerves are implanted in the ganglia, and that

the longitudinal fibres act as commissures between different segments

(both adjacent and remote) of the cord.

And we may add here, that Mr. Newport's experiments on
the myriapods and other articulata throw no light on the question
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of the existence of two orders of fibres ;
nor do they add anything

to our knowledge beyond the important fact, that actions take

place in invertebrata after decapitation which are of the same

nature with those which occur in vertebrata after a similar mutila-

tion. The mechanism of these actions has not been at all elucidated

by these experiments.

Respecting the second hypothesis, we must remark, that it is

just as competent to explain the phenomena of decapitated animals,

as paralysed limbs, as that of Dr. Hall, and that it receives some

support from the almost universal concurrence of sensation with

those normal actions which Dr. Hall would attribute to excito-

motory fibres. If it be supposed that these fibres have a certain

relation to the gray matter of the spinal cord, there can be no good
reason against the further supposition, that they may continue to be

affected by it after the brain has been separated from the cord.

This hypothesis, however, is liable to the same objections as that of

excito-motory fibres : it is inadequate to explain the influence of

emotion on paralysed limbs, and the paralysis of the sphincters ; and,'

moreover, it cannot be considered to be proved that fibres are con-

tinued up directly from the spinal nerves to the brain. The fibres

of the anterior pyramids, no doubt, are true cerebro-spinal fibres ;

but they may be merely commissural. We have no evidence that

fibres of the lumbar region of the cord pass into the brain. The

longitudinal course of fibres in the spinal cord affords no proof that

those fibres pass into the brain, for it is well known that most of the

nerves take a very oblique course from their point of separation from

the cord to their emergence from the spinal canal ; and it is pro-
bable that the fibres continue their obliquity in the cord itself, so

that their real origin would be higher up than their apparent one.

This great length of oblique course gives to the fibre the appear-
ance of being strictly longitudinal, whereas it may be implanted in

the gray matter of the cord.

The third hypothesis appears to us to admit of fewer objections
than either of the others, and to be more consonant with what

seems to be the correct anatomy of the cord. It supposes that the

mechanism of a mental and that of a physical nervous action are es-

sentially the same, differing only in the nature and the mode of

application of the stimulus. The same afferent and efferent fibres are

exerted in the one case as in the other ;
the former acting as sen-

sitive or excitor, or both; the latter as channels for voluntary,

emotional, or strictly physical impulses to emotion.

This hypothesis is content to assume that fibres of sensation and
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voluntary motion do not pass beyond that particular segment of the

cord with which they are connected ;
and that each segment of the

cord communicates readily with the brain through the horns of gray

matter, or through commissural fibres which pass between the seg-

ments of the cord, and from the upper segment of the latter to the

brain. The anatomy of the cord, so far as our present knowledge

extends, is favourable to this hypothesis, for it is much more pro-

bable that all the roots of the spinal nerves are implanted in their

proper segments of the cord, than that some pass up to the brain,

and others remain in the cord. The varying dimensions of the cord,

at different regions, disincline us to admit the existence of fibres

which are continued up into the brain from the spinal nerves.

It is impossible to understand the great superiority of size of the

lumbar portion over the dorsal segment of the cord, if we admit

that this latter segment contains, in addition to its own fibres

(sensori-volitional and excito-motory), the sensori-volitional fibres

of the lumbar swelling also. The fibres of sensation and volition,

which pass to the great lumbar and sacral nerves, could, in that

case, be only extremely few in proportion to the excito-motory ones ;

nor would they seem adequate to the motor and sensitive endow-

ments of the lower extremities
;
where it must be admitted volition

and sensation enjoy an extensive sway. Moreover, it may be stated

that the great size of the lumbar swelling depends mainly on the

large quantity of vesicular matter which exists in it ; and the total

amount of fibrous matter is hardly so much as might be expected to

exist if the lower extremities and the pelvis were supplied with both

sensori-volitional and excito-motory fibres.

It is very generally admitted, that the only channel by which the

will can influence the spinal cord is through the fibres of the ante-

rior pyramids, the greater number of which decussate each other

along the median line, as already explained in page 265. The
most frequent pathological phenomena favour this view. Now it

is in the highest degree improbable that these fibres, occupying so

si nail a space as they do, should form the aggregate of the voli-

tional fibres (still less of the sensori-volitional fibres) of the trunk

and extremities. It seems to us much more reasonable to regard
the fibres of the pyramids in the light of commissures, connecting
the gray matter of the cord with that of the brain, and serving
to associate these two great divisions of the cerebro-spinal centre

in the voluntary, if not in all the mental nervous actions.

The mechanism of a voluntary action, in parts supplied with

spinal nerves, would be, according to this hypothesis, as follows :
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The impulse of volition, primarily excited in the brain,, acts at the

same time upon the gray matter of the cord (its anterior horn) ,

which in virtue of its association with the former, by means of the

fibres of the anterior pyramids, becomes part and parcel of the organ
ofthe will, and therefore as distinctly amenable to acts of the mind as

that portion which is contained within the cranium. If we destroy
the commissural connexion through the pyramidal fibres, the spinal
cord ceases to take part in mental actions ; or, if that connexion be

only partially destroyed, that portion of the cord which the injured
fibres had associated with the brain is no longer influenced by the

mind. Again, if the seat of volition in the brain be diseased, the

cord, or part of it, participates in the effects of the disease, as far as

regards voluntary actions. That it is not too much to ascribe such

power to the pyramidal fibres, appears reasonable, if we consider

how the fibres of the corpus callosum, and perhaps other transverse

commissures, so connect the hemispheres and other parts of the

brain that the separate divisions of a double organ act harmoniously
in connexion with the operations of a single mind ; or, that, con-

versely, two impressions from one and the same source on a double

sentient organ are perceived as single by the mind.

An objection to this explanation will readily be raised, that the

excitation of the anterior horn of the gray matter, in the way
stated, does not explain the remarkable power which the will has

of limiting its action to one or two, or a particular class of muscles.

We reply to this, however, that there can be no reason for denying
to the mind the faculty of concentrating its action upon a parti-

cular series of the elementary parts of the vesicular matter, or even

upon one or more vesicles, if we admit that it can direct its influence

to one or more individual fibres, as the advocates of the first and

second hypothesis do. If, indeed, we admit the one, we must ad-

mit the other ; for whether the primary excitation of a fibre take

place in the encephalon or in the spinal cord, the part first affected

must probably be (according to our second postulate) one or more

vesicles of the gray substance.

The series of changes which would develop a sensation, admits

of the following explanation: A stimulus applied to some part of

the trunk or extremities is propagated by the sensitive nerves to

the posterior horn of the gray matter of the spinal cord, and from

the junction of this part with the brain, either through the direct

continuity of the vesicular matter of the cord with that of the centre

of sensations, or through longitudinal commissural fibres, analogous

to, or even perhaps forming part of, the anterior pyramids, this organ
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is simultaneous affected. To this likewise it will be objected, that

the limitation of sensations is not sufficiently explained. But the

reply is obvious : the intensity and kind of sensation depend upon
the nature of the primary stimulus at the surface ; the extent upon
the number of fibres there stimulated. Wherever these fibres form

their proper organic connectionwith the vesicularmatter, that matter

will participate in their change to an extent proportionate to the

number of fibres stimulated, and with an intensity commensurate

with the force of the primary stimulus. It is not necessary to the

development of sensation that the fibre stimulated should be im-

planted directly in the brain ;
if it be connected with this centre

through the medium of vesicular matter of the same character as

that which is found in it or through commissural fibres, all condi-

tions necessary for the development and propagation of nervous

force would appear to be fulfilled. It must not be supposed, how-

ever, that in making this statement we mean to assign the spinal

cord to be the seat of sensation ; all we assert is, that the posterior

horns of its gray matter, as being the part in which the sensitive

roots are implanted, participate largely in the mechanism of sensa-

tion ;
and that by their union with the brain they become, pro tanto,

a part of the centre of sensation, so long as that union is unimpaired.
This hypothesis offers an explanation of the hitherto unexplained

phenomenon of impaired sensation on that side of the body which

is opposite to the seat of cerebral lesion. If we regard the anterior

pyramids as commissures between the sensitive, as well as between

the motor portions of the cerebro-spinal centre, it will be obvious

that the posterior horns of the spinal gray matter on the right side

will be associated with the left centre of sensation in the brain, and

vice versa.

And we gain, moreover, an explanation of the almost universal

association of sensation with reflex or physical actions. The excitor

nerves of these actions being the same as the sensitive nerves, the

impression conveyed by them is calculated at once to excite motion

and sensation. Were it not for the controlling influence of the

will, all sensitive impressions made through the spinal cord would

likewise be accompanied by corresponding movements. When the

spinal cord has been excited by strychnine, the physical power pre-
vails over the mental, and the will ceases to be able to control the

movements excited by impressions through sensitive nerves.

A highly important argument in favour of this view is derived

from the marked difference of structure of the anterior and posterior
horns of the spinal vesicular matter. The anterior and posterior
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roots of the nerves exhibit no difference of structure ; no anatomist

could distinguish in a compound nerve the sensitive from the motor

filaments. The vesicular matter, however, in the anterior horn,
contains large caudate vesicles of a remarkable and peculiar kind

(fig. 56, p. 214) ; whilst that in the posterior horn resembles very
much the vesicular matter of the cerebral convolutions, and of other

parts of the cerebrum, and does not contain caudate vesicles, except
near the base. Here, then, we find associated with the well-attested

difference in the functions of the anterior and posterior roots, a

striking difference in the structure of the anterior and posterior

horns of gray matter.

This hypothesis is adequate to the explanation of the influence of

emotion on limbs paralysed as to voluntary movement, without the

necessity of assuming the existence of a totally distinct series of

fibres for this class of actions. The change in the brain, excited by

emotion, is propagated to the spinal gray matter, in a manner analo-

gous to that in which the influence of the will is brought to bear

on it. It thus affects the ordinary motor fibres ; and, therefore,

the movements which are produced by emotion resemble very

closely those excited by the will.

This hypothesis suggests a very obvious explanation of the kind

of antagonism which appears to exist between voluntary and reflex

actions. It is well known that in health the will can in a great de-

gree control and prevent the development of reflex actions in the

lower extremities. If one be paralysed, as in hemiplegia, from disease

of the brain, whilst the other remains sound, a very striking contrast

is sometimes to be observed between the two limbs. On stimulating

the sole of the foot in the diseased limb, reflex actions are readily

produced ; but, on applying the same stimulus to the same part of

the sound limb, no such movements occur, the patient being con-

scious of the .application of the stimulus, but resisting the tendency
to action which it produces. The will has lost its control over the

diseased limb ; but, as the motor nerves and the spinal gray matter

are sound, actions may be still excited through a stimulus from the

periphery ; and, the more complete has been the separation of the

brain's influence from the cord, the more perfect will be the reflex

actions. Hence we frequently find these movements more perfect

in cases where sensation as well as voluntary power is destroyed

in a limb, than where the latter only has ceased.

It may be here remarked, that movements which at one time

are voluntary, may at another time be physical. If the influence of

the will be suspended for a brief period, stimulation of the surface
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will produce the same movements which previously were excited by
voluntary impulse. Thus, tickling the soles of the feet, in a person

asleep, excites movements which doubtless are of the reflex kind ;

but the same stimulation, in a person awake, will give rise to precisely

the same movements, which he is conscious are, at least in a great

degree, voluntary.
Some reflex actions are imperfectly controllable by the will ; of

which the contraction of the pupil, and the movement of deglutition

at the isthmus faucium, are examples. It is remarkable, however,
that the will may give rise to these actions by associating others

with them : the pupil may be contracted at will, by directing the

eye inwards ;
and the fauces may be contracted by bringing some

saliva in contact with them. In the latter case, the stimulus of

volition alone is not sufficient to excite the movement ; the addition

of a physical stimulus is likewise necessary : and, in the former,

the excitability of the fibres of the third nerve by a mental stimulus

may be materially modified by their re-association with vesicular

matter in the ophthalmic ganglion.

There is nothing in this hypothesis repugnant to the idea, that

certain nerves may be connected in the centres with masses of

vesicular matter over which the will usually exercises little or no

control, and which perhaps, have but a slight connexion with the

brain through commissural fibres. Facts like those instanced in

the preceding paragraphs may be accounted for on such a supposition
as this. This supposition may be required to explain some of the

actions of nerves connected with the medulla oblongata, the vagus
for instance, but certainly not of spinal nerves.

It is probable that in many actions the double stimulus, mental

and physical, is necessary to their perfect development. The
former is excited by the mind acting on the vesicular matter ; the

latter is propagated at the same time, by sensitive nerves, to the same

region of vesicular matter ;
and both simultaneously influence the

same motor fibres. In locomotion, it seems probable that this is the

case : the degree of contraction of the muscles necessary to main-

tain the superincumbent weight is obtained by the physical stimulus

of pressure against the soles of the feet
; but the movements of the

limbs, and the harmonizing association of the muscular actions,

is effected by mental influence. The pressure against the soles is

felt, however ;
and the same nerve-fibres which excite the sensation,

stimulate the vesicular matter in which the motor nerves are im-

planted. In many actions of familiar occurrence, the voluntary
effort is greatly enhanced by the simultaneous application of a
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physical stimulus to a part of the surface which is supplied with

nerves from the same region of the cord. The horseman feels more

secure when his legs are in close contact with the horse's flank. We
gain a much firmer hold of an object which adapts itself well to

the palmar surface of the hand, than of one which, although of no

greater bulk, is yet so irregular in surface as not to allow of such

intimate contact with the palm. Closure of the eyelids in winking
is an action of similar kind, resulting from a physical stimulus, which

in the perfect state of the cerebro-spinal centre produces sensation,

and excites motion which is at once the result of the physical im-

pression, and of the exercise of volition provoked by the sensation.

Every one must be conscious that he exercises considerable control

over the movements of his eyelids, and that it requires a great effort

to prevent winking for a certain period. At length, however, the

physical impression, arising from the contact of air with the con-

junctiva, and the diminution of temperature from evaporation on the

surface of that membrane, which at first caused but a slight sen-

sation, produces pain ; the physical stimulus overcomes the mental

resistance, and causes contraction of the orbicular muscle. And it

may be remarked farther, that the closure of the lids by voluntary
effort is much more powerful if a stimulus be applied at the same

time to the conjunctival surface, than if left solely to the exercise

of the will.

In the action just referred to, as well as in all other instances of

reflex actions which the will can prevent, no satisfactory explana-

tion of this controlling power of the mind can be given by Dr. Hall's

hypothesis Do the volitional fibres exceed in number the excito-

motory ? If this were admitted, then we could understand that an

excito-motory act might be prevented by substituting a voluntary

act for it ; but, in the cases in question, the mind prevents action

altogether, notwithstanding the exciting influence of the impression.

The true explanation seems to be, that the mind can exert upon
the vesicular matter a power which can prevent the exercise of that

change, or neutralise the change, without which the motor fibres

will not be affected by a physical stimulus.

Reflex actions are more manifest in some situations than others :

thus, in cases of hemiplegia from diseased brain, they are generally

very obvious in the lower extremity, but totally absent in the upper.

This, the advocates of the excito-motary theory ascribe to a paucity

of excito-motory fibres in the latter limb, and to a larger amount of

them in the former. Or, it has been attributed to the greater and

more enduring influence of shock upon that segment of the cord
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from which the nerves of the upper extremities arise, as nearer the

seat of lesion, than upon the lumbar segment. But another explana-

tion appears to us equally satisfactory, and more accordant with

other phenomena. A certain disposition of the nerves upon the tegu-

mentary surface is as necessary for the development of reflex actions as

of sensations; and these movements will be more or less easily mani-

fested, according as this organization of the nerves on the surface

is more or less perfect.

That disposition of the cutaneous nerves which renders the sur-

face easily excitable by tidilation seems most favourable to the

development of these actions. Hence, there is no place where they
are more readily excited than in the lower extremities by stimulat-

ing the soles of the feet or the intervals between the toes, both of

which situations are highly susceptible of titillation. At the isthmus

faucium the slightest touch on the surface excites a movement of

deglutition; and this touch, at the same time, produces a very

peculiar sensation of tickling, quite distinct from that which may be

excited at other parts of the pharynx, or mouth. When this part

of the mucous membrane is in a state of irritation as an effect of

coryza, this tickling sensation is present, and repeated acts of swal-

lowing are provoked.
Two facts may be stated here, which illustrate the position we

have laid down respecting the necessity of a certain disposition of

the nerves on the tegumental surface, for the development of reflex

actions. The first is one which has been noticed by Volkmann, and

which we had ourselves repeatedly observed, namely, that in frogs,

and other animals, reflex actions are readily excited by stimu-

lating the feet ; but irritating the posterior roots of the spinal

nerves, which supply those parts, is not sufficient for this purpose.
In experiments repeatedly made upon the posterior roots of the

nerves we have very rarely seen movements excited whilst they
have been subjected to irritation, and the recorded statements of

all modern experimenters agree in the main with this statement.

The second fact is this : in the male frog the development of a

papillary structure on the skin of the thumb seems to have reference

to the excitation of the physical power of the cord, to enable

the animal to grasp the female without the necessity of a prolonged
exercise of volition. Stimulating the fingers will scarcely produce
reflex actions, but the slightest touch to the enlarged thumb will

cause the animal to assume the attitude of grasping. If the papillae
be shaved off the thumb, its power of exciting these actions is

instantly lost.
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When the polarity of the cord is greatly excited by strychnine or

other substances, or when tetanus exists, all parts of the surface are

equally capable of exciting reflex actions. The least touch will

cause them, not only in the limb touched, but in all that side of the

trunk, or even throughout the whole body. So general is the excit-

ation, that the least impression made on the peripheral extremity of

a sensitive nerve in any part of the body is instantly converted into

muscular spasm, more or less general. A slight current of air, in

tetanus, is sufficient to excite general spasm. Miiller remarks, that,

in such states of the' cord, the reflex actions excited by stimulating

the nerves themselves are much less than those produced by ex-

citation of the surface.

The readiness with which a physical change, induced in one part

of the centre, is propagated to others, whether above or below it, is

due no doubt to the vesicular matter. An experiment made by
Van Deen illustrates this statement. If, in an animal poisoned by

strychnine, the cord be divided in its entire length along the median

line, leaving only a slight bridge of gray matter, stimuli applied to

any part of the surface will exhibit as extensive reactions as if the

cord were entire. It is evident that the only medium of commu-

nication between the opposite halves, must be the small portion of

vesicular matter left undivided.

Impressions conveyed to the cord by the posterior roots of any

of its nerves, may be reflected to the corresponding motor nerves,

and cause movement, or may extend irregularly along the posterior

horns of gray matter and stimulate the nerves implanted in them,

and thus give rise to new sensations, which may be referred to other

and even distant parts of the body.
The hypothesis, under consideration, affords us an explanation,

more satisfactory than any other, of the paralytic state of the sphinc-

ter ani in brain disease, already referred to, as well as in that of the

spinal cord. This muscle is certainly chiefly under the influence of

the will. In ordinary cases of diseased brain where the lesion is con-

fined to one side, the centre of volition is not sufficiently impaired to

affect its influence upon the sphincter. In graver lesions, however,

although the will may still continue to exert its control upon one

side of the body, it loses its power over the sphincter, which is not

excitable by any stimulus. In disease of the spinal cord, there i

paralysis of the sphincters if the lesion involve a sufficient portion

of the cord's substance, in whatever region of the cord it may exist

Even when the lesion is situate high up in the neck, or in the dorsal

region, leaving the lumbar portion perfectly whole, the sphincter
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will nevertheless be paralysed. In the former instances, the centre

of volition in the cranium is diseased ; in the latter, the defect con-

sists in the destruction of the communication of the brain with that

portion of the cord in which the nerves of the sphincter muscle are

implanted.
An examination of the action of the sphincter will shew that the

anus is kept closed ordinarily by the passive contraction of the muscle

itself (see p. 191); but that its active contractions are mainly
excited by voluntary influence, allowance being made for some slight

action which may be produced by the stimulus of sudden distention,

as in other circular muscles. Now, as a stimulus to sentient nerves

constitutes no necessary part of any of these actions, it is probable
that the motor nerves of the sphincter have little or no connexion

with the sentient ones: and, consequently, that muscle is not

excitable to contraction by a stimulus applied to a sentient surface.

Hence, whenever the influence of the will upon the lumbar portion

of the cord is suspended, this muscle ceases to act, whether a

mental or a physical stimulus be exerted.

Dr. Hall, indeed, cites two experiments which imply that the

action of the sphincter is dependent on the cord. In both, how-

ever (one on ahorse, the other on a turtle), the observations were

made immediately after division of the cord. By the division, the

whole organ was thrown into an excited state, both above and

below the section, and therefore manifested phenomena similar to

those excited by volition. Indeed, we have seen the sphincter

repeatedly contracting after division of the cord without the appli-

cation of any new stimulus to it
;
and the dog continuing to raise

and depress his tail as long as the irritation of the cord produced

by the section has continued.

On the same principle, animals will exhibit movements of volun-

tary character for some time after decapitation. A bird thus

treated will fly for some distance, and with considerable energy,
and will flap its wings if the cut surface of the cord be irritated.

A fly decapitated flies for some way immediately after the removal

of the head ; and Walckeiiaer observed a singular fact respecting
the Cerceris ornata, a wasp which attacks a bee that inhabits holes :

"
at the moment that the insect was forcing its way into the hole

of the bee, Walckenaer decapitated it ; notwithstanding which, it

continued its motions, and, when turned round, endeavoured to

resume its position, and enter the hole."* The change in the

* Quoted in Miiller's Physiology; by Baly, vol.i. p. 787*, 2ud ed.

VOL. I. Z
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vesicular matter of the ganglia necessary for the movements of the

wasp in pursuit of its prey, had already been excited by a power-
ful stimulus of volition, which continued even after the removal of

the centre from which it had emanated.

So similar is the change which a physical stimulus can excite in

the gray matter to that produced by the influence of the will, that,

as has been often remarked, the actions excited in decapitated

animals present a striking resemblance to the ordinary voluntary

movements. When a certain portion of the skin is irritated, the

animal pushes against the offending substance, as if trying to

remove or displace it. If the anus be irritated, both legs are ex-

cited to action. It may also be observed, that the same motions

follow the same irritations of the skin. If, in a frog, the seat of

irritation be on the right side, the corresponding hind-foot will be

raised, as if to remove the irritating cause. The exact resemblance

of these to voluntary movements seems to admit of being explained

only on the supposition that the same fibres are employed in the

execution of both.

It must be borne in mind, that, while this hypothesis rejects the

class of sensori-volitional fibreswhich passwith the spinal nerves along

the cord into the brain, it admits the existence of only three orders

of fibres implanted in the various segments of the cord, viz. those

at once sensitive and excitor
;
those at once for voluntary and in-

voluntary motion; and commissural fibres. Moreover, it is not

intended by this hypothesis to assume that the intervention of

sensation (i.e. the perception of an impression by the mind) is neces-

sary for the production of those muscular actions which are excited

by stimulation of the surface. No more is affirmed than that the

same stimulus to the sensitive nerve which can and does excite a

sensation, may simultaneously, but independently, cause a change in

the vesicular matter which shall stimulate the motor nerves ;
and

that this change is of the same kind as that which the will may
excite, and affects the same motor nerves.

Lastly, this hypothesis involves the enunciation of a highly im-

portant proposition with reference to nervous centres. It is this :

that all the centres which are connected to the brain by commissural

fibres, are thereby submitted to, and brought into connexion with,

the mind, to an extent proportionate to the number of connecting

fibres, so that voluntary impulses act upon them as part and parcel

of the centre of volition ; and sensitive impressions, in affecting

them, affect the sensorium commune simultaneously.

In voluntary actions, then, it may be stated, that while the
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brain is the part primarily affected, the mental impulse is at the

same time directed to that portion of the cord upon which the

required action depends.
In the development of sensation the stimulus affects the posterior

horns of the gray matter of the cord, which, from its commissural

connexion with the brain, is in reality a part of the sensorium.

When the power of mental interference is removed, or kept under

control, physical actions develop themselves ; being affected through
the same nerves as those which volition influences, or which sensi-

tive impressions affect. The latter are, in such instances, the

exciters of the former, no doubt through the vesicular matter in

they are implanted. These actions become most manifest

the connexion of the brain with the spinal cord has been

ivered
;
and they occur in the most marked way in those situations

^here the cutaneous nerves are so organized as readily to respond
the application of a stimulus applied to the surface, or they

icome universal when the cord is in a state of general excite-

icnt.

The movements in locomotion and the maintenance of the various

ittitudes, are affected through the ordinary channels ofthe physical
md volitional actions

;
and the posterior columns of the cord, by

icir influence on the vesicular matter of the segments in which

nerves are implanted, co-ordinate and harmonize the compli-
ited muscular actions of the limbs and the trunk under the QOII-

)1 of that portion of the encephalon which probably is devoted to

lat purpose. This power of co-ordination is probably mental, and

intimately connected with the muscular sense.

To conclude the discussion of the functions of the cord, we shall

enumerate the physical nervous actions of which it is the

mtre, remarking, at the same time, that we continue to use the

jrm spinal cord in its ordinary sense, and that we reject the hypo-
thesis of a true spinal cord, anatomically distinct from that which
has to do with mental nervous actions.

We have already stated, that probably part of the muscular

adjustments in locomotion are excited by the pressure against the

soles of the feet. All involuntary movements of the muscles of the

trunk or extremities, when excited by external stimuli, have their

centre in the spinal cord. The sudden application of cold to the

surface of the trunk or extremities, frequently excites respiratory
movements. This may be attributed to cutaneous nerves affecting
the gray matter of the cord, and through this the intercostal and

phrenic nerves implanted in it.

z 2
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Certain conditions of the generative organs are dependent on the

spinal cord
;
but they are developed only in a polar state of that

organ, usually present under sexual excitement. Erection of the

penis is evidently dependent on the cord in this way. In a state

of irritation of the cord, such as may be caused by traumatic injury,

erection or semi-erection is frequently present. In paraplegia there

is frequently an absence of the power. The excited state of the

Fallopian tubes in the female is attributable to the same cause.

The action of the uterus in parturition, and that of the bladder and

rectum when distended, is partly due to the stimulus of distension

on the muscular coats, and partly to the physical power of the cord

excited by the sensitive nerves of those organs.

The nervous actions which accompany the nutritive functions

are of the physical kind, although not altogether removed from

the influence of volition and emotion, and have their centre in the

spinal cord. Thus, the heart is very liable to be influenced by
the spinal cord, and, no doubt, the blood-vessels are similarly re-

lated to 't
; and, through their influence upon the distribution of

blood to the various textures, it is plain that the state of the

spinal cord, or of parts of it, may readily affect the molecuh

changes in which nutrition and secretion intrinsically consist. This

subject will be further discussed when we come to consider tl

functions in question.

It has been supposed, that the tone of the muscular system is

maintained by the spinal cord. If by tone be meant what we have

described as passive contraction, we can only remark, that the phe

nomena which characterize that state are just as obvious in muscl<

taken from animals recently deprived of the spinal cord as in others
;

and that the analogous state, rigor mortis, comes on as distinctly

when the spinal cord and brain have been removed, as if they wei

untouched. Healthy nutrition, in our opinion, supplies all the con-

ditions necessary for the maintenance of the tone or the passiv<

contraction ;
nor is the spinal cord (although itself healthy) able

preserve the tense condition of the muscles, if they are not well

nourished. The removal of the spinal cord, indeed, immediately

produces a flaccid state of the muscles of the limbs ;
but this is

owing to the immediate cessation of the slight degree of active

contraction necessary to maintain a certain posture. A decapitated

frog will continue in the sitting posture through the influence of

the spinal cord ; but immediately this organ is removed, the limbs

fall apart, from the loss ofthe controlling and co-ordinating influence

of the nervous centres. But careful examination will show, that in

f
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these limbs the molecular phenomena which characterize passive con-

traction continue. It must be remarked, however, that muscles

separated from their proper nervous connexion soon suffer in their

nutrition, from the want of that amount of exercise which is neces-

sary for it. For this important observation we are indebted to

Professor John Reid, who likewise called attention to the confir-

matory fact, that, in those palsies with which there is combined

more or less irritation of the nervous centre, the muscles do not suffer

in their nutrition, in consequence of the exercise they undergo in the

startings so frequently excited in them by the central irritation.

After these remarks, it is scarcely necessary to add, that we must

enter our protest against the doctrine which assigns the spinal cord

as the source of muscular irritability. This doctrine, indeed, has but

slender support either in reason or experience. It is contrary to all

analogy to assign to one tissue the power of conferring vital pro-

perties on another. If bone, tendon, and cartilage have their dis-

tinctive properties, they possess them in virtue of some peculiarity

inherent in their mode of nutrition, and do not derive them from any
other texture. And, surely, it is too much to suppose that a tissue,

like muscle, so complex in its chemical constitution, and so exqui-

sitely organized for the development of its proper force, should be

dependent on the nervous system, or a portion of it, for its con-

tractile power! Our own experience is quite opposed to the

statement of Dr. Hall, that in cases of palsy dependent on cerebral

lesion, the muscles of the affected limbs acquire an increased

irritability, from the cord, which he supposes to be the source of

irritability, remaining intact, while the influence of the exhauster

of irritability (the brain) is removed. In all our experiments,
which have been numerous, we have found the palsied muscles less

excitable by the galvanic stimulus than those of the sound side, and

the difference has been more manifest the longer the period since

the paralytic seizure. Exceptions to this statement, however, are

found in those cases in which the paralysis has been accompanied
with cerebral irritation sufficient to keep up a state of more or less

active contraction of the affected muscles.*

Functions of the Medulla Oblongata, Mesocephale, Corpora Striata,

and Optic Thalami. Although the anatomist may find it conve-

nient to describe these parts each by itself, it is impossible, in

the consideration of their functions, to separate them completely,

they are so closely connected with each other, and the functions of

* See also Dr. Pereira's experiments, Mat. Med. vol. ii. p. 1301.
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one part are so readily affected by any change in those of the other.

Thus, the olivary columns, which form the central and most essen-

tial part of the medulla oblongata, extend upwards through the

mesocephale to the optic thalami
; and the anterior pyramids form

an intimate connexion not only with the vesicular matter of the

mesocephale, but, to a great extent,, with that of the corpora striata.

All these parts taken together, with the quadrigeminal tubercles,

will be found to be the centre of the principal mental nervous

actions, and of certain physical actions which are very essential to

the integrity of the ceconomy.
The office of the nerves which arise from this segment of the

encephalon throws light upon its function. These nerves are

partly destined for respiration, partly for deglutition, and partly
also for acts of volition and sensation.

Destruction of the medulla oblongata is followed by the imme-
diate cessation of the phenomena of respiration ; and this takes

place whether it be simply divided, or completely removed. When
an animal is pithed, he falls down apparently senseless, and ex-

hibiting only such convulsive movements as may be due to the

irritation of the medulla by the section, or such reflex actions as

may be excited by the application of a stimulus to some part of

the trunk.

If, in an animal which breathes without a diaphragm, as in a

bird or reptile, the spinal cord be gradually removed in successive

portions, proceeding from below, up to within a short distance of

the medulla oblongata, loss of motor and sensitive power takes place

successively in the segments of the body with which the removed

portions of the cord were connected. But the animal still retains

its power of perceiving impressions made on those parts of the body
which preserve their nervous connexion with the medulla oblongata,
and continues to exercise voluntary control over the movements

of those parts. The movements of respiration go on, and deglu-
tition is performed. The higher senses are unimpaired.*

These phenomena are sometimes observed in man in such cases

as that alluded to in a former page ; where from injury to the spinal

cord in the neck, below the origin of the phrenic nerve, the patient

appears as a living head with a dead trunk. The sensibility and

motor power of the head are perfect; respiration goes on par-

tially, and deglutition can be readily performed. The senses and

the intellectual faculties remain for a time unimpaired.
Irritation of any part of the medulla oblongata excites con-

*
Flourens, p. 179.
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vulsive movements in muscular parts which receive nerves from it,

and, through the spinal cord,, in the muscles of the trunk. Spasm
of the glottis, difficulty of deglutitition, irregular acts of breathing,
result from irritation of the medulla oblongata : and, if the excite-

ment be propagated to the cord, convulsions will become more or

less general.

If a lesion affect one half of the medulla oblongata, does it pro-
duce convulsions or paralysis on the opposite side of the body?
This question may certainly be answered in the affirmative, when
the seat of the lesion is in the continuations of the columns of the

medulla oblongata above the posterior margin of the pons. It

is not so easily solved, however, when the disease is situate

below the pons. The results of experiment on this subject
are contradictory, owing probably to the extreme difficulty of

limiting the injury inflicted to a portion of the medulla on one

side
;
and those of Flourens are of no value for the decision of

this question, as it appears that he injured chiefly the restiform

bodies. Anatomy suggests, that a lesion limited to either anterior

pyramid would affect the opposite side of the trunk
; for it is known

that such an effect follows disease of the continuation of it in the

mesocephale or cms cerebri ; and that lesion limited to the posterior
half of the medulla on either side would affect the same side of the

body, no decussation existing between the fibres of opposite resti-

form or posterior pyramidal bodies. The irritating or depressing
influence of the lesion would probably be extended to the spinal

gray matter of the same side.

That the medulla oblongata is the channel through which the

operations of the brain are associated in voluntary actions with the

spinal cord, is shown by the fact that paralysis of all the muscles of

the trunk follows the separation of the latter organ from the former.

It seems not improbable, that the centre of volition is connected with

one or both of the glangliform bodies (corpora striata and optic tha-

lami) in which the columns of the medulla oblongata terminate

above. When the cerebral hemispheres have been removed, as in

Flourens' and in Majendie's experiments, the bird is thrown into

a deep sleep, a state of stupefaction, and insensibility to surrounding

objects. But he can maintain his attitude stand walk, when
first propelled fly, if thrown into the air. This continuance of the

locomotive power implies some degree at least of mental or volitional

effort. All the animal's movements have much of the appearance
of the exercise of will, although, doubtless, many of them are in

a great degree excited by physical stimuli. Hence there seems
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reason to believe that the will exerts a primary influence upon either

or both of these gangliform bodies, more vigorous when aided

and guided by the power of the cerebral hemispheres. The fre-

quent paralysis of motion apart from sensation, when the upward
continuations of the pyramidal fibres in the corpora striata are

diseased, renders it extremely probable that these fibres are the me-

dia of connexion between the brain and cord in voluntary actions.

The medulla oblongata is not less the medium for the transmis-

sion of sensitive impressions from all the regions of the head, trunk,

and extremities ; and from its olivary columns at their upper and

posterior part being, as it were, the concourse of all the nerves of

pure sense, it seems fair to assign these parts as the prime seat

of those central impressions which are necessary for sensation. The

reception of these impressions by the cerebral hemispheres is the

stage immediately associated with mental perception. True sen-

sation, therefore, cannot take place without cerebral hemispheres.
In a sensation excited in parts supplied by spinal nerves, the first

central change is probably in the posterior horn of the vesicular

matter of the cord; and the olivary column of the medulla

oblongata is simultaneously affected, from its connexion with

the cord. The change in this latter part is then propagated to

the cerebral hemispheres.
Thus much is suggested by anatomy, as regards the mechanism

of sensitive impressions. Experiment affords us no aid in this

intricate and difficult subject; neither does pathological ana-

tomy : for the parts are so closely associated with each other,

that any morbid state of one readily involves the others, so that

it is almost impossible to find a morbid state of the parts devoted

to sensation, apart from an affection of those more immediately
concerned in motion.

The function of the restiform bodies is probably associated with

that of the hemispheres of the cerebellum, and of the posterior

columns of the spinal cord.

The experiments of Le Gallois and Flourens render it certain

that the medulla oblongata is the centre of respiratory movements.

The latter physiologist assigns as the "
primum movens "

of these

acts all that portion of the medulla which extends from the fila-

ments of origin of the vagus nerve to the tubercula quadrigemina,
the former only inclusive. Destruction of this portion, in whole or

in part, invariably impairs or destroys the respiratory actions, and

a morbid state of it gives rise to irregular or excited movements of

respiration. Sighing, yawning, coughing, are probably connected
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with excitation of this centre, either direct, or propagated to it

from some sentient surface.

This portion of the encephalon is also the centre of action in the

movements of deglutition, through fibres of the glosso-pharyngeal

and vagi nerves. A morbid state of it occasions difficulty, or even

paralysis, of deglutition. Animals deprived of the cerebral hemi-

spheres and cerebellum will preserve the power of swallowing food

introduced within the grasp of the fauces, so long as the medulla

oblongata continues uninjured. In foetuses born without cerebral

hemispheres, those actions are present which depend on the spinal

cord and medulla oblongata ; all the movements of respiration and

deglutition are performed as well as in the perfect foetus. Mr.

Grainger' s experiments shew that puppies deprived of the hemi-

spheres of the brain can perform the movements of suction with con-

siderable vigour, when the finger is introduced into the mouth ;
*

and the remarkable fact of the adhesion of the foetus of the kangaroo
to the nipple within the pouch, no less than its respiratory move-

ments, must, as this author remarks, be regarded as a most

interesting display of the physical power of the medulla oblongata,
while the rest of the brain is as yet undeveloped.
The actions of respiration and deglutition are, to a great extent,

of the physical kind, being excited by impressions propagated from

the periphery. In those of respiration, the ordinary exciting cause is

probably, as Dr. Hall supposes, due to the chemical changes in the

respired air which are effected in the lungs. These movements

may be, to a certain extent, controlled by the will
;
but every one

is conscious, from his own sensations, that after a time the physical
stimulus is capable of conquering the restraining influence of the

mind ; a striking example of a mental stimulus giving way to a

physical one ; and illustrative, as we think, of the doctrine that the

same fibres are affected by both stimuli. The excitation of the

medulla oblongata in respiration does not, however, depend solely

upon the pulmonary nerves. Those of the skin are capable of

exciting it, either directly as the fifth pair, or through the spinal

cord, as it is proved by the inspirations which are instantly excited

by suddenly dashing water on the face or trunk.

In deglutition, the exciting cause is the stimulus of contact

applied to the mucous membrane of the fauces. So highly sen-

sitive is the mucous membrane in this situation, that the slightest
touch of it with a feather is sufficient to produce contraction of the

* Loc. cit. pp. 80, 81.
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muscles of deglutition, which the will is scarcely able to control.

Without this stimulus, it is doubtful whether these muscles would

obey the will alone
;
and it seems probable that this part of the

act of deglutition must be regarded as one of those actions referred

to at a former page, which require a double stimulus, both mental

and physical, for their full performance. (See p. 333).
The medulla oblongata and its continuations in the mesocephale

appear to be the centre of those actions which are influenced by
emotion. The common excitement of movements of deglutition

or respiration, or of sensations referred to the throat, under the

influence of emotion, evidently points to this part of the cerebro-

spinal centre as being very prone to obey such impulses ; and as the

nerves of pure sense, especially the optic and auditory, are very com-

monly the channels of sensitive impressions well calculated to arouse

the feelings, it seems highly probable that the centre of such actions

should be contiguous to the origin of these nerves. We would

assign this office to that region of the mesocephale which is in the

vicinity of the quadrigeminal tubercles. It is not a little remark-

able that the nerves which arise from this and the neighbouring

parts are very readily influenced by emotions. Thus, the third

and fourth pairs of nerves regulate the principal movements of the

eyeballs, those especially which most quickly betray emotional ex-

citement ; and the portia dura of the seventh pair, the motor nerve

of the face is the medium through which changes of the countenance

are effected. It may be added, that the centre of emotional actions

ought to be so situated that it could readily communicate with the

centres of all the voluntary actions of the body, and with the im-

mediate seat of the intellectual operations, as well as with the

nerves of pure sense; and no part possesses these relations so

completely as that to which we refer.

In those diseases which mental emotion is apt to give rise to,

many of the symptoms are referrible to affection of the medulla

oblongata. In hysteria, the globus, or peculiar sense of suffocation

or constriction about the fauces ; in chorea, the difficulty of deglu-

tition, the peculiar movement of the tongue, the excited state of the

countenance, the difficulty of articulation, may be attributed to the

exalted polarity of the centre of emotional actions. In hydrophobia
this part is probably always affected, and frequently so in tetanus.

Certain gangliform bodies are connected with the upper con-

tinuations of the medulla oblongata, both in the brain and in the

mesocephale, which doubtless have proper functions. These are

the corpora striata, optic thalami, and quadrigeminal bodies.
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Corpora Striata. The anatomy of the corpora striata and optic

thalami, while it denotes a very intimate union between them, also

shews so manifest a difference in their structural characters, that it

cannot be doubted that they perform essentially different functions.

In the corpora striata the fibrous matter is arranged in distinct

fascicles of very different size, many, if not all of which, form a

special connexion with its vesicular matter. In the optic thalami,

on the other hand, the fibrous matter forms a very intricate inter-

lacement, which is equally complicated at every part. Innumerable

fibres pass from one to the other, and both are connected to the

hemispheres by extensive radiations of fibrous matter. The corpora

striata, however, are connected chiefly, if not solely, with the in-

ferior fibrous layer of each crus cerebri ; whilst the optic thalami

are continuous with the superior part of each crus, which is situate

above the locus niger.

It will be observed, then, that while these bodies possess, as

a principal character in common, their extensive connexion with the

cerebral hemispheres, or, in other words, with the convoluted surface

of the brain, they are, in the most marked way, connected inferiorly

with separate and distinct portions of the medulla oblongata; the

corpora striata with the inferior fibrous planes of the crura cerebri

and their continuations, the anterior pyramids; and the optic

thalami with the olivary columns, the central and probably fun-

damental portions of the medulla oblongata. And this anatomical

fact must be taken as an additional proof of their possessing

separate functions.

Now, it may be inferred, from their connexions with nerves

chiefly of a sensitive kind, that the olivary columns, and the optic

thalami, which are continuous with them, are chiefly concerned

in the reception of sensitive impressions, which may principally
have reference merely to informing the mind (so to speak), or partly
to the excitation of motion, as in deglutition, respiration, etc.

The posterior horns of the gray matter of the cord, either by their

direct continuity with the olivary columns, or their union with them

through commissural fibres, become part and parcel of a great centre

of sensation, whether for mental or physical actions.

The pyramidal bodies evidently connect the gray matter of the

cord (its anterior horns?) with the corpora striata; and not only
these, but also the intervening masses of vesicular matter, such as

the locus niger, and the vesicular matter of the pons, and of the

olivary columns
; and, supposing the corpora striata to be centres

of volition in intimate connexion with the convoluted surface of the
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brain in their numerous radiations, all these several parts are linked

together for the common purposes of volition, and constitute a great

centre of voluntary actions, amenable to the influence of the will

at every point.

It has been pretty generally admitted by anatomists, that both

the corpora striata and the anterior pyramids are concerned in

voluntary movements. The motor tracts of Bell were regarded by
that physiologist as passing upwards from the anterior columns of

the cord to the corpora striata, and, after traversing those bodies,

as diverging into the fibrous matter of the hemispheres ;
and the

fact of the origin of certain motor nerves, in connexion with those

fibres, was considered to be very favourable to this view. The
decussation of the pyramids, likewise, so illustrative of the cross

influence of the brain in lesions sufficient to produce paralysis,

has been looked upon as an additional indication of the motor

influence of these parts.

The invariable occurrence of paralysis as the result of lesion, even

of slight amount, in the corpora striata, must be regarded as a

fact of strong import in reference to the motor functions of these

bodies.

Nor is this fact at all incompatible with the statements made by
all experimenters, that simple section of the corpus striatum does

not occasion either marked paralysis or convulsion
; and that in

cutting away the different segments of the brain, beginning with

the hemispheres, convulsions are not excited until the region of the

mesocephale are involved. The influence of the corpora striata is

not upon the nerves directly, but upon the segments of the medulla

oblongata or of the spinal cord, and, through them, upon the nerves

which arise from them. Were the nerve-fibres continued up into

the corpora striata, according to an opinion which has been long

prevalent, there would be no good reason for supposing that they
should lose in the brain that excitability to physical stimuli which

they are known to possess in the spinal cord, and at their peripheral

distribution.

The latest experiments, which are those of Longet and Lafargue,

agree in the following result, which is not at variance with that

obtained by Flourens. The animals remain immoveable after the

removal of the corpora striata, whether those bodies have been

removed alone or in conjunction with the hemispheres ; nor do they

shew any disposition to move, unless strongly excited by some

external stimulus. None of these observers had noticed the irre-

sistible tendency to rapid propulsion, which was described by
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Majendie. Removal of the corpus striatum of one side caused

weakness of the opposite side.

In order to form a due estimate of these experiments, it must be

borne in mind, that the effects of simple excision of either corpus
striatum would be very different from those of disease of it. The

depressing effects of the latter would be absent, at least, until some

alteration in the process of nutrition had been set up in the mutilated

parts. Simple excision of the centre of volition, and inflammatory
disease of its substance, or an apopletic clot, must produce essen-

tially different effects ; the one simply cuts off the influence of

the will, the other affects the vital action, and, consequently, the

vital power of the centre, and of the commissural fibres connected

with it.

Judging from structure only, it might be conjectured that the

locus niger, that remarkable mass of vesicular matter which sepa-
rates the anterior and posterior planes of each crus cerebri, exerts a

motor influence. It resembles in structure the anterior horns of

the gray matter of the cord, and contains numerous large caudate

vesicles with very abundant pigment.

Optic Thalami. The same line of argument which leads us to

view the corpora striata as the more essential parts of the nervous

apparatus which control direct voluntary movements, suggests that

the optic thalami may be viewed as the principal foci of sensibility,

without which the mind could not perceive the physical change

resulting from a sensitive impression.
The principal anatomical fact which favours this conclusion, is

the connexion of all the nerves of pure sense, more or less directly,
with the optic thalami or with the olivary columns. The olfactory

processes, which apparently have no connexion with them, form, no

doubt, through the fornix, such an union with them, as readily
to bring them within the influence of the olfactory nerves.

According to this sense of its office, we must regard the optic
thalami as the upper and chief portions of an extended centre, of

which the lower part is formed by the olivary columns, whicK we have

already referred to as taking part in the mechanism of sensation.

The continuity of the olivary columns with the optic thalami jus-
tifies this view : nor is it invalidated by the fact, that some of the

nerves wli'idi arise from the medulla oblongata are motor in

function ; for Stilling's researches render it probable that these

fibres have their origin in special accumulations of vesicular matter,
which contain caudate vesicles of the same kind as those found in

the anterior horns of the gray matter of the cord. (See fig 70).
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The results which experiments have yielded, add little that is

positive to our knowledge of the functions of these bodies. Flourens

found that neither pricking nor cutting away the optic thalami by
successive slices, occasioned any muscular agitation, nor did it even

induce contraction of the pupils. Longet found that removal of

one optic thalamus in the rabbit was followed by paralysis on the

opposite side of the body. It appears, however, that this was

done after the removal of the hemisphere and corpus striatum,

whereby the experiment was so complicated as to invalidate any
conclusion that might be drawn from it respecting the function of

the thalamus. Indeed, vivisections upon so complex an organ as

the brain are ill-calculated to lead to useful or satisfactory results
;

but we do not hesitate to quote such as have been made, from the

imperfect negative information which they afford.

Nothing definitive respecting the proper office of the thalami can

be obtained from pathological anatomy. Extensive disease of these

bodies is attended with the same phenomena during life, as lesion

of similar kind in the corpora striata. Hemiplegic paralysis

accompanies both ; nor does it appear, that sensation is impaired
when the thalamus is diseased, more than when the corpus striatum

is affected.

We see nothing in the phenomena which attend morbid states of

the thalami, to oppose the conclusion which their anatomical re-

lations indicate, namely, that they form a principal part of the

centre of sensation. The intimate connexion between the striated

bodies and the thalami, sufficiently explain the paralysis of motion

which follows disease of the latter; whilst, as the thalami do not

constitute the whole centre of sensation, but only a part, it cannot

be expected that lesion of this part would destroy sensation, so long

as the remainder of the centre on the same side, as well as that of

the opposite side, retain their integrity. Complete paralysis of sen-

sation on one side is very rare in diseased brain : a slight impair-

ment of it frequently exists in the early periods of cerebral lesion,

apparently as an effect of shock ; for it quickly subsides, although

the motor power may never return.

According to the views above expressed, the corpora striata

and optic thalami bear to each other a relation analogous to that

of the anterior to the posterior horn of the spinal gray matter.

The corpora striata and anterior horns are centres of motion ;
the

optic thalami and posterior horns, centres of sensation. The an-

terior pyramids connect the former; the olivary columns, and

perhaps some fibres of the anterior pyramids, the latter. The
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olivary columns, however, are in great part continuations of the

thalami on the one hand, and of the gray matter of the cord on

the other ; and contain abundance of vesicular matter, in which

nerves are implanted.
And it must be admitted, that the intimate connexion of sensation

and motion, whereby sensation becomes a frequent excitor of motion,

and voluntary motion is always, in a state of health, attended

with sensation, would a priori lead us to look for the respective

centres of these two great faculties, not only in juxtaposition, but in

union at least as intimate as that which exists between the corpus
striata and optic thalamus, or between the anterior and the

posterior horns of the spinal gray matter.

Saucerotte, Foville, Pinel Grandchamps, and others, advanced

the opinion, that the corpora striata and the fibrous substance of

the anterior lobes of the brain had a special influence upon the

motions of the lower extremities, and that the optic thalami and

the fibrous substance of the middle and posterior part of the brain

presided over the movements of the upper extremities. We find,

however, but little to favour the theory either in the results of

experiments, in pathological observation, or the anatomy of the

parts. Longet states, that, in his experiments upon the optic

thalami, the paralysis affected equally the anterior and the posterior

extremities. Andral analysed seventy-five cases of cerebral lesion

limited to the corpus striatum or optic thalamus. In twenty-three
of these cases, the paralysis was confined to the upper extremity :

of these, eleven were affected with lesion of the corpus striatum or

of the anterior lobe ; ten with lesion of the posterior lobe, or of the

optic thalamus ; the two with lesion of the middle lobe.* Hence

it is plain that a diseased state of the corpus striatum is as apt to

induce paralysis of the upper extremity, as lesion of the thalamus ;

and we are forced to conclude, that pathological anatomy is not

competent to decide the question. Lastly, the anatomy of these

two bodies renders it highly improbable that they perform a

function so similar, as that of directing the movements of particular

limbs. The great size of the optic thalamus, its multitude of

librous radiations, its extensive connexions both in the medulla

oblongata and in the hemispheres by means of commissural fibres,

the marked difference of its structure from that of the corpus

striatum, its connexion more with the posterior horns of the spinal

gray matter than with the anterior ones, and its intimate relation

* Clin.Med.t.v.
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to nerves of sensation, are, in our judgment, sufficient anatomical

facts to warrant the opinion that the thalami must perform a func-

tion which, although it may be subservient to, or associated with,

that of the striated bodies, is yet entirely dissimilar in kind.

It has been supposed that the corpora striata are special centres

or ganglia to the olfactory nerves, and to the sense of smell. But

such a supposition is altogether superfluous, inasmuch as a very
distinct and obvious centre to these nerves exists in the olfactory

process or lobe, miscalled nerve by descriptive anatomists. The

small olfactory nerves are implanted in the anterior extremity or

bulb of this process, which is provided with all the structural

characters of a nervous centre, and contains a ventricle. This

lobe, moreover, is always developed in the direct ratio of the size

and number of the olfactory nerves, and of the development of

the sense of smell; and in the Cetacea, a class in which the

olfactory nerves and process either do not exist at all, or are so

imperfectly developed as to have escaped the notice of some of the

ablest anatomists, the corpora striata are of good size proportionally
to that of the entire brain.

Corpora Quadrigemina. The marked connexion of these gangli-

form bodies with the optic nerves plainly indicates that they bear

some special relation to those nerves, and to the sense of vision ;

and this indication becomes more certain when we learn, from

comparative anatomy, that in all vertebrate tribes in which the

encephalon is developed, special lobes exist, bearing a similar

relation to the optic nerves (pp. 274 5). When the optic

nerves are large, these lobes are large ; and in the Pleuronecta, in

which the eyes are of unequal size, Gottsche states that the optic

lobes are unequal. Still, as Serres has remarked, the quadrigeminal
tubercles probably perform some other office besides that which

refers to vision
;
inasmuch as the absence, or extremely diminutive

size, of the optic nerves in some animals (the mole for instance)

does not materially affect that of these bodies.*

Flourens found that destruction of either of these tubercles on

one side was followed by loss of sight on the opposite side, and con-

sequently that the removal of both deprived the animal altogether of

the power of vision, but did not affect its locomotive or intellectual

power, nor its sensibility, except to light. In these experiments the

action of the iris was not impaired if the tubercles were only par-

tially removed ; as long as any portion of the roots of the optic

Cyclop. Anat., art. Optic nerves.
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nerves remain uninjured, the iris continued to respond to the

stimulus of light, but the total removal of the tubercles paralysed
the irides. If the lobes of the brain and cerebellum were removed,

leaving the tubercles untouched, the irides would continue to con-

tract. These experiments leave no room to doubt that the optic

tubercles are the encephalic recipients of the impressions necessary to

vision, which doubtless are simultaneously felt by means of the optic

thalami; and that they are the centres of those movements of the

iris which contribute largely not only to protect the retina, but like-

wise to increase the perfection of vision. The optic nerve is. at once

the nerve of vision, and the excitor of motor impulses which are

conveyed to the iris by the third nerve, which takes its origin very
near to the optic tubercles. It is interesting to add, that irritation

of an optic tubercle on one side causes contraction of both irides:

this is quite in accordance with the well-established fact, that, if

light be admitted to one eye so as to cause contraction of its pupil,

the other pupil will contract at the same time. So simultaneous is

the action of the two centres; so rapid must be the transmission of

the stimulus from one side to the other.

When the injuries inflicted on these tubercles were deep, more or

less general convulsive movements were produced ; if one tubercle

were injured, the opposite side only was so affected. These con-

vulsions were due to the lesion of the central parts of the medulla

oblongata, with which the optic tubercles are intimately con-

nected. A remarkable vertiginous movement was likewise caused,

the animal turning to the side from which the tubercle had been

removed. It does not appear that this rotation could be attri-

buted to any special influence of the medulla oblongata, but

rather to a state of vertigo induced by the partial destruction of

vision ; for Flourens found that the same effects could be produced
in pigeons by blindfolding one eye. The movements, however, were

not so rapid, nor did they continue so long. And Longet saw the

same movements in pigeons in which he had evacuated the humours
of one eye.*

It may be remarked, that deep injuries to the quadrigeminal
tubercles are very likely to affect the only commissural connexion

between the cerebrum and cerebellum (processus cerebelli ad testes),

the integrity of which must doubtless be essentially necessary to

ensure harmony of action between these two great nervous

centres.

*
Flourens' experiments have been amply confirmed by those of Hertwig

and Longet.

VOL. I. A A
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There are many instances on record in which blindness was coin-

cident with pathological alteration of structure in one or both quadri-

geminal tubercles. In some of the cases where the lesion extended

to parts seated beneath the tubercles, disturbed movements were

observed, as in the experiments above related.

We are ignorant of the object of the extensive connections of the

optic tracts with the tuber cinereum, the crura cerebri, and the

corpora geniculata; but these points are highly worthy of future

inquiry, especially with reference to the office of these last-named

bodies, which is at present involved in much obscurity. Many of

the fibres of the optic tracts are undoubtedly commissural between

the corresponding points of opposite sides, and exist when those

which form the optic nerves are deficient.

We see, then, in the quadrigeminal tubercles, centres, which,

whatever other functions they may perform, have a sufficiently ob-

vious relation to the optic nerves, the eye, and the sense of vision.

This is clearly indicated by anatomical facts, by the results of

experiment, and by the phenomena of disease. These bodies may,

therefore, be justly reckoned as special ganglia of vision ; and we are

led to seek for similar centres in connexion with the other senses.

The olfactory processes seem very probably to perform a similar

office in reference to the sense of smell. Their structure, their

relation to the olfactory nerves, and their direct proportion of bulk

to that of these nerves, and to the development of the olfactory

apparatus, place this question beyond all doubt. It is not so easy
to determine the special ganglia of hearing; but the olivary bodies,

or the small lobules connected with the crura cerebelli called by
Reil the flocks, may be referred to as bearing a sufficiently close

anatomical relation to the auditory nerve to justify our regarding
either of them as well calculated to perform this function. And,
with respect to touch, the ganglia on the posterior roots of the

spinal and the fifth nerves may perhaps be considered in the same

light ; for this sense being diffused so universally, in various de-

grees, over the whole surface of the body, and being seated in a

great number of different nerves, would need ganglia in connexion

with all those nerves which are adapted to the reception of tactile

impressions. The analogous sense of taste has its ganglia in those

of the glosso-pharyngeal and the fifth.*

* It may be urged against this conjecture respecting the functions of the

ganglia of the spinal nerves and the fifth, that the analogy between these

bodies and the quadrigeminal tubercles is incomplete, inasmuch as the optic

nerves are probably implanted in the latter, but the nerves of touch merely
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The upper and posterior part of the mesocephale has already been

referred to, as being most probably that part of the brain which is

most directly influenced by emotional excitement. Dr. Carpenter

appears to localize the seat of emotional influence more specially in

the corpora quadrigemina, and refers to certain fibres, which he con-

siders terminate in those bodies, as channels of emotional impulses.

Although we cannot agree with this able writer in this limitation of

the centre of emotion (so to speak), nor in the existence of a distinct

series of fibres for emotional acts, we think the arguments he ad-

vances are most applicable to that view which refers the influence of

emotion to the gray matter of this entire region, which is brought
into connexion with the spinal cord by the fibres of the anterior

pyramids, as well as probably through the continuity of the olivary

columns and the posterior horns of the spinal gray matter.

Every one has experienced in his own person how the emotions

of the mind, whether excited by a passing thought, or through the

external senses, may occasion not only involuntary movements, but

subjective sensations. The thrill which is felt throughout the entire

frame when a feeling of horror or of joy is excited, or the involun-

tary shudder which the idea of imminent danger or of some serious

hazard gives rise to, are phenomena of sensation and motion excited

by emotion. The nerves which take their origin from the medulla

oblongata, mesocephale, or crura cerebri, are especially apt to be

affected by emotions. The choking sensation which accompanies

grief is entirely referrible to the pharyngeal branches of the glosso-

pharyngeal and vagi nerves, which come from the olivary columns.

The flow of tears which the sudden ocurrence of joy or sorrow is

apt to induce may be attributed to the influence of the fifth nerve,

which is also implanted in the olivary columns, upon the lacrymal

gland; or of the fourth nerve, which anastomoses with the lacrymal
branch of the fifth. The more violent expressions of grief, sobbing,

crying, denote an excited state of the whole centre of emotion, in-

volving all the nerves which have connexion with it, the portio dura

the fifth, the vagus, and glosso-pharyngeal ; and even the respiratory

nerves, which take their origin from the spinal cord, as the phrenic,

spinal accessory, &c. And laughter, "holding both his sides/

causes an analogous excitation of the same parts of the central organ
and of the same nerves. The very different effect produced by the

pass through the former. But, in truth, we know so little of the positive
relation of the nerves in question to the ganglia, that no argument, either for

or against the above view, can r6st upon such imperfect information.

A A 2
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excitement of the same parts must be attributed to the different

nature of the mental stimulus.

As the passing thought the change wrought during the exercise

of the intellect may excite the centre of emotion, so this latter

may exert its influence upon the general tenor of the mind, and give

to all our thoughts the tinge of mirth or sadness, of hope or despon-

dency, as one or the other may prevail. We say of one man, that he

is constitutionally morose ;
of a second, that he is naturally gay and

mirthful ; and of a third, that he is a nervous man, and that he is

not likely to be otherwise. One man allows his feelings to hurry
him on to actions which his intellect condemns ; whilst another has

no difficulty in keeping all his feelings in entire subjection to his

judgment.
e< Of two individuals with differently constituted minds,"

remarks Dr. Carpenter,
" one shall judge of everything through the

medium of a gloomy morose temper, which, like a darkened glass,

represents to his judgment the whole world in league to injure him;
and all his determinations, being based upon this erroneous view,

exhibit the indications of it in his actions, which are themselves,

nevertheless, of an entirely voluntary character. On the other hand,
a person of a cheerful, benevolent disposition, looks at the world

around as through a Claude-Lorraine glass, seeing everything in

its brightest and sunniest aspect, and, with intellectual faculties

precisely similar to those of the former individual, he will come to

opposite conclusions ;
because the materials which form the basis

of his judgment are submitted to it in a very different form." Such

examples abundantly illustrate the important share which the emo-

tions take in the formation and development of character, and how

all things presented to the mind through the senses may take their

hue from the prevailing state of the feelings. If a certain part of

the brain be associated with emotion, it is plain that that part must

be in intimate connexion with the seat of change in the operations

of the intellect, in order that each may affect the other; that the

former may prompt the latter, or the latter excite or hold in check

the former. And this association of the emotions with a certain

portion of the brain explains the influence of natural temperament,
and of varying states of the physical health, upon the moral and

intellectual condition of individuals. We may gather from it how

necessary it is to a well-regulated mind, that we should attend not

to mental culture only, but to the vigour and health of the body
also ; that to ensure the full development of the mens sana, we must

secure the possession of the corpus sanum.

Certain diseases are evidently associated with disturbed or excited
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states of emotion. In such cases, the nerves most affected are those

connected with the mesocephale and medulla oblongata, denoting an

excited state of those portions of the encephaloii. Of these diseases

the most remarkable are hysteria and chorea ; both of which may be

induced either by a cause acting primarily upon the mind, or by
functional disturbance of the body, as deranged assimilation, in

persons of a certain character of constitution. In hysteria, the

globus, the tendency to cry or laugh, the disturbed breathing, the

variously deranged state of the respiratory acts, all denote affection

of most, if not all, the nerves coming from those segments. In

chorea the frequent movements of the face and eyes, the peculiar

and very characteristic mode of protruding the tongue, the impaired

power of articulation, are dependent on an altered state of that

part in which the portio dura of the seventh pair, the third, fourth,

and sixth, and the ninth nerves are implanted. In both diseases

the principal central disturbance is in the mesocephale ;
and that

may be caused either by the direct influence of the mind upon it,

or by the propagation of a state of irritation to it from some part

of the periphery. Chorea, even of the most violent and general

kind, is very commonly produced by sudden fright ;
and it is well

known how frequently mental anxiety or excitement develops the

paroxysm of hysteria.

There is no part of the cerebro-spinal centre which appears to

exercise such extensive sway over the movements and sensations of

the body as this portion, the mesocephale, which we regard as the

centre of emotional actions. Its influence extends upwards to the

cerebral convolutions backwards to the cerebellum downwards

to all the nerves of sensation and motion. Through its connexion

with the posterior horns of the spinal gray matter, it can excite the

sensitive as well as the motor nerves of the trunk. Hence it is not

to be wondered at that a highly disturbed state of this centre is

capable of deranging all the sensitive as well as motor phenomena
of the body, and even the intellect. Hence we may explain the

extraordinary movements in hydrophobia and general chorea, m
both of which diseases this part of the nervous centre is doubtless

affected. It has often been remarked how much more powerful
are the voluntary actions when prompted by some strong emotion,
than when excited only by an effort of the will. Rage, or despair,
is able to magnify the power of the muscles to an incalculable

degree. This may be due to the increased stimulus derived from

the influence of the centre of emotion being conjoined with that of

the centre of volition.
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The intimate connexion of the olivary columns with the gray
matter of the cord, and through that with all the roots of the spinal

nerves, illustrates the power of emotional changes upon the organic

processes. How often does the state of the feelings influence the

quantity and quality of the secretions, no doubt through the power
of the nerves over the capillary circulation ! Blushing is produced

through an affection of the mind, acting primarily on the centre of

emotion, and through it on the nerves, which are distributed to the

capillary vessels of the skin and the face.

The sexual passion must be ranked among the mental emotions.

Like them, it may be excited and ministered to by a certain line of

thought, or by particular physical states of the sexual organs. It

seems, therefore, more correct to refer this emotion to the common
centre of all, than to a special organ according to GalPs theory;

and it may be remarked, that great development of this part of the

brain is just as likely to produce great width of cranium in the

occipital region as a large cerebellum.

Of the Functions of the Cerebellum. All anatomists are agreed in

admitting, in the whole vertebrate series (the amphioxus excepted),

the existence of a portion of the encephalon which is analogous to

the cerebellum. This extensive existence of such an organ indicates

its great physiological importance, as a special element of the ence-

phalon. The cerebellum exhibits much difference both as regards

size and complexity of structure in the different classes ;
and al-

though, upon the whole, it increases in its development in the same

ratio as the hemispheric lobes, it exhibits no constant relation of

size to those parts.

The large size and complicated structure of this organ in the

higher vertebrate animals, and its distinctness from the other parts

of the brain, for its commissural connexions are not extensive,

have excited the interest and curiosity of speculative physiologists ;

and, accordingly, we find no part respecting which a greater variety

of hypotheses have been suggested, most of them being entirely

devoid of foundation. The experiments of Flourens have, how-

ever, thrown more light on this subject than any previous observa-

tions ;
and his hypothesis appears to us nearer the truth than any

which has been proposed. We shall content ourselves with ex-

amining this theory, as well as that of Gall, which assigns the

cerebellum as the organ of the sexual instinct.

The facility with which the cerebellum may be removed or in-

jured, especially in birds, without involving the other segments of

the brain, renders it a much more favourable object for direct expe-



CHAP. XI.] FUNCTIONS OF THR CEREBELLUM. 359

riment than them. A skilful operator may remove the greater part
or the whole of the cerebellum without inflicting any injury on the

hemispheres or other parts.

Flourens removed the cerebellum from pigeons by successive slices.

During the removal of the superficial layers there appeared only a

slight feebleness and want of harmony in the movements, without

any expression of pain. On reaching the middle layers an almost

universal agitation was manifested, without any sign of convulsion :

the animal performed rapid and ill-regulated movements ; it could

hear and see. After the removal of the deepest layers, the animal

lost completely the pow
rer of standing, walking, leaping, or flying.

The power had been injured by the previous mutilations, but now it

was completely gone. When placed upon his back; he was unable

to rise. He did not, however, remain quiet and motionless, as

pigeons deprived of the cerebral hemispheres do
;
but evinced an

incessant restlessness, and an inability to accomplish any regular or

definite movement. He could see the instrument raised to threaten

him with a blow, and would make a thousand contortions to avoid

it, but did not escape. Volition and sensation remained
; the power

of executing movements remained ; but that of co-ordinating these

movements into regular and combined actions was lost.

Animals deprived of the cerebellum are in a condition very similar

to that of a drunken man, so far as relates to their power of loco-

motion. They are unable to produce that combination of action in

different sets of muscles which is necessary to enable them to assume
or maintain any attitudes. They cannot stand still for a moment

;

and, in attempting to walk, their gait is unsteady, they totter from
side to side, and their progress is interrupted by frequent falls.

The fruitless attempts which they make to stand or walk is suffi-

cient proof that a certain degree of intelligence remains, and that

voluntary power continues to be enjoyed.

Rolando had, previously to Elourens, observed effects of a similar

nature consequent upon mutilation of the cerebellum. In none of

his experiments was sensibility affected. The animal could see,

but was unable to execute any of the movements necessary for

locomotion.

Flourcns' experiments have been confirmed by those of Hertwig
in every particular, and they have been lately repeated with similar

results by Budge and by Longet. The removal of part of the cere-

bellum appears capable of producing the same vertiginous affection

which has been already noticed in the case of deep injuries to the

mesocephalo. After the well-known experiments of Majendie, of
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dividing either eras cerebelli, the animal was seen to roll over

on its long axis towards the side on which the injury was

inflicted.

The effects of injuries to the cerebellum, according to the reports
of the experimenters above referred to, contrast in a very striking

manner with those of the much more severe operation of removing
the cerebral hemispheres.

" Take two pigeons/' says M. Longet,
" from one remove completely the cerebral lobes, and from the other

only half the cerebellum ;
the next day, the first will be firm upon

his feet, the second will exhibit the unsteady and uncertain gait of

drunkenness."

Experiment, then, appears strikingly to favour the conclusion

which Flourens has drawn, namely, that the cerebellum possesses

the power of co-ordinating the voluntary movements which originate

in other parts of the cerebro-spinal centre, whether these move-

ments have reference to locomotion or to other objects.

That this power is mental, i.e., dependent on a mental operation
for its excitation and exercise, is rendered probable from the expe-

rience of our own sensations, and from the fact that the perfection

of it requires practice. The voluntary movements of a new-born

infant, although perfectly controllable by the will, are far from

being co-ordinate : they are, on the contrary, remarkable for their

vagueness and want of definition. Yet all the parts of the cerebro-

spinal centre are well developed, except the cerebellum and the con-

volutions of the cerebrum. Now, the power of co-ordination im-

proves earlier and more rapidly than the intellectual faculties; and

we find, in accordance with Flourens' theory, that the cerebellum

reaches its perfect development of form and structure at a much
earlier period than the hemispheres of the cerebrum.

It may be stated, as favourable to this view of the mental nature

of the power by which voluntary movements are co-ordinated, that,

in the first moments of life, provision is made for the perfect per-

formance of all those acts which are of the physical kind. Thus,

respiration and deglutition are as perfect in the new-born infant as

in the full-grown man ; and the excitability of the nervous centres

to physical impressions is much greater at the early age, partly per-

haps in consequence of the little interference which is received at

that period from the will.

That the cerebellum is an organ favourably disposed for regulating
and co-ordinating all the voluntary movements of the frame, is very

apparent from anatomical facts. No other part of the encephalon
has such extensive connexions with the cerebro-spinal axis. It is
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connected slightly indeed with the hemispheres of the brain, but

most extensively with the mesocephale, the medulla oblongata, and

the spinal cord. Now it is not unworthy of notice that its connexion

with the brain proper is more immediately with that part which we

regard as the centre of sensation
; namely with the optic thalami,

through the processus cerebelli ad testes. And it cannot be doubted

that the muscular sense materially assists in the co-ordination of

movements.

The cerebellum is connected with the medulla oblongata and

spinal cord by the restiform bodies, and the posterior columns of

the cord, and with the mesocephale by the fibres of the pons.

Thus this organ is brought into union with each segment of

the great nervous centre, upon which all the movements and

sensations of the body depend. It would be difficult to con-

ceive any other affection for which so elaborate a provision would

be necessary, excepting that of regulating and co-ordinating
the infinitely complex movements which the muscular system is

capable of effecting; more especially when it is plain that the

antero-lateral columns of the cord and the anterior pyramids
and olivary columns supply all the anatomical conditions which

may be necessary for the development of acts of sensation and

volition.

So far, then, we derive from experiment and from anatomy argu-
ments highly favourable to Flourens' theory of the use of the cere-

bellum. The results of pathological inquiry afford no satisfactory

information on this point ;
for so closely connected are the trans-

verse fibres of the pons with the anterior pyramids in the meso-

cephale, that the morbid influence of any deep-seated lesion of

either hemisphere of the cerebellum is very readily transferred to

that segment, and produces symptoms precisely resembling those of

lesion of either cerebral hemisphere. The signs referrible to cerebellar

lesion are therefore obscured by those which result from the affection

of the pyramidal bodies. A few cases, however, have been put on

record in which a tottering gait, like that of a drunken man, and a

defective power of co-ordination existed in connexion with a dis-

eased state of cerebellum.*

It remains for us to notice the celebrated theory of Gall, that the

instinct of propagation has its seat in the cerebellum; which, indeed,

according to the author of the theory, and the majority of his followers

of the phrenological school, is exclusively devoted to that function.

*
Andral, Clin. Med. t. v.p.428.
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We conceive that this view is far from admissible, on several grounds,
of which the following deserve particular mention.

1. It is extremely questionable how far the sexual instinct ad-

mits of being separated from the emotions from those especially

which are clearly instinctive in their nature ; and, even if it were

separable from them, it seems scarcely of such importance, when com-

pared with the other instincts, as to need a separate organ of great

magnitude and of complex structure. If we compare it, for ex-

ample, with the instinct of self-preservation, as manifested in pro-

viding either for the wants of the body, or for defence against

assault, it certainly cannot be admitted to have a superior influence

in the animal oeconomy to this the most pressing of all. Yet it is

not pretended to assign a separate seat even to this.

2. The nature of the generative instinct is scarcely such as to re-

quire in its central organ connexions so extensive as those possessed

by the cerebellum. It is not likely that this organ would be con-

nected with any other part of the spinal cord than that from which

nerves are derived to the organs of generation : nor is it conceivable

that an instinct like this should require for its exercise fibrous mat-

ter in such large quantity as exists in the cerebellum, taking its rise

from so great a surface of vesicular matter.

3. The generative instinct is not so pre-eminently developed in

man as to account for the great superiority in size, as well as struc-

ture, of the human cerebellum over that of the lower animals, even

of the mammiferous class. On the contrary, it may be safely as-

serted that this instinct is much more powerful in the monkeys, and

also in the frogs ;
in the latter of which the cerebellum is absolutely

very small, and especially so, relatively to the spinal cord and the

cerebral lobes.

4. If the cerebellum be the seat of the generative instinct, it

ought to exhibit marked indications of wasting, in cases where the

genital organs have been mutilated ; or where they have decayed in

the natural progress of age. Yet the recorded cases of this nature

are byno means conclusive ; on the contrary, M. Leuret's remarkable

observations shew, that, in the gelding, the cerebellum is actually

heavier than in either the stallion or the mare.

5. It does not appear, from pathological research, that the cere-

bellum has any peculiar influence upon the genital organs. Injury

or disease of that organ very rarely produces any effect upon the

penis ; but lesion of the medulla oblongata or of the spinal cord is

very apt to occasion a semi-erection of that organ.

Of the Convolutions of the Brain. These, with the fibrous

I
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matter which connects them with the optic thalami and corpora

striata, form by far the largest portion of the encephalon ; and

this fact alone ought to stamp them with great physiological import-
ance. The complexity of the convolutions in the animal scale is in

the direct ratio of the advance of intelligence. It must be remarked,

however, that the weight of the brain, whether absolute, or in

relation to the body, affords no criterion, or at best an imperfect one,

of the extent of the convoluted surface. Highly complicated con-

volutions may exist along with a brain both absolutely and rela-

tively small. Thus Leuret asserts, that the ferret, which has several

well-marked convolutions on each hemisphere, has a brain no larger

than that of the squirrel, which has no convolutions at all, and which

wants even the few fissures which mark their first development in

the rabbit, the beaver, the agouti, etc. And the last-named ani-

mals have the brain both absolutely and relatively larger than that

of the cat, the pole-cat, the roussette, the uiiau, the sloth, and the

pangolin, all of which possess convolutions. We hence learn the

physiological distinctness of these organs from the more deeply-
seated gangliform bodies of the brain to which we have already
seen that separate functions may be assigned.

At the early periods of human life, in infancy and childhood,
the convolutions of the brain are very imperfectly developed, and

their increase of size goes on simultaneously with the advance of

mental power. If the former be arrested, or if some congenital
fault prevent the further growth of the convolutions, the mental

powers are of the lowest and feeblest kind, but little above those of

the brute with imperfect convolutions. In all idiots the brain is not

only small, but its convoluted surface is extremely limited.

We remark, here that the convoluted form must be regarded no
otherwise than as a convenient mode of packing, which affords an

indication of a greater or less superficial extent of vesicular matter,
for in cases where a slow and gradual accumulation of water takes

place within the ventricles of the brain, when accompanied with cor-

responding enlargement of the cranium, the convolutions become
unfolded

; and yet the intellect may remain unimpaired, at least so

far as the obvious damage to the quality of the nervous matter in

such cases will allow.

In examining the brains in the animal series, we observe a pro-

gressive increase in the complication of the convolutions, and there-

fore in the extent of the convoluted surface, as we pass from the

inferior to the higher classes, from those endowed with but feeble

intelligence to those which enjoy sagacity, docility, and memory.
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Instances have been already referred to of animals of the same

group, although of different species, having brains very differently

developed as regards the convoluted surface. In the animal with

greater mental power, the convolutions are always deeper or more

complex (vid. p..283).
If a similar comparison were instituted between the brains of

different men, whose intellectual powers had been known, there can

be no doubt that a similar result would be obtained. A series of

outline views of the convolutions of the brain in various known in-

dividuals would be of great interest and advantage in reference to

the question of their function.

Thus anatomy leads to the conclusion that the operations of the

mind are associated with the convolutions. Perception, memory,
the power of abstraction, imagination, all possess, as instruments of

corporeal action, these folds of vesicular and fibrous matter. These

parts, in the language of Cuvier, are the sole receptacle in which the

various sensations may be as it were consummated, and become

perceptible to the animal. It is in these that all sensations take a

distinct form, and leave lasting traces of their impression ; they
serve as a seat to memory, a property by means of which the ani-

mal is furnished with materials for his judgments."*
It is quite established as the result of all the experiments upon

the cerebral convolutions and the white matter of the centrum ovale,

that mechanical injury to them occasions no pain, nor disturbance of

motion. The endowments of the nerve-fibres which form the fibrous

substance of the cerebral convolutions appear to be quite distinct

from those of sensitive or motor nerves. They are internuncial

between parts which are beyond the immediate influence of the

ordinary physical agents, and which have no direct connexions with

muscular organs. And if, under the influence of morbid irritation,

they do excite pain or convulsion, which is frequently the case in

disease of the cerebral meninges, this is effected through a change

produced in the corpora striata or optic thalami propagated to the

origins of motor and sensitive nerves.

The recorded experiments upon the removal of the hemispheres of

the brain do not lead to any satisfactory conclusion, as in all of them

the corpora striata and thalami have been removed at the same time.

But it may be here stated, that the effect of the removal of the hemi-

spheres in Flourens' experiments was to throw the animal into a state

of deep sleep, retaining its full muscular power, yet apparently inca-

*
Cuvier, Eeport sur le M6moire de Flourens sur le SystSme nerveux.
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pable of a single mental nervous action, whether voluntary or

sensitive.

When the membranes of the brain are in a state of inflammation,

disturbance of the mental faculties is an invariable accompaniment
to an extent proportional to the degree of cerebral irritation, and

more especially so when the inflammation is seated in the pia mater

of the convolutions. This disturbance of mind is frequently in-

dicated by the manifestation of delirium of a more or less violent

kind. It is plain that in such a case, the delirium arises from the

altered state of the circulation in the gray matter of the convolu-

tions, the blood-vessels of which are immediately derived from those

of the pia mater, so that the one cannot be affected without the

other likewise suffering. And it may be stated, as a fact no less

interesting in a physiological than important in a practical point of

view, that in many, if not in most, instances of violent delirium,

such, for example, as delirium tremens, the vesicular matter of the

convolutions is found after death to be bloodless, as if its wonted

supply of blood had been completely cut off from it. Thus it

happens in the delirium after great operations in that of rheu-

matic fever and perhaps also of gout and in that which occurs

in the more advanced stages of continued fever.

We learn from the most trustworthy reports of the dissections of

the brains of lunatics, that there is invariably found more or less

disease of the vesicular surface, and of the pia mater and arachnoid

in connexion with it, denoted by opacity or thickening of the latter,

with altered colour or consistence of the former.

From these premises it may be laid down as a just conclusion, that

the convolutions of the brain are the centre of intellectual action, or,

more strictly, that this centre consists in that vast sheet of vesi-

cular matter which crowns the convoluted surface of the hemi-

spheres. This surface is connected with the centres of volition and

sensation (corpora striata and optic thalami), and is capable at once

of being excited by, or of exciting them. Every idea of the mind
is associated with a corresponding change in some part or parts of

this vesicular surface
; and, as local changes of nutrition in the ex-

pansions of the nerves of pure sense may give rise to subjective sen-

sations of vision or hearing, so derangements of nutrition in the

vesicular matter of this surface may occasion analogous phenomena
of thought, the rapid development of ideas, which, being ill-regu-

lated or not at all directed by the will, assume the form of delirious

raving.

The actions of the convoluted surface of the brain, and of the
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fibres connected with it, are altogether of the mental kind. The

physical changes in these parts give rise to a corresponding mani-

festation of ideas; nor is it likely that any thought, however

simple, is unaccompanied by change in this centre. The shock of

concussion so far checks the organic changes of the vesicular sur-

face, and perhaps, also, of the fibrous matter, as to interrupt for

a time those conjoint actions of the mind and the brain which

are necessary for perfect consciousness. The condensation of the

substance of the hemispheres whicli is produced by an apoplectic

clot, or by the effusion of some other foreign matter, prevents a simi-

lar consent of action, and thus gives rise to the phenomena of coma,
in which all mental nervous actions are destroyed or suspended.
Those parts of the cerebro-spinal centre on which the physical actions

depend, being more completely protected from compression, do not

suffer in their functions, and, consequently, actions of this kind

remain unimpaired.
This view of the function of the convolutions of the brain has

been held by nearly all the great anatomists who have directed

their investigations to this wonderful organ. Our countryman,
Willis, distinctly advanced this opinion in the seventeenth century,
and conjectured that the various gyrations were intended for retain-

ing the animal spirits "for the various acts of imagination and

memory
" within certain limits. The distinguished Gall, however,

proposed to assign certain convolutions as the seat of certain facul-

ties of the mind moral feelings, or instinctive propensities and

upon this basis raised the celebrated theory of Phrenology, which

has been pursued since his time with all the zeal and interest

naturally attaching to a science, which professes from external signs

to detect the natural tendencies of the spirit within.

We do not propose to discuss the validity of this theory, which

seems to have been taken up with more apparent zeal for victory,

than love of truth. But we shall remark, that, in considering the

truth or falsehood of Phrenology, it is absolutely necessary to sepa-

rate the metaphysical question as to the existence of certain

faculties of the mind from what has been admitted as a physiolo-

gical fact before the foundation of the phrenological school, that

the vesicular surface of the brain is the prime physical agent in

the working of the intellect. A physiologist may hold the vali-

dity of this latter doctrine, and yet think as we do, that many of

the so-called faculties of the phrenologists are but phases of other

and larger powers of the mind; and that the psychologist must

determine what are, and what are not, fundamental faculties of
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the mind, before the physiologist can venture to assign to each its

local habitation. The empirical method, by which Gall first fixed

upon certain parts of the brain as the seat of certain faculties, is

exposed to this serious fallacy, that a part on the surface of the

brain may appear largely developed, by reason of the large size

of some subjacent or neighbouring part. We have already shewn

how this may be the case with reference to the cerebellum, and

that a thick neck and large occipital region may, and probably

do, indicate a large mesocephale more frequently than a large

cerebellum. At the same time we think that all observation, both

in man and in the lower animals, proves that the energy of any
nervous centre always bears a direct proportion to its bulk, whe-

ther absolute or relative; and that the phrenologists do not err

in attaching great and primary importance to the size of those

parts with which they associate certain faculties : while the atten-

tion which recent writers of that school have paid to the tempera-
ments of the individuals under examination, is a proof of their ad-

mission that the quality of the nervous matter constitutes a highly

important element in the development of nervous power.
*

We have seen that the convoluted vesicular surface, and the

fibres of the centrum ovale, are the seat of those physical changes
which accompany, and are necessary to, intellectual action. A large

number of these fibres is commissural, but the greatest proportion
of them serves to establish a communication between the centre

of intellectual action, and the centres of volition and sensation.

Through the connexion with the former the intellect may prompt
or excite the will

;
and the will, on the other hand, may control,

direct, or apply the powers of the intellect. The faculty of Atten-

tion, and, therefore, in a certain degree, the power of Memory,
are dependent on the influence of the centre of volition upon the

centre of intellectual action. Every one is sensible of a power
which he possesses of fixing his attention on any given subject,

as distinct as that by which he can contract any particular muscle.

Again, the association of the intellectual centre with that of sensa-

tion is necessary to ensure the full perception of sensitive impres-
sions. The experience of each individual can supply him with

numberless instances in which, while the mind was employed upon
some other object of interest, an impression was made upon some
one of the organs of sense, and indistinctly felt, but not fully

* Cams has lately propounded a new Cranioscopy, founded upon the tri-

partite composition of the cranium, which bids fair to rival the system of Gall.

See a Lecture in Lond. Med. Gazette, vol. xxxiv., translated by Dr. Freund.
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perceived. When the mind has become disengaged, the fact that

an impression had been made is remembered, without any ability to

recollect its precise nature. And in many lunatics the centre of

intellectual action is so impaired as to destroy or greatly reduce the

power of perception, whilst there is abundant evidence to shew that

the affections of the organs of sense still make a sufficient impres-
sion on the centre of sensation. In some cases, however, this

centre likewise participates in the general hebetude.

Perfect power of speech, that is, of expressing our thoughts
in suitable language, depends upon the due relation between the

centre of volition and that of intellectual action. The latter centre

may have full power to frame the thought ; but, unless it can prompt
the will to a certain mode of sustained action, the organs of speech
cannot be brought into play. A loss of the power of speech is

frequently a precursor of more extensive derangement of sensation

and motion. In some cases the intellect seems clear, but the patient

is utterly unable to express his thoughts ;
and in others there is

more or less of mental confusion. The want of consent between

the centre of intellectual action and of volition, is equally apparent
in cases of this description, from the inability of the patients to

commit their thoughts to writing.

The hemispheres of the brain, as has been already stated, are

insensible to pain from mechanical division or irritation ; in wounds

of the cranium in the human subject, pieces of the brain which

had protruded have been removed without the knowledge of the

patient. Nevertheless, pain is felt in certain lesions of the brain,

even when seated in the substance of the hemispheres, or in the

optic thalami or corpora striata. This results from the morbid

state affecting other parts with which nerves are connected, as the

medulla oblongata; or in which nerves are distributed, as the

membranes. The nearer a cerebral lesion is to the membranes

or to the medulla oblongata, the more likely is it to excite paiii.

Headaches, of whatever nature, must be referred to irritation,

either at their centres or at their periphery, of those nerves which

are distributed in the dura mater, or in the scalp. The branches of

the fifth pair, of the occipital nerve, and the auricular branch of

the cervical plexus, are those most frequently affected.

Certain sensations are referred to the head which may occur

from a morbid state, or may be produced by changes of position in

the body. Such are, vertigo, a sense of fulness, or of a weight in

the head', a feeling of a tight cord round the head. These are, no

doubt, truly subjective, arising from alterations in the distribution
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or in the quality of the blood sent to the brain. A sensation

of a rushing of blood to the head is often consequent upon excessive

hemorrhage, or accompanies a state of extreme debility from any
cause. This is owing in great part to the feeble tone of the arte-

ries, resisting imperfectly the flow of blood to the head, and allow-

ing it to impress the nervous matter too much. It is well known,

that, by turning round quickly on one's own axis, the sense of'vertigo

may be produced, a confused feeling in the head, and an inability

to maintain perfectly the balance of the body, accompanied by an ap-

pearance as if external objects were revolving. If the eyes be kept

shut, the uneasy feelingofthe head will take place, but no true vertigo.

To obtain this feeling perfectly, the eyes must be open, and objects

presented to them. And Purkinje has shewn that the direction in

which external objects appear to revolve is influenced by the position

of the body and of the head while turning round, and by the position

of it afterwards, when the experimenter has ceased to move round.

If the experimenter have kept his head in the vertical position while

moving round, and afterwards when standing still, the objects ap-

pear to revolve in the horizontal direction. If the head be held

with the occiput upwards while turning round, and then erect when

standing still, the objects seem to rotate in a vertical plane, like a

wheel placed vertically revolving round its axis.* It is highly

probable that these sensations, as well as those which arise spon-

taneously, are due to some irregular distribution of blood to various

parts of the brain. A sense of giddiness frequently precedes faint-

ing, and is attributable to the temporary deficiency in the supply of

blood to the head. If the horizontal position be immediately

adopted, or the body be laid with the head inclined downwards, the

faint may be prevented. The sense of giddiness which is expe-

rienced upon rising from the horizontal position after illness, is

doubtless of the same kind. Anaemic patients experience this feel-

ing of giddiness even in the horizontal posture; and both it and

the headache and delirium, which accompany this state of bloodless-

ness, may be somewhat relieved by placing the patient on an in-

clined plane with the head downwards.

The mind possesses a remarkable power of exciting and of exalt-

ing painful sensations in various parts of the body. If the attention

be directed very strongly, and for some time, to any part, that part

may become the seat of pain, for which the most effective remedy
is to engage the thoughts as much as possible on some other object,

* Miiller's Physiology, by Baly, vol.i. p. 848.

B B
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In many instances,, where pain has been excited by a physical cause,

there can be no doubt it has been continued long after the cessation

of its exciting cause, by the attention of the patient having been

directed to it. It is probable,, that in such cases the perceiving

parts of the brain (so to speak) become habituated to a certain

condition of the centre of sensation, produced by the original ex-

citing cause of the pain.

Nerves are implanted only in those parts of the encephalon which

are capable of physical nervous actions : the convulsions of the

brain, the corpus striatum, the optic thalamus, and the cerebellum,
are capable only of mental nervous actions. In every change of

these latter, the mind is either the excitor or the excited ;
the con-

ditions of the nerves involve them only through the influence of

the centres in which the nerves are implanted; and they affect

the nerves only through the same medium. Matteucci's experi-

ments as to the effects of electricity on the different parts of the

brain, shewed that, as long as the current was confined to those

parts which are capable only of mental actions, no apparent effect

was produced. But when the poles of the battery had penetrated
to the base of the brain so that the current might pass through
the deeper seated parts, then the animal cried out with pain, and

strong convulsions were produced.
Those parts in which physical nervous actions take place, (al-

though capable of partaking in the mental actions,) require the

excitation of physical stimuli in order to develop their peculiar phe-

nomena, and thus have frequent remissions in the active performance
oftheir functions in the frequent absence ofthe ordinary stimuli. But

the ever-active mind keeps up a constant and proportionately rapid

train of changes in those parts which are more especially connected

with mental actions : hence these parts, requiring repose, fall at

certain periods into that peculiar and inscrutable state called sleep ; in

which, whatever be the condition of the mind itself, the brain either

refuses, or is slow to respond to its stimulation, or to convey im-

pressions to it. In deep sleep we are completely unconscious, and

may remain for a considerable time motionless. But as the ac-

customed period of repose approaches to its termination, the sleep

becomes lighter, a degree of consciousness returns, and mental

changes take place, which, whether incoherent or connected, con-

stitute what are familiarly known as dreams. In lighter sleep,

it cannot be said that there is complete want of consciousness ;
nor

is the mind, although comparatively quiescent, in complete repose.

The readiness with which, at times, some persons, during sleep,
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reply when addressed, and resume the waking state, the power
which many unquestionably have of limiting the duration of sleep

to a predetermined period, as contrasted with the deep uncon-

sciousness and slowness to awake of others, strongly favour this

idea.

This state, with which the revolution of each diurnal period

makes us familiar, as one of repose to the great centres of mental

nervous actions "tired Nature's sweet restorer" occurs, with

modifications, as the result of certain morbid processes, as the effect

of certain physical agents, or even as the consequence of pecu-
liar states of mind. Thus, under the influence of pressure, from

a clot of blood compressing the brain, or from lymph or fluid at its

base, a state varying from that of drowsiness up to the profound-
est sleep, or coma, may be induced. Whatever be the nature of

the compressing substance, or wherever situate, if the hemispheres

experience general pressure, this~result will ensue. Again, a class

of drugs, of the sedative or narcotic kind, exerts a similar influence ;

and, if given in too large a dose, will paralyse the brain. We
have daily evidence of this in the effects of opium, which para-

lyses at first the centres of mental actions, and ultimately those

of physical actions. Lastly, particular states of the system, in-

duced, perhaps, by deranged assimilation, or by great previous dis-

turbance of mind, dispose persons to fall into that state which is

called somnambulism. The somnambulist is one who dreams, and

acts in his dream as if he were awake, and as if all the phenomena
presented to him were real. He appears to the bystanders in a

deep sleep, but acts with wonderful precision, walks with steady

gait, and avoids obstacles. Yet frequently accidents, injurious or

even fatal, occur ;
which shew that on such occasions he is asleep,

and has not the full command of his senses. Persons in this state

will answer questions rationally and with readiness, and do not

appear to be at all disturbed by being questioned. The hypochon-
driacal or hysterical diathesis disposes greatly to the development
of somnambulism both in male and female.

A state remarkably analogous to this of somnambulism may be

induced in persons of nervous temperament, which has been called

the Mesmeric sleep, or trance. It requires for its production the

apparent influence of another individual, who watches the person

experimented on with an intent look, and makes certain movements
before him, which are called passes. All persons are not susceptible
of passing into this state, any more than they are of exhibiting the

phenomena of somnambulism. The same state of constitution which

B B 2
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disposes to the latter is favourable to the former. Remarkable

statements have been made, and confirmed by the testimony of a

larger number of observers, tending to imply that in these cases the

faculties become exalted in an extraordinary manner; and that the

individual acquires powers of a novel description, and even of a

superhuman kind. It behoves all sober-minded persons to be slow

to accept such statements as true, and, without impugning the vera-

city of the reporters, to inquire whether they do not rest more upon
a misinterpretation than upon a misrepresentation of facts. The

polar force of the mental nervous centres may, in this peculiar state,

be so affected as to favour the development of subjective pheno-

mena, which it is evident may assume particular forms under the

influence of impressions made from time to time upon the senses.

The ravings of a delirious or of a lunatic patient often take a parti-

cular direction under the influence of a question or remark let fall

by some bystander ; it is not unlikely that persons, with a mental

bias for the marvellous, might discover in such patients quite as

much evidence of superhuman power, as has been adduced by the

Mesmerists.

We cannot avoid remarking, how much it is to be lamented that

inquiries of so delicate a nature, affecting the very confines between

mind and matter, should have usually fallen into the hands of per-

sons ill qualified for such pursuits, either by mental constitution or

by previous experience in the study of subjects involving both phy-
sical and metaphysical knowledge. Little is to be expected in such

difficult researches from dilettanti of either sex; much less from

those whose excessive zeal for novelty and notoriety must necessarily

cast suspicion on their statements. Nor can we hope that truth can

oe elicited from experiments and observations which are made be-

fore the public gaze, with more of the characters of a theatrical

exhibition than of a sober philosophical investigation.

Functions of the Commissures. The commissures of the brain

have long been regarded as provisions to ensure the harmonious

co-operation of certain parts of the nervous centres, whether on

the same or on opposite sides. This opinion rests mainly upon
their anatomical connexions ; for but little that is satisfactory can

be concluded from either the comparative anatomy or pathological

conditions of them. It is evident that the principal commissures

bear a direct ratio in point of development to that of certain

parts ;
and that, when those parts are imperfect or absent, the

commissures are deficient or wholly wanting. Thus the corpus

callosum and the hemispheres are developed together; the fornix
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and the hippocampi, the pons Varolii and the cerebellar hemi-

spheres.

The anatomy of the corpus callosum favours the hypothesis that

it is the bond of union to the convoluted surface of the hemispheres,
and that it is the medium by which the double organic change is

made to correspond with the working of a single mind. There is

nothing in the recorded observations of morbid change or congenital
defect of this part to militate against this idea ; but it must be re-

marked that all these cases are accompanied with lesion or defect

of other parts, which weaken the inferences to be drawn respecting

the corpus callosum. Direct experiments upon this commissure yield

only negative results. Longet and others found that irritation of it

did not cause convulsions : and Longet states, that injury to the

corpus callosum in young rabbits and dogs did not appear to dis-

turb voluntary movements
;
and that, when he incised this body in

its whole length in rabbits standing, they have continued to main-

tain that position; or, when urged on, ran; and that no convulsive

movement whatever, nor any sign of pain was manifested. Such

statements are certainly favourable to the supposition that these

fibres are destined to connect centres whose appropriate stimulus is

mental.

The fibres of the fornix manifest the same insensibility to me-

chanical irritants
;

and their obvious anatomical connexion with

particular convolutions warrants but one conclusion, that they
associate the actions of those parts. Lallemand relates a case in

which the symptoms were altogether limited to mental disturbance,

without any affection of the sensitive or motor powers, and the

fornix and corpus callosum were found in a state of complete soft-

ening without discoloration.

The fibres of the pons Varolii bring the cerebellar hemispheres
into connexion with each other, and with the vesicular matter of the

mesocephale. Direct experiments on these fibres can yield no satis-

factory result, because they are so intimately associated with the

deeper seated parts of the mesocephale, and with the nerves of the

fifth pair and others, that it is impossible to irritate them in the

living animal without likewise irritating these other parts. And it

is sufficiently evident, that these fibres have no necessary connexion

with sensation and volition, from their non-existence in birds; nor

rvru with the cerebellum when that organ is single. It will be borne

in mind, that at a previous page we have referred to the connexion

of these fibres with the mesocephale as explaining the crossed in-

fluence of lesion of one hemisphere of the cerebellum.
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We conclude tins chapter with the following inferences, which,
we think, the present state of knowledge justifies :

1. The spinal cord contains within itself all the physical condi-

tions necessary for the mental and physical actions of the trunk

and extremities, so long as its connexion with the encephalon is

perfect through the anterior pyramids.
2. There is no sufficient evidence to prove the existence of a

class of sensori-volitional fibres distinct from those which are the

instruments of physical actions.

3. Each segment of the cerehro-spinal centre, whether in the

cranium or in the spinal canal, gives origin to its own proper

nerves, and has no connexion with the neighbouring segments,
otherwise than by commissural fibres or vesicular matter.

4. The antero-lateral columns of the cord, with the anterior and

posterior horns of the gray matter, are the effective centres of mo-
tion and sensation of the trunk and extremities. The posterior
columns are longitudinal commissures, by which the influence of the

cerebellum is brought to bear on the various segments of the cord.

5. When the pyramids are in a state of integrity, the corpus

striatum, certain accumulations of gray matter connected with the

nerves of the medulla oblongata, the locus niger, and the anterior

horns of the spinal gray matter are the centres of voluntary motion
to the whole body; while the optic thalami, olivary columns, and

posterior horns of gray matter are the centres of sensation.

6. The medulla oblongata, when connected to the corpora striata

by the pyramidal fibres, is a centre of voluntary actions to those

parts whose nerves are derived from it
; and, in addition, it is the

principal centre of the actions of respiration and deglutition.

7. The corpora quadrigemina are primary centres of visual

impressions, and, with a large portion of the gray matter in the

mesocephale, are centres of emotional actions.

8. The cerebellum is the co-ordinator of voluntary and locomo-

tive actions.

9. The convolutions of the brain are the centres of intellectual

actions, and are intimately associated with the mental phenomena
of attention, association, and memory.

On the subjects discussed in this chapter, we refer to the more recent

tises on Physiology by Miiller, Wagner, and Carpenter ;
to Dr. Marshall Hall's

writings on the Nervous System ;
the most important of which will be found

in an octavo volume " On the Diseases and Derangements of the Nervous Sys-

tem," 1841; and in a quarto volume "On the Nervous System," 1843; to

Henle's General Anatomy; Whytt on Vital Motions; Prochaska, Annot.

Academicae
;

Le Gallois, CEuvres
; Flourens sur le Systeme Nerveux ;
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Desmoulins et Majendie sur le Systeme Nerveux ; Longet, Anat. et Physiol. du

Syste"me Nerveux ; Volkmann, in Muller's Archiv.
;

Van Deen, sur la Physiol.
de la Moe'lle Epinere, and the works referred to at the conclusion of the last

chapter.

Appendix to the Eleventh Chapter. While the preceding pages were passing

through the press, we were favoured, through the great kindness of Prof. Mat-
teucci of Pisa, with several opportunities'of witnessing his highly important

electro-physiological experiments. As these experiments tend very much to

confirm and substantiate the views expressed in Chap. IX., we subjoin here a

succinct account of them.

The facts which M. Matteucci's researches have developed are the following :

1 . That muscle is a better conductor of electricity than nerve, and that

nerve conducts better than brain. 2. That in the muscles of living animals,
as well as of those recently killed, an electric current exists, which is directed

from the interior of each muscle to its surface. 3. That in frogs a current

exists peculiar to the Batrachian reptiles, which proceeds from the feet to the

head, and is distinct from the muscular current. 4. In continuation of Mari-

anini's and Nobili's researches, Matteucci illustrates the effects of the inverse

and direct currents in nerves of different function, and shews very strikingly
the difference in the influence of the electrical stimulus upon nerves, from

that of other stimuli upon these organs.
For these researches, Matteucci employed the galvanometer of Rumkorff

(Paris), which is the same as that of Nobili, with the addition of a small ap-

paratus by means of which the needles may be rendered more or less astatic,

and thus the sensibility of the galvanometer may be more or less increased.

But he also takes the precaution to guard against the development of currents

by unequal chemical action upon the poles of the galvanometer, to have them
made of plates of platina, which is not acted upon by water or saline solutions.

He takes two plates of platina, about a quarter of an inch in breadth, and fixes

each in a handle of wood. The plates are then soldered to the wires of the

galvanometer, and both the handles and the plates are covered with a layer of

sealing-wax varnish, leaving only a space of about a quarter of an inch un-

covered at the extremity of each platinum plate.

The frog's leg, prepared in a certain way, is most susceptible of electric in-

fluence, and therefore may be used as a galvanometer of extreme delicacy.
The skin is stripped off one lower extremity of a lively frog, and the whole

length of the sciatic nerve is dissected out from among the muscles of the

posterior part of the thigh ;
after which the thigh is cut across just above the

knee, the nerve remaining attached to the knee and leg. The leg is now
placed in a glass tube, in such a position that the nerve hangs loosely from the

end of the tube. To use this galvanoscope, the operator holds the glass tube
at the opposite extremity to that in which the leg is placed, and causes the

nerve which hangs loosely from the tube, to touch at two points the electro-

motor element under examination. If the nerve be traversed by a current,
the leg instantly contracts. This apparatus, called by Matteucci, grenouille

galvanoscopique, is the most delicate we possess, if it be renewed from time to

time. And it is capable, not only of indicating the existence of an electric

curient, but also of shewing, with a great degree of probability, the direction

of that current. When the frog has become a little weakened, it almost con-

stantly happens that the contraction takes place on dosing the circuit, if the
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current pass from the nerve to the leg ;
but if it pass from the leg to the

nerve, contraction will take place on opening the circuit.*

1. Matteucci's experiments upon the relative conducting power of animal

substances were founded, upon a law of derived currents. When a liquid, or

any other body, is traversed by an electric current, and the plates of the galvano-
meter are plunged into it, there are immediate indications of a derived current,

so directed in the galvanometer that the point at which it enters the coil of

the galvanometer corresponds to the positive pole of the current which tra-

verses the liquid. The derived current is always greater, as the plates of the

galvanometer, plunged in the liquid, are more distant from each other. If a cur-

rent be made to traverse different substances, which correspond as nearly as

possible as regards shape, bulk, etc., the derived current from each will be

exactly in the inverse ratio of the conducting power of the substance traversed.

Pieces of nerve, brain, and muscle, from a rabbit just killed, were selected

for the comparative experiments : these were cut so as to correspond as nearly
us possible in point of size and shape, and disposed as a chain on an insulating

plane. Platinum wires, fixed by sealing-wax to two pieces of cork, which were

held apart at a certain distance by a rod of glass which transfixed each of

them, were soldered to the wires of the galvanometer, the platinum wires

having been previously varnished to within a very short distance of their ex-

tremities. A current from twelve cells of a constant battery was now passed

through the chain of animal substances. The platinum wires, held always at

the same distance from each other, were successively brought into contact

with brain, nerve, and muscle, and the deviation of the needle resulting from

the derived current in each case was carefully noted. The derived current

from nervous matter was always greater than that from muscle
;
that from

brain greater than that from nerve, denoting a less conducting power in ner-

vous matter than in muscle in brain than in nerve. By increasing the dis-

tance between the platinum wires, a derived current may be obtained from

muscle equal to that obtained from brain
;
and Matteucci, from this latter

experiment, infers that the conducting power of muscle may be taken as four

times greater than that of brain or nerve.

Another interesting experiment confirmed the results obtained from those

just detailed. The current was made to traverse the whole length of a rabbit

just killed and flayed ;
and the platinum wires, held at a constant distance,

were applied successively to different parts, muscles, nerves, etc. : the current

was found to traverse all parts, with such difference as was due to the dif-

ferent power of conduction of the different substances ;
that is, so as to yield

a derived current of less intensity from muscle than from nerve, or from

nerve than from brain.

2. To demonstrate the existence of an electric current in the muscles of

animals recently killed or living, the following experiments have been

adopted by Matteucci.

If a deep wound be made in a muscle of any living animal, and the nerve

of the galvanoscopic frog be introduced into it, so that the nerve shall touch

the cut surface at one point, and the outer surface of the muscle at the other,

contractions instantly take place on completing the circuit. It is evident that

* Those who propose to employ the galvanometer in physiological experi-

ments should carefully observe the precautions assigned by Matteucci, in the

third chapter of his book, to guard against erroneous inferences.
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this effect is due to an electric current developed by the muscle, because it is

necessary that the nerve should touch the muscle at two points ;
and because,

if the nerve be brought into similar contact with two points of any other body,
no such effect will follow. To guard against the fallacy that might arise from

contact with the blood, Matteucci shews, that if a nerve be brought into con-

tact with a layer of blood at two different points, no evidence of an electric

current will appear. In this, and all experiments with the galvanoscopic frog,

it is to be remembered, that the frog's leg must be held in the glass tube to

insure perfect insulation. The experiment is always followed by the same

results, whatever be the muscle of the animal touched, or even if muscles

separated from the animal be operated on. The indications of the electric

current remain longest in those animals in which muscular contractility lasts

longest ;
in cold-blooded animals, such as fish and reptiles, Matteucci has seen

the phenomena last for many hours. The current is sufficient to excite the

nerve of a warm-blooded animal. The thighs of a rabbit having been removed,
a long portion of the crural nerve was dissected out, and the muscles exposed.
With a glass tube the nerve was raised and brought to touch the muscles at

two points, when the whole limb was thrown into contraction.

So far distinct evidence was afforded by the animal galvanometer (so to

speak) of the existence of a muscular current. When the frog's leg becomes a

little weak, it indicates the direction of the current to be from the interior to

the surface of the muscle.

In order to demonstrate the influence of this current on the galvanometer,
a particular arrangement is necessary.

Several small cup-like cavities are scooped out in a piece of wood, twelve

inches square, and an inch and a half thick. The wood and its little cavities

are coated over with a layer of varnish, or small capsules sunk into the wood

may be employed. Five or six frogs are prepared by flaying the posterior ex-

tremities, and the legs are separated by disarticulating them at the knee ;

which must be done with care, in order not to wound the mass of crural

muscles. Next, each thigh is divided at its middle, and thus a certain number
of conical masses (the lower halves of the thighs) are obtained. These must
be arranged on the board in a chain. One half-thigh is placed at the edge of

one of the cavities, with its apex to the cavity, and the cut surface outwards ;

and the chain is completed by arranging the others in a semicircle, so that the

apex of one freely touches the cut surface of the other, and the piece which

forms the opposite extreme of the series ought to touch the edge of another of

the cavities by its cut surface. Thus a pile is formed, of which one of the ex-

tremities is the interior of the muscle, and the other its external surface. The

board, with the muscular pile arranged upon it in this way, is now brought to

the galvanometer, the platinum poles of which, if it be a very sensitive one,

have been some time placed in distilled water ; or, if not very sensitive, in a

saline solution. The next step of the experiment is with a pipette, to pour
into the cavities with which the extremes of the pile are connected, either

water or some of the saline solution, according as the plates of the galvano-

meter have been immersed in either of those fluids.

The platinum poles of the galvanometer are now withdrawn from the fluid

in which they had been immersed, and introduced into the fluid of either of

the cavities ;
if no deviation of the needle follow this, they are at the same

time plunged into the two extreme cavities of the pile, so as to close the
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circuit. A deviation of the needle takes place immediately, which varies in

amount according to the number of segments which constitute the pile.

Matteucci has obtained a deviation of 15, 20, 30, 40, 60, etc., according to

the number of half-thighs, supposing the frogs employed to be equally lively ;

he obtained 3 or 4 with two elements, 6 or 8 with four elements, and 10

or 12 with six, and so on. These numbers are obtained, using distilled water

in the cavities ;
but the deviation may be increased considerably if a few drops

of sulphuric acid be added to it, so that a pile of eight half-thighs, which gave
a deviation of 15 with distilled water, will cause 50 with the acid liquid.

"When the fluid was slightly saline or alkaline, the same number of elements

caused a deviation of 35. In all the trials the current had the same direction

that is, from the internal part of the muscle to its surface.

The muscular current may be demonstrated with the muscles of other cold-

blooded and of warm-blooded animals. In all cases, it is necessary so to arrange
the elements of the pile, that the inner-surface of one segment shall be in

contact with the outer surface of the next, and that the inner surface of a

piece of muscle shall form one pole, and the outer surface of another piece
the opposite pole.

The duration of the muscular current corresponds with that of contractility.

In cold-blooded animals, therefore, it is greatest. In mammalia and birds it

is very brief. Temperature has a considerable influence upon the intensity of

the current. If frogs are placed for some time in a very cold medium, piles

made from their muscles yield no evidence of electricity ; but, if the frogs are

placed in a warm medium for a short time after they have been taken from a

cold one, the current of electricity obtained from their muscles will be stronger

than that from a similar pile which had not been subjected to any change of

temperature.

Any circumstances which enfeeble frogs, and derange their general nutrition,

will diminish the power of the muscles to generate electricity, as they also

impair the contractile force. Thus, Matteucci found the great heat of summer
to impair materially the development of electricity. We have found the same

result in frogs, which, having been kept crowded together in a small compass

during the month of December, became ill-nourished, with soft, flabby mus-

cles, full of moisture. The redder and more consistent the muscles are, as

Matteucci remarks, the more distinct will be the signs of electricity.

The muscular current appears to be quite independent of the nervous

system. The segments of which the piles are formed are obviously beyond
the influence of the nervous centres

;
and Matteucci has taken great pains to

remove from such segments all the larger nervous trunks and filaments dis-

tributed among the muscles without affecting the electrical current. And in

frogs, in which the lower part of the spinal cord had been destroyed by

burning, there was no evidence of impairment of the electric current in the

muscles of the lower extremities.

Matteucci found that narcotic poisons, in moderate doses, had little or no

influence upon the muscular current. On one occasion, he found it slightly

increased in a frog to which a very small dose of opium had been given. In

very strong doses, such as to kill the animal, the muscular current is destroyed.

The influence of the narcotic gases upon the current is of no importance, with

the exception of sulphuretted hydrogen, which has the effect of materially

weakening its intensity.
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On one occasion, we endeavoured to obtain a current from a pile composed
of pieces of human muscle from a leg that had just been amputated ;

but the

muscles were in so atrophied a condition, that the experiment failed with the

galvanoscopic frog, as well with the galvanometer. We have since learned

from Professor Matteucci, that he has obtained evidence of the current in

human muscle under similar circumstances.

It is plain, from the statements above given, that the essential condition for

the full development of the muscular current is a healthy and vigorous state

of the muscles themselves, and that the nervous system contributes to the

electrical phenomena only so far as it contributes to the healthy nutrition of

the muscles by promoting their natural actions. The muscular current is one

of the phenomena which attend the passive contraction of muscles
;

it dis-

appears from dead muscle, and from living muscles which have so suffered in

their nutrition as to lose their characteristic property. All external influences

which materially affect the nutrition, and therefore the passive contraction of

muscles, exert a corresponding effect upon the muscular current. The dura-

tion of the current after systemic death continues in the different animals just
so long as the phenomena of contractility are present.

3. In the latter part of the last century, Galvani announced his celebrated

experiment of causing contraction of the frog's leg by bringing its muscles in

contact with the lumbar nerves. The following are the steps of this experiment :

The integuments are stripped off the lower extremities, which are separated
from the trunk at the middle of the back

;
a small portion of the lumbar region

of the spine, from which the lumbar nerves emerge, is left with these nerves in

connexion with the lower limbs, the pelvis having been cut away. If now the

limbs be suspended by the segment ofthe spine, and one leg be carefully bent up,
so as to bring the foot into contact with the lumbar nerve, the whole limb is con-

vulsed at the moment of contact. The foot may be made to touch the muscles at

various parts of thelimb without any such effect. The contraction is general, and

evidently of the same nature as that which the passage of an electric current

through the lumbar nerves would produce. When the experiment is carefully

tried, it is impossible that the nerve can experience any mechanical dragging,

such as would produce an effect like that described. Galvani pointed out, that, in

order to succeed perfectly in the experiment, it is necessaryto wait until the frog

has recovered from the tetanic state which is likely to ensue upon the necessary
mode of preparation. He also stated, that the experiment is more likely to be

successful if the frog have been previously moistened by a solution of salt
; and

that the contraction of the muscles may be produced if the nerve and foot are

connected by a piece of muscle, and not directly. The accuracy of Galvani's

observations has been fully established by Humboldt, Valli, and many modern

experimenters. We have frequently repeated the experiment with the same

result.

Fifty years after Galvani, Nobili* took up the same line of inquiry. Having

prepared the legs of a frog according to Galvani's method as above described, he

plunged the lumbar nerves into one capsule and the feet into another, the cap-

sules being filled with water. When the poles of a galvanometer were intro-

duced into the fluid of the capsules, a deviation of the needle followed, to the

Bibliotheque Universelle, 1827.
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extent of 5, 10, or 15 or more. The deviation could be increased by making
a chain of frogs' legs prepared in the same way. The legs were placed on an

insulating plane, so that the nerves of one touched the feet of the next, and so

on. It is necessary that the extremities of this pile should be plunged into

capsules filled with water. Or a pile may be made with a series of capsules

containing water connected together by frogs' legs ;
the nerves being placed

in one, and the feet in the next. With such piles a deviation of the needle to

the extent of 60 may be obtained
;
or to a much greater extent, if, instead of

distilled water, a weak solution of salt be employed to fill the capsules ;
or still

more, if the fluid of the capsules be slightly acid.

In all these experiments the direction of the electric current was found to

be constant, from the feet to the head. At the same time that the needle was
made to deviate, the frogs' legs, whatever be the number constituting the pile

are thrown into contraction. It is not necessary for the production of the phe-
nomena that the several legs should touch one another

;
it will suffice if they

be connected by a conducting material, such as a skein of cotton moistened,

wire, wet paper, or even water.

Nobili found that these signs of an electric current continued for many
hours after the preparation of the animal. He distinguished the current by
the title of le courant de la grenouille, ou courant propre ; and he attributed it

to a thermo-electric current caused by the unequal cooling of the nerve and
muscle produced by evaporation.

It is evident, that the experiment of Nobili is essentially the same as the

original one of Galvani. In the latter, the electric current was brought to

act upon the nerves of the limb
;
in the former, upon the galvanometer.

The galvanoscopic frog maybe used as a test of the electric current when No-
bili's arrangement is preserved. If the extremes of the pile be connected by the

nerve ofthe galvanoscopic limb, the instant the circuit is completed, its muscles

will contract; and, as in other experiments with the galvanoscopic frog, we

may determine the direction of the current when the frog becomes a little

weakened.

Matteucci gives the name " contraction propre" to the contraction of the

muscles which takes place in the frogs' legs, whether used singly or as a pile,

at the same time that the deviation of the needle occurs. In order to obtain

this phenomenon, the lumbar nerves must not be plunged completely in the

water ;
otherwise the proper current circulates without passing through the

nerves, and consequently the contractions do not take place, or are extremely
feeble. These contractions- continue, generally, only for ten or fifteen mi-

nutes, but rarely for half an hour after preparation.

Nobili has stated, that in arranging the frogs, so that the nerves of one

touch those of the other, or the muscles came into contact with muscles, no

contractions ensued, because, as he explained, the electro-motor elements were

opposed. In Matteuci's hands, however, such a result was not obtained. If

care be taken not to oppose to each other the nerves or muscles of symmetrical

parts, contraction will always ensue.

The following is Matteucci's mode of shewing this remarkable experiment.

The limbs of a frog are prepared in the ordinary way ; but, in addition, the heads

of the thigh-bones and the ilium are completely removed, so as to leave the

legs connected to each other only by the nerves, through the portion of the

cord which is contained in the segment of the spine which remains. The



CHAP. XI.] MATTEUCCl'S PHYSIOLOGICAL RESEARCHES. 381

parts are placed on an insulating plane. If the muscles of one leg are made to

touch the other thigh, contractions ensue
;
but not so if the leg of one side

touch the leg of the other. Or the same effect may be produced by bringing

the different parts of the limbs into connexion by moist paper or cotton
; or,

if the galvanometer be employed, signs of a current are afforded, by touching
a thigh with one pole, and the opposite leg with the other.

In these experiments, when the frog is lively, contractions are produced, in

touching the muscles of the thigh with those of the leg, as well on opening as

on closing the circuit. But when it has become weak, contractions take place

in one limb on closing the circuit, and in the other on opening it.

Matteucci explains the failure in producing contractions by touching corre-

sponding parts, on the supposition, that, under such circumstances, the currents

of the two limbs circulate with equal intensity, and in a contrary direction.

This he proves by the following experiment: If the frogs' legs, prepared as

above described, are severed from each other, and the nerve of one leg and the

foot of the other are placed in one capsule filled with water, while another cap-
sule receives the other nerve and foot

;
the moment the circuit is completed,

strong contractions in both limbs are produced. But to the galvanometer no

sign of an electric current is afforded when its poles are plunged into the cap-
sules.

" In this case," says Matteucci,
" the currents of the two limbs circulate

together, passing equally through the limbs; and if even the parts of the

current were to take the courso of the galvanometer, it is easy to see that they
would circulate in it in opposite directions, and therefore would produce no

deviation. If, on the contrary, the disposition of the two limbs be such that

the nerves are placed in one vessel, and the feet in the other, it is easy to see

that the two portions of the current which do not circulate through the

animal arc, enter the extremities of the galvanometer, and circulate in it in

the same direction. It is the sum of these two portions which constitutes the

proper current of the frog, which sum is measured by the galvanometer.
If several frogs' legs be arranged with opposed nerves and feet in the two

capsules, the effect upon the galvanometer is not increased.

Comparative experiments as to the difference of the currents in piles formed

of both the lower extremities of frogs, as already described, and in piles

formed of an equal number of single extremities, shewed no greater effect

upon the galvanometer in the one case than the other.

From these and numerous other experiments, varied with great ingenuity and

skill, Matteucci draws these conclusions: 1, that the complete electromotor

element in the current of the frog is formed by one of its limbs that is, of

one leg, the thigh, its spinal nerve, and a piece of its spine ; 2, that the cur-

rent of one limb circulates by the other every time that, leaving the frog in-

tact, a communication is established, in any way, between the two legs of the

same frog; 3, that in the experiment by which we detect the current of the

frog by the galvanometer, there is never in the wire of the instrument any
other current save that which results from the sum of the two portions of

the currents of the two limbs which are not discharged from limb to limb.

It is important to notice that there is no necessary connexion between nerves

and muscles in the production of the proper current of the frog. Matteucci

shews, by several ingenious experiments, that, although in Galvani's and

Nobili's observations, the nerve and muscle were brought in contact, or were

made to form conspicuous parts of the arrangement employed in the develop-
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ment of the phenomena, the signs of the electric current are just as distinct

when the circuit is completed by the contact of other parts ;
or if the con-

tinuity be maintained by muscles, the main nervous trunks having been

removed. Thus, if a frog be flayed, and the bones and muscles of the pelvis
be cut away, so as to leave the lower extremities attached to the thorax by
the lumbar nerves, contractions will be produced by bending up the leg so as

to bring it in contact with the eyes, the muscles of the head, or the back. And
if this frog be placed with its head in one capsule and its legs in another, the

current may be detected by the galvanometer in the ordinary way. Or, if the

spinal nerves and the piece of the spinal cord be removed from the lower

limbs prepared in the ordinary way, the signs of the current may be obtained

in the usual methods. Piles made of legs prepared in this way develop a

current equally intense with that produced from piles with an equal number
of elements composed of limbs with the nerves remaining. It thus appears
that the electro-motor element of the current is reduced to the muscles of the

leg and thigh in organic union.

So far, indeed, is the nerve from contributing to the production of the

electrical phenomena, that Matteucci found that a more feeble current was

developed in piles formed of the legs of frogs in which a very long portion of

the nerve formed an element. He prepared the legs, leaving attached to them
the lumbar and crural parts of the nerve, and formed the pile by placing the

nerve on the adjacent leg, so that the communication between the segments
was maintained only by the nerves. And it may be shewn further, that the

nerve in, these experiments, acts only as a bad conductor of the electricity

developed by the muscles
; for, if the nerves be cut away, and the segments

of the limbs connected by pieces of moist cotton instead, the phenomena of

the pile continue unchanged.

Nothing analogous to the proper current has been found in any other rep-

tiles but the Batrachian nor in any other class of animals. It is not im-

probable, therefore, that the proper current of the frog may be due to some

undiscovered peculiarity of structure in that animal.

How can we explain these remarkable electrical phenomena in the muscular

current directed from the interior to the exterior of all muscles in all animals ;

and the proper current of the frog, directed from the feet to the head, and

peculiar to the Batrachian reptiles ?

It is not difficult to discover an explanation of the muscular current. The

essential conditions necessary to develop the signs of this current are simply,

that, by means of a conducting material, the interior of the muscular mass

should be brought into communication with the exterior of the muscle, which

is more or less tendinous, and covered with areolar tissue, and therefore

different from the interior in structure and function. And as the signs of this

current are apparent only whilst the muscle is living that is, while it con-

tinues to display its contractile power, we may infer that the same organic

conditions which are necessary to the development of contraction, are requisite

for the development of electricity. Now all that is necessary for the de-

velopment of the contractility of muscle is (as has been shewn in Chap, vii.)

a healthy nutrition, a due supply of arterial blood, and sufficient exercise of

the organ. And it would be impossible, as Matteucci remarks, not to admit

that the chemical action which must be going on throughout muscle, in the

constant supply and waste of which it is the seat, can be unattended with the

development of electricity.
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In short, the organic actions of muscle, by which the electrical current is de-

veloped, may be compared to the inorganic phenomena attending its production
from the decomposition of metals. When a plate of metal,"* immersed in an

acidulated fluid, is oxidised by the oxygen of the water, and then dissolved in

the acid, we admit that an enormous quantity of electricity is developed

during this action
;
we add likewise, that, just as the two electrical states are

disengaged, a synthesis takes place, and the effects of the previous decompo-
sition are neutralised. It is only by means of certain arrangements that we
can obtain the free electricity which is developed during chemical action. We
unite to the metallic plate another which is not attacked by the water, and

plunge this second plate also in the water. The circuit is thus established, and
the electric current circulates in the liquid from the metal acted on to the

other, and from this latter back again to the first through the metallic arc

of union.

The metal acted upon in the artificial arrangement is represented, in the phe-
nomenon of the muscular current, by the muscular fibre

;
the acidulated fluid

is the arterial blood. The surface of the muscle, or any other conducting body
not muscular fibre, but which is in contact with the muscle, represents the

second plate of metal, which does not suffer chemical action, and which serves

only to form the circuit. The direction of the muscular current is precisely
such as it should be, supposing the current to be, as we have represented it,

due to a chemical action taking place in -the interior of the muscle.

The nervous system may act in two ways in connexion with this phenome-
non

; 1, as an imperfect conductor, which makes part of a circuit, but is not

the source of electricity; it represents the electrical state of the muscular

mass, interior or surface, with which it is in connexion
;
and 2, it acts in the

conservation of the cause which disengages electricity, namely, nutrition. It is

fully proved, that the integrity of the nervous system and the nutrition of the

muscles, are closely leagued together ;
but as it cannot be admitted that the

chemical action which takes place in nutrition is immediately arrested or

suspended by the cutting off nervous influence, so we must allow that the

muscular current may continue after the nerve has ceased to exert any control

over the muscle,

The proper current of the frog does not admit of being explained upon these

principles. It has been supposed, as already stated, that this current is a

thermo-electric one, due to the unequal cooling of nerve and muscle, depend-

ing on the difference of evaporation in these two parts of the animal. But it

has been shewn that this current persists even after the removal of the nerve
;

and, moreover, as Matteucci remarks, a current which is sensible to a galvano-
meter with a long coil, which traverses thick layers of liquid, which may be

obtained by bringing muscle in contact with muscle, and which may be pro-
duced by holding animal parts in water, cannot certainly be of thermo-electric

origin. It has also been supposed that this current is due to an electro-

chemical action
;
that the leg of the frog is charged with alcali or salts, whilst

the thigh or the lumbar nerve contains acid. But chemical analysis of these

parts affords no countenance whatever to this hypothesis. There are remark-

able points of analogy between this current and the muscular current. Mat-

Matteucci, loc. cit. p. 124.
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teucci's experiments have shewn that the former has some marked connexion

with muscles, arid with those of the leg more especially ; and he has found
that the same circumstances which increase or diminish the muscular current,
exert a similar influence upon the proper current. But they differ remarkably
in point of duration

;
as the latter continues long after all traces of a muscular

current have ceased to be discoverable. It is highly probable, as before

stated, that the true source of this current will be found in some anatomical

peculiarity of the frog.

As in the ordinary phenomena of the nutrition of muscles, by which their

state of passive contraction or tone is maintained, electricity is developed, it

is most reasonable to expect, that during active contraction there should

be a development of electricity, as there is of heat likewise, according to

Becquerel and Breschet's observations. This is shewn by Matteucci in a very
beautiful experiment, which we have frequently repeated with the same re-

sults. Place a prepared frog upon an insulating plane ;
then prepare the

of another frog with the crural nerve dissected out and left attached to tl

leg, the thigh being removed. Place the nerve of this leg upon one or botl

thighs of the other frog, and every time that those legs are excited to contn

by a galvanic or a mechanical stimulus, contractions will be produced in tl

second leg, which is connected with the first only by the contact of its nen
with the surface of their muscles. The same effect will be produced if tl

nerve of the frog's leg be placed on the muscles of a warm-blooded animal,
-

a rabbit, for instance, care being taken to remove any thick aponeurosis

which may cover the latter.

If an insulating substance be placed between the muscles of the thigh ai

the nerve of the leg, no action will take place. The same effect is observe

when gold-leaf is interposed ;
but if the gold-leaf be torn, to however sligl

a degree, the leg will be thrown into contraction.

The electricity developed during the contraction of the muscles, stimulat

the nerve which is laid upon them
;
the interposition of a non-conducting

substance prevents the electric discharge from reaching the nerve
;
and

leaf, being a better conductor than nerve, carries the electricity along i1

passing by the nerve.

4. The study of the effects of electricity applied in various ways upoi

nerves, has led to some highly interesting and curious results.

Nobili ascertained that, in passing an electric current through the luml

nerves of a frog, contractions occurred under different circumstances, accord-

ing to the state of vitality of the nerves. He divided the vitality of the

nerve into five periods, during each of which different phenomena were pi

duced by the passage of the current. In the first period, the direct curreni

or that directed from the brain to the nerves, caused contractions in the

muscles on closing the circuit ;
the inverse current, or that from the nerve

to the brain, on opening it. In the second period, the direct current cam

contractions on closing the circuit, and slight ones on opening it
;
the invei

current causes coptractions only on opening the circuit. In the third peric

contractions occur only on closing the direct current and opening the inverse.

In the fourth period, contractions occur only on closing the direct current ;

and in the fifth, the nerve ceases to be influenced by the electrical stimulus.

Marianini, who subsequently studied this subject, affirms that contractions

take place only under two circumstances, namely, from the closure of the
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direct current, or from opening the inverse ; and that a sensation is caused

by the direct current on opening, but by the inverse on closing.

Matteucci repeated these observations on the sciatic nerves of the rabbit,

devoting one nerve to the direct, the other to the inverse, current. On closing

the direct current, contractions were produced in the muscles of the limbs and

back, with marked signs of pain ;
the same phenomena result from closing

the inverse current, and from opening both. The signs of pain were greatest

at the closure of the inverse current, and the contractions were most at the

closure of the direct current. The commencement and the interruption of an

electric current of a certain intensity, acting upon a certain portion of the

nervous system, are followed by the same phenomena, whatever be the direc-

tion of this current in the nerve. After some time, which is shorter as the

current is more intense, the phenomena take place in a different manner.

Upon interrupting the direct current, the contractions of the muscles of the

limbs are feeble, but there are signs of pain, and the muscles of the back are

contracted
; but, when the direct current is closed, the effects are limited to

contractions of the posterior limbs. When the inverse current is used, con-

tractions of the muscles of the back and signs of pain occur on closing it,

while the contractions of the limbs are slight ; but, on the interruption of it,

contractions of the limbs alone take place.

The following tabular view will exhibit these latter results more clearly.

C contractions in muscles of posterior

(

closmS- '

limbs.
Direct current ../ i j c j j.

\ t marked signs or pain, and contraction
^
opening . . < of muscles of the back.

I feeble contractions of posterior limbs.

f signs of pain, contractions of muscles

f closing . . < of back, and feeble ones of the pos-

Inverse current . . < ( terior limbs.

( opening . . contractions of the posterior limbs.

So that, after the lapse of a little time, the phenomena produced by closing

the inverse current, becomes precisely the same as those on opening the

direct, and vice versil.

The contractions of the muscles of the back, which are supplied from

nerves which come off above the point of excitation, are due to the irritation

of the nervous centre, affected through sensitive nerves
;
for these contrac-

tions cannot be produced if the portion of the cord from which the nerves

arise have been removed.

After the nerve has been exhausted, so as to yield the phenomena of the

second period, as shewn in the table, it may be excited to act as at first,

either by increasing the intensity of the current, or by exciting points of the

nerve nearer its peripheral extremities.

A simple experiment illustrates the different effects of the direct and inverse

current in a very striking manner. The limbs of a frog are prepared accord-

ing to the ordinary method of Galvani. If a current be passed from one side

to the other through the lumbar nerves, it is plain that it will be direct in the

nerves of one side, and inverse in those of the other side. During the first

period, there are contractions both on completing and interrupting the

VOL. 1. C C
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circuit
;
but in the second period, one limb contracts on opening, the other on

closing, so that the limbs are made to kick alternately, that which is traversed

by the direct current on closing, and that by the inverse current on opening.

It is impossible to observe these curious phenomena, whether of the mus-

cular current, or of the effects of electricity on nerves, without perceiving

how utterly inexplicable they are by the electrical theory of nervous power,

or, indeed, how much opposed they are to such a view. They serve, in the

most remarkable manner, to confirm the views which we have advocated in a

former chapter, which regard the nervous power as a polar force developed by
molecular changes in nerves excited by various stimuli, of which, next to the

mental, that of electricity is the most powerful.

We have already (p. 244) given the general results of Professor Matteucci's

very interesting series of experiments on the torpedo. We shall content

ourselves, now, with remarking that he has succeeded in illustrating very

strikingly the marked analogy between the actions of the electrical organ and

those of muscle, and the relation which each bears to the nervous system.
Both are organised to act in a particular way ;

the one to develop electricity

without any visible change in itself
;
the other to contract, with a demonstra-

ble evolution of both heat and electricity. Both will manifest their peculiar

phenomena by direct irritation, or by indirect irritation through the nerves.

Both are brought under the control of the will by the nerves
;
the section of

which paralyses the influence of the will over both, but does not destroy the

peculiar power of either. In the electrical fish, irritation of the electrical

lobe of the brain is capable of exciting a discharge of the organ ; just as irri-

tation of a segment of the spinal cord causes contraction of the muscles sup-

plied by it. A current of electricity transmitted through the electrical organ

or its nerves, causes discharge ;
and a similar current sent through a muscle

or its nerves, causes it to contract. All the circumstances which modify the

nutrition of muscle, will similarly affect that of the electrical organ.*

* Trait6 des ph6nom&nes 61ectro-physiologiqn.es des animaux, par C. Mat-

teucci ;
suivi d'etudes anatomiques sur le systeme nerveux et sur 1'organe

electrique de la Torpille, par Paul Savi. Paris, 1844.
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CHAPTER XIF.

ON SYMPATHY AND SYMPATHETIC SENSATIONS AND MOTIONS.

IT is popularly known that the act of yawning, performed by one

individual in a company, is apt to induce in many of the others an

irresistible tendency to the same act. In a similar manner, the ex-

citement of certain emotions (mirth or sadness, laughter or tears) is

apt to spread through an assemblage of persons with extraordinary

rapidity. The power of eloquence, of music, or of spectacle, to pro-
duce such effects, is witnessed every day in places of public resort,

whether for devotion, business, or amusement.

Many instances are known in .which convulsions have been

excited in persons not previously subject to them, by the sight of

a patient in an epileptic fit. And peculiar nervous disorders, of

a convulsive kind, have been found to affect nearly all the

members of a community without the slightest evidence of their

being contagious or infectious. An impression upon an organ of

sense may produce effects very different in their nature to anything
which could be anticipated ;

and these may be purely of a physical

kind, or they may act primarily upon the mind. Thus certain

odours will induce syncope in some people ; and the smell of a

savoury dish to a hungry person, or even the mention or the

thought of a meal, will excite a flow of saliva. The emotion of pity
excited by the sight of some object of compassion, or by a narra-

tive of a mournful kind, will produce a copious flow of tears.

All such phenomena are said to result from Sympathy. When
one yawns, immediately in consequence of another's yawning, the

former evidently and truly sympathises with the latter
; and the

convulsions which are induced by the sight of another in a fit, are

not less sympathetic. The individual in whom the convulsions are

induced sympathises with the other. Such obvious instances of

sympathy between different individuals led to the supposition of

some such similar consent between different or even distant parts
in the same person.

Motions or sensations caused in certain parts in consequence of a

primary irritation of other and distant parts are of the sympathetic
c c 2
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kind. These motions or sensations are produced in, as it were, an

indirect or circuitous manner, or one different from that in which

they are ordinarily excited.

Thus a stimulus to the olfactory membrane causes a peculiar

affection of the sense of smell, and thus occasions that depression of

the heart's action from which results a state of syncope. Or,

another affection of the same sense causes a suddenly increased

action of the salivary glands.

If we analyse any one of these examples of sympathetic actions, it

will appear that three circumstances are to be noticed in the produc-
tion of the phenomena : 1st, the primary exciting cause, which may
be an object presented to the mind through one of the organs of

sense, or causing an impression upon any sensitive nerve, and there-

fore upon some part of the centre of sensation ; 2ndly, the part

affected directly by this primary stimulus ; and, 3rdly, the action or

sensation resulting from the affection of this part.

Many other sensations or motions may be enumerated besides

those above referred to, whether occurring in health or in disease ;

and we shall give examples of these before we discuss this subject

further.

The examples of sympathetic sensations which may be adduced

are chiefly of the morbid kind. Pain is felt at a certain part, in

consequence of an irritation in another part distant from it, and ap-

parently altogether unconnected with it. One of the most familiar of

these is pain in the knee from disease of the hip-joint. So marked

in some instances is the pain in the knee, and so much has it absorbed

the patient's attention, that the real seat of the disease has been

overlooked, and the remedies been applied exclusively to the knee.

Pain in the right shoulder from disease of the liver is a sympathetic
sensation of similar kind; and sometimes the hepatic irritation causes

pain over a more extensive surface. Whytt mentions, that, in two

cases of suppuration of the liver, he had seen the patients
"
affected

with a numbness and debility of the right arm, thigh, and leg/'

The peculiar sensations felt in the teeth from a noise which grates

upon the ears, is sympathetic of the irritation of the auditory nerve.

Practitioners are well aware haw many morbid sensations in parts

remote from the intestinal canal may be cured by the removal of

scybala or other accumulations from it. Painful affections of the

nerves of the face, and of other parts, are often due to a cause of

this kind. The irritation of a stone in the bladder gives rise to

pains in the thighs, or to itching at the end of the penis ;
and

uterine irritation, whether from disease or from the enlargement of
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the uterus in connexion with the early stage of pregnancy, causes

similar pains in the nerves of the thighs.
Headache and defective vision are frequently produced by disor-

dered stomach. A draught of very cold water, or ice, taken quickly
into the stomach, may occasion acute pain in the course of either

frontal nerve. This same nerve on one side is frequently the seat of

pain after the imprudent use of acid wines or other fermented liquors.

Movements, excited by the operation of a stimulus applied at a

distance, form a large proportion of the instances of sympathetic

phenomena. All the ordinary physical nervous actions in which

motions are excited by stimulating a sentient surface, may be re-

garded as examples of sympathetic actions.* The contraction of

the iris upon the application of the stimulus of light to the retina,

or of the pharyngeal muscles by stimulating the mucous membrane
of the fauces, are instances in point, where the stimulus acts indi-

rectly upon the contracting fibre. Nothing is more sure than that

in these instances the change wrought by the stimulus in certain sen-

tient nerves travels by a circuitous route through a nervous centre to

the muscles which are called into action. Akin to these actions are

the forcible respiratory movements which may be excited by irrita-

tion of the tracheal membrane, as coughing ;
or sneezing, by stimu-

lating the nasal membrane
; or vomiting, by irritating the fauces.

Spasmodic affections are often instances of morbid actions in sym-

pathy with intestinal irritation, or the irritation of teething in

children. Partial or general convulsions are very frequently due to

either or both these causes. We have known the most violent

opisthotonos coexisting for a considerable time with the presence of

lumbrici in the intestine ; but ceasing immediately on the removal

of the worms. Vomiting is commonly sympathetic of diseased

kidney, or of the passage of a calculus along the ureter
;
or it may

be induced by the introduction of a catheter into the urethra. Irri-

tation of the intestines, as in cholera, causes cramps of the most

violent kind in the lower extremities and abdominal muscles. The

contractions of the abdominal muscles in parturition, although

materially aided by the will, are in consent with the expulsive

efforts of the uterus.

* It has been remarked, that the term "
sympathetic actions''' involves a con-

tradiction. But it may be observed, that the contraction of the muscles, on which

the action depends, is only the natural mode in which that class of vital organs
can manifest their consent with certain states of nervous centres, or of sensi-

tive nerves. The action is the result of the state which the muscle assumes

in sympathy with the stimulated nerve. The contradiction is therefore appa-
rent not real.
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The consentaneous action of symmetrical parts is no doubt due to

a similar cause to that by which most of the sympathetic actions are

excited, and more especially in those parts where symmetry of

action is constant, although liable to be interrupted by the influence

of the will.

A distinct class of sympathetic actions consists of those in which

certain parts enlarge or become developed simultaneously with, and

to a certain extent as an effect of, the increase of others. The penis,

the beard, the vocal organs, experience a marked increase of de-

velopment at the adult period of life simultaneously with the

enlargment of the testes
;
and it may be added, in effect of their in-

crease, because the early removal of these organs prevents the growtl
of the others. And so likewise as the ovaria are developed, the uterus

the vulva, the mammae, increase in size
; the ovarian and uterim

irritation which accompanies the menstrual flux causes enlargement
of the breasts, which subsides as soon as that period has gone by.
The various examples enumerated in the preceding paragrapl

may be classed under three heads : first, sympathies between dif-

ferent individuals; secondly, those which affect the mind, an<

through it, the body ; and, thirdly, those which are strictly organic

and therefore physical.

Of the first class of sympathies we can offer no physical explanj
tion. Whether the nervous system of one individual can directly

affect that of another, or whether the effect is produced on the iim

gination, and afterwards on the nervous system, are questions stil

sub judice. The serpent fascinates his prey, apparently by th<

power of his eyes, and it is well known that one man can exert

marked control over another by a mere look ; and in the same w
men can control other animals, even the fiercest carnivora, by a firm

and decided glance of the eyes. It is no explanation of sympathetic

phenomena of this kind to ascribe them to the effect of a tendency
to imitation. Imitation is voluntary ; these actions are involuntary,
or take place even in despite of the will.*

In the second class of sympathetic phenomena, an affection of th<

mind is a necessary link. But why that affection of the mind shoulc

produce its peculiar effect is a question of difficult solution.

should the perception of certain odours produce in one case increased

action of the salivary glands, and in the other case cause syncope?
The only reply which can be made to this question is, that in these

instances the impression on the sensorium causes a change there

analogous to that which an original affection of the mind of similar

* Bostock's Physiology, vol. iii. p. 227.



CHAP. XII.] SYMPATHETIC SENSATIONS AND MOTIONS. 391

kind would produce, and therefore gives rise to effects of the same
nature as those resulting from that mental change. Thus the smell

of savoury food excites in the mind the idea of food, which in a

hungry man would, if it occurred spontaneously, occasion a flow of

saliva. And the odour which occasions syncope, creates in the mind
an emotion of disgust, which, if it arose independently of the physi-
cal impression, would affect the heart through the centre of emotion.

It is plain, however, that that portion of the nervous centre which

is affected in such cases, must have a direct influence upon the parts
in which the sympathetic phenomena appear ;

and this through
commissural fibres, or the continuity of its gray matter with that

of the centre from which its nerves immediately spring ; thus, in

the instances referred to, the centre of sensation, which is first

affected, is, through the medulla oblongata, connected with the sali-

vary glands by the fifth nerve, and with the heart by the vagus.
We derive an explanation of the third class of sympathetic phe-

nomena from the known laws of sensitive and motor nerves. It is

known that stimulation of a sensitive nerve at its origin, or in any

part of its course, will give rise to a sensation which will be referred

to the peripheral extremity of the stimulated fibres ; and that a

stimulus applied to a motor nerve causes a change in it which

spreads peripherad from the point stimulated, and therefore affects

the muscular parts with which it is connected. It is known, also,

that a sentient nerve may excite a motor or sensitive nerve which is

implanted near to it in the nervous centre doubtless through the

change which it produces in that centre ; nor can it be doubted

that a sensitive nerve may receive such a powerful stimulus as to

exalt the polar force of a large portion of the nervous centre in the

neighbourhood of its insertion, and thus to excite a similar change
in all the nerves, whether motor or sensitive, which are connected

with it. Thus, according to the intensity of the original stimulus,

there will be a radiation of nervous force from the centre, either in

one or two motor or sensitive nerves, or in several such
;
and the

number and variety of the sympathetic phenomena will thus depend
on the intensity and extent of the change in the nervous centre

excited by the primary stimulus.

To explain, then, the phenomena of sensation and motion under

consideration, we must determine the individual nerves affected in

each instance, and ascertain what connexions they have with each

other. We learn from anatomical investigation, that, although nerves

anastomose with each other in their distribution, this anastomosis

is by no means of that kind which would justify the surmosition that
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an irritation could be communicated from one to the other in their

course. The nerve-fibres only lie in juxtaposition, but do not com-

municate; and there is an evident provision in the tubular membrane
and white substance of Schwann for the insulation of the central

axis, which is probably the effective substance in the nervous action.

We must seek, therefore, in the nervous centres for such a communi-
cation between these nerves as may explain the excitability of one by
the other. In the present state of our knowledge,, we can do no more
than state it as in the highest degree probable that nerves implanted
in the centre immediately contiguous to each other can exert an influ-

ence upon the vesicular matter of the centre, and upon each other.

But there are certain facts which demonstrate, beyond all doubt,

that, in such actions as we refer to, the integrity of the centre forms

a necessary condition. First, in many of the instances, it is plain

that there can be no connexion between the affected nerves else-

where than in the centre; for they are so distinct from each other,

that there is not even that apparent connexion which results from

the anastomosis of a fasciculus of fibres of the one with a portion
of the other. Secondly, the removal of the portion of the nervous

centre with which any one of the nerves concerned in the sympa-
thetic action is connected, will prevent the development of the phe-

nomenon, although the nerves themselves remain uninjured in

their peripheral distribution, or in their connexion with each other.

Thirdly, if there were any peripheral communication between

nerves, it would be most likely to take place in the plexuses. Ex-

periments, however, upon the nerves which lead to these, shew that

each nerve-tube, in its passage through them, retains its isolation as

distinctly as in any other part of its course. The three nerves which

supply the lower extremity in the frog, says Miiller, form a plexus

from which two nervous trunks issue : if one of these latter be

divided and isolated from all its connexions with muscles, and the

portion of it connected with the plexus irritated, the impression
will be transmitted in the centripetal direction by the sensitive

fibres of the nerve ; but the motor fibres of the other nerve arising

from the plexus are not affected, and excite no contractions in the

muscles to which they are distributed.*

In applying these principles to the explanation of the instances

which we have quoted, we shall find it difficult to determine the

central connexion in some, although in others such a connexion is

highly probable. It remains, therefore, for future anatomical re-

search to ascertain what that connexion is which enables one nerve

*
Baly's Miiller, vol. i. p. 756.
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to sympathise with another. In the instance of pain in the shoul-

der in sympathy with irritation of the liver, the hepatic irritation

excites a change in some sensitive nerves, which is propagated to the

centre, and there affects some of the sentient fibres distributed in the

region of the shoulder. The phrenic and the external thoracic

nerves are both or either of them, but more especially the former,

favourably situated to constitute the excitant of such a sympathetic
sensation. The phrenic nerve of the right side is largely distributed

upon the peritoneal surface of the diaphragm, and upon the inferior

vena cava, and forms many connexions with the hepatic plexus in

the substance of the liver. It may therefore readily participate
in any irritation of that organ. Now the phrenic nerve is im-

planted in the spinal cord on a level with the third or fourth cervical

nerves
;
and the nerves of the shoulder form their connexion with

this central organ about the same level. The origins of these

nerves are sufficiently contiguous to each other to warrant the

belief that an irritated state of one may be propagated to the

other through the vesicular matter of the centre. But it may be

inquired why the irritation is limited to the sensitive nerves of the

shoulder
; and why movements are not excited by the stimulation

of the motor fibres of the phrenic itself, or of other nerves ? The
limitation of the irritation to one or two nerves depends on the

degree of the stimulus, and the absence of movements is due to

the disposition of the phrenic on the surface being unfavourable

for the excitation of motions by irritation of its peripheral branches

(see page 335) . And the experiment cited from Miiller, in the

last paragraph, shews that simple irritation of the hunk of a com-

pound nerve in connexion with the centre is not sufficient to pro-

duce motion
; which requires probably either a more prolonged and

violent irritation of the nerve, or a polar state of the centre in which

it is implanted.
Some of the instances of sympathetic sensations, referred to above,

do not admit of an explanation so obvious. The pain over the

brow from ice or cold water in the stomach may be referred to irri-

tation of the gastric branches of the vagus, communicated in the

medulla oblongata to the fifth ; but why the irritation should be

limited to the ophthalmic division of the fifth cannot be accounted

for in the present state of our knowledge.
In those sympathetic movements which are of ordinary and nor-

mal occurrence, two provisions seem to be secured, namely, a certain

peripheral organization of the excitor nerve, and a certain central

relation between it and the motor nerve. But in those which are of



394 INNEttVATION. [CHAP. XII.

a morbid kind, it is necessary to suppose the existence of a more
or less exalted polarity of the centre in order to explain the pheno-
mena fully. This polar state will continue in many instances even

after the primary peripheral irritation has been removed, as in

tetanus, or in the convulsions from intestinal irritation ; and we
learn from this fact the importance in practice of attending to the

state of the nervous centre as well as to the removal of the irritating

cause.

There are other sympathetic phenomena, of the physical kind, in

which, however, the nervous system does not appear to take a pro-

minent part. Such are the changes which occur in different and

distant organs in connexion with a particular period of life, or the

development of a particular function. Among these are the phe-
nomena of puberty in both sexes ;

the enlargement of the mammae
in pregnancy. Whatever part the nervous system may take in such

changes, it is impossible to account for them by reference to that

system only ; they must rather be regarded as phenomena of nutri-

tion occurring in harmony with the laws of growth, and therefore

affecting the vital fluid more particularly than any part of the

system of solid parts.

Continuity of texture disposes, as is well known, to the extension

of a diseased state originating at some one point. So also does

contiguity. Phlegmonous inflammation of the areolar tissue, and

erysipelas in the skin, spread with great rapidity. Inflammation

arising in one of the opposed surfaces of a serous membrane readily

attacks the other. These effects have been vaguely assigned to sym-

pathy (the continuous and contiguous sympathy of Hunter). But it

cannot be supposed that the nervous system takes part in the pro-

duction of such phenomena, which ought rather to be ascribed, in

the one case, to the continuity of blood-vessels, and, in the other,

to contamination either by effused fluids or by morbid blood.

On the subjects referred to in this chapter, consult Whytt on the Sympathy
of the Nerves, an admirable exposition of the phenomena, obscured, however,

by his erroneous views respecting the all-pervading influence of the mind

upon vital phenomena ;
-Hunter on the blood, etc.

;
Alison on the Physio-

logical Principle of Sympathy, Edinb. Med. Chir. Trans., vol. ii.
;

Miiller's

Physiology.
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CHAPTER XIII.

OF THE PACINIAN CORPUSCLES OF THE NERVES.

WE propose to give in this chapter an account of certain very
remarkable structures, appended to the nerves, to which attention

has only very recently been drawn in this country."* These are the

Pacinian corpuscles, so named by Henle and Kollikerf from their

discoverer, Pacini.J In the human subject they are found in great

numbers, in connexion with the nerves of the hand and foot, the

nerves, as it may be presumed, of touch ; but they also exist spar-

ingly on other spinal nerves, and on the plexuses of the sympathe-

A E

A. Nerve from the finger, natural size shewing the Pacinian corpuscles.
B. Ditto, magnified 2 diam. ; shewing their different size and shape.
c. Unusual form, from the mesentery of the cat ; shewing two included in a common envelope :

a. b. are the two nerve-tubes belonging to them.
D. Another, from the same ; shewing an offset from the central cavity, containing a branch of

the pale nerve.
E. Rare form, from the mesentery of the cat (reduced from Henle and Kolliker) ; shewing two

corpuscles placed in succession on a single stalk, and furnished with the same nerve-tube, which re-

sumes its white substance in the interval between them.

* Brit, and For. Med. Rev., Jan. 1845.

t Ueber die Pacinischen Korperchen an den Nerven des Menschen und der

Saugethiere. Zurich, 1844.

t Pacini first noticed them in 1830, and subsequently in 1835 ;
and in

1840 gave an account of them (Nuovi organi scoperti nel corpo umano dal
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tic, though never on the nerves of motion. In the mesentery of

most cats they are very readily seen by the naked eye (usually in

considerable numbers), as pellucid, oval grains, rather smaller than

hemp-seeds, and they are here very favourably situated for exami-

nation. Fig. 74, A, B, will give a correct idea of their relation to

the nerves in the palm and sole. They are especially numerous
on the smaller twigs, to which they are generally placed parallel,

though frequently at an acute, and sometimes at an obtuse angle.

They are more or less oval, often elongated and bent; suffi-

ciently tough to resist moderate pressure, and nearly transparent,
with a whitish line transversing their axis. They lie imbedded in

the areolar tissue, and adhere to it by their outer surface. They

always present a proximal end, attached to the nerve by a stalk of

fibrous tissue, prolonged from the neurilemma and occasionally^ of

an inch long ; and a distal end, lying free in the areolar tissue. The

corpuscles in the human subject have an average length of from

To * iV f an incn -

A minute examination of these singular bodies discloses an inter-

nal structure of a highly interesting kind. They consist, first, of a

series of membranous capsules, from thirty to sixty or more in num-

ber, enclosed one within the other ; and, secondly, of a single nerv-

ous fibre, of the tubular kind, enclosed in the stalk, and advancing
to the central capsule, which it traverses from end to end.

By reference to the accompanying figure (75), which exhibits the

general structure, the ten or fifteen innermost capsules may be

observed to be in contact with one another, while the rest are

separated by a clear space containing fluid. This is almost con-

stantly observed, unless the specimen has been allowed to imbibe

water sufficient to detach the inner capsules from each other ;
and

hence these have been distinguished from the rest as the system of

internal capsules. The intercapsular spaces between the others vary
in width, especially under pressure, and sometimes we have seen

some of the outer capsules in close contact. The capsules are here

and there united by connecting bands of similar structure, passing,

transversely or obliquely across the spaces ; the spaces do not com-

Dott. Filippo Pacini. Pistoja, 1840), which has been rendered much more accu-

rate and complete in its details by Henle and Kolliker. Coming to the investi-

gation of these corpuscles with the knowledge of what these eminent anatomists

had accomplished, we have confirmed their results by numerous observations,

from which the account about to be given has been principally taken. A. G.

Andral, Camus, and Lacroix had announced their existence at a concours in

Paris, in 1833, but do not appear to have apprehended their real nature.
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municate: if some of the outer /-/<?. 75.

capsules are punctured, their

fluid escapes; but those within

remain distended. A single

puncture down to the inner

series of capsules causes all the

fluid to escape, and the whole

to collapse; and again, the cap-

sules may be often peeled off in

succession, shewing their union

to be but slight. In fact, ex-

cept by the few bands already

mentioned, they are united only

along the stalk, and for a vari-

able extent at the opposite end.

The stalk seems to be inserted

into a kind of conical tube,

which penetrates all the capsules

in succession, but has its proper

wall, so as not to communicate

with the intercapsular spaces.

This wall connects the capsules,

and the fibrous tissue of the stalk

is gradually united with its inner
,

/ n e 4.1, 1 bodies. The stalk and body, the outer and the inner
SUrlaCe as tar as the Central Cap- system of capsules with the central cavity are seen.

sule, where it terminates. There

is generally a strong union be-

tween a variable number of the

capsules, as we trace them from

the opposite end of the central capsule towards the surface (fig.

76, B, o) ; this was called by Pacini the intercapsular ligament. We
do not, with Henle and Kolliker, deny its existence, but have sel-

dom seen it reach the surface of the corpuscle.

The wall of the capsules of the internal system often appears to

consist of two laminae. The inner of these contains, at intervals,

flattish, oval nuclei projecting inwards (fig. 76, A, d). The outer

is sometimes seen, as if in section, by a series of dots, representing
transverse or circular fibres. The capsules always exhibit a decided

transverse fibrillation, which in a great measure disappears on the

addition of acetic acid, shewing the almost complete absence of the

yellow fibrous tissue. The outermost capsule of all, however,

is invested with a network of this, as well as of the white fibrous
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element of the areolar tissue. The internal capsules do not shew
the double wall, but they contain nuclei.

The capsules seem to be over-distended by their fluid, so as to be

naturally kept tense. If allowed to dry, they do not fill again on

being moistened.

The fluid ofthe intercapsular spaces is so abundant as to constitute

far the largest portion of the bulk of the entire corpuscle, and by its

clearness imparts the peculiar pellucid lustre so characteristic of

these bodies. It is supposed to resemble the serum of the blood.

There are generally a few capillary blood-vessels ranging over the

surface of the corpuscles ; but the capsules are chiefly supplied by a

minute artery that enters in the fibrous tissue of the stalk, sends off

a few capillaries which perforate the tubular canal, and form each a

short loop in the intercapsular space (fig. 75): one capillary vessel

usually reaches the central capsule (fig. 76, A), and sometimes, though
rarely, may be traced some way along its wall. In the larger cor-

puscles of the palm and sole, the capillaries penetrate to the distal

part of some of the intercapsular spaces, and may there form a kind

of bunch before returning. If a quite recent specimen be examined,
under a high magnifying power, the blood-globules are often visible

in the capillaries, and, by their swelling on the addition of water,

may be sometimes hurried into a sort of circulation. When this

happens, the course of the blood in the corpuscle is displayed with

singular beauty.
We have said that the stalk of every corpuscle contains a single

nerve-tube. When two corpuscles are seated on a common stalk, two

nerve-tubes are included, one ofwhich belongs to each (fig. 74, c).

The nerve-tube is proportioned in size to that of the corpuscle,

that is, to the number of capsules composing it. Even when

smallest, it is conspicuous enough, if the specimen be recent
; for

it is invariably furnished with the white substance of Schwann, and

displays the double contour. When largest, it equals any found in

the body. It is very liable to present varicosities, and its course in

the stalk is more or less undulating.
On entering the innermost capsule, the nerve-tube suddenly loses

its envelope of white substance and becomes pale ;
the axis-cylinder

alone remaining, perhaps still invested by the tubular membrane

(see p. 208). Thus reduced in size and rendered pale, the nerve

stretches like an arrow along the very centre of the capsular cavity

to the opposite end, where it swells into a knob, or button, which

fixes itself to the inner surface of the capsule. In this swelling

nothing can be detected beyond the pale, faintly fibrous cha-
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racter of the axis-

cylinder. No nu-

cleus, like that of

the caudate nerve-

vesicles, canbe seen.

Sometimes the axis-

cylinderdividesnear

its termination into

two or even into

threebranches, each

of which terminates

by an adherent

swollen extremity.
Sometimes this di-

vision occurs near

the proximal end of

the central capsule,

and one of the

branches passes in

a retrograde course

into a subordinate

offset from the cen-

tral cavity, andthere

terminates (fig. 74,

D). In the midst

of these varieties

one thing is con-

stant, viz., the re-

markable accuracy
with which the pale
nerve pursues its

A . Termination of the stalk ,
and commencement of the central cavity.

n. Nerve-tube advancing to the central capsule, and there suddenly
losing its white substance and becoming pale. a. Artery ending in

capillaries; one of which enters an interscapular space, the other ad-

vances with the nerve into the inner capsule, b. Conical tubes which
receive the stalk: the fibrous tissue of the stalk is not represented,
c. Wall of this tube, continuous with the successive capsules, here seen
in section, d. Corpuscle of the capsular wall. e. More spherical

granular corpuscle, of which a few only exist.

B. Distal end of the central cavity, n. Pale nerve advancing along
the axis to be fixed by a swollen part at the further end. c. Wall of

the central cavity, receiving the insertion of some of the neighbouring
capsules, here a little separated from each other by water, o. Inter-

capsular ligament of Pacini, continued a little way towards the surface.

c. Two varieties of bifid extremity of nerve, attached to the distal

extremity of the central cavity. All magnified 320 diam.

h in the axis of

the cavity, everywhere equidistant from the walls. This is most

apparent when the cavity is bent upon itself, and when it might
be imagined that the nerve would incline from the centre

towards the concavity of the bend ; but it keeps a central course

there as well as elsewhere. This, perhaps, may depend on the

nature of the contents of the central cavity, immediately enveloping
the pale nerve. Near the wall of the cavity an appearance of soft,

delicate, longitudinal fibres, with elongated nuclei, is often visible

(fig. 76, A); and, although the space immediately surrounding the

nerve is quite transparent, we are disposed to consider the
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substance occupying it sufficiently solid to keep the nerve in its

place. It does not seem to be mere fluid, like that distending the

intercapsular spaces.

Henle and Kolliker have remarked,, that, where two corpuscles

are seated in succession on a single stalk (fig. 74, E), the pale axis-

cylinder regains its envelope of white substance from its point of

leaving the central cavity of the first, to its entering that of the

second ;
and that in some cases, where the central cavity is bent

suddenly upon itself, so that it cannot be fairly surrounded by cap-

sules at the bend, it is there provided for a little way with white

substance. A very delicate layer of the same substance, just thick

enough to give a dark edge, occurs occasionally along the course

of the pale fibre.

We have gone thus minutely into the structure of the Pacinian

corpuscles, because of the novel aspect in which they present the

constituent parts of the nerve -tube, placed in the heart of a system
of concentric membranous capsules with intervening fluid, and

divested of that layer which we regard as an isolator and pro-

tector of the more potential central axis within. The object of

this arrangement is quite unknown, and, in the present uncertain

state of our knowledge respecting the nature of the nervous

force, it seems almost idle to hazard guesses on the subject.

The apparatus of lamellae may either effect some change in the

enclosed nerve, by which the nervous centres in connexion with

it may be influenced as to their polarity ; or, on the other hand,

this apparatus may be the special instrument of some peculiar vital

agency, which the nervous filament is designed simply to bring

into communication with the nervous system. The latter view, to

which we incline, would bring these organs under the same category

with muscles, and the organs which develop light or electricity in

certain of the lower animals. Pacini has already drawn a com-

parison, in point of structure between them and the electrical

organs of the torpedo; and Henle and Kolliker favour this idea.

The well-known prisms of the electrical organs, according to Savi,*

consist of a congeries of very delicate transverse lamellae, on which

the nerve-tubes are distributed in a plexiform manner ; and, if w(

mayjudge from his figure, this plexus is not resolvable into loops, but

consists of true inosculations of the ultimate tubes, which also retain

the white substance of Schwann : but further researches are greatly

needed on this point. Wagner, with more probability, describes tl

* Paul Savi, in Matteucci, loc. cit.
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nerves to terminate on the lamellae in the same looplike manner as

in striped muscle.* These lamellae are separated by fluid, and

only adhere through the medium of the wall of the prism. If this

be the true history of this structure, it appears to establish some

general analogy between the electrical organs and the corpuscles;

but how far this can be shewn to hold in essential characters,

especially in the mode of termination of the nerves, and their

arrangement with regard to the membranes and fluid, is still a

matter of doubt. Meanwhile we deem it most prudent to forbear

from speculating concerning the office of the Pacinian corpuscles.

Having thus far completed the physiological anatomy and phy-

siology of nerves in general and nervous centres, we proceed
next to the consideration of particular nerves ; and we shall state

here the order in which we find it convenient to examine them.

The Encephalo-spinal nerves very conveniently arrange themselves

into the three following classes : I. The nerves of pure sense.

II. The nerves of motion. III. The compound nerves. The
first class includes some nerves, namely, the nerves of touch and

taste, which are mixed up with those of the third class; but, as the

consideration of these senses could not without great inconvenience

be separated from the others, we prefer to consider these particular

fibres along with the other nerves of pure sense, namely, the olfac-

tory, the optic, and the auditory. As the peculiar function of

those nerves depends on the peripheral organization, as well as

on their central connexion, their physiological anatomy involves ne-

cessarily that of the organs of sense. We shall commence with the

most simple, namely, Touch and Taste, and afterwards proceed to

Smell, Vision, and Hearing.
The second class of nerves contains the third, fourth, sixth,

portio dura of the seventh, and the ninth pairs of nerves accor-

ding to Willis's arrangement, all of which are motor in function.

In the third class we place the fifth and eighth pair of nerves,

and the spinal nerves.

Lastly, we shall examine the Sympathetic nerve.

*
Comparative Anat., translated by Tulk.
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CHAPTER XIV.

GENERAL REMARKS OF SENSATION. OF THE SPECIAL SENSES. OF

THE SENSE OF TOUCH. ANATOMY OF THE SKIN, AND ITS AP-

PENDAGES.

SENSATION is an affection of the mind occasioned by an impres-

sion made on certain parts of the nervous system, hence called

sensitive. A state of the sensitive organs, and a corresponding per-

ception by the mind, must concur to produce sensation: either con-

dition may exist alone, but then the phenomenon is not a true

sensation, in the acceptation here given to the word. Thus, light

falling on the eye in sleep excites the whole visual sensitive ap-

paratus, while the organ of perception is inactive : on the other

hand, in dreams, vivid pictures of objects float before the mind, and

are referred by it to the external organ, which may be all the

while entirely quiescent.

The organs of sensation are those parts of the nervous system, with

their dependencies, which, when stimulated, occasion in the mind a

perception of the impression. Hence certain parts of the cerebro-

spinal centre, as well as certain nerves and their peripheral expan-

sions, are comprehended under this term. It is remarkable that

the organ of the mind itself does not appear capable of thus under-

going sensory excitement. Little is known of the central parts oi

the organs of sensation, in consequence of their deep seat, and oi

their ill-defined limits. The peripheral parts are more conspicu-

ously placed, and on several accounts are commonly styled, par

excellence) the organs of sensation : they are specially adapted to

receive in the most advantageous manner the impressions to which

their excitability is adapted to respond. The intervening nei

are, more properly speaking, media of transmission.

Sensations excited by a stimulus originating in the body itself,

especially if it act rather on the intermediate or central part of the

sensitive apparatus than on the peripheral, are termed subjective :

on the other hand, they are styled objective if the stimulus be de-

rived from without.

Under the name of common or general sensibility may be in-

cluded a variety of internal sensations, ministering for the mosl

part to the organic functions and to the conservation of the body.



CHAP, xiv.] OF TOUCH. 403

Most parts of the frame have their several feelings of comfort

and pleasure, of discomfort and pain. In many of the more deeply
seated organs no strong sensation is ever excited, except in the

form of pain, as a warning of an unnatural condition. The inter-

nal sensations of warmth and chillness, of hunger, thirst, and their

opposites, of nausea, of repletion of the alimentary and genito-

urinary organs, and of the relief succeeding their evacuation, of

the privation of air, etc., with the bodily feelings attending strongly
excited passions and emotions, may be mentioned among the

principal varieties of common sensation.

The special sensations are referrible to five leading forms, and

are distinguished not less by their several modes or characters,

than by the more special and elaborate construction of the peri-

pheral parts of their respective organs, whereby these are adapted
to receive the impressions of their appropriate stimuli. The special

sensations excited through the instrumentality of the peripheral

organs of touchy taste, smell, vision, and hearing, are primarily

designed to inform the mind of the conditions of the external

world ; and it is for the most part only in a secondary manner, or

through the mind, that they operate on the organic functions, or

for the conservation of the body.
Almost all sensation is attended with the idea of locality,

the mind referring the cause of the change it experiences to the

peripheral part of the sensitive apparatus excited. Thus the ideas

of distance, extent, and relative position, originate in the very con-

struction of our bodies, and soon become applied to the material

objects around us by the comparison of the impressions on our

different organs, and their several parts, with one another. The

abstract idea of space is a further conception of the mind.

OF TOUCH.

This is the simplest and most rudimentary of all the special

senses, and may be considered as an exalted form of common

sensation, from which it rises, by imperceptible gradations, to its

state of highest development in some particular parts. It has its

seat in the whole of the skin, and in certain mucous membranes, as

that of the mouth, and is therefore the sense most generally diffused

over the body. It is also that which exists most extensively in the

animal kingdom ; being, probably, never absent in any species. It

is, besides, the earliest called into operation, and the least compli-

D D 2
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cated in its impressions and mechanism. On these accounts it will

be the first treated of.

The nerves of touch are the same, or at least are derived from

the same part of the cerebro-spinal centre as those of common sen-

sation. They are the posterior roots of the spinal nerves, and some

fibres of the eighth and fifth encephalic nerves. The peripheral organ
of touch to which they are distributed is a tissue everywhere diffused

over the sentient surface, but which in most situations is elevated

into papillae more or less distinct from one another, and closely set,

according to the tactile power. The nerves of touch are remark-

able for the ganglia which are formed upon them on their emer-

gence from the vertebral canal, and for the subsequent admixture

with most of them of nerves of motion. In these respects they
differ from those of the other special senses, except taste, which

ranks next to touch in the ascending scale.

In accordance with our general plan, we shall commence with an

anatomical description of the skin, which is the principal seat of

touch ;
and it will be convenient to include with it an account of

the various glands and appendages found in connexion with this

organ, whether they have any relation to the sense in question or

not. We must premise, however, that this external integument is

a part only of a great physiological system, which comprehends also

the mucous membranes, and the true or secreting glands ; all of

which, taken together, and reduced to their most simple expression,

are a continuous membrane, more or less involuted, more or less

modified in the elementary tissues which compose it or are in con-

nexion with it, and within which all the rest of the animal

contained. This expanse consists of two elements; a base)

tissue composed of simple membrane, uninterrupted, homogeneous,
and transparent, covered by an epithelium, or pavement, of nucleated

particles. Underneath the basement membrane, vessels, nerves

and areolar tissue are placed (p. 47).

The sense of touch exists only in those regions of this great sys-

tem which are exposed to the contact of foreign bodies, and where

it is essential to the comfort or preservation of the animal that the

presence and qualities of external objects should be perceive

These regions, however, demand a greater protection, for the same

reason ; and hence it happens that the development of this sense

is found to be generally accompanied with the most remarkable

increase and transformation of the epithelial element, and of the

areolar tissue lying under the basement membrane. In the skin

the thick and hard epithelium is termed cuticle or epidermis, and
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the dense and altered areolar tissue constitutes by far the largest

proportion of the cutis derma or cutis vera.

The external surface of the skin, formed by the cuticle,

(which everywhere adapts itself to the form of the surface on

which it rests), is marked by furrows of various kinds. Some
of these (furrows of motion) occupy the neighbourhood of joints,

especially on the side of flexion, and are generally transverse,

facilitating the formation and determining the position of the folds

that result from the movements of one segment of a limb on

another. Others correspond to the insertion of cutaneous muscles ;

for example, many of those which give force and character to the

features ; and these are much modified by the quantity of subja-
cent fat. The elevator muscle of the lower lip thus causes the
t( double chin." Furrows of another kind are seen in aged and

emaciated persons, and after the subsidence of any great distension

of the integument, such as that occasioned by anasarca or preg-

nancy. But, besides these coarser lines, almost every part of

the skin is grooved by numberless very minute furrows, which

in the more highly developed regions run in nearly parallel curved

lines, and elsewhere assume a stellated arrangement, or form a

close interlacement of no regular figure. These lines are important,
as they depend upon peculiarities in the texture of the skin, having

particular relation to the sense of touch : they may be best studied

on the palmar aspect of the hand and fingers, and on the sole of the

foot. The outer surface of the skin likewise presents innumerable

pores, the orifices of the sebaceous follicles and sudoriferous ducts ;

and the various modifications of the epidermis, termed
' '

appendages
of the skin," as hairs, nails, etc., all project on the same aspect.

The deep surface of the skin is formed by the cutis, or cutis

vera, and is attached to the parts which it invests by an extension of

the areolar tissue, of which it is itself principally composed, as well

as by vessels, nerves, and sometimes muscular fibres, passing into its

substance from the subjacent region. It is on this surface that the

sweat-glands rest; they are imbedded in it more or less deeply,

according to their size, and the length of their excreting ducts ; and

together with the fatty pellets, so abundant in most parts of the

subcutaneous fascia, occasion that areolar or cribriform appearance,
which is seen on this aspect of a cleanly dissected portion of integu-
ment. In preparing such a specimen, it is at once made evident,

however great the difference may seem to be between the dense and

closely woven texture of the cutis and the lax fascia to which it

owes its mobility on subjacent organs, that these tissues blend
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insensibly together, and are not separated from one another by any

abrupt limit. Their ultimate texture is indeed essentially the same.

Hence the boundary we assign to the skin in this direction is in

some measure artificial. Its precise nature will be seen by con-

sidering the

Intimate Structure of the Cutis. The white and yellow fibrous

elements of the areolar tissue are both much modified,, to constitute

the framework of this layer ; and in different parts of the skin, as

may be expected, they exist in different proportions, and in some

variety of arrangement. These varieties are not yet made out in

all their particulars ; but we believe we may state in general, that,

where great extensibility, with elasticity, is required, the elastic

element predominates (as in the skin of the axilla) ;
and that where,

on the contrary, resistance is demanded, the cutis is chiefly com-

posed of a dense interweaving of the inelastic white element (as in

the sole of the foot). But in all situations the meshes are very

close, and the quantity of the mixed fibrous tissues very great, as

compared with almost any other part of the body (pp. 77 9).

The fibres of the yellow element take a generally horizontal course,

and lie in multiplied series over one another, branching at very

frequent intervals, to join those above, below, and on either side.

The resulting meshes are open on all sides, but are most flattened

in a direction parallel with the general surface. They are more or

less lozenge-shaped, and vary in size not only with the region of

the skin in which they are examined, but according to their imme-

diate relations with the sudorific ducts, and of other cutaneous ap-

pendages which traverse them. This element of the cutis can be

easily studied on thin vertical slices, moistened with acetic acid,

which acts on other parts, leaving it entire, and, as it were, isolated.

(Fig. 77).

The thick and abundant fibi

of the white element twine in great

profusion among the interstices

just described, but what their pre-

cise attachments are it is difficuH

to determine. They accompany
all the larger vessels and nerves,

and invest the several small glands
with a loose capsule.

The gelatine, which may be

obtained in considerable quantity
from the skin, is derived from

Yellow fibrous element of the cutis of the
axilla. Magnified 320 diameters. this latter part of the CUtis, and

Fig. 77.
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it is probably this element also which is principally concerned in the

changes the skin undergoes during the process of tanning. The
varieties in the qualities of different skins for this purpose might be

explained by a reference to these two varying elements of their

fibrous framework. In the museum of King's College is a specimen
of excellent leather tanned from the skin of Bishop, one of the

murderers of the Italian boy who fell a victim to the infamous

system of "
Burking" many years since.

Some anatomists have thought that the contractility of the skin,

manifested under the influence of cold, and even under certain

emotions, is due to the existence of peculiar fibres ; and Gerber

has very recently figured what he considers to be such fibres. He
describes them as begirting the hair-bulbs.

There is good reason for believing that these fibres, if they exist,

do not essentially differ from those of unstriped muscle ; for in the

dartos we have found the latter intermingled with an abundant and
lax areolar tissue : and the close resemblance between the contrac-

tion of the scrotal membrane and that of the skin has been gene-

rally recognised. In fact, the dartos seems to be nothing more
than a modification of the dermoid and subdermoid tissue, of which

the principal peculiarities are the excess of this form of muscle, the

laxity of the meshes, and the absence of fat. It is probable, also,

that the phenomenon of " erection
"

of the nipple is due to the

contraction of similar fibres.*

The thickness and strength of the cutis, or areolar framework of
the skin, differ greatly in different parts, according to the amount
of resistance required against internal or external pressure. On
the hinder surface of the body it is denser than in front, and on the

outer than on the inner surfaces of the limbs. It is unusually thin

over the flexures of the joints. It is particularly delicate in the

eyelids, and proportionally so in some other situations, where great

mobility is demanded. In regions which are most subject to ex-

ternal pressure, as the soles of the feet, it is firmly united by very
dense laminae to the subcutaneous fascia

;
and the intervals between

these are provided with pellets of fat, forming a cushion, as an ad-

ditional means of protection to the delicate organs it encloses and

covers.

Among the lower animals, we may notice numberless examples of

an analogous kind. One of the most striking is that of the great

whales, which, being liable to enormous pressure on the surface of

*
Cyclop, of Aiiat. and Phys. vol. iii. p. 518.
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their bodies, from the medium in which they live, are provided with

a cutis of extraordinary toughness and density, as well as with a

growth of subcutaneous fat, called blubber, of prodigious thickness.

Fat occurs very generally in the subcutaneous areolar tissue,

serving as a soft bed on which the skin may rest, and giving round-

ness and symmetry to the outline of the body.
It is on the exterior surface of the cutis that the tactile papilla

are developed ; and it is here to be remarked that there is no neces-

sary relation between the degree of their development, and of

that either of the dermoid framework which supports, or the cuticle

which covers them. It is true that in the palm and sole all these

attain a large size, but, in the back, the tactile organ is well-nigh

absent, though the cutis is dense ;
and in the tongue, on the con-

trary, this organ is highly developed ; while the areolar framework
is nothing more than a very thin expansion ; and the investment of

cuticle is so thin that the papillae form separate projections from the

surface. On the buccal surface of the lips and cheeks, too, the

cuticle is comparatively thin.

In all parts of the cutaneous surface, as well as in some portions
of the internal mucous tracts, common sensation exists, attended

with a feeble discriminating power, which must be regarded as the

lowest condition of the sense of touch ;
but the organ peculiarly

fitted for receiving tactile impressions is concentrated in a very
remarkable manner in certain portions of the integument, which in

other respects, whether from the precise and varied movements

they can perform, or from their peculiar position, are the best

adapted to be inlets of this kind of sensation. The palmar surface

of the hand and fingers, or the sole of the foot, may be selected for

description, as presenting the most highly developed form of the

organ of touch.

The integument in these regions is finely and regularly furrowed

by grooves, separated from one another by corresponding ridges.

The direction of these grooves and ridges is various ; they run in

sweeping curves, frequently branch to adapt themselves" to the

inequalities of the general surface, and differ somewhat in width

and distinctness. These lines indicate the arrangement and develop-

ment of the tactile organ below. Each ridge is produced by a

single or double row of elongated conical processes, termed papillae,

projecting from the surface of the cutis into the epidermis. The

grooves are occasioned by the epidermis sinking in to occupy the

intervals between the rows af papillae. The papillae in each row

are usually arranged in pairs, the intervals between which are
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indicated on the outer surface by cor-

responding minute and very shallow

grooves, crossing the tops of the ridges

more or less at right angles. Each pair

of papillae thus occupies a little division

of the ridge. In the centre of each

cross line, between the pairs of papillae,

is observed the orifice of a sweat-duct

(shortly to be noticed), which often is

so large as to destroy the linear charac-

ter of the cross groove. In a square
inch of the palm we may generally
count rather more than forty rows of

papillae, and in each row rather more
than sixty pairs of them.

In the natural state the papillae are

intimately united at all points of their

surface to the epidermis which invests

them. By a slight maceration this

union may be so loosened that the two structures may be readily

JYgr.79.

I)

Under-surface of the cuticle, detached by maceration from the palm ; showing the double rows of

depressions in which the papillae have been lodged, with the hard epithelium lining the sudoriferous
ducts in their course through the cutis. Some of these are contorted at the end, where they have
entered the sweat-gland Magnified 30 diameters.
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separated from one another. In gradually tearing off the epi-

dermis, the foregoing account of the arrangement of the papillae

may be fully verified with the aid of a pocket lens. They are

seen to form a' close pile on the surface of the chorion, each one

being lodged in a separate cavity in the deep surface of the cuticle.

The papillae are not equal in size, but frequently a small one is

joined with a large one : and the clefts left between them, by the

removal of the epidermis, are unequal likewise ; those between the

rows being deepest, and those between the individuals of a pair

being commonly shallower than those between the pairs. This

subordination corresponds (though not accurately in degree) with

that of the grooves on the outer surface of the cuticle, where the

shallow intervals between the individuals of a pair are not even

visible at all, being lost by the thickness of the superimposed sub-

Fig 80 stance. Such is the exactness

of the impression or mould of

v|i^||\ the papillary structure which
-

;|

a
the under-surface of the epi-

*
dermis presents, that it fur-

^ nishes an excellent test of the

amount and complication of

the former structure in dif-

^fJS'"""
^ ferent regions of the skin.

v
- >

^iijjjji
This WU<1 be seen by compar-

Xm?^i ing figs. 79 and 80
;

the latter

of which, taken from the cu-

ticle of the leg, represents the
Under-surface of the cuticle, from the leg: a. , ,, , .

Small creases or furrows, b. Shallow depressions for SnallOW depressions into
the papillary structure, c. Epithelium of sudoriferous

,-, /. -i /. .11

ducts, corresponding to those in fig. 79. Magn. 30 diam. tne 16W Clwari papillary

tions of the cutis in that part have been received. The gradations

of size in the papillary structure can be everywhere admirably
traced in this way ; and will be found to correspond accurately
with the account of the relative acuteness of the sense of touch in

different parts, deduced from experiments, which will be subse-

quently given.

The papillae are of an average length in man of
y-J-g-

of an inch ;

at their base, where they spring from the cutis, they measure

about -2%-Q
of an inch in diameter, and they taper off to a slightly

rounded point. They are semi-transparent and flexible
;
but suffi-

ciently firm in texture to resist maceration long, and not readily to

admit of being detached from the cutis. Viewed, when fresh, with

a high microscopic power, their outline is definite and sharp, and
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Fig. 82.

there is good reason to suppose it formed of an unbroken expan-
sion of the homogeneous basement membrane already spoken
of. Within this it is difficult to distin-

Fig. si.

guish any special tissue, except by artificial

modes of preparation. A fibrous struc-

ture, however, is apparent, having a more

or less vertical arrangement : and with the

help of solution of potass, filaments of ex-

treme delicacy, which seem to be of the

elastic kind, are generally discoverable in

it. Injection of the blood-vessels demonstrates the existence of a

small arterial twig derived from the arterial plexus of the cutis, en-

tering at the base, advancing up the interior of the papilla, and

subdividing into two or more capillary vessels, according to the size

of the particular organ. These, after forming small loops, reunite

either at the base of the papilla, or in the subjacent texture, into

small veins, which empty their blood into the venous plexus of the

cutis. The capillaries of the smaller pa-

pillae frequently join with those of the fat-

vesicles that lie beneath. The vascularity
of the papillae is such, that their presence
and relative size may be determined simply

by the depth of the colour imparted to a

portion of skin by a good injection of its

vessels. The vascularity of the integument

is, therefore, in general terms, proportioned
to its perfection as an organ of touch.

Since the discovery of the papillae as gS3S?g vein -
~ Magnified 80

the sentient organs, the existence of

nerves within them has usually been taken for granted, or they
have been loosely styled expansions of the nerves; and to the

general truth of such statements we may readily assent. But we
have reason to doubt the accuracy of some recent writers, who
have professed to give minute details of the mode of termination

of the nervous tubules in the papillae. The subject is difficult

of investigation. According to Ernst Burdach* and others, the

nerves are arranged in a plexiform manner under the skin of the

frog, and loops are formed by the union of tubules from neighbour-

ing branches. On examination we find this description correct as

far as it goes, but that it does not carry us to the papillary struc-

ture. The plexus in question is situated underneath an expansion
of fibres crossing each other at right angles, which is itself placed

*
Beitrag zur Mikroskop. Anat. der Nerven: Konigsb. 1837.

Vessels of papillae, from the heel :

a. Terminal arterial twig, v.
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beneath the true skin, and separable from it; and we have observed

single tubules from the plexus penetrating this expansion in their

course to the skin. They have then been lost to view. We have

hardly been more fortunate in discovering the true termination of

the nerves in the nictitating membrane of the eye in the same

animal, or in the papillary tissue so largely developed on the

thumb at a certain season.

In our attempts to follow the nerves for any distance under the

papillary structure in the higher animals, the fibrous tissues (and

especially the elastic variety), forming the cutis, have been found so

much to impede the view, that no satisfactory conclusion has been

arrived at. In regard to their presence in the papillae themselves,

we can affirm that we have distinctly traced solitary tubules

ascending among the other tissues of the papillae about half-way to

their summits, but then becoming lost to sight, either by simply

ending, or else by losing the white substance of Schwann, which

alone enables us to distinguish them in such situations from other

textures. Thin vertical sections of perfectly fresh specimens are

essential for this investigation, and the observer should try upon
them the several effects of acetic acid and solution of potass. In

thus describing the nerves of the papillae from our own observations

we do not deny the existence of true loop-like terminations as

figured by so respectable an authority as Gerber,* but neither do we,

feel entitled to assent to it. We have in numerous instances failed

to detect any nerves at all within the papillae, when such were

plainly visible at their base, and when, consequently, the chemic?

agent employed could scarcely have destroyed their characteristic

structure, had they been present. We incline to the belief that the

tubules either entirely or in a great measure lose the white sub-

stance when within the papillae. We would, however, refer the

reader to what will be found respecting the nerves of the papillae

of the tongue on the chapter on taste.

The essential tissue of the papillae probably exists even where no

projections large enough to be called papillae are present. The*

portions of the skin are more scantily supplied with nerves ; and it

is probable from this circumstance, as well as from experimenl
afterwards to be detailed, that the individual nervous tubules

wider asunder, and occupy each a more extensive surface than in

parts thickly set with papillae.

The cuticle, or epidermis (fig. 83, a), like the cutis, varies greatly

in its thickness. As its chief use is that of affording protection, it

attains most density on parts most exposed to pressure and friction,

* General Anatomy, translated by Gulliver.
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as the soles of the feet and the palms of the hands. In the

same parts, too, it varies with the amount of pressure to which

it is subjected at different times; whence Fig. ss,

the hard hands of the artizan, compared
with those of persons who have spent
their time in gentler occupations. This

increase in thickness probably results from

the mechanical stimulus applied to the

capillaries of the part. But, in whatever

manner it may admit of explanation, there

is scarcely a more striking instance of that

inherent power which the body possesses

of adapting itself to varied external cir-

cumstances, than this one presented by
the human cuticle.

This investment is not permeated by
either vessels or nerves, but consists solely

of a congeries of nucleated particles, ar-

ranged in numerous superimposed laminae,

and united together by an intervening
substance in very small quantity. Those

particles that lie deepest, and rest imme-

diately on the cutis, are little more than

small granules, scattered in a homogeneous

matrix, which serves to unite them to-

gether. Those of the next layers are

rounded cells, consisting of a transparent

membrane, in which similar granules, but

somewhat larger in size, are visible. In

the succeeding layers these cells are more

and more compressed as they are nearer

to the surface; and on the surface they
are so flattened, that their opposite sur-

faces are in contact, and adhere, forming
mere scales, in which the nucleus remains.

The diameter of the deep particles is about

3-oVo inch, and of the superficial ones^
inch.

We know that the superficial scales are being continually shed

in small lamelliform masses, and it is evident that their loss is

supplied from below ; hence new particles must be constantly pro-
duced in the deepest layers, and must be in uninterrupted advance,

Vertical section of the sole: .
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Fig. 84.

through a series of changes, till they are cast off from the surface.*

These changes are not confined to their figure : the laminae they

first form are moist, and comparatively soft, and rest like a cushion

011 the highly sensitive surface to which they are adapted, and

whose vessels supply the materials for their development. The

more external ones are hard, horny, and much drier. Schwann
has also pointed out that their chemical properties become modi-

fied; that at first they are

soluble, but afterwards inso-

luble, in acetic acid : and this

circumstance of a chemical

-<L change occurring in the stages

of their development seems

to us so important that we
shall illustrate it by two views,

fig. 84, A. and B. In the

former the action of weak so-

lution of potass is shown: the

layer of cells immediately rest-

ing on the basement membrane

together with the more super-
ficial scales is but slightly

or not at all dissolved; while

several intermediate layers are

swollen and rendered very
A. Section of the skin of the heel, treated with weak , , ,

i 4.1,

solution of potass: a. Basement membrane of pa- transparent, IiaVing lOSt tneir
pilla. 6. Layer of nucleated cells resting on the base- , .

7
, f ,-,

ment membrane, c. Several succeeding layers, par- nuclei. Ihe abruptness OI the

change is remarkable, andcon-

solution tinues after the whole specimen
is saturated. In the latter

figure a stronger solution has
not represented i been employed

. the deep layer

is dissolved, but the superficial scales are still unaffected, while

the intermediate part is reduced to a semi-fluid mass, in which

scarcely any vestige of structure remains. It is very possible that

other agents might disclose further varieties of chemical constitu-

tion in smaller subdivisions 6f the cuticular lamellae.

* The cuticle of reptiles and amphibia is periodically cast off in a more or

less entire state, a new one being previously formed beneath it. In amphibia
the epidermis is tesselated

;
the scales adhering to one another by their edges,

and being usually pentagonal. A similar ecdysis, or shedding, occurs in the

larva state of insects, and in the arachnidans.
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These facts will go far to explain why it happens that the union

between the particles composing the same layer is in general more

intimate than that between different layers, so that it is not difficult

to divide the cuticle into two, three, or more laminae : and, in par-

ticular, why it is easy, at a certain stage of maceration, to separate

the harder from the softer layers, and thus to isolate the structure

termed " rete Malpighii." This is nothing more than the deepest,

or most recently formed, part of the cuticle. When isolated, it

presents depressions, or sometimes complete apertures, which have

been occupied by the projecting papillae ;
and hence the term rete.

When apertures exist, the cuticle on the top of the papillae has

been detached with the outer hard layer, and that in contact with

and encircling their bases remains by itself.

In the coloured races of mankind, there is, at first sight, some

ground for supposing the rete Malpighii to be a structure distinct

from the other layers of the cuticle, the colouring matter being
found to reside chiefly in this part. However various in quantity
and hue, the colouring matter always consists of oblong or oval

grains of extreme minuteness
( 2

-

\ of an inch in their long

diameter), and occupying the interior of some of the epidermic

particles. In the negro it is accumu-
Fig 85

lated in enormous quantity, and com-

pletely envelops the nuclei itnmedi- f=

ately resting on the cutis. On exa-

mining a vertical section of the whole

cuticle, we find the colouring matter

gradually diminishing as we approach
flip nvfir>P 5rr1 if ic mncf nlfar> tlinf Vertical section of the cnticle, from the

^ SU1 lace , ana It IS mOSt Cieai mat scrotum of a negro, a. Deep cells,

la Tin triiP linP nf rlpmnrpnfinn loaded with Pigment. b. Cells at ademarcation h igiier ievei, paler, and more flattened.

lio ftirrk -tfir-na Wo matr e. Cells at the surface, scaly and colour-he two portions, w e may less> as in the white races. Magnified

observe the colour of the rete mucosum 30 diameters -

deeper at points; and a greater proportionate depth of colour

is traceable over such points, through all the layers, as far as

the surface : we may even discern a sort of stream of coloured

grains advancing towards the surface. Hence there can be little

doubt that the decrease of colour in the superficial laminae is due

to that chemical change which has just been described as gra-

dually taking place in the interior of the epidermic particles. As it

is not always easy in this country to obtain specimens of the negro's

skin, the above facts may be verified in the skin of coloured domes-

tic animals, or, less satisfactorily, in that of some portions of the

skin of the white race, as that of the scrotum, of the nipple during
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pregnancy, or of accidental moles, or freckles.* The bronzing of

parts exposed to the sun is effected by a similar deposit of colouring
matter in the deeper laminse of the cuticle.

The subject here referred to has been invested with additional

interest by its supposed bearing on the warmly-debated question of

the specific difference of the negro from the white man. We need

not enquire how far the existence of a distinct cuticular lamina

might avail the advocates of such a difference, for we may freely

state our conviction that no such peculiar layer exists. The sole

variety is in the presence of pigment which may occur, partially,

under many circumstances in the white races, and may be wanting
in the true negro.t The reader of the preceding paragraphs will

understand how little such processes as maceration, and even the

most delicate dissection by the naked eye, and with ordinary in-

struments, are to be depended on for the determination simply of

the anatomical fact.

The nails and hairs are peculiar modifications of the epidermis,

and consist essentially of nucleated particles.

The nails are flattened, elastic,

horny, protective coverings, placed on

the dorsal surface of the terminal

phalanges of the hands and feet, and

projecting beyond the flesh. Hoofs,

claws, etc., are varieties of them.

The nail has a root, or part concealed

within a fold of the cutis; a body, or

exposed part, attached to the surface

of the cutis ; and a free or projecting
section of the skin on the end of the edqe. The cutis underneath the root

finger -.The cuticle and nail, n, detached *
from the cutis and matrix, m. anci "body is termed the matrix, from

its being the producing organ of the nail. This is thick and highly

vascular, and its colour is seen through the transparent tissue.

Near the root it is white, and occasions the appearance termed

lunula. The nail has a firm adherence to the matrix, and is

moulded upon it, like the epidermis in other situations. The true

epidermis (as distinguished from the nail) is continuous with the

nail at the whole circumference of its body ; the root dips into

the fold of cutis, within the epidermis, and the free edge pro-

jects beyond it. In the advanced foetus we find the edge of

the nail to be directly continuous with the epidermis of the end

* Dr. Simon, of Berlin, has ably investigated this part of the subject.

Miiller's Archiv. 1840. t See Dr. Prichard, Natural History of Man.
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of the finger, and only to become free by a rupture of this con-

nexion after birth. Thus the nail covers that portion of cutis

which is without cuticle. It has been frequently discussed whether

the cuticle is continued over and under the nail ;
but this is a ques-

tion of words only, the nail being the same essential structure as the

cuticle. The border of the root of the nail is jagged, thin, and soft,

and consists of newly formed substance : the deep surface of the

body^is also soft, and marked by longitudinal grooves, correspond-

ing to the papillary ridges on the surface of the matrix. These soft

under-parts consist of nucleated particles, similar to those of the

deep layers of the epidermis. The more superficial laminse of the

nail are more and more dense and fibrous ; but, when treated with

acetic acid, some imperfect traces of nuclei may still be detected in

them. The nail grows both at the root and on the deep surface of

the body ;
as the substance furnished by the root advances towards

the free edge, it receives accessions from the surface of the matrix.

Hairs are found on all parts of the surface, except the palms of

the hands and the soles of the feet, and differ much in length, thick-

ness, shape, and colour, according to situation, age, sex, family, or

race. We may select one of average size for a description of their

structure and mode of growth. The shaft of the hair is that part

which is fully formed, andwhich projects beyond the surface. Tracing

this into the skin, we find it lodged in a follicular involution of the

basement membrane (fig. 87, a), which usually passes through the cutis

into the subcutaneous areolar tissue. This hair-follicle is bulbous at

its deepest part, like the hair which it contains. Its sides have a

cuticular lining, 6, continuous with the epidermis, and resembling

the cuticle in the rounded form of its deep cells and the scaly cha-

racter of the more superficial ones, which are here in contact with

the outside of the hair, c. The hair grows from the bottom of the

follicle, and the cells of the deepest stratum there resting on the

basement membrane are very similar to those which in other parts

are transformed into scales of cuticle. A gradual enlargement occurs

in these cells as they mount in the soft bulb of the hair, which indeed

owes its size to this circumstance. If the hair is to be coloured, the

pigment grains are also here developed for the most part in scat-

tered cells, which may send out radiating processes at other times,

in a diffused manner around the nuclei of the cells generally. It

frequently happens that the cells in the axis of the bulb become

loaded with pigment at one period, and not at another ; so that, as

tlicy pass upwards in the shaft, a dark central tract is produced of

greater or less length, often only in irregular patches, and the hair

VOL. i. E E
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Fig. 87.

appears here and there to be tubular, e. The shaft is much
narrower than the bulb, and is produced by the rather abrupt

condensation and elongation into hard

fibres of the cells, both of those which

contain pigment and those which do

not. These fibres may be demon-

strated by simply crushing small frag-

ments of hair, but they become more

conspicuous when the tissue is softened

by a strong acid. The granules of pig-

ment assume a linear arrangement be-

tween the fibres, which are firmly united

into a solid rod by a material similar,

it may be supposed, to that which

cements the scales of the cuticle.

The central series of cells just men-

tioned, when filled with pigment, seems

less disposed tobecome fibrous than those

around
;
and some authorshave described

Buib of a smaii black hair, from the jt as a medulla, in distinction from the
scrotum, seen in section, a. Basement 1-11 JT
membrane of the foilicle. b. Layer of fibrOUS part Ol the shatt. whlCQ tlievthen
epidermic cells resting upon it, and be-

coming more scaly as they approach c, term COTtCX. J3ut the tubular Character,
a layer of imbricated cells, forming the .

outer lamina, or cortex, of the hair, however constant in the hair or many
These imbricated cells are seen more

. . . .

flattened and compressed, the higher animals, is very variable in human hair,
they are traced on the bulb. Within , ,.. ., , -i ,!
the cortex is the propsr substance of both in different situations, and in the
the hair, consisting at the base, where . , T/W * *. i ^.i.

it rests on the basement membrane, of samehair at ClllierentpOmtS Ol its length,
small angular cells scarcely larger than n i n
their nuclei. At d, these cells are more as may be SCCU VCry Well by means Ol
bulky, and the bulb consequently thick- . . _ ,

x

er; there is also pigment developed trailSVerSC SCCtlOnS (fig. OO, , 0)."*
in many of them more or less abun- i i i i

dantiy. Above d, they assume a de~ The human hair has a proper bark,
cidedly fibrous character, and become -. . ., /,-,-,

condensed, e. A mass of cells in the or cortex, formed in the following way.
axis of the hair, much loaded with pig- ii /JT n J .. i

ment. A single layer of the cells immediately

surrounding those about to form the fibrous tissue of the shaft are

seen near the bottom of the follicle to assume an imbricated arrange-

* Transverse sections of extreme thinness may be made by fixing a lock of

hair between two pieces of card or wood in a vice, and then shaving it with a

razor. In many animals, as the horse and dog, the hairs are tubular. In others

they present a central series of cells, round or compressed, with or without

pigment, as in the cat and mouse. In others again, their external surface is

regularly marked by annular, and sometimes toothed projections, as in the

Indian bat : and numerous other varieties might be enumerated. The quills

of the porcupine, and the feathers of birds, are modifications of the epidermic

tissue, and, in their essential characters, are closely allied to hairs. See Busk,

in Microsc. Journal.
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ment (fig. 87, c), and gradually to mount on the hair, becoming

more compressed against it in their ascent, until they form upon
its surface a thin transparent colour-

less film, in which the overlapping of

the delicate cells is still exhibited by

elegant and exceedingly fine sinuous

cross lines (fig. 88, d, d'} . The fibrous

interior and this peculiar cortex to-

gether compose the shaft of the hair.

By the continual emergence of fresh

portions of the shaft from the follicle,

fragments of the cuticular lining of

the latter are apt to be drawn up

upon the hair, aided, probably, in this,

by the imbrication of its surface, and

are often found clinging around it for

some way ; but they are not to be

regarded as any part of the hair itself.

In the larger hairs there is usually

a double Series Of these imbricated . Transverse section of a hair of the head,
,. -i -i ,- i . ., shewing the exterior cortex, the fibrous tissue

COl'tlCal SCaleS; the OUter having itS with its scattered pigment, and a central space

teeth interlocked with those of the
mied with piffment *' A similar secti n f

a hair, at a point where no aggregation of

-i , -i -i -i i pigment in the axis exists, c. Longitudinal
inner, but apparently but loOSely section, without a central cavity, shewing the

imbrication of the cortex, and the arrange-
ment of the pigment in the fibrous part. d.

Surface, shewing the sinuous transverse lines

formed by the edges of the cortical scales.

d'. A portion of the margin, shewing their

imbrication. Magn. 150diam.

adherent to them. This outer series

seems to be intermediate between the

true cortex and the cuticle of the fol-

licle, and to belong rather to the latter, since it does not appear

upon the extended portion of the hair. The cortex is much denser

than even the fibrous part of the hair, and is less acted upon by

strong solution of potass.

From the preceding description, it will be evident that the fibrous

part of the hair is a peculiar development of the cuticular cells

resting on the bottom of the follicle, that the imbricated cortex is

formed by a single series differently developed at the circumference

of these, and that beyond this series comes the cuticular lining of the

follicle
; so that the hair is neither covered nor underlaid by cuticle,

but it is, in fact, the modified cuticle of the bottom of the follicle. A
thin layer of papillary tissue probably coats the bottom of the follicle

in most cases ; and where the hairs are large, and especially where

they serve principally as tactile organs, there may be a projection of

a true papilla, furnished with nerves and capillaries, into the bulb of

the hair, as is very conspicuous in the whiskers of some animals and

E E 2
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in the quills of the porcupine. An approach to this papillary pro-

jection may be frequently seen in the hairs of man ; but its real size

appears to have been much overrated, from the basement membrane

having been overlooked. Where a papilla exists, the basement mem-
brane is of course continued over it, and separates it from the true

hair, which is never penetrated by either vessels or nerves.

The sebaceous glands of the skin very generally open into the

hair follicles at a short distance from the surface.

The hair follicle is fixed more or less firmly in its place, according
to the size and stiffness of the hair, by the dermoid and subdermoid

tissues uniting intimately with it on its deep or convex surface, where

also are spread out the capillary vessels which furnish the materials

of growth. These latter are adapted in number to the dimensions

of the follicle.

Thus the hairs, like the cuticle, are beautifully organized, and

maintain a vital, though not a vascular, connexion with the body.
Some evidence of their retaining a degree of vitality is found in

the fact, first pointed out by Mandl, and verified in some instances

by ourselves, that hairs have a tendency to become pointed after

having been cut short off. The process is very slow, and seems to

consist in a further condensation and elongation of the elementary
cells at the new extremity.

Well-authenticated instances have occurred, in which the hair has

grown white in a single night, from the sudden influence of some

depressing passion ; and some have held this circumstance a proof
that fluids circulate through them. It seems most probable that

this phenomenon results from the secretion, at the bulb, of some

fluid perhaps an acid, as Vauquelin supposes which percolates

the tissue of the hair, and chemically destroys the colouring mat-

ter. The ordinary gray hairs of age resemble other hairs in every

respect but colour, and the process of change from dark to gray
seems to take place rapidly in each individual hair.

According to Vauquelin, the colour of hair depends on the" pre-

sence of a peculiar oil, which is of a sepia tint in dark hair, blood-

red in red hair, and yellowish in fair hair. When extracted, as it

may be by alcohol or sether, the hair is left of a grayish yellow.

The colour is destroyed by chlorine, and probably otherwise resem-

bles closely that of the cuticle in the dark races. The substance of

hair is similar in chemical composition to that ofhorn. After being

softened by maceration in cold nitric acid, it is soluble in boiling

water, and the solution after evaporation becomes a gelatinous

mass on cooling. The horny matter is said to be distinguishable
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from coagulated albumen or fibrine by its being readily soluble

in caustic fixed alkalies, but not in caustic ammonia. The ashes of

hair amount, according to Vauquelin, to one and a half per cent, of

its weight ; and contain oxide of iron, a trace of oxide of manganese,
of sulphate, phosphate, and carbonate of lime, and of silica. Black

hair contains most iron, and light hair least *

Hairs, when dry and warm, are easily rendered electrical. They
readily attract moisture from the atmosphere, and no doubt from

the body also, yielding it again by evaporation, if the air be dry.

When moist, they elongate considerably ; a property which Saus-

sure took advantage of in the construction of his hygrometer, in

which a human hair, by its elongation and shortening in moisture

and dryness, is made to turn a delicate index.

The shape of the hairs in different situations offers some variety.

In general, they taper towards their free end. Those of the head

are often not cylindrical, but compressed on one or both sides, so

that their transverse section is reniform or oval. The eye-brows
and eye-lashes taper towards both extremities. Hairs also vary in

being lank or woolly, permanent or deciduous. The frizzled hair

of the negro is one of his most remarkable characteristics, but has all

the essential structural characters of the hairs of the other races.

The diseased condition called plica Polonica is a matting together
of the hairs, from the effusion of a glutinous matter, probably
from the cutaneous glands. It is said that hairs so affected bleed,

if cut close to the skin. This, if true, may result from a morbid

elongation of the vascular papillae at their roots. In the whiskers

of large animals these papillae are so long, that they are cut and

bleed if the whiskers are shaved off.

In some regions of the skin it appears certain that a lymphatic

network exists immediately under the surface of the cutis, probably
under its basement membrane. Mercury injected into this network

through a puncture in the cuticlepasses readily into the neighbour-

ing lymphatic trunks, and removal of the cuticle does not injure its

meshes. These circumstances may be observed in the penis, scro-

tum, and nipple : but it is probable that the network sometimes

exhibited by this procedure in other parts of the skin, is a fallacious

appearance due to the mercury having insinuated itself between

the cutis and cuticle, in the furrows at the base of the papillary

structure
; for it does not find its way into the lymphatic trunks,

and is deranged by a complete separation of the cuticle.t

*
Baly's Miiller, p. 424-5, quoted from Berzelius.

t Cycl. of Anat. and Phys. ;
art. Lacteal and Lymphatic System : by Mr. Luiio.
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Fig. 28.

The sweat-glands exist under almost every part of the cutaneous

surface. They lie in small pits (fig. 83, d) on the deep aspect of

the cutis ; or, if large, entirely in the subcutaneous fascia. As before

mentioned, their orifices are discernible in the middle of the cross

grooves that intersect the ridges of papillae on the hands and feet.

Here their arrangement is necessarily regular, and their size is about

that of a pin's head. But in other parts they are irregularly scat-

tered, though in general in pretty equal numbers over areas of the

same dimensions. In certain situations, however, they are very

large ; and, as might be expected, we find their size and number
in different districts of the skin to correspond with the amount of

perspiration afforded by each. Thus, they
are nowhere so remarkable, or so easily

examined, as in the axilla, over a space

precisely defined by the growth of the hair

b
f

& in the adult. They here form a layer,

which, towards the middle, is often an

Vertical section of the skin and
eighth f an mCn thlck

'
but thiimer tQ-

wards the edse - Jt is of a reddish colour
>

Li?
6

ffrStoSSirfr S and mammellated by the individual glands
Magnified one and a half diam. which COmpOSC it. Some of these are as

large as the labial glands, but most of them are somewhat smaller.

They are soft, and more or less

flattened by lateral apposition
with one another, They lie in

an atmosphere of delicate areo-

lar tissue, and are covered and

permeated with a network of

capillary blood-vessels.

The sweat-glands can be

shown, wherever they exist, by

dissecting a piece of fresh in-

tegument on its deep surface.

They are distinguishable from

the pellets of fat, with which

they have doubtlessbeenrepeat-

edly confounded, by their pink
Sweat-gland and the commencement of its duct :

J

a. Venous radicles on the wall of the cell in which the colour andsemi-trailSparent tCX-
gland rests. This vein anastomoses with others in the

vicinity, b. Capillaries of the gland separately repre- ture. Where the areolar trame-
sented, arising from their arteries, which also anasto-

. . .

mose. The blood-vessels are all situated on the out- WOrkoi the CUtlS IS densely inter-
side or deep surface of the tube, in contact with the . .

basement membrane. Magnified 35 diameters. WOVCn, they are leSS readily CllS-

cerned, but injection of the blood-vessels makes their detection easy.

Fig. 90.
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On detaching one of these glands, and highly magnifying it, it is

seen to consist of a solitary tube intricately ravelled, one end ofwhich

is closed, and usually buried within the gland ;
the other emerges

from the gland, and opens on the skin. Sometimes this tube is

branched, but its diameter is usually very uniform from end to end.

When very long, the open end mg .

forming the duct is a little

wider than the rest. The wall

is comparatively thick, so that

the calibre is not more than

a third of the whole diame-

ter. It consists, like the cor-

responding part of most other

glands, of two layers : an outer

or basement membrane, with

which the vessels are in con-

tact ; and an epithelium, lining

the interior. The basement

membrane is extremely thin,

and is continuous with the

outer surface of the papillse.

The epithelium is much thicker,

and is an involution of the epi-

dermis that rests on the papillae

and dips in between them.

Hence the tube, traced out-

wards from the gland, loses the

basement membrane at the sur-

face of the papillae ; and the re-

mainder of its course is pursued

upwards through the successive

laminae of cuticular scales.

The preparation exhibited in

fig. 91 shows the Continuity of Vertical section of the cuticle from the heel,
. ,

-,
. T detached by maceration as in fig. 79. The epithe-

thC epithelium lining the ex- Hum of the sweat-duct, continuous with the cuticle,

,, , . has been drawn out of the tube basement, mem-

Creting part OI the dUCt With brane, as far as the gland, where it begins to be con-

. , , , T i
tortcd. The cavity of the duct is seen dilating as it

the CUtlCle, aild alSO diSClOSeS its enters the cuticle, and then stretching- up to the snr-

,
1

face through the epidermic laminae. The deep sur-

hardness and cuticular charac- lace of the duct is continuous with the surface of the

..,., . p cavities in which the papillse are lodged. Magn. 35

tcr, quite different from that of diam.
. . 6. Duct at its entrance into the cuticle. More

the secreting epithelium within highly magnified.

the gland, which is soft and easily decomposed. We have remarked

that the duct, in traversing the layers of the cuticle, is lined by
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epidermic particles having a different arrangement from those of the

cuticle itself ; being flattened in the vertical instead of the horizon-

tal direction, and especially distinct in the deeper and softer stratum

of the cuticle. This special cuticular tunic of the duct is best ex-

hibited by treatment of recent specimens with solution of potass.
The duct, on leaving the gland, follows a meandering, and often

rather spiral direction, through the areolse of the cutis,to the interval

between the papillae, where it becomes straight ; and it again assumes

a spiral course in perforating the cuticle (fig. 83). In the cutis its

curves are unequal, elongated, and wide
; but, in the cuticle, they

are commonly as close and regular as those of a common screw, the

form of which may be taken as a fair model of the ducts in this part.

It is not easy to explain the mode in which the spiral form is given
to the cuticular part of the duct. It has been imagined to result

from the condensation and flattening of the laminse of epidermis as

they approach the surface ; but the fact, that the spirals are not

closer near the orifice, is opposed to this notion. Their use, also, is

obscure ; for we cannot admit the validity of the ingenious idea that

the orifice of a spiral tube must be valvular, and, therefore, that they

mechanically resist the entrance of foreign substances. If they do

offer this opposition, it is only by the tortuosity resulting from the

spiral arrangement. The proper tunic of the duct in the substance

of the cuticle seems designed to keep it pervious, and may be that

which gives it

its peculiar spiral

form. The aver-

age diameter of

the cavity of the

duct is ryVo inch

but, as it enters

the cuticle, it

usually becomes

wider.

The last two

figures, as well as

some of the pre-

ceding ones, il-

lustrate the ana-

tomy of the

sweat-glands.

Sebaceous glands, showing their size and relation to the hair-follicles : A The SebdCeOUS
and B from the nose; c from the beard. In the latter the ctitis sends / j
down an investment to the hair -follicle. Magnified 18 diameters. fflttnOS are

Fig. 92.
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in most parts of the skin, but are absent from the palms and soles.

They are most abundant on the scalp and face (especially about the

nose), and about the anus and scrotum. The glandula odorifera

of the genital organs are a variety of them, only remarkable by
their secretion. The orifices open either on the general surface,

or into the hair-follicles, and they lie either in the cutis or sub-

dermoid tissue, according to their size. They are usually asso-

ciated with the hairs, in the manner represented in fig. 92. They
consist of a more or less capacious duct, generally branched, and

terminating in blind, pouch-like extremities. The basement mem-
brane of these glands is thicker than that of the sweat-glands,
and is lined by an epithelium, in the particles of which are in-

cluded granules of sebaceous matter. The terminal vesicles and

the ducts are filled with an accumulation of this epithelium, which,

having been detached from the walls, constitutes the secretion. On
the deep or parenchymal surface of the basement membrane a web
of capillary vessels is spread out.

While speaking of the sebaceous glands, we must say a few words

of a parasite so generally found in their ducts in many parts of the

body, that it may almost be regarded as a denizen. This was recently
discovered by Dr. Simon, of Berlin,* and has been further describ-

ed by Mr. Wilson,f who

speaks of two principal

varieties of the adult ani-

mal, chiefly distinguished

by their length ;
the one

measuring from T^ to

-Jj-,
the other from rJ-Q

to

yj-g of an inch. He de-

tails several interesting

particulars concerning

their structure and de-

velopment, for which we

must refer to the original

memoir. These singular
OVA f/vnnrl in 1 " Entozoa from the sebaceous follicles, a, Two seeniii their

ordinary position in the orifice of one of the sebaceous follicles

most every individual, and
of tne SCUP- * short variety- c - Lone variely-

especially in those possessing a torpid skin, and they multiply in

sickness. In living and healthy persons from one to three or four

may be found in each follicle." We have represented them as we

have found them in a sebaceous follicle of the scalp (fig. 93) .

*
Miiller's Archiv., June, 1842. t Phil. Transact. 1844.
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The ceruminous (/lands of the ear resemble in their structure those

just described. They exist in great abundance in the skin of the

cartilaginous part of the external meatus, and provide an adhesive

secretion calculated to entangle particles of dust and small insects,

and to prevent their access to the delicate membrane of the tym-

panum.*

Of the Functions of the Skin. Having now considered the several

constituents of that very complicated organ, the skin, it remains

for us to take a brief general view of its functions before proceed-

ing to a particular account of that one which brought us to this

structure, viz. the sense of touch. All these functions have refer-

ence to its external anatomical position with respect to the other

structures of the body. Regarded as a protective covering, the

skin possesses the united advantages of toughness, resistance, flexi-

bility, and elasticity. The areolar framework of the cutis is the

part chiefly conferring these properties, which are due also in some

measure to the epidermis. Both these structures are developed in

a degree proportioned to the force and frequency of external contact

to which different regions of the body are liable. They are thickest

on the palms and soles, on the back of the trunk, and the outer

surface of the limbs : thinner on the front of the body, and on the

inside of the limbs.

These two elements also afford protection and support to the

other more delicate ones with which they are associated. The areola3

of the cutis sustain the intricate networks of blood-vessels, lympha-

tics, and nerves, which traverse it. The sweat-glands are imbedded

in cavities accurately fitted to receive them ; and their ducts, with

the sebaceous follicles and hairs, are all lodged in channels or spaces

adapted to their respective sizes. The epidermis is a defensive invest-

ment to the tactile organ, and, while it shields it from the injurious

effects of pressure, is the medium through which impressions of con-

tact are conveyed to it with admirable nicety and truth. The epi-

dermis furnishes also special organs, such as nails and hairs; which

are developed in particular situations, for the purposes of defence,

the preservation of warmth, or as aids to the sense of touch. The

infinite variety of modifications which the epidermis presents among
the lower animals, joined with others of nearly equal diversity in the

neighbouring textures, adapts it to very numerous and even opposite

uses in the animal kingdom.

* In the sharks and rays there is a remarkable system of mucous tubes

opening on the skin. These tubes are nearly as large as crow-quills, and of

great length. They end by a blind extremity, to which a small nerve of th<-

fifth pair iy attached.
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The skin combines the opposite functions of absorption and secre-

tion. Its lymphatic network, and the capillaries, are both concerned

in the former, which, under certain conditions, is very actively

performed.
Secretion may be said to be carried on at every point of the sur-

face of the cutis, since the cuticle is a deciduous product, constantly
in course of separation from it. But the principal seat of this func-

tion are those glandular offsets from the skin that lie scattered in

numberless multitudes beneath it. It may be safely said, that the

secreting membrane they comprise far exceeds, in extent, the surface

of the whole body. By the involutions of the sweat-glands, the

surface is multiplied, for the sole purpose of secretion, and the

quantity of material capable of being thus eliminated is enormous.

There is one peculiarity connected with this great glandular sur-

face, which results from its not being made up into a solid organ,

but disseminated in detached points under the integument, viz.,

that it is more than all others subject to the influence of external

temperature, acting upon the cutaneous blood-vessels ; but an

apparatus for adjusting the irregularities hence resulting is pro-
vided in the kidneys, as will be hereafter explained.

The sebaceous glands are another great system, chiefly subser-

vient to the protection and health of the skin itself, but resembling
the sweat-glands in their disseminated arrangement. They are

extremely numerous, and yield an oily material for the lubrication

of the surface of the cuticle. On most parts of the body they are

as abundant as the hairs themselves. They are an important

accessory organ for the elimination of hydro-carbonous matters

from the system. Thus the skin is a superficial emunctory of great

extent and importance, and will demand subsequent consideration

in that character.

We may now consider the function of the skin as the organ of
touch. One of the distinguishing characteristics of this sense is its

universal diffusion over the exterior of the body, by which its sphere
of action as a recipient of impressions, and as a criterion of locality,

is rendered more extensive than that of any other. The contact of

foreign bodies is perceived as occurring at the point at which they

actually strike the organ of touch, whether that point be within the

sphere of operation of any other sense or not. The precision with

which this is effected depends very much on the degree of develop-
ment of the papillary tissue in the several regions of the body.
We have already seen that the papillae present great varieties in

different parts. These varieties will be found to correspond very
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much with differences in the mobility of such parts. In general,

touch is most acute in regions best suited, by their structure, for

easy and diversified contact with external substances; for the

power of nicely determining the position, direction, and amount of

pressure upon the organ of touch, is essential to the perfection of

the sense. The will can not only excite and check the contrac-

tions of the muscles, but is able to regulate their force and duration

with wonderful precision; for, by the muscular sense, as stated in a

previous chapter, the mind is able to appreciate the state of con-

traction of a muscle by impressions originating in the nerves sup-

plied to its fibres. This power, both of recognizing and governing
the muscular movements, is from our earliest infancy brought into

association with the impressions derived from the tactile organ,
and made accessory to its function ; and the perfection to which

habit, in numerous instances, brings the sense of touch, is chiefly

due to an improved capacity it confers, of appreciating the impres-
sions made on the organ, in connexion with niceties of muscular

movement.

In animals, as in man, we may notice the local concentration of the sense

in general obedience to this relation of mobility. In monkeys the fingers are

highly endowed with it, and the papilla there developed closely resemble

those on the human hand. The prehensile tails of certain tribes possess great

mobility, can readily be applied all round an object, and are largely supplied
with nerves and papillae. In addition to this, there is an absence of hair from

that surface adapted for contact with bodies. In some ant-eaters the tail is

highly tactile, and likewise in the chameleon.

In the canine and feline races the sense of touch resides in the paws, which

present a large papillary structure
;
in the lips, where the whiskers are de-

veloped ; and in the tongue. In ruminants and solipeds it has its special seat

in the lips, which are long, very moveable, and largely supplied with sensitive

and motor nerves. The upper lip of the rhinoceros is an excellent example
of these conditions ; and, still more so, the snout of the tapir and the trunk

of the elephant, where the integuments about the orifice of the nostrils are

endowed with exquisite powers both of sense and motion.

But nowhere, perhaps, is the sense of touch more acute than in the mem-
branous expansions of the wings of bats, whereby they are enabled to traverse

dark and tortuous passages, in rapid flight, without injury. Spallanzani
blinded them with a view of determining whether sight conferred any part of

this singular power, but found that this mutilation interfered in no respect
with the faculty. They were still able to fly in the space between suspended
threads without touching them. He could not conceive it possible that so

wonderful an endowment could depend on any exaltation of mere touch, and

he resorted to the supposition of the existence of a sixth sense, possessed of

some unknown mode of action. But Cuvier, with more sagacity, has referred

it to an eminent sensibility of the nerves, which are profusely expanded over

the web of the wings. This membrane seems admirably calculated to receive
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exact impressions from the vibrations of the air, and so to be a means whereby
the animal may be informed of the distance and figure of the neighbouring

objects, which reflect or otherwise modify the undulations of the surrounding
medium. It is very probable that hearing also may be concerned in this

power.

In men, as compared with animals, the sense of touch is exten-

sively diffused; but very interesting differences in its intensity are

observable in different parts of the surface, which have been espe-

cially illustrated by the experiments of Weber.

These consisted in placing the two points of a pair of compasses,
blunted with sealing-wax, at different distances asunder, and in

various directions, upon different parts of the skin of an individual,

who was not permitted to see the bodies in contact with him. It

was then found, that the smallest distance at which the contact

can be distinguished to be double, varies in different parts between

the thirty-sixth of an inch and three inches ; and this seems a

happy criterion of the acuteness of the sense. We recognize a

double impression on very sensible parts of the skin, though the

points are very near each other ; while, in parts of obtuse sensi-

bility, the impression is of a single point, although they may be,

in reality, far asunder.

In many parts we perceive the distance and situation of two

points more distinctly when placed transversely than when placed

longitudinally, and vice versa. For example, in the middle of the

arm or fore-arm, points are separately felt at a distance of two

inches, if placed crosswise ; but scarcely so at a distance of three,

if directed lengthwise to the limb.

Two points at a fixed distance apart feel as if more widely sepa-

rated when placed on a very sensitive part, than when touching a

surface of blunter sensibility. This may be easily shewn by draw-

ing them over regions differently endowed ; they will seem to open
as they approach parts acutely sensible, and vice versa.

If contact be more forcibly made by one of the points than by
the other, the feebler ceases to be distinguished : the stronger im-

pression having a tendency to obscure the weaker, in proportion to

its excess of intensity.

Two points at a fixed distance are distinguished more clearly
when brought into contact with surfaces varying in structure and

use, than when applied to the same surface, as, for example, on

the internal and external surface of the lips, or the front and back

of the finger.

Of the extremities, the least sensitive parts are the middle regions
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of the chief segments, the arm, fore-arm,, thigh, and leg. The con-

vexities of the joints are more sensible than the concavities.

The hand and foot greatly excel the arm and leg, and the hand
the foot. The palms and soles respectively excel the opposite

surface, which are even surpassed by the lower parts of the fore-

arm and leg. On the palmar aspect of the hand the acuteness of

the sense corresponds very accurately with the development of the

rows of papillae ; and where these papillae are almost wanting, as

opposite the flexions of the joints, it is feeble.

The scalp has a blunter sensibility than any other part of the

head, and the neck does not even equal the scalp. The skin of the

face is more and more sensible as we approach the middle line
;

and the tip of the nose and red part of the lips are acutely so, and

only inferior to the tip of the tongue. This last, in a space of a

few square lines, exceeds the most sensitive parts of the fingers ;

and points of contact with it may be generally perceived distinctly
from one another, when only one-third of a line intervenes between

them. As we recede from the tip along the back or sides of the

tongue, we find the sense of touch much duller.

The sensibility of the surface of the trunk is inferior to that of

the extremities or head. The flanks and nipples, which are so

sensitive to tickling, are comparatively blunt in regard to the ap-

preciation of the distance between points of contact. Points placed
on opposite sides of the middle line, either before or behind, arc

better distinguished than when both are on the same side.

The above are the results obtained by making the several parts
mere passive and motionless recipients of impressions. They evince

the precision of the sense in so far only as it depends on the organi-
zation of the tactile surface. The augmented power derived from

change of position of the object with regard to the surface, is well

illustrated by keeping the hand passive, while the object is made to

move rapidly over it. In this case the contact of the two points is

separately perceived, when so close, that they would, if stationary,
seem as one. If, still further, the fingers be made to freely traverse

the surface of an object, under the guidance of the mind, the appre-
ciation of contact will be far more exquisite, in proportion to the

variety of the movements, and the attention given to them. We
are then said to feel, or to examine by the sense of touch.

How great is the aid thus capable of being afforded, is manifest

in the following experiment. With shut eyes, and the hand still,

let another apply to the finger various articles, such as books, paper,

glass, metals, wood, cork, &c.
; they will be very imperfectly dis-
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tinguished. That our power of varying the force of contact adds

much to the delicacy of touch, is evident from this : that a plane
surface may be made to seem concave, by drawing it over the

passive tip of the finger of a person whose eyes are covered, pro-
vided it be pressed at first strongly, then lightly, then strongly

again; or it may be made to seem convex by reversing these gra-

dations of pressure. But, if the individual himself is the regulator

of the pressure, the deception vanishes. We may obtain some

knowledge of the irregularities of surfaces, and the shape of objects,

by simply bringing the tactile organ into contact with them ; but

much more by moving it over them with attention. Thus, too, the

infinite diversities of texture may be made distinguishable by the

education of tact, combined with that of the muscular sense. It is

related of Saunderson, the blind professor of mathematics at Cam-

bridge, that he could distinguish a spurious from a genuine medal,
when the deception had imposed upon connoisseurs ;

and the case

of the blind man, referred to by Rudolphi, who was able to dis-

tinguish between woollen cloths of different colours, of course by
some slight variety in their texture, is rendered credible by many
well-attested examples of a parallel kind.

Our power of appreciating the weight of bodies, as well as resist-

ances in general, depends on those of estimating, separately and in

concert, both pressure on the tactile organ and the amount of con-

tractile energy acting in the muscles. Weber performed experi-

ments to ascertain how far we are capable of judging of weight by
the mere sense of contact. He found that when two equal weights,

every way similar, are placed on corresponding parts of the skin, we

may add to or subtract from one of them a certain quantity without

the person being able to appreciate the change ; and that when the

parts bearing the weights, as the hands, are inactively resting upon
a table, a much greater alteration may be made in the relative

amount of the weights without his perceiving it, than when the

same parts are allowed free motion. For example, 32 ounces may
thus be altered by from 8 to 12, when the hand is motionless and

supported ; but only from 1 \ to 4, when the muscles are in ac-

tion : and this difference is in spite of the greater surface affected

(by the counter pressure against the support) in the former than in

the latter case. Weber infers that the measure of weight by the

mere touch of the skin is more than doubled by the play of the

muscles. We believe this estimate to be rather under than over

the mark.

The relative power of different parts to estimate weight corre-
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spends very nearly with their relative capacities of touch. Weber
discovered that the lips are better estimators of weight than any
other part, as we might have anticipated from their delicate sense

of touch and their extreme mobility. The fingers and toes are also

very delicate instruments of this description. The palms and soles

possess this power in a very considerable degree, especially over the

heads of the metacarpal and metatarsal bones
; while the back,

occiput, thorax, abdomen, shoulders, arms, and legs, have very little

capacity of estimating weight.

Heat and cold are pecular sensations excited by alterations of

temperature on the surface of the body. They are, beyond all

other sensations, of a relative rather than of an absolute kind, and

are always most marked in contrast. Thus, in the familiar experi-

ment of dipping one hand into hot, and the other into cold water,

and then plunging them both into water of an intermediate tem-

perature, the new medium will seem cold to the former and hot to

the latter ; and natives of the polar and tropical regions of the globe
will respectively complain of the warmth or chilliness of our tem-

perate climate when they visit our shores. But it is observable

that the sensations of heat and cold, when exalted in degree,
resemble each other very nearly. The susceptibility to both is

greatest within moderate limits ; and impressions of either, when
acute and powerful, amount to pain, and soon cease to be distin-

guishable from one another.

Temperature appears higher in degree when it is applied to a

larger surface : thus water feels hotter when we put our whole

hand into it, than when we only dip a finger ; the extent of the

sensation augmenting the intensity with which it is appreciated,

perhaps by more forcibly attracting the attention.

Sensations of temperature have been usually, and we believe pro-

perly, attributed to the nerves of common sensation. These sensa-

tions are certainly quite different from touch, both in their peculiar
characters and in the source of excitement ; but no less may be

said of various other modifications of common sensation, to which it

is impossible to assign nerves of special endowment. The existence

of fibres fitted to be acted on by heat and cold, but by no other sti-

mulus, may be fairly doubted so long as they are undistinguishable
from those of touch both at their origin from the nervous centre

and in their peripheral distribution. Still, however, it may be noted,

that in certain states of paralysis, the sensibility to heat and cold

may be destroyed, while common sensation and touch remains."*

* See an instructive case by Dr. W. Budd, in the Med. Chir. Trans, vol. xxii.
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The sensations of tickling, tingling, itching, and many others al-

lied to them, are also referrible to the nerves of touch. Respecting

tickling, it has been well observed by Weber, that it is most apt to

be excited in parts of feeble tactile power.

Impressions made on the organ of touch, as on the other organs
of sense, continue perceptible for a period more or less prolonged
after the stimulus has ceased to be applied. The sting of a smart

blow does not soon subside ; and even the simple contact of any

object, as a ring or an article of clothing, with a part of the skin, if

long continued enough, leaves, after its removal, an impression of

its presence, which is apt to deceive the individual for a consider-

able time. The influence of habit on sensation in general, may be

.well illustrated in the case of the nerves of common sensation and

of touch. Impressions sufficiently strong in the first instance to

arouse the attention, soon become feeble, and in time wholly disre-

garded, if continued uniformly or frequently repeated; although the

mind can still, at any moment, take cognizance of them by a volun-

tary effort. The sensations of heat and cold may, by long habit,

in like manner come to be unnoticed, or lightly heeded, within cer-

tain bounds. This is a matter of common experience, and may be

exemplified in the case of the lower classes of society, among whom
the privation of the comforts of warm clothing and lodging, and the

absence of the mistaken luxury of over-heated rooms, are compen-
sated for by the possession of that diminished susceptibility to cold,

under slight exposures, which is so remarkable in those subject, in

a moderate degree, to the inclemencies of the seasons.

Little needs be said of the subjective sensations pertaining to the

nerves now under consideration. They are among the best known,
and most familiar in the body. The peculiar tingling of a limb
"
asleep," which commonly depends on pressure on its trunk, may

result from morbid changes in the centre
;

as may likewise sensa-

tions of formication, or the creeping of insects, and those of itching,

of heat, of chilliness, etc., and lastly of pain of various kinds.

Besides the references in the foot-notes and the various treatises on Phy-

siology and General Anatomy already cited, we may refer on the subject of the

preceding chapter to Rudolphi, Grundriss der Physiologic, band ii.
; Weber,

de pulsu, resorptione, auditu, et tactu
; Lips. 1834 ; Breschet et Roussel de

Vauzerne, Ann. d. Sciences Nat. 1834, torn. i.
; Schwann, Mikroskop. Unter-

suchungen ; Eble, die Lehre von den Haaren; Gurlt, Midler's Archiv. 1836;
Van Laer, de structura capillorum humanorum ; Traj. ad Rhen. 1841.

VOL. i. v v
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CHAPTER XV.

OF TASTE. OF THE MUCOUS MEMBRANE OF THE TONGUE, AND OF ITS

SIMPLE AND COMPOUND PAPILLuE. NERVES OF TASTE. NERVES OF

TOUCH IN THE TONGUE. SEAT AND PHENOMENA OF TASTE.

THE sense of taste is subservient to the nutritive function by
guiding us in the discrimination of the qualities of our food, and is

therefore appropriately situated in the mouth, the antechamber to

the digestive canal. The 'food being delayed more or less in this

cavity, is brought, by the movements to which it is exposed, into

intimate and varied contactwith the surface; and, its properties being
ascertained while it is still under voluntary controul, we are able to

reject it or to propel it onwards, according to the impression pro-

duced on the nerves of taste.

The mucous membrane of the tongue, as the principal seat of the

sense, will now demand description. The muscular apparatus of

this organ, though increasing its powers of taste, relates chiefly to

its employment in the processes of mastication and deglutition, and

will therefore be considered at a future page.

In the mucous membrane of the tongue we find a chorion, a

papillary structure, and an epidermis or epithelium; all corresponding,
in essential characters, with the same constituents of the skin.

The ctiorion, or cutis, is tough, but thinner and less dense than in

most parts of the skin : it receives the insertion of all the intrinsic

muscles ofthe tongue, which send up their fibres to it in small separate

bundles, so that the surface of the tongue is exceedingly mobile, even

in its minute portions, and its powers as an organ oftouch are thereby

much exalted. The termination of the muscular fibres in the fibrous

tissue of the chorion can be well seen in thin vertical sections. The

chorion contains the ramifications of the vessels and nerves from

which the papillary structure is supplied. Both the arteries and

veins form plane plexuses, open on all sides, like those of the skin,

and respectively connected with the vessels of the papillae above

them.

The papillary structure has, in general, this peculiarity, that it is

not concealed under the epithelium, but stands out freely from tjie
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surface, like the villi of the intestinal tube, occasioning the familiar

roughness of the tongue. This, however, is to be taken with the

limitations hereafter to be detailed.

The epithelium of the tongue is of the scaly variety, and in this

respect resembles the cuticle. Like the cuticle, also, it undergoes
certain modifications in its mode of aggregation in different localities.

In general it is much thinner than in the skin, so that the intervals

between the large papillae are not filled up by it, but each has a

separate investment, from root to summit. The continuity of the

epidermis over the whole organ admits of easy demonstration by
maceration, or boiling ; by which it is detached entire, bearing the

print of the surface below, on which it has been moulded. The

deeper epithelial particles may sometimes be detached as a separate

sheet, corresponding to the so-called rete mucosum; but these par-
ticles never contain colouring matter. In animals which have the

epithelium of the tongue much thicker than in man, it admits of

being separated with care into a great many layers, at the will of

the anatomist. The density of the epithelium is evidently a pro-
vision to defend the invested structure from the bad effects of the

pressure and friction to which they are exposed during mastication,

and hence it is greatest about the middle of the upper surface of

the organ. It is here that the " fur" usually accumulates most in

disease, being, in fact, no other than a depraved and overabundant

formation of the epithelium.

Three principal varieties sipapilla are visible with the naked eye
on the dorsal aspect of the tongue. These are, 1, the circumval-

late or calyciform, eight or ten in number, situated in a V-shaped
line at the base of the organ (fig. 94, a) ; the fungiform, scattered

over the surface, especially in front of the circumvallate, and about

the sides and apex, b ; and the conical or filiform, much the most

numerous, studding most of the surface, though most largely deve-

loped in the central part, d. These three varieties will require a

separate description; they are very distinct from one another if

well-marked specimens are selected ; but, as might be expected,
there are many intermediate forms by which they seem to run

imperceptibly into one another. We may premise, however, with

regard to them all, that although they appear to have been hitherto

regarded as simple papillae, analogous to, though larger than, those

of the skin, yet we have found them to be compound organs, clothed

with secondary, simple, and much more minute papillae, concealed

under the epithelial investment, and scarcely or not at all visible

until this covering is removed.

F F2
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Fi - 94 - In their compound nature they

present much resemblance to the

intestinal villi of the rhinoceros

and other large animals. We have

further ascertained the existence

of similar minute papillae, inter-

spersed very unequally among the

compound forms, as well as occu-

pying much of the surface behind

the circumvallate variety, where

the compound forms do not exist.

These minute papillae seem to

have hitherto escaped detection, in

consequence of their being com-

pletelyburied and concealed under

the common sheet of epithelium.
Ifweexamine the mucous mem-

brane immediately in front of the

epiglottis, we find it perfectly

smooth, almost transparent, and

supplied by capillary vessels spread

uniformly under the surface, and

connected with simple plain sub-
Tongue seen on its upper surface : a. One of

the circumvallate papillae, b. One of the fungiform niUCOUS pleXUSCS Ol arteries and
papillae. Numbers of the conical papillae are seen , .,,

about d, and elsewhere, e. Glottis, epiglottis, and VCIUS I here the papillary tlSSUC IS
glosso-epiglottidean folds of mucous membrane. n -. -, -^ ., />

From scemmering. undeveloped. Further forwards,

however, where the membrane, still seems smooth, the plexus of

arteries beneath it sends upwards, at pretty regular intervals, a series

of twigs, each of which terminates in one or two capillary loops,

sometimes dilated in the bend, from which a small vein returns the

blood to the submucous venous plexus. These loops correspond to

those of the simple papillae of the skin, p. 411; they supply simple

papillae, buried under a common investment of scaly epithelium,

that differs from the cuticle only in its greater tenuity and moist-

ness. On the removal ofthis delicate epithelium by maceration, the

papillae stand out free from the membrane, and are seen to consist

of an envelop of basement membrane (p. 404), enclosing a paren-

chyma obscurely granular, with the capillary loop already mentioned.

After much care,we have not been able to see nervous tubules within

them; but they must exist under some important modification, whicl

most probably consists in the absence of their characteristicwhite sub-

stance of Schwann. These simple papillae are represented in fig. 95.
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Similar papillae near the base of the tongue : A. a. concealed under
the epithelium ; b. uncovered by it. Magnified 10 diameters. B. a.
Arterial twig, supplying their capillary loops, v. Vein. The vessels
are all contained within the line b, b, of basement membrane, c, c.

Deeper epithelial particles resting on the basement membrane, d.

Scaly epithelium on the surface. The granular interior of the papillae
is represented at e. c. Papillae in which the basement membrane is

not visible ; and the deep layer of epithelium seems to rest on the
capillary loop. Magnified 200 diam.

Fig. 96.

The circumvallatepa-

pilla (fig. 94, a, and

fig. 96) consist of a

central flattened pro-

jection of the mucous
membrane of a cir-

cular figure, and from

~2Q to iV f an incn

wide, surrounded by
a tumid ring of about

the same elevation,

but less diameter, from

which it is separated

by a narrow circular

fissure, with, it is said,

a few mucous ducts

opening at the bot-

tom. In the smaller

examples this fissure

exists only on one side. The sur-

face of both centre and border is

smooth, and invested by scaly epi-

thelium, concealing a multitude of

simple papillae, in all respects
similar to those just described.

About the point where the two
-.. f,

. n , -n Vertical section ofone ofthecircumvallate papilla;:
lines Of CirCUmvallate papillae meet, a. Central part. &,&. Border. c,c. Fissure between
.-I -11 ..-i ,1 r> centre and border. The secondary papillae are seen
tnere IS USUally One Wltll the IIS- covered by the epithelium. Similar papillae are seen,

i j j -i d.d.on the membrane beyond. Magn. 8 diam.
sure so large and deep as to have '

received the name of foramen cacum. The central part is frequently

small, or elongated and thrown on one side of the foramen. In the

specimen next represented (fig. 97), this is shewn covered with se-

condary papillae, having all the characters of those above mentioned.

In its interior we failed to detect any nerves provided with white

substance. In this region of the tongue fissures and papillae of

irregular size and shape are often met with, and mucous glands
are disseminated beneath the surface.

The fungiform papillae (fig. 94, b, and fig. 98) are scattered singly

among the filiform papillae, chiefly on the sides and tip of the tongue,

and very sparingly in the middle of the dorsal region. They are

usually narrower at their base than summit, where they are from

sV * ^V f an incn in diameter. Like those last described, they
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Fig. 97.

[CHAP. xv.

A. Compound papilla on the side of the foramen caecum, injected : a, a. Arterial twigs. v,v.
Veins. The capillary loops indicate the simple papillae ; in one of which, b the injected matter has
been extravasated within the basement membrane of the papilla, the outline of which is thus dis-

tinguished, c. Capillary plexus, where no papillae exist, e, e. External surface of the epithelium
of the papilla. Magn. 15 diam.

B. One of the simple papilla? of A. : a. v, v, Arterial and venous sides of the capillary loops. b,b.
Basement membrane, d. Deeper epithelial particles resting on the basement membrane. *. Scaly
epithelium on the surface. -Magn. 300 diameters.

Fig. 98.

A. Fuiigiform papilla, shewing the secondary papillae on its surface, and at a its epithelium cover-

ing them over. Magnified 35 diameters.

B. Another, with the capillary loops of its simple papillae injected, a. Artery, v. Vein. The
groove around the base of some of the fungiform papillae is here represented, as well as the capil-

lary loops, c, c, of some neighbouring simple papillae. Magnified 18 diameters.

are clotlied with simple papillae ;
and their investing epithelium is so

thin, that the blood, seen through it, gives them a red colour, usually
sufficient to distinguishthemfrom the filiform ones among whichthey
lie. They contain nerve-tubes, having a loop-like arrangement.
The compound papillae of the third variety (fig. 94, d, and figs. 99

and 100) are of the average length of ^ of an inch, and, as their

name implies, are more or less conical or filiform in shape. They
are distinguished moreover by their whitish tint, derived from the
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thickness and density
F^ 99 -

of their epithelium.

This, indeed, frequent-

ly composes two-thirds

of their length, being
sent off from the sides

and summits of their

secondary papillae in

long pointed processes,

which are immersed

in the mucus of the

mouth, and may be moved in any direction, though they are gene-

Fig. 100.

Various forms of the conical compound papillae, deprived of their

epithelium : o, &, and especially c, are the best marked, and were
provided with the stiffest and longest epithelium; their simple
papillae are more accumulated, d, approaches the fungiform variety ;

*>/ come near the simPle papillae. Magnified 20 diameters.

Fungiform papillae,
their epithelium.

A. Vertical section near the middle of the dorsal surface of the tongue:
b. Filiform papillae, with their hair-like processes, c. Similar ones deprived of their epithel
Magnified 2 diameters.

B. Filiform compound papillae: a. Artery, v. Vein. c. Capillary loops of the secondary
papillae, b. Line of basement membrane, d. Secondary papillae, deprived of e, e, the epithelium.
/. Hair-like processes of epithelium capping the simple papillae. Magnified 25 diameters, g. Sepa-
rated particles of epithelium, magnified 300 diameters.

1,2. Hairs found on the surface of the tongue. 3,4,5. Ends of hair-like epithelial processes,

shewing varieties in the imbricated arrangement of the particles, but in all a coalescence of the par-
ticles towards the point. 5, encloses a soft hair. Magnified 160 diameters.
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rally inclined backwards. These epithelial processes are more stiff,

according as the particles of which they consist approach more

nearly to the dense texture of hair; and a few among them

actually enclose minute hairs, pointed at the end, and provided
in some cases with an extremely fine central canal. One of the

largest of these we found ^ of an inch long, and from T-^-o to

3 oVo f an incn ^ick (fig. 100, 2). The others have an imbricated

arrangement of the particles in various degrees, which will be un-

derstood without detailed description on reference to figure 100, 3,

4, 5. Many of them may be regarded as soft or uncondensed hairs,

and preserve the same thickness for a considerable length.

The structure of the secondary papillae, from which these hair-like

processes pass off, differs somewhat from that of the simple papillae

in the situations previously described. This difference consists in their

larger size and more pointed form, as well as in their greater stiffness

Fig. 101.

A. Secondary papilla of the conical class, treated with acetic acid :a. Its basement membrane.
b. Its nerve-tube forming a loop. c. Its curly elastic tissue. The epithelium in this instance is not

abundant ; but the vertical arrangement of its particles over the apex of the papilla is well seen, <f,

and illustrates the mode of formation of the hair-like processes described in the text Mag. 160

diameters.
B. A similar papilla, deprived of its epithelium : . Basement membrane. 6. Tubular fibre, pro-

bably forming a loop, but its arch not clearly seen, c, c. Elastic fibrous tissue at its base and in its

interior. Magnified 320 diameters.

c. Nerves of a compound papilla near the point of the tongue, in which their loop-like arrangement
is distinctly seen. Magnified 160 diameters.



CHAP. XV.] FUNCTIONS OF THE PAPILLAE OF THE TONGUE. 441

and elasticity ; the latter quality depending on the abundant yellow
fibrous tissue they contain, and which, with a wavy, almost spiral

character, has a general longitudinal direction (fig. 101, c, c, c}.

They are commonly found to .contain tubular nerve-fibres, which we
have on several occasions, but not always, seen to terminate in loops

(fig. 101, A, B, c). We have usually found it easiest to distinguish
the tubular fibres in the papillae at the front of the tongue.
The reader will at once recognize the broad and obvious distinc-

tion between the papillae last described and all the other varieties,

and will probably surmise, on structural grounds, that they can

scarcely share in the reception of impressions which depend on the

contact of the sapid material with the papillary tissue. The com-

parative thickness of their protective covering, the stiffnessandbrush-

like arrangement of their filamentary productions, their greater

development in that portion of the dorsum of the tongue which is

chiefly employed in the movements of mastication, all evince the

subservience of these papillae to the latter function rather than to that

of taste ; and it is evident that their isolation and partial mobility
on one another must render the delicate touch with which they are

endowed more available in directing the muscular actions of the

organ. The almost manual dexterity of the organ in dealing with

minute particles of food is probably provided for, as far as sensibility

conduces to it, in the structure and arrangement of these papillae.

The simple papillae on the base of the tongue, and those clothing
the circumvallate and fungiform papillae, do not appear to differ from

one another in any important structural condition, notwithstanding
their variety of outward form and arrangement in the compound
organs : their epithelium, though of the scaly kind, is very thin, and

would easily permit the transudation of sapid substances dissolved

in the mucus of the mouth. The softer and perhaps cellulated in-

terior of these papillae may have a further influence on the act of

sensation. With regard to the use of the singular configuration of

the circumvallate and fungiform papillae, it maybe conjectured that

the fissures and recesses about their base are designed to arrest on
their passage small portions of the fluids in which the sapid mate-

rials are dissolved, and thus to detain them in contact with the

most sensitive parts of the gustatory membrane.
We may here allude to a certain gradation that is apparent from

the papillae of touch, through those of taste, to the absorbing villi of

the small intestines. Touch shades into taste, and at a lower point

sensibility is lost. In the tactile papillae, the excitant of the nerves

merelycomes into contact withthe exterior ofa thick epidermiccover-
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ing : in those of taste, the epithelium is permeated by the special

excitant of the nerves
; while the intestinal villi are still more elabo-

rately and exclusively organized for absorption. Another class of

papillae might be here spoken of in conjunction with those of taste,

as will be seen at a future page.
On the precise Seat of Taste. Authors differ considerably on this

subject : some limit it to the hinder part of the tongue, about the

root and sides; some extend it more or less over the whole dorsal

aspect and to the tip ; others describe it as existing also on the soft

palate ; while Majendie is of opinion that the pharynx, gums, and
teeth are likewise possessed of it. This contrariety, while it shews

the difficulty of the subject, may be in some measure explained by
the indefiniteness of tastes when faintly perceived by small portions
of the surface, by the influence on taste of the commonly associated

senses of touch and smell, by some diversities really existing in

different individuals, and by the ambiguity necessarily attending

experiments on special sensation among the lower animals. As
the subject is interesting in its bearing on the question of the

nerves of taste, we shall here briefly consider it.

Touch, as it exists in the tongue and other highly endowed parts,

discovers to us not merely the presence and physical properties of

bodies, but their actual position : we recognize the situation of the

impression in reference to the whole organ, by virtue of a power
common in a greater or less degree to all sensitive nerves (p. 403).

Every one who has attended to the effect of sapid substances

applied to small separate parts of the tongue must feel that a simi-

lar capacity of assigning the position of flavours accompanies the

sensation of taste ; and on this power in the nerves of taste, aided,

as is usually the case, by the nerves of touch, we greatly rely for

the determination of the question before us.

In the first place, all allow that acute taste resides at the base of

the tongue, over a region, of which the circumvallate papillae may
be taken as the centre, and also on the sides near the base. These

parts are supplied solely by the glossal twigs of the glosso-pha-

ryngeal nerves.

Secondly, some writers, among whom are Valentin and Wagner,
believe the middle and anterior parts of the dorsum of the tongue to

be usually incapable of appreciating flavours; while numerous others

hold the contrary opinion, with which our own careful and repeated

experiments, on other persons as well as ourselves, quite accord.

Sour, sweet, and bitter substances applied to the sides, and espe-

cially to the tip, of the protruded tongue, we find to be at once
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distinguished; though, whenplaced on the middle ofthe dorsal region,

they make little or no impression till pressed against the roof of the

mouth. In the latter case, however, the taste of sugar is sufficiently

distinct, and referred definitely to the spot on which it is laid ;

so that its being tasted does not depend on its diffusion or removal

from the central to the circumferential parts, as some imagine. The

region now spoken of is supplied almost solely by the lingual branch

of the fifth nerve, though Valentin has described a twig of the glosso-

pharyngeal running on the under surface towards the tip.

We conclude generally, with regard to the tongue, that the whole

dorsal surface possesses taste, but especially the circumferential parts,

viz. the base, sides, and apex. These latter regions are most favour-

ably situated for testing the sapid qualities of food ; while they are

much less exposed than the central part, to the pressure and friction

occasioned by the muscles of the tongue during mastication. The
central region, as a whole, is more strongly protected by its dense

epithelium, and is rougher, to aid in the comminution and disper-

sion of the food.

Thirdly, the soft palate and its arches, with the surface of the

tonsils, appear to be endowed with taste in various degrees in different

individuals. Admirault and Guyat affirm that the sense is acute in

a spot about the centre, above the uvula; and in some individuals it

has so appeared to us. We have also found evidence of the existence

of taste on the sides and arches of the soft palate in some individuals,

but not on the pharynx, gums, or elsewhere. The soft palate and its

arches are supplied by the posterior palatine branches of Meckel's

ganglion, and sparingly by the glosso-pharyngeal nerves.

Of the Nerves of Taste. Taste having been shewn to exist inde-

pendently in parts supplied, on the one hand solely by the glosso-

pharyngeal nerves, on the other solely by the lingual branches of

the fifth pair, it follows, as a direct consequence, that these nerves

must respectively participate in the sense; and there is besides

reason to attribute a share to the palatal branches of the fifth.

Amid many conflicting, and some quite irreconcileable statements

on this disputed point, with which it would be needless to distract

the reader's attention, the weight of evidence derived from other

sources seems to be much in favour of the above conclusion.

The origin and connexions of the glosso-pharyngeal nerves, which

will be described at a future page, may be referred to in connexion

with this question. Rapp found no lingual branch of the fifth in the

tongue of the swan or parrot, both of which have acute taste. The

glosso-pharyngeal and par vagum supplied the organ.
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Evidencefrom Experiments. From observations on the effects of

section of the glosso-pharyngeal nerves in dogs, Panizza, and, sub-

sequently,Valentin and Wagner, concluded that taste was completely
lost after their division, and, consequently, that these are the sole

nerves of the sense. But in such an inquiry negative results have far

less value than positive ones ; and we therefore consider the experi-

ments of Miiller, Gurlt, and Kornfeld, and those of Alcock and Reid,

who all agree that decided indications of taste remained after these

nerves had been cut, as proving that the lingual branches of the fifth

share in the sense. Miiller, Gurlt, and Kornfeld, however, failing to

find signs of taste after the lingual branches of the fifth were divided,

concluded too hastily that these are the sole, or by far the principal

nerves of the sense, in opposition to the experiments of Panizza and

his followers, the positive evidence of which in this regard carries

greater weight. The experiments of Dr. Alcock directly tend to

reconcile these inconsistencies. He found that though taste re-

mained after dividing the lingual branches of the fifth, yet it

seemed completely lost in the anterior part of the tongue. Besides,

it is not impossible that the rude injury inflicted in these contradic-

tory experiments on either of the glosso-pharyngeal or the lingual

branch of the fifth might temporarily deaden the sense of taste in the

other, in away somewhat similar to that, whatever it might be, in which

loss of smell impairs taste. Valentin admits that one of the dogs in

which he had cut the glosso-pharyngeal nerveswas able to taste a fort-

night afterwards ; a period quite too short to have allowed reunion

and restoration of function to the nerves, and making it likely that

the sense had been only apparently, and not really lost.

Evidence from Disease. In some cases loss of common sensation

consequent on disease of the fifth nerve has been reported as being
attended with loss of taste;* in others, taste appears to have been

preserved : f on the other hand, taste has been sometimes lost while

common sensation in the tongue remained.J We would interpret the

apparently contradictory evidence of these cases by one which we
have ourselves lately witnessed, and which will be found to accord

remarkably with the foregoing views. A middle-aged man suffered

for eight years from complete loss of sensation in all parts supplied

by the fifth nerve on the left side, with the exception of the forehead.

The left eye was lost by destructive inflammation : the tongue was

quite without feeling on the left side. On experimenting on his sense

*
Bishop, Med. Gaz. 1833

; Eomberg, Miiller's Archiv. 1838, Heft iii.

t Noble, Med. Gaz. vol. xv. p. 120 ; Vogt, Miiller's Archiv. 1840, p. 72.

J Noble, Med. Gaz. vol. xvi.
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of taste, it was found to be clearly absent in the anterior and mid-

dle part of the affected side; but to be present behind, in the region

supplied by the glosso-pharyngeal. He tasted acutely enough on

the other side in front.

Blumenbach and others relate cases of congenital deficiency of

the tongue, in which taste existed. These would show that taste

resides in other parts of the mouth besides the tongue, if it were

not very probable that a portion of the base of the organ with its

gustatory papillae, supplied by the glosso-pharyngeal nerves, existed

in these individuals. Without accurate dissections of the parts,

such instances throw little light on the question.

The tongue, as an organ of mastication, is provided with the sense

of touch ; the anterior portion, and especially the sides and tip,

possessing this sense in an eminent degree. Division of the lingual

branches of the fifth nerves in animals is attended with evidence of

severe pain, and is immediately followed by loss of sensation in the

front part of the organ ; while cases of disease of the fifth nerve in

the human subject are marked by loss of sensation in the tongue,
in common with the other parts which the nerve supplies. The ex-

periments of Alcock and Reid further shew, that mechanical irri-

tation of the glosso-pharyngeal nerve in animals is accompanied
with manifest pain. Hence there can be no doubt that the lingual
branches of the fifth pair are the chief nerves of touch to the tongue,
while the glosso-pharyngeal nerves furnish the feeble common sen-

sation existing in its hinder part.

Conditions of Taste.- Taste may be produced by a mechanical or

chemical excitation of its nerves. Dr. Baly has observed that a

smart tap with the fingers on the tip of the tongue causes a taste

sometimes acid, sometimes saline, which lasts several seconds : and

galvanism acts in a similar way. Any tasteless substance pressed

upon the base of the tongue occasions a bitter sensation, and, if pro-

longed, a feeling of nausea. These phenomena shew that the sensa-

tion of taste follows excitation of its nerves, however produced : and

analogous ones have been observed in connexion with the other sen-

sitive nerves. But sapid substances cause taste only when dissolved

and made to permeate the tissue of the papillae, so as to come into

contact with their nerves. This is proved by the fact that no

insoluble substance admits of being tasted, and constitutes a broad

distinction between taste and touch; which in some respectsapproach
each other very nearly, particularly in regard to the effects of strong
chemical agents on their respective nerves, producing a harsh, pun-

gent, burning taste or feel. Taste, like touch, is much influenced by
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tlie extent of surface acted on ; and it is also heightened by the

motion and moderate pressure of the substance upon the gustatory
membrane. By the latter movements, the mucus and outer layers

of the epithelium are removed, and the sapid material is brought into

closer contact with the papilla. The act of swallowing seems

further necessary to the perfect appreciation of flavours. This is

partly explained by considering how much the concurrent exercise

of smell exalts the sense of taste. Most sapid substances, though in

different degrees, affect the nose through the throat on being swal-

lowed; and we are thus led to attribute to taste much of what is in

reality due to smell. The nurse's device of holding the nose of the

child in giving it disagreeable medicine, though commonly said to

deaden taste, seems rather serviceable by excluding smell. Thus

tested, taste is a less acute and definite sensation than most per-

sons imagine. Nevertheless, the difficulty of discriminating between

the two senses indicates a real, though obscure, alliance between

them, rendered closer by habit and association.

The impression of cold air deadens the sense of taste, and has, we

believe, been the source of some of the discordance in the recorded

results of experiments. Cold acts similarly on touch.

Do Taste and Touch co-exist in any of the Papilla ? A papillary

structure is, essentially, an arrangement for increasing the surface

by which a membrane may have contact with external substances ;

and, while the analogy with the skin leaves no doubt that this

structure in the tongue is concerned in the exquisite touch enjoyed

by the organ, it is almost as certain that it is also concerned in

taste. The question then arises whether touch and taste reside in

the same papillae or in distinct ones.

Now it is possible, as far as we know, that nerve-fibres of different

endowments may be associated in the same papillae, and therefore

that one and the same papilla may possess both capacities. Taste,

however, it is evident, demands a more delicate external apparatus
in connexion with its nerves than touch ; so that touch might be exer-

cised with an apparatus adapted to taste, though not in all cases the

reverse. As far, therefore, as regards the simple papillae at the base

of the tongue, and those covering the circumvallate and fungiform

varieties, it seems impossible, in our ignorance of any anatomical

distinction between the nerve-fibres of the two endowments, to decide

whether the two senses are or are not resident together in the same

papillae. But there are good grounds for supposing that the conical

or filiform papillae are not designed for taste. They are most largely

developed in a part of the tongue where taste is feeblest, and are
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there intermixed with a number of fungiform papillae sufficient to

account for the little that exists. Their structure and position, as

already remarked, lead to the same conclusion. It may be added,

that, in the lion, where these papillae are capped with spines, so thick

and rigid as totally to incapacitate them for taste, they are furnished

at the base with an additional tuft of soft secondary papillae, that

seem specially adapted for the latter function. It is possible that

certain soft papillae, which we have frequently seen springing up
about the base of the less developed filiform ones in the human

tongue, may contribute, in a similar manner, to the sense of taste.

Are the Varieties of Taste referrible to the Varieties of the Papillae ?

It has been imagined that the differences of form met with in the

papillae might be in some special relation to the leading varieties of

tastes, as the bitter, sweet, sour, etc. ;
but the careful experiments

of Horn on this interesting point can scarcely be considered as tend-

ing to establish such a correspondence. The difficulties, however, of

experimenting are so great, that neither cantheybe said to disprove it :

for a considerable extent of impression is necessary to ensure a per-

ception sufficiently definite to be relied on ; and the different papillae

are for the most part too much intermingled to admit of several of a

similar kind being tested apart from others. The most that can be

deduced from Horn's observations is, that more than three-fourths of

the substance he applied to the circumvallate papillae, including, we

suppose, the simple papillae we have described on the neighbouring

surface, excited a bitter taste, or one in which a bitter was asso-

ciated with some other, especially an alkaline or saline flavour ; and

that on the region where the filiform papillae abound the majority of

substances tasted acid, or acid with a mixture of bitter or sweet.

In regard to the fungiform variety no decided results were obtained.

These facts will perhaps help to explain the effect of the act of swal-

lowing in modifying and heightening flavours, since the food is

much more completely brought into contact with the papillae on the

base of the tongue during that act.

After-tastes. Impressions of taste remain longer than those ofthe

other senses, because the fluids exciting them must of necessity con-

tinue for some time in contact with the nerves after having saturated

the intervening papillary investment. For the same reason it is diffi-

cult to say how much of the taste that lingers after the substance has

apparently left the mouth is due to the excitation of the nerves by

particles still remaining in the papillae, and how much to that state

of the nerves, which, in all the senses, prolongs the perception, after

the mere excitation has ceased. The taste left in the mouth by
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many substances is, however, very different from that which they

produce in the first instance. Horn has remarked that this after-

taste is usually bitter
; while, with one of the most bitter substances

known, viz., tannin, it is sweet. This circumstance appears to shew

something in taste corresponding to the complementary colours in

vision, and seems dependent on a state of the nerves which, for want
of a better word, may be termed one of exhaustion, consequent on
their previous stimulation. It will illustrate the cause of many fami-

liar phenomena of taste
; such as the effect some flavours have in ex-

alting, modifying, or destroying our appreciation of others. Repeated
over-stimulation of the nerves by the same substance exhausts their

excitability by that or similar substances for some time afterwards.

There also appear to be relations between certain varieties of

taste, which, though not classified or described by philosophers, are

instinctively perceived, and constitute the foundation of the art of

cookery. Attention and study given to the perceptions of this sense

greatly enhance their delicacy.

Little is known of the subjective phenomena of taste, or those

dependant on excitation of the nervous apparatus of the sense by
internal causes. The various tastes which are experienced in disease

are probably occasioned by depraved secretions in the mouth acting

as foreign substances on the papillae. The epithelium of the tongue,
it is well known, is very prone to accumulate in the form of sordes,

loaded with unnatural materials ; on the removal of which, the natu-

ral taste is, in a great measure, restored. Majendie observed that

dogs, after the injection of milk into their veins, licked their lips,

and gave other signs of tasting. Such phenomena, if uniformly

present, might be occasioned by the transudation of the fluid from

the vessels to the nerves of the papillae.

On the subject of taste we refer to the general treatises already cited
;
to

Magendie's Physiology ; Rudolphi's Physiology ; Horn, liber den Geschmacks-
sinn des Menschen, Heidelberg, 1825

; Panizza, Kicherche Sperimentali sopra
i Nervi, 1834, given by Dr. G. Burrowes in Med. Gaz. vol. xvi.

;
Dr. Alcock,

Med. Gaz., Nov. 1836 ; Dr. Jno. Reid, Brit, and For. Med. Rev. vol. v. p. 309 ;

Valentin, de funct.nerv. p. 116.

END OF THE FIRST VOLUME.
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